
Proceedings 
of  the  I • R• E 

A Journal of Communications and Electronic Engineering 
(Including the WAVES AND ELECTRONS Section) 

September, 1948 
Volume 36  Number 9 

Belr Telephone Laboratories 

MACRO-OPTICAL ELEMENTS 
The two structures at the left are vastly magnified models 

of the atomic arrangements which enable glass lenses 
to focus visible light. These structures, however, are effective 
as re.:ractive elements for microwaves, and cover a con-
siderable group of frequencies in ea:h case. (At the right 
is an cider "delay lens," incapable of focusing so wide 
a band of frequencies.) 
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Important 
Advances 

In 
Self-Quenching 
Radiation 
Counter 
Tubes 

-AMMINI MIll a mb o  

Unlimited Life*• Mica Seals Unaffected 

By Wide Temperature Ranges • Low Oper-

ating Voltages • Uniform Characteristics 

Rugged • Smaller • Thin Mica Windows 

AMPEREX End Mica Window types of the Stainless 
Steel variety for Alpha, Beta, Gamma and X-Ray 

counting 

• Vacuum seal of mica to cathode—thereby eliminating 
gaskets or organic wax seals, with their resulting defects 
and inherent limitations 

• Uniform characteristics throughout the life of the tube 
• Mica windows of uniform thickness 

AMPEREX Gamma Roy counter tubes of the Copper 
Cathode variety 

• Sturdy mechanical construction with chemically pure 
copper cathode 

• Uniform characteristics throughout the life of the tube 
• Pure tungsten anode held in position by unique spring 
suspension that prevents sag 

• Standard cap anode terminals 

AMPEREX 

STAINLESS 

END MICA WIND
OW 

TUBE 

TYPE 

lE 
GAMMA 

1M 
GAMMA 

4E 
GAMMA 

IM 
GAMMA 

10E 
GAMMA 

10M 
GAMMA 

1000 
BETA 

120C 
BETA 

150C BETA. 
GAMMA and X-RAY 

150M BETA. 
GAMMA and X-RAY 

200C 
ALPHA 

100N 
BETA 

15014 
BETA and GAMMA 

13z1 

13 x 1 rig 

6171x1 

1/1gz1z.020 

liigz1z.020 

4x1x.047 

4z1x.047 

4x1x.047 

UI 

C.) 

.0005 

.0005 

OPERATING TEM
PERATURE R 

—20 to 
+100 

—55 to 
+75 

MINIMUM PLATE
AU VOLTS 

200 

300 

100 

200 

I 
z 

cc 

Iu—a > 

8 

0  • 

ci-L"  
< 

to 
5%  1.5 

10% 

5 010% 
Per 150 

6% to 
10'; 

1.5 

2.4 

2.4 

3 . 6 

3.6 

1.0 

2. 4 

20 

200 

40 

50 

250 

62 

15 

50 

50 

62 

99% 

80% 

108 

NOTE: All tubes listed have a dead time of 200 microseconds 

0002 in. = 1.4 mg/cm, = 5.08 microns  .0005 in. -= 3.5 mg/cm' = 12.70 microns  .0008 in. = 5.6 mg/cm, -= 20.32 microns 

Also  Available, TUBES FOR EXPERIMENTAL AND SPECIAL APPLICATIONS 
fro" Self-quenching counters with operating voltages as low as 250 volts  . 

Temperature-free counters that may be operated in the range from-70° C. to +120° C . . . 

peel.  Extra large volume Cosmic Ray counters, with overall lengths of 42" and larger, with 1.D to 31-1," and 
larger ... also extra small End Mica Window counters, 1/4 " diameter by 1" long . .. and smaller 

re-tube with Amperex 
Write for Technical Rating and Data Sheets. 

AMPEREX ELECTRONIC CORP. 
25 WASHINGTON STREET, IROOKLYN 1, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 
11-19 Irentcliffir Road. lemide, Toronto, Ontario, Canada 

LT. 

1150 

700 
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-- a complete survey of entire power plant. 
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READING TIME... TWO SECONDS. The Sperry Engine Analyzer visualizes aircraft 
engine performance as fast as that. 

In the Analyzer scope, the flight engineer can examine graph-like patterns that 
detect., locate and identify every engine, magneto or ignition irregularity that 
occurs during flight or pre-flight check-up. 

From his accurate report —covering both the nature of the difficulty and its 
location — the ground crew can make small mechanical corrections in minutes. 

FLYING TIME...MORE HOURS. The Sperry Engine Analyzer is therefore a three-way 
profitable investment for the airline operator. 

It eliminates the little engine troubles before they grow big and cause expen-
sive repairs, the lost profit of grounded planes and interrupted schedules. 

It improves passenger relations by assuring on-schedule arrivals and departures. 
It lowers Maintenance costs, keeps planes out of the hangar and in the air. 

SPERRY GYROSCOPE COMPANY 
DIVISION OF THE SPERRY CORPORATION • GREAT NECK, N.Y. 
NEW YORK • CLEVELAND • NEW oRttA NS • LOS ANGELES • SAN FRANCISCO • SEATTLE 
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ELECTRONICS 

These general-purpose panel instruments are 
particularly suitable for use in radio equipment 
and industrial applications where accuracy and 
quality are required and space is at a premium. 
Many of the instruments have been newly styled 

for better readability and for the smooth, modern 

appearance that will help give your panels a well-

engineered look. 

Thermocouple-type instruments, for measure-

ments of high-frequency alternating current in 
radio or other electronic circuits, are available. 

There is also a complete line of rectifier types 
(a-f), for measuring alternating current or voltage 
at high frequencies or where the source is not 
sufficient to operate conventional a-c instruments. 

Typical applications include television trans-
mitters, radar wave meters, testing equipment for 
electronic circuits. For a full story of G-E instru-

ments, send for Bulletin GEC-227. 

IBS GENERAL ELEC 2IS AII 
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CAGED FOR PROTECTION 

Suitable for wall or panel mounting, 
these cage-type, enameled resistor units 
employ a strong, high-heat-resisting 
silicate-compound body which with-
stands sudden and extreme temperature 
changes without weakening or in any 

way being injured. The resistance wire 
has a low temperature coefficient so that 
the resistance remains nearly constant as 
the temperature increases. Ample pro-
tection to the units is provided by 
the perforated metal case. Each unit is 
rated at 85 watts and is available in 
resistance values from 0.5 to 100,000 
ohms; one to four units in a cage. For 
more complete information please con-
tact your G-E representative. 

NEED A "LOW VA" 
VOLTAGE STABILIZER? 

General Electric's latest additions to 
its line of automatic voltage stabilizers 
are three 115-volt, 60-cycle designs in 
15-, 25-, and 50-va ratings. Check the 
low prices—you may now be able to 
utilize the advantages of an automatic 
voltage control for your application. 
The price consideration plus the low 
case height and small size will make 
these units especially applicable to radio 
chassis and other shallow-depth instal-
lations. Other features include totally in-
sulated design, which is necessary where 
isolation is required between primary 
and secondary circuits, and universal lead 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

construction which makes these units 
adaptable to various wiring and mount-
ing arrangements. If you have an appli-
cation problem, contact your G-E repre-
sentative, or check bulletin GEA-3634B. 

SOMETHING NEW IN 
CIRCUIT CONTROL DEVICES 

Simplify your circuit designs by re-
placing complicated and costly com-
ponents with simple, economical G-E 
Thermistors. These electronic semicon-
ductors are unique in that the resistance 
changes rapidly with slight variations in 
temperature—electrical resistance de-
creases as temperature rises, and in-
creases as temperature falls. G-E Ther-

mistors give you these five advantages: 
flexible in application, small in size, 
available in various shapes, indefinitely 
stable, and they are economical. These 
new circuit devices are especially adapt-
able as sensitive elements in flow meters, 
liquid-level gages, time-delay  relays, 
vacuum gages, switching devices, and 
modulating thermostatic circuits. Check 
coupon for technical report CDM-9. 

HERMETIC SEAL ELIMINATES 
MOISTURE PROBLEMS 

The new cast-glass bushings with their 
sealed-in metal hardware can be readily 
welded, soldered, or brazed directly to 
the apparatus, thus eliminating gaskets 
and providing a better seal than ever 
before. The small, compact structure of 
the bushings often makes it possible to 

reduce the overall size and weight of the 
electric apparatus. Bushings are prac-
tically unaffected by weathering, micro-
organisms, and thermal shock. Their 
great mechanical strength makes them 
well suited for use in airplanes, etc., 
where they are subject to continual 
vibration. Available in ratings up to 
8.6 kv and for currents to 1200 am-
peres. Check bulletin GEA-5093. 

MORE SOLDERING WITH LESS POWER 

G.E.'s midget soldering iron can do a 
big job for you with only one-fourth the 
wattage usually used. This handy 6-volt, 
25-watt iron is only 8 inches long (with 
Ny or 4" tips ) and weighs but 1 Yi 
ounces. It was especially designed for 
close-quarter, pin-point precision solder-
ing. The "midget" offers you all these 
advantages: low-cost soldering; "finger-
tip" operation; quick, continuous heat; 
easy renewal; long life; low maintenance. 
The iron is a real aid in manufacturing 
radios,  instruments, meters, electric 
appliances, and many other products 
requiring precision soldering. Irons and 
specially designed  I15/6-volt trans-
formers are available from stock. Check 
bulletin GES-3488. 

MO  IIIIII IOW  =11 ION 

I  GENERAL ELECTRIC COMPANY, Section C642-18 

#  Apparatus Department, Schenectady, N. Y. 

S Please send me the following bulletins: 

I  El GEC-227 Instruments 

I  D OES-34138 Midget Soldering Iron 

O GEA-3634B Voltage Stabilizer 

Name   

gr  Company   

Address 

SON . . .. 

GEA-5093 Cast-Glass Bushings 

CDM-9 Thermistors 

City  State 
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By way of illustration . . .1. Du Mont transmitter unit utilizing Du Mont cathode-ray tubes as indicators. 
2. Du Mon: television field equipment for picking up remote programs. 3. Scientific research in medicine, aided 
by Du Mont oscillography. 4. Du Mont Television Transmitting Control Console utilizing Du Mont cathode-ray 
tubes. 5. Du Mont Type 208-B oscillographs used in nuclear research. 6. Du Mont Type 280 oscillograph for 
precision measurements of television waveforms utilizing the Type SRP-A high-voltage fube. 7. Typical scene in 
most radio repair shops, where servicemen make their diagnosis with a Du Mont Type 274 oscillograph. B. Du 
Mont Chatham table set with a 12-inch Du Mont picture tube for clear, bright, trtly superlative pictures. 
9. The symbol of quality cathode-ray tubes—always your best buy. 

# Yes, it's all in the tube! No matter what the end use— 
in all fields of radio-electronics — you'll find the omni-
present cathode-ray tube — the Du MONT cathode-ray 

tube. 
If it's nuclear research, transmitter signal studies, 

television monitoring, high-speed-transient oscillog-
raphy, television receivers, examination of mechanical 
phenomena, medical research, production testing, or a 
multitude of other applications, experience teaches 

0  ALLE N II  DV MONT LABORATORIES, INC. 

that ONLY the cathode-ray tube is always adequate as 
an indicating and measuring device. 
And among the makers of cathode-ray tubes, 

Du MONT is foremost by virtue of many years' ex-
perience and ever-continuing pioneering. 
So it is wise, always, lo specify Du MONT when 

ordering a new or when replacing an old cathode-ray 
tube. And remember, only Du MONT makes a full 
range of cathode-ray tubes. 

10 Literature on request 

00 MINT 
1.4.0001,1 44••••010 4rwrook 

ALLEN  B.  DU  M ONT  LAB ORAT ORIES, 
CABLE  AD DRESS:  ALBEE D U,  NE W 

INC.,  PASSAIC,  N.  J. 

YORK,  N. Y.,  U.S. A. 
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PO WER  SUPPLIES: Elec. 

Ironic - Regulotion  1/2 Tv 
and less 

Instruments deigned to check the progress 

of disclosures in high energy physics are 

the products 3f Sherron service to those 

engaged in nuclear research. 

This service is based on extensive exper-

ience in electronics. We can design elec-

tronic equipment to your specifications, and 

our manufacturing facilities are available 

for the pro & ction of apparatus to meet 

your requirernents. Our physicists and elec-

tronics enginEers are qualified to give you 

helpful cooperation. Your inquiry is invited 

SHERRON CAN DESIGN 

AND MANUFACTURE: 

COUNTERS:  Maximum 

count as required. Pre-

determined selling any. 
where within the counting 

range. Resolution in the 

micro-second region. 

COMPUTERS: Mechanical 

linkages. Electrical ana• 
',agues of any complexity 

Digital computers. 

SERVO- MECHANISMS 

Control to any desired 

accuracy. Power as de-
sired.  Linear control, 

logarithmic control. 

AMPLIFIERS: RE., Video, 
A.F., D.C. to fit any ap-

plication. Particular em• 
phasis on high gain, high 

stability choracteristics 

OSCILLATORS:  All  Ire 

quencies. 

REGULATORS: Electronic 

- direct or through servo 
control. Regulation, drift, 
etc. to specification. 

MEASURE MENT -CON-
TROL: Devices for measur-

ing and control of all pa-

rameters capable of being 
controlled and producing 
proportional electrical, 

optical or measuring dis-

placement. Electronic 

microommeters, radiation 
counters. 

CONTROL OF ACCELER-
ATOR  ACCESSORIES, 

Grouping of controls, 
supplementary apparatus, 

and experimental system 

into a compact versatile 
unit 

Sherron 
Electronics 

01" 
11011°111  

SHERRON ELECTRONICS CO. 
Division of Sherron Metallic Corporation 

1201 FLUSHING AVE.  •  BROOKLYN 6, NE W YORK 
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CENTRALAB ANNOUNCES A NEW AND 
REVOLUTIONARY ROTARY SWITCH WITH A 
MINIMUM LIFE TEST OF 150,000 CYCLES 

New Coil Spring Design Means 

Smoother Action, More Positive 

Indexing, Longer Life 

YOU ASKED for it — and here it is! Centralab's new Rotary Coil and 
Cam Index Switch sets an all-time record for ruggedness, long life, 

flexibility, installation and maintenance convenience. Check these design 
and operation features, and you'll see why this new switch is one of the 
important switch developments of the year! (I) 30 ° index with 11 in-
dexing combinations permit handling up to three sections. (2) New, 
tested stop-strength of 48 inch pounds. (Standard RMA stop-strength — 
only 24 inch pounds.) (3) Guaranteed minimum life —150,000 cycles. 
(RMA Standard —10,000 cycles.) (4) Only 1/4 " spacing between front 
plate and first section gives you decreased depth behind panel. (5) Re-
movable spring can be replaced without removing switch from chassis. 
Write today for complete information on this great new switch. Order 
Bulletin 995. 

LOOK TO IN 1948 

DIVISION OF GLOBE-UNION INC., MILWAUKEE 

Four Positions Give 

You Wide Choice of 

Switching Combinations 

PI 

PI 

2 
Two position spring return, 
from counter-clockwise. 

PI — Positive Index 

SR — Spring Return 

1 Two position positive index. 

3 Two position spring return 
from clockwise. 

PI 

4 Three position positive  PI 
index. 

5 Three position spring return 
from both sides to center. 

PI 

6 Three position index — two 
positive spring return from 
counter-clockwise. 

PI 
kr 

PI 

PI 

7 Three position index — two 
positive spring return from 
clockwise.  pi 

8 Four position, three positive, 
spring return from counter-
clockwise. 

PI 

PI 

PI 

pi 
9 Four position, three positive, 
pi  spring return from clockwise. 

PI 

PI 
10 Four position, two positive, 

spring return from clockwise 
and counter-clockwise. Also 
five positions in this some 
combination. 

PROCEEDINGS 01 THE I.R.E.  September, 19: 



PROUDLY PRESENTS 

MODEL 616A 
UHF SIGNAL 

GENERATOR 

NOW! for the first time 

east, direct readings 
1800 to 4000 mc 

Here for the first time is an uhf signal gen-
erator that combines direct reading scales, 
simplified controls, and c-w, pulsed, or a 
limited f-m output with a wide frequency 

range and a rugged, compact design. 

Direct Reading, Direct Control 
Carrier frequency in mc may be directly 
set and read on the large central frequency 
dial. R-f output from the reflex klystron 
oscillator is also directly set and directly 
read, in microvolts or db, on the simplified 
output dial. No calibration charts or inter-
polations are necessary. And because the 
unique coupling device causes oscillator 
repeller voltage to automatically track 
frequency changes, no voltage adjustments 
are necessary during operation. Even the 
bolometer circuit is automatically compen-
sated for temperature changes. 

C-W, F-M, or Pulsed Output 

R-f output ranging from 0.1 volt to 0.1 
microvolt is available. Output may be con-
tinuous or pulsed, or frequency modulated 
at power supply frequency. Maximum de-
viation is approximately :1-- 5 megacycles. 
Pulse modulation may be supplied from an 
external source or provided internally. 
Pulse rate is variable between 40 and 4000 
cps, and pulse width ranges from 1 to 10 
microseconds. Internal pulsing may be ac-
curately synchronized with either positive 
or negative external pulses, or external sine 

waves. R-f pulse may be delayed 3 to 300 
micro-seconds with respect to the external 
synchronizing pulse. Output trigger pulses 
are also available. They may be simul-
taneous with the r-f pulse. Or they may be 
in advance of the r-f pulse from 3 to 300 
micro-seconds. 

Wide Range, Great Stability 

A mist-of-the-wrist precision tunes the -hp-
Model 616A to any frequency between 
1800 and 4000 mc. Accuracy of calibration 
is within -±-1% and stability is of the order 
of 0.005% per degree centigrade in am-
bient temperature. Line voltage changes of 
±-10% cause frequency changes of less 
than 0.02%• 

Wide Applicability 

The -bp- Model 616A UHF Generator is 
ideal wherever precision ultra-high fre-
quencies are needed for measuring pur-
poses. Some of its many uses include 
determining of receiver sensitivity, signal-
noise or standing-wave ratios, conversion 
gain, alignment, antenna or transmission 
line characteristics. The instrument is light 
and compact, occupying minimum bench 
space. It is unusually rugged of design for 
long-term, trouble-free operation. Repairs 
and replacements, when necessary,are made 
extremely easy by straight-forward circuit 
layout and ready accessibility of all com-
ponents. 
The -hp- Model 6I6A UHF Signal Gen-

erator is available for early delivery. Write 
or wire today for full technical details. 

HEWLETT-PACKARD COMPANY 
1380 D Page Mill Road, Palo Alto, California 

Export Agents: FRAZAR AND HANSEN 
301 Clay Street, San Francisco 11, California, U.S.A. 

laboratory instruments 
F O R  S P E E D 

Audio Frequency Oscillators  Signal Generators  Vacuum Tube Voltmeters 

Noise and Distortion Analyzers  Wave Analyzers  Frequency Meters 

Square Wove Generators  Frequency Standards  Attenuators  Electronic Tachometers 
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3-Phase Regulation 
LOAD RANGE *REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

3P15,000 1500-15,000  0.5 % 

3P30,000 3000-30,000  0.5 % 

3P45,000 4500-45,000  0.5% - 

• Harmonic Distortion on above models 3%. 
Lower capacities also available. 

400-800 Cycle Line 
INVERTER AND GENERATOR REGULATORS 

FOR AIRCRAFT. 
Single Phase and Three Phase 

LOAD RANGE  •REGULATION 
MODEL  VOLT-AMPERES  ACCURACY 

D500  50 - 500  0.5% 
D1200  120-1200  0.5 % 
3PD250  25 - 250  0.5% 
3PD750  75 - 750  0.5% 

Other capacities also available 

"44 

The NOBATRON Line 
Output 

Voltage DC 

6 volts 
12  " 
28  " 
48  " 
125  " 

Load Range 
Amps. 

15-40-100 
15 

10-30 
15 
5-10 

• Regulation Accuracy 0.25% from 1/4 
to full load. 

Extra Heavy Loads 
LOAD RANGE  •REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

5,000+  500 - 5.000 

10,000+ 1000-10,000 

15,0004' 1500-15,000 

• • • 

0.5% 

0.5% 

General Application 
LOAD RANGE  •REGULATION 

MODEL  VOLT-AMPERES  ACCURACY 

150  25 - 150 
250  25 - 250  0.2% 
500  50 - 500  0.5% 
1000  100-1000  0.2 % 
2000  200-2000  0.2 % 

SOBEHSEN 
The First Line of standard electronic 
AC Voltage Regulators and Nobatrons 

GENERAL SPECIFICATIONS: 

• Harmonic distortion max. 5% basic, 2°4 "5" models 
• Input voltage range 95-125: 220-240 volts (-2 models) 

• Output adjustable bet. 110-120: 220-240(-2 models) 

• Recovery time: 6 cycles: + (9 cycles) 

• Input frequency range: 50 to 65 cycles 

• Power factor range: down to 0.7 P.F. 

• Ambient temperature range: —50°C to • 50°C 

All AC Regulators 8 Nobatrons may be used with no load. 
Models available with increased regulation accuracy. 

Special Models designed to meet your unusual applications. 

Write for the new Sorensen catalog. It contains complete 
specifications on standard Voltage Regulators, Nobatrons, 
Increvolts, Transformers, DC Power Supplies, Saturable Core 
Reactors and Meter Calibrators. 

SORENSEN & CO., 'or 
STA MF ORD  CON NECTICUT 

Represented in all princlpal coties 
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omatically rotates one of 18 separate 
scales into position 

SIMPSON MODEL 221 ROT -RANGER 

HIGH-SEN SITN !TY A.C.-D.C. VOLT-OHM-MI -LIAMMETER 

Here is the only multiple scale test instrument of its kind in the world. 
It definitely reckces the possibility of errors by providing a single scale 
for each range of chi: finest of volt-ohm-milliammeters. As the selector 
switch is moved to the range desired, an ingenious gearing mechanism 
rotates a drum, hring.ng into place behind the meter -A indow the proper 
scale for that range Here is the equivalent of 25 separate instru-
ments combined in offe sturdy and compact unit. (18 scales; 7 additional 
direct reading range through use of high voltage and output jacks.) 
The patented Roto-Ranger principle eliminates the confusion of num. 
erous readings on oise scale, and the multiplying factors common to 
ordinary multi-range testers, by providing a sepanate scale for each 
range. There are nt cramped calibrations in these: full sized Row. 
Ranger scales. Each it designed as it would be for a separate instrument. 

SIMPSON ELECTRIC COMPANY 

5200-5218 W. Kinzie St., Chicago 44, III. 

In Canach Bach-Simpson, Ltd., 

London, Ontario 

INSTRUMENTS THAT STAY ACCURAT 

A separate scale 

for every range— 

automatically! 

Large 5'2" metier, 

with 18 separator, 

full length scales, 

as you select the range. 

Ranges 

20,000 Ohms per Volt D.C., 1,000 Ohms per 
Volt A.C. 

Volts, AC.: 2.5, 10, 50, 250, 1000, 5000 

Volts, D.C.: 2.5, 10, 50, 300, 1000, 5000 

Milliamperes, D.C., 10, 100, 500 

Microamperes, D.C.: 100 

Amperes, D.C.: 10 

Output: 2.5, 10, 50, 250, 1000 

Ohms: 0-2000 (12 ohms center), 0.200,000 (1200 
ohms center), 0-20 megohms (120,000 ohms 
center). 

Size: 123'4" x 101/4 " x  

Weight: 8 lbs. 9 oz. 

Price, complete with test 
Operator's Manual   

leads and 28-Page 

;69.85 

High voltage probe (25,000 volts) 
for TV, radar, x-ray and other high 

voltage tests, also available. 

Ask your Jobber, or write for 

complete descriptive literature 
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IF YOU MACHINE COPPER-

THIS REVERE METAL WILL SAVE YOU MONEY 

REVERE makes Free-Cutting Copper Rod, and if you are 
making electronic devices requiring machined copper 

parts of high conductivity, it will pay you to investigate the 
savings made possible by this metal. We would suggest that you 
make trial runs to prove what it will do under your own shop 
conditions. That was the procedure followed by The Trumbull 
Electric Mfg. Co., Plainville, Conn., with these results: 
Part #18107 and 18108, contacts for the Type D switch illus-

trated, were designed around this alloy. Trumbull states: "On 
both these parts we found we could make them in one operation 
instead of two. That is, due to the smooth free cutting of the 
metal, it was unnecessary to perform a facing operation . . . 
Our Screw machine foreman advises that, in his opinion, both 
these parts could be made four times as fast as out of ordinary 
electrolytic copper rod." 
#3731, 60 amp. post stud.-5,760 pieces run in 19.6 hours 

with no machine down-time; 10,425 pieces of ordinary copper 
rod run in 66.6 hours with 11.8 hours machine down-time. In 
addition to the extra time required, three sets of dies were used 
for the regular rod. "The savings of the free-cutting material 
over ordinary copper were figured at $1.81 per thousand, in-
cluding in these costs both material and direct labor." 
#16552, space washer. "Savings per thousand over electro-

lytic copper were 770. This figure included the material differ-

ence and direct labor. In addition, there was an 18% saving 
in machine down-time." 
#K-60-IA, 70-200 amp. stud. "The use of Free-Cutting 

Copper Rod on this part very definitely increased production 
and practically voided machine down-time. 
In a letter to Revere, Trumbull added: "In general, at least 

for most of the parts we have used, we find that there is at 
least a 25 % saving in machine time of free-cutting over regular 
copper. In addition, the workers are enthusiastic about this 
material, particularly when running studs, because of the fact 
that it is no longer necessary for them to keep a constant close 
watch on the machine to see that the turnings do not become 
tangled up with the moving parts of the machine." 
The Trumbull experience is being duplicated in other ma-

chine shops. If you have not tried this Revere Metal, we suggest 
you get in touch with your nearest Revere Sales O ffice. 

REVERE 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 
• • • 

Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; New Bedford, Mass.; 
Rome, N. Y. — Sales Offices in Principal Cities, Distributors Everywhere, 

10A PROCEEDINGS OF THE I.R.E.  September, 1943 



S • 

with 

ATLAS 

EL-MENCO'S 
NFW CM 15 
miniature capacitor 

9/32" x 1/2" x 3/16" 

This tiny capacitor for radio, television and other electronic applications 
combines compact design with proven performance. Molded in low-loss bake-
lite the CM 15 is famous for dependability. Impregnated against moisture, it de-
livers at maximum capacity under extreme conditions of temperature and climate. 

CM  15  FEATURES 
• 500 D.C. working voltage 

• 2 to 420 mmf. capacity at 500v. DCA 

2 to 525 mm!. capacity at 300v. DCA 

• Temperature co-efficient 0 150 parts per million per degree C. for most capacity values 

• 6-dot color coded to Joint Army-Navy Standard Specifications JAN-C-5 

SPECIFY EL-MENCO for your product . . . 

from the Tom Thumb CM 15 to the CM 40, all El-Menco capacitors give 
you — and your product — dependable performance, endurance, and accuracy. 
Send for catalog — Specify El-Menco Capacitors. 

THE ELECTR O M OTIVE MFG. CO., Inc. 

WILLI M A NTI C,  CO N NE CTI C UT 

EM OL DED  MIC A 

ARCO ELECTRONICS  135 Liberty St.  New York, N. Y. 

Sole Distributors for Jobbers and Retailers in U. S. and Canada 

enco MIC A  TRI M MER 

CAP ACIT ORS 

Foreign  Radio  and  Electronic 
Manufacturers  communicate  direct 
with  our  Export  Department  at 
Willimantic, Conn. for information. 
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ARNOLD 
That's the 

name to 
• remember in 

PERMANENT 

MAGNETS 

There are values in the use of permanent magnets — 

increased efficiencies and economies—that should be 

investigated by many a manufacturer of electrical and 

mechanical equipment. The past decade has seen great 

strides in the scope and utility of permanent magnets, 
and this progress is important to you. 

Equally important are the extra values you'll find in 
Arnold Permanent Magnets—the natural result of 

specialization and leadership, and of complete quality 

control in every production step from melting furnace 

to final test. • Call in an Arnold engineer to help with 

your design and planning—write direct or to any 
Allegheny Ludlum office. 

W110 109) 

THE ARNOLD 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 

PROCEBDIA'Gs 01. THL 1.R.E,  September, 1948 



CO MPONENTS 

Hi-Q TEMPERATURE COMPENSATING CAPACITORS 
Hs-Q temperature compensating capacitors are available in three types. CN & SI types with 
capacities from .25 mmf to 1830 mmf and CI types from .25 mmf to 595 mmf with a tempera-
ture coefficient range from P 100 to N 1400. All of these He-Q styles are of tubular ceramic 
construction with pure silver electrodes precision coated. Style SI is insulated with a syn-
thetic coating of Durex, style CN is of Styrene and CI is Steatite covered. 

Hi-Q GENERAL PURPOSE CERAMIC CAPACITORS 
He-Q General Purpose Ceramic Capacitors readily replace mica and paper condensers of 
corresponding values. He-Q General Purpose Ceramic Capacitors should not be confused 
with the Hi-Q line of close tolerance temperature compensating units. He-Q General Purpose 
Ceramic Capacitors are available in capacity ratings from 5 mmf to 33,000 mmf. 

Hi-Q STAND-OFF CAPACITORS 
He-Q "stand-off" capacitors are basically tubular with a screw 
fixture for mounting to the chassis or common ground. Close 
coupling and their unique construction make them an excel-
lent choice for by-passing RF in the high frequencies. Standard 
capacity tolerances are + 10% and + 20% for "stand-off" capaci-
tors and — 20% and + 30% for multiple tap units. Closer tol-
erances available wherever economical manufacturing permits. 
All units flash tested for 1000 volts DC with power factor 
under 3% maximum and insulation resistance is above 10,000 
megohms. All units stamped for capacity. 

Hi-Q FEED-THRU 
CAPACITORS 

Ho-Q "feed-thru" capacitors provide perfect transmission through the chassis or 
ground, as well as by-passing to ground. The high quality construction of He-Q "feed-
thru" capacitors, is extremely rugged and will withstand severe vibration, making 
them ideal for use in mobile and aircraft applications. 

Hi-Q HIGH VOLTAGE CAPACITORS 
Hi-Q HV Capacitors are a 
sturdy unit, capable of 
withstanding high volt-
ages, operating at extreme 
humidity and raised tem-
peratures. They are a nat-
ural television component. 
The basic dielectric is 
body 20, encased in a low 
loss, mineral filled bake-
lite. Available in capacitiet-
50 mmf to 1,000 mmf. Spec-
ify desired capacity after 
type HV when ordering. 

WRITE FOR 

Hi-Q DISC CAPACITORS 
Hi-Q Disc Capacitors are high die-
lectric by-pass, blocking or coupling 
capacitors. Designed for application 
where its physical shape is more 
adaptable than tubular units. The 
placement of leads is such that 
close connections are easily made. 
thus reducing inductance to a mini-
mum, a much desired feature in high 
frequency designs, such as television 
and FM. Available in three types: 
BPD-5: .005 MFD guar. min., 
BPD-10: .01 MFD guar. min. and 
BPD-1.5: .0015 MFD guar. min. 

FREE CATAL O G 

eee,Precat Retaceagee ervo. 
FRA NKLI NVILLE,  N 

Planta: FRANKLINVILLE, N. Y. —JESSUP, PA. 

Sales Offices: NE W YORK. PHILADELPHIA, DETROIT, CHICAGO, LOS ANGELES 

( 
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C A L 
T H E  IN S U L A T O R 

TPA(' MANN  U  •. PAT  0/1 

THE LOW-LOSS, HIGH FREQUENCY INSULATION 

for every electrical and mechanical requirement 
MYCALEX, a most versatile, low-loss insu-

lation material, possesses unusual character-
istics that ideally suit it for use in ultra high-
frequency applications. It can be molded, or 
machined to very close tolerances —it is im-
pervious to water, oil or humidity; has dimen-

sional stability, high dielectric strength and 
will not carbonize. Metal inserts can be 
molded into the material giving it an almost 
endless number of applications in the field 
of electronics. It is available in the three 
following types: 

M YCALEX 410 

This injection-molded form of Mycalex is useful in 4 cases: 
1. When shape is too intricate to permit fabrication by machine. 
2. When quantities necessitate high production and low cost. 
3. When great dimensional stability is essential. (Mycalex 410 
can be molded to very close tolerances.) 4. When metal inserts 
must be incorporated into the insulator. These inserts may be 
made of any common metal that can withstand temperatures of 
about 1200° F and that has a coefficient of thermal expansion 
of the order of 100 to 175 x 10  per degree C. Mycalex metal 
seals can withstand pressure of 90 psi. 

M YCALEX 400 

Compression molded for high-frequency applications. Its loss factor is well 
within requirements for operation in this portion of the electromagnetic 
spectrum. An outstanding characteristic is the long frequency range over 
which the loss factor is a minimum. Tropical climates do not impair its 
electrical and physical properties. It is, therefore, used for insulation in 
radio transmitters, radio receivers, communication panels, switchboard 
panels, arc shields in high tension switches, brush holders, relay contact 
supports, etc. Available in sheets 14 by 18 in.; thickness of 1/4  to 1 in. Rods 
18 in. long, diameter 1/4  to 1 in. 

M YCALEX K series 
WINO 

Ceramic Capacitor 
Dielectrics.  Many ceramic materials offer low power factor, negligible 
moisture absorption, high dielectric strength, lack of cold flow, ability to 
withstand high temperatures.  Few, however, include a dielectric constant 
greater than 7 or 8 at radio frequencies. Few are available with flat surfaces 
of large dimensions that don't warp, or close tolerances in rods. Mycalex K 
capacitor dielectrics combine all of them and is available in practically any 
form. Power factor varies from 0.002 to 0.004 at 1 mc. 

MYCALEX FABRICATING SERVICE 
Mycalex can be machined to customers' exact speci-

fications in our new plant at Clifton, N. J. This plant is 
especially tooled for large volume machining of Mycalex 
in a wide variety of forms. This service offers the following 
advantages . . . PRECISION WORKMANSHIP: specialized 
equipment that assures remarkable precision and super-

vision by skilled engineers. REDUCED COSTS: substantial 
savings effected by efficient performance on a quantity 
basis.  RELIEF TO PLANT BOTTLENECKS. PROMPT 
DELIVERIES. Consult our engineering staff for advice on 
the application of Mycalex to your insulating problems. 

MYCALEX CORPORATION OF A MERICA 
"Owners of 'MYCALEX' Patents" 

Plant and General Offices CLIFTON, N J.  Executive Offices, 30 ROCKEFELLER PLAZA  NE W YORK 20 N Y 
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Imagine a Rectifier with a 

Self-Healing Film! 

... that's the 

Mallory Magnesium 

Copper Sulfide Rectifier 
Mallory Magnesium Copper Sulfide Rectifiers often give 
trouble-free service for five years and more when operated at 
a normal temperature of 265° F. But, provided as they are 
with an extra safety factor, they still perform without failure 
when temperatures are raised three times as high. 

Occasionally, when tremendous abnormal voltage surges are 
applied (when, for example, lightning strikes a power line), the 
rectifier temporarily breaks down. But even then it usually reforms 
after only an instant of inaction. Why? Because the rectifying 
junctions are so made that they actually heal themselves. 

Add this fact to the features at the right and you understand why 
Mallory Magnesium Copper Sulfide Rectifiers are unbelievably 
rugged—why they outsell all other dry disc types, for low voltage, 
medium and high current applications. See your Mallory distribu-
tor for more information—or write direct for engineering help. 

Check These Features: 

Proved long life 

Unaffected by high temperatures 

Withstands abuse and accidental short 
circuits 

Self-healing rectifying junctions 

Constant output over many years 

Resists harmful atmospheric conditions 

Rugged, all-metal construction 

No bulbs, no brushes, no sparking 
contacts 

Millions in use 

MALLOR 
PR. MALL ORY 8. CO. Inc 

RECTOPLATER * SUPPLIES —RECTOTRUCK CHARGERS — 
RECTOSTARTER" AIRCR AFT PO WER SUPPLIES — 
RECTOPOWER* SUPPLIES — AUTOMOTIVE BATTERY CHARGERS 

MAGNESIUM-COPPER 
SULFIDE RECTIFIER STACKS 
AND POWER SUPPLIES 

'Rag. U. S. Pol. Off. 

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

MCSR's ARE THE 

WORLD'S TOUGHEST 

RECTIFIERS 
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"I like the DEPENDABILITY 
••• 

of HMITE Produa 

AdONG radio engineers everywhere—there's a definite 
preference for Ohmite resistance products. These 

men know—from experience—that Ohmite rheostats, 
resistors, and chokes provide long, trouble-free service. 
Here's the reason why you get extra performance. Every 

Ohmite product is designed and constructed to stand 
up under severe operating conditions. Every unit is 
built to withstand the effects of shock, vibration, tem-
perature extremes, altitude, and humidity. Make 
sure you get the benefit of this unfailing dependability. 
Ask for Ohmite products by name. 

CLOSE CONTROL RHEOSTATS 

I iere is the most extensive line  of 
rheostats offered today. • . 10 sizes, 

1000 watts , with many • from 2S to 
resista  values in each size. All-nce 
cera mic construction. W 

indings are  • 

locked in vitreous enamel. 
. .. . . .  • .. 

• • • 

DIVIDOHM  A DJUSTABLE RESISTORS  
Used as multi-tap resist-  • 

ors  or voltage dividers.  • 
Narrow strip of  exposed winding  , 

Provides co ntact surface  for  the  • 

adjustable lug. Gives  odd  resistance  
values quickl y. Seven ratings-10 to  200 watts. 

. • 

k• 

VITREOUS  ENAMELED RESISTORS  
ire NA Mi n d on a ceramic 

core , rigidly held in place,  
insulated and protected by 

itreous  enamel. Even winding dissi-

pates heat rapidl y —prevents hot spots. 

Many types, in  ratingsfrom  5 to 200  watts.  

• ,•• ........ .   • • 
•  UENCY PLATE CHOKES 

RA DIO FR 
1 or covering higher frequencies. 

_ ,....---•  Single-layer wound on low 
, • power factor steatite or molded 

..-  plastic cores. Seven  stock  sizes,  
----- 3 to 520 megacycles. Two units 
rated 600 ma; all others 1000 ma. 

W iTtre  e le4 69 40 

OHMITE MANUFACTURING COMPANY • 4862 Flournoy St., Chicago 44, III. 

Re94-t eat% IHIMITE 
RHE OSTATS  • RESIST ORS  • TAP SWITCHES  • CH OKES  • ATTE NU AT ORS 
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We illustrate  the u its below for  arge  part 

the information they 

n 
br ing  to engineers of "What can be done." A l 

of UIC production, however, is on catalogue  has 

d and special 

mater ial of more standard nature. WC quality  world-
s 

wide recognition on Al l types of transformer component. 

FOR FILTERS 

NARROW BAND 

SHARP CUTOFF 

FILTER 

LOW FREQUENCY 

— LOW PASS 

FILTER 

BROAD BAND 

SHARP CUTOFF 

FILTER 

ATTENUATES 

10KC TO 30 

MEGACYCLES 

FOR TRANSFORMERS 
This high gain trans-

former is used in a 60 

cycle chopper circuit 

for measuring small 

DC voltages—primary 

inductance 10 Hys. 

Ratio 250:1 — 100 DB 

of shielding. 

This unit weighs but 

1.3 oz. The rectifier in 

which it is employed 

delivers 2000 V DC 

with vibrator-battery 

input. 

This input transformer 
was the perfect an-

swer for an amplifier 

with a difficult hum 

problem. The lock-

ing universal joint 

mounting permits ori-

entation to point of 

minimum hum level. 

This pulse transformer 

has tight require-

ments. Frequency re-

sponse is  3 DB from 
80 KC to 4 MC. 

Write for our Catalog PS-I08 

15 0 VA RI C K  ST REET  NE W  YO R K  13.  N . Y. 

EXPORT DIVISION• 13 EAST 40th STREET. NE W YORK 16. N Y,.  CABLES -ARLAB-



ONE OF THESE 5 WILL BEST FILL YOUR V.O.M. REQUIREMENTS 

MODEL NO. 
630 

MODEL NO. 
666-HH 

MODEL NO. 
2451 

05'0 o 
i00 •09 

tto 
' sty  PA 

MODEL 630. Outstanding Features: (1) The new Triplett 
Molded Selector Switch with contacts fully enclosed . . . (2) 
Has Unit Construction with Resistor Shunts, Rectifier Batteries 
in molded base . . . (3) Provides direct connections without 
cabling . . . no chance for shorts . . . (4) Big easily read 
51/2" Red • Dot Lifetime Guaranteed Meter. 

TECH DATA 

D.C. VOLTS: 0-3-12-60-300-1200-6000, at 20,000 Ohms/Volt 
A.C. VOLTS: 0-3-12-60-300-1200-6000, at 5,000 Ohms/Volt 
D.C. MICROAMPERES: 0-60, at 250 Millivolts 
D.C. MILLIAMPERES: 0-1.2-12-120, at 250 Millivolts 
D C. AMPERES: 0-12, at 250 Millivolts 
OHMS: 0-1000-10,000; 4.4 Ohms at center scale on 1000 scale; 44 Ohms 
center scale on 10,000 range. 

MEGOHMS: 0-1-100 (4400-440,000 at center scale). 
DECIBELS. —30 to —4, —16, —30, —44, —56, —70. 
OUTPUT- Condenser in series with A.C. Volt ranges. 

MODEL 630.  ...U.S.A. Dealer net price  $37.50 
Leather Carrying Case, $5.75. . . Adapter Probe for TV and 
High Voltage Extra. 

MODEL 666-HH. This is a pocket-size tester that is a marvel 
of compactness and provides a complete miniature laboratory 
for D.C. and A.C. voltages, Direct Current and Resistance 
analyses. Equally at home in the laboratory, on the work bench 
or in the field . . . its versatility has labeled it the tester with 
a thousand uses . . . housed in molded case . . . 

TECH DATA 

D C. VOLTS: 0-10-50-250-1000-5000, at 1,000 Ohms/Volt 
A.C. VOLTS 0-10-50-250-1000-5000, at 1,000 Ohms/Volt 
D.C. MILLIAMPERES: 0-10-100.500, at 250 Millivolts 
OHMS. 0-2,000-400,000, (12-2400 at center scale) 

MODEL 666-HH.. . U.S.A. Dealer Net Price.... $22.00 
Leather Carrying Case, $4.75. 

MODEL 625-NA. This is the widest range laboratory-type 
instrument with long 5.6" mirrored scale to reduce parallax. 
Special film resistors provide greater stability on all ranges. 
Completely insulated molded case. Built by Triplett over a 
long period of time, it has thoroughly proved itself in labora-
tories all over the world. 

TECH DATA 

SIX DC. VOLTS: 0-1.25-5-25-125-500-2500, at 20,000 Ohms/Volt 
SIX D.C. VOLTS: 0-2.5-10-50-250-1000-5000, at 10,000 Ohms/Volt 
SIX A.0 VOLTS: 0-2.5-10-50-250-I000-5000, at 10,000 Ohms/Volt 
D.C. MICROAMPERES • 0-50, at 250 Millivolts 
D.C. MILLIAMPERES 0-1-10-100-1000, at 250 Millivolts 
D C. AMPERES 0.10. at 250 Millivolts 

MODEL NO. 
2405-A 

MODEL NO. 
625-NA 

OHMS. 0-2000-200,000, (12-1200 at center scale) 
MEGOHMS. 0-40, (240,000 at center scale) 
SIX DECIBELS RANGES:  —30 +3.0,  +15,  +29, +43, +SS, +69. 
(Reference level "0" DB at 1.73 V. on 500-Ohm line.) 

Six Output on A.C. Volts ranges. 

MODEL 625-NA.. . . . U.S.A. Dealer Net Price . . . $45.00 
Carrying Case, $5.50. Accessories available on special order 
for extending ranges. 

MODEL 2405-A. This instrument combines ultra sensitivity 
with a large 53/4" scale meter and is housed in a rugged metal 
case. . . It is furnished with hinged cover so that it can be 
used for service bench work or for portable field service. 
Gives A.C. Amperes readings to 10 Amps. 

TECH DATA 

D.C. VOLTS: 0-10-50-250-500-1000, at 20,000 Ohms/Volt 
D.C. AMPERES: 0-10, at 250 Millivolts 
D.C. MILLIAMPERES. 0-1-10-50-250, at 250 Millivolts 
D.C. MICROAMPERES: 0-50, at 250 Millivolts 
A.C. VOLTS. 0-10-50.250-500-1000 at 1000 Ohms/Volt 
A.C. AMPERES: 0-0.5-1-5-10, at 1 Volt-Ampere 
OHM-MEGOHMS: 0-4000-40,000 ohms-0-4-40 megolaras (self-contained 
batteries) 

OUTPUT, Condenser in series with A.C. Volts ranges 
DECIBELS: —10 to +15, +29, +43, +49, +55. (Reference level "0" DB 
at I 73 V. on 500-ohm line.) 

CONDENSER TEST: Capacity check of paper condensers is possible by 
following data in instruction book. 

MODEL 2405-A. ...U.S.A. Dealer Net Price . . . . $59.75 

MODEL 2451. Electronic Volt-Ohm-Mil-Ammeter . . . is easy 
to use in complicated testing . . . A must in F.M. and TV 
work in any sensitive circuit where low current drain is 
a factor ... 

TECH DATA 

D C.-A.C.-A.F. VOLTS: 0-2.5-10-50-250-500-1000 
R.F. VOLTS. 0-2.5-10-50 
D.C. MILLIAMPERES: 0-2.5-10-50-250-500-1000 
OHMS: 0-1K-I0K-100K 
MEGOHMS: 0-1-10-100 
INPUT IMPEDANCE: 11 Megolams on D.C. Volts. 
4 8 Megohms on A.C.-R.F. Volts 

MODEL 2451.  U.S.A. Dealer Net Price  $76.50 
External high-voltage probe available on special order. See 
the Triplett V.O.M. line at your local Radio Parts Distributor 
or write 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY • BLUFFTON,OHIO,U.S.A. 
In Canada Triplett Instruments of Canada, Georgetown, Ontario 

Pzeaaag pat. „ td Zeta 
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CERAMICONS* 

TELEVISION HIGH VOLTAGE 

FILTER CERA MICON 

The newly developed Erie Type 410 
Ceramicon provides a new high stand-
ard of dependability for high voltage 
filtering. Retaining the inherent high 
flashover protection of the original Erie 
Double-Cup design of the dielectric, 
extra safety factor has been added by 
a low-loss molded bakelite case de-
signed to provide longest possible 
creepage path between terminals. 

Specifications: Flash test -22,500 Volts; Life 
test -15,000 Volts at 85cC for 1,000 hours; 
Capacity, 500 MMF, +20%. 

and HIGH KVA 

eue'  

9,000 VOLT BY-PASS CERAMICON 

This new ceramic dielectric by-pass 
condenser is rated at 10,000 RMS test 
and 7 KVA load. Maximum operating 
temperature is 100° C. Type 2344 Erie 
Ceramicon is available in 1,000 MMF 
capacity. Size approximately 4 IA" high. 

200 AMP. FEED-THRU 

BY-PASS CERAMICON 

Erie Type 2373 Ceramicon is ideal for 
power line terminals to by-pass radio 
frequency currents on industrial heat-
ing and similar equipment. Conserva-
tively rated at 1,000 Volts DC. operated 
with current carrying capacity of 200 
Amps. overall length 4  Standard 
capacity ranges, 250 MMF, 650 MMF, 
1,000 MMF, and 10,000 MMF. 

10,000 VOLT, 20 KVA CERAMICON 

This plate-type ceramic condenser com-
bines ratings of 20 KVA and 10,000 
Volts DC. with compact size, only 43/8" 
dia. x 2-5/16" height. With forced air 
circulation rated load is above 50 
KVA at 15 MC. Type 3688 Ceramicon 
is made in 500 MMF and 1,000 MMF 
capacities. 

* Ceramicon is the registered trade name of silvered 
ceramic coade sssss made by Erie Resistor Corporation 

liri—tecatioec4 
ERIE RESISTOR CORP., ERIE, PC 
LOND ON, A r GLA ND • • TOR O NT O,  CA NA DA 
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STACKPOLE P R 0 D 

GA 
MINIATURE CAPACITORS 

There tiny units cc st no more than homemade"gimmicks" 
yet offer outstanding advantages in terms of greater 
stability, higher Q, insulation resistance, breakdown 
voltage and non-inductiveness. Standard capacities in-
clude .5—.68-1.0-1.5-2.2-3.3 and 4.7 mrif. 

Insulated shaft 

IRON CORES 
From horizontal deflection and flyback trans-
former cores to i.f, and other types, Stackpole 
offers a complete line. 

Type 10034—For use with tubes of any size 
in horizontal deflection circuits. Assures uni-
form results, saves materially on assembly costs. 

Type I0748—A smaller horizontal deflection 
or flyback transformer design for tubes up to 
10" diameter. 

0.T. Types ... and dozens of standard and 
special types to match any circuit requirement. 

VARIABLE RESISTORS 
-CONTROLS 
Insulated shafts as required 

Stackpole controls, single or dual, are available 
in numerous types and with wattage ratings 
and other characteristics adequate for modern 
television applications. Samples on request to 
quantity users. 

ST A C K P O LE 
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UCTS for TELEVISION 

INEXPENSIVE SNAP 

SLIDE OR ROTARY 

ACTION SWITCHES 

These popular StaCkpcle switches 

add greatly to the sales appeal and 

convenience of almost any electrical 

product. Standard, low c )St types are 

available for practical y any switch-

ing arrangement or type of operation. 

CA R B O N  C O. 

MOLDED COIL FOR MS 
for choke and peaking coils 

The advantages of Stackpole Molded Coil 
Forms as inexpensive mechanical supports for 
windings include: reduced space factor; easier 
assembly; point-to-point wiring with one-third 
fewer soldered connections; extreme flexi-
bility of application and absolute minimum 
cost. Types include units with coaxial leads, 
single hairpin leads, single hairpin lead at one 
end with double hairpin lead at other end, and 
double hairpin leads at each end. Iron core 
sections can be incorporated in most types. 

Note: These Woes 
1111, to type DR  electrk 
cell forms oily  Constad 

pi-
"Q" 

600 Kilocycles 4.7 23 

1000 Kilocycles 4.7 36 

2.3 Megacycles 4.7 45 

20 Megacycles 4.7 118 

48 Megacycles 4.5 90 

FIXED 
RESISTORS 

The result of more than 15 years 
specializedmanufacturing experi-
ence, Stackpole Resistors meet 
modern television specifications 
—whether from a moisture-
protection, insulation or overload 
standpoint, or satisfactory high 
frequency characteristic. Stand-
ard ranges are from 10 ohms to 
20 megohms in the customary + 
tolerances of 567,, 10% or 20%. 

Write FOR THIS NE W STACKPOLE 
ELECTRONIC COMPONENTS CATALOG 

Fixed and variable resistors, switches, iron 

cores, molded coil forms, GA miniature 

capacitors and Polytite cores for high 

capacity stability under conditions 

of humidity and vibration in high 

frequency circuits when prop-

erly supported and insulated. 

•  ST.  M A R Y S,  P A. 
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Designed for Television Use 
(for operation up to 4.50 volts at 8.5° C.) 

W th some 7 times as many components in a television receiver 
as in the average radio, the possibility of service calls is greatly 
increased. The new SPRAGUE ELECTROLYTIC line offers the 
first practical solution to this problem. 
Designed for dependable operation up to 450 volts at 85° C. 

these new units are ideally suited for television's severest electro-
lytic assignments. Every care has been taken to make these new 
capacitors the finest electrolytics available today. Stable operation 
is assured even after extended shelf life, because of a new proces-
sing technique developed by Sprague research and development 
engineers, and involving new and substantially increased manu-
facturing facilities. More than ever before your judgment is con-
firmed when you SPECIFY SPRAGUE ELECTROLYTICS FOR 
TELEVISION AND ALL OTHER EXACTING ELECTROLYTIC 
APPLICATIONS! Sprague Electric Company invites your inquiry 
concerning these new units. 

/ 
WO RTHY 

FOR  AN COMP IONS THE NEW 

ELECTROLYTICS! 
SPRAGUE MOLDED 
TLIBULARS... 

HIghly heat- and  able m oisture•ri•  

C operation d  sastant  
Non-inflamm  • Ittoderafortely Priced 
Conservatively rate  --4a°C to +85° 

Small in size • CornPletely insulated 
Meehanicakv rusged 

:Prete for EfrigiveeriNg aufavat IVA 210,1 

SPRAGUE ELECTRIC COMPANY • NORTH ADAMS, MASS. 

P I O N E E R S  0  F 

*Trademarks res. U. S. PM. OM. 

22 \ 

SPRAGUE 
/ E L E C T R I C A N D 

Capacitors 

*Koolohm Resistors 

EL E C T R O N I C  P R O G R E S S 
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For the last word in complete, up-to-the-minute facilities 

...or simple, low-cost equipment to suit your limited requirements... 

Look to RAYTHEON for All Your Needs 

• 

1k 10 10 10 414 

4 

41 
RC-1 1 STUDIO CONSOLE 

NO W WITH CUE POTS FOR TWO TURNTABLES 

Provides complete high-fidelity speech input facilities with all control, ampli-
fying and monitoring equipment in one cabinet. Seven built-in pre-amplifiers, 
nine mixer positions, cue attenuators for two turntables. Simple, positive 
controls reduce ope.-ational errors. Frequency response -2 DB from 30 to 
15,000 cycles; Distcrtion —less than 1 (.", from 50 to 10,000 cycles; Noise 
Level —minus 65 DB s or better. Meets all FCC requirements for FM. 

RR-30 REMOTE AMPLIFIER 3 CHANNEL 

A lightweight, easy-to-carry combination of amplifier and 
power supply —simple and quick to set up. Provides three 

high-fidelity channels, excellent frequency  response, high 
over-all gain. 

RZ-10 PRE-AMPLIFIER 

A plug-in type pre-amplifier or booster for micro-
phones or turntables.  Hcndles high input level. 
Noise level below 85 db from 0 vu output. Low 

distortion. Plug-in construction permits using one 
to four units for maximum flexibility. 

arse. p 
RPC-40 PORTABLE CONSOLETTE 

Ideal for remote pickups yet complete enough 
to serve as a studio console. Four input chan-
nels for microphones or tirntables, high level 
mixing, two output lines. Two RPC-40's inte--
connected provide 8-channel mixing —a fea-
ture of special interest to new TV stations 
planning future expansion. 

RR-10 REMOTE AMPLIFIER 
SINGLE CHANNEL 

A complete, self-contained unit with 
built-in power supply. An excellent 
low-cost amplifier for remote pick-

ups requiring only one high-fidelity 
channel. 

RL-10 VOLUME LIMITER 

Engineered  for  high - fidelity  AM, 
FM or TV speech input. Increases 
average  percentage  modulation 
without distortion. 

RP-10 PROGRAM AMPLIFIER 

A high-fidelity, single-unit amplifier and power 
supply. Over-all gain, 65 db; frequency response 
flat from 30 to 15000 cps; distortion less than 
2% at + 30 vu. Designed for rack or cabinet 

mounting. 

1 
O WN.. 

4.0.111111.  •••••••• 

RPL-10 LINE AMPLIFIER 

A single-control, two-stage amplifier featuring 
wide frequency response low distortion, low noise 
level, freedom from RF pickup. Push-pull through-

out. Mounts in standard -ack or cabinet. 

RAYT HE O N  M A N UF ACT U RI N G  CO MP A N Y 

W ALT H A M  54,  M ASS AC H USETTS 

EXPORT SALES AND SERVICE IN FOREIGN COUNTRIES 

Raytheon Manufacturing Company 
50 Broadway, New York 4, N. Y., WH. 3-4980 



the finest ELECTRICAL CONNECTORS 
money can build or buy! 

SHELL 
strangtti alunn. 

ern alloy . . High 
istans• to corrosion 

... with sorfoos finish 

CONTACTS 
High currant capacity 

voltwo• 

SCINFLEX 
ONE-PIECE 
INSERT 

High  clioloctric 
stningth ...High arc 
noshitanco. 

'  SO 

AND THE SECRET IS SCINFLEX' • 
Bendix-Scintilla* Electrical Connectors are precision-built to 
render peak efficiency day-in and day-out even under difficult 
operating conditions. The use of "Scinflex" dielectric material, 
a new Bendix-Scintilla development of outstanding stability, 
makes them vibration-proof, moisture-proof, pressure-tight, 
and increases flashover and creepage distances. In temperature 
extremes, from —67° F. to +300° F., performance is remark-
able. Dielectric strength is never less than 300 volts per mil. 

The contacts, made of the finest materials, carry maximum 
carrents with the lowest voltage drop known to the industry. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market—an exclusive feature that means 
lower maintenance cost and better performance. 

*REG. U.S. PAT. OFF. 

Write oxr Sales Department for detailed information. 

• Moisture-proof, Pressure-tight • Radio Quiet • Single-piece Inserts 
• Vibration-proof • Light Weight • High Arc Resistance • 
Easy Assembly and Disassembly • Less parts than any other Connector 

Available in all Standard A.N. Contact Configurations 

SIE N DI X 

SCI NTILLA 

IIIIFFIAGNETO 
SIDNEY, N. Y. 

DIVISION OF oat 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

New Electrolytic Capacitors 
A new line of electrolytic capacitors de-

signed specifically for television require-
ments has just been announced by 
Sprague Electric Co., North Adams, Mass. 
The new units are rated for dependable 

operation at 85°C up to 450 volts. 
The manufacturer claims that as a 

results of improved processing techniques 
developed by their research and develop-
ment engineers, and new manufacturing 
facilities, the units have an extended shelf 
life. 

Radio Alarm Clock 
The addition of a new radio alarm 

clock to its line of timing motors and de-
vices has been announced by The Haydon 
Manufacturing Co., Inc., of Torrington, 
Connecticut. 

The new design is a combination clock 
and control for mounting on panels. The 
clock is complete with hour, minute, and 
sweep-type second hands. It has a three-
position switch for turning the radio "on," 
"off," or for setting the radio to turn "on" 
at a preselected time, as indicated by a red 
alarm hand. The manufacturer states that 
the clock may be mounted in any position 
and that no shielding is required to prevent 
interference with radio reception. 
When in the "alarm" position the 

length of radio play is limited to one hour 
and fifteen minutes. The user may there-
fore leave the radio without turning it off. 
All controls for this device are grouped 

at the base of the clock. The unit can be 
supplied with or without cord or plug and 
in finishes to the buyer's specification, in 
production quantities only. 

(Continued on page 40A) 
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i oomus e a crowbar 
to make it ?lit. 

BUT it's simpler to design the 
radio around the battery! 
THERE'S an "Eveready" battery available for 

virtually any portable radio design—so why not 
do your designing the easy way—by using compact, 
long-lasting "Eveready" batteries as the starting 
point? "Eveready" radio batteries give your portables 
added utility. They provide longer life between 
battery changes. Replacements available everywhere 
... easy for the user to obtain. 

Call on our Battery Engineering Depart ment for 

co mplete data on "Eveready" batteries. 

The registered trade-marks "Eveready" 
and "Mini-Max" distinguish products of 

NATIONAL CARBON COMPANY, INC. 
Una of Union Carbide and Carbon Corporation 

1213 
30 East 42nd Street, New York 17, N. Y. 

EVEREADY 
TRA DE- MA RK 

R A DI O  B ATTE RIE S 

• The No. 753 "Eveready" "A-B" 
battery pack provides plenty of power 
for compact "pickup" portables. Send 
for Battery Engineering Bulletin No. 2 
which gives complete details. 

• 

Dit ision Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York. Pittsbureh, San Francisco 
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If Recorders came 

with Mileage Meters... 

Presto 6N would be /Was 'READ 

Yes, day after day and year after year over 3,000 Presto 6N 

recorders are hard at work in broadcasting stations, recording studios, 

educational institutions and government agencies throughout the world. 

6N recorders purchased ten years ago are performing as well today 

as when they were new. This outstanding record of the 6N recorder 

in action is proof again that Presto design is built for hard, continuous 

duty and Presto materials are the finest obtainable. 

So when you're looking for a new recorder, remember: By actual 

test the best recorder for the most people is Old Faithful, the Presto 6N. 

f RECORDING CORPORATION, Paramus, New Jersey • Mailing Address: P. 0. Box 500, Hackensack, N. J. n 
In Canada: WALTER P. DOWNS, Ltd., Dominion Sq. Bldg., Montreal 

World's largest manulucturer of instantaneous sound recording equipment and discs 
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TELEVISION 
Minimizes costly 
servicecalls.Shows 
greater profit on 
usual maintenance 
deals. 

in asse mblies that must stand the gaff ... day-in-

and-day-out • .. for months and years to co me: 

THE SUPERIOR CAPACITOR 

MILITARY 
Roughest handling 
without failure. 
Withstands  cli-
matic concitions 
without flinching. 

AUTO RADIO 
Unaffected  by 
temperatures from 
sub• zero to 212 , 
F. Nothing to melt. 
Humidity proof. 

SOUND SYSTEMS 
No "noise" trou-
bles due to mois-
ture penetration 
and electrical leak-
age. Dependable. 

• Component-b:eakdown insurance. That's precisely 
why assemblies that must stand up — regardless of 

humidity, heat, cpld, mechanical or electrical abuse— 

are featuring Duranite capacitors. 
Duranite means different. Not just another plastic 

tubular. Not just an improvement over previous paper 

tubulars. Durarlite stands for an entirely new concept 

INSTRUMENTS 
No shelf deteriora-
tion.Canbstocked 
well ahead of use, 
yet remain' fresh' 
and reliable. 

BROADCASTING 

Greatest freedom 
from component-
breakdown trou-
bles and "off-tne-
air" spells. 

In several sizes. This size 

1,2" long by '2" diameter. 

HOME RADIO 
Smaller than usual 
paper capacitors. 
Contribute to more 
compact  chassis. 
Build good will. 

AIRCRAFT 
Withstand  wide 
temperature rang. 
es,vary,rigair pres-
sures, vibration, 
shock. 

of the capacitor art — new impregnant, Aerolene, doing 
the work of both wax and oil; new casing material. 

Duranite, providing rock-hard, non-varying, impervi-
ous sealing throughout; new processing methods in-

suring quality with economy. You will never know 

how dependable radio-electronic components can be 

until you have tried Duranite capacitors. 

• Write on your business letterhead for samples. Detailed 
literature on request. Let us quote on your requirements. 

FOR RADIO-ELECTRONIC AND 
INDUSTRIAL' APPLICATIONS 

ROVOX CORPORATION, NEW BEDFORD, MASS., 04:175 7 

LES OFFICES IN ALL PRINCIPAL CITIES • Export: 13 E. 40th-Sr_, NEW YORK 16,11;1 7 

AR LAB' • lo Canada: AEROVOX CANADA LTD., HAMILT ON, 011 T-:. 7 
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Kollsman offers additional AC units for 
remote indication or control applications 

SYNCHRONOUS 
MOTORS —for tim-
ing applications 
where variable 
loads stay in exact 
synchronism with constant or variable frequency source. 
Synchronous power output up to 1/100 H.P. 

SY NCHR ON OUS 
DIFFERE NTI AL 

UNITS—electro-
mechanical error 
detector with me-
chanical output for 
use in position or 
speed control servo 

systems. Also a torque-producing 
half speed synchroscope. Small com-
bination unit with two variable fre-

quency synchronous motors and differential gearing. 

Output: Speed — Nj— N2; torque up to 1.0 oz/in. 
2 

DRAG CUP MOTORS — minia-
ture 2-phase motors with high 
torque/inertia ratio and ex-
tremely fast stopping, starting 
and  reversal  characteristics. 
Suitable for many special ap-
plications requiring torque of 
0.4 oz/in. or less. 

MOTOR DRIVEN IN-

DUCTION GENERAT-
ORS — combination 
of a 2-phase, high-
torque, low-inertia 
induction motor and 
an induction gener-
ator. Used as a fast 
reversing servo motor. Available with maximum stall 
torques of 1.0 (unit shown) to 6.7 (other units) oz/in. 

TELETOROUE UNITS 
—precision built 
selsyn type units 
for remote indica-
tion. Accurate to 
-±-1 degree. Actu-
ated by units pro-
ducing as little as 
4 gr/cm of torque. 

GEARED INDUCTION 
M OTORS — miniature 

2-phase servo motors 
with gear reducer. De-
sirable motor features: 
Maximum torque at 
stall with low wattage 
input and high torque/ 
inertia ratio. Gear re-
ducer conservatively rated at 25 oz/in. Maximum 
with gear ratios from 5:1 to 75,000:1 available. 

torque 

Because of their high responsiveness and precision, Kollsman Special Purpose Motors are particularly 
suited to systems requiring extremely accurate remote indication or positive electronic control. The 

units shown above are only representative of a complete line which includes many similar units in 
various voltages and frequencies. Among them, the instrumentation or control engineer will find, 
in many instances, the device that fills his specifications exactly. 
Reliable performance, light weight and compact size are characteristics of the entire line. In each 

unit is to be found the same ingenuity of design and care in manufacture that has for twenty years 
made Kollsman the outstanding leader in the field of aircraft instrumentation. 
For full information on any or all of these Special Purpose Motors, write to: Kollsman Instrument 

Division, Square D Company, 80-08 45th Avenue, Elmhurst, N. Y. 

KOLLSMAN INSTRUMENT DIVISION 

ELMHURST, NEW YORK  GLENDALE, CALIFORNIA 
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PROVEN  

50 Kw, 100-Mc. 

THESE ARE IMPORTANT FACTORS of sound high-power FM 
operation . . . proven important in over one year of operation 
by station KSBR, Mt. Diablo, California, 100.5•Mc., channel 263, 
effective radiated power 250,000 watts. 

1) Overall power consumption is under 90 kw. 

2) Equipment is of compact design. 
3) Power tubes have highly efficient thoriated tungsten filaments. 
4) Tube servicing is possible without special tools, equipment, 
and training. 

5) Vacuum tube components are capable of supplying sufficient 
output without being run at maximum ratings. 

6) 50 kw. final is driven directly by the 10 kw. stage. 
7) Air cooled. 3, 10, and 50 kw. stages only require the output 
of a single blower driven by a 1 Is. p. motor. 

MODULATOR 

Follow the Leaders to 

And they are made possible because of one component . . . 
the Eimac multiunit triode, type 3X12500A3. A pair of these 
tubes (as grounded grid amplifiers) are capable of providing 
over 50 kw. of useful output power with but 10 kw. of drive. 
The lineup of KSBR equipment and operational data, below, 
further illustrates advantages inherent to equipment designed 
around the 3X12500A3. 

Analyze the vacuum-tube components in the equipment you 
consider ... be sure their design presents the highest advantage 
to you. The Eimac sales department will gladly furnish names 
of equipment manufacturers and engineers using Eimac tubes. 
Phone, write or wire direct. 

HERE'S THE KSBR LINE-UP 

..50w•1 

IPA 

EIMAC 4X500A's 

3 kw stage 
1-31(wl 

IPA 

EIMAC 3X2500A3's 

10 kw stage 

 EvA,   

.10kw 

PA 

EIMAC 3X12500A3's 

50 kw stage 

4000V 
OVERALL EFFICIENCY: input from 
50 watts to 50KW   65% 

OVERALL POWER CONSUMPTION  - 85K W 
TOTAL FLOOR SPACE USED BY 
EQUIPMENT  - - - - - - 22 sq. ft. 

TUBE REPLACEMENT COST 
4X500A $97.50, 3X2500A3 $180.00, 3XI2500A3 $875.00* 

*$115 credit for return of radiator and mechanical assembly in good 
condition. $35.00 credit for return of crate in good condition. 

EITEL-McCULLOUGH  INC 
201 San Mateo Avenue, San Bruno, California 

• 50kw• 

OPERATING CONDITIONS 
(Two Tubes) 

D-C Plate Voltage  4000 volts 
D-C Plate Current  - 14.4 amperes 
D-C Grid Voltage   -620 volts 

D-C Grid Current   1.9 amperes 
Driving Power (Approx.)  - 12 kilowatts 
Plate Dissipation  (total)  - 15.4 kilowatts 
Plate Power Input   57.6 kilowatts 

Useful Power Output -  - 544 kilowatts. 
Apparent Efficiency - -  - 94 per cent 

'Actual  power  delivered  to  water-cooled 
load. Amplifier output estimated to be 3 
kw higher, due to resistance and radiation 

losses between amplifier and load. 

MULTI UNIT DESIGN  IS ANOTHER EI M AC FIRST 
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SPECTROGRAPH USED IN SYLVANIA LABORATORIES 
DETECTS MINUTE IMPURITIES IN MATERIALS 
Study And Control Of Fluorescent And Emissive Materials For 
Electron Tubes, Cathode Ray Tubes, Constantly Carried On 

As part of Sylvania's continuing study and re-
search in tungsten, and other materials used in 
radio and television tube manufacture, the a-e 
arc and spectrograph equipment shown here 
detect the most minute traces of impurities. 
One of the major portions of the work is 

concerned with phosphors for television tubes. 
Another is the control of the processing of the 
emission coating sprayed on the cathodes of 
radio tubes for thermionic emitters. 

The photograph shows laboratory techni-
cian placing electrodes in arc chamber. Power 
supply controls for a-c and d-c arcs are at 
far right. Image of arc is focused by collimator 
lens for spectrograph at left. By study of spec-
trum photographed impurities are detected. 
Control standards like this assure performance 
standards of Sylvania Radio and Television 
Tubes, Sylvania Electric Products Inc., Radio 
Tube Division, Emporium, Pa. 

SYLVANIAIrELECTRIC 
RADIO TUBES  CATHODE RAY TUBES, ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES;  PHOTOLAMPS; LIGHT BULBS 
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DEC CAPACITORS FOR 

belowbro 
OPERATION? 

Take advantage of the small size and light weight of 
Pyranol® d-c capacitors for those applications in freez-
ing temperatures and below. No need to penalize your 
designs with oversize capacitors resulting from the use 
of other dielectrics. 
Pyranol capacitors, as improved in recent years, are 

not only suitable for operation at temperatures up to 
85C, but can also be operated at temperatures down 
to _40C. Throughout this wide temperature range, 
the capacitance remains within plus or minus 5% of 
its 25C value. 
Here are some of the advantages you'll secure by 

using Pyranol capacitors — styles 50 through 69 like 
those pictured above —built to commercial standards: 

FOR 
Motors 

Luminous-tube 
transformers 

Fluorescent lamp 
ballasts 

GENERAL 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

AND MANY OTHER 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

APPLICATIONS 

11111111111111101111111111111111111111 
111111111111111111•1111111111111111111 

..A11111111111111111111N11111111111 
0 
7-60  -40  -20  0  .20  +40  +60  *BO  +100 

• Size is smaller. 

• Most commercial standard ratings can he :hipped 
from stock. 

• Pyranol is non-flammable. 

• Like other G-E small capacitors, Pyranol com-
mercial-standard capacitors are hermetically sealed in 
drawn cases—hot tinned for resistance to corrosion. 
They use the new silicone-gasketed bushing as insur-
ance against leaks. They are all individually tested. 

For specifications and details, ask for GEA-2621. 
Apparatus Department, General Electric Company, 
Schenectady 5, N. Y. 

ELECTRIc 
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• RCA Preferred Tubes fulfill the major engineer • centrated on fewer types. The longer manufacturing  RCA Tube  Engineers ore ready to sug-

mg requirements for future equipment designs. RCA  runs reduce costs —lead to improved quality and  gest the best types for your circuits. For further 

Preferred Types ore recommended because their  greater uniformity. These benefits are shared alike  information, write RCA, Commercial Engineering, 
general application permits production to be con-  by the equipment manufacturer and his customers.  Section IR 42 Harrison, N.J. 

.11111111111111111111111k 
MI NI AT URE TYPES 

VOLTAGE AMPLIFIERS 
M ETAL A N D O CTAL- GL ASS TYPES 

VOLTAGE AMPLIFIERS 

RECTI-
FIERS 

CON-
VERTERS 

Triodes Pentodes 

Single Twin 
With 
Diodes 

Sharp 
Cutoff 

Remote 
Cutoff 

With 
Diode 

DIODE 
DE-

TECTORS 

POWER 
AMPLI-
FIERS RECTIFIERS 

CON-
VERTERS 

Triodes Pentodes 

Single Twin 
With 
Diodes 

Sharp 
Cutoff 

Remote 
Cutoff 

With 
Diode 

DIODE 
DE-

TECTORS 

POWER 
AMPL I. 
PIERS 

6X4 

1 R5 

68E6  6C4 

35W4  128E6 
117Z3 

616 

12AU7 
12AX7 

6AC16 
6AV6 
6896 

12AV6 

1U4 

6AG5 
6AU6 t 

12AU6t 
12AW6 

1T4 

613A6t 
6816 

1213A6t 

1U5 

645 

12AL5 

354 
3V4 

6AQ5 

35C5 
5005 

183-GT/8016 
5U4-G 
593•GT 

6X5-CT 

3525-CT 

65A7 

12SA7 

6.15 6SC7 
6517-CT 
6SN7-GT 

6S07 

12S07 

6517 6SK7 

12SK7 

5V4-G• 

6H6 
6K6-CT 
616-G 
6V6-GT 
6B06-G 

3516-CT 
5016-Gil 

CATHODE-RAY TUBES AND  CA MERA TUBES GAS TUBES  PHOTOTUBES 

SCREEN 
SIZE 
Inches 

KINESCOPES 

Directly 
Viewed Pro iection 

OSCILLOGRAPH 
TYPES 
PI Screen 

CAMERA 
TYPES MONOSCOP E THYRATRONS 1GNITRONS RECTIFI ERS 

VOLTAGE 
REGULATORS GAS VACUUM MULTIPLIER 

2 
3 

5 
7 

8 
10 

ID P4 
7.194 

10(0'4 

5TP4 

28P1 
3KPI 

5UPI 

5527 
2.P23 
5655 

1850-A 

2P21 

2021 § 
3D22 
884 
2050 
5563 

5550 
5551 
5552 
5553 

3825 
673 
816 
857-B 
866-A 
869-B 
8008 

0A2§ 
0C3 /VR1 05 
OD3/VR150 

1P41 
921 
927 
930 

922 
929 

931•A 

PO WER A MPLIFIERS • AND OSCILLATORS 

MAXIMUM INPUT POWER VS FREQUENCY 

TY.F  CLASS  Values shown are Class C Telegraphy Ratings for Continuous Commercial Service  UNITS 

1.6  7.5  15  25  50  75  110  150  200  250  300  600  Mc 

802  Pentode  25  25  25  25  20  16  —  —  —  —  —  _  watts 

2E26  Beam  30  30  30  30  30  30  30  25  —  —  —  —  worts 
832-A0  Beam  36  36  36  36  36  36  36  36  36  32  —  —  watts 

2E24  Beam  40$  AOf  A13$  40j  40$  40$  40$  33$  —  _  _  _ 
warts 

807  Beam  60  60  60  60  60  50  40  —  —  —  —  —  watts 

8150  Beam  60  60  60  60  60  60  60  55  40  —  —  —  worts 

8025-A  Triode  75  75  75  75  75  75  75  •75  75  75  75  75  watts 
829-80  Beam  120  120  120  120  120  120  120  120  120  105  —  —  worts 
826  Triode  125  125  125  125  125  125  125  125  125  125  100  —  watts 

812  Triode  155  155  155  155  155  125  —  —  —  —  —  —  watts 
811  Triode  155  155  155  155  155  125  —  —  —  —  _  —  watts 
828  Pentode  200  200  200  200  160  130  —  —  —  —  —  _  watts 

8005  Triode  240  240  240  240  195  —  —  —  —  —  —  _  watts 

5588  Triode  250  250  250  250  250  25b  250  250  250  250  .250  250  watts 
813  Bepm  360  360  360  360  300  —  —  —  —  —  —  —  watts 

8000  Triode  500  500  500  500  400  300  —  —  —  —  —  _  watts 
4-125A/ 

4021  Tetrode  500  500  500  500  500  500  500  500  425  335  —  —  watts 

6C24  Triode  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  —  —  —  —  kw 
833-A  Triode  1.8  1.8  1.8  1.75  1.5  1.2  —  —  —  —  —  —  kw 
7C24  Triode  5  5  5  5  5  5  5  —  _  —  —  —  kw 

80210  Tetrode  10  10  10  10  10  10  10  10  10  10  10  —  kw 
889R-A  Triode  16  16  16  16  12  9.6  —  —  —  —  —  _  kw 
889-A  Triode  16  16  16  16  16  14  11  8  —  —  —  —  kw 

892-R  Triode  18  13.5  10.5  —  —  —  —  —  —  —  —  —  kw 
892  Triode  30  22.5  17  —  —  —  —  —  —  —  —  —  kw 
9C25  Triode  40  40  40  40  25  25  25  —  —  —  —  —  kw 

9C27  Triode  40  40  40  40  25  25  25  —  —  —  —  —  kw 

5592  Triode  50  50  50  50  50  41  33  —  —  —  —  _  kw 
9C22  Triode  100  91  80  70  —  —  —  —  —  —  —  —  kw 
9C2I  Triode  150  150  150  105  —  —  —  —  —  —  —  —  kw 

High-Transconductonce Types.  • Included for television damper applications only. 
*Twin Type—Input values per tube for push-pull operation.  §Miniature Type. 
fICAS Rating—This type is recommended only for applications of a highly intermittent nature. 
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John B. Coleman 
Regional Director, 1948-1949 

John B. Coleman was born in Indiana County, Pa., 
on August 29, 1899. He started in radio work as an ama-
teur in 1914. For a short time in 1917 he served as a ra-
dio operator for the Marconi Company, and in 1918 was 
an instructor in the Signal Corps Air Service School for 
Radio Mechanics at the Carnegie Institute of Technol-
ogy. He was also active in the Westinghouse Company's 
early development of broadcasting. 
He was graduated from Carnegie Institute of Tech-

nology in 1923 with the B.S. degree in electrical engi-
neering and joined the radio division of the Westing-
house Electric and Manufacturing Company, where he 
was engineer in charge of radio station WBZ from 1923 
to 1925; from 1925 to 1927 he conducted development 
and design work on transmitters. From 1927 to 1930 he 
was section engineer in charge of high-power transmitter 

design, still with the Westinghouse Company. 
In 1930 Mr. Coleman transferred to the engineering 

department of the RCA Manufacturing Company at 
Camden, N. J. He was engaged, between 1930 and 
1939, in the development and design of transmitters 
for broadcasting and commercial and Navy communica-
tions. Through the years 1939 to 1945 he was chief 
engineer of the Special Apparatus Engineering Depart-
ment, and in 1945 was appointed assistant director of 
engineering for the RCA Victor Division of RCA. 
Mr. Coleman joined the IRE as an Associate in 

1925, became a Member in 1938, and Senior Member in 
1945. He was Chairman of the Philadelphia Section in 
1942. He is a member of the AIEE, the American 
Society of Naval Engineers, the Army Ordnance Asso-
ciation, Tau Beta Pi, and Eta Kappa Nu. 
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Older concepts rigidly restricted the thoughts and activities of the engineer to strictly technical 
matters. The mode of utilization of the products of his skill, their suitability to social needs, and 
what might be termed the engineer's adaptation to social environments, were matters usually 
neglected. 
In the following guest editorial, there are presented thoughts based on engineering skill, long 

industrial and governmental experience, and a seasoned philosophy of life. The author urges en-
gineers to integrate their environmental, psychological, and technical aspects into a more useful 
and humanly satisfying whole. The author is himself a Past President of The Institute of Radio 
Engineers, its present Secretary, and vice-president and chief engineer of the American Cable and 
Radio Corporation. His thoughtful presentation is earnestly recommended to the readers of this 
journal.—The Editor. 

Engineering Thinking and Human Progress 
HARADEN PRATT 

During these troubled days, when people's thoughts are perplexed by the ideologic confusion 
brought about by meaningless propaganda, diverse economic theories and historical teachings, 
enlightened yet venal agencies of government, and scientific facts as opposed to spiritual con-
cepts, a special need arises for some means whereby all these seemingly antagonistic forces can 
be woven together into a consistent pattern. For youth, with its limited experience, it must be 
particularly difficult to judge the accuracy of the vast amount of information available today. 
Unless young people are able to separate the wheat from the chaff, they may be guided more by 
emotion than reason, and their outlook correspondingly narrowed. 
The basic objective of the scientist is an unending search for truth. He constantly seeks the 

facts that will explain that which he cannot understand. The present-day emphasis on factual 
knowledge plus the brilliant achievements of science and technology during the past few decades 
have tended to further the view that all truth must be susceptible of concrete proof. This view-
point is shortsighted, limiting belief to the material, and allowing no scope for any concepts be-
yond the immediate reach of hard scientific facts. 
The engineer is also an ardent searcher for truth, and the most important substance with 

which he works is scientific fact. To accomplish his purpose of serving the public, however, he 
must compound an alloy, and draw from fields outside his own—law, finance, politics, business 
administration—to secure the necessary ingredients for his crucible. He succeeds in propor-
tion to his ability to appraise and select from these fields, and his success can, of course, be 
attributed to skill in analysis. On the other hand, this approach does not debar empirical 
methods per se, for the engineer should recognize that results are not measured as much by the 
means by which they are accomplished as by their eventual benefit to society. Civilization has, 
after all, been largely the result of learning by trial and error, and this age of industrial and 
technical development has made extensive use of that method. The engineer thus supplements 
reasoning with imagination. His methods of attack reject no suitable tools: only the nonessential 
is excluded. In the heat-treating and molding of the alloy he makes, his final conclusions are 
reached, and, in arriving at them, he does not neglect to weigh the moral aspect along with the 

material. 
Because of the enormous increase not only in technology but in public awareness of it brought 

about by the last war, an increasing number of laymen without scientific or technical education 
are unconsciously adopting the engineer's outlook in many of their attitudes. This trend will 
grow, and the engineering profession must help it by recognizing its responsibility to contribute 
actively toward better thinking. Only through such increased perception can we build the better 
.leadership and firmer moral and spiritual attitudes needed to guide us away from the quicksands 
that can so easily impede our progress today. 
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Atomic Structure 

It is the policy of The Institute of Radio Engineers, as approved by its Board of Directors, to further the 
scientific and technical development of the communications and electronic field. One division of this field, 
and accordingly a matter within the scope of interest of the Institute, is the use of electronic instrumentation 
and controls in the realm of atomic and nucleonic phenomena. The IRE membership have already con-
tributed substantially to that division of their field, and will doubtless continue to do so. It is therefore ap-
propriate that these PROCEEDINGS shall, from time to time, contain the following: 
1. Papers dealing with methods and equipment for electronic instrumentation and controls in the atomic 

and nucleonic field. 
2. Explanatory papers of general and tutorial nature, dealing with the nature of the outer and inner 

portions of the atom and the various interactions between atoms and portions thereof, as well as the natural 
and man-induced phenomena in that segment of matter or energy. 
3. More specialized papers, also of the tutorial nature, dealing with scientific, technical, and industrial 

applications of available knowledge of the atom and its parts. 
It is the purpose of papers of Type 1 above to communicate knowledge and to stimulate progress in the 

field of the IRE. It is the purpose of papers of Types 2 and 3 above to give the readers of the PROCEEDINGS 
such background knowledge in the nuclear field as will enable them more effectively to understand and apply 
the information contained in papers of Type 1. 

The constructive presentation which begins on page 1070 is the first of a series of papers of Type 2, as de-
scribed above. Succeeding papers will accordingly form a basis for the necessary knowledge of engineers work-
ing in the nucleonic field. Papers of Types 1 and 3 above will appear in later issues of the PROCEEDINGS. 
The following paper and others by the same authors have been made available through the co-operation 

of the authors, Ralph E. Lapp and H. L. Andrews, and of Prentice-Hall, Incorporated, publishers of a book 
entitled "Nuclear Radiation Physics" by the authors of these papers. This book, which has just been pub-
lished, contains the material of these papers in chapter form. The co-operation of the authors and the pub-
lisher is gratefully acknowledged.—The Editor. 

INTRODUCTION 11 1HE CONCEPT of the atom , acce pted by sc ien -
jtists from the days of ancient Greece until almost 
the twentieth century, was that of a unitary in-

divisible entity. More simply, it was the so-called "bil-
liard-ball atom." For instance, atoms of fluorine or cop-
per, according to this viewpoint, were hard spherical 
minute units of these respective elements, incapable of 
separation into anything else, and permanently fixed 
as to their status in the universe. 
Communications and electronic engineers interested 

in modern atomic theory, and in the instrumentation 
and control of nuclear processes, are well aware that the 
simple atomic theory outlined above has been com-
pletely discarded. Instead, the splitting of the atom 
into its component portions has led to the more or less 
adequate identification and description of numerous new 
"fundamental" particles. It has also led to a fair general 
knowledge of the structure of the outer portions of the 
atom, but a far less complete though suggestive knowl-
edge of the construction of the nucleus or central por-
tion of the atom.  s 
The subject of atomic structure is nevertheless still in 

a state of partial flux. Thus, some of the information 
given in this Introduction must be regarded as subject 
to some later revisions. The number of "fundamental" 
particles grows apace, as will be judged from the list 
appearing further in this discussion. Hence the catalog 
of such particles may steadily expand. Nuclear chem-
istry and physics, so to speak, promise to be complex 
but fruitful branches of science and technology. 
Later in this discussion references are made in some 

cases to the mass of certain elementary particles, their 
size, their electrical charges, and the length or brevity 

of their lives. It must at once be admitted that the 
"size" of these particles is a somewhat indeterminate 
quantity, subject in effect to the application of the 
curious Heisenberg principle of uncertainty or indeter-
minacy. Further, under certain conditions, a particle of 
matter may become intrinsically a packet of waves. 
It is planned that these topics shall be discussed further 
in later articles of this series. 

Further, in speaking of the "mass" of an elementary 
particle, it should be noted that the extent to which 
such mass is purely in the nature of energy, in the 
electromagnetic field surrounding the particle or other-
wise, is still a subject for further investigation. It is also 
well known that moving charges or bodies acquire an 
increased energy as the result of their motion, and that 
the magnitude of this energy increase is such that the 
conclusion is reached that the "mass" of such particles 
increases very rapidly at high velocities, and indeed 
reaches infinity for any ponderous particle at a limiting 
velocity, namely, that of light. Conversely, energy itself 
may be regarded as simply one aspect or exemplification 
of mass. 

It is beyond the scope of this Introduction to do more 
than mention that certain elementary particles are also 
found to possess a quality designated as "spin" which, in 
a very general fashion, is analogous to rotary motion 
and therefore gives such particles corresponding and 
definite angular momenta. Further, charged particles 
with finite spins may have corresponding magnetic 
moments. This is perhaps to be expected, but it is more 
puzzling to find that certain uncharged particles, like 
the neutron, also have a magnetic moment. 
For convenient reference, there may be briefly men-

tioned in this Introduction such facts as the following: 
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Elementary particles, or their aggregations, can exist only 
in configurations having certain definite energy levels. 
Such particles or aggregations do not acquire or lose 
energy continuously and smoothly; on the contrary, 
they gain or lose energy only in finite amounts, known 
as "quanta." The magnitudes of these quanta are cal-
culable according to well-demonstrated laws. Further, 
within the configurations made up of elementary parti-
cles there exist what are termed "potential wells." 
These are, to all intents and purposes, representations 
in graphical and conveniently usable form of the energy 
levels encountered in passage into or across an assembly 
of elementary particles. 
In addition, in the confined central portion of the 

atom—that is, its nucleus—there is evidently some sort 
of "nuclear glue" which is responsible for holding together 
what would otherwise be an unstable arrangement of 
particles. This stabilizing agency is known as an "ex-
change force." The exchange forces between elementary 
particles in the nucleus of an atom act in manners that 
seem strange to the classical physicist, or even to his 
modern successors. Yet they seem to hold together the 
nucleus of the atom and, in addition, to cause rapid and 
recurrent charges in the very nature or identity of the 
elementary particles within the nucleus which are thus 
held together as a stable assembly. 
For convenience of reference there follows a partial 

list of elementary units or particles, as at present 
known. It must be pointed out that some of these (e.g., 
the neutrino) have not been detected as yet. Yet the 
existence of the neutrino has a high degree of probabil-
ity, on the basis of energy analyses of certain nuclear 
processes. There has also been included in the following 
the photon, although this is usually regarded as a unit of 
electromagnetic radiation (light), rather than a material 
or electrical particle. Also mentioned are deuterons, and 
alpha particles, even though these are well known to 
consist of more than one elementary particle. Deuterons 
and alpha particles do, however, play an important 
part in modern atomic investigations, usually as disrup-
tive missiles. The constants are given in rationalized 
Irks units. 

1. Electrons 

Charge: 1.602 X 10-" coulomb (negative) 
Rest Mass: 9.11 X10' kilogram 
Diameter: 5.6 X10-'6 meter 
Life: Permanent. 

2. Protons 

Charge: 1.602 X 10-" coulomb (positive) 
Rest Mass: 1.673 X10-" kilogram (nearly 
the same as that of monatomic hydro-
gen) 

Diameter: 2 X10-'6 meter 
Life: Permanent outside of nucleus:. pos-
sibly transformable into neutrons with-
in nucleus. 

3. Alpha particles 

These are helium nuclei, unaccompanied 
by the usual two planetary electrons. 
They accordingly consist of two protons 
and two neutrons in close association. 

4. Deuterons 

These are heavy-hydrogen (deuterium) 
nuclei, unaccompanied by the usual sin-
gle planetary electron. They therefore con-
sist of one proton and one neutron. 

5. Neutrons 

Charge: Zero 
Rest Mass: 1.675 X10-27  kilogram (nearly 
the same as that of monatomic hydro-
gen) 

Diameter: 2 X 10-" meter 
Life: Approximately one-half hour out-
side of nucleus; possibly transformable 
to proto.n within nucleus. 

6. Positrons 

Charge: Same as that of electron but pos-
itive 

Mass: Same as that of electron 
Diameter: 5.6 X 1 0—lb  meter 
Life: Indefinite in free space; usually 
combines speedily with free electron, 
both electron and positron being "an-
nihilated" with simultaneous emission 
of flash of intense radiation. The re-
verse  transformation  of  radiation 
(high-energy photons) into electron-
positron pairs also occurs. 

7. Neutrinos 

Charge: Zero 
Rest Mass: Negligible 
Diameter: Less than 0.1 that of electron 
Life: Unknown. 

8. Mesons (or mesotrons) of small mass 

Charge: Positive or negative, assumed 
equal in value to that of electron 

Rest Mass: 1.8 X10-28  kilogram (about 
200 times that of the electron) 

Size: Unknown 
Life: About 2 microseconds. 

9. Mesons of large mass 

Charge: Positive or negative, assumed 
equal in value to that of electron 

Rest Mass: 2.9 X10-22  kilogram (about 
300 times that of the electron) 

Size: Unknown 
Life: Probably 10-8 second. 
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10. Photons 

Charge: Zero 
Rest Mass: Zero (traveling at the velocity 
of light in all cases) 

Size: Indeterminate 
Frequency: The frequency of the photon 
is its energy multiplied by a constant 
quantity h, which is 6.62 (10)-3d joule-
second. 

The authors of the following paper have kindly pre-
pared a convenient tabulation of the above (and cer-
tain added) material (Table IA). (This Table uses units 
not of the rationalized mks system.) 
As indicated above, there is some likelihood that addi-

tional "elementary" particles will be discovered from 
time to time. Further, the above list may be found to 
contain what are now regarded as fundamental parti-

des, but which will later be found to be, in fact, com-
binations of new "elementary" particles. 
Even now, some 500 or more isotopes of the chemical 

elements are known which are made up of some of the 
above particles. Some of these elements are found in 
nature, others are man-made. Some of them are es-
sentially stable, while others are radioactive. 
What the future holds in the way of information con-

cerning the structure of particles is uncertain—except 
that the information will doubtless be complex and 
challenging. There is thus reason for much encourage-
ment in our present limited knowledge of nuclear 
phenomena and elementary particles. Our present 
limitations offer, as in the past, the possibility of great 
progress and major scientific and technological dis-
coveries and accomplishments in the years to come. 

TABLE IA 

Data About Nuclear "Particles" 

—The Editor 

Name  Symbol 

Electron 

Positron  +le° 

Mass" 

0.0005 

0.0005 

Charge'  I  Remarks 

—e  Also called beta particles () 

Proton 1.0076 

+e 

+e 

Also symbolized as (3+) 

Symbol p is often used 

Neutron on'  1.0089 Unstable with half life of the order of  hour. 

Deuteron 2.0142 +e  Heavy hydrogen, also written ID' 

Triton IFI3 3.0171 +e The nucleus a heavy heavy hydrogen-tritium (,T'). 
Half life =12 yrs. 

Alpha Particle 2He4 4.0028  +2e  The nucleus of a helhm atom, symbol a particle. 

Gamma Ray hv Zero Rest Mass 0 Also called quantum or a photon or X-ray. 

Neutrino on o Almost Zero 
Rest Mass 

0 Rest mass is probably a few per cent that of the 
electron 

Meson r? 0.150 +e Artificially produced by nuclear bombardment. Half 
life very short ,,, 10-8 seconds 

Mesotron 0.100  +e  Cosmic ray produced. Half life =2.1 X10-° seconds 

* Adapted from Table 12-1, "Nuclear Radiation Physics," R. E. Lapp and H. L. Andrews, Prentice-Hall, Inc. 1948. 
Expressed in atomic mass units. 1 Mass unit =1.6603 X10-" gm =931.04 Mev. 

2 Units are given in esu. The charge on an electron (e) is 4.80 X10-1° esu. 

Atomic Structure* 
R. E. LAPPt AND H. L. ANDRE WS$ 

Summary—Data obtained from the Rutherford scattering experi-
ment are used to present a simple picture of the structure of the 
atom. This picture is shown to be in agreement with the experi-
mental findings on the electrical nature of matter. On the assumption 
that the particles which make up the nucleus (neucleons) are neu-

* Decimal classification: 539. Original manuscript received by 
the Institute, April 26, 1948. Reprinted by special permission of, and 
copyright by, Prentice-Hall, Inc., New York, N. Y., 1948. 

Research and Development Board, Washington, D. C. 
National Institute of Health, Bethesda, Md. 

trons and protons, a "building-up" of the various atoms is explained 
and a system of nuclear nomenclature is developed. The model of 
an atom as a central nucleus of neutrons and protons surrounded by 
outer shells of electrons is found to fit in with the results of many 
physical and chemical experiments. In particular, the results of ex-
perimental spectroscopy yield quantitative agreement with certain 
calculations made on this atomic model. Bohr's theory of the hydro-
gen atom is developed in simple terms and the equation for energy 
level in the H-atom is derived. Excitation and ionization of atoms 
are described in terms of the Bohr model of the atom. 
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THE RUTHERFORD SCATTERING EXPERIMENT 

HE RESULTS of many experiments throughout 
the years have agreed in showing that atoms have 
dimensions of the order of 10-8 cm, but no real 

progress in determining the internal structure of atoms 
was made until Rutherford carried out his scattering 
studies in 1911. The experimental arrangement used by 
Rutherford is sketched in Fig. 1. A stream of alpha 
particles (helium atoms from which all the electrons have 

Fig. 1—The Rutherford scattering experiment. The source and foil 
are fixed while the microscope and fluorescent screen rotate about 
the foil. 

been removed) was allowed to fall on a thin foil of gold, 
silver, or other metal. The angular distribution of the 
alpha particles scattered by the atoms in the foil was 
determined by counting the scintillations on a zinc-
sulfide screen with a microscope. 
This method of detection is based on the fact that an 

alpha particle striking a material such as zinc sulfide 
produces a short flash of visible light, which can be ob-
served visually by a dark-adapted eye. Luminous instru-
ment dials, which appear to emit a steady uniform 
light, consist of a mixture of radium salt which emits 
alpha particles and a phosphor in quantities sufficient 
to produce enormous numbers of scintillations. 
The angular distribution of the scattered alpha parti-

cles would be expected to depend strongly on the struc-
ture of the scattering atoms. If matter consists of closely 
spaced atoms, each a sphere of about 10-8 -cm radius, no 
alpha particles would be expected to penetrate even 
thin metal foils. If each atom consists essentially of 
empty space with sharply localized masses and charges, 
the alpha particles should pass through thin foils with-
out difficulty. 
The results of scattering experiments depend, then, 

very strongly upon the structure of the scattering mate-
rial. Before 1910, the atom was conceived to be a sphere 
of about 10-8 -cm radius, with the mass and charges dis-
tributed rather uniformly throughout the volume. 

THE RUTHERFORD MODEL 

Rutherford assumed that the positive electric charge 
in an atom is equal to an integral number Z times the 
electronic charge, and is concentrated in a small volume 
which contains most of the atomic mass. This relatively 
massive nucleus mass was assumed to be surrounded by 

Z electrons, so that the atom as a whole would be elec-
trically neutral. The positively charged nucleus will re-
pel and deflect the incident alpha particles, the exact 
amount of deflection depending on the initial path of the 
particle (see Fig. 2). 
On the assumption that the repulsive forces obeyed 

the coulomb inverse-square law, Rutherford deduced 

Fig. 2—The scattering of alpha particles by a nucleus. 

an expression for the number of particles scattered as a 
function of the scattering angle. Experiments verified 
this relationship accurately, except for particles making 
almost head-on collisions with the nucleus. The experi-
ments not only confirmed the original assumptions 
made by Rutherford, but also permitted an evaluation 
of the atomic number Z. 
For the lighter elements, Z was found to have a value 

of about one-half the atomic weight, and when the ele-
ments were arranged in order of ascending Z it was found 
that the arrangement almost coincided with the periodic 
table proposed by Mendelyeev. 
Rutherford's work definitely shows that matter con-

sists mostly of empty space. The experimental results 
indicate that the relatively massive nucleus has a diam-
eter of the order of 10—" cm. Each electron surrounding 
this nucleus has a diameter of the same order of magni-
tude. The results from experiments on the macroscopic 
properties of materials agree well, and assign to the 
atom as a whole a diameter of about 10-8 cm. This value 
is one hundred thousand times the nuclear diameter, so 
that the atom must be as empty, on a minute scale, as 
our solar system. 
The failure of the Rutherford scattering law at large 

angles can be explained by a failure of the inverse-
square law at very small distances, since these alpha 
particles approach nearer to the nucleus than those less 
strongly scattered. 

THE ELECTRICAL NATURE OF MATTER 

Electrons can be liberated from matter in a number 
of ways. Thermionic emission and the photoelectric ef-
fect have already been described. Electrons always have 
the same properties, regardless of their origin. For exam-
ple, the same value of specific charge elm results when 
the measured values of m are corrected for variations in 
m with velocity. These negatively charged particles ap-
pear, therefore, to be elementary constituents of matter. 
They are fundamental particles, because no smaller 
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quantity of negative electricity has ever been observed. 
When an electric current passes through a gas at low 

pressure, the free electrons move with high velocities 
toward the positively charged anode. Because most of 
these electrons originate near the cathode, they are fre-
quently called cathode rays. In addition, a stream of 
heavy, positively charged particles will move toward 
the cathode (see Fig. 3). If a small hole or "canal" is 

4  Cathode rays )  'Positive r2y_s. 
Fluorescence. 

High voltage 

Fig. 3—A gas discharge tube. The canal rays or positive rays 
through a small hole in the cathode and impinge on the end of the 
glass tube. 

bored in the cathode, some of these particles will stream 
through the aperture and will impinge on the end of the 
glass tube. Their presence can be demonstrated by the 
visible fluorescence of the glass. In a dark room the 
path of the positive rays, or canal rays, as they are some-
times called, is faintly visible behind the cathode as a 
glow whose color is characteristic of the gas in the tube. 
This stream of positive rays can be deflected by either 
electric or magnetic fields and hence must carry an elec-
tric charge. 
It is evident that the originally neutral gas molecules 

are capable of separation into positively and negatively 
charged components, which are then accelerated in op-
posite direction by the electric field, thus forming the 
canal rays and cathode rays. When the discharge tube is 
filled with hydrogen gas, which has the lowest molecular 
weight of any element, the hydrogen molecule (H2) is 
found to break up into two positively charged particles 
(H+), which are called protons. The specific charge, elm, 
can be measured from electric and magnetic deflections, 
and, since the charge e can be measured independently, 
the mass m can be determined. The mass is found to be 
1.681 X 10-" grams, or about 1840 times the mass of the 
electron. The charge of 1.60X 10-" coulombs is equal in 
magnitude and opposite in sign to the charge carried by 
an electron. 
Although many lexhaustive experiments have been 

carried out with hydrogen, no more than one electron 
has been found associated with one proton. This evi-
dence shows that the hydrogen atom contains only two 
components—one proton and one electron. The follow-
ing discussion of the atomic structure of hydrogen is 
based upon this fact. 

THE SIMPLEST ATOMS 

Until the early 1930's, helium, about four times 
heavier than hydrogen, was thought to be the next 
lightest atom. However, Urey and his collaborators dis-
covered a rare form of hydrogen that proved to be twice 
as heavy as ordinary hydrogen. Since it was discovered 
in the form of water, the discoverers called it "heavy 

water." Ordinary water has the chemical formula H20, 
whereas heavy water is often written as D20, which in-
dicates that the heavy-water molecule is made up of one 
oxygen atom and two heavy hydrogen atoms. The sym-
bol D stands for deuterium, which is the technical name 
given to heavy hydrogen. The deuterium atom is chem-
ically identical with the hydrogen atom. 
Since the H-atom is composed of one proton and one 

electron, it might be logical to assume that the D-atom, 
which is twice as heavy, would be made up of two pro-
tons and two electrons. However, it is known experi-
mentally that the deuterium atom contains only 1 elec-
tron and 1 proton. Furthermore, the exact weight of the 
deuterium atom is not quite consistent with the assump-
tion that the nucleus contains two protons. This incon-
sistency perplexe3 the physicist until the discovery of a 
neutral particle of almost the same mass as the proton. 
This new particle, the neutron, formed the key to the 
riddle of the structure of deuterium, as well as to that of 
all other elements. 
Prior to the discovery of the neutron, physicists con-

ceived of the deuterium nucleus, or atomic core, as be-
ing made up of 2 protons and 1 electron; the electron in-
side the nucleus was postulated in order to leave a single 
positive charge on the nucleus, for the negative electron 
would neutralize the charge of one of the protons. How-
ever, conclusive evidence showed that it is not possible 
for electrons to exist as separate enties within the nu-
cleus. 
With the discovery of the neutron, the deuterium 

atom was assumed to consist of a nucleus of 1 neutron 
and 1 proton. This assumption has been justified by 
the corrections of the results predicted for many nuclear 
experiments. These two elementary particles can be used 
to build up the nuclei of all heavier elements, such as 
helium, lithium, beryllium, iron, lead, and uranium. 
Before proceeding to a discussion of the heavier ele-

ments, we will greatly simplify our discussion by in-
troducing a consistent set of definitions and symbols, as 
follows: 

Z = atomic number, the number of protons in the nu-
cleus of an atom. An atom of atomic number Z 
has Z elementary positive charges in its nucleus 
and Z electrons outside the nucleus 

A = mass number, the sum of all neutrons and protons 
in the nucleus of an atom 

N= neutron number, the number of neutrons con-
tained in the nucleus of an atom 

n= the symbol for the neutron 
p= the symbol for the proton 
e= the symbol for the electron 
Nucleon = a word that refers to either nuclear con-

stituent, the neutron or the proton 
Isotopes = two nuclei having the same number of 

protons but different numbers of neutrons. 

In writing the formula for any isotope, the following 
form will be followed: 
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(symbol of element)A or z(symbol of element)A. 
Thus the form would be: for normal hydrogen, 111; for 
heavy hydrogen, 1H2 or 1132; for normal helium, 2He4; 
for uranium-235, r2U2"; and so on. Strictly speaking, we 
need not include the subscript, since its value is fixed 
when the name of the element is given. The subscript 
is convenient for balancing nuclear transformation equa-
tions, and for this reason will be given frequently. 

THE PERIODIC SYSTEM 

Among the many elements, there are certain ones that 
bear remarkable relationships to one another in their 
physical and chemical characteristics. This relationship 
is particularly striking in the case of the alkaline-earth 
metals, Be, Mg, Ca, Sr, Ba, and Ra, all of which show 
remarkable similarities. All have the same chemical va-
lence, are metallic, have low density, exhibit similar 
atomic spectra, and possess other similar physical char-
acteristics. 
Mendelyeev arranged the elements in a series of 

groups as shown in Table I. Such an arrangement is 

known as a periodic table of elements. Elements in any 
one of the vertical groups are chemically related. In the 
table, the number following the chemical symbol for the 
element gives the atomic weight of the element, and the 
lowest number in each box indicates the atomic number 
of the element. 
Examination of any group in the periodic table reveals 

that the differences between the atomic numbers of con-
secutive members of a group follow a pattern-8, 8, 
18, 18, 32. The electrons in an atom determine its chem-
ical characteristics; hence, this regularity suggests that 
there is a building-up pattern followed by the electrons 
in the elements. The building-up principle requires that 
the electrons group themselves in discrete shells about 
the nucleus. Each shell has an upper limit to the num-
ber of electrons that it can hold. The elements having 
complete electron shells form the series of noble gases, 
which are characterized by their failure to enter into any 
chemical combinations. 
All matter is composed of the three elementary parti-

cles: neutrons, protons, and electrons. Different chem-

TABLE I 

PERIODIC ARRANGEMENT OF THE ELEMENTS 

Sen'es lPeriod 

0 

Zero 
Group 

Group I 
RIO 

Group II 
RO 

Group III 
R208 

Group IV 
RH.  ROI 

Group V 
RH'  % Os 

Group VI 
RH,  ROs 

Group VII 
RH  Rs0 7 

Group VIII 

1 
Hydrogen 
H .. 1.0078 
No. 1 

2 1 

2 

Helium 
He. =4.002 
No. 2 

Lithium 
Li =6.940 
No. 3 

Beryllium 
Be. =9.02 
No. 4 

Boron 
B =10.82 
No. S 

Carbon 
C =12.00 
No. 6 

Nitrogen 
N =14.008 
No. 7 

Oxygen 
0 =16.000 
No. 8 

Fluorine 
F =19.00 
No. 9 

3 
Neon 

Ne. =20.183 
No. 10 

Sodium 
Na =22.997 
No. 11 

Magnesium 
Mg. =24.32 
No. 12 

Aluminum 
Al =26.97 
No. 13 

Silicon 
Si =28.06 
No. 14 

Phosphorus 
P =31.02 
No. IS 

Sulfur 
S =32.06 
No. 16 

Chromium 
Cr =52.01 
No. 24 

Chlorine 
Cl =35.457 
No. 17 

Manganese 
Mn =54.93 
No. 25 

Iron 
Fe -55.84 
No. 26 

Cobalt 
Co =58.94 
No. 27 

Nickel 
Ni =58.69 
No. 28 

4 

3 

Argon 
A. =39.944 
No. 18 

Potassium 
K. =39.10 
No. 19 

Calcium 
Ca. =40.08 
No. 20 

Scandium 
Sc. =45.10 
No. 21 

Gallium 
Ga =69.72 
No. 31 

Titanium 
Ti =47.90 
No. 22 

Vanadium 
V =50.95 
No. 23 

5 
Copper 
Cu =63.57 
No. 29 

Zinc 
Zn. =65.38 
No. 30 

Germanium 
Ge. =72.60 
No. 32 

Arsenic 
As =74.93 
No. 33 

Selenium 
Se =79.2 
No. 34 

Bromine 
Br =79.916 
No. 35 

6 

7 

Krypton 
Kr. =82.9 
No. 36 

Rubidium 
Rb. =85.44 
No. 37 

Strontium 
Sr. =87.63 
No. 38 

Yttrium 
Y =88.92 
No. 39 

Zirconium 
Zr. =91.22 
No. 40 

Columbium 
Cb =93.3 
No. 41 

Molybdenum 
Mo. =96.0 
No. 42 

Masurium 
Ma-? 
No. 43 

Ruthenium 
Ru =101.7 
No. 44 

Rhodium  Palladium 
Rh =102.91 Pd =106.7 
No. 45  No. 46 

7 
Silver 

Ag. =107.880 
No. 47 

Cadmium 
Cd. =112.41 
No. 48 

Indium 
In =114.8 
No. 49 

Tin 
Sn. =118.70 
No. 50 

Antimony 
Sb =121.76 
No. 51 

Tellurium 
Te =127.5 
No. 52 

Iodine 
I =126.932 
No. 53 

8 

9 

10 

5 

6 

Xenon 
Xe. =130.2 
No. 54 

Caesium 
Cs =132.81 
No. SS 

Barium 
Ba. =137.36 
No. 56 

Lanthanum 
La =138.90 
No. 57 

Cerium 
Ce =140.13 
No. 58 

Hafnium 
Hf =178.6 
No. 72 

Tantalum 
Ta. =181.4 
No. 73 

Tungsten 
W =184.0 
No. 74 

Rhenium 
Re. =186.31 
No. 75 

Osmium 
Os. =190.8 
No. 76 

Iridium 
Ir. =193.1 
No. 77 

Platinum 
Pt. =195.23 
No. 78 

11 
Gold 

Au =197.2 
No. 79 

Mercury 
Hg =200.61 
No. 80 

Thallium 
TI =204.39 
No. 81 

Lead 
Pb =207.22 
No. 82 

Bismuth 
Bi. -209.00 
No. 83 

Polonium 
Po. =209.99 
No. 84 

Alabamine 
Am. - ? 
No. 85 

12 7 
Radon 
Rn =222 
No. 86 

Virginium 
Va - ? 
No. 87 

Radium 
Ra =225.97 
No. 88 

Actinium 
Ac =227.02 
No. 89 

Thorium 
Th =232.12 
No. 90 

Protoac- 
tinium 

Pa. =231.03 
No. 91 

Uranium 
U-238.14 
No. 92 

No. 93 

Praseodymium 
Pr. =140.92 
No. 59 

Dysprosium 
Dy. =162.46 
No. 66 

ELEMENTS NOT CLASSIFIED IN THE TABLE ABOVE 

Neodymium 
Nd. =144.27 
No. 60 

Holmium 
Ho. =163.5 
No. 67 

Minium  Samarium 
11. =146.(?)  Sm. =150.43 
No. 61  No. 62 

Europium 
Eu. =152.0 
No. 63 

Erbium  Thulium 
Er. =167.84  Tm. =169.4 
No. 68  No. 69 

Gadolinium 
Gd. =157.3 
No. 64 

Ytterbium 
Yb. =173.5 
No. 70 

Terbium 
Tb. =195.2 
No. 65 

Lutecium 
Lu. =175.0 
No. 71 

NEW ELEMENTS 

Note: The following elements have been dis-
covered in conjunction with the work of 
the Manhattan District: 

Neptunium, Np, At. No. 93, At. Wt. 239 
Plutonium, Pu. At. No. 94, At. Wt. 239 
Americium, Am., At. No. 95 
Curium, Cm, At. No. 96 
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ical elements result from different numbers of protons 
in the nucleus because there must be an equal number 
of electrons outside the nucleus to make an electrically 
neutral atom. With a constant number of nuclear pro-
tons the chemical behavior will be independent of the 
number of nuclear neutrons, since each of these isotopes 
will possess the same number of extranuclear electrons. 

ATOMIC SPECTRA AND ENERGY LEVELS 

Each element emits a characteristic optical spectrum 
which is so specific that one can use it as a means of 
identifying the elements. For example, hydrogen gas, 
when electrically excited in a discharge tube, will emit 
radiation that can be dispersed by a prism or diffraction 
grating into a number of sharp lines (see Fig. 4). These 
lines form the atomic or line spectrum of hydrogen. 

cI 

C; 
Co 

7 

I a H„, 

Fig. 4—Emission spectrum of the hydrogen atom in the visible and 
near ultraviolet region (Balmer series, Herzberg (41)). H. gives 
the theoretical position of the series limit. 

It was found empirically that some of the spectrum 
lines formed a series whose wavelength is given by the 
relation 

1  1  1 
— = RI- - -I  where M = 3, 4, 5, • • • . (1) 
X  2'  /1/2 

The quantity 1/X is the wave number T (§1.03). R is 
known as the Rydberg constant and has a value of 
109,677 cm—'. Most of the lines described by (1) lie in 
the visible region of the spectrum and are known as the 
Balmer series. 
In the ultraviolet region of the hydrogen spectrum 

there is a second group of lines called the Lyman series. 
The wavelength of the components of this series are 
given by 

— = R[— — —  where M = 2, 3, 4, • • • . (2) m2 
1  1 

X  12   
1 

Other series of lines, all in the infrared, are recognized, 
and in each case the wavelengths are given by expres-
sions having the form of (1) and (2) with different values 
of the denominators inside the brackets. 
The wavelengths and wave numbers of the lines in the 

various series have been measured with great accuracy. 
Some of the values for the Balmer and Lyman series 
are given in Table II. 

TABLE II 

BALMER AND LYMAN SERIES WAVELENGTHS AND WAVE NUMBERS 

Balmar Series Lyman Series 

X (A)  T (cm-1 ) X (A)  T (cm-9 

6562.2 (HO 15,233 1215 82,258 
4861.3 20,264 1026 97,482 
4340.5 23,032 972 102,823 
4101.7 24,373 950 105,290 

Series Limit 

36.36.0 27,419 911 109,677 

If we substitute M=3 in (1), we find that the wave 
number of Ha is 15,233, in agreement with the value 
listed in column 2 of Table II. When M= Go is substi-
tuted in (1), the wave number of the limit of the Balmer 
series is obtained. 
Instead of using the empirical equations, a new type 

of scheme can be employed to illustrate a fundamental 
principle of atomic spectra. The wave numbers of the 
series limits given in Table II have been plotted in 
Fig. 5, putting the Lyman-series limit value of 109,677 
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Fig. 5—Energy-level diagram of the H atom (Grotrian (8)). 
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cm—' as the lowest line and the Balmer-series limit as 
the next line. Similarly, the series limits for the succeed-
ing series in the hydrogen spectrum are located on suc-
ceeding lines in order of decreasing magnitude upward 
from the lowest level. The difference between wave 
numbers corresponding to the level M' =1 and M' =2 is 
109,677-27,419 = 82,258, which is the wave number of 
the first line in the Lyman series. Note that the value of 
M' corresponds to the constants in the first term of (1) 
and (2). In Fig. 5 the vertical lines indicate transitions 
from one level to another, and represent graphically the 
arithmetical calculation just carried out. In words, this 
principle can be stated as follows: For the spectrum of 
any atom, there always exists a series of wave numbers 
(term values), differences between which yield the wave 
number of the observed spectrum lines. This rule is 
known as the Ritz Combination Law. Tables used in 
connection with it, such as Table II, are called term 
tables. The principle signifies that every atom has defi-
nite energy levels. Transitions within the atom from one 
energy level to another result in the emission or absorp-
tion of a spectrum line of a characteristic wave number 
determined by the difference between the energy levels. 
Not all atoms emit a spectrum as simple as that of 

hydrogen; nor, indeed, is the hydrogen spectrum really 
as simple as has been described. Fig. 6 shows a sodium 

-r 

Fig. 6—Absorption spectrum of the Na atom (Kuhn (42)). The spec-
trogram gives only the short wavelength part, starting with the 
fifth line of the principal series. The lines appear as bright lines 
on a dark, continuous background, just as on the photographic 
plate. 

absorption spectrum, each line of which is really a 
doublet instead of a single line. In general, the heavier 
elements emit correspondingly more complex spectra. 
Iron, for example, emits over 10,000 separate lines, 
many of which have been carefully measured and cata-
loged. 
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THE BOHR ATOM 

The Rutherford concept of the hydrogen atom as a 
proton-electron system serves to explain the scattering 
of alpha particles, but it does not account for the stabil-
ity of the system or for the emission of sharp and discrete 
spectral lines. Between the proton and the electron there 
is an attractive force given by 

qi.q2 
F= 

2 

where in this case qi = q2=e. If the electron were at rest, 
it would be pulled into the proton by this coulomb 
force. The electron must therefore be in a continuous 
state of motion, and must experience a central accelera-
tion. From classical electrodynamics, an accelerated 
electric charge should radiate energy, and hence the 
electron would quickly spiral into the nucleus after 
producing a continuum of protons. Thus in the classical 
picture there was no explanation of the stability of the 
hydrogen atom or of the emission of discrete line spectra. 
In 1913 the Danish scientist, Niels Bohr, proposed a 

solution to this difficult problem by applying Planck's 
quantum hypothesis to an atomic system. Planck as-
sumed that electromagnetic energy is emitted in quanta 
of energy E given by the relation 

E = hp. (3) 

Bohr saw the relation between the Ritz combination 
principle and Planck's equation, and proposed the rela-
tion 

= E2 — El  (4) 

where 

= is the frequency of the emitted electromagnetic 
radiation 

E 2 = is the initial energy of the atom (prior to emis-
sion) 

El= is the final energy of the atom (after emission). 

Since Xi, = c, where c is the velocity of light, this equation 
can be written 

to 

to 
to 
ro 

E2  El 

7 =  1/X = —  — —  • 

hc  hc 

- 3695.053 - 3705.567 

1 
i ii 1111111111111111111111111 

1 III III 11 Iii!,111 11., 

(5) 

3700 

Fig. 7—More complex atomic spectra shown above are two emission spectra (bright line) taken of an iron arc. Bracketed by the ion 
comparison spectra is the absorption (dark line) spectrum of the sun. Only a portion (100 angstrom units) of the spectrum is illus-
trated. 
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From (5) it is clear that the values of a term in an 
atomic-term table are equal to the energy of a state of an 
atom multiplied by the constant factor l/hc. Analyti-
cally, the energy of an atomic state E is given by the 
relation 

hc 
El = — • 

X 
(6) 

Equation (6) is equivalent to stating that there exists, 
for every atom, a set of discrete stationary states, each 
having a definite energy value. Radiation is emitted 
from an atom only when it changes from one stationary 
state to another; this transition results in radiation of 
wave number given by (5). We should emphasize that, 
while the atom is in a stationary state, no radiation is 
emitted. This result is, however, contrary to the predic-
tions of classical theory. 
According to the Bohr picture, the simple hydrogen 

atom should appear as in Fig. 8. The electron revolves 
about the nucleus, which is assumed to be stationary, 
in discrete orbits corresponding to the stationary states 

n=3 
n=4 

Fig. 8—The Bohr model of the hydrogen atom. The electron is in its 
lowest stationary state. The relative orbital radii are as shown 
but the proton and electron have been enlarged relatively about 
101 times. 

of the atom. Bohr further assumed that these stationary 
states are such that the momentum of the electron my 
is quantized (restricted) to certain integral multiple 
values of h/2rr. 
The first condition is fulfilled if the force required to 

accelerate the electron in its orbit (my2/r) is balanced 
by the electrostatic (coulomb) forces between the two 
particles. Therefore, 

ny2  e2 

= 

r2 

The second condition may be stated as 

nh 
nvr = — 

2r 

where 

(7) 

(8) 

n = 1, 2, 3, 4, • • • . 

Using these relations we can calculate the total energy 
of an electron in one of its orbits. This calculation is 
sketched as follows: The total energy of the electron is 

equal to its kinetic plus its potential energy, and ele-
mentary electrostatic theory shows that the potential 
energy of a charge e distant r from an equal charge of 
opposite sign is — (e2/r). Then 

e2 
E = imv2 — — • 

Substituting from (7) and (8), we find that 

272tne 4 
E =    

n2n2 

(9) 

(10) 

The fact that the energy is negative follows from the 
fact that energy of the electron far removed from the 
atom (that is, at infinity) is taken as zero. Since the force 
between the particles is attractive, work is done by the 
system in bringing the electron toward the atom; and 
hence the energy of the atom will be negative. The 
energy will have a different value for each value of n 
which corresponds to a different electron orbit in the 
atom. 
By (4), the frequency of the radiation emitted when 

an electron falls from orbit n2 to ni is 

— E.,  27r2ne4 1 1 
J 

v =   (11) 
h'  Lni2 n22 • 

Equation (11) is exactly the form of the empirical rela-
tion for the Balmer series (1) if n1=2 and if the Rydberg 
constant is taken as 

21.2me 4 
R =   (12) 

ch3 

All values on the right-hand side of (12) are known, 
and R can be calculated. When R is calculated, the re-
sult is in excellent agreement with the experimental 
value. This agreement furnishes a remarkable confirma-
tion of the Bohr theory. 
The mechanism of the emission of spectral lines re-

quires that initially the electron be in one of the upper 
energy states (n =2, 3, 4, • • • ). This state has a greater 
energy content than the ground state (n = 1), and the 
electron will return to the ground state either in one 
step or in a series of transitions through intermediate 
stationary states. The energy liberated by each transi-
tion to a lower state appears as a photon of the appropri-
ate energy and frequency. 

EXCITATION AND IONIZATION 

Normally, the electron in the hydrogen atom is in the 
ground state. In order to raise this electron to higher 
orbits farther away from the nucleus, energy must be 
supplied to the system. This energy is normally supplied 
by means of collisions with other atoms or electrons. The 
removal of an electron from an atom is known as ioniza-
tion, and the resulting atom is said to be ionized. We 
can easily calculate how much energy must be supplied 
to the H-atom to completely remove the electron from 
it. 
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Illustrative Example 

To calculate the ionization energy of hydrogen, n2, 
corresponding to the final state, is set equal to infinity in 
(11). Then 

220me4[1  1 
E =   ha  12  cc  2 

22r2me4 

Is' 

When the values of the constants are substituted, 

E = 2.2 X 10-13  erg 

= 13.5 ev. 

The energy required to remove the electron from the 
H-atom can be measured and is found to check very 
closely with this calculated value. The potential neces-
sary to ionize any atom is known as the ionization po-
tential. • 
The experiment to determine the value of the ioniza-

tion potential in hydrogen consists of shooting a beam of 
electrons of known energy (voltage) into a tube contain-
ing hydrogen gas at low pressure. If the bombarding 
electrons have high enough energy they will cause the 
characteristic spectrum lines to be emitted from the gas, 
and these lines can be observed with a spectroscope. As 
the energy of the beam is dropped below 13.5 ev, ioniza-
tion ceases, but inelastic collisions between the incident 
electrons and hydrogen atoms occur and give rise to ex-
citations of different series, and, indeed, of different lines 
in these series. This potential necessary to cause emis-
sion of a characteristic line in, say, the Lyman series is 
called the excitation potential for these lines. 
Atomic spectra can be excited in many ways other 

than in a gaseous discharge tube. Commonly used meth-
ods are the carbon arc, the electric spark, and the hot 
flame. 
In the heavier elements, it can be shown that the 

emission of ultraviolet, visible, and some infrared radia-
tion is the result of transitions involving only the outer-
most electrons. Such radiations are completely inde-
pendent of the inner electrons. 
As the energy that is inelastically imparted to an atom 

increases, it is obvious from the relation E=1w=hc/X 
that the wavelength of the most energetic radiation 
which can be emitted decreases. Thus, if E is very small, 
the wavelengths that can be excited may be in the far 
infrared. Then, as E increases, the wavelength decreases, 
passing through the visible region and down into the 
ultraviolet. Through the use of special techniques, 
atomic spectral lines as short as 100 Angstroms can be 
observed. Radiations much shorter than 100 A are usu-
ally known as X rays and are characteristically pro-
duced in special electron tubes. 

APPENDIX' 

FUNDAMENTALS OF WAVES AND RADIATION 

Properties of Waves 

It is easy to visualize the transmission of energy by 
moving particles that can give up their kinetic energy 
upon collision with stationary targets. Less obvious, but 
equally important, is the transfer of energy by wave mo-
tions. All of the sun's energy reaching the earth is trans-
mitted by electromagnetic waves; all audible sounds 
are transmitted by sound waves; and some of the great-
est radiation hazards arise from short-wavelength elec-
tromagnetic waves. 
The general concept of wave transmission is simple. 

Some type of transmitter vibrates and sets up stresses 
in the surrounding medium. The medium, in attempting 
to return to its original unstressed state, propagates the 
stresses that travel out from the source and act on some 
suitable receiver. Thus, when human vocal cords vi-
brate, a succession of pressure impulses is applied to 
the surrounding air. Pressure above and below normal 
exist and are transmitted by each volume of air to the 
volume immediately beyond. The pressure variations 
travel out from the source and, upon striking an ear-
drum, set up vibrations that one interprets as sound. 
It should be noticed that the medium transmitting 

the waves does not move from source to receiver. A dis-
turbance of the medium does travel, but the medium it-
self does not move appreciably. A stone thrown into a 
quiet pool will produce a series of waves that spread out 
in concentric circles from the source of the disturbance. 
A cork floating on the surface bobs up and down as the 
waves pass, but it does not move outward from the 
source as it would if there were an actual outward flow of 
water. 
The most obvious property of a wave is its frequency, 

or number of vibrations per second, denoted by the let-
ter v. Frequency is really to be associated with the source 
of the disturbance, since the wave is merely the trans-
mission of the disturbance. The frequency of the wave is, 
of course, the same as the frequency of the source. It is 
sometimes more convenient to use the time of one vibra-
tion T, known as the period, instead of the frequency. 
The two are related by 

1 

= —T • 
(13) 

Since a wave is propagated, there will be a velocity 
associated with the wave motion. The velocity is a 
property of the medium and not of the source, for once 
the disturbance has been transmitted to the medium it 
is independent of the behavior of source. In a' given 
medium a wave motion will be propagated only with 
its characteristic velocity. This behavior is in sharp con-

1 Arranged from portions of "Nuclear Radiation Physics," by 
R. E. Lapp and H. L. Andrews, Prentice-Hall, Inc., New York, N. Y., 
1948. 
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trast to the motion of particles, whose velocities depend 
upon their energies.  • 
If a source is vibrating steadily with a frequency v 

and the velocity of wave propagation is c, at the end of 
1 second there will be v waves spread over a distance c 
in space. One wave will occupy a distance X, where 

• 
The distance X, or wavelength, is the shortest distance 
between consecutive similar points on the wave train. 
Thus it is the distance between consecutive crests or 
peaks, or consecutive troughs (see Fig. 9). Spectrosco-
pists frequently specify a wave by the wave number r or 
the number of waves occupying one centimeter, 

(15) 

Fig. 9 illustrates another characteristic of wave mo-
tion; its amplitude, A. If 00' represents the undis-

Fig. 9—The fundamental relation existing in a wave motion. The 
figure shows the spatial conditions at a given instant. 

turbed position of the medium, the amplitude is the 
distance from this undisturbed position to a point of 
maximum displacement. As might be expected, the 
amplitude is closely related to the energy carried by the 
wave. 
If a source starts a wave motion in the surrounding 

U, 6' 
U,, 

R' 

R" 

Fig. 10—The relations between wavefronts and rays. The lower 
curve is a vertical cross section through the ray R'. 

medium, the waves will, in general, spread out uni-
formly in all directions. Consider again the case of a 
stone thrown into a quiet pool. If, at some later time, 
an instantaneous photograph is taken of the water, a 
series of concentric rings of maximum upward displace-
ment (crests) will be observed, and in between these 
there will be a series of concentric rings of maximum 
downward displacement (troughs). Each circle drawn 
through points having the same displacement (or phase) 
is known as a wave front. The wave fronts move out 
from the source as the wave proceeds. At every point 
the direction of propagation is perpen iicular to the wave 
front. Lines drawn in the direction of propagation are 
called rays. Fig. 10 shows the situation for the water 
waves described above. U, U', U" are double-prime wave 
fronts of maximum upward phase; D, D', D" are wave 
fronts of maximum downward phase; and R, R', R" are 
rays. 

There is sometimes a confusion in terminology be-
tween waves and rays. Thus it has become customary to 
speak of radio waves and X rays. Actually, each is a 
wave mot' on, having both wave fronts and rays. It 
should also be noted that in the older literature the 
terms "alpha ray" and "beta ray" are commonly used. 
These are now known to be high-speed charged parti-
cles and so should be called, respectively, alpha particles 
and beta particles, rather than rays. 
All wave motions exhibit certain phenomena when 

they move from one medium to another having different 
characteristics. One of these phenomena is reflection. 
When a ray strikes a reflecting surface, one component 
of its velocity is reversed in direction, and the ray is 
propagated in a new direction such that the angle of 
reflection (the angle between the reflected ray and a 
perpendicular to the surface) is equal to the angle of 
incidence (the angle between the original ray and the 
perpendicular). All waves exhibit reflection, but not all 
reflections arise from wave motions. For example, a 
tennis ball will bounce off a smooth wall with an angle 
of reflection equal to the angle of incidence. 
Wave motions are refracted when they enter a new 

medium having a different velocity of propagation. For 
example, a ray entering a new medium where it has a 
lower velocity will be bent so that it makes a smaller 
angle with the perpendicular to the surface. Refraction 
is also exhibited by motions other than waves. 
Diffraction and interference, however, are phenomena 

that are unique to wave motions. If two waves of equal 
wavelength, but opposite phase, are superimposed, a 
crest will fall on a trough; the combined additive effect 
will be a complete cancellation, and the two waves are 
said to interfere destructively. If the two superimposed 
waves are in phase, a crest will fall on a crest, an in-
creased intensity will result, and the two waves show 
constructive interference. It is extremely difficult to con-
ceive of particles showing constructive or destructive 
interference. 
Interference is most easily demonstrated through the 
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diffraction or bending of waves as they pass through 
small openings. Consider a wave front AB of visible 
light, striking a diaphragm with two small openings or 
slits Si and S2 (Fig. 11). Only a small portion of the 
wave front will enter each of the slits. Because of dif-
fraction, these small portions of the wave front will 
spread out in hemispherical waves after passing through 
the slits. If a point C on the screen is so chosen that the 
distance SIC is exactly one wavelength greater-than 
S2C, there will be constructive interference, and light 
will be seen at C. If, again, SID is one-half wavelength 
greater than S2D, there will be destructive interference 
and no light will be seen at D. Thus a series of light and 
dark bands will appear on the screen. 
This experiment, which demonstrates the wave nature 

of light, can be used to measure the wavelength. As can 
be seen from Fig. 11, the angle of diffraction will be 
appreciable only if the distance between the slits is 

Fig. 11—Interference of light. The light passing through S1 and 
S2 will be diffracted and will interfere destructively at D and con-
structively at C. The interference pattern will be repeated on the 
other side of the center line of the slits. 

approximately equal to the wavelength. This fact ac-
counts for the difficulty physicists have in identifying X 
and gamma rays, whose wavelengths are 10—s cm or less. 
The wave properties described are very general and 

hold for any type of wave motion. Waves may be classi-
fied in many ways, the most common being based upon 
the direction in which displacement occurs in the wave. 
In a sound wave, the small to-and-fro motions of the air 
molecules are along the direction of propagation. This 
condition represents a longitudinal wave. If the end of 
a rope is given a sideways displacement, a transverse 
wave is propagated down the rope at right angles to the 
displacement. Visible light, X rays, and gamma rays 
are all examples of transverse waves, and make up part 
of the electromagnetic spectrum. 

THE QUANTUM NATURE OF ELECTROMAGNETIC WAVES 

All the components of the electromagnetic spectrum 
have wave properties; they show interference, and can 
be refracted and diffracted. Such phenomena as the 
radiation from hot bodies (black-body radiation), the 
production of X rays, and the photoelectric effect re-
quire the quantum concept for a complete explanation. 
The photoelectric effect will serve as an example. 
A photoelectric cell consists of a metallic surface 

(cathode) sealed into an evacuated glass bulb together 
with a positively charged collecting electrode, called an 
anode (Fig. 12). When light falls on the cathode surface, 
electrons may be ejected from the metal. These electrons 
will be attracted to the anode and an electric current will 
flow. 
According to wave theory, the vibrations of the in-

coming electromagnetic waves set the electrons of the 
metallic atoms into vibration with increasing amplitude 
until they have acquired sufficient energy to break loose 
from the metal. It would seem, then, that a weak light 
would require more time to liberate an electron than a 
strong light, and there might be a light wave so weak 
that the electrons could never attain the energy neces-
sary for escape. Such a prediction is at complete vari-
ance with the facts. 
The color or frequency of the light plays an important 

role in producing photoelectrons. Thus the most intense 

Fig. 12—The photoelectric effect. An incoming photon no 
ejects an electron —e from the cathode surface. 

beam of red light (low frequency) will not yield a single 
photoelectron from most metals, whereas the feeblest 
blue light (high frequency) will instantly produce a few. 
This circumstance suggested to Einstein, who reasoned 
from earlier work by Planck, that radiation is not a 
smooth, continuous flow of energy, as pictured by the 
wave theory, but is, rather, a series of discontinuous 
packages of energy. The energy in each package, which 
is known as a photon or quantum, increases with the fre-
quency of the light, being given by 

E =  (16) 

where h= 6.6 X10-27  erg-sec is Planck's constant and E 
is the energy of the quantum in ergs. 
A photon is apparently indivisible, and either exists 

or disappears completely upon giving up its energy in 
some process such as the photoelectric effect. The energy 
relations in the photoelectric effect are given by the 
Einstein equation 

hp =  1  2 M V (17) 

The left-hand side of this equation is the energy avail-
able in the incoming photon. The quantity 4) (known as 
the work function) is the energy required to remove 
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an electron from the surface of the metal. If the photon 
has an energy greater than 0, the electron will be ejected 
with a kinetic energy given by the last term in (17). 
This result immediately explains the photoelectric 

behavior of light of different frequency. Red light has a 
low frequency, and the associated quantum energy, by 
(13), may be less than 4:), and hence no amount will liber-
ate an electron. Blue light has a higher frequency, and 
the associated quantum energy may be larger than 0, 
and hence sufficient to produce a photoelectric current. 
A series of experiments by Millikan verified the predic-
tion of (17), and there can be no doubt that here radia-
tion behaves like a discontinuous series of energy pack-
ages. 
Furthermore, a reverse application of (17) quantita-

tively explains the production of X rays. Here the in-
cident electron has a kinetic energy 1/2mv2 and can pro-
duce no radiation of frequency greater than that given 
by 

= hp.  (18) 

In this case the work function 4) is so small compared 
with 1/2mv2 that one can neglect it. This relation has 
also been completely verified by experiment. 
In 1901, Planck made the first application of quantum 

ideas to the 'problem of the radiation emitted by hot 
bodies. Physicists had developed the idealized concept 
of a black body, which is capable of emitting and absorb-
ing radiations of all frequencies. The ideal radiator is 
approached by an enclosed furnace with a small opening 
through which one may view the interior radiations. 
The radiation observed through the opening will depend 
only upon the temperature of the furnace and does not 
have "color" characteristic of an emitting surface. Care-
ful measurements had been made of the amounts of 
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Fig. 13—The wavelength dependence of the energy 
emitted by a perfect black body. 
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energy radiated at various frequencies. Fig. 13 shows the 
experimental results. For each temperature there is a 
corresponding frequency at which maximum energy is 
radiated. The frequency of this maximum increases with 
temperature, according to Wien's displacement law, 
which is usually written in terms of wavelength rather 
than frequency: 

X.T = constant  (19) 

where 

= wavelength of maximum energy emission 
T= absolute temperature 

constant =0.29 cm degrees. 

This is a very useful relation, since by its use the tem-
perature of inaccessible hot bodies may be determined. 
For example, the maximum energy of the sun is emitted 
at a wavelength of about 4.5 X10-2 cm (green light), 
which corresponds to a temperature of about 6000°C. 
Many attempts had been made to explain the shape 

of the observed emission curves, assuming radiation to 
be a continuous wave moton, but all these efforts yielded 
curves that were too high at the short wavelengths. 
When Planck introduced the idea of radiation quanta, 
the difficulties disappeared and the predicted curves 
agreed in all details with those experimentally observed. 
This is another example of the dual nature of radiation, 
and it should be noted that the original theories failed 
at the high frequencies where the quantum character-
istics become more pronounced. 
Before leaving the discussion of black-body radiation, 

one should note that the curves of the Fig. 13 represent 
the total energy radiated at each wavelength. The size 
of each emitted quantum increases steadily as the 
wavelength decreases, in accordance with (13), but the 
energy emitted is, of course, equal to the product of the 
number of quanta and the energy of a single quantum. 
At high frequencies the number of emitted photons is so 
low that the emission curves decrease as shown. 
The quantum energy as calculated from (16) will be 

expressed in ergs. A new energy unit, the electron volt 
(ev) has been found useful in studying nuclear radia-
tions. Obvious extensions are the kiloelectron volt (key) 
and million electron volt (Mev). It is customary to 
speak of a "50-kilovolt X ray" or a "2-Mey gamma 
ray." These terms are specifications of the quantum 
energy, and do not give the total energy of all the 
photons in a beam. In contrast to these energies which 
are commonplace in studies of nuclear radiation physics, 
the quantum energy associated with a 100-Mc radio 
wave will be 4.1 X10-7 ev. 
It is evident from the foregoing that we must ascribe 

a duality of characteristics to radiant energy. When 
propagation is being considered, the wave properties 
predominate and serve to explain the phenomena of in-
terference and diffraction. When energy exchanges with 
matter are involved, the quantum characteristics are 
most important. This latter property is particularly ap-
parent at the shorter wavelengths. 
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Theory of Frequency-Modulation Noise* 
F. L. H. M. STUMPERSt 

Summary—The energy spectrum of frequency-modulation noise 
is computed for different ratios of signal to noise. Numerical values 
are given for some simple filter amplitude characteristics. The theory 
is based on the Fourier concept of noise and treated in three steps: 
no signal, signal without modulation, and modulated signal. The re-
sult is given in the form of a series, and it is shown that this develop-
ment is convergent. The suppression of the modulation by noise is 
also discussed. 

I. INTRODUCTION 

SINCE THE PAPER by Armstrong' drew atten-
tion to the possibilities of frequency modulation 
with regard to the reduction of noise, a considera-

ble amount of work has been published in this field. So 
far as is known, however, the theoretical treatment of 
noise and signal has been confined to the case in which 
the noise energy is small compared to the signal energy. 
In this paper we will try to give a rigorous treatment 
valid for all signal-to-noise energy ratios. The theory is 
developed by methods which Franz2,3 and Rice4 applied 
to similar problems and which are based on the Fourier 
spectrum of the noise. An interesting idea of Mann5 has 
been used for the counting of the number of zeros. 
Usually the instantaneous frequency of a frequency-

modulated signal is defined as the derivative of the 
phase with respect to the time. (For this definition, see 
van der Pol.) In this section an alternative definition is 
given, which is more suitable for our further computa-
tions. It will be shown that, for a normal frequency-
modulated signal, it gives the same result as the usual 
definition. Using this starting point, we further deduce 
a mathematical expression for the energy spectrum, and 
give a first example of its application. We shall confine 
ourselves to signals consisting of high-frequency com-
ponents in such a way that all important components lie 
within a relatively narrow band coo+Aco where Aco<<coo. 
For a sinusoidal signal cos coot, the angular frequency 

is equal to the number of zeros in a time interval of r 

• Decimal classification: R148.2. Original manuscript received by 
the Institute, August 8, 1947; revised manuscript received, March 11, 
1948. 
t Natuurkundig Laboratorium der N. V. Philips Gloeilampen-

fabrieken, Eindhoven, the Netherlands. 
E. H. Armstrong, "A method of reducing disturbances in radio-

signalling by a method of frequency-modulation," PROC. I.R.E., 
vol. 24, pp. 689-740; May, 1936. 

1 K. Franz, "Beitrage zur Berechnung des Verhaltnisses von Sig-
nalspannung zu Rauschspannung am Ausgang von Empflingern," 
Ekk. Nach. Tech., vol. 17, pp. 215-230; 1940. Also, vol. 19, pp. 285-
287; 1942. 

1 K. Franz and T. Vellat, "Der Einfluss von Tragern auf das Rau-
schen hinter Atnplitudenbegrenzern und linearen Gleichrichtern," 
Ekk. Nach. Tech., vol. 20, pp. 183-189; 1943. 

S. 0. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour., vol. 33, pp. 282-332; July, 1944. Also vol. 34, pp. 46-
156; January, 1945. 

6 P. A. Mann, "Der Zeitablauf von Rauschspannungen," Elek. 
Nach. Tech., vol. 20, pp. 232-237; 1943. 

Balth. van der Pol, "The fundamental principles of frequency-
modulation," Jour. 1.E.E., part III, vol. 93, pp. 153-158; 1946. 

seconds. Now we choose a time interval 7, large com-
pared to r/coo but small compared to 7/2Aco: 

007 >>  2Acor  T.  (1) 

The instantaneous frequency is defined at the time t as the 
ratio of the number of zeros between t —7/2 and t+7/2 
to 'r/r, or as the mean density of the zeros averaged over 
the time interval 7/r. 
As an example, let us take the signal 

cos Icoot f(I)) . 

If this function has consecutive zeros at 1=11 and t is, 
then 

WO(11 - 12) ±  f(12) = r• 

If we assume that f(t) changes slowly compared to 
cos coot, then we can replace f(ti) —f(12) by (t, —12) f'(t1), 
and thus obtain: 

tc - 12 = 7/ I WO + r(11) 1. 

7 being defined in such a way that f(t) is practically con-
stant during a time interval 7, the number of zeros 
within the time r is T {C00 4-ff(1)  /T. The definition of the 
instantaneous frequency above thus gives the result: 

co.(1) =  [4  (2) 

This, as we have stated, is the same result as is ob-
tained on the basis of the usual definition. 
The counting of the number of zeros of a function 

v(t) within an interval r is best done with the help of 
6-functions such as are used in the operational calculus. 
The 6-function is defined by: 

(5(x) = 0, 

3(x) = 00, 

x  0, 

x = 0, 

f+wb(x)dx = 1 
It is plausible to consider the integral 

r to-1-7/ 2 

Stv(t)}v'(1)dt. 
80-7/2 

If v(t) has a simple zero in a certain interval, the abso-
lute value of the integral over that interval is 1. In the 
subsequent interval, which also is assumed to contain 
only one simple zero, the sign of the result will be dif-
ferent. The reason is that, when we introduce v(t) as a 
new variable in the integral, this variable of integration 
runs from a negative to a positive value in one interval, 
and in the opposite direction in the next. 
Therefore we modify our procedure so as to count 

only those zeros passed through with a positive slope. 
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The instantaneous frequency is then 

in which 

27 f to-Fr/2 

Ws(t0) =  (v)v' U (V)dt 
7  o—r/2 

U(x) = 0, 

U(x) = 

U(x) = 1, 

x < 0, 

x = 0, 

x > 0. 

(3) 

The result is a function of r, but as long as r is subjected 
to the inequalities (1), the variation with r will be unim-
portant. 
The use of 6 functions in the integrals can be avoided 

when we use the Stieltjes integral. In this way (3) is 
written: 

2r r to-+r/2  

Wi(tO =  j U(V)dU(v).  (3a) 
7 to—r/2 

In a frequency-modulation receiver, a device is used 
which, when a signal is applied to it, gives an output 
voltage proportional to the instantaneous frequency of 
that signal. This device is the frequency detector, or dis-
criminator. In general, the instantaneous frequency will 
not be constant. We can make a registration of it during 
a certain time. A Fourier analysis of that registration 
will give a spectrum of components at different frequen-
cies. It is in this spectrum of the detected signal that we 
are now interested. 
When we choose a time interval of 27r seconds for the 

Fourier analysis we have the formulas: 

wi(t) = Efmeimi 
2r 

f. =1 (210-1 f  04(t)e-imedt. •  (4) 

Let us consider a zero to of v(t), where the function has a 
positive slope whereas to is not too near to 0 or 2r. Its 
contribution to the integral (4) is then 

ffol-T/ 2 
T- 1  e-imgdt = 2(mr)-1 sin (m712)e-imgo. 

.80--7/2 

In this result, 2(mr)-1 sin (m7/2) approximates 1 for 
small values of T. We have chosen 7<'(7r/2 w. Therefore, 
for all frequencies smaller than tico we may replace 
2(mr)-1 sin (mr/2) by 1. Accordingly, for these frequen-
cies we may use 

2r 

fm = J b(v)v'U(vDe-imgdt. 

Using the Laplace transform, we get 

+00 -  tc 
6(v) = (27)- ei"vdu, c > 0  (6a) 

(5) 

00 -  iC 

f  

V i U (Vi)  =  (27)-1 ei."'u-2du, c > 0.  (6b) 
-02-4C   

The path of integration can also be taken from — co to 
CO along the real axis with a small indentation below the 
origin. 

f„, = — (410)-1 f  e-ini'dt f +cc  dui f du2u2-2eiut 0+1020' 

This formula gives the spectral composition of the in-
stantaneous frequency. If the frequency detector gives 
a potential difference of 1 volt over a resistance of 1 ohm 
for a frequency deviation of 1 radian per second, the 
same formula applies to the output of the frequency de-
tector. We shall calculate the distribution of the energy, 
dissipated in that resistance, over the spectrum. The 
result is the energy spectrum of the output. In practical 
cases there will be a proportionality factor, which is 
omitted in our calculations. The energy corresponding 
to a certain frequency m is given by 2f„,f„,* if m#0, or 
by fofo* for the dc term. f„,* is the complex conjugate of 
f„,. Hence, 

2f„,f„,* = (8r4)-1 f e-imtldt1 f eimikits 

fill: 14 2- 2u 4^2e jolt, C CO + 1020' C ID + i1,30 (02)-1- iU40'(12) 

duirithclu3du4.  (7) 

As a first example, we shall apply this formula to a 
frequency-modulated signal cos (coot+ mo sin pt). 
(mo=Aco/P). In this case, 

eiulvoi)-1-ju2v'ol) = exp ilk cos (coot  mo sin Pti) 

— iu2(coo Aco cos ph) sin (coot'  mo sin ph)} . 

We develop this form into a series: 

,..0 
2-k 

k! 
u2a )e iwati+i mosinril 

—F  u2a)e—i.,011—imo ninrei k 

in which u2.= u2(coo-baico cos pti). 
Since, in (7), we have to integrate the last result with 

e-imc, where m<<coo we are only interested in those terms 
in the binomial development that have no i woe' in the 
exponent. Thus the series reduces to 

ao 

,...0 
2-2k  

(2412 142.2)k. 

k!k! 

This is the well-known development of the Bessel func-
tion of order zero. A relation between Bessel functions 
gives 

Jo {7412 u22(wo  Aw cos poll/2 
00 

= E (— 1) -J2.040./2. u2(wo + w cos pti)}. 
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Now we perform the integration with respect to u1 and 

f , +.0 
J2,,,(741)dui = 2 

-00 

.2-2.12.1,400 + A., cos pto}dit2 
= (wo + ,Lo cos pto 1(2m — 1)- — (2m +  I • 

(The last integral reduces to an easier type by one par-
tial integration.) For m =0 the singularity at the origin 
is avoided by the small indentation. The result of the in-
tegration with respect to it), and u2 is, therefore, 

(wo + ACZ COS ptol —4  4( — 1  4-)  4(-1 —) + • • • I 

= — 27r(wo ,Ar.,) cos ph). 

In the same way, the integrations with respect to 74.3 and 
xi yield 

— 2r(co.  Au) cos p12), 

and, in total, 

e- "'tie+ "(coo Au) cos pia) f 2f „I"'* = ( 2r2)-' f_ _ 
(wo  Ar.o cos Pi Odild12. 

Only for m=0 and m=p do we get a result different 
from zero. The dc energy is 

fofo* = coo'. 

For the frequency p, the energy is 
Aw 2 

pf,* = —2 • 

These results are in complete agreement with the cus-
tomary definition of instantaneous frequency. We have 
chosen this simple problem because the way in which it 
is solved will again be used in the more complicated 
problems further on. Its aim is also to give the reader 
confidence in the following computations, where the re-
sult is less obvious. 

II. FREQUENCY-IIODULATION NOISE WITHOUT 
SIGNAL 

In this section we will first recall some properties of a 
noise spectrum, and then apply (7) to a noise band. As is 
usual in noise problems, an averaging procedure will be 
necessary. 
By means of a filter we select a certain band of fre-

quencies from a normal noise source, and apply these 
components as an input signal to an ideal frequency de-
tector. As a first example, we shall take a filter with a 
rectangular amplitude-versus-frequency characteristic. 
This filter is not realizable but, as the phase characteris-
tic is not important for these computations, it can be 
approximated. Later on we shall consider a filter with a 
gaussian amplitude-versus-frequency characteristic. 

If we register the noise from a normal noise source 
during a time interval ( — T, T), we can make a Fourier 
analysis: 

v(t) = E a. cos aril T — b0 sin nirtIT.  (8) 

When such a Fourier ana'ysis is made a great many 
times consecutively, each time over an interval of the 
same length, the Fourier components will show a gaus-
sian probability distribution: 

W(a.)da. = (7rC)-4 /2e-a-2/cdan (9a) 

W(b„)db„ = (IrC)- ii2e-621 cdb..  (9b) 

The value of an in one particular Fourier analysis is in-
dependent of the value of the other coefficients. This 
subject is treated extensively by Franz and Rice. 
The number of noise lines in a band of 2,6.co radians 

will be 2,64oT/7r. As it makes the formulas simpler, we 
shall choose T = 27r. If we made another choice, the for-
mulas (4) to (7) which are also baied on a time interval 
27r, would need an appropriate modification. The choice 
of 27r is, however, quite arbitrary, and, whenever we find 
it advisable to increase the number of lines in a part of 
the spectrum, we shall do so. 
The average energy per component is 

= (27,0-1 f  (a 2 + bn 2)e- (0 24 bn2)leclandbn i(an 2 + bni)  n  

= C/2. 

The effective voltage corresponding to a noise band ex-
tending from wo— w to coo+Aco is 

2,0 = 0,001/2. 

As the number of lines in the band increases proportion-
ally to the length of the considered time interval, the 
average amplitude has to be reduced so as to keep the 
average power constant. 
When we introduce the v(t) of (8) in (7), the result will 

be a function of the 4,Nco variables an and b.. As is usual 
in noise computations, the average of the result of (7) 
over all a's and b's is used to obtain the effective energy 
spectrum after detection. Thus, 

-Fao 

2f,4„,* = 2 f f f • • • fdaN, • • • 

W(aN, • • • bN2).1.4.(aN, • • • bN,) 

N1 = wo — .10;;  N 2 =  +  Aca. 

The integration does not lead to great difficulties (see 
Appendix I). After introduction of a new variable s=n 

—wo, we obtain 

= (002 + Aw2/3. (13a) 

The dc corresponding to the central frequency is usu-
ally suppressed by balanced detection. For the fre-
quency m we obtain the energy in the form of an inte-

gral: 
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2„f * 

(270-1 E f e_ J.{ (E  
-r 

( E e iso)2k-2( E seis 92} dv  = no)).  (13b) 

The summation over s has to be taken over all integers 
satisfying 

- Aw  s Aw. 

To get the energy in a part of the spectrum, the results 
for all frequencies in in this part are totaled. Now we are 
free to increase the number of lines by enlargement of 
the intervals 2T, which we have so far chosen 2T= 2tr. 
In this way a continuous energy distribution Eo(u) will 
be approximated, and the sum 

N-1 E eiv° 

can be replaced by the integral 

I 1/2 eluvdu. 
J -1/2 

Instead of s/N we have introduced the continuous vari-
able u. In the same way, 

Aga  1/2 

E s2ei.. = N2 u2ei"vdu. 
-ale  f -1/2 

Equation (13b) can now be written: 

00 

Eo(u) = E 4 (k)-1 Aw2h2k(u) 

where h2k(u) is given by the relation 

+= 
h2k(u)ei"vdu 

- 00 

I-1/2  f -1/2 

1/2  1/2 

eiuodu} 2k-1 / 2e odu1 

1/2  } 2k-2 { j• 1/2  2 

ei"vdu  uei"v}. I-1/2  -1/2 

(14) 

(15) 

The values of h2k(u) can be derived directly from this 
integral, but a shorter computation will be treated in the 
next section. There we shall also see that, for k large, 

h2k(u)  (12)- '(5k  3)-utir-ln(15)' "2/ (5  k-3) .  (16) 

The series in (14) is convergent, since for large k the gen-
eral term behaves as k-11/2. We have calculated the values 
for Eo(u) as shown in Table I. 
Let a filter with a symmetrical, but otherwise arbi-

trary, amplitude characteristic be used, the calculations 
being slightly modified. If now the characteristic is 
given by f(co)eks(w), the input signal will be: 

v(t) = E f(n) Ia. cos (nt  - b,, sin (nt  0)1  (8a) 

f(w) be normalized in such a way that its maximum 

TABLE I 

Noise energy and noise voltage as a function of the frequency 
(u=w aio.)). Energy per unit bandwidth. No carrier wave 
present. Rectangular filter amplitude characteristic. 

2u =0)/co, Eo(u)  vo(u) = 1E0(u)1 1/1 

0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

1.2241 A O 

1.1274 
1.0381 
0.9557 
0.8799 
0.8101 
0.7462 
0.6881 
0.6354 
0.5877 
0.5445 

1.1064 Aw 
1.0634 
1.0189 
0.9776 
0.9380 
0.9001 
0.8638 
0.8295 
0.7971 
0.7666 
0.7379 

value is 1, and the bandwidth 21,co of the filter be defined 
by 

f  +.0 
f(w)dw = 2Aw. 

- 00 

Then (13a) does not change. 
As before, we introduce a new variable u =w/2&o. 

The function F(u) is so defined that F(u)=P(w-coo); 
then 

r +.0 
F(u)du = 1. 

Instead of (14), we obtain (see Appendix I) 

Eo(u) =  4(k)-'(i,co)2 112k (u) 

in which H2(u) is now given by 

is.0 
112k(u)elu'du 

2k-1 { f 

=  f  F(u)ei"vdu} F(u)u2ejuvdu} 

_ {fF(u)ei-du} 2"{f 

(18) 

uF(u)ejuvdul 2 .  (15a) 

When F(u) is given, all further functions can be found 
successively by direct integration. Here, too, the opera-
tional calculus may furnish a shorter method of calcula-
tion, as is shown in the next section. 
As an example, take a gaussian amplitude characteris-

tic. The normalized squared amplitude characteristic is 
given by F(u) =e-TW2* Then, as is shown in the next sec-
tion, 

TABLE II 

Noise energy and noise voltage (per unit bandwidth) as a function 
of the frequency (u= 42,aw). No carrier wave. Gaussian 

amplitude characteristic. 

2u =0)/Aco 

•0 
0.2 
0.4 
0.6 
0.8 
1 

Eo(u)  Vo(u)= 1E0(u)1 

1.17594 AO  1.08441 Ao., 
1.15719  1.07573 
1.10377  1.05061 
1.02373  1.01180 
0.92702  0.96282 
0.82527  0.90844 
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112k(U) =  2-312k-1/27.-le-rts2/2k. (18)  p = 0, and can be approximated by its development for 
small p. 

Table II shows the result. For filters with a nonsym-
metrical amplitude characteristic, the computation 
leads to longer formulas, as shown in Appendix I. For 
this case we have not computed a numerical example. 

III. SOME DISTRIBUTION FUNCTIONS 

In our computations of the energy spectra some func-
tions occur regularly, and we shall treat them together 
in this section. At first let us consider the problem of 
finding the product distribution when the two functions 
fi and f2 are given. 

f  +.0  

fi(u)eiuvdu f  f2(w)eiu'vdw =  f3(x)eix•dx. (19) 
- 00 

This can be done directly by considering the product as 
a double integral and by the introduction of x= u-1-w as 
a new variable in this integral. The Laplace transforms, 
when known, are of much help. Let f(p) be the image 
of fi(u): 

f p .1(P)  fi(u), 

which shorthand notation stands for: 

+ 03  

= P I fi(u)e-Pudu. 

Then, upon introducing p= —iv in (19), we get at once 

f p.3 = P-Jf p.if 

Thus, for the rectangular distribution, the product func-
tions are found by 

f+co 1/2 
k 

I -1/2 

_Wu) = 1, 

= 0,  

ei"dul =  fk(u)ei"du  (20a) 

— 00 < u < —  < u < co. 

_ Wu ) :7 e12  e-p/2 =  2 sinh p/2 
fk(u)  pi-k(ep/2 _ e-9/2)' = pl-k(2 sinh p12)k. 

Therefore, 

fk(u)  = Ek r k )(u+  
U(u+ ki 2 — r).  (20b) 

r  (k-1)! 

For the definition of U, see (3). 
A function is computed from its Laplace transform by 

means of the inversion integral (Bromwich); for in-
stance, 

044. 
fk(u) = (27 -4 f 0  p-11„,k(p)ePudp. 

0- 400 

For large k the integrand of this integral (here to be 
taken along the imaginary axis) has its maximum for 

pi-•k(e02 _ e- p/2)k  pep2k124. 

The result is an approximation of fk(u) for large k: 

fk(14)  6112k- 1/27 -1/2e- 6u2/k. (21) 

We arrive at another type of distribution function by 
differentiation of (20a): 

is 

ei"du} 2-2 { f in  f  +00 
ue surodu  =  ek (u )e iuvdu  

1/2 

.f-1/2  -1/2  -ce 

ck(u) = ufk(u)/k. 

A third type, of which we have already met examples, 

f  +co 1/2 
ei "du  k-1  

1/2 

f -1/2  - 1/2 

ai(u) = 142, 

al(u) = 0, 

u2ei"vdu} =  ak(u)eiuvdu 

-  2 =  =  2 

—  < U <  — < u < 00. 

ai(u) = 4-1p- 2(p2 — 4p + 8)eo2 

— 4-lp-2 (p2 + 4p + 8)e-02 

a1(u)  kl(P2 — 4p + 8)epi2 
— (p2 + 4p ± 8)e z'12  _ cp,2)k-1. 

This gives, for instance, 

a 2(u) = 1u3  
= _ 4j3 + 4142 _ 

— 1  u  0 

0  u  1 

= 0,  — 00 < u < — 1,  1 < u < 00. 

Approximation of the inversion integral leads to the re-
sult: 

ak(u)  ap,k(p)  ok+opsii2o 
12 

ak(u)  (12)-1(30)"2(5k + 4)-1127.-112e-aou'i(5k+4), 

It 

k large.  (22) 

Another function worth consideration is 

It 
2  f  1-co 1/2 

uejuvdu} =  b2(u)ei"vdu 
f -.1/  
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b2(u) = 1u2 - lu -  - 1  u  0 

= - 1u2 + 124 - 112-,  0  u  1 

= 0,  - 00 < u < - 1,  1 < u < 00. 

For large k we get the approximation: 

bk(u)  - (72)-'(30)2/2(7)-u2(5k - 4)-212  

11 - 60u2/ (5k - 4) } e-30.2/(bk-4). (23) 

The function hk(u) which we have used in the second 
section is defined by hk(u)=ak(u)-bk(u). Therefore, 

hk(u)  r 1- k te p  (P2 +  2) + e-p)(ep/2 _ e-p/2)(k-2). 

For h2(u), the result is 

h2(u) = 1(u + 1)2,  - 1 u  0 

=  u)3,  0  u  1 

= 0,  - Go < u < - 1,  1 < u < Go. 

For large k, 

hk(u)  hp,k(p)  illpe(5k-6)p7/120 

hk(u)  (12)-'(30) 1/2(5k 6)-1127 -112e-3021 (14- 81. (24) 

The approximate formulas are already fairly good for 
low values of k; for instance, 

h4(u) = 0.0667 (exact)  0.0688 (approx.) 

he(U) = 0.0512 (exact)  0.0526 (approx.) 

By differentiating the equation (20a) twice, we arrive 
at a relation between the functions: 

khk(u) = - k2bk(u)  u2fk(u). 

The functions fk(u) in particular have been treated fre-
quently since De Moivre.7 All these functions have a 
place in the theory of averages. One may compare 
Maurer's' paper, where some asymptotic formulas are 
derived in a more precise way. So far the rectangular 
distribution has been our starting point, but the com-
putation can be made for another type as well. The 
gaussian frequency distribution is attractive because it 
gives simple results. Moreover, we have already pointed 
out that a gaussian amplitude-versus-frequency char-
acteristic may be better approximated by real condi-
tions than a rectangular one. 
Corresponding to the original distribution Fi(u) 

=e-ru2, we get, in the same way as before, 

k  r+00 
'14 

{ J . + %- ru2+juv dtt}  =  Fk(u)e 0s du 

Fk(u) = 

Analogous to ak(u), we get 

A k(u) = -1-k-5 /2e- Tu2/k12u2 k(k - 1)171 

k = 1, 2, 3, • • • , 

(21a) 

(22a) 

7 A. De Moivre, "Mensura sortis," 1711; "Miscellanea analytica," 
1730. 

8 L. Maurer, "Ueber die Mittelwerthe der Funktionen einer reel-
len Variabelen," Math. Ann., vol. 47, pp. 263-280; 1896. 

and, instead of bk(u), we get 

Bk(u) = ik-5 /2e-Tu'ik(2u2 - klw) 

k = 2, 3, • • • ,  Bi(u) = 0. 

Here, 

j• -fao 

A k (u)e,urdu 
—ao 

September 

(23a) 

5 r +.0  2Fk(u)ei Fi(u)ei vdu k-1 1 u . 
.1 

In the same way, hk(u) is replaced by 

1 
Hk(u) = — k-'i2e-r"2/k 

2r 

k = 2, 3, • • • ,  Hi(u) = A k(u). 

(24a) 

All these functions have simple Laplace transforms, and 
are therefore easily found by this method. 

IV. FREQUENCY- MODULATION NOISE IN THE PRESENCE 

OF A NONMODULATED CARRIER W AVE 

When an unmodulated carrier-wave is present, to-
gether with a rectangular noise spectrum symmetrically 
around it, the input signal is given by: 

cap+ Aia 

v(i) = cos coot + E (an cos nt - b„ sin nt)  (25) 
Wo —A4/ 

This function is substituted in (7) and the average is 
taken in the same way as in (12). Some comments on the 
integration are given in Appendix II. 
The dc energy is now 

fofo-* = 0,02 + Epw)2e-liNc (29) 

1/NC is the quotient of signal energy and noise energy 
at the input of the frequency detector (N = 26ao). After 
introduction of the continuous variable u in the same 
way as in Section 2, the energy spectrum is given by: 

ao 

Ei(u)/4(Aw)2 = E 
r-1 

ao 

r--le-2/Nc IF12(_r  1, 1, 1/NC)h2,.(u) 

112(k-1) (k _r\ 

r ) (k - r)2(k - 2r) I(NC) k-2r 

1F12(—  r 1, k - 2r+ 1, 11 NC)Ikhk(u)+(k-2r)2bk(u) . (30) 

In this expression 1F1 is the confluent hypergeometric 
function, and hk(u) and bk(u) are the functions defined in 
Section 3. For the calculation we begin with the term 
for k = 1 and add the terms for the higher values of k 
until they are sufficiently small. The convergence of the 
development is shown in Appendix II. The first term in 
the development of E1(u) is 

4(pw)2NC(1 -  nc)2iti(u) 

6 211 W 

= 4(.6aW) 71VC(1 — clINC)2u 2, 0  u 
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As we are interested in the energy spectrum, only non-
negative values of u are important. For small values of 
NC the first term gives a good approximation of the en-
ergy. Then the effective noise voltage is Z6v.uu(NC)1/2. 
This gives the well-known triangular noise spectrum 
which is already given by the simplified analysis. 
The second term in the development of E1(u) is 

4&,2k-2INC h2( )  ppCnti  / k1  1/NC)e-1/NC 2 

•1112(u) d- 2b2(u)}1 

The third term is 

4Aw2[2N3C311 - (1 + 1/NC + 1/2N2C2)e- 1/NC  2 

• 1 h3(U)  3h3(U)  (2 NC)-l e-2/NC I3h3(u)  b3(u))]. 

For small values of NC the terms containing NkCk 
form an asymptotic expansion (asymptotic for NC-)0). 
We were led to this development when trying to get a 
more precise estimate from the same starting point as 
the simplified analysis.9 However, for the calculation of 
the output noise for larger ratios of input noise energy 
to signal energy, one has to take into account the full 

AI Filter characteristic 

2 06 

05 

04 

03 

0.1 

----fnoquency 

5 

2 

05 

02  04  06  08  10  124w 
Output noise frequency 

Fig. 1-Spectrum of effective noise voltage after detection. Parameter 
is input noise-to-signal energy ratio (NC). Rectangular ampli-
tude-versus-frequency characteristic of the filter. Remark the 
triangular spectrum for NC=0.01 and 0.1. The rms voltage of 
the noise in a small band of B cps is (B/2 w)"2 times the value 
given by the curve. 

9 F. L. H. M. Stumpers, "Eenige onderzoekingen over trillingen 
et frequentiemodulatie," (in Dutch), diss. Delft, pp. 38-46; 1946. 

terms of the development (30). For very large values 
of NC it is seen that the terms of the development (14) 
are predominant, thus affirming the result of Section 2. 
With the help of (30) we have calculated the energy 

spectrum by adding up the terms up to k= 10, or 2r =10, 
and making a graphical estimate for the remainder. In 
the following table the effective noise voltage {.E1(u) }1/2 
is given for u=0, 0.1, 0.2, 0.3, 0.4, and 0.5 (correspond-
ing to frequencies 0, 0.2z1w, 0.4kw, 0.6&o, 0.8&o, and 
Aw). It is seen that for NC= 0.1 the deviation from the 
triangular spectrum is still very small. For this value of 
NC, the output noise still grows linearly with the input 

TABLE III 

Effective noise voltage as a function of frequency and input noise-to-
signal energy ratio. Rectangular amplitude characteristic. 

Input 
noise-to-
signal 
ratio NC 

{El (u) 1 1/2/Aw 

u 0  I u=0.1 u =0.2 I u=0.3  u=0.4  u=0.5 

0.01 
0.1 
0.2 
0.5 
1 
2 
5 
10 

0.04032 
0.2763 
0.5275 
0.7071 
0.8836 
1.0260 

0.0200 
0.06485 
0.1014 
0.2988 
0.5191 
0.6664 
0.8143 
0.9512 

0.0400 
0.1294 
0.1900 
0.3679 
0.5500 
0.6500 
0.7593 
0.8868 

0.0600 
0.1935 
0.2802 
0.4564 
0.5933 
0.6582 
0.7207 
0.8336 

0.0800 
0.2574 
0.3702 
0.5658 
0.6739 
0.6882 
0.6991 
0.7920 

0.1000 
0.3208 
0.4594 
0.6750 
0.7616 
0.7377 
0.6930 
0.7630 

AO/ 2 

a 

11 00, 
if bandwidth Aw_fl 
auctobandwidth Loa" 

OW1 

OD001 

0,0696 6 TI  
01  1  10  100 

Input noise-to-signal ratio 

Fig. 2-Output noise energy as a function of input noise-to-signal 
energy ratio. If bandwidth is 10 times af bandwidth. Rectangular 
amplitude characteristic. Owing to the slow convergence of the 
series, the values for NC =5 and 10 are less accurate. 

noise. (Strict linearity would give 0.3162 instead of 
0.3208). There is already a marked deviation from the 
triangular spectrum for NC= 0.2. All results are shown 
graphically in Fig. 1. 
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For radio reception only the audible noise is impor-
tant. The ratio of the audio-frequency bandwidth to the 
intermediate-frequency bandwidth can vary between 
0.1 and 1. The noise energy is computed by integration 
of the noise energy El(u) between appropriate bound-
aries. For a ratio of 0.1 one has to take into account the 
noise between 0 and 0.1,6u.o (or 0  0.05). Figs. 2 and 
3 show the energy of the output noise as a function of 
the ratio of input noise to signal. Typical is the strong 
increase of the noise above NC=0.1 in the curves for 
Aco/ah, =5, or 10, as compared to the curve for Aco/co„ = 1. 
This effect was found experimentally by Guy and Mor-
ris." The influence of pre-emphasis can be calculated by 
multiplying the energy distribution after detection by 
(1 -1-R2Cho2)-1 . This we have done for an audio-fre-

TABLE IV 

Effective noise voltage (per unit frequency) as a function of 
frequency and input noise-to-signal ratio. Gaussian 

amplitude characteristic. 

NC 
{El(u) 1/2/  Aco 

u=0  u = 0.1  u=0.2  u=0.3  u =0.4  u=0.5 

quency 
75.10-6 

ao.,2/2 

0 

0.01  0  I 0.01969 0.03756 0.05209 0.06222 0.06752  0 
0.1  0.004684 0.06369 0.1214  0.1686  0.2009  0.2200 
0.2  0.06681  0.1129  0.1865  0.2513  0.2983  0.3253 
0.5  0.3486  0.3706  0.4223  0.4809  0.5278  0.5554 
1  0.5932  0.6054  0.6363  0.6724  0.7008  0.7137 
2  0.7999  0.8050  0.8176  0.8311  0.8380  0.8334 
5  0.9579  0.9577  0.9563  0.9513  0.9399  0.9203 
10  1.0183  1.0160  1.0090  0.9963  0.9772  0.9578 

Aw72 
1 

10 

00 

0001 

00001 
001 

4 L4). 

01  1  V 
Input noise -to-signal ratio 

Fig. 3-Output noise energy as a function of input noise-to-signal 
energy ratio. If bandwidth is 5, 2, or 1 times af bandwidth. 
Rectangular filter characteristic. 

VO 

1° R. F. Guy and R. M. Morris, "N.B.C. frequency modulation 
field test," RCA Rev., vol. 5, pp. 190-225; October, 1940. 

00001 

bandwidth of 15,000 cps and an RC time .of 
seconds. The result is shown in Figs. 4 and 5. 

Output noise energy 
atter Pre-emphasis 

01  1  V 
Input noise-to-signal rate 

Fig. 4-Output noise energy as a function of input noise-to-signal 
ratio, when pre-emphasis is applied with an RC time constant 
of 75.10-6 seconds. Analogous to Fig. 2. 

tw=5  

01  1  V 

VO 

100 
Input oolse-to-s9781 ratio 

Fig. 5-Output noise energy as a function of input noise-to-signal 
energy ratio. Pre-emphasis applied. RC time constant, 75.10-6 
seconds. Analogous to Fig. 3. 
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So far, the filter amplitude characteristic has been ideal-  provides a better approximation of actual conditions. 
ized to a rectangular form. As in Section 2, we shall con-  All calculations are similar to those already given, and 
sider now a gaussian amplitude characteristic, which  we have only to replace the functions hk(u) by Hk(u), 

ak(u) by Ak(u), bk(u) by B(u), etc., in the final result. 
Compare (21a) to (24a). The effective noise voltage is 

given as a function of the frequency and the input  noise-
to-signal ratio in Table IV. 
The results are shown in Fig. 6. Comparison with 

Fig. 1 makes it clear that the general behavior does not 
change, although there are minor deviations. In Figs. 7 
and 8 the energy of the noise is drawn as a function of 
the i - put noise-to-signal ratio in the same way as in 
Figs. 2 and 3, but now for a gaussian amplitude char-
acteristic. 
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Fig. 6—Spectrum of effective noise voltage (per unit frequency band-
width) after detection. Parameter is input noise-to-signal ratio 
(NC). Gaussian amplitude-versus-frequency characteristic of the 
filter. See also Fig. 1. 
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Fig. 7—Output noise energy of a receiver with an ideal frequency 
detector as a function of input-noise-to-signal energy ratio (NC). 
Gaussian amplitude characteristic of the filter. If bandwidth 
(energetically defined) 10 times af bandwidth. 
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Fig. 8—Analogous to Fig. 7, but if bandwidth 5, 2, or 1 
times the af bandwidth. 

V. NOISE IN THE PRESENCE OF A FREQUENCY-
MODULATED SIGNAL. SUPPRESSION OF THE 

MODULATION BY NOISE 

When a frequency-modulated signal is amplified in a 
receiver, there may be some distortion of the modula-
tion due to insufficient bandwidth or to a nonlinear 
phase characteristic. In the following calculations we 
shall leave this effect out of account and assume that 
the signal passes the filter undistorted. 
With a rectangular amplitude characteristic of the 

filter, the input-signal is given by 

v(t) = cos (coot m1 sin pt) 

E (an cos nt — b„ sin iii)  01) 
too —deo 

tn1 =  Awi/P• 
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It is necessary to substitute this function v(t) in (7) and 
to take the average, as in (12). Some remarks on the 
integration are given in Appendix III. Use is made of 
the following abbreviations: 

a = 
1  ik —  o- 21 NC 

(k — r)2(k — 2r)!  r  (NC) k-2r 

J .{ (k — 2r)mi} = J. 

1F1(— r  1, k — 2r + 1, 1/NC) = X 

1F1( — r, k — 2r + 1, 1/NC) = Y 

u — mp/2Aw = 

The noise energy is then given by 

Es(u)/4w2 = E  + 1, 1, 1/NC)h2,.(u) 

+ E 
1/21k-1)  +co 

E E [ax2.T.2f khk(u,n) 
fn —ce 

▪ (k — 2r)2bk(u.)} 

• 2ak-1X kX — 2(k — r)Ylmp(24,4)-1.1.2u,,,f1,(u.) 

▪ a(k — 2r)-2 1 kX — 2(k — r)Y 12m2p2(24,40-2J .2f 4(u.){ 

00 

▪ E i(NC)- e2 -21Nc r + 1, 2; 1/NC) 
o.1) 

04002(2,14 )-2 thr(14-0  f2,(14+0 .  (33) 

J. is the Bessel function of order m and argument 
(k —2r)mi. The functions hk(u), bk(u), fk(u) are dis-
cussed in Section III. We have not yet used fo(u) =5(u) 
(this is the same 6-function as used in Section I). 
In calculating the spectrum from (33), one has to 

start with the terms of the lowest order. Here the last 
term of (33) gives the only term of order zero. It gives 
a result different from zero only if u=p/2&o; that is, 
only for the frequency p. The energy for that frequency 
is 

i(NC)_2e_2' NC  1F12(1, 2, 1/NC)(Aco2)2 

_ e-tiNcr. 

t 

05 10 15  20  25 
Input node-to-signal ratio 

Fig. 9—Suppression of the modulation by noise. Ordinate: amplitude 
of the modulation. Abscissa: noise-to-signal energy ratio. 

Whereas, in general, E2(u) gives the energy per unit 
bandwidth, here the energy is concentrated in a single 
line (this is the meaning of the 6-function). It is the 
energy of the modulation. If no noise is present, the 
amplitude of the modulation is Ao.h. In the presence of 
noise this amplitude is modified to Acol(1 —e-uNC) where 
1/NC is the ratio of signal energy to noise energy (if). 
(See Fig. 9). Thus (33) takes into account the suppression 
of the modulation by noise. 
The first-order term in (33) gives: 

4(Aco)2NC(1 — e-11N)u2  4(,(41)2(NC)-le-2/NC. 

For small values of NC, this is a fair approximation for 
the output noise. Then the sweep of the modulation has 
no effect on the noise energy. We see from this term, 
however, that, when the noise energy is not small com-
pared to the signal energy, the sweep of the modulation 
affects the noise after detection. This effect was found 
experimentally by Guy and Morris," and is fully de-
scribed by (33). When, instead of the result for a rec-
tangular filter, one wishes to know the result for another 
symmetrical filter, one has only to substitute the ap-
propriate functions for hk(u), bk(u),fk(u). For a gaussian 
amplitude characteristic, these functions have been dis-
cussed in Section III. As the amount of work involved in 
numerical calculations of the noise by means of (33) is 
considerable, a numerical example is omitted. 
All of the above calculations refer to the noise ener-

gies inherent in the system of. frequency modulation. 
They will give an increasingly better approximation of 
the practical results as the frequency detector more 
nearly approaches the ideal. 

APPENDIX III 

Starting from (12), we integrate first with respect to 
a.. This integral has the form 

(21C)-2 /2i  exp t — an2/C+ ia.(iti cos nti — nu2 sin nti 
-. 

U3 cos nt2 — nu4 sin nt2)1 don 

exp 1— (C/4)(ut cos nti — nu2 sin nti 

u3 cos nt2 — nu4 sin nt2)21. 

In the same way, the integration over b„ gives 

exp —C/4(u2 sin WI + nu2 cos nti 

u3 sin 1112 + nu4 cos nt2)2). 

Multiplying all probability integrals, we get 

exp [— (C/4) E + fl 2342 4- u3 -1- 2  2  2  2  n22i42 

+ 2(ults3 + n2u2u4) cos nv + 2n(uiu4 — u2n3) sin nv ] (16) 

" In the Appendixes a more specified outline of the calculations 
is given, but for space considerations much ordinary algebra has been 
left to the reader. 
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where the summation has to be taken over all n satisfy-
ing 

and 

wo — Au) n coo -I- Aco 

V = 11 — 12. 

Let us introduce new variables 132= u2wo, 134= /Joh, 
s=n—wo, and make a series development of that part 
of the exponential form which contains cos (wov-Fsv) 
and sin (wovd-sv): 

410 
E (— c/4)k(1ik!)[ E {2a, cos (wov sv) 
k 

Here 

+ 27, sin (wov sv) k. 

a, = uvu3 + 02134(1  SP430)2; 

7. = (04 — #2u3)(1 s/wo). 
This form can also be written: 

E (—C/4)k(1/k!)[ E I (a, — i7s)ei°0v+is° 

+ (a, -I-  jk. 

As in Section I, we are only interested in such values of 
m in (7) and (12) which are small compared to wo. 
Therefore, as in the example treated in Section I, we 
use the binomial formula and retain only those terms 
which contain no wov. The result is 

(c/4)2L(k!k!)-il E (a, —  k 

• 1 E (a. +  (17a) 
Now we develop the integrand with respect to s/wo and 
stop at (s/wo) 2. The result can be integrated straight-
forwardly. The following types of integrals occur 
(7=NC/4, N=2,6,co): 

If 
+co 

e-1(ut2+1122)(u1 2 u2 2)ku2 -2dui du2 = 0, if k  0 

11: 

112 

ff7 

= — 27, if k = 0 
e- (01 2+022) (u1 2  1/2 2) k-lui 2u2 -2dui du2 

= — (k — 1)!77- k, k  1 
e-,(ui24-,022)(u,2  u2 2)k-ldui du2 

= (k — Wiry- k, k  1 

e_ (“12+“22) (u12 +  142 2) k- lui 4u2-2,1111,1u2 

= — 312(k — 1)!77- k, k  1. 
This leads directly to (13a) and (13b). The introduction 
of (8a) (symmetrical amplitude characteristic) modifies 
(16) into 

exp [— C/4 E f2(n) u -I- nu2 2 143 2 +  11 2u4 2 

+2(4043+ n2u2u4) cos nv-F2n(uiu4—u2u3) sin nvlb (16a) 

The phase characteristic does not influence the calcula-
tions. On account of the symmetry in the characteristic, 
we only have to introduce an extra factor f2(s) in both 
sums of (17a). After changing to the new variable u, 
this leads directly to (15a). In case the amplitude char-
acteristic is not symmetrical, the change in (17a) is 
greater. Instead of (17a), we now get: 

E (c/4) 2,(ck) t E f2(.5)(a .  IC 

• E f2(s)(as  i78)e-"v1 k. 

After introduction of the new variable u, the analogue of 
form (15a) is, then, 

f  4 co 

1124 (U)e i"vtilt =  { f  F(u)ei"vdit f u2F(—u)ejuvdu 
4 - .0 

fF(—u)ei“vdu f u2F(u)ei"vdu 
— 2 uF(u)ei"vdu uF( — ii)ejuvdu} 

k-1 
• '{ f F(u)ei"vdu f F(—u)el"vdul  . 

In this expression all integrals are from —00 to 00. 

APPENDIX II 

Equation (25) is substituted in (7) and the average is 
taken as in (12). The integration over a. and b. goes 
exactly in the same way as in Appendix I. As in (16), 
the result is a function of 12—ti =v. When we introduce 
new variables ti and v, instead of ti and 12, the integra-
tion over ti gives the result: 

1/(473) f dve- invjolui 2 u2 2„,02  u3 2 ±  114 2,4) 2 

- 2(u in3 

- 2(u1n4 — 

u2u4w02) cos nv 
u2u3)wo sin nv1 112 .  (26) 

The Bessel function can also be written 

E (_0„mui 2 2,22,„„02),,2jju3 2 
- .0 

where 4) is defined by 

and 

/442(.012)1/2 eig(̂ v-4-0)  (27) 

141143 -I- u2u4c0o2 
cos  —   (1412 + u2 2w0 2)1/2(u3 2 u4 2,4,02)1/2 

sin it. = (14,2  u2 2u,o2)1/2(us 2 u4 2‘00 2)1/2 
(142143 - 

Introduce new variables as in Appendix I, and expand 
into a series that part of the exponent which contains 
cos (wov+sv) and sin (wov+sv). This gives the same re-
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suit as in (17). Binomial development of the terms of 
this sum results in the double sum: 

E E (c/4)kl(k -  (a, —  .)e'  

ra.0 

1 E (a, +  r. ei(k-2r)coov. 

APPENDIX III 

After the introduction of (31) in (7), the averaging 
has to be done as in (12). The first steps in the com-
putation are the averaging over all an, ba, and the re-
moval of all terms containing cos coot. Further, we in-

(28)  troduce new variables as in Appendix II. If, now, 

Now we have to integrate the product of (27) and (28) 
and 

exp — (CM) E (ui2 + 0.2 + 1,32 + 0.2)1 
in which 

1320 = 02( 1 +  S/W0);  134a = 134( 1 S COO). 

As m is small compared to coo, we have to choose 
q+k —2r =0. g= 2r —k. Again we expand into a series 
with respect to s/coo, and stop at (s/coo) 2. We introduce 
the continuous variable u and we use the functions in-
troduced in Section III. The result is 

E E 12u2fk(u) - 8(k — r)rbk(u)) 1(k — r)!r!) -4, ),k. 
k-1 r-0 

•ff0 
ao 

dX1Y. 4-2r(X). 4-2r(Y) xk—lyk—le —y(x'-i-y2). 

Here 7=NC/4. These integrals are of the type called 
by Watson" "Weber's first exponential integral." Their 
computation leads to equation (30). 
To show the convergence of the development, we re-

turn to a single sum. The part of the formula con-
taining bk(u) is modified into 

E - 8bk(u)(k!)-1 (27)k(27)-1 
2 

.10 d  dx 2r  # .1 0  f OwdyJol(x2 + y2 — 2.,ry cos iii) 1/2 

• (cos ik) k-2e— (x24-0)xk—lyk-1 . 

This series is even convergent when J0 is replaced by 1 
when the rest of the integrand is positive, and by —1 
when the rest is negative. For k large, the general term 
of the series behaves as bk, or is smaller, and converges 
to zero at least with k-312 . The part of the formula con-
taining fk(u) is still faster convergent. 

12 G. N. Watson, "A Treatise on the Theory of Besselfunctions," 
second edition, p. 393; Cambridge, 1944. 

G(02, 04, %I.,) = ui 2 ± 1322 _1_ u3 2 + 1342 

2(u1 2  /322)1 /2(u3 2  /342) 1/2 cos 0, 

the result of these first steps can be written in the form: 

2f„,f„,* = (87r4)-'w02 f di, f dve-inv 

• ffff exp — (c/4G)E  
•Jo11G(02b, 04b, 4,b)) 11 1/32-204-2duid02du3d134. (32) 

In this formula we have used the following abbrevia-
tions: 

02. = 02(1 + sicoo); 

026 

& 01 

= /32 (1 + — COS Pi ); 

1345 = )34( 1 S I WO); 

& di 

1346 = 134( 1 +  —  cos pol — 0); 

=  SV  Oa; 

11/6 = WOV  no, sin p(t — v)  in, sin pi — 44; 

= Awl/ p 

COS 402, 13) 

sin 0032, 04) — 

UjU  +  02134 

(h' + 022)112 (14 32 + 0 2)1/2 4 

U1114  14 3132 

(u1 2  /322)1/2( 43 2 ±  042)1/2 

4.. = 4($2., 0);  = (6(02b, 040.  . 

As before, we take the terms in the exponent containing 
coov and expand into a series. We also use the series of 
(27) for Jo, and take the terms together in such a way 
that coov disappears from the result (q= 2r —k). 
This time we are interested in terms up to (s/coo) 2, 

(sAcodcoo2), and (Aco12/c002). 
The integrals are of the same type as in Appendix II. 

The result of the integration is given in (33). 

C" ?} 5-D 
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A Note on a New Ionospheric-Meteorological 
Correlation* 

T. G. MIHRANt, STUDENT MEMBER, IRE 

Summary—Past investigations in the field of ionospheric-
meteorological correlation are reviewed, with special emphasis on 
ionospheric characteristics correlating with barometric pressure. 
An attempt to verify past correlations involving pressure has been 

made with negative results. However, a new correlation is pre-
sented between the time-of-occurrence of the maximum Fs critical 
frequency during a single day and the average daily barometric pres-
sure. 

INTRODUCTION 

IN GENERAL, ionospheric characteristics have been correlated with two types of meteorological phe-
nomena—the variation of barometric pressure at the 

surface of the earth, and the occurrence of thunder-
storms. Very little work has been done in this field by 
American investigators. It would seem desirable to at-
tack the great mass of ionospheric data which has been 
gathered during the past ten years with a view toward 
verifying past correlations and discovering new ones. 
What can be done along this line is indicated by the new 
correlation noted below. This was uncovered in a defi-
nitely limited study. It would seem quite possible to 
discover other correlations, if available data are sub-
jected to a thorough, systematic study. 

CORRELATION WITH BAROMETRIC PRESSURE 

The first experimental evidence of an ionospheric-
meteorological correlation was reported by Ranzi from 
Italy. He found that there was an increase of E-layer 
ionization after sunset when barometric depressions oc-
curred at the place of observation or north of it.' In 
one of the few American investigations, Colwell re-
ported on some data which indicated a lack of E-layer 
reflection in high-pressure regions.' From Australia, 
Martyn reported a very close correlation between 
E-layer ionization density at night and the barometric 
pressure at ground level 12 to 36 hours later.' Many 
interesting correlations were pointed out by Martyn and 
Pulley, one of which was between the occurrence of 
nocturnal E-layer ionization and barometric pressure. 
Another showed direct correlation between E-layer 
critical frequency and barometric pressure. The pub-
lished curves showing these and other.correlations cover 

Decimal classification: RI13.501.3. Original manuscript re-
ceived by the Institute, November 7, 1947; revised manuscript 
received, March 5, 1948. 
t Stanford University, Stanford Village, Calif. 
1 I. Ranzi, "Causes of ionization in the upper atmosphere," 

Nature (London), vol. 130, P. 545; October 8, 1932. 
2 R. C. Colwell, "Cyclones, anticyclones, and the Kennelly-

Heaviside layer," PROC. I .R.E., vol. 21, pp. 721-725; May, 1933. 
3 D. F. Martyn, "Atmospheric pressure and the ionization of the 

Kennelly-Heaviside layer," Nature (London), vol. 133, pp. 294-295; 
February 24, 1934. 

a period of only eleven days, but the authors state that 
they found similar correlation for several months.' The 
only negative results that have been reported were ob-
tained by Best, Farmer, and Ratcliffe in England. They 
reported that E-layer ionization did not correlate with 
barometric pressure.' 
Martyn and Pulley also presented several correla-

tions with F2-layer characteristics. They found direct 
correlation between maximum F2 critical frequency and 
pressure. In addition, they found inverse correlation 
between pressure and both the minimum height of the 
F2 layer and the time-of-occurrence of the minimum 
height. They were the first to attempt even a qualita-
tive explanation of their results. They suggest that, 
since pressure changes on the surface of the earth cause 
a variation in the ozone content of the atmosphere, this 
variation of ozone content causes a variation in tem-
perature. Thus, over a barometric depression, the ozone 
content of the atmosphere is high, the temperature is, 
therefore, high, and ionization densities are low." Bajpai 
and Pant, working in India, found fair inverse correla-
tion between the time-of-occurrence of the minimum 
height of the F2 layer and pressure, but poor direct cor-
relation between F2 critical frequency and pressure.' 
In an investigation using Australian data, Bannon, 

Higgs, Martyn, and Munro found a correlation between 
P's-layer characteristics and certain meteorological con-
ditions. Rather than attempting to compare data on a 
day-by-day basis, they instead divided days into two 
types, "frontal" and "nonfrontal." "Frontal" days are 
those in the transition zone between two successive 
anticyclones. In this region, there is a sudden discon-
tinuity in the characteristics of the air. In an analysis 
extending over a period of 530 days, it was found that 
the average value of the square of F2 critical frequency 
was higher on "frontal" days than on "nonfrontal" days. 
They think convection or diffusion times of pressure 
effects would be so long as to be prohibitive in explain-
ing correlations obtained. Rather, they suggest large-
scale movements of air in the high atmosphere appar-
ently paralleling movements at lower levels. They con-
clude that a great, and probably the major part, of the 
day-to-day fluctuation of F2-layer ionization density is 

4 D. F. Martyn and 0. 0. Pulley, "The temperature and constitu-
ents of the upper atmosphere," Proc. Roy. Soc. A, vol. 154, pp. 455-
486; April, 1936. 

6 J. E. Best, F. T. Farmer, and J. A. Ratcliffe, "Studies of region 
Ed the ionosphere," Proc. Roy. Soc. A, vol. 164, pp. 96-116; January 
7, 1938. 

4 R. R. Bajpai and B. D. Pant, "Further studies of F-region at 
Allahabad," Indian Jour. Phys., vol. 13, pp. 57-71; February, 1939. 
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associated with meteorological changes at the ground.' 
Most recently, descriptive reports from Russia indi-

cate a correlation has been noted there. Kessenikh and 
Bulatov compare data taken at Tomsk and Moscow. 
These stations differ only thirty minutes in latitude but 
have a widely different climate. It was found that, in 
winter, when Tomsk mean monthly atmospheric pres-
sure was higher than that of Moscow, so was F2 critical 
frequency. In summer, when the pressure equalized, so 
did F2 critical frequency.8 It should be noted, however, 
that from geomagnetic considerations, higher winter F2 

critical frequencies would be expected in Tomsk than in 
Moscow. 

CORRELATION WITH THUNDERSTORMS 

Some eight years in advance of any experimental 
data, C. T. R. Wilson predicted qualitatively that the 
electrostatic fields of thunderclouds might affect the 
ionization of the Kennelly-Heaviside layer.8 In a mathe-
matical analysis based upon ionization by the radiation 
field of lightning flashes, Bailey and Martyn arrived at 
the same conclusion." However, an error in their work 
was detected by Healey and, upon subsequent correc-
tion, the analysis predicted no correlation." In a later 
paper, Bailey suggested a more accurate method of 
approach." Accordingly, the work was reviewed by 
Healey and another analysis was carried out using the 
modified approach. From this it was concluded that, 
during the day, less than 1 per cent of the lightning 
flashes will cause a notable increase in the ionization 
density of the E layer, but that at night this proportion 
is considerably greater; and that if there always exists 
in the ionosphere a constant electric field of the order of 
0.5 volt per meter, the increase will often be very 
marked." 
The first experimental verification of a correlation be-

tween thunderclouds and E-layer ionization was made 
by Ratcliffe and White in England. A statistical study 

7 J. Bannon, A. J. Higgs, D. F. Martyn, and G. H. Munro, 
"The association of meteorological changes with variation of ioniza-
tion of the F2 region of the ionosphere," Proc. Roy. Soc. A, vol. 174, 
pp. 298-309; February 21, 1940. 

8 V. N. Kessenikh and H. D. Bulatov, "The continental effect in 
the geographic distribution of electron concentration in the F2 

layer," Comp& Rend. Acad. Sci. (U.R.S.S.), vol. 45, pp. 234-237; 
November 30, 1944. Abstract: Wireless Eng., vol. 22, p. 394; August 
1945. 

9 C. T. R. Wilson, "The electric field of a thundercloud and some 
of its effects," Proc. Phys. Soc. (London), vol. 37, pp. 32D-37D; 
November 28, 1924. 
'° V. A. Bailey and D. F. Martyn, "The influence of electric 

waves on the ionosphere," Phil. Mag., vol. 18, pp. 369-386; August, 
1934. 
" R. H. Healey, "The influence of the radiation field from an 

electrical storm on the ionization density of the ionosphere," Phil. 
Mag., vol. 21, pp. 187-198; January, 1936. 
" V. A. Bailey, "The motion of electrons in a gas in the presence 

of variable electric fields and a constant magnetic field," Phil. Mag., 
vol. 23, pp. 774-791; April (Sup.), 1937. 

13  R. H. Healey, "The effect of a thunderstorm on the upper at-
mosphere," A. W.A. Tech. Rev., vol. 3, pp. 215-227; April, 1938. 

of the results appeared to indicate that a correlation did 
exist." On the basis of an investigation carried out in 
India, Bahr and Syam reported a correlation coefficient 
of 0.5 between thunderstorms and an abnormal increase 
in E-region ionization." Best, Farmer, and Ratcliffe 
again rejected the correlation. Further, they re-ex-
amined data used by Ratcliffe and White and decided 
that, when analyzed under stricter standards, correla-
tion did not exist.8 

INVESTIGATION BY THE AUTHOR 

Since attempts at correlation with thunderstorms 
necessitate the establishment of a somewhat arbitrary 
standard as to just what constitutes a thunderstorm, it 
was decided to let pressure represent meteorological 
phenomena. It should be noted that there is a unilateral 
relationship between thunderstorms and barometric 
depressions; i.e., thunderstorms are always accom-
panied by barometric depressions," but barometric de-
pressions frequently occur without thunderstorms. Con-
sequently, a correlation of ionospheric characteristics 
with thunderstorms should of necessity also indicate a 
correlation with pressure. This suggests the possibility 
that the variation of pressure is associated with the 
fundamental agency affecting the ionosphere, and that 
the occurrence of thunderstorms is merely an indirect 
measure of occasional decreases in pressure. Unfor-
tunately, the truth of this conjecture could not be in-
vestigated at this locality because of the almost com-
plete absence of thunderstorms. 
Continuous pressure information was available from a 

recording barograph in the Physics Department of 
Stanford University, and hourly ionospheric informa-
tion was obtainable from the Electrical Engineering 
Department as a result of research sponsored by the 
Bureau of Standards. Daily means of pressure were 
used in all correlation studies, although examination 
showed little difference between noon values and daily 
means, pressure being a relatively slowly varying func-
tion of time. 
At first, it was thought that a purely statistical study 

would be most satisfactory, but this approach was dis-
carded after further consideration since most elemen-
tary statistical methods are not suitable for studying 
two sets of data between which there might possibly be 
a lag. Instead, during a two-week period of violent 
pressure variation, ionospheric data and corresponding 
daily means of pressure were plotted simultaneously. If 
there appeared te be any indication of correlation, the 

14  J. A. Ratcliffe and E. L. C. White, "Some automatic records of 
wireless waves reflected from the ionosphere," Proc. Pity:. Soc. 
(London), vol. 46, pp. 107-115; January, 1934. 

26  J. N. Bahr and P. Syam, "Effect of thunderstorms and magnetic 
storms on the ionization of the Kennelly-Heaviside layer," Phil. 
Mag., vol. 23, pp. 513-528; April, 1937. 
"S. Petterssen, "Weather Analysis and Forecasting," p. 85, 

McGraw-Hill Book Co., New York, N. Y., 1940. 
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period was extended. Correlation was sought between 
pressure at the ground and the following ionospheric 
characteristics: (1) maximum E-layer critical frequency, 
(2) occurrence of sporadic-E layer, (3) maximum 
sporadic-E critical frequency, (4) minimum F2-layer 
height, (5) time of minimum F2-layer height, and (6) 
maximum F2-layer critical frequency. All attempts at 
correlation were unsuccessful. 
Upon further examination, the data yielded an un-

expected correlation. It was found that on days when 
the daily mean pressure at the ground was high the 
maximum F2 critical frequency occurred in the morn-
ing; whereas on days of low pressure the maximum 
critical frequency occurred in the late afternoon. This 
tendency prevailed quite markedly during the winter of 
1945-1946, in particular during the months of December 
and February. Simultaneous plots of mean pressure and 
the peak ionization time of the F2 layer for this period 
are given in Fig. 1. Both plots are of winter-time condi-
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Fig. 1—Simultaneous plots of daily mean barometric pressure at the 
ground and peak-ionization time of the Fk layer. 

tions. Correlation was not found during the summer for 
two reasons: Firstly, pressure variations are much less 
pronounced during the summer months than during the 

winter months; consequently, any possible correlative 
variations in the ionosphere are masked by other effects. 
Secondly, during the summer months the F2 critical fre-
quency has a very broad peak during any one day, 
which makes determination of the hour of maximum 
critical frequency difficult and rather meaningless. 
During the winter months there is usually a definite 

peak of ionization, although quite often there are 
secondary peaks during morning increases and after-
noon decreases of ionization density. Less often there 
are two equal peaks of ionization, one in the morning 
and one in the afternoon. In such a case there is no 
purely objective method of determining which peak 
corresponds to the pressure variation. During the forty-
four days covered in Fig. 1, there were six such double 
peaks. The alternative points are marked. Values giving 
best correlation were used for drawing the curve, but it 
can be seen that correlation would not be destroyed by 
.using the less desirable points. This double-peak com-
plication indicates that a modified method of analysis 
would be desirable. 
Data were also examined for months other than those 

covered in Fig. 1. Data for January and February, 1945, 
showed interesting correlative tendencies, but iono-
spheric data was not complete, preventing comparison 
of data for more than a few days at a time. In Novem-
ber, 1945, there was a preponderance of secondary and 
multiple peaks, making data difficult to interpret. In 
January, 1946, ionospheric data were not complete for 
the first fifteen days, whereas pressure variation and 
shift in peak ionization time were indecisive during the 
last fifteen days. During the four months of winter in 
1946-1947, correlation was not as good as that obtained 
during the previous winter. 
It is difficult to attempt an explanation for the correla-

tion found, since ionization and recombination processes 
in the F2 layer are not well understood. However, if a 
decrease in air pressure at the ground may be associated 
with a corresponding decrease in atmospheric density in 
the F2 layer and a consequent increase in the mean 
time necessary for recombination, it might be expected 
that the peak of ionization would occur later in the 
afternoon than normal. This checks with the experi-
mental data. 
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A Phase-Shift Oscillator with Wide-Range Tuning* 
G. WILLONERt AND F. TIHELKAt 

Summary—A new audio oscillator of the phase-shift type is dis-
cussed. The oscillator can cover continuously the entire audio-fre-
quency range, and tuning is achieved by varying but one element 
of the feedback network. The theory of the new principle and a de-
scription of the oscillator are given. 

INTRODUCTION 

ADEQUATE FREQUENCY stability, the most 
important demand of modern audio oscillators, 
has been achieved by the utilization of the RC 

principle.'-5 RC oscillators have a low harmonic content 
and a simple electrical and mechanical structure, largely 
because of the direct manner of their oscillation and 
the use of thermistor amplitude control. 
Regeneration networks of RC oscillators contain only 

resistive and capacitive elements. The circuits gen-
erally used cover a frequency range of 1 to 10, obtained 
by the simultaneous varying of two circuit elements. 
Tuning of a wider frequency range makes band-switch-
ing necessary. This weakness of RC oscillators explains 
why heterodyne oscillators still are utilized. 
The oscillator described in this paper is of the phase-

shift type, but its feedback network is of a more complex 
structure than that of RC oscillators. Besides RC ele-
ments it contains self inductances, and it employs also 
mutual inductances. 
A phase-shift oscillator is an amplifier in combina-

tion with a feedback network. Steady-state sinusoidal 
oscillation fulfills the equation 

A = (1) 

Both A (the feedback factor) and G (the gain of the 
amplifier) are vector quantities. Equality of absolute 
values in the above equation indicates constancy of the 
amplitude, and equality of phases ensures stability of 
the generated frequency. 
According to (1), fundamentally it is possible to build 

an oscillator so long as G>1, and for this reason the 
oscillator discussed in this paper was developed for a 
single-tube amplifier. As the phase-shift of a single-

Decimal classification: R355.914.31. Original manuscript re-
ceived by the Institute, August 15, 1947; revised manuscript re-
ceived, February 24, 1948. 

Telephone Factory Company Ltd., Budapest, Hungary. 
1 H. H. Scott, "A new type of selective circuit and some applica-

tions," PRoc. I.R.E., vol. 26, pp. 226-235; February, 1938. 
▪ F. E. Terman, R. R. Buss, W. R. Hewlett, and F. C. Ca-

hill, "Some applications of negative feedback with particular refer-
ence to laboratory equipment," PROC. I.R.E., vol. 27, pp. 653-655; 
October, 1939. 

3 E. L. Ginston and L. M. Hollingsworth, "Phase shift oscilla-
tors," PROC. I.R.E., vol. 29, pp. 43-49; February, 1941. 

4 G. Willoner and F. Tihelka, "Tongenerator ohne Schwinguns-
kreis," Arch. fur Tech. Messen., No. 117, T44; March, 1941. 
▪ G. Willoner and F. Tihelka, "Ober Phasenschiebergeneratoren," 

Hochfrequenzt. find Eleletroakustik, vol. 61, pp. 48-51; February, 1943. 

tube amplifier with resistive load is 180°, an oscillator 
can be obtained with the help of a feedback network 
which gives a further phase shift of 180° at the gen-
erated frequency. The feedback path should have mini-
mum attenuation, so as not to require unnecessary gain 
from the amplifier. 
Such a network can be obtained by means of a reac-

tive filter. If there is no energy reflected from the input 
terminals and there is no loss in the filter itself, energy 
passes without attenuation. 

THE ALL-PASS LATTICE SECTION 

The characteristic impedance and the voltage ratio 
of a symmetrical filter section can be expressed e by the 
two pairs of impedances of its lattice-type equivalent 
(Fig. 1): 

El 

Z 

Fig. 1—Circuit of the lattice. 

With a resistive characteristic impedance R, the rela-
tion of Z1 and Z3 of the lattice is given by (2) to 

R 2 

Z2 = 
Z1 

and the voltage ratio becomes, with (3), 

V R2/Zi 
 + 1 

E2  V R2/Zi 

1 

Z1 

R  Z1 

R — Z1 

(4) 

Fig. 2 shows the vector diagram of the above circuit if 
Z1 is a pure reactance. In that case R+Zi and R— Z1 are 
conjugate, so that 

6 See Appendix. 

E2 
  - 1, 
I R —ZI 
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the lattice network has zero attenuation at all frequen-  the lattice is more convenient. This form has the ad-
cies, and thus it is an all-pass section. The angle of the  vantage of a common input and output terminal, and 
voltage ratio represents the phase shift of the network  can be easily applied as a feedback network. 
(Fig. 2):  Fig. 1 shows the lattice, and Fig. 4 its three-terminal 

equivalent. The equivalence is evident in view of the 
symmetry theory of Bartlett which was generalized by 
Brune, and which states' that a two-terminal network 

Fig. 2—Vector diagram showing phase-shift of an all-pass 
lattice section. 

Ei Z11 
= arc — = 2 arctg 

E2 

If Z1 takes the form of an inductance, then Zi=jcaL, 
and 

coL, 
= 2 arctg 

The impedance Z2 of the lattice is, according to (4), 

R2 1 
Z2 =  = 

iCaL 

1w-

Hence, Z2 must take the form of a capacitance of the 
value 

c — • 
R2  

(6) 

Fig. 3 shows the resulting all-pass lattice section. Its 
characteristic impedance is, from (2) or (6), 

Fig. 3—The all-pass lattice section. 

and its phase shift is 

= 

IL 
R = 

2 arctg coVEC. 

(7) 

The above discussion is based on the lattice which is 
the general type of four-terminal network. For use in 
phase-shift oscillators, a three-terminal equivalent of 

Fig. 4—Three-terminal equivalent of the lattice. 

of the lattice impedance Z2 is obtained if a four-ter-
(5)  minal network is divided through its axis of symmetry, 

and if the ideal transformers on the half network with 
the ratio —1:1, connecting the two halves, are short-
circuited. The lattice impedance Z1 is obtained in a 
similar way, but in this case the imagined transformers 
with the ratio 1:1 are short-circuited. 

2 L. 

(a)  (b) 

Fig. 5—(a) Three-terminal all-pass section. (b) Simplified 
circuit. 

With the lattice impedances of Fig. 3, the three-
terminal all-pass section changes into that of Fig. 5(a), 
and, as the transformer is an ideal one, the circuit is 
equivalent to that of Fig. 5(b). 

THE ALL-PASS FILTER 

The feedback path of the oscillator discussed is built 
up of all-pass sections as seen in Fig. 5(b). To obtain 
continuous tuning, the filter sections are shunted by a 
high-resistance potential divider from which the feed-
back voltage can be obtained by means of a sliding 
contact (Fig. 6). 

7 0. Brune, "Note on Bartlett's bisection theorem," Phil. Mag., 
Ser. 7, vol. 14, p. 806; November, 1932. A proof of the equivalence 
of the networks of Figs. 1 and 4 is given in the Appendix. 
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A vector diagram of this feedback device is shown in 
Fig. 7. The frequency corresponding to each slide posi-
tion is the frequency that gives 180° phase shift from 
filter input to the tapped point :8 

21.4 

4)1 +  + • • • ±  +  = 180°. 

E, 

2E1 2C2 2E3 2E, 

AripL INPUT 

Fig. 6—Shunted all-pass filter as feedback path of the oscillator. 

Fig. 7—Vector diagram to Fig. 6. 

Feedback voltage E has a fluctuation according to 
the position of the slide (Figs. 8(a) and (b)). To keep 

(a) (b) 

Fig. 8—(a) All-pass filter section. (b) Its vector diagram at 
tuning. 

fluctuations low, the maximum phase shift of a filter 
section, in its own frequency range, should not exceed 
90°. In this case, according to (5), 

con—iLn 
2 arctg   — 90° 

S Using an all-pass filter with many filter sections, oscillation 
would be possible at frequencies for which the phase shift through the 
feedback path is 180+n(360) degrees, where n is an integer. Oscilla-
tion at the higher frequencies is generally automatically avoided in 
consequence of the smaller gain of the amplifier at these frequencies. 

and 

or 

— 1 

Ln =   (8) 

where 
Ln= the half self-inductance of the nth section 
R= the characteristic impedance of the filter 

con—i =27r.f.,,I, where f„_.1 is the highest frequency ob-
tained at the nth section, i.e., the lowest fre-
quency at the n-1 section. 

The half-capacitance of the nth section, according to 
(6), is 

L, 
C, = — • 

R2 
(9) 

DESIGN OF THE OSCILLATOR 

An oscillator designed on the above principles for the 
frequency range of 100 to 10,000 cps is briefly de-
scribed, and the calculation of the filter is shown. Fig. 9 
shows the circuit diagram, where a power pentode is 
used as the amplifier. The matching transformer between 
the tube and the filter is built for high self-inductance 

1 I a 

Isoust isoost 
—'VWW,AAMAt 

L 222_2:1" 

Fig. 9—Circuit diagram of a phase-shift-oscillator for a 
frequency range of 100 to 10,000 cps. 

0.1.1 

15002 15002  15004  150°2 

AWATAMA1 

—  -- 
9.1 0' pis 0 2.4 ',' 5,4.F 975 µF 10 ur a, ri, 416mF  

1 

and minimum leakage, so as not to cause unnecessary 
phase shift. The magnetic circuit of the transformer con-
tains no air gap, and dc magnetization is compensated 
by a secondary winding. (The transformer can be 
omitted if the following filter has a high characteristic-
impedance.) 
The characteristic impedance of the filter was chosen 

R=50 ohms. In designing the filter elements, it may be 
noted that the first section is unbridged, and so its 
maximum phase shift can be over 90°. In the case of the 
filter discussed, cjh was chosen to be 172° at the upper 
end of the frequency range. According to (5), 
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and 

wiLi 
2 arctg   — 172°, 

coiLl 
= 14.3. 

With the angular velocity of col =  X10,000 =62,800 
radians per second, and the characteristic impedance 
R=50 ohms, the half self-inductance of the first filter 
section becomes L1=11.4 mh. According to (6), the 
half-capacitance of the section is CI =Li/R2= 4.55 if. 
The second filter section is designed for a maximum 

phase shift of 90°. According to (8), 

L2 = — • 
Wj 

As R = C250 ohms and col= 62,800 rad/sec-1 , L2=0.8 
mh, and C2=L2/R2= 0.32 if. 
The angular velocity co2 can be calculated according 

to (5): 

w2L1 co2L2 
2 arctg   2 arctg  = 180°, 

or 

W2  W2 
arctg — zactg   = 90 0, 

4390  62,500 

which gives 6)2=16,700 rad/sec-1 and f2=2660 cps. 
The elements of the third section are L3 =R/CO2= 3.0 

mh and C3 = L3/ R2 = 1.2 Id coa is given by 

W2  
arctg —  arctg   -I- arctg   — 90° 

4390  62,500  16,700 

and gives coa= 7400 rad/sec-1 and fa = 1180 cps. 
Calculation of the remaining filter section is similar. 

The described procedure may be continued until 
the lowest desired frequency is reached. The values of 
the filter elements 2L and 2C are shown in Fig. 9. 
To have linear filter reactances and a close coupling 

within the filter sections, iron-powder ring cores were 
used with double windings. 
Limitation of the amplitude, necessary in all types of 

oscillators, can be achieved by various methods. In the 
circuit shown in Fig. 9 a nonlinear element is used. An 
incandescent lamp L, with a resistance close to the 
characteristic impedance of the filter, is in series with 
the filter input circuit and keeps the amplitude at a 
constant value. 

CONCLUSION 

The most usual all-pass filter is the transmission line. 
Transmission lines are often used as resonant circuits in 
the ultra-high-frequency region, but they cannot be ap-
plied in the audio-frequency range on account of their 

dimensions, which are determined by the wavelength. 
To obtain smaller dimensions in the audio-frequency 
range, the distributed inductances and capacitances of 
the transmission line must be concentrated into filter 
sections. The results of this concentration are the tee-
and pi-type filters. As the square of the cutoff fre-
quency is inversely proportional to the product LC of a 
filter section, the all-pass character of a transmission 
line with infinitesimal sections changes into a low-pass 
character at the tee and pi filters. 
An all-pass filter in the audio range is obtained in the 

lattice network. Its three-terminal equivalent, discussed 
in this paper, is convenient for designing phase-shift 
oscillators. 

APPENDIX 

Matrix of a Four-Terminal Network 

A linear four-terminal network can be characterized 
by the following equations (Fig. 10): 

Elf 1Ez 

Fig. 10—Schematic diagram of a four-terminal network. 

= Zuft  Z12-12 

E2 = Z21-11 +  Z22J2. 

(10) 

(11) 

In  these equations, Zii=Ei/Ji (for .12 =0)  and 
Z22=E2/J2 (for J1=0) are the open-circuit input and 
output  impedances,  Zi2=Ei/J2  (for  J1=0)  and 
Z21=E2/Ji (for ./2= 0) are the transfer impedances of 
the network. Equation (12) is the impedance matrix of 
the four-terminal network: 

= 
Z11 ZI2 

Z21  Z22 

All networks containing only passive 

ZI2 = Z21, 

and the symmetrical ones have 

Z11 = z22. 

(12) 

elements have 

(13) 

(14) 

Matrix of the Lattice 

The input impedance of the unterminated lattice is, 
from Fig. 1, 

z1 +  Z2 

Zit = Z22 =   

2 

The open-circuit output voltage is 

E2 =  i2 Z1r 

(15) 
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and, as  = i2= J1/2, the transfer impedance 

E2  Z2  Z1 
ZI2 = Z2I =  —   

J1  2 
(16) 

Thus the impedance matrix of the lattice is, from equa-
tions (15) and (16), 

Z = 

z1 + Z2  Z2  Z1 

2  2 

Z2  ZI ZI + Z2 

2  2 

(17) 

Characteristic Impedance of the Lattice 

A symmetrical four-terminal network terminated in 
its characteristic impedance presents also at its input 
terminals the characteristic impedance, so Ei =Z.1.1 and 
E2  - Z..T2. These values introduced into (10) and (11) 
give, taking (13) and (14) into consideration, 

and 

= Z11J1 +  Z12-1 2 

Z.T2 = Z12-1 1 +  Z11-1 2. 

J1/J2 expressed of both equations gives 

or 

and 

Z12  Z +  ZI1 

— Z11  Z12 

Z122 = ZI12 Z 2 

Z2 = Z112 — Z122 = (Zu — Zi2)(Z22 -I- Z12). 

With (15) and (16), 

z2 = Z22, 

and the characteristic impedance of the lattice 

Z = V2 Z  (18) 

Voltage Ratio of the Lattice 

If current J1 of the four-terminal network (Fig. 10) 
is constant, i.e., the generator has infinite impedance, 
then the generated no-load voltage in the output circuit 
is given by 

.11Z12 = — J2(Z21 + Z) 

-4.1 

(a)  (b) 

Fig. 11—(a) Circuits for matrices 2'. (b) 2". 

and the voltage ratio 

E1 J1  Zii + Z 

E2  J2  Z12 

From (15), (16), and (18), 

• Zi +Z2 
 + N/Z1Z2 

E1 2 

E2 Z2 - Z1 

2 

(N -F Ni) 2 

(v7;+ Nrz-)(./ - v'zi) 

z, =  _   
_ 

(19) 

Three-Terminal Lattice Equivalent 

Matrices can be summed up by adding the corre-
sponding elements. According to this rule, matrix (17) 
can be split into 

Z2 +  ZI Z2  Z1 

2  2 

Z2 - Z1  Z2 +  ZI 

2  2 

Z2 Z2 
2  2 

Z2  Z2 

2  2 

ZI Z1 

2  2 

Z1  Zi 

2  2 

= Z' + z". 

The elements of matrix Z' are Z11 = Z12 1 = Z21' = Z22 ' 

= Z2/2; thus its equivalent network is that of Fig. 11(a). 
Replacement of matrix Z" with the elements Zit" = Z22" 
= Z1/2 ; and Z12 "  = Z21 "  =  (Z1/2) can be seen on Fig. 
11(b). 
According to the network theory, addition of matrices 

corresponds to the series connection of networks, and 
this can be obtained by connecting the input and out-
put terminals separately in series. Fig. 12 shows the 
series connection of the networks shown in Figs. 11(a) 
and (b). The result is identical with the circuit of Fig. 4, 
which is a three-terminal equivalent of the lattice. 

Fig. 12—Three-terminal equivalent of the all-pass lattice section. 
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An Experimental Investigation of the Radiation 
Patterns of Electromagnetic Horn Antennas* 

DONALD R. RHODESt, ASSOCIATE, IRE 

Summary—A systematized set of radiation patterns of rect-
angular electromagnetic horn antennas have been measured and are 
shown as a function of electric and magnetic plane flare angles and 
radial length of the horn. A total of two hundred and fifty patterns 
are included for representative flare angles from zero to 50°, and 
radial lengths from zero to fifty wavelengths. This set of patterns 
reveals many characteristic properties which may serve as a guide 
in the design of electromagnetic horn antennas. 

INTRODUCTION 

CONSIDERABLE W ORK of a theoretical nature 

on radiation-pattern characteristics of rectangu-

lar electromagnetic horn antennas has appeared 

in the literature. Of particular interest are the patterns 

calculated by Chu and Barrow.'.2 The theoretical pat-

terns which they felt were most accurate were calcu-

lated on the basis of Huygens' principle, considering 

each individual element of the assumed Hertzian vector 

potential at the mouth of the horn to be radiating a 

spherical wave, the composite radiation pattern being 

calculated by a vector integration of the individual ele-

ments. Since it was assumed that the radiating elements 

were the electric and magnetic fields which would exist 

at the horn mouth if the horn were infinitely long, the 

pattern calculated on this basis for short horns becomes 

inaccurate.' At the present time there are no accurate 

theoretical radiation patterns for short horns. For infor-

mation on horns less than six wavelengths long it is nec-

essary to revert to experimental methods. 

Some experimental work on horn patterns has been 

published,2.4.5 but due to the limited radio-frequency 

spectrum then available it was physically impractical to 

measure more than the minimum necessary to establish 

the validity of the theoretical work. With the currently 

available oscillators developed during the war, it is pos-

sible to obtain several watts output at frequencies up to 

24,000 Mc, thus increasing many times the range of 

* Decimal classification. R120 XR221. Original manuscript re-
ceived by the Institute, October 24, 1947; revised manuscript re-
ceived, February 27, 1948. The work reported in this paper was done 
at the Antenna Laboratory, under Contract No. W33-038ac16520 
(17380), Air Mat6riel Command, Wright Field, Dayton, Ohio. 
Presented, joint meeting, American Section, URSI and Wash-

ington Section, IRE, Washington, D. C., May 24, 1948. 
t The Antenna Laboratory, Ohio State University, Columbus, 

Ohio. 
1 W. L. Barrow and L. J. Chu, "Theory of the electromagnetic 

horn," PROC. I.R.E., vol. 27, pp. 51-64; January, 1939. 
2 L. J. Chu and W. L. Barrow, "Electromagnetic horn design," 

Trans. A.I.E.E. (Elec. Eng., July, 1939), vol. 58, pp. 333-338; July, 
1939. 

3 A more rigorous approach in which radiation from currents 
flowing on the outer surface of the horn can be included is given by 
S. A. Schelkunoff, "On diffraction and radiation of electromagnetic 
waves," Phys. Rey., vol. 56, p. 308; August 15, 1939. 

4 W. L. Barrow and F. D. Lewis, "The sectoral electromagnetic 
horn," PROC. I .R.E., vol. 27, pp. 41-50; January, 1939. 

6 W. L. Barrow and Carl Shulman, "Multiunit electromagnetic 
horns," PROC. I.R.E., vol. 28, pp. 130-136; March, 1940. 

electrical dimensions which can be conveniently realized 

physically for antenna measurements. A horn having an 

electrical length of fifty wavelengths has a physical 

length of two feet at 24,000 Mc. Such a horn as this can 

easily be supported and rotated to obtain its radiation 

pattern. 

Most of the published work on rectangular horn an-

tennas deals only with sectoral horns,' A or horns which 
are flared in one principal plane alone. There is little 

mention of the pyramidal type of horn which is flared in 

both planes, other than to say that the pattern in any 

one plane is approximately dependent upon the flare 

angle in that plane only, independent of the flare angle 

in the other plane. Generally, a horn is designed to have 

a specific radiation pattern in each of the two principal 

planes. Hence, a knowledge of the pattern in the two 

principal planes and the effect of a flare angle in one 

plane upon the pattern in the other plane would be quite 

valuable. 

It is the purpose of this paper to present a series of ex-

perimentally determined patterns over the most useful 

range of horn parameters for use in the design of electro-

magnetic horn antennas requiring a radiation pattern 

having specific characteristics. The patterns shown rep-

resent relative electric field intensity at a large, fixed dis-

tance from the antenna for any direction in the plane of 

measurement. Since the patterns are only relative and 

give no indication of gain of the antenna, all patterns 

have been drawn to the same maximum amplitude for a 

more pleasing presentation. 

HORN PATTERN MEASUREMENT 

The radiation pattern measurements described in this 

paper were prompted by a need for data for use in the 

design of transmitting horn antennas to illuminate 

model aircraft antenna systems. The principal require-

ment of such an antenna is that it must produce an es-

sentially plane wave over the area in which the model air-

craft is to be measured. This requirement can be realized 

by proper separation of transmitting and receiving an-

tennas and by using a transmitting horn whose direc-

tional properties will permit the radiated energy to il-

luminate the model directly, without part of the energy 

being first reflected from the ground before arriving at 

the model. 

The measuring techniques used were similar to those 

described by Sinclair, Jordan, and Vaughn.' Due to 

4 George Sinclair, E. C. Jordan, and Eric W. Vaughn, "Measure-
ments of aircraft antenna patterns using models," PROC. I.R.E., vol. 
35, pp. 1451-1462; December, 1947. 
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mechanical difficulties inherent in the measurement of a 
transmitting antenna, the horn patterns were measured 
using the horn as a receiving antenna. By applying the 
reciprocity theorem, it can be seen that the pattern of an 
antenna when transmitting is the same as when receiv-
ing. 
The most useful radiation patterns of a rectangular 

horn antenna excited in its dominant mode are those in 
the two principal planes of the horn, usually designated 
by the terms E plane and H plane because of the fact 
that these planes are parallel to the lines of electric and 
magnetic field intensities, respectively. Because of pre-
vious reference in the literature to flare angles in the E 
and H planes by the symbols 0 and 4), respectively, and 
to radial length of a horn by the symbol R, these sym-
bols will be adhered to. The three parameters, 0, cp, and 
R, and the two principal planes of measurement are 
shown in Fig. 1. 
In an effort to determine the degree of approximation 

involved in assuming that the principal-plane patterns 
of a pyramidal horn antenna are dependent only upon 
the radial length of the horn and the flare angle in the 
plane of measurement, independent of the flare angle in 
the other principal plane, a series of patterns were meas-
ured at 24,000 Mc on a set of horns whose flare angles in 
the E plane were held constant, while the H plane flare 

Fig. 1—Co-ordinate system showing the two principal planes of a 
rectangular horn and the parameters it., 0, and R. 

angles varied from 10° to 50° in 10° increments. The an-
gle of flare in the E plane was 40°. This set of patterns is 
shown for various horn lengths R in Fig. 2. A compari-
son of the patterns in any vertical column in Fig. 2 shows 
that the E-plane patterns, for a horn of fixed flare angle 
in that plane, are essentially independent of the flare an-
gle in the H plane, assuming that the radial length of the 
horn is constant. This same phenomenon has been ob-

E-plane 

served for H-plane patterns for a horn of fixed flare an-
gle in the H plane, but only the patterns for the E plane 
are presented because of the fact that the H-plane pat-
terns are much less sensitive to changes in parameters, 
as will be shown later. 

S6.10' 

S6.20. 

OS. 30' 

S6.50' 

43 50 80  513) 
03FA Vri n7 
0,30A M7rn 
0,0000 MM 
)8000 MM777 

Fig. 2—Comparison of E-plane patterns for a horn having a con-
stant flare angle in the E plane but a variable H-plane flare 
angle. 

For horns which are only a few wavelengths long, the 
radiating elements are not confined to the mouth aper-
ture. Considerable energy is diffracted around the 
mouth, causing currents to flow on the outside walls of 
the horn which, in turn, contribute to the radiation pat-
tern of the horn. In the extreme case of a horn of zero 
length (an open waveguide) the energy radiated in back 

= 10 cm 

H-plane 

Fig. 3—Comparison of principal plane patterns of electrically 
equivalent open waveguide at a wavelength of 10 and 1.25 cm. 
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of the waveguide is comparable to that which is radiated 
forward. In Fig. 3 are shown the principal plane patterns 
for electrically equivalent open waveguides at wave-
lengths of 10 and 1.25 cm, the patterns being measured 
under similar conditions. Energy reflection from sur-
rounding objects is quite objectionable at 1.25 cm, but 
at 10 cm becomes almost negligible. For this reason the 
patterns of those horns whose lengths were less than or 
equal to four wavelengths were measured at 10 cm. 
Utilizing the fact that the radiation pattern in one 

principal plane of a pyramidal horn antenna is independ-
ent of the flare angle in the other principal plane, the ef-
fect of variation of the three horn parameters 0, 0, and 

R• 

0•3, 

8.20' 

8.3CP 

9.40' 

9•30. 

R can be seen by plotting the patterns for the flare an-
gles 0 and 4. independently against the horn length R. 
This has been done for several values of 0 and 4) up to 
50°, and the results are shown in Figs. 4 and 5. The pat-
terns shown are taken from the original patterns as re-
corded on a Speedomax polar recorder and have not 
been retouched. 

PATTERN BANDWIDTH 

Pattern bandwidth, or the width of the frequency 
spectrum over which a given antenna can operate with-
out an appreciable change in its radiation pattern, is 
quite frequently one of the primary considerations in 

IA  2A  3A  41  5A  61  7k  8k  10A  I2A  141  16A  Rh  20A  22k  24A  26k  28A  301  35k  40k  45k  50k 
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Fig. 4—E-plane patterns of a rectangular horn antenna as a function of radial horn length R and E-plane flare angle O. 
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Fig. 5—H-plane patterns of a rectangular horn antenna as a function of radial horn length R and H-plane flare angle cp. 
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the design of an electromagnetic horn. When operating 
a given horn at two different frequencies, the dimensions 
of the throat aperture, mouth aperture, and horn length 
are transformed in the ratio of the two frequencies, but 
the flare angles are preserved. There are no electrical 
limitations on the dimensions of mouth aperture for a 
particular horn used over a frequency band; there are, 
however, both high- and low-frequency limits which 
must be placed upon the throat-aperture dimensions for 
dominant-mode (TEN) excitation. The lowest usable 
frequency is limited by the cutoff frequency of the par-
ticular waveguide in question, this frequency being 

Poutofi = — 
2b 

where b is the width of the waveguide in the H plane and 
c is the velocity of light. The highest usable frequency is 
limited by the frequency at which waves other than the 
dominant-mode waves can exist in the waveguide; this 
limitation is determined by how the waveguide is ex-
cited. If the waveguide is symmetrically excited, the 
TEN mode cannot exist; however, the TEN mode can 
exist at three times the cutoff frequency of the dom-
inant mode. Hence, the usable frequency limits for a 
given horn and waveguide combination which is sym-
metrically excited are 

PI A,/ =  — 
2b 

3c 
Phign = 3 P1ow = —  • 

26 

For long horns the horn lengths will be proportional to 
the ratio of frequencies used (to a very close approxima-
tion); for shorter horns the error introduced by this ap-
proximation becomes greater than for long horns, due to 
the fact that the horn length is measured from the 
mouth aperture to the throat aperture rather than to the 
virtual intersection of the conducting walls. However, 
the approximation is close enough for most applications. 
When choosing a horn to operate over a band of fre-

quencies for a specific application, the throat dimension 
should be chosen such that all frequencies in the speci-
fied band fall within the frequency limits given above. 
The variation in the two principal plane patterns for 
this range of frequencies can be found from Figs. 4 and 
5, for the particular flare angles and radial length, to lie 
between the longest and shortest electrical lengths as 
determined from the low- and high-frequency limits, re-
spectively. 

CONCLUSIONS 

There are two important characteristics of the princi-
pal-plane patterns of a pyramidal horn excited in its 
dominant mode which can be observed from the pat-
terns in Figs. 4 and 5. They are the secondary-lobe struc-
ture in the E plane and the total absence of secondary 

E-plane 

lobes in the H plane. From the theory of arrays carrying 
equal currents, it is to be expected that a uniform field 
distribution (which is equivalent to a uniform current 
distribution), such as that which exists in the E plane, 
will produce side lobes in the plane of the uniform field. 
An approximate explanation of the absence of secondary 
lobes in the H plane is the following. In the H plane a 
sinusoidal field distribution exists. It has been shown by 
Stone' that the ideal array without secondary lobes has 
its currents distributed according to the binomial coef-
ficients. The binomial distribution reaches a maximum 
at the center of the array and goes to zero at the array 
extremities. The sinusoidal distribution of fields found 
at the aperture of a horn has the same general character-
istics as the binomial distribution; hence, it is to be ex-
pected that its radiation pattern should be essentially 
free of secondary lobes. 
Several interesting trends can be observed by close 

examination of the E-plane patterns. For any particular 
flare angle (0=30°, for example), a side lobe can be 
traced from its origin at R= 2X through a series of 
lengths during which the magnitude of the side lobe is 
growing larger relative to the main lobe until, at R=16X, 
the major lobe and the first side lobes are of equal am-
plitude. Beyond the length R= 16X the side lobes be-
come of greater amplitude than the main lobe. It is this 
growth of secondary lobe structure that is responsible 
for the divided characteristic of the beam which occurs 
at large horn lengths. This same evolutionary process 
can be observed by tracing any other side lobe through 
its various stages of development. As the horn becomes 
of very large aperture, the pattern has a large number of 
side lobes of comparable magnitude, as, for example, the 
long horns at 0=50°. 
A characteristic trend which is most noticeable in the 

evolution of a waveguide as it grows into a horn is the 
rapid decrease in beam width with the first few wave-
lengths of a horn's development. An illustration is given 
in Fig. 6, showing patterns measured at a wavelength of 

H-plane 

Fig. 6—Superposition of principal plane patterns for short 
horns having constant flare angles. 

7 John Stone Stone, U. S. Patent Nos. 1,643,323 and 1,715,433. 
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10 cm for three lengths of a horn whose flare angles are 

0=100 and 4) =30°. The pattern showing the largest 

beam angle (the outer pattern) is for a horn of zero 

length; for lengths R= 1X and R= 3X the patterns be-
come considerably narrower, and radiation in back of 

the horn becomes negligible. 
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Fields in Nonmetallic Waveguides* 
ROBERT M. WHITMERt, ASSOCIATE, IRE 

Summary—An infinite plate of dielectric material is taken as the 
prototype of nonmetallic waveguides. The Green's function is found for 
the case in which the electric field is parallel to the surfaces of the 
plate. The solution is set up as a Fourier integral, which is then re-
placed by a complex contour integral. There are but a finite number 
of real poles, the residues at which correspond to the propagating 
modes in the metallic guide. An integral around a branch cut gives 
a wave radiating into space, which is the analog of the attenuated 
modes of the metallic guide. 
The modal field distributions are discussed for the plate and for 

circular rods. The surface fields are not small, but they are attenu-
ated transversely at rates of 28 db per radius and higher; a system 
using a dielectric guide would be at least fairly well shielded. The 
nonmetallic guide should be useful wherever a low-cost flexible con-
ductor is needed and imperfect shielding can be tolerated. 

INTRODUCTION 

IF VISIBLE LIGHT be injected at one end of a glass rod, it is transmitted to the other end with very 

little loss, in spite of rather violent convolutions of 

the rod. We explain the effect in terms of ray optics and 

total internal reflection. It occurs quite naturally to an 

investigator working in the centimeter region that 

something similar might be done with microwaves, us-

ing plastic rods or strips. These might be mechanically 

flexible, and they could be more easily and cheaply 

fabricated than metallic guides, especially for extremely 

short wavelengths. It was this idea, brought to the 

attention of the author by H. Kallmann in the MIT 

Radiation Laboratory, which started the present inves-

tigation. The subject of dielectric guides turned out to 

be an old one: it was studied both theoretically and ex-

perimentally in the first two decades of this century.'-3  

This paper contains some new results, and some old 

material restated in modern language. 

* Decimal classification: RI18. Original manuscript received by 
the Institute, October 24, 1947; revised manuscript received, March 
12, 1948. Presented, 1948 IRE National Convention, March 23, 
1948, New York, N. Y. The research in this paper was begun at the 
MIT Radiation Laboratory. 
t Rensselaer Polytechnic Institute, Troy, N. Y. 
D. Hondors and P. Debye, "Elektomagnetische Wellen an di-

elektrischen Drahten," Ann. der Phys., vol. 32, pp. 465-476; 1910. 
2 H. Zahn, "Uber den Nachweis elektromagnetischer Wellen an 

dielektrischen Drahten," Ann. der Phys., vol. 49, pp. 907-933; 1916. 
30. Schriever, "Elektromagnetische Wellen an dielektrischen 

Drahten," Ann. der Phys., vol. 63, pp. 645-673; 1920. 

It is now a familiar concept that, when the walls of a 

waveguide are perfectly conducting, any field distribu-

tion can be described in terms of two sets of modes; 
those of one group, finite in number, are propagated 

along the axis of the guide without attenuation, while 

the infinite number in the other group are reactively 

attenuated without change in phase. That is, the propa-

gation factors of the first group are pure reals; those of 

the second are pure imaginaries. The objects of this 

paper are to determine to what extent the mode descrip-

tion is applicable to nonmetallic guides, and to discuss 

their engineering value. " 

In a circular dielectric rod there are modes of the Eon 
and 1/0„ types. These were studied in preference to those 
resembling the H 11 field (which is the lowest mode in a 

circular metallic guide), because in the dielectric any 

field having an angular dependence is complicated by 

longitudinal components of both electric and magnetic 

fields. • However, a dielectric plate shows the same char-

acteristics as a rod; since here we find a simpler geome-

try and more familiar functions, the detailed discussion 

will be confined to this example. 

FORMULATION 

We propose to find the field in and about a dielectric 

plate due to a unit filament of current. The result is the 

Green's function, in terms of which the field due to any 

actual distribution of current having the same symme-

try can be expressed. 

Consider the slab of dielectric material shown in Fig. 

1. It has an index of refraction n (dielectric constant 

n'); it extends from x = —a to x = +a and to + 00 in the 
y and z directions. The filament of current is at x=b, 
z = 0, and it extends to y = + 00. We then have only a 

y component of the electric field, and we assume that 

4 Some of the results have already been given limited circulation 
in R. M. Whitmer, "Waveguides without metal walls," MIT Rad. 
Lab. Report No. 726, May 10, 1945. 

6 Some conclusions similar to those found here have been stated 
by G. Roe, "Normal modes in the theory of waveguides," Phys. Rev., 
vol. 69, p. 255 (A); March, 1946. 

6 J. A. Stratton, "Electromagnetic Theory," McGraw-Hill Book 
Company, New York, N. Y., sec. 9.15, 1941. 
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a/ay of any quantity vanishes identically. If we call 
the electric field IP, the wave equation which it must 
satisfy is 

+ k2n2)0(x, z) = _ 275(x — b)5(z) (1) 
where k is 27r times the free-space wave number, n is a 
constant greater than unity for Ix' <a, n=1 for 
I xi >a, and 5 is the Dirac delta function.7 A time-de-
pendence factor of e-ic" has been omitted; with this 
sign, convention eiki represents a wave moving in the 
positive z direction. All statements can be put into con-
ventional engineering form by replacing i by —j; e-i" is 
a wave moving in the positive z direction. 

n=1 

source 

n >1 

x- a 

x= a 
n =1 

Fig. 1—A slab, of index of refraction n >1, extends Letween x= ±a, 
and to ± 00 in the y and s directions. A filament of current at 
x= b, z =0 produces an electric field parallel to the surfaces of the 
slab. 

The Fourier integral 

IP(x, z) = f: v(x, h) exp [ihz]dh 

is a solution of (1), provided that 

(--dd2x2 + k2n2 — h2)v(x, h) = — b(x — b) 

independently of h, as may be shown by direct substi-
tution. 
The necessary continuities of the electric and mag-

netic fields require that ik be continuous everywhere, 
and that 04//ax be continuous at x = +a. These condi-
tions only and its derivative must apply to each Fourier 

Also, 

September 

v(b — 0) = v(b + 0).  (5) 

Integrating (3) over a small interval of x at b, 

b+0  d2 f k2n2  h2) vdx 
Jb-o  d x2 

or 

= - f6+0 (5(x — b)dx = — 1 
6-0 

dv 6+0  

d— X1 b--0 =  —  1 

v'(b  0) — v'(b — 0) = — 1.  (6) 

Let 

— k2 = (X/a)2; h2 — k2n2 = (µ/a)2. 

Then (3) may be written as 

((12 (X/a)2) v = 0 dx2 for  I x > a,  (8a) 

and 

2 

dX2 
— 0.11a)2)v = —  — b) for 

The solutions of (8) are 

x < — a,  vi = Ale/" 
(2)  for  

(3) 

— a < x < b, 

b < x < a,  113 

a < x, 

(7) 

x! < a.  (8b) 

V2 = A2euzia 4- A 3e-uxia 

= A 4emzia  Abe-P:1a 

V4 = A6exria. 

(9) 

Note that X is given by a square root; its sign must be 
so chosen that v1 and va each represents an outgoing 
wave. 
The conditions stated in (4)-(6) on v and v' give us 

six equations (inhomogeneous because (6) is) from which 
to find the six coefficients of (9). For our purposes, it is 
sufficient to calculate only Ag. For x >a, we find that 

f  (h— X) exp  [A(i  bla)]  (4+ X) exp [— m(1 — bia)] 
z) = a  exp [X(x/a — 1) + ihz]dh. 

-8  — X)2 exp [4] — (p + X)2 exp [— 2p] 

component of 1,1/. Hence, 

v(± a — 0) = v(± a + 0) 

and 

— v(± a — 0) = —v(± a + 0).  (4) 
dx  dx 

The function 8, when its argument is time, is called the 'unit 
impulse" in engineering analysis. The unit impulse is, in turn, the 
derivative of the familiar step-function. 5(u) has the property that 

if the integration interval contains u =0. ff(u)b(u)du ={/(°) zero if the interval does not contain u =0. 

SINGULARITIES 

(10) 

Equation (10) is to be integrated as a contour integral 
in the complex h plane. The residues at the poles of the 
integrand will give rise to modal-type waves. Let us 
first consider those poles; they are given by the roots of 
the denominator: 

x)2e2m oh + xre-2A = 0 

which, with µ =iw and ka 7-V72-Li =d, may be rearranged 
to take the form 
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2wVd2 — w2 
tan 2w =   

220 — d2 

and it is not on the Riemann surface over which we 
(11)  integrate.9 

This will be recognized as the transcendental equation 
which gives the quantum-mechanically allowed energy 
levels for a one-dimensional rectangular potential 
"well," with the index of refraction of the slab corre-
sponding to the depth of the well. There are a number 
of analogies between the two problems. 
This equation could have been obtained more easily, 

simply by assuming waves like those in (9) as solutions 
of the wave equation ((1) with the right-hand side 
zero), and applying the boundary conditions. The 
Green's-function method was chosen in order to be cer-
tain that we have all possible types of fields which could 
arise from the assumed excitation. To be more specific, 
the branch-cut wave to be discussed later would not 
have appeared at all if we had started with the exponen-
tial waves of (9). 
Equation (11) has a finite number of roots for 

0 <w <d. These give real values of h between k and ha, 
in which region X is real and negative. The residue of the 
integrand of (10) at a pole h„, gives a wave whose z 
dependence is 04.2; clearly, these poles correspond to 
the real propagation factors of the metallic guide, and 
one looks for the analogs of the imaginary factors. There 
are no roots of (11) which give imaginary h's, but one 
might expect to find complex h's which would give 
"leaky" modes; that is, waves which would propagate 
with attenuation in the z direction while losing power 
sidewise. The author has been guilty of saying that 
such modes exist.' That they cannot exist may easily 
be shown; outside the slab the space dependence of such 
a mode would be of the form of 

exp Rip — q)x + (ir — s)z 

with p, q, r, and s each positive for x, z >0, in order to 
satisfy the radiation condition. Substitution into the 
wave equation shows that this function is not a solution 
unless 

pq + rs = 0, 

which cannot be true for the type of wave suggested 
above. Hence, there are no attenuated, leaky modes. 
One may ask what does happen to the propagation 

factor as a mode is "squeezed out," as by reducing ka. 
It may be shown from (11) that as ka is made smaller 
the propagation factor h„, of the highest mode° moves 
down the real h axis to the point h=k, which is a 
branch point of the integrand. If, now, ka is made still 
smaller, the root does acquire an imaginary part, but 
the signs are such that it represents an incoming wave, 

3 For the modes, k <h,,,<kn. That is, the guide wavelength is 
shorter than the free-space wavelength, because the field travels 
partly in a dielectric. In accordance with standard waveguide ter-
minology we speak of the mode nearest cutoff as the highest; it has 
the longest guide wavelength and the smallest value of h. 

BRANCH CUT 

The integrand of (10) has branch points at h= +k, 
the roots of X. The integrand is even in pt, and so does 
not have branch points at its roots. We employ the 
radiation condition to determine the paths of integra-
tion around + k; if X be real, it must be negative; if 
imaginary, it must be positive imaginary. This tells us 
that the path of integration goes above the branch 
point at —k and below the one at +k, as in Fig. 2, so 
that when the contour is closed in the upper half-plane 
there must be a branch cut upward from +k, and con-
versely. For I hl>>k, X= —ha in the first and fourth 
quadrants, and X= +ha in the second and third. The 
integrand of (10) then vanishes along the infinite semi-
circle in the upper half-plane for z >0, in the lower half-
plane for z <0. The contour goes above the poles on the 
negative real axis, below those on the positive side. 

Fig. 2—The path of integration in the complex h plane is shown by 
the arrows. There are poles along the real axis between ±k and 
±kn. There are branch points at tie. 

If the integral around the branch cut could be per-
formed rigorously, it is probable that it would be found 
to represent a radiated field, and hence loss of power. 
Roe" has found this to be true for a special case of an 
analogous problem. This "branch-cut wave" is attenu-
ated in the z direction because the integrand contains 
ei", and along the branch cut the imaginary part of h is 
positive. It is apparent that this wave corresponds, for 
the dielectric slab, to the attenuated modes of the metal-
lic guide. 
The branch-cut integration has been performed using 

approximations valid when kz>>1, z>>x —a. That is, the 
point of observation is a long way from the source and 

9 The author is indebted to Glenn Roe for pointing out what hap-
pens to the root 16, after it has become equal to k. 
'0 G. Roe, unpublished Ph.D. thesis, University of Minnesota, 

March, 1947. 
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close to the guide surface. The result is a wave having 
the form of 

Ck(x — a)  D 
(branch.cut)    e ticz 

(kZ) 312  

where C and D are real constants. 
It must be borne in mind that this is not a modal-

type wave. It arises, not from a pole at a single value of 
h, but from an integration over a continuous range of h. 
Even if the integral could be performed rigorously, this 
wave would not have the form of a function of the 
transverse variable times a single exponential contain-
ing the axial variable. 

DISTRIBUTION OF THE PROPAGATING-MODE FIELDS" 

In the dielectric slab there is always at least one 
propagating mode, no matter how small ka may be, nor 
by how little the index of refraction exceeds unity. The 
fields are sinusoidal functions of x inside the guide; out-
side, they decay exponentially. 
In a dielectric rod the electric field for an Ho mode 

has only a tangential component. If the index be inde-
pendent of the radius r, it depends upon r like 

Ji(krYn2 — 1 — (hlk)2) 

inside the surface, and outside like 

111")(ihr). 

Here J1 is the Bessel function of the first order and 
Hlw is the Hankel function of the first order and first 
kind. The quantity h is a root of a transcendental equa-
tion corresponding to (11). 
The dielectric rod with 

n' = 1 + V + 3/(2kr)2, 

with V an arbitrary constant, corresponds to a cylindri-
cal quantum-mechanical problem with a "square" po-
tential well of depth V. It was considered here in order 
to learn whether a single mode could be effectively fo-
cused by making n large near the center; this particular 
dependence of n upon r was chosen simply because the 
wave functions for it are known.. Inside the rod the field 
behaves like 

r-112  sin [krN/V — (hlk)2]; 

outside, it again goes like 

Hi(1)(ihr) 

where this h is the root of still another transcendental 
equation. Although increasing the index of refraction 
toward the center of the rod decreases the surface field 

TABLE I 

Case and mode  Cutoff ka Next mode, cutoff ka 
Surface field 

Maximum internal field 
I per cent 

Transverse attenuation, 
db per radius or 
half-thickness 

Circular rod, constant n 

Hu-like mode 

E01 

HOI 

Circular rod, n--,1/r 

Flat plate, constant n 

Ho 

Zero (guide supports  3.831 

principal mode)  ‘,/ts2— 1 

2.4048 5.5201  

Vn3-1  Vn2 

2.4048  5.5201  

2.029  4.89 

Vn.2-1  Vn.2-1 

Zero (guide supports  ir/2 

principal mode)  Vti2 1 

44 

28.2 

37.5 

39.0 

39  35.3 

59  13.8 

Cutoff Conditions and Comparisons of Field Intensities, 
Lowest Modes 

Here n is the index of refraction of the dielectric, and n, its value 
at the surface for the case n....1/r (see text); ka =2Ta/X where a is 
the radius or half-thickness, X is the free-space wavelength. 

11 The differential equations and the transcendental equations 
whose roots give the propagation factors are discussed in some detail 
in footnote reference 4. They also appear in great detail and for more 
general cases in Roe's thesis; see footnote reference 10. 

Although the cutoff values of ka for the  and H,,,, modes are 
the same, there is no degeneracy for intermediate values of ka. 
The surface-field ratios and the transverse attenuations are cal-

culated for the lowest mode of each type with the next mode just at 
cutoff, in order to obtain the most favorable condition. 

a little, it also decreases the rate at which the field falls 
off with distance from the rod. 
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Mode cutoff conditions and data on transverse decay 
are given in Table I. The decay data were calculated 
with the parameters such that the second mode (of its 
type) was just at cutoff; this gives the most favorable 
condition (weakest external field) with only the lowest 
mode propagating. For hr large, f1(1)( ihr) behaves like 
(r/a)--u2exp [— (ha)r/a], where a is the radius of the 
rod. This asymptotically exponential attenuation has 
been expressed in db per radius in Table I. 
The Hu-like mode in the rod and the H1 mode of the 

dielectric plate have zero cutoff wave number. Because 
of this characteristic they have been described in Table 
I as principal modes, but they have longitudinal field 
components and their phase velocities depend upon fre-
quency. 

ENGINEERING APPLICATIONS 

Although the external modal field is not in itself radi-
ated, it will induce currents in objects near the guide 
surface, and hence indirectly cause both reflections and 
radiation. By reciprocity, power could be received from 
another system. 
If the guide were designed to support a few or several 

modes, their resultant field could be concentrated near 
the center. For a given dielectric material and a given 
frequency this would require a guide mechanically larger 

than for a single mode, and over any appreciable dis-
tance dispersion would still push the field to the surface. 
In the present state of the art it is difficult to couple 
in and out of any kind of guide which propagates more 
than one mode, but we may learn how in the future. 
For comparison with the visible light analog, where 

we know the external field to be very weak, a glass rod 
1 cm in diameter, with an index of 1.4 and yellow light, 
will support 17,000 H. modes. 
The dielectric slab might be made useful by bounding 

it with metal plates parallel to the x —z plane and ex-
tending them so far in the x direction that the field at 
their edges is weak. This is just an involved way of 
describing a parallel-strip transmission line with a bar 
of dielectric material to concentrate the field near the 
center. 
The dielectric guide will be useful for transmitting 

power over short distances where mechanical flexibility 
and low cost are important, and imperfect shielding can 
be tolerated. 
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The Relationship Between the Emission Constant 
and the Apparent Work Function for Various 

Oxide-Coated Cathodes* 
HAROLD JACOBSt, GEORGE HEESt, AND WALTER P. CROSSLEYt 

Summary—Measurements were made of the emission of oxide-

coated cathodes on six chemically different metal wires over a period 
of 500 hours. An empirical emission equation was employed which 
was found to be as accurate as the conventional Dushman equation 
and to be simpler to use. It was found that the logarithm of the 
emission constant A' varied as the sum of the apparent work function 
times a constant, and the constant B. 

INTRODUCTION 

I
N THE HISTORY of oxide-coated cathodes, there 
has been considerable discussion on the meaning of 
the constants of the various emission equations. 

A considerable difference in opinion exists at the present 
time as to how these constants vary. According to 

• Decimal Classification: R138. Original manuscript received by 
the Institute, October 9, 1947; revised manuscript received, Febru-
ary 12, 1948. Presented, joint meeting, URSI, American Section, and 
IRE, Washington Section, Washington, D. C., October 22, 1947. 
This work was performed under sponsorship of the United 

States Army Signal Corps Engineering Laboratories, Camp Evans, 
Belmar, N. J. 

Advanced Development Laboratory, Sylvania Electric Prod-
ucts Inc., Kew Gardens, L. I., N. Y. 

Blewett,' Espe2 concludes that "activation is due to an 
increase in the A factor while the work function re-
mains constant." Heinze and Wagener3 claim that 
activation follows from a decrease in the work function 
alone. Others, Detels4 and Huxford,' show that the work 
function and A factor both decrease in such a way that 
log A is a more or less linear function of the work func-
tion. DeBoer° theorizes (using a concept of thermal ioni-
zation of surface atoms) that the A factor should change 
and the work function remain constant. Actually, some 
of the difficulty in attaining unified results and opinions 

I J. P. Blewett, "Properties of oxide coated cathodes," Jour. 
Apia. Phys., vol. 10, pp. 831-848; December, 1939. 

3 W. Espe, "Thermionic constants of oxide coated cathodes," 
Zeit. fur. tech. Phys., vol. 10, p. 489; 1929. 
' W. Heinze and S. Wagener, "Variation of emission constant of 

oxide cathodes during activation," Zeit. fur. Phys., vol. 110, p. 154; 
1938. 

4 F. Detels, "Formation processes in oxide cathodes," Zeit. far. 
Hochfrequenz, vol. 30, pp. 10-52; 1927. 

4 W. S. Huxford, "Photoelectric emission from oxide coated 
cathodes," Phys. Rev., vol. 38, p. 379; 1931. 

J. H. DeBoer, "Electron Emission and Absorption Phenomena," 
Cambridge University Press, 1935, p. 34. 
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may reside in studying the constants under different ex-
perimental conditions, where, due to different pressures, 
temperatures, and general conditions, the actual experi-
ments may have differed. 
In the work to be reported an attempt was made to 

observe the changes of the constants of an empirical 
emission equation 

I = A' exp 
(—kTe X ) 

(1) 

over a 500-hour period of life, after the oxide-coated 
cathodes had been broken down and aged rather com-
pletely. Using this equation, we have set up the problem 
of describing the electron emission from oxide-coated 
cathodes as a function of life, and to determine whether 
or not any relationship exists which may be indicated 
experimentally between the A' factor and the work 
function. It was decided to use this equation for two 
reasons: firstly, it is in the simplest form for practical 
use; secondly, this equation can perhaps have future 
possibilities, since it can be shown to have some relation 
to the modern theory of solids.7 

DESCRIPTION OF EXPERIMENTAL TUBES 
AND TUBE PROCESSING 

To study thermionic electron emission, special emis-
sion-test diodes were constructed as sketched in Fig. 1. 
These tubes contained three grade-A nickel cylinders to 
be used as anodes in a standard soft-glass "lock-in"-type 

Fig. 1—Experimental diode. 

vacuum-tube bulb. The purpose of the slotted end cylin-
ders was to act as guard rings and help provide a uni-
form electrostatic field at that portion of the filament 

7 A. L. Reimann, "Thermionic Emission," John Wiley and Sons, 
Inc., New York, N. Y., 1934; pp. 227-229. 

being studied. The use of guard rings also minimized 
"end effect"—cooling of the ends of the filament by ther-
mal conduction. The center anode was isolated electri-
cally and used as the collector for the emission studies. 
To reduce the probability of evolution of gas, no mica or 
lava spacers are used as is customary in commercial 
tubes, but all spacing was accomplished by means of 
nickel supports. The outside diameter of the anode cyl-
inders was 0.500 inch; the inside diameter, 0.125 inch. 
The center anode was 0.375 inch long, and the guard 
rings 0.125 inch long. A 0.050-inch peep hole was pro-
vided in the center anode so that the brightness tem-
perature of that portion of the filament being studied 
could be measured directly with an optical pyrometer. 
A spectral-emissivity factor of 0.68 was used as a correc-
tion for the emissivity of the oxide coating, and resulted 
in a correction of 33°C at a color temperature of 900°C 
brightness. 
The filaments consisted of 0.005-inch diameter wire, 

coated with a standard triple-carbonate suspension to 
an approximate outside diameter of 0.0065 inch. The 
coating density was held within 1.0 +0.3 grams per 
cubic centimeter. 
The diodes are exhausted, activated, aged, and life-

tested under identical conditions to eliminate, to the 
greatest extent possible, the effects of these factors on 
the ultimate thermionic emission. Table I gives ex-
haust, activation, and aging schedules used, and Table 
II gives the life-test conditions. 

METHODS OF MEASUREMENT 

Data to plot the emission curves were obtained in the 
filament-temperature ranges of 850 to 1100°K by rais-
ing the plate voltage, and recording plate current and 
voltage until temperature-limited current was drawn. 
The highest filament temperature was, in general, that 
which gave a temperature-limited current of 12.0 +2 
ma at a plate voltage of 200.0 volts dc. It has been ob-
served that the filaments can be heated markedly by the 
cathode current being drawn, and because of this it was 
sometimes necessary to run emission curves at initial 
currents less than 12.0 ma. 
The filament temperature in the region below 1050°K 

was determined from the filament volt-amperes by ex-
trapolation on a temperature calibration curve. Filament 
temperature was measured as a function of filament volt-
amperes at several points in the visible temperature re-
gion (900, 860, 820, and 790°C brightness) and extra-
polated to room temperature at 0 volt-amperes input. 
The logarithm of the plate current was plotted against 

the plate voltage. The slopes of the space-charge region 
and the temperature-saturation region were extra-
polated. The point of intersection of these projected 
lines was taken as the point of zero effective field on 
electrons leaving the filament. The current at this point 

8J. P. Blewett, "Properties of oxide coated cathodes," Jour. 
Appl. Phys., vol. 10, pp. 668-679; October, 1939. 
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was used as the total thermionic emission I from the 
filament independent of field effects. 
The log of the total emission in amperes per cm2 was 

plotted against the reciprocal of the absolute tempera-
ture (see Fig. 2) to evaluate the emission constant A' 
and the apparent work function x of the empirical emis-

sion equation (1). 

0.0 

-1.0 

-2.0 0  2.  4.  6.  8.  10.  12. 

Fig. 2—Plot of emission equation to evaluate A' and x: 
I = A'r•xlvr. 

Is . 0.016 

A . 30-103 
\ X  0.99 

RECIPROCAL TEMPERATURE IN (.10-1-.10 

It is of interest to note at this point how the Dushman 
equation can serve just as well to describe the experi-
mental determination of emission as a function of tem-
perature. Using the same data as obtained in Fig. 2 and 
plotting log /0/ T2 versus 1/T— 0.10-4 , we find that a fairly 
good straight line can still be approximated (see Fig. 3). 
However, the Dushman equation is more complicated in 
reading, since to get the emission one must multiply by 
a T2 factor at any given temperature. 

DATA 

To define the thermionic-emission properties of a 
given filamentary material, the emission constant A', 
the work function x, and the total emission at 800°K 
I. were determined as a function of life. The tempera-
ture ranges used in the measurements of the above val-
ues are also reported. To present this large mass of data 
in a comprehensive form, a statistical breakdown was 
employed. 
The standard deviation has been selected as a meas-

ure of dispersion. 
Results are given in Table III. 
A particularly interesting feature of the data can now 

be presented concerning the relationship of A' and x as 

a function of life. 

20 

1.0 

0.00 2  6 -1— lb.  12. 
Fig. 3—Plot of Richardson's equation: 

I = A M-4 w. 
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0 
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RECIPROCAL TEMPERATURE IN CK)-17104  

TUBE  CODE 
126  0 
127  • 
128 
129 
130 
131  A 

40 

30-

• 

0 

WORK FUNCTION X IN E.V.   
2.00  0:2  64  0:6  68  1:0  12  1.4 

Fig. 4—Variation of A' with x for pure nickel filamentary 'alloy. 
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The measurements of A' and x were made for each 
tube at approximately 24, 100, 250, and 500 hours of life. 
If the tubes were placed in groups such that all of the 
oxide-coated filaments coated in one type of filament 
wire were grouped, a straight-line relationship could be 
found between the log A' and x. For instance, in Fig. 4 
the A' and x values for six tubes containing a pure nickel 
f lament, coated with the oxide, were studied over life. 
Each particular reading for this type of material was 
plotted. The log A' and x can be seen to be related to 
each other. Similarly, Fig. 5 represents the data taken 
for A' and x of each particular tube at each measure-

4.0-

3.0 

IN AMPS / cm
2 

LOG 
OF EMISSION C
ONSTANT 

TUBE  CODE 

90 
91  • 

93 
94 

atu 

2.0  WORK FUNCTION  X IN E.V.   
0  0.2  0:4  06  0.8  1.b  1.2 

Fig. 5—Variation of log A' with x for boron-nickel filamentary 
alloy. 

ment on life, where the oxide is coated on a nickel wire 
with boron impurity. Fig. 6 illustrates the data for the 
commercial Tensite filament coated with the oxide. In 
the case of all wire samples, as the points of A' and x 
for each tube are plotted over various periods of life, a 
straight-line relation is formed between the log A' and 
x. It is also of interest to note that the slopes of these 
lines are somewhat different, depending on the nature of 
the core material. It would be of interest to test other 
core materials and to determine how much the slope 
will actually be different for different samples. To the 
authors' knowledge, work of this type has never been 
published. 
One questionable point is whether this change in A' is 

a real change in the constant, or whether a change in A' 
is due to an exponential temperature factor inherent in 
4'. Suppose, for instance, that in our temperature range 

of measurement A' changes exponentially with tem-
perature. This could give a result which would mask, to 
some extent, the nature of log A' varying with x. 
In order to investigate the effect of temperature on A' 

and the temperature range of the emission measure-
ments, the following device was utilized. 
According to Reimann,9 from photoelectric evidence, 

a variation in the work function with temperature does 
not exist. 

TUBE  CODE 

320 
327 
324 
325  • 

322 

4 0-

3.0-

2.0 
0  0.2  04  0.6  0.8  1.0  1.2 

Fig. 6—Variation of A' with x for Tensite filamentary alloy. 

• 

, WORK F NCTION X IN E.V.   

Over the small range in temperatures studied it would 
not be expected that the work function would shift with 
temperature. For the case of oxide-coated pure nickel 
wire, an effective work function of 0.93 electron volts 
was assumed. From the data in Table III, this is not 
far from the average value determined. 
Then, for each tube, A' was calculated for each /0 at 

each particular temperature. This method of determin-
ing A' is somewhat independent of the previous method, 
since here we are assuming a constant work function and 
calculating A' by a measurement of /0 as a function of T. 
The resulting A' values, as determined from (1), are 

tabulated in Table IV. 
An inspection of these results shows that, if we as-

sume x to be constant over the range of temperatures in 
which .ro was measured, then log A' has relatively small 
changes in value with temperature, and certainly 
changes much less than the obserired variations in Figs. 
4-9. 

9 A. L. B. Reimann, "Thermionic Emission," John Wiley and 
Sons, Inc., New York, N. Y., 1934, pp. 267-269. 
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TUBE  CODE 

210 
E  211  0 

212  0 
cf)  213 
a_ 
2  215  • 
ct  216  • 

0 
C-) 

0 
(7) 

Lai 
LA-
0 

0 

• 

WORK FUNCTION X_ IN E.V. 

6.6  69  I2  1:5 

Fig. 7—Variation of A' with x for vanadium-nickel filamentary 
alloy. 

5.0 - 
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2.0 
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Fig. 8—Variation of A' with x for cobalt-nickel filamentary 
alloy.  Life Test Conditions 

TUBE  CODE 

220 
221  0 
222 
223 
224  • 
225  • 
226 
227 

WORK FUNCTION X IN E.V. 

4.0 

3.0 

20 
0  0.3  016  0.9  1:2 

Fig. 9—Variation of A' with x for platinum-nickel filamentary 
alloy. 

TUBE  CODE 

170 
172  0 

173 
174 
175  • 
177  • 

WORK FUNCTION X IN E.V. 

herently due to physical and chemical changes in the 
cathode for small temperature ranges. 

INTERPRETATION 

From the data above, it appears that log A' varies 
linearly with the apparent work function x, over various 
periods of life, for the case of oxide-coated cathodes on 
nickel. Why this should occur is by no means clear, since 
there is not enough fundamental work yet available 
upon which to build a general theory. In addition, the 
results indicate that emission is very much a function of 
the impurities in the core metal. 

TABLE I 

1. Bake at 400°C for 30 minutes to drive off occluded gases on glass. 
2. Degas elements at red heat not to exceed 850°C by rf heating to 
thoroughly degas metal parts. (This required about 15 minutes of 
heating.) 

3. Set filament temperature at 900 ±25°C for 2 minutes (keeping 
anodes at a red heat) to reduce the alkaline earth carbonates to the 
oxides. 

4. Following this, the processing was established as below: 
(a) Set TP =1000°C brightness; E,, =10 v for 1 minute 
(b) Set TP= 900°C brightness; E, = 50 v for 5 minutes 
(c) Set Tp = 900°C brightness; E, = 150 v for 10 minutes 

5. Flash getter and tip off. 

It might be inferred from this that variations in log A' 
twith x do not represent a temperature effect but are in-

TF = 775°C brightness 
E,, =40 .0 V rms, 60-cycle ac 
Emission was measured at 24, 100, 250, and 500 hours of life. 
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TABLE HI 

MEAN VALUE OF EMISSION CONSTANTS VERSUS LIFE 

Allo Number and 
Nominy Composition 

Hoursal 
Life 

N A • 10-3 cr74 • 10-8 oTc 7. 01, A T T min T max 

1 24 6 21.5 11.9 0.93 0.07 0.029 0.013 130 760 1065 
Pure Ni 102 6 9.6 13.3 0.93 0.13 0.017 0.008 135 840 1105 

248 6 4.7 1.6 0.89 0.07 0.013 0.006 145 865 1090 
490 6 4.8 5.6 0.93 0.11 0.009 0.005 120 840 1150 

2 25 4 17.1 27.1 0.83 0.09 0.022 0.009 165 815 1100 
Tensfte 99 4 6.5 5.1 0.83 0.14 0.023 0.022 170 665 1105 

1.3470M,0.0159 04g,0.33% 265 4 38.2 36.5 0.90 0.17 0.043 0.028 165 690 1020 
Si by weight 501 4 1.53 1.27 0.82 0.15 0.042 0.038 140 620 1080 

3 24 4 9.6 5.5 0.94 0.05 0.009 0.010 170 895 1110 
II-Ni 102 4 28.8 22.3 1.03 0.16 0.005 0.001 130 940 1115 

0.5 Atomic 51, Boron 248 4 157.0 238.0 1.,16 0.18 0.004 0.002 145 925 1190 
490 4 41.0 41.0 1.09 0.12 0.003 0.004 130 925 1175 

4 25 3 15.0 8.9 0.98 0.08 0.009 0.005 160 850 1260 
Co-Ni 99 3 9.6 1.9 0.92 0.05 0.019 0.015 160 820 1290 

2.0 Atomic %Cobalt 265 5 34.4 48.4 0.92 0.125 0.017 0.013 165 815 1265 
501 3 2.9 1.5 0.77 0.014 0.045 0.032 165 735 1250 

5 24 6 20.8 35.6 0.91 0.16 0.018 0.019 180 775 1105 
Pt-Iii 100 6 3.7 2.5 0.81 0.12 0.017 0.009 180 840 1090 

2.0Atomic % Platinum 250 6 8.8 9.5 0.90 0.14 0.014 0.007 185 830 1095 
506 5 2.8 2.5 0.80 0.03 0.018 0.008 190 830 1105 

6 25 6 28.0 39.0 1.03 0.14 0.004 0.003 155 930 1235 
V-Ni 100 1 6 12.8 14.9 0.98 0.15 0.008 0.005 165 840 1190 

2.0 Atomic % Vanadium 249 5 15.2 13.6 1.02 0.14 0.007 0.006 150 860 1250 
505 6 225.0 293.0 1.22 0.25 0.007 0.021 140 860 1250 

=arithmetic mean (a.m.) of the emission constant in amp/cm' 
crA' =standard deviation (s.d.) of A' 
Yc. =a.m. of the apparent work function in electron volts 
ux =s.d. of x 
/. =a.m. of total thermionic emission at 800°K true in amp/cmt 
al.=-s.d. of I. 
N = number of tubes 
A T =a.m. of temperature range used in evaluating A' and x in °K 

T max=maximum temperature used, in °K 
T min =minimum temperature used, in °K. 

TABLE IV 

VARIATION OF LOG A' WITH TEMPERATURE, ASSUMING CONSTANT X 

Tube No. 126 

No. of Hours log A' log A' 

127  128 129  130  131 

log A' log A'  T  log A'  T  log A'  T 

24 4.52  600 
4.56  555 
4.56  520 
4.58  485 

4.15  705 
4.26  670 
4.12  630 
4.09  585 

4.36  645 
4.39  595 
4.39  560 
4.41  510 

4.26  625 
4.28  580 
4.38  540 
4.33  495 

102 4.01  725 
4.08  685 
4.05  630 
4.07  580 

3.85  775 
3.85  735 
3.79  685 
3.37  625 

4.08  700 
4.08  655 
4.06  610 
4.14  565 

3.94  770 
3.97  730 
4.03  690 
4.00  640 

3.88  790 
3.85  755 
3.80  765 
3.76  660 

3.51  830 
3.49  790 
3.44  745 
3.44  700 

248 

490 

3.92  755 
3.90  705 
3.94  650 
4.17  605 

3.70  815 
3.68  770 
3.75  725 
3.71  675 

3.55  755 
4.01  695 
4.04  650 
3.97  610 

3.92  780 
4.05  730 
4.68  685 
4.11  625 

3.53  815 
3.54  780 
3.48  725 
3.48  675 

4.27  685 
4.37  640 
4.42  600 
4.37  555 

4.06  735 
4.12  700 
4.15  655 
4.10  605 

4.09  740 
4.14  695 
4.19  645 
4.21  590 

3.62  775 
3.54  725 
3.58  675 

3.45  800 
3.43  755 
3.50  700 
3.50  660 

3.46  825 
3.40  775 
3.38  725 

3.85  695 
3.88  650 
3.96  605 
3.95  565 

3.38  875 
3.46  840 
3.44  805 
3.44  765 

3.58  810 
3.57  770 
3.59  730 
3.61  685 

Tin °C 
log A' in amp/cm' 
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Effects of Hydrostatic Pressure on Electron 
Flow in Diodes* 

W. C. HAHNt, SENIOR MEMBER, IRE 

Summary—Inclusion of the hydrostatic pressure term, with con-
stant temperature, in the electron force equation of a diode is shown 
to give a way by which the effect of Boltzman's relation for a retard-
ing field disappears as the field becomes accelerating. Thus, one 
equation holds from the cathode surface through the potential mini-
mum to the anode. As a result, one may deduce the usual tempera-
ture-limited emission formula for maximum current, the space-
charge-limited characteristic, and the transition region from one to 
the other. Some remarks on this, from the standpoint of transport 
theory, are included. 

T
HERM IONIC EMISSION is ordinarily regarded 
as a problem in the evaporation of electrons from 
the surface of a hot metal. The argument pro-

ceeds along thermodynamic lines. As thermodynamics 
applies precisely to an equilibrium state, it is usual to 
calculate the current leaving the cathode for such a 
state and set the maximum emission equal to this 
value. It would seem reasonable that this would give a 
fairly close value; but, as Fowler' points out, the 
method gives no way of evaluating the error. Strictly 
speaking, one must use kinetic theory to discuss such 
problems of flow. The same thing applies, of course, to 
the space-charge-limited flow in diodes. 
In applying kinetic theory to problems of electron 

flow in high-vacuum tubes, one must consider the effect 
of interactions between electrons. Little or no work has 
been done along this line, aside from the use of a 
smoothed charge density in Poisson's equation. As it 
stands today, the kinetic theory' consists essentially of 
the hydrodynamic equations with an extra equation 
giving the temperature. The components of the stress 
tensor and the heat conduction vector contain all the 
required information about statistics, etc. The usual 
plan of solution of these equations contemplates em-
ploying a series of approximations for these compo-
nents; and in theory, at any rate, it is possible to appeal 
to the next approximation to get an idea of the order of 
magnitude of the error. 
In this paper it will be shown that, in a very simple 

approximation, the effect of hydrostatic pressure is to 
limit the current flow over the potential barrier at the 
boundary of a metal, in much the same way as gas flow 
through an orifice is limited. The same equation can 
describe the flow in a space-charge-limited diode from 
the cathode through the potential minimum to the 

• Decimal classification: R138. Original manuscript received by 
the Institute. December 5, 1947. Presented, IRE Electron Tube 
Conference, New Haven, Conn., June, 1946. 
t General Electric Research Laboratory, Schenectady, N. Y. 
1 Fowler, "Statistical Mechanics," University Press, Cambridge, 

England, 1936; p. 346. 
2 Chapman and Cowling, "The Mathematical Theory of Non-

Uniform Gases," University Press, Cambridge, England, 1939; p. 51. 

anode. Since it holds for both temperature-limited and 
space-charge-limited conditions, it can be used to give 
the transition between these conditions. 

INTERACTIONS BETWEEN ELECTRONS 

First, it may be profitable to consider exactly what is 
meant by interactions between electrons. In ordinary 
monatomic gases, the simplest theory of collision phe-
nomena considers the molecules as smooth elastic 
spheres (such as rubber balls) which bounce off each 
other. The theory of such collisions leads directly to the 
concept of a mean free path. Results of this theory, as 
applied to gases, were only approximately verified by 
experiment. Actual forces between molecules may be 
considered electrical in origin (such as dipole or quad-
rupole forces), and, in this case, they may be considered 
to fall off as the vth power of the distance between them, 
so that the molecules do not touch during a collision. 
Furthermore, the nearest distance may vary with the 
relative velocity, etc. The sum of the charges being 
zero, the gas is still electrically neutral. By this means, 
very much better checks with experiment have been 
made. Considering electrons, the inverse square law is 
to be assumed, of course; but it is found that the colli-
sion integrals do not converge. This condition arises 
primarily because the inverse square law falls off so 
slowly with distance that, in effect, all of the electrons 
are always in collision with each other. 
Suppose that one considers the electrons to be located 

in a regular manner throughout the volume and the 
whole to move as though they were fastened together. 
In this sense there are no collisions, and the interactions 
can be taken as the sum of the repulsions of each for all 
the others; i.e., one can smooth the space distribution 
of charge and calculate the force on each electron by 
Poisson's equation. This is already common practice. 
Now if the electrons have a random motion relative to 
these ordered positions, we will mein by interactions or 
encounters the additional forces (varying randomly 
with time) produced on an electron by such motions. 
It may be considered that, there being such a large 
number involved, the sum of the random forces pro-
duced by those a long way off is practically zero by can-
cellation. Thus the encounter forces on an electron are 
mainly the random forces produced by its nearest 
neighbors. One way to calculate these forces is to con-
sider the theory of fluctuations of the space-charge 
forces.' This has not been done as yet. In fact, the only 

3 See chap. XX of footnote reference 1. 
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work applying to this situation seems to be that of 
Chapman,2 who considered only interactions involving 
two electrons.* While these values may be considered 
indicative of the order of magnitude of the quantities 
involved, much remains to be done before it may be 
said that the theory is in reasonably good shape. In 
particular, it should be pointed out that some experi-
mental work on measuring the required quantities is 
essential. In this paper, the effect of collisions is assumed 
to be such that the temperature is constant in the dis-
charge, while any effects of viscosity are neglected. 

HYDROSTATIC PRESSURE OF ELECTRONS 

Suppose we consider a plasma of electrons whose 
mean velocity, normal to a plane, is vo. There is, on the 
average, a density of n per unit volume; and each has, 
in addition, a random velocity relative to the mean, 
the probability of any velocity between u and u +du 
being given by a Maxwellian distribution. In problems 
of this kind, the mean and random motions are kept 
distinct, just as one separates dc terms from ac 
terms in circuit analysis. The temperature is defined as 
t times the average of the random kinetic energy and 
constitutes a measure of it. Here k is the usual constant 
relating energy and temperature and has a value of 
1.38 X10-3  ergs per degree in the cgs system. Now 
one calculates the flow of kinetic energy per unit area, 
normal to the plane, caused by the electrons crossing it 
both ways. Dividing this by the average velocity with 
which they cross, gives the average energy associated 
with such movement. For the mean motion, we get 
(nm/ 2) • vo2, and for the random motion, nkT. Now the 
derivative of this energy with respect to distance x, nor-
mal to the plane, gives the equivalent force F which 
must have acted to produce the energy change. Thus, 

dvo dnkT 
F = nm —    

dt  dx 
(1) 

This is the usual force required to accelerate the mass of 
the particles to the mean velocity vo plus an additional 
force required on account of the random motion. The 
quantity nkT is called the hydrostatic pressure. This 
force F is produced by the electric gradient Ex, so that 

F = neE,  (2) 

(per unit area). Setting these equal and dividing by n to 
get an equation applying on a per-electron basis, 

dvo  1 dnkT 
m — = eE, 
di  n  dx (3) 

If one assumes that vo is zero, so that the plasma is in 
equilibrium, integrating this equation immediately gives 

4 A. Vlasov, "On the kinetic theory of an assembly of particles 
with collective interaction," Jour. Phys. (U.S.S.R.), vol. 9, no. 1, p. 
25; 1945. 

Boltzman's relation for the density n. In this way one 
can see that, even though there is an electric gradient 
acting on the electrons, they have no average motion 
because the force generated by the varying hydrostatic 
pressure exactly balances the electrostatic forces on the 
average. 
It is customary to use Boltzman's relation in a retard-

ing field and to discard it when the field becomes ac-
celerating. This creates a discontinuity at places where 
the direction of the electric gradient changes sign, such 
as a potential minimum. The restrictions on the validity 
of (3) are not with respect to the sign of E., but rather 
are implicit in the assumption of the velocity distribu-
tion and the value of T. From this standpoint, (3) 
should hold right through the potential minimum; and 
clear out to the anode, for that matter. Thus the appli-
cation of Boltzman's relation and its disappearance be-
come automatic and inherent in the equation. 
In this study, it usually will be assumed that the tem-

perature T throughout the whole discharge is constant 
at the cathode temperature. The rather remarkable suc-
cess in explaining well-known experimental results jus-
tifies the statement that T cannot vary a great deal un-
til one is beyond the potential minimum when the latter 
is close to the cathode. 
The rest of the analysis will be made on the basis of a 

parallel-plane diode with the mean electron motion in 
the x direction only, esu units, and cartesian co-ordi-
nates. These conditions with constant temperature To 
give 

d2x  kTo dn 
In — = eE. — — — •  (4) 
dt2 n dx 

TEMPERATURE-LIMITED EMISSION 

In addition to (4), there is the continuity equation 

dx 
I° = en — 

dl (3) 

where /0 is the anode current per square centimeter. 
Now differentiate (5) with respect to t and resubstitute 

(5): 

Io d log n  ex  (Ioy d log n 

en  dl  dt2 en)  dx 

Using this in (4), there is 

eE, d log n  /0\2 m d log n =   
kTo dx  \en) kTo  dx 

(6) 

(7) 

This equation, since E= —(dV/dx), can be integrated 
to give 

eV  n  m 2  1  1 
-  =log  +   (8)  
kTo no 2kTo  e  n2 no') 

where V is measured from the point where the electron 
density is no. Neglecting the last term, this is recognized 
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as Boltzman's relation. Thus the latter is changed, un-
der conditions where there is a flow, by subtracting from 
—(eV/kTo) a term which easily can be seen from (5) to 
represent the kinetic energy of the flow in equivalent 
units. This is a relation of the Bernoulli type, as might 
be expected. 
Now consider Fig. 1. On the right is plotted —(eV/ 

kTo) versus x for a typical image force field with an 
added accelerating field. 

RT. 

ft 
I  

l  

C4 

1 I 
II 
I 

10 

_ Iv 4 
kT. I 

eEz 

d log n  kTo 

dx  m Coy 
—  
kTo en 

(9) 

If we assume that n continually decreases, and note that, 
from Fig. 1, Ez must go through zero; then at that point 
(the potential minimum) we must have 

m  /0 )2 
1 = -  -  

kTo en' 

or 

let; 
Io = eni  — 

I' m 
(10) 

where n1 is the density at the potential minimum. This 
is precisely what we would get by differentiating for a 
maximum of curve B and using this simultaneously with 
the maximum V„, of the right-hand curve. Note that (9) 
and (10) are true for any potential minimum (such as 
occurs in space-charge-limited flow), and the present 
application for temperature-limited flow comes about 
by the identification of V„, with the thermionic work 
function of the surface. We may substitute (10) in (8) 
and get 

eV,„  lo  1 

Fig. 1  kTo = log (   kT0 -4- 
noe  — ) 

m 

0  111.11 

The abscissa x is taken as zero at the surface of the 
metal lattice structure, and the maximum of the curve 
occurs where V is about equal to the thermionic work 
function V„, (neglecting any reduction of the maximum 
due to the external field). On the left is plotted equation 
(8). The solid line is the first term on the right of (8); 
and the dotted lines represent this with the second term 
subtracted, using various values of /0. Considering 
curve A and noting that the same values of —(eV/kTo) 
must exist in both sets of curves simultaneously, it will 
be seen that one cannot go over the top of curve A be-
cause the maximum V is not high enough, and thus n re-
turns to its original value of no. This corresponds to a 
metallic contact, not an electron tube, and will be dis-
carded. For curve C, one cannot go over the top of the 
right-hand curve and must return down it. But obvi-
ously this requires that dxldt must reverse, and thus 
this is not a physical condition. Finally, consider curve 
B where the maximum of the two curves are exactly the 
same. One may then go over the top of the image field 
V„, and, at the same time, go over the top of curve B so 
that n continually decreases. This is the only condition 
corresponding to a cathode; and, since V„, is fixed by the 
constants of the metal, the current .To is also fixed. 
Mathematically, we may solve (7) for (d log n/dx) to 

get 

ro  2 

2 (  kr° ). 
nom /  

It will be found that the last term is negligible. 
Solving for /0, 

io / kTo eV„, 
= noe  \   exp  (12) 

V 2.718m  kTo 

Now V. is customarily measured from the metal, and 
thus no is the density at the surface of the metal. Fowler5 
gives this as 

2(2rinkTo)3i2 
no =   (13) 

This value is that which one would find at the metal-
lic surface, if Maxwellian statistics held to this point, 
and is appropriate for this calculation. Its derivation 
takes into account the Fermi-Dirac condition actually 
present. Substituting (13) in (12), we finally arrive at 

eV,.\ 
Io = AT02 exp 

kTo ) 

See p. 345 of footnote reference 1. 

(14) 
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where the constant A has the value of 181 amperes per 
square centimeter. This is the standard equation de-
rived by Dushman and Richardson and for which Fow-
ler gives the value A=120, based on the previously men-
tioned extension of equilibrium arguments. Actual ex-
periments do not give A with great accuracy as a 
fundamental constant, its value depending to some ex-
tent on what one uses for V„,. As a matter of fact, con-
sidering that we have neglected viscosity and tempera-
ture variations, the simplicity of the derivation and the 
relative correctness of the result are startling. 
It will be noted that, for space-charge-limited flow, 

the potential minimum occurs at some voltage greater 
than the thermionic work function. The same equation 
(14) can be used to determine this voltage from the as-
sumed current. Thus, in this sense, the emission current 
is always limited by the same mechanism; and at high 
currents the potential minimum moves over so close to 
the metal that the externally applied gradient cannot 
appreciably affect its potential, and the emission be-
comes constant. Examination of the left-hand side of 
Fig. 1 will disclose that, until one gets very close to the 
potential minimum on the cathode side, Boltzman's re-
lation holds very accurately. Beyond the potential mini-
mum, fl/no goes on down. As the log fl/no is a slowly 
varying function of n, to a first approximation, one may 
set 

eV  m  ( /0 )2 no2 
— — r--- 1 -  
kTo  2kTo k noe  n2 

(15) 

by measuring V from a suitable zero point. Integration 
of this with Poisson's equation immediately gives the 
well-known 3/2-power law of the Langmuir-Child's 
equation. Thus (8) contains within it the two funda-
mental relations which distinguish the operation of a 
high-vacuum electron discharge device. 

SPACE-CHARGE-LIMITED FLOW 

In the preceding section, it was shown that the flow 
has the usual characteristics before and after the poten-
tial minimum. Langmuir assumed that, in our notation, 
the flow was isothermal to the potential minimum and 
essentially adiabatic beyond, and derived the potential 
distribution for these assumptions by integrating Pois-
son's equation. It will be interesting similarly to inte-
grate (8) with 

d2V 

dx2 
= — 4i.-en  (16) 

for purposes of comparison. This must be done nu-
merically on account of the form of (8). Although the 
solution is continuous through the potential minimum, 
the boundary conditions are set, at this point, by (9) 
and (10), and thus one integrates each way from this 
point. In doing this, it is found, as previously men-
tioned, that Boltzman's relation holds from the cathode 

surface to a point very close to the potential minimum 
Thus we may disregard the image field, decreasing n by 
exp (—e V„,/kTo), where V. is the thermionic work func-
tion, and regard this as an equivalent value of no at the 
surface. 
The integration of (8) is conveniently performed by 

making the substitutions 

v 4re2 /o V E 
s = x 

kTo e  kTo 

Ioy m 1 

Y ----- (7  --kTo —n; 

which reduces (8) to 

and 

(17) 

(18) 

ds 
y = 1 + log, y + 2 f 8 f ds  t (19) 

o  Jo N5 

— !-K- = f ' ds f ' _ds 
kTo o v r_ Y (20) 

where we measure x and V from the potential minimum, 
and y is the ratio of the mean kinetic energy to that at 
the potential minimum. In Fig. 2 is plotted the resulting 
(—eV/kTo) versus s (full line). It will be noted that 
Langmuir's n is simply ( —eVIkTo), and his t is related 
to our s by 

E = (27)114 s = 1.583s.  (21) 

His curve is plotted in Fig. 2 as a dotted line. Esti-
mates of the temperature variation, using Chapman's 
values of the coefficient of thermal conduction, indicate 
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a variation of temperature of the order of magnitude of 
about 5°, starting at 2500° at the cathode, between the 
metal and the end of the image field. Thus it seems prob-
able that, in all cases, the discharge starts isothermally, 
or nearly so. On the other hand, consideration of the 
equation for temperature leads to the conclusion that, 
if the anode is an infinite distance away, somewhere the 
discharge becomes practically adiabatic. The change-
over point may be on either side or immediately at the 
potential minimum, depending on the conditions (such 
as current, original temperature, etc.). Examination of 
(15) shows that, if the changeover point occurs subse-
quent to the potential minimum by a sufficient amount, 
the curve will be practically the full line in Fig. 2 (inas-
much as To cancels out of (15) and does not affect the 
voltage-current curve). On the other hand, it is prob-
able that, if the changeover is about at the potential 
minimum, Langmuir's curve is more nearly correct. In 
any case, the important point is that the difference in 
the resulting curves is small enough so that experiments 
would have to be made very carefully to distinguish be-
tween no interaction at all (dotted line) and a very con-
siderable amount of interaction (full line). On the other 
hand, the temperature of the discharge is vitally af-
fected by such differences in assumptions. From the 
point of view of the external characteristics of the tube, 
plate noise might suffer the largest change; and it would 
seem that calculations of this, especially for space-
charge-limited tubes, should consider such effects. 

TRANSITION FROM SPACE-CHARGE- TO TEMPERA-

TURE-LIMITED EMISSION 

As was remarked before, the transition from space-
charge- to temperature-limited emission is accomplished 
by the potential minimum moving toward the cathode. 
Ultimately it will move into the image field far enough 
to be relatively unaffected by the applied gradient from 
the anode. Some slight effect will still remain, and calcu-
lations of this immediately give the Schottky effect in its 
customary form. 
It is usual to assume the potential as that of a true 

image field having a maximum value of V., with a dis-
placed origin of x to keep the gradient at the surface 
finite. Although this is admittedly approximate, it has 
given reasonably good results in quantum mechanical 
calculations. 
To do this we note that, if subscript i is used for im-

age fields, 

or 

e2 

eEi =    
4(x — xo)2 

eVi  e2 
= 

k TO  4 k TO( X  x0) 

(22) 

(23) 

and if the cathode is located at oc1, the displaced origin 
of the image field is at xo and the origin of x is at the po-
tential minimum (so that both xo and x1 are negative). 
Then 

or 

eVm  e2 

kTo  4kTo(xi — x0) 

xo = xi+ 
4V. 

(24) 

(25) 

Here we are measuring Vi from the metal. If we meas-
ure it from the potential minimum, we should use 

eV,  e2  e2 e2X 
(26)_  =   

kTo 4kTo(x — xo) ▪ 4kToxo  • 4kToxo2 

and the last term is an added constant field to give zero 
gradient at x=0. We may put this in the dimensionless 
form 

where 

eV,  752 
_  =   
kTo  (si  so)2(s — Si — so) 

J4re2 /0 
so 

411.  eV—kTo 

e2 4/471-e2 Io 
= 
4kTo  kTo e  kTo 

and so and si correspond to xo and xi. 
Thus we have the complete equation 

75 2 
y = 1+ loge y 

(Si+ so)2(s — si— so) 

ds 
+ 2 f  ds f s ,_ •  (30) 

o  o V Y 

With so many parameters, it is difficult to put a gen-
eral solution in a useful form. For reasons which will be-
come apparent, let us determine the maximum current 
at which the image force term is negligible. To do this, 
expand (30) in a Taylor's series in s around the point 
x = 0. We have 

(27) 

(28) 

(29) 

y = 1+ s 4/ 2 ( 1 7   ) (si  so)2 

Thus, if we define the constant (3 as 

13 — 
(si + so)3 

7 

(31) 

(32) 

then f1/2 will be approximately the per-unit change in 
the coefficient of the first term of the series (31). Now if 
we assume #, remembering that si must be negative 
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(and also ft), we may find s1 from (32). In doing this, we 
use saturation current for /0 as a first approximation. 
Since s1 is probably small (it is the distance of the cath-
ode from the potential minimum), we may use the Tay-
lor's expansion of (31) with y=0 in (20), to get (—eVil 
kTo) from sl. This is 

eVi 
— — = — si2 + .236s13 + • • • 
kTo 

(33) 

where, in effect, VI is the additional voltage, besides 
V., between the cathode and potential minimum caused 
by space-charge. From (14) we can see that the current 
under these circumstances is below the temperature-
limited current by the factor exponent ( — e Viik To). 
To put numerical values in the problem, assume 

To = 2500°, V.= —4.55, A=120 (amperes per square 
centimeter). Then we find that s1=0.183 for (3=0.002 
(or a change in the series terms of about 0.001). This 
gives the current as 3.5 per cent less than saturation. If 
we choose (3=0.02, then the current is only 0.7 per cent 
below saturation. In the latter case, we might expect a 
maximum change in anode potential of about 1 per cent 
due to the initial slope being changed. This is estimated 
by comparing the next to the last term of (30) with the 
full line of Fig. 2. The space charge will tend to reduce 
this to some extent, so that the actual anode voltage 
change will be something less than 1 per cent. From this 
we may conclude that the transition takes place, to all 
intents and purposes, within about 1 per cent change in 
current and voltage. 
In actual tubes, the transition usually requires much 

more variation in current and voltage. This is not too 
surprising when we consider that the cathode surface in 
the problem was a plane on the scale of the depth of the 
image field (of the order of several times the distance 
between molecules). For actual surfaces, the roughness 
and variation in V„, will always introduce further round-
ing of the transition point. The above calculation must 
be regarded as approximate because we do not know the 
exact variation of the image field; and furthermore, it 
represents approximately the maximum degree of sharp-
ness in the transition region which one could obtain 
with a perfectly flat and uniform cathode surface. This 
being so, there seems to be no need to calculate in more 
detail the exact shape given by (30). 

VELOCITY DISTRIBUTION 

From the standpoint of the kinetic theory, informa-
tion concerning the velocity distribution is all contained 
in the stress tensor and the thermal-conduction vector. 
In the first approximation, where viscosity and thermal-
conduction effects are neglected, the velocity distribu-
tion is purely Maxwellian, being a function of the tem-
perature only. If viscosity effects are present, they alter 
this condition by putting bumps or hollows on both sides 
symmetrically around the center. In the present instance 
we have heat conduction which produces an asymmetri-

cal change in the distribution (bumps on one side and 
hollows on the other). Ordinarily, these distortions are 
small; but for an electron gas they may possibly become 
noticeable under some conditions. For the assumptions 
made here, the distortions approach zero; and, conse-
quently, we have practically a pure Maxwell distribu-
tion, so far as these effects are concerned. 
From a general standpoint, Burnette has given a gen-

eral orthogonal series for the velocity distribution. The 
coefficients for two terms are functions of the compo-
nents of the stress tensor and thermal-conduction vector 
and apparently the only ones concerned with the aver-
age values used in mass flow. What the other coefficients 
mean has not been indicated, except that the series is 
general enough so that, for a given boundary condition, 
one could presumably specify an arbitrary velocity dis-
tribution somewhere and evaluate the coefficients from 
this. From this standpoint, it would seem that the actual 
velocity distribution would not have to be that given by 
Chapman's approximations, since they only represent 
certain terms in the over-all expansion. Thus one cannot 
conclude from this that a close approximation to the 
half-Maxwellian distribution assumed by Langmuir can-
not exist in the gas. 

Even though they be small, there are always some in-
teractions; and one can reason that the gas will ap-
proach as closely to an equilibrium condition as the 
stresses due to its motion will allow. Since the gas from 
the cathode becomes Maxwellian long before it sur-
mounts the potential barrier, it is reasonable to suppose 
that it has as nearly a complete Maxwellian distribution 
as the stresses will allow, using the usual approximations 
of the kinetic theory. This would argue very strongly 
against a discontinuous thing like a half-Maxwellian dis-
tribution. 

EQUIVALENT MEAN FREE PATH 

The use of collision integrals to describe encounters 
takes away any meaning from the term mean free path. 
The concept is, however, still useful in estimating pos-
sible errors from the use of any given approximation to 
the stress tensor, etc. For example, in the second approx-
imation, one uses viscous forces derived from the deriva-
tives of velocity with respect to the various co-ordinates. 
Now, if the velocity change is not reasonably linear in 
the length of a mean free path, then one might expect 
that it would be necessary to consider second deriva-
tives, which requires Chapman's third approximation to 
the stress tensor. Ordinarily, such conditions are found 
in shock waves, capillary tubes, etc. The third approxi-
mation is so complicated that it is of little practical use; 
and if it is required, a radical change in the analytical 
approach is necessary. In the case of high-vacuum tubes, 

g Burnett, "Mean motion in a nonuniform gas," Proc. Math. Soc. 
(London), vol. 40, p. 382; 1935. 
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it has long been considered that such is the case; and this 
condition led to the analysis in use at the present time. 
The numerical value of the coefficient of viscosity, as 

given by Chapman, may be easily evaluated for elec-
trons and comes out to be 3 X 10-"T412 (esu) where one 
uses 2500° and n=10'° in evaluating the limits of inte-
gration. Now one can define an equivalent mean free 
path as that value which, in the usual free-path theory, 
would give the above coefficient of viscosity. This comes 
out to be 

T2 
/ = 1.07 X 104— , (34) 

and at 2500° and n =10", 1=6.67 centimeters. In con-
nection with this formula, it is interesting to consult 
Langmuir's equation (229),2 which gives the free path 
as the average distance traversed by an electron before 
suffering a deflection of 0 degrees. Using this formula, 
where the average velocity of the electron relative to the 
swarm is taken equal to that corresponding to the pre-
vailing temperature, one finds that the free path, given 
by (34), is that length in which the electron suffers an 
average deflection of 13.7°. Thus this value from Chap-
man is of a reasonable order of magnitude according to 
formulas given by Langmuir. 
We mentioned previously that the discharge, beyond 

the potential minimum, ultimately must approach an 
adiabatic condition. Substituting this in (34), one sees 
that 1 will decrease as Pi', so that the equivalent mean 
free path ultimately decreases beyond the potential min-
imum. Physically, this can eas h be seen to be a conse-
quence of the fact that at lower temperatures the veloc-
ity of the electron relative to the swarm is lower, and it 
does not travel as far before it becomes deflected. This 
effect overcomes the natural lengthening of the path on 
account of the decrease of n. On the other hand, for iso-
thermal conditions between the cathode and the poten-
tial minimum, / will decrease as we go back toward the 
cathode. In this case, one might say that somewhere 
near the potential minimum we have the largest value 
of 1. A more accurate way of putting it would be to say 
that the maximum of / occurs at the changeover point 
between isothermal and adiabatic flow. Since we can 
evaluate n at the potential minimum, we can estimate 
1 at this point, which should be not far from the largest 
value. But we do not know T. The assumptions made in 

7 Langmuir and Compton, "Electrical discharges in gases; Part 
II, Fundamental phenomena in electrical discharges," Rev. Mod. 
Phys., vol. 3, p. 219; April, 1931. 

this paper would make 1 very much larger than the tube 
dimensions. However, since the tube noise decreases 
very markedly as we go from the temperature-limited to 
space-charge-limited condition, one might expect the 
corresponding temperature at the potential minimum to 
drop as well. Since 1 varies as T2, it is not out of the ques-
tion that it may, under some conditions, become much 
smaller than tube dimensions. In addition, it must be 
considered that the above calculations are based on en-
counters between two electrons only; and multiple en-
counters will reduce 1 still more. Thus the effect of tem-
perature and multiple encounters must be evaluated be-
fore this question of mean free path in a diode can actu-
ally be settled. 

CONCLUSIONS 

The kinetic theory consists of a series of approxima-
tions, each presumably more accurate than the last, to 
the actual conditions in a moving gas. In the present 
study, we have seen that a relatively simple approxima-
tion, used with the concept of potential barrier at the 
surface of a metal, can succeed in describing, in one 
equation, the phenomena of temperature-limited emis-
sion, space-charge-limited conditions, and the transition 
between these. Furthermore, the theory may intro-
duce, in a natural manner, the concept of a varying tem-
perature which possibly may be used to explain the re-
duction of plate noise under space-charge-limited 
conditions, and some characteristics of magnetrons. 
There is good reason to believe that progress in any 
branch of the art depends on being able to make an 
analysis in terms of a series of simple concepts, each of 
which can be understood and accepted by itself. The 
author suggests that these two problems have resisted 
analysis for a long time, for a lack of an additional con-
cept of this kind. 
All of the above phenomena, of course, can be calcu-

lated from other points of view, still obtaining the cor-
rect answer. There is, however, a vast body of processes 
normally used in dealing with gases in practical cases, 
among which are the concepts of variable temperature, 
isothermal and adiabatic expansion, etc., which the 
kinetic theory attempts to explain. By putting the elec-
tron-gas on a basis of this kind, one opens up many 
avenues of analysis which would not normally be ap-
parent. In other words, in dealing with interaction inte-
grals and mass flow equations all at one time, one may 
not "see the woods for the trees." 
The author wishes to acknowledge the many helpful 

discussions and encouragement of John Blewett, for-
merly of this Laboratory. 
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Precision Measurement of Electrical Characteristics 
of Quartz-Crystal Units 

W. D. GEORGEt, ASSOCIATE, IRE, M. C. SELBYt, SENIOR MEMBER, IRE, AND R. SCOLNIKt 

Summary—Extensive manufacture and use of quartz-crystal 
units for radio communication, instrumentation, control, and detec-
tion purposes was responsible for new investigations to improve all 
phases of piezoelectric units and devices. A small part of the total 
work included development of circuit arrangements and instruments 
for accurately measuring the electrical constants of crystal units. 
This paper describes precision methods of high-frequency radio 
measurements as used successfully on quartz-crystal units and ap-
plicable to other types of units having Q's and impedance ranges up 
to several million or higher. 

I. INTRODUCTION 

As A RESULT of the enormous demand for 
quartz-crystal units in the recent war, many 
new methods of production, measurement, and 

testing were studied and put to use. Precise measure-
ments of many characteristics of crystal units were 
made, but data concerning the dynamic electric im-
pedance were supplied largely in an arbitrary and in-
direct manner.' ,2 
The electrical characteristics of a crystal unit, i.e., 

the impedance, the equivalent reactance, and the 
equivalent resistance at any point of operation may be 
measured and specified entirely apart from any external 
circuit with which the crystal unit is used.3-5  From these 
data the behavior of a crystal unit in any specific ex-
ternal circuit whose characteristics are known may be 
predicted. Although the great advantages of using this 
kind of data as the basis for a standardization of crystal 
units are described at length by others,3.5 it may briefly 
be noted that this application would eliminate the 
multitude of comparison test sets and the associated 
problems of calibration and maintenance required by 
today's indirect methods of specification, and should 
lead to more exact methods of measurement and per-
formance rating in terms of those parameters likely to 
be most useful to the radio and electronics design 
engineer. 

* Decimal classification: R214.211. Original manuscript received 
by the Institute, November 21, 1946; revised manuscript received, 
March 5, 1948. Presented, 1946 Winter Technical Meeting, January 
26, 1946, New York, N. Y. 
t Central Radio Propagation Laboratory, National Bureau of 

Standards, Washington 25, D. C. 
1 G. M. Thurston, "A crystal test set," Bell Labs. Rec., vol. 22, pp. 

477-480; 1944. 
2 W. E. McNatt, "Test set for quartz crystals," Electronics, vol. 

18, pp. 113-115; April, 1945. 
Karl S. Van Dyke, "The standardization of quartz-crystal 

units, PROC. I.R.E., vol. 33, pp. 15-20; January, 1945. 
4 Geoffiey Builder, "A note on the determination of the equiva-

lent electrical constants of a quartz-crystal resonator," A. W.A. 
Tech. Rev., vol. 5, pp. 41-45; April, 1940. 
• C. W. Harrison, "The measurement of the performance index of 

quartz plates," Bell Sys. Tech. Jour., vol. 24, pp. 217-252; April, 
1945. 

This paper reviews means of expressing the equiva-
lent electrical circuit of a quartz-crystal unit. It de-
scribes measurement methods and techniques in which 
a generator of continuously adjustable frequency of 
stability comparable to that of a crystal unit permits 
the use of such laboratory instruments as rf bridges 
and Q meters to determine the crystal unit's electrical 
parameters. It shows how the techniques may be used 
for exploring secondary responses in a crystal unit to 
determine its usefulness as an element in filter circuits 
and to investigate causes of instability in oscillator cir-
cuit. The data are presented in simple graphical form 
favoring differentiation between a "normal" crystal 
unit and one remaining constant under limited condi-
tions. Finally, correlation is shown between data based 
on the more fundamental crystal-unit characteristics 
and data derived from the more familiar "activity" and 
"stability" of a particular oscillator. 

This work was done in connection with development 
of precision laboratory methods of measuring high-Q 
components. 

II. EQUIVALENT CIRCUIT REPRESENTING A NORMAL 
MODE OF VIBRATION OF A QUARTZ-CRYSTAL UNIT 

Piezoelectric crystals were introduced into the radio-
frequency field to meet the need for a resonant circuit 
(series or parallel) having constant parameters and high 
Q. A fundamental requirement was that the crystal 
unit be the electrical equivalent of a single resonant (or 
antiresonant) circuit. The unit that for practical pur-
poses meets this requirement is called a normal one. 
Crystal units with interfering responses, or closely 
spaced multiple responses, are apparently equivalent to 
electrical circuit meshes with a number of mutually 
coupled resonant circuits. These are more complex 
units, and should be treated separately. 

The equivalent circuit of a normal crystal unit is 
shown in Fig. 1(a). It has one resonant frequency f,. 
and one antiresonant frequency f, for any particular 
value of shunting capacitance C. The impedance across 
its terminals R, is illustrated by means of the suscep-
tance with reactance diagrams of Fig. 1(c) and (d). 
R. is small as compared with coL, and can be neglected 
in these diagrams. 

The susceptance Bak of the LI, CI series branch is 
added to the susceptance 13, of the shunt capacitance 
C,. C, is the total shunt capacitance across the crystal 
plate, and is usually designated as Co when the capaci-
tance external to the crystal unit is zero. The resultant 



1948  George, Selby, and Scolnik: Measurement of Electrical Characteristics of Quartz Crystals  1123 

B. is obtained in Fig. 1(c) as the resultant termination  where 
reactance X. in Fig. 1(d). It is evident from the dia-
gram that, as Ct is increased in value, the slope of B, will 
increase, and fa will approach fr. It is also apparent that 
X. is positive between fr and f„. The equivalent circuit 
at frequencies in this range is, therefore, as shown in 
Fig. 1(b), where R. is the resistive component including 
the effect of the series resistance R. and all other losses 
of the unit. 

(0) 

lb) 

ri 
r 
1.-{Babc 

'9e 

a FREQUENCY 

(C) 

Babc 

Fig. 1—(a) Equivalent circuit of a quartz-crystal unit. (b) Effective 
impedance of a crystal unit between f, and f.. (c) Susceptance di-
agram of a crystal unit. (d) Reactance diagram of a crystal unit. 

When such a circuit is tuned to antiresonance with an 
external capacitor, the termination impedance is re-
sistive, and is equal to 

X .2 

R p  Q,X, = — • 
R. 

(1) 

The termination impedance of the equivalent circuit of 
Fig. 1(b) (often referred to as the Performance Index, or 
PI) may also be expressed in terms of the shunt ca-
pacitance and the series resistance, as follows: 
At any antiresonant frequency fa (where 1.>f,), the 

termination impedance is, for small values of R., equal 
to that of a tapped antiresonant circuit, and is resistive; 
namely, 

Z9= Rp— Zz 
C12 

(C1-1- C,)2 

1  1 
Z = Qz—  

Q. is the Q of the antiresonant circuit, and 

Now, 

C. =   

C.2 1 
R, •• Z. — =   

C, 2 R.(co'02 R. 

And, from (1) and (2), 

Xt2 X.' 
—  — • 
R,  R. 

(2) 

(3) 

R, may be plotted versus C., as an independent param-
eter on log-log co-ordinate paper in the form of a 
straight line with a negative 2-to-1 slope. This follows 
from (2), since 

1  1 
log R, = log   — log [- -] — 2 log Ct. 

[co2/2,Ct2]  w2R. 

R. is assumed constant and the percentage change in 
co with CI negligible. Experimental evidence shown later 
supports these assumptions. Hence, 

log R, = K1 — 2 log Ct.  (4) 

Similarly, the antiresonant frequency increments 
(fa—ft) may be plotted on log-log paper as a straight-
line function of Ct with a negative 1-to-1 slope. This 
may be shown as follows (see Fig. 1(a)) : 

1 
(5) 

The antiresonance frequency is determined from the 
interrelation: 

w  2 = 

From this and (5), 

0002 P = (C1 + Cr)Ci = C1 
1 + — 

CICt 

or 

1  
C l Cf 

C1 -f- Cr 

LICICr 

= 

Wr2 fr2 

Cl fa2 
1 — 

Ct  1,2 Jr 

(f. + fr)(f. -  

For practical purposes, fa +fr = 2fr. 
Hence, 

f,) 
C., 

1 f rC 
(6) 
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or 

log (fa — fr) = log (MCI) — log Cr. 

Since Jr and C1 are constant, 

log (fa — fr) K2 — log C,. (7) 

These straight-line characteristics ((4), (7)) of normal 
crystal units are demonstrated in Figs. 2, 3, and 4. 
Slopes of 2-to-1 and 1-to-1 were drawn for the straight-
line sections in the figures. The position of each meas-
ured point shows how closely the theoretical curves are 
followed. Curvatures at high ./2„ values were caused by 
holder losses, as evidenced by the same characteristics 
measured, and plotted in Fig. 5, with the crystal re-
moved from the holder. 
It might seem at this time as if a single point on each 

of these R, and (f.—f,) versus C, curves, through which 
the engineer could draw the appropriate 2-to-1 and 
1-to-1 lines, would convey sufficient data for design 
purposes. And this could almost be done if the crystal 
unit in question were known to be normal, and if the 
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1 1 1 1  
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Ct, M A (CAPACITY  Co,  PLUS  EXTE RNAL  PARALLELING  CAPACITY) 

Fig. 2—Electrical characteristics of two 8.7-Mc wire-mounted crys-
tal units with metal-film electrodes. These exhibit the 2-to-1 and 
1-to-1 slopes derived from theory. 
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CI ,PPf (CAPACITY C., PLUS EXTERNAL PARALLELING CAPACITY) 

Fig. 3—Electrical characteristics of "normal" crystal units of differ-
ent physical construction. (a) CR-1 type; air-gap, pressure-
mounted. (b) FT-243 type; metal-film, spring-clip mounting. 
(c) FT-243 type; air-gap, pressure-mounted. 
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CE 
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C,,Nuf ( CA •CITY  C., PLUS EXTERNAL PARALLELING CAPACITY) 

Fig. 4—Electrical characteristics of two different 100-kc quartz 
crystal units; GT-cut, metal-film electrodes, wire-mounted crys-
tal. Unit A had a low-loss holder. 
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engineer were supplied with such additional data as 
the values of Co and either f, or f., at Co. Still lacking, 
however, would be the effect of holder losses, and the 
frequency spectrum of the crystal unit showing the 
magnitude and disposition of secondary responses and 
data on parameter variation with temperature. 

lOG   

10 

10  100  1000 

Ct,212.0 (CAPACITY CO 3 PLUS OR MINUS EXTERNAL PARALLELING CAPACITY 

Fig. 5—Impedance measurements of the fundamental and adjacent 
responses on both sides of antiresonance of an air-gap, pressure-
mounted crystal unit. The effect of holder losses on the high R, 
values of a crystal unit is shown. Fundamental response: (a) Lossy 
holder. (b) Low-loss holder. Secondary response: (c) Lossy holder. 
(d) Low-loss holder. 

III. MEASUREMENT METHODS 

Those parameters investigated in these measure-
ments, which have not yet been defined and are not 
presented in Fig. 1, are: 

C=an increment of C, 
Lf =f. —fr 
Rh= resistance shunting the quartz crystal (equiva-

lent to holder losses) 
Q,=X.IR.= the effective Q of the crystal unit 
Q.= (27rfLil R,)= (1/22rf CIR,) by definition, where f 

is the nominal frequency of the crystal unit. 
is usually referred to as the Q of the crystal. 

Some useful expressions of parameters in terms of di-
rectly measurable quantities are derived as follows: 

2AfC 
C1 =  = equation (6) rearranged. 

ft 
(8) 

1 
 from definition of Q „ and (8); noting that, (9) 

= 47WC,R. 

since .1f <<f any frequency between f. and f, can be used. 

Measurements of fa (to determine if) are usually made 
at C, = Co. Then, 

1 

Qz = 47AfC0R, 

1 L, -   
(22rf,)2C1 

The effect of holder losses reduce R, to 

RhR, 
R; =   

Rh R„ 

(10) 

(12) 

A. Q-  Meter Measurements of Quartz-Crystal Unit Char-
acteristics 

The well-known Q-meter principle makes use of an 
antiresonant circuit arrangement as shown in the table 
(Fig. 6). For our purposes, constant rf voltage was 
applied directly to the 0.04-ohm resistance element in 
the Q-meter tank with the Q meter's internal oscillator 
disconnected by leaving the band switch in an inter-
mediate position. 
LQ, CQ (Fig. 6) is tuned for antiresonance at the fre-

quency at which X., R. are to be measured. The crystal 
unit is connected in parallel with CQ. Now the latter 
must be readjusted by ACQ to restore the antiresonance 
at the Q-meter tank, and 

1 
xe =   

ceAC,2 
(13) 

The voltage across the antiresonance tank is a meas-
ure of the Q of the circuit. Connecting the crystal unit 
in parallel with the tank reduces the original Q as a re-
sult of the shunt effect of R„. From the two values of Q, 

1.59 X 108(9-2—i Qi — Q2) 
C(22 

fCQ1Q102 

where C01 is the capacitance, in micromicrofarads, re-
quired to tune the Q-meter tank without the crystal 
unit, but at the crystal frequency; Co is the capaci-
tance, in micromicrofarads, required to tune the Q-meter 
tank with the crystal unit in parallel with it; G is the 
original Q of the tank; Q2 is the reduced Q of the tank; 
and f is the nominal frequency of the crystal unit in 
kc. 

R. — (14) 
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PARAMETER RANGE INSTRUMENT 
CIRCUIT ARRANGEMENT 

(FUNDAMENTAL  SCHEMATIC) PROCEDURE PRECAUTIONS 
ACCURACY , 

CONSERVATIVE 
ESTIMATE 

STATIC 

CAPACITY 

0 TO 30 ppf 
CALIBRATE  Cg MEASURE C. AT rf FOR 

WHICH CRYSTAL IS INACTIVE 

* 0 i pti f 

Cg , 30  TO 150 pp f "0  " METER SEE f. 
VS . DIAL  SETTING. 

POSITION 

* 02 /Up f 
AND 

PARALLELING 

CAPACITY 

a Cp 

ISO TO 2000 PP i C. •Cg,  - Co.  
AC 891110010 

OP CRYSTAL UNIT IS PAPORTANT * 5 Nit 

100 TO I 100 Ai 0.1 I 
TWIN- T 

Avtowct-mcAsuowo 
GROAT 

SEE Rp CALMRATE CAPACITANCE DIAL i 2 piti f 

SERIES- 

RESONANCE 

FREQUENCY, 

I, . 

"Cr METER '0" METER 

sa 
-r   

ADJUST L.C. USE SHORTED TERMINALS 

L.  Co 

• ADJUST 

V FOR MAXIMUM V. 

r. I. 

.OR SMALLEST LOOP 

FOR 
* 1.5 IN le 

A 
FOR MINIMUM V. 

INDUCTIVE COUPLING 

TO CRYSTAL UNIT 

R-F BRIDGE R-F BRIDGE SEE Rs AND  Rs (HIGH  LEVEL)  t f., AND RESISTANCE ARM 

OF BRIDGE FOR BALANCE 

SHIELD WELL. NO F.m. 

IN OUTPUT OF r-f GENERATOR 
* 15 IN le 

ANTIRESONANCE 

FREQUENCY, 

II 

'0"  "0" METER METER 

TUVE V  f, 

Lg Co  MS  v 

METER TO  PLACE CRYSTAL 

UNIT IN PARALLEL WITH Cg. INCREASE 

r I FOR MAX v. REMOVE CRYSTAL UNIT 

AND  RE TuNE '0' METER. REPLACE 

FOR MAXIMUM PRECISION 

ADJUST C. FOR MAX V. 

* 25 IN P34 

A 
r I 

- CRYSTAL UNIT AND READJUST rt. 
FOR MAX v. 

USE LARGE %  RATIO 

IN"0" MET ER 

TWIN-T CIRCUIT TWIN- T CMCuiT SEE  Flp (LOW LEVEL) 

I 

ADJUST r f , AND Cp ARM 

OF BRIDGE FOR BALANCE 
SHIELD WELL i 2.5 IN Id' 

EQUIVALENT 

SERIES RESISTANCE 0 TO 1000  O HMS * 

SEE  Rs ROUTINE 
SHIELD WELL. USE LOW 

0.2 OHMS 

* 2% R., ANI) 

REACTANCE .E. 0 TO 500 OHMS(AT 10 Mc I 
R-F BRIDGE 

r-f INPUT TO BRIDGE * 1 OHM 
i  

5000 TO 10,000  OHMS 

SUBSTITUTION METHOD ADJUST r f. 
A 5% OR SET TER 

10,000 70100,000 OHMS "0" METER SEE 1. 

FOR MAXIMUM V. AT EACH A C1 

FOR MAXIMUM PRECISION 

ADJUST C. FOR MAX. V 
* 2 % 

100,000 TO 5,000000 OHMS 
AS% OR SETTER 

ANTIRESONANCE 

IMPEDANCE, 

R, 

1000 TO 18,000 OHMS 
TWIN- T 

CIRCUIT 

, SHIELD WELL 

ROUTINE USE LOW r-f INPUT 

TO BRIDGE 

* 2.5 % 

(LOW LEVEL) 

0 TO 1000 OHMS R-F BRIDGE 

R 
ADJUST r. f.,AND RESISTANCE ARM 

OF BRIDGE FOR BALANCE WITH 

SHIELD WELL 

USE LOW r-f INPUT *0.1 OHMS 

CALIBRATED SILVER-MICA CONDENSERS 

IN PARALLEL WITH CRYSTAL UNIT 

TO BRIDGE.  NO FDA. IN 

OUTPUT OF  r-f GENERATOR  
* 15 % 

R, 

MOOR LEVEL) 1000 TO 00,000 OHMS 

SPECIAL 

HIGH LE VEL 

"0" METER 

co ww v 

• 
A 

r I 

SLMSTITuTION ME THOD 

USE I TO 5 WATT r- f INPUT 

PERMIT CRYSTAL UNIT 

TO REACH TEMPERATURE 

EQUILIBRIUM 

* 5 % 

SERIES-

0 TO 1000 OHMS R-F BRIDGE SEE Rp (LOW LEVEL) SEE  f, SEE  f, * 0.1 OHM 
* i t 

RESONANCE 
i000 TO  10,000 OHMS SEE f. SUBSTITUTION METHOD i 5% 

R E SI S T A N C E, 

R.  

0 TO 10 OHMS 
"0" METER 

L  ••• •. 
V 

SUBSTITUTION 

USE GOOD L O  C OI L S 

Lo/c{, 
A r 1  

METHOD AND LOW  RATIOS 3 2 5 % 

R, SPECIAL 

AND 

f, 

(HIGH LEVEL) 

0 TO 100 OHMS 

AND ABOVE 

CIRCUIT 

ARRANGEMENT  

C  L 

B. 

ADJUST LA FOR MAXIMUM I. 

AND Ep FOR DESIRED I VALUE 

ADJUST C, FOR MINIMUM V. 

R. • i-

CALIBRATE I ANO V 

SEE R, (HIGH LEVEL) 

NOT FULLY 

INVESTIGATED 

RI. 5,000 TO s,000poo CHIAS 
'Er METER 

WITH LOW C. 

• I. 
Co 

ADJUST r  FOR MAXIMUM V. 

AT A VALUE HIGHER THAN f, 

V IS MAXIMUM WHEN 

C O  • C.  AND NOT FULLY 

A 1 , R • -g- 
tOC,, 

,  a f 
FREQUENCY • .,, + 

INVESTIGATED 

Fig. 6 —Tabulation of measurement methods and the accuracies attained. 
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The values of 14 and R. may also be derived directly 
in terms of the Q's observed: 

1.59 X 108 QiQ2 

Q2) 

R r (Q. — - Q0c.  12 
(16) 

P 1— Q1 Q2( CQ2  CQ1) 

R, = 

R. = 

(15) 

where the symbols are as stated above.' 
R, measurements from values of 5 million down to 

several thousand ohms were readily made with the 
Q meter using the above formulas. It was found, how-
ever, that a direct substitution of calibrated rf re-
sistors in place of the crystal unit (across the Q-meter 
tank) eliminated time-consuming computations, with 
no sacrifice in accuracy. 
Each of a number of coils was resonated at the de-

sired frequency and its Q2 values (see (14)) plotted on 
semilog paper against rf resistors (on the logarithmic 
co-ordinate) causing the drop in Q. Measurements of Rp 
at any frequency within a given crystal-unit response 
were made. At the fixed frequency, the Q-meter tank 
(with crystal unit in shunt) was resonated by tuning 
the capacitor CQ to a maximum Q2 indication. Measured 
G  values were converted directly into corresponding R, 
values from the resistance (R,) versus Q2 calibration 
curves. The over-all accuracy (conservatively estimated 
and tabulated in Fig. 6) is limited by the accuracy to 
which the rf values of the resistors used for calibration 
are known, and by the reproducibility of Q-meter 
readings. The inductance and the Q of a specific tuning 
coil determine the resistance range for greatest accuracy. 
To measure the series-resonance frequency, an un-

shielded coil was resonated in the Q meter at a frequency 
near that of the crystal unit. The crystal unit was short-
circuited and placed near the low-voltage end of the 
coil. The Q-meter frequency was varied until a sharp 
dip indicated the f, of the crystal unit. 
Measurements of f., when C, = Co, were made with 

the crystal unit in parallel with the Q-meter coil. The 
coil was first resonated at the nominal frequency of the 
unit. After the insertion of the crystal, the frequency 
was varied until the Q indicator rose to a maximum. 
With the crystal unit again removed, the coil was res-
onated at constant frequency by adjusting C0. Again 
the crystal unit was placed in the circuit and the fre-
quency adjusted to a maximum Q indication. These 
adjustments were repeated until a constant frequency 
value (f.) was obtained. At this point Ct = Co. For high-
est precision a final adjustment of CQ to a maximum Q 
indication was made at constant frequency. It will be 
recognized that the Q indication (Q2) yielded the im-
pedance R„ of the crystal unit for this operating point, 
as previously described. 

To measure f., when Ce 0 Co, the Q-meter capacitance 
was changed from the C, = Co setting by the AC re-
quired to bring the operating point to the desired fre-
quency within the crystal response, and the frequency 
was varied to the new f„ indicated by the peaking of the 
Q indicator. Again the Qs value yielded the R, of the 
crystal unit for this new operating point between fa 
and f,.. 
The Q meter was used for measurements of R. di-

rectly. The crystal units were connected in series with 
the tank coil for low R, values (up to 10 ohms), and in 
parallel with the tank for values higher than 1000 ohms. 
An rf impedance bridge was found to be more suitable 
for measurements of R. from 1 to 1000 ohms. 
Values of R, at crystal-unit voltages approaching 

those in a Miller- (or Pierce-) type oscillator were meas-
ured with a Q-meter circuit specifically constructed for 
the purpose (Fig. 6; see R,, high level). Stable frequency 
voltage was injected into the LC tank by link-cou-
pling the output of an auxiliary amplifier into a small sec-
tion of the tank inductance. Sensitive thermoelements 
and potentiometers were used for current and Q indi-
cators. Care was taken in the measurements to avoid 
frequency-response shift as the temperature of the crys-
tal varied with the current through it. The technique 
was modified to permit presetting the voltage levels de-
sired. Since there was no apparent difference in R, 
values at high and low voltages (Fig. 7), there seems to 
be little need for high-voltage measurements, and the 
procedure is not elaborated upon. 

104 

IMPEDANCE (NONREACTIVE).( Pp), OHMS. 
AT LOW VOLTAGE LEVEL 

105 

Fig. 7—Correlation between Rz, values measured at high and at low 
rf voltages across the crystal units. Five units were measured 
with four different values of shunting capacitance. 

It should be observed that, when a crystal unit is 
I At high I?„ values, R,' (equation 12) must be used to correct for 

holder losses.  connected in parallel with an antiresonant circuit tuned 
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approximately to the crystal frequency, there are pres-
ent two antiresonance peaks of the circuit impedances.' 
The lower peak is not influenced by the frequency re-
sponse of the crystal unit, and appears at a separation 
many times the width of fa—fr. Hence, it does not 
affect the measurements. 
The Q meter was singularly useful in locating and 

measuring secondary responses. The Q-meter tank was 
tuned to a frequency just below the nominal frequency 
of the crystal unit. The frequency was then increased 
continuously, with the crystal unit in parallel with the 
tank. Voltage dips were observed at f, points, and peaks 
at fa points in the frequency spectrum. Individual re-
sponses were closely explored by returning the tank 
(crystal unit removed) and repeating the sweep of fre-
quency (crystal unit replaced) to determine more 
exactly the values of f,. and fa. The process of returning 
the tank and of readjusting the frequency was repeated 
to a final unchanging frequency. 
Tank coils of high inductance were effective in locat-

ing fo points, while low-inductance tank coils were more 
effective in locatingf,'s. For most precise measurements, 
different coils were used as conditions warranted. 
It was found enlightening to plot the relative position 

of the secondary responses on semilog paper as shown 
in Fig. 8. For practical purposes, it might be sufficient 
to interconnect the R. and R„ points of each response 

RE
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Fig. 8—Frequency-response spectrum of a metal-film-electrode, wire-
mounted crystal unit. The curves connect measured R, and R. 
values for each response. The single points represent R, values of 
responses whose R. values are uncertain. 

with a straight line, for the curvature involved is negli-
gible relative to the frequency scale employed. This ap-
proximation may be justified analytically when con-

sidering the variation of R. within a single response, be-
tween f, and fa. 
Designating the total series reactance of the equiva-

lent circuit of Fig. 1(a) as 

= 01E4 — 

1 
-  

1 
and Xo = 

ux-o 

the termination impedance of the unit is 

= 0 
X0R,  j[Rs2 Xi(X1  Aro)] 

Z  X 
R,2 (X1 + Xo)2 

Then 

[ Xo2R.2 + [R.2 -1-' Xi(Xi Xo) [211/2 

Z I = Xo 
R12 + (Xi + Xo)2 

The equivalent series values of R. and X. are then 

X0212, 
R, =   

R,2 (X1 ± X o)2 

and 

x0 [R.2  X (X -I- X 0)  
X, = 

R12 + (X1 + X0) 2 

(17) 

(18) 

For practical purposes, at f„ the reactive component of 
Z vanishes, and Xi+Xo =0; therefore, 

Xo2R.  X02 

Z.  R„   = —  R,'  (19) 
R,2 R, 

where R.' is the value of R, at fo. 
At fr, Xi is zero, and 

I z = xo 
[X02R.2 ±  R .4[1/2 XoR. 

R.2 ± Xo2 (X02 + R.2)"2 

For values Xo>>R., ZA,R.. Similarly, at fr, X1 is zero, 
and, from (17), 

Xo2R, 

R a2 +  X02 
(20) 

It is apparent, therefore, that for responses having 
series-resistance values considerably lower than Xo, 
plotting R. versus frequency (Fig. 8) would closely rep-
resent a quantitative variation of the parameter of the 
crystal unit within the limits of R. and R. For re-
sponses with high series-resistance values, this presenta-
tion of a response is correct at the R„ and R, points 
only. In the curves shown, the R„ and R, values repre-
senting the top and bottom points of each response are 
the measured values of these parameters; the inter-
mediate points have qualitative significance only. 
The Q meter was used to locate the responses. The 

R„ and R, values were then measured with Q meter, 
twin tee, or rf bridges, depending on the magnitude of 
the parameter. Some of the relatively small secondary 
responses (R, values above 1000 ohms) behaved in a 
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manner that made the measurement of R, uncertain. 
Further study of this behavior will be required, and 
these responses are here represented by a single point of 
measured R. Other responses at, and below, the thresh-
old of detectability with the Q meter have been ne-
glected as insignificant in this study. 

B. Twin-Tee Circuit and Impedance Bridge 

A twin-tee admittance-measuring circuit was used for 
R, values of 1000 to 10,000 ohms. Resistance values 
computed from the admittances obtained were checked 
often against measurements of rf resistors maintained 
as standards. Increments of Cg applied across the crystal 
units (either by varying the internal capacitor of the 
instrument or by connecting external capacitors across 
them) were known to high accuracy at the operating 
frequencies. 
It is possible to measure X. and R. of a crystal unit 

directly with the twin tee. However, the relatively 
limited range of measurable X. at corresponding R. 
values renders the instrument useful only for checking 
a few points obtained with the Q meter. Its use, there-
fore, yields little additional information. 
An rf impedance bridge was used to measure R,, 

R. and X. values from 1000 down to a few ohms, and 
R. values down to 100 ohms. In fact, R, values as low 
as 10 ohms were actually measured with 8.7-Mc crystal 
units. However, the validity of the latter was uncertain. 
In measuring R. and R, with the bridge, the fre-

quency and resistance arms were varied until a mini-
mum deflection on the null balance indicator was ob-
tained. R. was measured more rapidly by first determin-
ing f, with the Q meter, as described above. R, values 
when CtO Co were measured with external capacitors 
connected in shunt with the crystal-unit terminals. 
R. and X. values were obtained at any frequency by 
adjusting the resistance and reactance arms for a null 
balance. 

100 KC'S 
STANDARD-FREQUENCY 

FREQUENCY 

MULTIPLIER, 

H-F OUTPUT 

STABLE-
FREQUENCY 

OSCILLATOR, 

(ADJUSTABLE), 

1A-F OUTPUT 

MIXER - 

AMPLIFIER, 

POWER OUTPUT 

I WAT  (MAX) 

The major requirement in the application of the twin 
tee and rf bridge was a source of stable frequency, 
adjustable in small increments. Good wave form with-
out frequency modulation was found essential for a 
sharp null balance. 
The equipment shown in the block diagram of Fig. 9 

was used for 8.7-Mc crystal-unit measurements. A 
standard frequency of 100 kc was injected into a fre-
quency multiplier, the products of which were mixed 
with the output of a continuously adjustable stable-fre-
quency oscillator. The output of the mixer was then 
amplified to the desired level. 
Frequency could be adjusted, measured, and main-

tained to better than 5 parts in 107 over a period of time 
required to complete any one measurement. Regular 
frequency-measuring equipment incorporating a rzdio 
receiver as a detector, a stable audio-frequency oscil-
lator to determine the beat frequency between the ad-
justable oscillator and a harmonic of the standard 
source, and an oscillograph were used throughout the 
measurements. A second radio receiver was used as a 
null indicator for the twin tee and rf bridge. 
Special circuits were developed and used to measure 

independently and directly the values of the series-reso-
nant resistance R. and series-resonant frequency f. Fig. 
6 lists the methods, accuracies, and range of parameters 
measured. 

IV. A COMPLEX CRYSTAL UNIT 

A great difficulty encountered in this investigation 
was that of locating and segregating a group of quartz-
crystal units whose characteristics could be measured, 
and the results reproduced to an accuracy near that of 
the measuring equipment. Stability tests of R., of R,, 
and of "activity" were made over a period of weeks, and 
only the most highly stable units were used for meas-
urement. 

if/ KC/S 
STANDARD-FREQUENCY 

HARMONIC - 
GENERATOR, 

DETECTOR, 

INTERPOLATION-

OSCILLATOR, 

OSCILLOSCOPE 

COAXIAL 
LINE 

-13,ME TER 
IMPEDANCE-
MEASURING 
CIRCUIT, 

15,000 ohms to 

5,000,000 ohms) 

TWIN -T 

IMPEDANCE-
MEASURING 
CIRCUIT, 

(1000 W m, to 
18000 ohms) 

R-F BRIDGE, 

(0-1000 ohms) 

Fig 9—Block diagram of the apparatus used. 
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Among those in the select group, there were a few 
relatively stable with respect to R. and to "activity," 
but with R, (and AB versus C, characteristics which 
deviated considerably in slope from the expected 2-to-1 
and 1-to-1 ratios. A typical example is shown in Fig. 10. 
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Fig. 10—Electrical characteristics of two interfering responses of a 
"complex" crystal unit. (a)  8697.87 kc. (b) f: 8700.40 kc. 
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Fig. 11 —Frequency-response spectrum of a "complex" crystal unit. 
The large number of responses should be compared with the rela-
tively few in Fig. 8. The position and magnitude of the antireso-
nant impedances of the first two responses are indicative of the 
behavior shown in Fig. 10, and described in the text. 

At Cs values between Co and 75 pig, the first response 
(A) has higher R's than the second; and the crystal 
should operate at the frequency of the former. Above 
75 Ati.if, the R, values of the second response are higher; 

and here the crystal should operate on the second re-
sponse. This frequency jump from one response to the 
next was observed in a Miller-type oscillator at the 
stated C, value. 
It is probable that the presence of many an interfer-

ing response will not show up in test oscillators in use 
at present. This particular one was detected in other 
measurements: abnormally high R., and an unusually 
wide Af. The frequency spectrum of this particular 
crystal unit is shown in Fig. 11. It demonstrates the 
proximity and the relative values of R„, R., and if of 
all responses; and this frequency spectrum should be 
compared with the spectrum of the normal crystal unit 
as shown in Fig. 8. 
The role of the second response as an interfering one 

was again indicated by a decrease in R. as the frequency 
was increased from b. From the minimum, reached sev-
eral hundred cycles above series resonance, R. then in-
creased in a more normal manner. This is not intended 
to indicate a specific manner of behavior of a complex 
crystal-unit response, but to point out another practical 
means of exploring such behavior. Further study of this 
type of crystal should be undertaken as a separate 
problem, employing methods of measurement de-
scribed here. 

V. CORRELATION BETWEEN MEASURED CHARACTER-
ISTICS AND OSCILLATOR PERFORMANCE 

OF CRYSTAL UNITS 

It has been shown in a number of publications6.7.8 
that the activity of a crystal in an oscillator is a func-
tion of the equivalent dynamic resistance R, (PI) of the 
crystal unit. The higher the Q of a crystal unit, the 
greater its stability and effectiveness in electric circuits. 
The relative merits of crystal units may be stated, then, 
in terms of these parameters. 
To verify this, activity, (4), and Rs, measurements 

were performed on a number of crystal units of varying 
degrees of stability. Fig. 12 shows thirteen such units 
with three values of C, and their corresponding Rp's 
measured at voltages approximating those across the 
crystal unit in a Miller-type oscillator. R, was meas-
ured immediately after an 4 measurement to prevent 
any change in characteristics as a result of handling. 
To further minimize differences, the activity was later 
reduced by lowering the oscillator plate voltage, while 
the R, measurements were made at the low-voltage 
levels of the Q meter. These results agree with those in 
Fig. 12. There is a good correlation between high- and 
low-activity crystals and their respective R, values. 
Moreover, there is good correlation between variation 

7 I. E. Fair, "Piezoelectric crystals in oscillator circuits," Bell 
Sys. Tech. Jour., vol. 24, pp. 161-216; April, 1945. 

8 M. Boella, "Performance of piezo-oscillators and the influence 
of the decrement of quartz on the frequency oscillations," PROC. 
I.R.E., vol. 19, pp. 1252-1274; July, 1931. 
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in activity of individual crystals and corresponding 
variation in their R, values. 
Still another correlation exists between the R. of a 

crystal unit and its activity in a Miller-type oscillator 
at various temperatures. Variations in R. were meas-
ured with the crystal unit under test placed in a tem-
perature-controlled cabinet and connected to the im-
pedance bridge through a half-wavelength coaxial 
cable. Corrections were made for losses in the cable. No 
difficulties were encountered in the application of the 
coaxial cable to these measurements. 
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Fig. 12—Correlation between R, and activity (grid current 4) 
of thirteen pressure-mounted crystal units. 

Since I. activity is a function of R9, it is also a func-
tion of R. and of C, (2). Observations were made, there-
fore, on the effect of temperature on Co. As expected, no 
detectable variations were found. It may be assumed, 
then, that the activity variations were caused entirely 
by changes in R.. 

VI. ADDITIONAL OBSERVATIONS IN 
CRYSTAL-UNIT MEASUREMENTS 

Temperature effects on the relative position of crystal-
unit responses and their R,, R„ and  values were 
measured by the methods described. This type of meas-
urement may be of value in the study of activity dips. 

Another graphical presentation of the effect of tem-
perature on the quartz-crystal unit is shown in Fig. 13. 
In curve A, a relatively high crystal current resulted in 
a resonance-frequency turning point at an ambient 
temperature of 3°C. Actually, the high crystal current 
brought the enclosed crystal plate to a temperature of 
about 44°C (the nominal turning point), even though 
the ambient indicating thermometer read 3°C. Curve B 
shows the resultant shift in turning point to an ambient 
of 15°C as the crystal assembly was removed from its 
enclosure and exposed to free ventilation. In curve C, 
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100 

200 

300 

400 
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Fig. 13—Effect of operating conditions on the temperature and fre-
quency turning point at resonance of an 8.7-Mc crystal; BT-cut, 
metal-film electrodes, wire-mounted. (A) Crystal in plastic holder, 
measured with relatively high crystal current. (B) Conditions 
same as (A), but crystal removed from holder. (C) Crystal in 
holder again, measured at negligible crystal current. 

the crystal current was made negligible, and a full 44°C 
ambient temperature was necessary to bring the crystal 
plate to its frequency turning point. 
Thus any predetermination of frequency turning 

point with temperature by a manufacturer or a design 
engineer must take into consideration at least the ap-
proximate amplitude of oscillation expected of the 
crystal unit and the mechanical design of the crystal-
plate holder and electrodes, insofar as heat dissipation 
is concerned. This is in keeping with the observation 
that the graphical curves suggested for use in design 
work should be accomplished by temperature data for a 
more complete expression of the characteristics of a 
quartz-crystal unit. 

VII. CONCLUSION 

It was shown that comprehensive data on electrical 
characteristics of quartz-crystal units may be obtained 
with rf bridges and Q meters and a source of con-
stant cw frequency. Electrical characteristics of funda-
mental or of secondary responses may be measured 
equally well by the methods described. 
Graphical presentation of measured parameters as 

straight-line functions on log-log co-ordinate paper 
was suggested as particularly suitable for design pur-
poses. Examples of crystal behavior were given to 
demonstrate this presentation. 
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Correspondence 

A Note on the Effect of a Capacitor 

Shunting a High Impedance* 

In obtaining impedance versus frequency 
characteristics of antennas, as well as cir-
cuits having similar impedance character-
istics, rf bridges such as the General Radio 
916-A have been commonly used. Unfor-
tunately, impedances of many antennas 
have reactive and resistive components 
which are outside of the range of the bridge. 
This is particularly true for some aircraft 
antennas in the region of antiresonance 
(maximum-resistance region). In such cases 
it is possible to bring the impedance into 
the range of the bridge by using a capacitor 
in shunt with the antenna. With a shunting 
element, the critical values, such as anti-
resonant frequency, magnitude of anti-
resonant resistance, frequencies at and mag-
nitudes of reactance extremes, are badly 
obscured and cannot be easily determined. 
Nielsen' has presented a convenient set 

of graphs which makes it possible to deter-
mine the true impedance from the values of 
the equivalent series circuit elements. For 
the particular rf bridge under discussion, 
the GR 916-A, the capacitive values as 
required by Nielsen's graphs cannot be 
obtained directly, and all reactances read 
on the bridge must be divided by the fre-
quency in megacycles. 
All critical values can be shown to bear 

simple relationships to the readable quanti-
ties. Let us consider the circuit of an antenna 
with a shunting capacitor and its series 
equivalent circuit. The quantities Ds, Pc, 
DR are bridge dial readings for the isolated 
shunting capacitor, equivalent series ca-
pacitance, and equivalent series resistance, 
respectively. D is negative for capactitive 
reactances. 
In terms of the bridge readings, the un-

known impedance ZA is equal to 

Z A= RA-FjX A 

Ds fDRDs —jf2DRIA-jDc(Ds— Pc)  
(1) 

f2DR2+ (Ds — DOS 

Equating imaginary terms, the condition 
for antiresonance is given by 

— DcDs  f2DR2 =g 0. 

Solving for Dc, and if 

Ds2 > (4fDR)2, 

(2) 

(3) 

the antiresonance frequency is one which 
makes Dc satisfy the following relationship: 

f2DR2 
DC = DS —  

Ds 
(4) 

If the antenna is a "high-Q" circuit, DR is 
very small, and 

• Received by the Institute. May 18, 1948. 
I R.. L. Nielsen. 'Charts for simplifying high-Im-

pedance measurements with the radio-frequency 
Bridge,' PROC. I.R.E, vol. 31, pp. 372-379; July, 1943. 

Dc = Ds. (5) 

This shows that the frequency for anti-
resonance is one which makes the equivalent 
series capacitance almost equal to the 
shunting capacitance. This frequency can be 
easily found. 

ZA  Cs 1_ TDs  = fx S 

D  = fX 

DR = R 

(b) 

Fig. I.—(a) Unknown impedance with shunting 
capacitor. (b) Equivalent series circuit. 

The antiresonance resistance is 

Ds2 1 
(RA)ant, 

I pDR2 

Ds= 

and, for a high-Q circuit, 

(RA)satt 
Ds2 

f2DR 

(6) 

(7) 

For a high-Q circuit of constant param-
eters, the phase angle of the impedance is 
equal to 45 degrees at the reactance extremes 
near antiresonance. Equating the real and 
the imaginary components of ZA, 

A RDS = ± f 2DR2 Dc(Ds — Dc). (8) 

Solving for Dc, and if 

Ds2 > 16fDR(fDR — Ds),  (9) 

the frequencies for the reactance extremes 
are those which make Dc satisfy the follow-
ing relationship: 

f2DRI 
Dc = Ds ± fDR  (10) 

Ds 

.6 DS ± fDR.  (11) 

It is a simple matter to find the frequencies 
which will give the desired values of Dc. The 
magnitudes of the reactance extremes are 
equal to approximately one-half of the anti-
resonance resistance. Both inequalities (3) 
and (9) are easily satisfied when measuring 
impedances of a high-Q circuit. 
The determination of the critical values 

involves the quantities fDR and pDR2/DR. 
Both quantities can be plotted as straight-

line contours on a log-log graph paper having 
f and DR as the two axes. For a set of similar 
measurements, only one Ds is usually neces-
sary to get the critical values. Such a graph 
can be found to be very convenient. It is 
usually found that f and DR are slowly 
varying quantities through the antireso-
nance region. 

K. TOMIYASU 
Harvard University 
Cru ft Laboratory 
Cambridge 38 

Mass. 

The Maximum Directivity 

of an Antenna* 

Although I cannot point to the mathe-
matical form of the limitation, I feel that the 
integral approximation of a function which 
is quoted by H. J. Ribletl 

g(t) — f f(x)e'x'dx < e 
-a 

cannot be used without some restriction on 
the nature of g((t) in relation to the maxi-
mum value of x. It is sufficiently puzzling to 
find that an antenna system of limited di-
mensions can give unlimited directivity, but 
another application of the same formula 
gives an even more startling result. Let g(t) 
be the amplitude versus time function of a 
wave form of arbitrary shape, and in place of 
x write (a( 22- times frequency). We then 
have 

(1) 

a 
I g(t) — f f(cd) eldcol< e.  (2) 

-a 

If no restriction is placed on the relationship 
between the form of g(t) and the value of a, 
this means that a pulse of any degree of 
narrowness can be represented by a limited 
frequency spectrum extending from ro = —a 
to (.0..0. Another startling result appears to 
be that the resolving power of an optical in-
strument would not be limited by its aper-
ture if appropriately designed. 
The empirical and qualitative approach 

to (1) is that if g(t) is a function displaying 
sharp curvature, i.e., the higher-order 
differential coefficients of g(t) are of sub-
stantial magnitude, x must be allowed to 
extend to large values (i.e., a must be large), 
so that values of ei's include those represent-
ing high "frequencies." Empirically, it ap-
pears that too small a value of x in ew can-
not be compensated by any form whatso-
ever of the function f(x) so as to represent 
rapid changes in g(S). Can mathematical 
theory either prove this empirical assump-
tion or demonstrate a numerical example to 
the contrary? 

D. A. BELL 
British Telecommunications Research Ltd. 

Taplow Court 
Taplow 
England. 

* Received by the Institute, June 2, 1948. 
H. J. Riblet. 'Note on the maximum directivity 

of an antenna," PROC. I.R.E. vol. 36, pp. 620-624; 
May, 1948. 
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Correspondence 

A Discussion of the Maximum 
Directivity of an Antenna* 

In his recent paper on this subject,' H. J. 
Riblet concludes by raising the question as 
to why no aperture-type antenna which has 
a directivity greater than that based on the 
assumption of uniform current distribution 
has ever been built, especially since calcula-
tions may be made which indicate that such 
an antenna is theoretically possible. 
I believe that I am correct in stating that 

the answer to this important question has 
already been found as a result of research 
studies conducted at the Hughes Aircraft 
Company, and independently by L. J. Chu 
at the Massachusetts Institute of Technol-
ogy. Although the principles involved have 
been made public on a few previous occa-
sions, it appears that a brief discussion in 
answer to Mr. Riblet's paper may be in 
order. 
As Mr. Riblet suggests, ohmic losses are 

a factor in limiting the performance of 
"superdirective" antennas. However, critical 
tolerances and narrow bandwidth are even 
more important limitations. The extreme 
rapidity with which these limitations take 
effect as an antenna is made even slightly 
superdirective is the singular feature of this 
problem, and is the reason for the non-
appearance of such antennas in the field of 
practical design. As an example of these 
principles, calculations were made for an-
tennas with linear-array-type patterns of 
high directivity; although, to simplify the 
problem it was assumed that the antenna 
designer had an entire spherical portion of 
space at his disposal, rather than a single 
linear source distribution. In such a calcula-
tion, the diameter of the sphere corresponds 
to the broadside aperture which is such an 
important parameter in the customary 
design formulas. Thus, it is found that an 
antenna designed within a sphere of 50 
wavelengths diameter can be relied upon to 
produce a beam whose width is slightly in 
excess of 1 degree. If the beamwidth is held 
constant and the diameter of the sphere re-
duced, the antenna must necessarily become 
superdirective. The result of this process, 
starting with a 50-wavelength sphere, is 
shown in Table I. 

TABLE I 

Diameter of Sphere which 
Encloses Antenna Approximate Q 

43k 
40A 
35A 
30k 
25A 

5 X102 
5 X10,0 
ion 

By Q is meant the ratio of the energy stored 
in the intense portion of the induction field 

• Received by the institute. June 3, 1948. 
1 H. J. Riblet, *Note on the maximum directivity 

of an antenna,* Pitoc. I.R.E., vol. 36, pp. 620-624; 
May, 1948. 

which immediately surrounds the antenna 
(if the design were optimized) to the energy 
radiated per electrical radian. Although 
ohmic losses may exceed radiation by a con-
siderable factor, the Q ratio based on the 
latter still stands as a fundamental limita-
tion, since radiation is the effect desired. It is 
left to the reader to draw his own conclu-
sions about critical tolerances and other 
undesirable features which are concomitant 
with such tremendous quantities of circulat-
ing energy. 
The mathematical basis for the foregoing 

remarks is available by either of at least 
two approaches. The first of these depends 
upon the fact that any antenna pattern con-
sists of a series of solutions to the spherical 
wave equation, and that the behavior of 
these solutions is well known. For example, 
a highly directive axially symmetric pattern 
consists of a series of spherical waves, each 
of which varies transversely as an as-
sociated Legendre polynomial, and radially 
according to a spherical Hankel function. 
The directivity is related to the order of the 
highest-ordered wave which must be in-
cluded. An observer studying the life history 
of a given wave, say that of order n, passes 
two important spheres on an imaginary 
trip from infinity to the origin. The first of 
these occurs at a radius equal to n2X/2r, and 
might properly be called the asymptotic 
sphere because it roughly marks the end of 
the region where the Hankel function may 
be regarded merely as exp(-jkr)/kr. Going 
inward, the observer passes what might be 
called the cutoff sphere at a radius equal to 
nX/2w. Within this sphere the Hankel func-
tion ceases to resemble a traveling wave at 
all; the amplitude of its imaginary part rises 
sharply, while that of its real part goes to 
zero. The wave itself is in much the same 
position as a wave in a guide below cutoff, 
since there is insufficient room on the 
periphery of the sphere to contain its trans-
verse field pattern. To launch a spherical 
wave from a source within its cutoff sphere 
is a very impractical project, since it requires 
that the wave amplitude (and consequently 
the stored energy) in the neighborhood of 
that source be tremendous in comparison 
to the amplitude of the wave after it has 
emerged from the cutoff sphere. The implica-
tions of these concepts in terms of antenna 
design are obvious. If an antenna is sup-
posed to produce a pattern of a certain direc-
tivity, it must produce spherical waves of 
various orders up to and including a certain 
order n. It follows, then, that this antenna 
cannot be contained within a sphere whose 
radius is smaller than nX/21r without suffer-
ing the consequences. It turns out that an 
axially symmetric pattern containing all 
wave orders up to and including n is as-
sociated with a beamwidth in degrees of 
160/n; hence, the limitation imposed by the 
cutoff sphere is exactly the same as that 
based upon the assumption of uniform cur-
rent distribution. In other words, the design 
criteria which have always been used in 

connection with high-resolution aperture-
type antennas have been given a new and 
conclusive validity by the operation of the 
principles just discussed. 
Another example of the cutoff principle 

is found in considering radiation from capac-
itors and inductors which are small com-
pared with wavelength. Thus, a small paral-
lel-plate capacitor attempts to radiate a di-
pole field, which is none other than the 
spherical wave of order unity. The cutoff 
radius for this wave is simply X/2w. If the 
radius of the capacitor plates and the sepa-
ration between them is comparable with 
X/2w, it is found that the capacitor is on the 
border line between a storage device and a 
radiating device. However, as its dimensions 
are made smaller the storage function very 
rapidly becomes predominant, and if there 
were no losses except radiation, the Q would 
approach infinity as the dimensions approach 
zero. The rapidity of this effect, noticeable 
even at order unity, is magnified many times 
when higher orders are considered. 
The second approach to the superdirec-

tivity problem consists in assuming a fixed 
number of isotropic elements (in a linear 
array, for example) and a fixed over-all 
length, and solving for the respective excita-
tions subject to the constraint that the 
directivity shall be maximum. Fortunately 
the processes may be arranged in such a 
way that only linear equations are involved, 
and therefore a solution can always be 
obtained. If the number of elements as-
sumed is such that the spacing is less than 
one-half wavelength, the directivity will be 
found to be greater than that predicted by 
the usual aperture formula. If the number 
of elements is made to approach infinity, the 
directivity likewise approaches infinity. 
However, when the calculations are critically 
examined, it is found that adjacent elements 
frequently have very large excitations of 
opposite sign. In such an array the elements 
are never completely in phase; directivity 
is a result of the fact that for some angles of 
observation the elements are more nearly in 
phase than for others. If reasonable physical 
characteristics are ascribed to the elements, 
it may be shown that the stored energy (in 
comparison with radiated power) increases 
very rapidly, both as the original assumed 
length and as the factor of directivity im-
provement are increased. Thus, on the basis 
of this approach alone, it is possible to show 
that arrays longer than a few wavelengths 
with a directivity improvement of more than 
a few per cent are impractical. 
It is hoped that these remarks will speed 

the process of popularizing some very funda-
mental principles of radiation theory. If 
properly applied, these principles cannot 
fail to have a beneficial effect upon antenna 
design, even if that effect is only a delinea-
tion of the limitations involved. 

THOMAS T. TAYLOR 
Hughes Aircraft Company 

Culver City, Calif. 
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Institute News and Radio Notes 

Executive Committee  
May 4, 1948 

Student Branch Petitions. Mr. S. L. 
Bailey moved that the following petitions 
for Student Branches be approved and the 
branches established: 
University of Arizona  IRE-AIEE 
Polytechnic Institute of Brooklyn  IRE 
Princeton University  IRE-AIEE 
California State Polytechnic College  IRE 

National Research Council. The National 
Research Council has requested the IRE to 
appoint an IRE representative to the NRC 
for a term of three years, beginning July I, 
1948, such appointment to become effective 
if a change is made to allow continuing rep-
resentation for each society. Executive 
Secretary Bailey was instructed to notify 
President Shackelford of the name of the 
last representative of the IRE on the NRC. 
President Shackelford will appoint a scien-
tist of standing as IRE representative on the 
conditional basis as requested. 

June 2, 1948 
Student Branches. The following Student 

Branch matters were discussed and action 
taken: 
a. Student Branch Petitions. Dr. Baker 

moved that petitions for the formation of 
Student Branches at the following recog-
nized schools be approved: 
Columbia University  IRE-AIEE 
Illinois Institute of Technology  IRE 
John Carroll University  IRE 
Massachusetts Institute of Technology  IRE- MEE 
Newark College of Engineering  IRE 
Oregon State College  IRE 
South Dakota School of Mines and Tech-
nology  IRE 

University of Maryland  IRE-A IEE 
University of North Dakota  IRE-AIEE 
University of Toledo  IRE-AIEE 
University of Wisconsin  IRE 
University of Wyoming  IRE 
Utah State Agricultural College  IRE 

(Unanimously approved.) 

b. Student Branch Constitutions. Dr. 
Baker moved that the Student Branch Con-
stitutions submitted by the following recog-
nized schools, which are patterned after the 
model Constitution previously approved by 
the Board of Directors, and which include 
all requirements contained in the model 
Constitution, be approved: 
Columbia University Student Branch 
Northwestern University Student Branch 

(Unanimously approved.) 

Petition for Formation of Audio Group. 
The following petition for an Audio Group, 
signed by the required number of Members 
and Fellows, was submitted for approval: 
'TO THE PROFESSIONAL GROUP CO MMIT-
TEE AND THE BOARD OF DIRECTORS OF 
THE INSTITUTE OF RADIO ENGINEERS 
We, the undersigned Members and Fellows of the 
Institute, respectfully request the formation of an 
audio group within The Institute of Radio Engineers. 
We believe that a group concerned especially with the 
technology of communication at audio frequencies and 
with the audio-frequency portion of radio systems is 
extremely desirable. If such a group is formed, we in-
tend to be active members of it.' 

Dr. Sinclair moved that the petition for 
formation of an Audio Group be approved, 
subject to an explicit statement that Board 
approval will be called for, and that the 
scope is defined only as of the present and 
may be subject to later revision. (Unani-
mously approved.) 

JOINT TECHNICAL ADVISORY 
COMMITTEE 

1. Creation of a Joint Technical Advis-
ory Committee for the purpose of advising 
governmental agencies, such as the Federal 
Communications Commission and other pro-
fessional and industrial groups, on technical 
aspects of radio, television, and electronic 
problems, was announced today jointly by 
the Radio Manufacturers Association and 
The Institute of Radio Engineers. The JTAC 
reports to the two Boards of Directors who 
have delegated the responsibility to B. E. 
Shackelford, President of The Institute of 
Radio Engineers, and to W. R. G. Baker, 
Director of Engineering of the Radio Manu-
facturers Association, as direct contacts: 
2. Members of the committee were ap-

pointed by the respective Boards of Direc-
tors of RMA and IRE. The members were 
chosen, according to W. R. G. Baker and 
Benjamin E. Shackelford, "on the basis 
of professional standing," irrespective of the 
organizations to which they belong or the 
companies by which they are employed. 
3. Philip F. Siling, Chief Engineer of the 

RCA Frequency Bureau, of Washington, 
D. C., was appointed first chairman of the 
new committee as a representative of IRE. 
The vice-chairman is Donald G. Fink, 
editor of Electronics, New York, N. Y., who 
is a representative of RMA. 
4. The other six members of the eight. 

man committee are: Ralph Bown, of 
the Bell Telephone Laboratories, Murray 
Hill, N. J.; Melville Eastham, of the General 
Radio Co., Cambridge, Mass.; John V. L. 
Hogan, of the Interstate Broadcasting Co., 
Inc., New York, N. Y.; E. K. Jett, a former 
commissioner of the FCC and now director 
of the Baltimore Sun's radio and television 
operations; Haraden Pratt, of Mackay 
Ralio, New York, N. Y.; and David B, 
Smith, of the Philco Corp., Philadelphia 
Pa. Laurence G. Cumming, IRE Technical 
Secretary, is nonmember secretary of the 
committee. 
5. One of the first tasks of the committee 

will be to gather authoritative information 
on the availability of equipment and propa-
gation characteristics of the ultra-high fre-
quencies in preparation for a television hear-
ing called by the Federal Communications 
Commission to start September 20. 
6. RMA and IRE decided to establish 

J TAC as a central and authoritative policy 
advisory group in the technical field be-
cause of the increasing number of far-reach-
ing problems confronting the industry and 
governmental regulatory agencies as a result 
of rapid developments in television, FM 
broadcasting, and other radio and electronic 
services. The formation of JTAC follows a 
suggestion of FCC Chairman Wayne Coy 
that the industry provide FCC with author-
itative technical information on the adapt-
ability of the frequencies above 216 Mc for 
television broadcasting. 
7. The objective of JTAC, as stated in 

its charter, is "to obtain and evaluate infor-
mation of a technical or engineering nature 
relating to the radio art for the purpose of 

advising government bodies and other pro-
fessional and industrial groups. 
"In obtaining and evaluating such infor-

mation," the charter continues, "the JTAC 
shall maintain an objective point of view. 
It is recognized that the advice given may 
involve integrased professional judgments 
on many interrelated factors, including eco-
nomic forces and public policy." 
JTAC will supplant the Radio Technical 

Planning Board in its relations with the FCC 
and other governmental agencies, and the 
RTPB has been dissolved. 
Other functions of the RTPB are being 

taken over by variou,s technical committees 
of the IRE and RMA Engineering Depart-
ment, and both RMA and IRE committees 
will be called upon from time to time by 
JTAC for information. 
Where a qualified technical group does 

not exist, JTAC has authority to appoint an 
ad hoc committee to study and report on 
particular subjects, after which it will be 
disbanded. 
Specific duties of JTAC are outlined in 

the charter as follows: 
(a). To consult with government bodies 

and with other professional and industrial 
groups to determine what technical informa-
tion is required to insure the wise use and 
regulation of radio facilities. 
(b). To establish a program of activity 

and determine priority among the problems 
selected by it or presented to it in view of the 
needs of the profession and the public. 
(c). To establish outlines of the informa-

tion required in detailed form. These out-
lines will be submitted to qualified groups, 
as hereinafter defined, who shall study the 
requirements and supply the required infor-
mation. 
(d). To sift and evaluate information 

thus obtained so as to resolve conflicts of 
fact, to separate matters of fact from mat-
ters of opinion, and to relate the detailed 
findings to the broad problems presented to it. 
(e). To present its findings in a clear and 

understandable manner to the agencies 
originally requesting the assistance of the 
Committee. 
(f). To make its findings available to 

the profession and the public. 
(g). To appear as necessary before gov-

ernment or other parties to interpret the 
findings of the Committee in the light of 
other information presented. 
Members of JTAC are appointed for two 

years, and the chairmanship will be alter-
nated each year between RMA and IRE 
representatives. 

IRE-RMA MEET 
IN ROCHESTER 

The 1948 Rochester Fall Meeting of 
members of The Institute of Radio Engin-
eers and the Radio Manufacturers Associa-
tion's Engineering Department will te held 
November 8, 9, and 10 at the Sheraton Hotel 
in Rochester, N. Y. The meeting will be 
sponsored by the Rochester Fall Meeting 
Committee, headed by Virgil M. Graham, 
who has served as chairman since its incep-
tion twenty years ago. 
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Calendar of 

COMING EVENTS 

Electronic Technicians' Town Meet-
ing, New York City, Sept. 27-29 

1948 West Coast Convention of the 
IRE, Los Angeles, Sept. 30-Oct. 2 

IRE-URSI  Meeting,  Washington, 
D.C., Oct. 7-9 

1948 General Meeting of the AIEE, 
Milwaukee, Wis., Oct. 18-22 

Optical Society of America Meeting, 
Detroit, Mich., Oct. 21-23 

Society of Motion Picture Engineers 
Convention, Washington, D. C., 
Oct. 25-29 

1948 Conference on Electrical Insula-
tion, National Research Council, 
Washington, D. C., Oct. 27-29 

National Electronics Conference, Chi-
cago, Nov. 4-6, 1948. 

Electronic Technicians' Town Meet-
ing, Boston, Nov. 15-17 

American Physical Society Meeting, 
Chicago, Nov. 26-27 

IRE-RMA Rochester Fall Meeting, 
Rochester, N. Y., Nov. 8-10 

1948 Southwestern I.R.E. Conference 
Dallas, Tex., Dec. 10-11 

American Physical Society Meeting, 
New York City, Jan. 27-29, 1949 

March 7-10,1949 IRE National Con-
vention, New York City 

UTILIZATION OF 475 to 890 Mc BAND 
FOR TELEVISION BROADCASTING 

On September 20, 1948, the FCC will 
hold a hearing, Docket 8976, on the utiliza-
tion of the band 475-890 Mc for television 
broadcasting. The issues to be considered 
are as follows: 
1. To obtain full information concerning Interfer-

ence to the reception of television stations operating 
on channels 2 through 13 resulting from adjacent 
channel operation of other services, from harmonic 
radiations, and from man-made noise. 
2. To receive such additional data as may be avail-

able since the close of previous hearings (Dockets 6651 
and 7896) concerning the propagation characteristics 
of the band 475 to 890 Mc. 
3. To obtain full information concerning the state 

of development of transmitting and receiving equip-
ment for either monochrome or color television broad-
casting, or both, capable of operating in the band 475 
to 890 Mc. 
4. To obtain full information concerning any pro-

posals for the utilization of the band 475 to 890 Mc or 
any part thereof, for television broadcasting and the 
standards to be proposed therefor. 

At the request of the Joint Technical 
Advisory Committee, members of the Com-
mission staff have prepared the following 
list of detailed questions: 
1. What is the present state of development of 

equipment in the band 470 to 890 Mc, in regard to 
(a) transmitters, tubes, and components; (b) receivers 
and components; (c) antennas, transmission lines, and 
related equipment for transmission and reception? 
2. How much experimental work has been under-

taken in television systems in this band, with respect 
to field operation (transmitter hours operated, num-
ber and distribution of receivers, and propagation 
tests) and laboratory work (development of receivers, 
transmitters, and tubes)? 
3. What consideration has been given to the costs 

of television systems for this band, particularly to the 
reduction of receiver costs, and the transfer of cost 
burdens to the transmitter? 
4. What areas of service might be expected in this 

band, based on the following assumptions: (a) a par-

ticular system, using one of the following typical band-
widths: 6 Mc, 13 Mc,20 Mc; (b) radiated power, avail-
able now and expected to be available, say, 10 years 
in the future; (3) receiver sensitivity, and (4) at each 
of the following typical frequencies: 475,600, and 890 
Mc? 
S. What co-channel and adjacent-channel separa-

tions would be appropriate under the assumptions 
made in item 4, above? 
6. How many channels would be available in the 

band 475-890 Mc, on the assumptions of item 4. 
above, and how might they be allocated among the 
140 metropolitan districts of the United States? 

It is requested that any individual or 
organization having information related to 
these questions, communicate directly with 
the Secretary of JTAC, L. G. Cumming, 
The Institute of Radio Engineers, 1 East 
79 St., New York 21, N. Y. 

AUSTRALIAN-AMERICAN 
REPRINT PLAN 

The membership of The Institute 
of Radio Engineers will doubtless 
find pleasure and encouragement in 
the following editorial appearing in 
the April, 1948 issue of the Pro-
ceedings of the Institution of Radio 
Engineers, Australia: 

'International Goodwill.. . 
'Several months ago we received a letter 

from Dr. Alfred N. Goldsmith, Editor of the 
PROCEEDINGS OF THE I.R.E. in the 
United States, expressing the goodwill of the 
Board of Directors and Officers of that In-
stitute towards the Institution of Radio Engi-
neers, Australia. 

'In furtherance of this thought it was sug-
gested that we give consideration to a pro-
posal whereby the Institute of Radio Engineers, 
might be permitted to reprint in the PRO-
CEEDINGS OF THE I.R.E. papers originally 
appearing in the Proceedings of the Insti-
tution of Radio Engineers. Australia. In 
return the American IRE offered reciprocal 
rights to the Australian Institution. 

'It was proposed that the arrangement 
be made in the first instance for an experi-
mental period, after which it would be deter-
mined whether any modification of the plan 
was desirable. It was not suggested that all or 
even a large proportion of the papers appear-
ing in either journal would be reprinted in the 
other, but that papers published originally by 
one Institution, which were of special interest, 
would in this way be made available to the 
other. 

'The proposal was considered by the Pub-
lications Board and Council of our Institution, 
and it is with pleasure that we announce that 
details have now been completed and ratified 
by both sides, and that steps have been taken 
to place the plan in operation for the current 
year. 

'Both Institutions are now free to reprint 
any papers selected by their editorial groups 
without obtaining special permission, but in 
each case will advise the other Institution of 
the intention to reprint the paper, and will in-
clude a suitable acknowledgement of the 
source and of the courtesy involved. 
'The Publications Board looks forward 

to the operation of the plan with enthusiasm, 
not only because of the direct benefit mem-
bers will derive from the reprinting of papers 
of outstanding interest, but because of the 
plan's significance as an indicator of the good-
will and friendly attitude of each society to-
wards the other.—Murray H. Stevenson" 

Mr. Stevenson is the Chairman of 
the Publications Board of our Aus-
tralian sister society. 
We have been authorized to state 

that the Board of Directors and Offi-
cers of the IRE agree with the 
thoughts and heartily reciprocate the 
sentiments expressed by Mr. Steven-
son on behalf of the Institution of 
Radio Engineers, Australia; and that 
they too anticipate mutual benefits 
to the membership of both societies 
as the result of the plan outlined 
above. — The Editor. 

ATTENTION, AUTHORS! 

Donald B. Sinclair, Chairman of 
the Technical Program Committee for 
the 1949 IRE National Convention, 
requests that authors of papers to be 
considered for presentation submit 
the following information to him as 
soon as possible: 
Name and address of the author, 

title of the paper, and sufficient in-
formation about the subject matter to 
enable the reviewing committee to 
assess its suitability for inclusion in 
the Technical Program. 
Although it will not be necessary 

to submit a paper in its entirety. 
Chairman Sinclair urges authors 

to prepare the necessary material 
promptly and mail it to him at 275 
Massachusetts Avenue, Cambridge 
39, Mass. The last possible date for 
acceptance of material relative to 
Convention papers is December 1, 
1948. 

AIEE-IRE CONFERENCE ON 
ELECTRONIC INSTRUMENTATION 

The AI EE-I RE Conference on Electronic 
Instrumentation in Nucleonics and Medi-
cine will be held in the AIEE auditorium at 
29 West 39 Street, New York, N. Y., on 
November 29 and 30 and December 1. A 
program of over 20 papers has been tenta-
tively scheduled. 
On the first day, a group headed by Dr. 

W. A. Geohegan will discuss biological re-
quirements and present design practices in 
amplifiers and recording devices. 
Dr. G. W. Dunlap will be chairman of 

the November 30 session, at which the fol-
lowing topics will be presented: biological 
requirements for radioactive isotope meas-
urements;  stable  isotope  measurement; 
nucleonics, electron multiplier, and crystal 
counters; nucleonics and health protection 
instrumentation; and biological effects of 
radiation and health protection. 
On the last day, under Dr. H. H. Gold-

smith's leadership, the group will consider 
geiger and proportional counters; ionization 
and cloud chambers, and stabilized high-
voltage supply for them; photographic 
emulsion; and high-speed counting tech-
niques. 

IRE-URSI MEETING 

A second joint meeting of the American 
Section of the International Scientific Radio 
Union CURS!) and The Institute of Radio 
Engineers will be held in Washington on 
October 7,8, and 9. The morning session on 
Thursday, October 7, will be held jointly 
with District 2 AIEE. 
The program will, as usual, be devoted to 

the more fundamental and scientific aspects 
of radio and electronics. A booldet listing 
the program of titles and abstracts will be 
available for distribution before the meeting. 
Correspondence should be addressed to 
Newbern Smith, Secretary, American Sec-
tion, URSI, National Bureau of Standards, 
Washington 25, D. C. 
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IRE West Coast Convention 
The West Coast Convention of the IRE, 

to be held September 30 to October 3, in 
conjunction with the West Coast Electronic 
Manufacturers Association, will be the 
major electronic event of the West this year. 
Opening with registration in the Biltmore 
Hotel, it will be followed by sessions in the 
Embassy Auditorium, South Grand Avenue 
at Ninth Street, Los Angeles, Calif. 
The first day, Thursday, two simultane-

ous afternoon sessions will be given, "Broad-
casting and Allied Arts," headed by Bernard 
Walley; and "Computers," headed by A. R. 
Wilson. Both sessions will start with a 
speech of welcome offered by Walter Ken-
worth. At the broadcasting session, papers 
will be presented on "A Low Cost Program 
Switching System," by I. Gifford and A. P. 
Chesney; "Antenna Input Systems for 
Television Receivers," by D. E. Foster; 
"Operation of AM Broadcast Transmitters 
into Sharply Tuned Antenna Systems," by 
W. H. Doherty; and "Stratovision," by 
C. E. Nobles. 
At the same time, J. L. Barnes will 

speak on "The Outlook for Electronic Com-
puters" at the computer session, followed by 
"Input and Output Equipment for Elec-
tronic Computers," by C. H. Page; "Elec-
tronic Techniques Applied to Analog Meth-
ods of Computation," by D. G. McCann, 
C. H. Wilts, and B. M. Locanthi; and "De-
sign and Use of the Reevac: A General 
Purpose Electronic Digital Computer," by 
Samuel Lubldn. Thursday evening there will 
be an Audio Symposium, with E. S. Naschke 
acting as chairman. 
The morning session on Friday will 

feature "Measurements and Propagation" 
under the leadership of 0. A. Steele. The 
following papers will be presented: "A New 
Type of Direct Reading RF Phase Meter 
for Low-Level Signals,' by M. K. Goldstein; 
"The Determination of the Shunt Resist-
ance of Cavity Resonators by Means of an 
Electrical Network Analyzer," by F. W. 
Schoot and K. R. Spangenberg; "A Method 
of Obtaining the Product of Two Voltages," 
by M. A. H. El-Said; and "Propagation 
Measurements at High Radio Frequencies 
over Flat Desert Terrain," by J. P. Day and 
L. C. Trolese. 
L. E. Reulcema will be chairman of the 

afternoon session on "Electronic Devices." 
R. H. Delano will offer a paper on "Signal-
to-Noise Ratios of Linear Detectors," after 
which "A Mass Spectrometer Designed for 
Industrial Use," by C. E. Berry, R. L. Sink, 
and Carl Spaulding will be presented; as 
well as "Problems in the Design of Mega-
watt Output Klystrons for Pulsed Opera-
tion," by Marvin Choderow and E. L. Ginz-
ton; and "Application of Microwave Spec-
troscopy to Determination of Interatomic 
Distances in Molecules," by D. H. Coles. 
The final session will cover "Systems and 

Navigational Aids" on Saturday morning 
under the chairmanship of C. N. Tirrell. 
Papers will be offered on "Systems Engineer-
ing Aspects in Military Communications," 
by W. S. Marks; "The VHF Omnidirectional 
Range," by the CAA; "Design of a Radar 
Set for Commercial Airlines," by F. G. Suf-
field; "Design of Antenna for Optimum 
Directivity," by T. T. Taylor; and "Band-
width in Communication Systems,'  by 
W. G. Tuller. 

MEMBERSHIP EXPIRATION 
DATE 

The date of membership expiration 
appears in each case as part of the 
address on the wrapper of every issue 
of the PROCEEDINGS, should any mem-
ber wish to refer to it. 

IONOSPHERIC 
RADIO PROPAGATION 
The Central Radio Propagation Labora-

tory of the National Bureau of Standards 
has prepared a new book on "Ionospheric 
Radio Propagation" (NBS Circular 462), 
which is available for $1.00 from the 
Government Printing Office, Washington, 
D. C. The book contains 209 pages and 207 
illustrations, and includes chapters on the 
theory of radio wave propagation, measure-
ment techniques, structure and variations 
of the ionosphere, maximum usable fre-
quencies, ionospheric absorption and sky-
wave intensity, radio noise and required 
field intensity, and lowest required radiated 
power and lowest useful high frequency. 
Those parts of the old I RPL Handbook 

the accuracy of which has stood the test of 
time are offered with such modifications as 
are necessary for clearer presentation and 
inclusion of later theory. In addition, the 
new book contains information of great 
practical and operational value heretofore 
not generally available to the public, con-
cerning methods of calculation of incident 
field intensity, required field intensity, 
lowest required radiated power, and lowest 
useful high frequency. 

NEW EDITORIAL REQUIREMENT 

Papers submitted for considera-
tion by the editorial board of the 
PROCEEDINGS shall henceforth indi-
cate in the early portion of the paper 
or in a footnote, when such statement 
is relevant, whether the author is 
employing cgs or rationalized mks 
terminology in the paper itself. Al-
though mks terminology is preferred, 
its use will not be a condition prece-
dent to acceptance of the paper. 

Industrial Engineering 
Notes' 
INTERNATIONAL TREATY RATIFIED 

The U. S. Senate ratified the Telecom-
munications Convention and Radio Regula-
tions resulting_ from the Atlantic City meet-
ing last summer. In a report to the Senate 
from the Foreign Relations Committee, 
Senator White (Rep., Me.) stated that no 
government agency opposes ratification of 
the treaty, and "I know of no American com-
mercial interest which has raised its voice 
against ratification." 

The data on which these NOTES are based were 
selected, by permission, from 'Industry Reports,' 
Issues of June 21 and 25, and July 2, 9, and 16, pub-
lished by the Radio Manufacturers' Association, 
whose helpful attitude In this matter is hereby gladly 
acknowled ged. 

MINE RADIO 
COMMUNICATION TESTS 

Experiments on radio communication in 
mines—between the surface and under-
ground workings, and between widely-sepa-
rated points underground—were reported 
in detail in Report of Investigations 4294, 
"Applicability of Radio to Emergency Mine 
Communications," published by the Pub-
lications Distribution Section of the Bureau 
of Mines, 4800 Forbes Street, Pittsburgh 13, 
Pa. 
During the tests the Bureau used low-

frequency radio waves to transmit the hu-
man voice through ground strata and also 
via trolley wires, pipes, and other metallic 
installations. The report, copies of which are 
available without charge, is part of a con-
tinuing study of emergency mine communi-
cations and covers progress of the work dur-
ing 1947. 

RECENT FCC 
RULINGS 

The FCC has announced a new action 
(Mimeograph No. 21376, available from 
the Secretary of the FCC, Washington 25, 
D. C.) to supplant the present General Mo-
bile Radio Service with three new classes of 
mobile service on a regular basis: Land 
Transportation Radio Services, Domestic 
Public Mobile Radiotelephone Services, and 
Industrial Radio Services.... The FCC 
amended its rules to provide for a gradu-
ated scale of television programming dur-
ing the early license period of a station: 
During the first 18 months the program 
operating schedule must be not less than 2 
hours daily in any 5 broadcast days per week 
and not less than a total of 12 hours per week. 
From 18 to 24 months the regulations re-
main the same, but there must be at least 16 
hours per week; 24 to 30 months, 20 hours 
per week; 30 to 36 months, 24 hours per 
week. After 36 months, the station must 
broadcast not less than 2 hours in each of 
the 7 days of the week, and at least 28 hours 
per week.. . Telanserphone, Inc., of New 
York, was granted a construction permit 
by the FCC for a Class 1 experimental radio 
station to test the feasibility of a radio pag-
ing service for doctors. It proposes a one-
way transmission system to reach doctors 
carrying small portable receivers. Experi-
ments will be conducted in the 72-76-Mc 
portion of the spectrum, provided that no 
interference is caused to television channels 
4 and 5.... The FCC abolished special 
temporary authorizations in connection with 
standard broadcast station operation. The 
Commission noted a general trend by AM 
stations to use STA's to operate beyond the 
hours for which they are licensed, many re-
sorting to this practice over extensive peri-
ods of time, with the result that service "by 
full-time stations is suffering considerable 
degradation." 

FCC APPOINTS 
W OMAN MEMBER 

For the first time since its creation in 
1933, the FCC has a woman member. Miss 
Frieda B. Hennock was appointed for a 
seven-year term to succeed Clifford J. Durr. 
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LOW-POWERED 
FM STATIONS 

The FCC proposed to amend its rules 
and regulations to permit noncommercial 
educational broadcast stations to broadcast 
with power of 10 watts or less, and to waive 
other requirements in order to promote this 
type of service. The U. S. Office of Educa-
tion favors the licensing of low-power FM 
transmitters for school systems, largely be-
cause of the low cost of equipment required 
to provide satisfactory service to limited 
areas. This type of station would be author-
ized in the 88 to 82-Mc band now allocated 
to the noncommercial educational broad-
casting service, and could be received on or-
dinary FM sets. 

NEW TELEVISION 
DEVELOPMENTS 

Television reception interference caused 
by automobile ignitions can be corrected or 
minimized if motor-car manufacturers equip 
their automobiles with proper suppressors on 
spark plugs, distributors, etc., according to 
the most recent of a series of tests conducted 
by the RMA Engineering Department in 
co-operation with the Society of Automo-
tive Engineers. These tests demonstrated 
that automobile ignition systems must not 
exceed 35 microvolts per meter if they are 
not to interfere with normal television recep-
tion. "The use of special spark plugs with 
built-in ignition suppressors reduced the 
radiation from the ignition system by an 
appreciable amount," the committee said. 
"In the two tests conducted with these 
spark plug suppressors, the tolerable inter-
ference moved from a distance of 200 feet 
from the antenna to approximately 70 feet." 
. .. Regular television stations now on the 
air have increased to 30, with 104 construc-
tion permits outstanding, and 299 applica-
tions still pending. Three new stations have 
been added: WNHC-TV in New Haven 
Conn.; WNAC-TV in Boston, Mass.; and 
WPIX-TV, New York, N. Y. 

RADIO-TELEVISION EQUIPMENT 
PRODUCTION AND DISTRIBUTION 

Television receiver production continued 
to climb in May, reaching a weekly produc-
tion rate 38 per cent greater than the weekly 
average of the first quarter of this year. 
May's television set production by RMA 
members totalled 50,177 for an average of 
more than 12,500 receivers weekly, and 
brought total television set production by 
RMA members to 214,543 for the five 
months of 1948. 
A total of 354,000 television receivers 

were in use throughout the U. S. on June 15, 
according to estimates of Audience Research 
Inc., headed by Dr. George H. Gallup. Of 
this number 314,000 are installed in private 
homes, and 40,000 in bars or taverns. Esti-
mates show that a minimum of 1,100,000 
additional families will acquire television 
sets within the next 12 months, making a 
total of 1,500,000 sets in operation by June, 
1949. Dr. Gallup also estimated that an 
additional 5,400,000 families would be in the 
market for television sets if the average price 
were $200 instead of today's average price of 
$400. 

Sales of radio and television equipment, 
including electron tubes, totaled $40,351,820 
during the first quarter of 1948, according 
to RMA tabulations. Almost half of these 
sales went to the U. S. Government, and 
$12,875,196 of the federal purchases were 
for radar equipment. Production of cathode-
ray receiving tubes of the type used in tele-
vision sets showed the greatest gain over the 
corresponding period of 1947. Sales of trans-
mitting and communications equipment of 
all types during the first quarter of 1948 fell 
below the $56 total reached in the first 
quarter of 1947, because of a drop in govern-
ment procurement from about $40 million 
to $18 million. Broadcast transmitting 
equipment sales were about equal during 
the first quarters of 1948 and 1947, the 1948 
quarterly report totalling $6,725,385. FM 
transmitting equipment sales by RMA mem-
bers during the first quarter of this year ag-
gregated $1,615,204; AM sales $667,435. 
Studio equipment sales for both AM and 
FM  stations was $1,193,060; antenna 
equipment, $558,577. Sales of television 
transmitting equipment amounted to $1,-
682,615; miscellaneous broadcast transmit-
ting equipment sales, $369,048. General 
communications equipment sales added up 
to $2,878,198 in the first quarter of this year, 
and marine communications and navigation 
equipment sales $1,389,317. Sales of aviation 
communications and navigational equip-
ment totalled $683,101. All types of electron 
tube sales, including cathode ray, accounted 
for $10,536,935 of the $40 million total for 
transmitting equipment and accessories. 

588 FM STATIONS 
Now ON AIR 

A total of 593 FM stations and 22 non-
commercial educational FM outlets are now 
in operation. Conditional grants number 
109, and 788 construction permits were 
authorized. New FM stations have begun 
broadcasting in the following states: Ala., 
Sylacauga  (SWYO) ; Ark.,  Jonesboro 
(KBTM-FM); Ga., Atlanta (WABE), Cedar 
town (WGAA-FM); III., Alton (WOKZ-
FM), Chicago (WXRT); Ind., Fort Wayne 
(WKJG-FM and WFTW-FM); Kans., To-
peka  (WREN-FM);  Mich.,  Hillsdale 
(WVMH), Pontiac (WCAR-FM); Miss., 
GLIfport (WGCM-FM), Meridian (WMCX-
FM) ; Ohio, Hamilton (WMOH-FM); Pa., 
Erie (WLCU-FM); Tex., Temple (KIEM-
FM); and Va., Arlington (WARL-FM). 

MAY EXCISE 
COLLECTIONS 

May collections of the 10 per cent excise 
tax on radios and phonographs and their 
component parts dropped below the April 
and May, 1947 levels, according to a report 
released by the Bureau of Internal Revenue. 
Collections during May totalled $4,740,-
786.10, as compared with $5,714,409.84 in 
April, 1947, and $6,374,539.98 in May, 1947. 

90 PER CENT OF CANADIAN HOMES 
HAVE RADIO 

Results of a survey conducted by the 
Dominion Bureau of Statistics showed that 
in August, 1947, 90 per cent of the homes in 
Canada, numbering 2,818,000, had radios, 
compared to 78 per cent in 1941. About 8 
per cent, or 249,000 homes, were estimated to 
have more than one radio. 

RMA PLANS 
INDUSTRIAL MOBILIZATION 
Anticipating military requirements for 

radio and electronics equipment and com-
ponents that may possibly reach a billion 
dollars, the RMA Board of Directors at the 
twenty-fourth annual RMA convention at 
Chicago in June developed an industrial 
mobilization plan for the radio and electron-
ics industry which will distribute contracts 
among manufacturers, both large and small, 
equitably, and will also speed production. 
RMA President Max F. Balcolm has ap-
pointed an Industrial Mobilization Policy 
Committee to present the plan at once to 
appropriate Government officials in Wash-
ington, and to request immediate revision 
of Government procurement policies before 
contracts are let on the new rearmament 
program. 
One of the first objectives of the RMA 

Industrial Mobilization Committee will be 
to persuade the military services to central-
ize and co-ordinate the procurement of 
radio and electronic equipment and com-
ponents by placing all purchase contracts 
under the direction of a four-man committee 
which would be composed of representatives 
of each of the three services—Army, Navy, 
and Air Force—and one civilian industry 
representative. 

WORLD WAR II 
ELECTRONICS EXPENDITURES 
The final report submitted by the Chair-

man of the War Production Board to the 
President shows that the armed services 
spent more money on communications and 
electronic equipment during the last war 
than for "guns and fire control." A total of 
$10.6 billion was spent for communications 
and electronic equipment, while $9.7 billion 
was spent for guns and fire-control ap-
paratus. 

RMA STANDARDS KEEP 
UP-TO-DATE 
With the aim of keeping abreast of war-

time and more recent technical develop-
ments in the radio and electronics industry, 
the RMA Engineering Department has is-
sued 21 recommended engineering stand-
ards during the past year, and has 40 more 
in progress. A total of 174 committees, com-
prising hundreds of the industry's foremost 
engineers, are engaged in the study. 
Most of the 21 standards issued during 

the past year by the RMA were new; only a 
few were revisions of pre-war standards. 
Since 4 standards were developed by the 
Joint Electronic Tube Engineering Council, 
they were subsequently reprinted as joint 
standards of RMA and the National Elec-
tric Manufacturers Association. 
The RMA Engineering Department also 

carried on extensive tube type designations 
and registrations for the radio industry dur-
ing the year. A total of 154 tube type desig-
nations were registered, and 197 were re-
served. 

RMA MEMBERSHIP 
Now 325 
The RMA membership increased to 325 

members at the Association's convention in 
Chicago. Thirteen new members were 
elected by the Board of Directors, and five 
memberships were terminated. 
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Sections 

Chairman 

W. A. Edson 
Georgia School of Tech. 
Atlanta, Ga. 

John Petkovsek 
565 Walnut 
Beaumont, Texas 

R. W. Hickman 
Cruft Laboratory 
Harvard University 
Cambridge, Mass. 

G. E. Van Spankeren 
San Martin 379 
Buenos Aires, Arg. 

J. F. Myers 
249 Linwood Ave. 
Buffalo 9, N. Y. 

G. P. Hixenbaugh 
Radio Station W MT 
Cedar Rapids, Iowa 

K. W. Jarvis 
6058 W. Fullerton Ave. 
Chicago 39, Ill. 

C. K. Gieringer 
3016 Lischer Ave. 
Cincinnati, Ohio 

F. B. Schramm 
1764 Wickford Rd. 
Cleveland 12, Ohio 

C. J. Emmons 
158 E. Como Ave. 
Columbus 2, Ohio 

L. A. Reilly 
989 Roosevelt Ave. 
Springfield, Mass. 

J. G. Rountree 
4333 South Western Blvd. 
Dallas 5, Texas 

George Rappaport 
132 East Court 
Harshman Homes 
Dayton 3, Ohio 

C. F. Quentin 
Radio Station KRNT 
Des Moines 4, Iowa 

A. Friedenthal 
5396 Oregon 
Detroit 4, Mich. 

E. F. Kahl 
Sylvania Electric Prod-
ucts 

Emporium, Pa. 

W. H. Carter 
1309 Marshall Ave. 
Houston 6, Texas 

R. E. McCormick 
3466 Carrollton Ave. 
Indianapolis, Ind. 

Karl Troeglen 
KCM0 Broadcasting Co. 
Commerce Bldg. 
Kansas City 6, Mo. 

R. W. Wilton 
71 Carling St. 
London, Ont., Canada 

Walter Kenworth 
1427 Lafayette St. 
San Gabriel, Calif. 

ATLANTA 
September 17 

BALTIMORE 

BEAUMONT -
PORT ARTHUR 

BOSTON 

BUENOS AIRES 

Secretary 

M. S. Alexander 
2289 Memorial Dr., S.E. 
Atlanta, Ga. 

J. G. Hammond 
13 Beaumont Ave. 
Baltimore 28, Md. 

C. E. Laughlin 
1292 Liberty 
Beaumont, Texas 

A. F. Coleman 
Mass. Inst. of Technology 
77 Massachusetts Ave. 
Cambridge, Mass. 

A. C. Cambre 
San Martin 379 
Buenos Aires, Arg. 

BUFFALO-NIAGARA  R. F. Blinzler 
September 15  558 Crescent Ave. 

Buffalo 14, N. Y. 

CEDAR RAPIDS  W. W. Farley 
Collins Radio Co. 
Cedar Rapids, Iowa 

CHICAGO  Kipling Adams 
General Radio Co. 
920 S. Michigan Ave. 
Chicago 5, III. 

CINCINNATI  F. W. King 
RR 9 Box 263 
College Hill 
Cincinnati 24, Ohio 

CLEVELAND  J. B. Epperson 
September 23  Scripps-Howard Radio 

306 Prospect St. 
Berea, Ohio 

L. B. Lamp 
846 Berkeley Rd. 
Columbus 5, Ohio 

H. L. Krauss 
Dunham Laboratory 
Yale University 
New Haven, Conn. 

DALLAS-FT. WORTH J. H. Homsy 
Box 5238 
Dallas, Texas 

C. J. Marshall 
1 Twain Place 
Dayton 10, Ohio 

September 17 

September 14 

COLUMBUS 
October 8 

CONNECTICUT 
VALLEY 

September 16 

DAYTON 
September 16 

DES MOINES-
AMES 

DETROIT 
September 17 

EMPORIUM 

HOUSTON 

INDIANAPOLIS 

KANSAS CITY 

F. E. Bartlett 
Radio Station KSO 
Old Colony Bldg. 
Des Moines 9, Iowa 

N. C. Fisk 
3005 W. Chicago Ave. 
Detroit 6, Mich. 

R. W. Slinkman 
Sylvania Electric Prod-
ucts 

Emporium, Pa. 

J. C. Robinson 
1422 San Jacinto St. 
Houston 2, Texas 

Eugene Pulliam 
931 N. Parker Ave. 
Indianapolis, Ind. 

Mrs. G. L. Curtis 
6005 El Monte 
Mission, Kan. 

LONDON, Orrnutto G. H. Hadden 
35 Becher St. 
London, Out., Canada 

R. A. Monfort 
L. A. Times 
202 W. First St. 
Lou Angeles 12, Calif. 

LOS ANGELES 
September 21 

Chairman  Secretary 

o. W. Towner  LOUISVILLE  D. C. Summerford 
Radio Station W HAS  Radio Station WHAS 
Third & Liberty  Third & Liberty 
Louisville, Ky.  Louisville, Ky. 

E. T. Sherwood  MILWAUKEE  J. J. Kircher 
Globe-Union Inc.  2450 S. 35th St. 
Milwaukee 1, Wis.  Milwaukee 7, Wis. 

K. R. Patrick  MONTREAL, QUEBEC S. F. Knights 
RCA Victor Div.  Canadian Marconi Co. 
1001 Lenoir St.  P.O. Box 1690 
Montreal, Canada  Montreal, P. Q., Canada 

L. A. Hopkins, Jr.  NEW MEXICO  T. S. Church 
629 Permanent Quarters  637 La Vega Rd. 
Sandia Base Branch  Albuquerque, N. M. 
Albuquerque, N. M. 

J. W. McRae 
Bell Telephone Labs. 
463 West Street 
New York 4, N. Y. 

C. G. Brennecke 
Dept. of Electrical Eng. 
North Carolina State Col-
lege 

Raleigh, N. C. 

W. L. Haney 
117 Bourque St. 
Hull, P. Q. 

A. N. Curtiss 
Radio Corp. of America 
Camden, N. J. 

E. M. Williams 
Electrical  Engineering 
Dept. 

Carnegie Institute of Tech. 
Pittsburgh 13, Pa. 

0. A. Steele 
1506 S. W. Montgomery St. 
Portland I, Ore. 

A. V. Bedford 
RCA Laboratories 
Princeton, N. J. 

K. J. Gardner 
III East Ave. 
Rochester 4, N. Y. 

NEW YORK 
October 6 

R. D. Chipp 
99 Morse Ave. 
Bloomfield, N. J. 

NORTH CAROLINA- C. M. Smith 
VIRGINIA  Radio Station W M IT 

Winston-Salem, N. C. 

OTTAWA, ONTARIO G. A. Davis 
September 16  78 Holland Ave. 

Ottawa, Canada 

PHILADELPHIA 
October 7 

PITTSBURGH 
October 11 

PORTLAND 

PRINCETON 

ROCHESTER 
September 16 

E. S. Naschke  SACRAMENTO 
1073-57 St. 
Sacramento 16, Calif. 

G. M. Cummings  ST. LOUIS 
7200 Delta Ave. 
Richmond Height 17, Mo. 

C. L. Jeffers  SAN ANTONIO 
Radio Station WOAI 
514 W. Lynwood 
San Antonio, Texas 

C. N. Tirrell 
U. S. Navy Electronics 
Lab. 

San Diego 52, Calif. 

L. E. Reukema 
Elec. Eng. Department 
University of California 
Berkeley, Calif. 

W. R. Hill  SEATTLE  W. R. Triplett 
University of Washington  October 14  3840 -44 Ave. S.W. 
Seattle 5, Wash.  Seattle 6, Wash. 

F. M. Deerhake  SYRACUSE  S. E. Clements 
600 Oakwood St.  Dept. of Electrical Eng. 
Fayetteville, N. Y.  Syracuse University 

Syracuse 10, N. Y. 

W. M. Stringfellow  TOLEDO  M. W. Keck 
Radio Station WSPD  2231 Oak Grove Pla. 
136 Huron St.  Toledo 12, Ohio 
Toledo 4, Ohio 

C. A. Gunther 
Radio Corp. of America 
Front & Cooper Sts. 
Camden, N. J. 

E. W. Marlowe 
560 S. Trenton Ave. 
Wilkinburgh PO 
Pittsburgh 21, Pa. 

F. E. Miller 
3122 S.E. 73 Ave. 
Portland 6, Ore. 

L. J. Giacoletto 
9 Villa Pl. 
Eatontown, N. J. 

Gerrard Mountjoy 
Stromberg-Carlson Co. 
100 Carlton Rd. 
Rochester, N. Y. 

W. F. Koch 
California Div. of Forestry 
Sacramento 14, Calif. 

C. E. Harrison 
4530A W. Papin St. 
St. Louis, Mo. 

H. G. Campbell 
233 Lotus Ave. 
San Antonio 3, Texas 

SAN DIEGO  S. H. Sessions 
October 5  U. S. Navy Electronics 

Lab. 
San Diego 52, Calif. 

SAN  FRANCISCO W. R. Hewlett 
395 Page Mill Rd. 
Palo Alto, Calif. 
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Sections 
Chairman 

C. A. Norris 
J. R. Longstaffe Ltd. 
11 King St., W. 
Toronto, Ont., Canada 

0. H. Schuck 
4711 Dupont Ave. S. 
Minneapolis 9, Minn. 

Secretary 

TORONTO, ONTARIO C. G. Lloyd 
212 King St., W. 
Toronto, Ont., Canada 

Chairman 

P. C. Smith 
179 Ido Avenue 
Akron, Ohio 

J. C. Ferguson 
Farnsworth Television & 
Radio Co. 

3700 E. Pontiac St. 
Fort Wayne, hid. 

F. A. 0. Banks 
81 Troy St. 
Kitchener, Ont., Canada 

A. M. Glover 
RCA Victor Div. 
Lancaster, Pa. 

H. A. Wheeler 
Wheeler Laboratories 
259-09 Northern Blvd. 
Great Neck, L. I., N. Y 

TWIN CITIES 

AKRON 
(Cleveland Sub-

section) 

FORT W AYNE 
(Chicago Subsec-

tion) 

HAMILTON 
(Toronto  Sub-

section) 

LANCASTER 
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Books 
Loran: Long Range Navigation, edited by 
J. A. Pierce, A. A. McKenzie, and R. H. 
Woodward 
Published (1948) by the McGraw-Hill Book Co., 

220 W. 42 St., New York 18, N. Y. 467 pages, 8-page 
index, xiv pages. 198 figures. 61 X91. $6.00. 

This book, Volume IV in the Massa-
chusetts Institute of Technology's Radiation 
Laboratory series, describes the Loran 
system and the history of its development. 
Very few portions require more than an 
elementary knowledge of radio transmitters, 
receivers, and pulse techniques to be pro-
perly understood. Even though eleven au-
thors contributed, the text appears to have 
an integrated continuity. 
Part I deals entirely with the Loran sys-

tem of navigation. Included are an intro-
ductory chapter describing the principal 
forms of radio navigation and other chapters 
on the history and principles of Loran and 
the propagation of the radio wavelengths 
involved.  Chapter 4, entitled  "Future 
Trends," seems to be somewhat out of place 
in an otherwise factual and objectively 
written treatise. A cautious, well-thought-
out forecast of possible future trends might 
well be included in a text such as this, but 
in the chapter under discussion the author 
appears to have built one supposition upon 
another in an empirical fashion seldom found 
in a truly scientific work. 
Part II, entitled "Loran Equipment," is 

relatively complete in its coverage and 
well-illustrated, but is, of necessity, brief 
in its description of individual devices. The 

12-page bibliography will enable a reader 
interested in further detail to obtain more 
information. 

Stuart W. Seeley 
Radio Corporation of America 

711 Fifth Ave. 
New York 22. N. Y. 

Microwave Receivers, edited by S. N. Van 
Voorhis 
Published (1948) by the McGraw-Hill Book Co.. 

Inc., 330 W. 42 St.. New York 18, N. Y. 611 pages, 6 
page index, xviii. 430 figures. 61 X91 inches. $8.00. 

The worth and extent of the Massa-
chusetts Institute of Technology Radiation 
Laboratory Series of books is now well 
known. "Microwave Receivers," volume 23 
of that series, is intended to acquaint the 
reader with the large amount of information 
gathered, and the various techniques em-
ployed, by the members of the Radiation 
Laboratory in the solution of the problems 
they encountered in designing and con-
structing receivers for the microwave re-
gion. It covers work done not only at the 
Radiation Laboratory, but at other research 
laboratories as well. The book begins with a 
discussion of noise in receivers in general and 
points out the extreme importance of fluc-
tuation noise in microwave receivers. The 
various components that are used in such a 
receiver are then taken up in detail. The 
reader is informed of the various difficulties 
to be encountered in the design of such 
things as TR tubes, converters, local os-
cillators, intermediate-frequency amplifiers, 

detectors, etc., and with the various methods 
of avoiding those difficulties. The concluding 
chapters contain detailed descriptions of 
several different microwave receivers, il-
lustrating a large variety of circuits and 
techniques. 
In general, the various topics discussed 

throughout the book are presented in a 
clear, concise, and readable manner. How-
ever, nineteen authors participated in the 
preparation of this book, and, as a result, 
there are some repetitions. The fact that the 
situation is not much worse illustrates the 
excellent job of editing that has been done 
in preparing this volume. Those sections 
dealing with noise, noise figure, radio-fre-
quency amplifiers, and intermediate-fre-
quency amplifiers, are especially gcod. 
The years which have elapsed since 

World War II have seen the opening of the 
microwave region to use not only by the 
communication industry but to other serv-
ices as well. Since the receivers described 
in this book were intended primarily for 
radar use, the present-day microwave en-
gineer will encounter many problems that 
are not discussed in this book, as well as 
finding some material not applicable to his 
work; but he will find a large amount of 
material that he can use directly, and from 
the rest he will get many helpful leads. This 
book is recommended to him without reser-
vation. 

Karl G. Jansky 
Bell Telephone Laboratories. Inc. 

Holmdel, N. J. 
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IRE People 

Frank Rieber (M' 41-SM' 43), physicist 
and inventor, died recently in New York. 
Born in Placerville, Calif., Mr. Rieber re-
ceived the B. S. degree in physics from the 
University of California at Berkeley in 1915. 
For the next eight years he worked in San 
Francisco, principally on X-ray equipment, 
inventing the first satisfactory stabilized 
filament control. During World War I he was 
a secretary of the California War Inventions 
Committee and a member of the Submarine 
Defense Commission. 
In the nineteen-twenties, Mr. Rieber 

developed a radio altimeter system, seismo-
graph instruments for oil search, and several 
new electronic and mechanical measuring 
devices. Moving to Los Angeles in 1930, he 
continued with innovations in sound track 
and thin plastic disk recording. He shifted 
his laboratories to New York in 1940. When 
the Second World War broke out, he became 
a consulting engineer on war contracts and 
for various agencies of the War and Navy 
Departments. Some of his military inven-
tions were recording devices for airplane 
control towers, a magnetic submarine de-
tector, an instrument for measuring the 
muzzle velocity of shells, and a method of 
determining by sound the location of enemy 
guns. 
At his death Mr. Rieber had been work-

ing on a sensitive instrument for scientific 
and industrial measurement which he called 
the Vibroton. This can measure almost any 
physical displacement and convert the data 
into electrical impulses which can then be 
relayed to a recording apparatus or control 
mechanism at a remote point. 
Mr. Rieber was a member of the Ameri-

can Institute of Physics, the American Geo-
physical Union, the American Meteorological 
Society, the Seismological Society of Amer-
ica, and other scientific organizations. 

The General Electric Company's Charles 
A. Coffin award—the highest honor be-
stowed by the Company—has been given to 
William F. Goetter (A'41), Henry P.Thomas 
(A'34-M'44-SM'47), Kenneth C. DeWalt 
(A'29-SM'45),  and  Robert  B.  Dome 
(A'27-M'38-SM'43-F'40) for work of out-
standing merit during 1946 and 1947 on 
transmitter and broadcasting developments. 
Mr. Goetter and Mr. Thomas, who de-

sign and develop radio transmitting equip-
ment, were cited "for outstanding skill and 
ingenuity in designing and developing a new 
line of frequency-modulation broadcasting 
transmitters." Mr. DeWalt, a designing 
engineer in the tube division, won his award 
for transmitter-tube production accomplish-
ments. Mr. Dome, advanced development 
section engineer in the receiver division, was 
honored for his invention of a new circuit 
system  for communications equipment 
which makes possible systems much simpler 
and less costly than present techniques. 

William R. Ahern (S'41-A'4I-M'47), 
formerly engineer in the television equip-
ment division of the General Electric Com-
pany, was recently appointed engineer in the 
facilities section of the American Broadcast-
ing Company's engineering department in 
New York. 
Mr. Ahern was graduated from the Wor-

cester Polytechnic Institute in 1939 with the 
degree of B.S., and two years later he re-
ceived the M.S. degree from the same school. 
In that year he joined the General Electric 
Company, working during the war as air-
borne radio engineer in the electronics sec-
tion. 

George F. Platts (A'30-M'37-SM'43), 
who recently joined the Clippard Instrument 
Laboratory, Cincinnati, Ohio, as executive 
vice-president, was formerly general mana-
ger of the electric products division of the 
McQuay-Norris Manufacturing Company, 
St. Louis, Mo. 
Mr. Platts is a graduate of the Univer-

sity of Cincinnati's College of Electrical En-
gineering. In June, 1941, he went on active 
duty with the Navy, serving as priorities of-
ficer for the Cincinnati district, with the 
rank of lieutenant, j.g. During the war, he 
was assigned to various duties in connection 
with the No. 2 secret weapon project, the 
VT (proximity fuze), and received a com-
mendation ribbon from the Secretary of the 
Navy for his services. He now holds the rank 
of Commander in the United States Naval 
Reserve. 
A former chairman of the Cincinnati 

Section, Mr. Platts was also formerly secre-
tary-treasurer of the Cincinnati Technical 
and Scientific Society Council. 

Electrodesign, a new electronics group, 
has recently been formed by three IRE 
members—H. H. Schwartz (S'38-A'39-
M'45), C. A. Rosen (A'44), and L. A. Geddes 
(A'47). Offices will be at 1178 Phillips 
Place, Montreal, Que., Canada. In addition 
to supplying, servicing, and modifying 
standard electronic equipment, the group 
will also design and build new equipment to 
meet special needs. 
Mr. Schwartz is a former associate of the 

Northern Electric Company, and the Cana-
dian Marconi Company. Mr. Rosen was 
previously with Canadian Fairchilds Engi-
neering Department. Mr. Geddes is Consult-
ing Engineer to the Montreal Neurological 
Institute. 

Maxwell K. Goldstein (A'30-SM'46) has 
recently joined the staff of the Research Di-
visions of the Office of Naval Research, 
Navy Department, Washington, D. C. He 
will act as Electronics Consultant to the Di-
rector of Naval Sciences. 
Dr. Goldstein took his doctorate at the 

Johns Hopkins University in 1933, and has 
since had extensive experience in electron-
ics. Before joining the Naval Research Labo-

ratory in 1939, he was successively Radio 
Project Engineer for the Signal Corps Air-
craft Laboratory and Advanced Radio De-
sign Engineer for the Civil Aeronautics Au-
thority. As Head of the Naval Research 
Laboratory's Radio Direction Finders Activ-
ity he received the Distinguished Civilian 
Service Award. He was subsequently pro-
moted to Head of the Airborne Systems En-
gineering Section, and later to Head of the 
Navigation Section. In his new post, Dr. 
Goldstein will undertake important program 
analyses in fields associated with electronics. 

Bertram F. N. Israel (A'47) of the Royal 
Australian Air Force recently was presented 
by President Truman with one of this na-
tion's highest military awards, the Medal of 
Freedom with bronze palm, for "meritorious 
services which aided the United States in 
the war against Japan in New Guinea." 
Colonel Israel is one of Australia's lead-

ing radio engineers in civilian life, and is 
manager of one of the largest radio firms in 
that country. He also has lectured frequently 
on many phases of radio and its develop-
ment, since he is a consulting engineer for 
the Commonwealth's radio system. 
During the war he worked far ahead of 

the combat units to set up mobile aircraft 
warning outposts that enabled the United 
States to seize air superiority from the Jap-
anese. The President's citation states that 
"by his efforts Squadron Leader Israel was 
largely responsible for the establishment of 
an aircraft warning system which was instru-
mental in wresting air superiority from the 
enemy and in the successful defense of New 
Guinea and Australia." 

Irving Greene (A'47), previously Man-
ager of the Sound and Communications De-
partment of Heins & Bolet, was recently ap-
pointed Manager of the Sound and Com-
munications Division of Sun Radio & Elec-
tronics Company, New York, N. Y. 
During the war, Mr. Greene served for 

three years in the Pacific in the Air Force 
Signal Section. On his discharge he joined 
the Langevin Company as test engineer, in 
which capacity he was responsible for exten-
sive sound installation work. 

Harvey W. Smith (A '34) has joined the 
engineering staff of the Lenkurt Electric 
Co., San Carlos, Calif., where he will be in 
full charge of the design and construction of 
transformers, both for carrier application and 
custom manufacture. 
Previous to his employment at Lenkurt, 

Mr. Smith had been an independent con-
sultant, as well as chief engineer at the Peer-
less Electrical Products Co. and the Robert 
M. Hadley Co., both of Los Angeles, and the 
Glen-Roberts Co. at Oakland. He also has 
been a member of the engineering staffs of 
Bendix Aviation, Ltd. and Electric Research 
Products, Inc., Hollywood, and Audio Prod-
ucts Co., Burbank, Calif. 
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John C. Petkovsek 
Chairman, Beaumont—Port Arthur Section, 

1947-1948 

John C. Petkovsek was born on July 13, 1921, in Beau-
mont, Tex. After studying at the Texas Agricultural and 
Mechanical College, he entered the employment of a Beau-
mont bank, leaving in 1941 to join the Sun Oil Co. In 1942 
he enlisted in the U. S. Navy, where he completed radar 
training at Texas A. & M. College and at Ward Island, 
Corpus Christi, Tex. During the war he worked on an avia-
tion radar project and earned a radiotelephone first class 
license. 
Returning to the United States after several months of 

service overseas, Mr. Petkovsek entered the University of 
the South in 1943, transferring later in the same year to the 
Georgia School of Technology, from which he received the 
B.E.E. degree (communications) in 1946. In the fall of that 
year he was appointed electrical engineer at the Magnolia 
Petroleum Co.'s Beaumont Refinery. There he has partici-
pated in projects involving unusual applications of mobile 
radio and of complex interoffice communications. 
An amateur radio enthusiast, Mr. Petkovsek operates 

his own station, W5KVG, and is a member and past officer 
of the Sabine District Amateur Radio Club. He is also a 
member of the ARRL and of the Texas Society of Profes-
sional Engineers. 
Mr. Petkovsek first joined The Institute of Radio En-

gineers as a Student in 1945. In 1947 he transferred to 
Associate grade, and became a Member later in the same 
year. During the first part of 1947 he served on the Member-
ship Committee of the Houston Section of the IRE, re-
signing in November, 1947, to become the first Chairman of 
the newly formed Beaumont-Port Arthur Section, of which 
he was one of the principal founders. 

George P. Adair 
Chairman, Washington Section, 

1948-1949 

George P. Adair was born on December 8, 1903, in 
Rancho, Tex. After receiving the B.S. degree in electrical 
engineering from the Texas Agricultural and Mechanical 
College, he joined the radio department of the General 
Electric Co., where he remained until 1929, when he be-
came associated with the Straus-Bodenheimer Co. of Texas. 
In 1931 Mr. Adair joined the staff of the Federal Radio 

Commission, transferring to the Federal Communications 
Commission when it was formed in 1934. Ten years later 
he was appointed chief engineer of the FCC, and served in 
that capacity until 1947, when he left to open his own offices 
as a consulting radio engineer. 
During the war, Mr. Adair worked with the OWI in 

setting up the International Broadcast Service, and he was 
active in the Board of War Communications and related 
work. He also served on a number of Government Com-
mittees, and was the FCC's observer on the Radio Tech-
nical Planning Board. A U. S. delegate to the 1945 Confer. 
ence on Frequencies for the Liberated Countries of Europe, 
Mr. Adair was also technical advisor to the second North 
American Regional Broadcasting Agreement Conference 
and to the preliminary engineering conference for the third 
in 1946. He holds a number of U. S. and foreign patents. 
Mr. Adair is a member of the Radio Advisory Board of 

Stephens College, a lifetime honorary member of the Inter-
national Municipal Signal Association, and an observer on 
the RMA Television Systems Committee. Joining the IRE 
as an Associate in 1942, Mr. Adair became a Senior Member 
in 1944 and a Fellow in 1947. He is Chairman of the Wash-
ington Section of the IRE, and vice-chairman of the Mid-
Atlantic Regional Committee of the IRE. 
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College Research to the Aid of "Small Business' 
STANFORD C. HOOPERt, FELLOW, IRE 

IN 1863, THE CONGRESS gran ted a 
charter to the Academ y of Sciences , an d 
in 1918, President Woodrow Wilson 

recognized its subsidiary, the National Re-
search council, as the agency to assist the 
military services in research problems. 
In 1934, a meeting was held in the Navy 

Department by request of the president of 
the Council to discuss the feasibility of 
better co-operation between the Navy and 
industry research through the good offices of 
the Council. It was stated by the officers of 
the Council that such co-operation might 
lead to greatly superior fighting power for 
our fleet. Dr. R. A. Millikan was chairman 
at that time, and Admiral Standley repre-
sented the Navy Department as Chief 
of Naval Operations. 
I attended the meetings and within the 

year was assigned to duty as the first tech-
nical director of the newly created Tech-
nical Division, and chairman of the Research 
Co-ordinating Commit tee of the Navy. 
During the ensuing four years, this 

Committee became a separate entity, and 
commissioned officers were assigned to ex-
clusive duty as research officers in each 
bureau. The Committee assembled lists of 
research and development problems from 
the bureaus, from the fleets, and from sug-
gestions by the public, and processed these 
as individual projects. 
A separate research budget was arranged 

in each office, and research officers became 
active in traveling the country over to fa-
miliarize themselves with industrial and col-
lege research. I, myself, visited over one 
hundred laboratories during this time. I 
found myself becoming an index for research 
men and projects. Regretfully, I found that 
the capacity of the human brain is very 
limited in its ability to retain large stores of 
knowledge. 
Among other achievements of these ac-

tivities was the formation of a Scientific 
Reserve, and the enrollment as commissioned 
officers of thirty-odd college experts, one 
from each fundamental branch, as recom-
mended by the National Research Council. 
In cases wherein a Navy bureau was at a 

loss for knowledge as to how to proceed 
with a research problem, one of these officers 
was asked to prepare a study thereon. At 
that time, there were only two development 
projects arranged with colleges (except for 
eight handled through the Bureau of Aero-
nau tics). 
This procedure led to close ties between 

the Bureau and the colleges; and in four 
years, there were seventy-five such contracts. 
This was the background of the beginning 
of the great movement of college professional 
men into the Navy technical field. 

• Decimal classification: R010. Original manuscript 
received by the Institute, April 20. 1948. An editorial 
revision based on an address made by Admiral Hooper 
on February 5, 1948, at Drury College, Springfield. 
Mo., upon receipt of the degree of LL.D. 
t U.S. Navy (Retired), Washington. D. C. 

At that time, the War Department had 
no system for co-ordination of research and 
development, but later adopted a similar 
system. Then, with the war, came the 
Office of Scientific Research, headed by Dr. 
Vannevar Bush, a university man, univer-
sally recognized as the peer of leaders in this 
organization; and following the Armistice 
there came into existence the Joint Army 
and Navy Research and Development 
Board, the child of the OSRD, still guided 
by much the same personnel. 
Now, in 1948, broad and public recogni-

tion has been given by the Government to the 
vast importance of research in industry and 
to the value of training in research at the 
colleges. This viewpoint culminated in the 
passage of a bill in the 90th Congress to 
create a National Science Foundation. This 
original bill, somewhat revised, will likely 
become a statute in 1948, and will thus 
provide a real foundation for government 
encouragement of technical developments 
for the future. 
The funds to be appropriated by Con-

gress, in accordance with the new projected 
law, will be to promote research for our 
industry, security, and health. They will 
be allotted principally to colleges, to in-
dustrial laboratories, and through the 
military departments to their own and 
industrial laboratories. 
A great responsibility will come to col-

leges with the allotment of their tasks for 
research. They will do much excellent work, 
make important discoveries, and perhaps 
develop apparatus of great value. By virtue 
of the results they will obtain from this 
source, they will collectively become masters 
of modern science, each in its own chosen 
field; and their research workers will be 
more highly qualified and renowned as 
teachers. Their achievements will become of 
value to industry, to defense, and to the 
betterment of our lives generally. In order 
to spread the results of basic research from 
this source, the government will encourage 
the scientist to publish his findings. 
By far the most valuable products of 

colleges will be in training and teaching, 
which have always been their mission—train-
ing of scientific men and women ready to fit 
into the industrial and other noncollege 
laboratories as part of the life of the nation. 
We will become increasingly proud of 

the work of these products of new college 
training and of the new techniques in Amer-
ica which they will build. 
The leaders among our industries which 

pioneered the nation's outstanding mass-
production lines are suffering from the lack 
of scientific personnel to push new ideas to 
fruition. They await the new graduates 
impatiently, and all of us, especially as we 
pass middle life, become almost desperate 
in our hopes for ever faster advances, 
particularly in the medical world. 
Not only do we look to the scientific 

graduates to fill the needs in laboratories 
and factories, but there is the responsibility 
to formulate college policy in government 
appropriations for research, and the allot-
ment of scientific manpower, in such manner 
that the college laboratories will not com-
pete with business laboratories. A proper 
balance must be maintained with teaching, 
which is always the prime mission of the 
college. But the college laboratories should 
assist industry by a supply of graduates, 
and in close co-operation with business. 
Otherwise, American business will lose a 
strong prop of efficient research. I recom-
mend much serious thought on this point. 
From a military viewpoint, it must be 

realized that the time for invention and the 
production of new laboratory models is 
between wars. When war comes, it is the 
time for whipping together all knowledge 
and getting it into finished designs and 
quantity production overnight. Not that we 
should discontinue our research on out-
break of war—it should be concentrated 
and pushed desperately. But I venture to 
say that nine-tenths of the new principles 
and inventions which were put to practical 
use during Wold War II were developments 
listed by our small combined committees 
before 1942. Take, for example, radar and 
the atom bomb. Although there was a good 
deal of putting pieces together after 1942, 
and vast numbers of men were employed, 
certainly the individual chips were mostly 
"in the basket" before war was declared. 
The radar had been tested, but many 

new types and improvements had to be 
designed. For years atoms had been 
smashed, and we were on the very verge of 
producing the chain reaction. 
It would be very interesting to me to see 

exactly what happened as a result of our 
original seventy-five projects with universi-
ties, and, in fact, all of the projects our origi-
nal Committee had on its list. We had only 
about foul' million dollars annually for 
research, for all Navy development activi-
ties at that time. And I venture to say that 
these problems were so well along in 1942 
that these became the basis for quantity 
production of our top apparatus which 
helped win the war. 
Another very important feature arising 

from government-supported research will be 
its influence on small and independent 
manufacturing firms, compared with the 
large scale or so-called "monopoly" type. 
Soviet literature challenges the ability 

of our democratic and elective systems to 
maintain our competitive system against 
actual monopoly. The Soviet points to a 
number of cases where our elected represen-
tatives and officials have allegedly bowed 
to the will of "big business" and organized 
pressure groups in order to obtain re-elec-
tion. We have all witnessed apparent in-
stances of this sort of thing. It is one prac-
tice sometimes waved aside as "politics." 
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But we might well be alarmed by the prog-
ress of "big business" at the expense of 
"independent business," and particularly 
because of the increasingly frequent reports 
by the antitrust officials and small-business 
committees stating that, notwithstanding all 
our efforts, monopoly trends appear to be 
spreading. 
Yet, with it all, we have profound faith 

in the future and know that the American 
public is far ahead in the enjoyment of 
equal rights, progress in technique, proper 
privileges, good health, reasonable comfort, 
and some luxury; in fact, very much ahead. 
We see what happens under the fascist and 
communist systems, and we know we want 
none of such bitter oppression and poverty. 
It should be stressed that what happens 

to the "know-how" and patents from govern-
tnent-supported research and development 
work will mean much to the success of inde-
pendent and "small-business" concerns; and 
we cherish the thought that we may have 
lots of "presidents" and "directors" in even 
our small towns, rather than "district repre-
sentatives" and "local agents." The former 
terms sound democratic and call for respect, 
while the latter somewhat smack of regi-
mentation and remote control. 
If we can somehow use the college de-

velopments primarily to help small and 
independent business most, rather than 
"big business" (which already is strong and 
able to employ inventors almost without 
limit, and to take on all nature and size of 
business without much patent protection or 
mortgaging of its private property), we may 
go far in offsetting whatever undue advan-
tage "big business" may possess. This is 
especially true as regards the patent of the 
newly developed device or system. 
The "attic inventor" in a small room 

with one droplight, and with no money to 
spend in "time off," has the maximum in-
centive to produce. He is lying awake 
nights trying to get new ideas and to design 
a workable model. The poverty of his life 
is a mighty incentive which has brought into 

this great land of ours the myriad of inven-
tions which have formed the background of 
our great production and wealth. God gives 
us our original ideas and zeal, and the poor 
and lonely are often much nearer to God. 
The patent system itself is an important 

part of our incentive. But for the fact that 
we wish to make money, or become famous, 
or desire personal achievement, we might let 
such ideas pass; but no—we struggle to put 
them into practical form. We save, and 
scrape, and make a crude model, and per-
haps sell the patent to the "small-business" 
competitor. 
"Small business" is frequently more pro-

gressive and less unwieldy than "big busi-
ness." It has relatively less overhead and 
greater skill. It has made many of the real 
advances. It is apt to be on the alert for 
new products, and more anxious to get them 
on the market with greater speed, possibly 
because it lacks the sluggish overhead and 
red tape of "big business." It is the competi-
tor in the competitive system—our own 
"American Way." 
Whether independent or from a univer-

sity laboratory, an inventor will often take 
his new idea or model to the "small-busi-
ness" firm before he does to "big business." 
He knows that the comparatively self-
satisfied large concern may not be so much 
on the alert for new treasures as will be the 
small one. That, again, is competition. 
The small competitor knows that he has 

protection through the patent granted by 
the United States Government, and so he 
or some other "small company" can put 
capital into it and into the machinery neces-
sary to market the products therefrom. 
Accordingly, we must preserve and protect 
the independent inventor and, by all means, 
the patent system. 
"Big business" sometimes intimates that 

the day of the independent noncompany 
inventor is over. It will never be over. I have 
heard it said that the great inventions in the 
present century have come from great com-
pany laboratories rather than individuals. 

Correction 

W. H. Huggins has called to the attention of the 
editors the following corrections to his paper, "Multi-
frequency Bunching in Reflex Klystrons," which ap-
peared on pages 624-631 in the May, 1948, issue of the 
PROCEEDINGS OF THE I.R.E.: 

(1) in equations (8) and (9), replace Xk by iXk. 
(2) In equations (9) and 1(1), product is to be taken 

only over k different frequencies;  11 

Where they come from does not matter; it 
is always the individual who makes the 
invention, even though often several co-
operate. Frequently the large laboratory 
makes this co-operation possible, and thus 
contributes to the public welfare. 
In the electronic field, which I knew 

from its earliest days, nearly all the inven-
tions originally came from the individual 
inventor. Even if the Government pays for a 
new development, we must not let the own-
ership of the patent reside other than with 
the individual inventor or the company 
for which he works, although the Govern-
ment must retain certain protection for its 
own purposes. 
Unless we do this, the patent system 

will disintegrate, the individual inventor 
will lose his incentive, and the independent 
and "small business" will lose its protection. 
It will require grouping of small inde-

pendent competitors, each in a field comple-
mentary but not competitive to others in the 
group, to stand successfully against power-
ful "big business" wherein, in one com-
pany with many divisions, anything and 
everything is made, and nearly unlimited 
funds and large-scale methods of merchan-
dising are possible. 
If in some way these groups of small 

companies become able to profit by obtain-
ing a good share of the newly trained scien-
tists and can co-operate with the colleges 
for patent protection of development made 
in college laboratories, it may be one of the 
greatest contributions to offset the claim 
that our democratic civilization cannot hold 
the line against excessive concentration of 
business activities. 
"Big business," with its powerful mass 

production, is essential to the public welfare 
and to our national defense, and "small 
business" is needed as the vigorous competi-
tor to guarantee the permanence of the 
"American Way." Well-thought-out co-op-
eration between college and business labora-
tories is, therefore, particularly vital to our 
national well-being, in peace and war. 

(3) Second line after equations (28) should read "equa-
tion (28) together with (27)." 
(4) First line before equations (30), " . . . (28) may be 
replaced," etc. 
(5) Fourth line before Fig. 4, replace (30) with (33). 
(6) Third line after equation (41), replace (38) with 
(41). 
(7) In Table I, replace 0.025 with 0.625, and 1.025 with 
1.625. 
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Technical Aspects of Experimental Public Telephone 
Service on Railroad Trains* 

N. MONKt, AND S. B. WRIGHTh SENIOR MEMBER, IRE 

Summary—Telephone service was made available experimen-
tally in 1947 to passengers aboard certain railroad trains operating 
between New York, N. Y., and Washington, D. C. Communication 
between these trains and the telephone network is effected through 
radio stations of the urban mobile telephone services of the Bell 
System. This paper describes component parts of the train telephone 
system, results of radio coverage tests on the routes involved, and 
devices employed to control two-way transmission. Special features 
of the installations which differ from previous mobile installations 
and some results of the experimental operation are pointed out. 

I. INTRODUCTION 

THE IDEA OF communicating with moving trains 
has intrigued engineers for many years. As early 
as 1887, an experimental two-way telegraph sys-

tem employing wires paralleling the track was tried out 
for a brief period in the United States. Following World 
War I, the availability of radio enabled the railroads to 
experiment with telephone train communication for 
operational purposes, and such systems are now in daily 
use. An experimental passenger telephone system using 
wayside wires and carrier frequencies was operated in 
Canada in 1929, but was later abandoned. 
For over 20 years the Bell System has co-operated 

with the railroads in the search for practical methods of 
providing passenger telephone service. With the advent 
of general mobile telephone service in the United States, 
means became available for initiating an experimental 
service of this type. Accordingly, the Bell System ex-
tended its communication network last August on an 
experimental basis to include travelers on certain rail-
road trains operating between New York, N. Y., and 
Washington, D. C. The purpose of this experimental tel-
ephone service is to obtain practical experience, results 
of which will be available for consideration in connection 
with future planning of methods and facilities required 
to meet expanding public needs. 
Radio frequencies near the center of the vhf range— 

above about 100 Mc—are especially attractive for com-
municating with moving trains for the same reasons that 
make them useful for general mobile telephony. These 
frequencies are transmitted effectively over land to dis-
tances somewhat beyond "line-of-sight," yet they are 
not plagued by sporadic long-distance transmission ex-
perienced at lower vhf frequencies. The availability of a 
succession of urban mobile telephone systems between 
New York and Washington, operating at frequencies in 
the 152- to 162-Mc range, favored the use of these fre-

'1' Decimal classification: R533. Original manuscript received by 
the Institute, February 11, 1948; presented, 1948 National IRE 
Convention, March 22, 1948, New York, N. Y. 

Bell Telephone Laboratories, Inc., New York 14, N. Y. 

quencies for the initial experiments. The train installa-
tions are thus mobile units of urban mobile telephone 
systems in the several areas through which the trains are 
hauled. There are, however, important differences be-
tween the train installations and those normally made in 
automobiles. One of these is the elimination of the "push 
to-talk" feature, so that passengers use the telephone in 
normal fashion. 
Further experiments are planned in connection with 

highway mobile telephone systems operating at frequen-
cies in the 30- to 44-Mc range, looking toward the pos-
sibility of using these systems for railroad telephone 
service. Other possibilities for such communication in-
clude carrier frequencies below about 200 kc between 
inductors on the train and wayside conductors (induc-
tive system). 

II. SYSTEM COMPONENTS 

The routes selected for the initial service trials are 
those of the Baltimore & Ohio Railroad and the Penn-
sylvania Railroad between New York and Washington. 
At the New York end, the service area ends just west of 
the Hudson River, since the B&O train terminal is at 
Jersey City, and the Pennsylvania tracks are carried un-
der the Hudson in tunnels which act as shields to radio 
transmission. 
The separate routes of the two railroads differ some-

what in the type of terrain traversed and in obstructions 
such as cuts and intermediate tunnels. Also, overhead 
wires are used for electrical propulsion over the Penn-
sylvania route, while the B&O route is, for the most 
part, clear of such wires. Thus, a variety of conditions is 
encountered. 
Three railroad cars are equipped for service. One is 

carried on the north- and southbound Royal Blue train 
of the B&O. Another is normally on the Pennsylvania's 
southbound Speaker and northbound Congressional, 
and the third is carried on the Pennsylvania's south-
bound Congressional and northbound President. 
Parts of the two rail routes are in working range of the 

following urban mobile telephone systems' operated by 
the telephone companies indicated. 

Urban Mobile System 
Newark, N. J. 
Philadelphia, Pa. 
Baltimore, Md. 

Washington, D. C. 

Telephone Company 
New Jersey Bell Telephone Company 
Bell Telephone Company of Pennsylvania 
The Chesapeake & Potomac Telephone com-
pany of Baltimore City 

The Chesapeake & Potomac Telephone Com-
pany 

1 H. I. Romnes and R. R. O'Connor, "General mobile telephone 
system," presented, AIEE Midwest General Meeting, Chicago, Ill., 
November 6, 1947. 



1948  Monk and Wright: Experimental Public Telephone Service on Trains 1147 

The general arrangement of facilities for each of these 
systems is shown schematically in Fig. 1. Connections 
are made from a land telephone through the local tele-
phone exchange and over a trunk circuit to a mobile-
service operator who has access to the urban mobile cir-
cuit. This begins with a control terminal having branch 

tant land transmitter is supplied to the antenna exposed 
to the noise, and the measurement consists of determin-
ing the amount of this carrier power which, from the 
calibration, is known to provide a just-satisfactory 
speech-to-noise ratio. This amount of radio power is re-
ferred to as "required carrier." 

0 0 0 0 

Fig. 1—Diagram showing system components. 

lines to a 250-watt phase-modulated radio transmitter, 
and to several fixed or land receivers located at points 
suitable for reception from the 20-watt mobile transmit-
ters. Transmission in the two directions is at radio fre-
quencies which differ by approximately 5 Mc. This fre-
quency separation, together with the geographical sepa-
ration between the land transmitting and receiving an-
tennas, is sufficient to prevent the land receivers from 
being affected by the land transmitter. On the train, 
where the separation between transmitting and receiv-
ing antennas is limited to less than a car-length, a dou-
ble-tuned coaxial stub filter is inserted between the 
receiving antenna and the receiver to suppress transmis-
sion from the associated transmitter. The train equip-
ment also includes the necessary control and telephone 
signaling equipment. Selective calling is provided, since 
many mobile units normally share the use of a given pair 
of frequencies. 

III. RADIO COVERAGE 

Test runs were made over both routes in both direc-
tions to determine the coverage provided by the existing 
urban mobile systems. The tests included measurements 
of radio noise, transmitted frequency and power, re-
ceived carrier intensity, and judgment of telephone 
speech transmission by experienced observers. Some 
tests were also made of selective signaling from the con-
trol terminals to the trains. 
The method used to measure radio noise on the train 

employs a receiver and standard audio-frequency circuit 
noise meter which have been calibrated previously by a 
carrier input suitably modulated by speech signals. Car-
rier from a local oscillator in place of carrier from the dis-

In general, the radio noise measured on the train was 
less on the B&O route than on that of the Pennsylvania, 
and over the former route was at nearly all times at, or 
close to, set noise. In nonindustrial areas the noise on the 
Pennsylvania was about 10 db higher, and consisted 
mainly of spurts of sharp crackle lasting from three to 
ten seconds, perhaps caused by variations of the con-
tact between the overhead wire and the pantograph of 
the electric locomotive. Occasionally, also, a few spurts 
of noise were detected while passing electric trains. On 
the Pennsylvania route, noise in the order of 20 db 
above set noise was occasionally noted in the industrial 
areas such as Newark and Philadelphia. This was of no 
consequence, however, since the train is close to the land 
transmitters when in these areas, and the carrier input 
to the receiver is consequently well above the required 
value. 
An example of the received carrier intensity from the 

Philadelphia land transmitter compared to the required 
value as measured on the Pennsylvania route in the vi-
cinity of Philadelphia is shown in Fig. 2. From this fig-
ure it may be seen that satisfactot y transmission can be 
obtained with a carrier power at the receiver input of 
approximately 130 db below 1 watt, which permits a 
range for commercial telephone service of approximately 
35 track miles north and over 40 track miles south of the 
Philadelphia Thirtieth Street Station. It should be 
noted, however, that these figures are for the direction 
of transmission from land to train. To obtain the range 
for two-way service, the train-to-land transmission must 
be considered, as well. This may differ from that in the 
other direction, since the fixed transmitting and receiv-
ing antennas are at different sites and elevations. Also, 
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the fixed and mobile transmitting powers differ, and the 
radio noise or required carrier on the train may differ 
from that at the land receiver. 
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"flutter" caused by fluctuations in received carrier in-
tensity rapidly reduced the usefulness of the channel. 
These carrier fluctuations were observed on both routes, 
but were somewhat more pronounced on the B&O route, 
probably due to the more hilly character of the terrain 
traversed by this railroad, The results of the speech tests 
are indicated in Fig. 3, which shows the approximate 
coverage obtained on each railroad. On each road satis-
factory two-way telephone conversations were obtained 
over about 70 per cent of the route mileage. 
It will be noted from Fig. 3 that the rail distances 

from the approximate coverage boundary to the princi-
pal railroad station associated with each land transmit-
ter vary considerably, from a minimum of about 7 miles 
on the Pennsylvania out of Washington to a maximum 
of over 50 miles on the B&O out of Jersey City. The 
explanation of the wide differences in range may be ob-
tained from detailed consideration of the rail routes in 
relation to the location of the fixed radio transmitters 
and receivers and their respective antennas, particu-
larly the transmitting antennas. The Newark and Phila-
delphia transmitting antennas are located on buildings 
about 400 feet above street level, having commanding 
views of the rural sections of the rail routes. The land 
transmitting antennas at Baltimore and Washington are 
much less favorably located with respect to these rail 
routes, since they were located to minimize mutual co-
channel interference between the Baltimore and Wash-
ington urban mobile systems. In addition, the presence 
of hills and railroad cuts in these areas further reduces 
the range. 
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Fig. 3—Map showing coverage for B&O and Pennsylvania railroads. 
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In addition to the talking tests, dialing tests from the 
land stations to the train were made in a number of in-
stances to insure that the train could be signaled when 
in talking range of a land station. It was found that the 
dialing range substantially equalled or exceeded the 
trainward talking range. 

IV. CONNECTION TO TELEPHONE NETWORK 

Facilities for combining the transmitting, receiving, 
and two-wire telephone and signaling paths are included 
in the control terminals as shown in Fig. 1. Each termi-
nal is arranged for substantially automatic operation, 
but a licensed radio operator is available to supervise, 
test, and control the system. 
In order to compensate for various line losses betwcen 

the land telephone and the land transmitter, and also to 
some extent for variations in talking volume, the termi-
nal includes a yoga& (voice-operated gain-adjusting de-
vice) in the transmitting branch. The function of the 
vogad is to provide substantially full modulation of the 
land transmitter on outgoing speech at all times. For se-
lective calling' the outputs of the signaling oscillators 
are fed to the transmitter at the output of the vogad. 
The arrangement of the junction of paths in the terminal 
is shown in Fig. 4. 

TWO • WERE 
LINE  TO 
MOBILE 
SERVICE 
OPERATOR 

BALANCING 
NETWORK 

PAD 

TO OUTPUT 
Of SIGNALING 
OSCILLATOR 

TO 
L AND 

TRANSMITTER 

Fig. 4—Mobile system terminal for railroad trials. 

The radio transmitter in a conventional mobile tele-
phone installation is controlled by a "push-to-talk" 
switch operated by the subscriber. This arrangement 
prevents interference from the transmitter into the as-
sociated mobile receiver at times when reception from a 
distant land transmitter is desired. On calls between a 
mobile unit and a land telephone, the mobile subscriber 
listens to the land talker with the switch released, and 
the land subscriber listens to the mobile talker when it 
is operated. The junction of the 2-wire transmitting and 
receiving branches at the land terminal is normally ar-
ranged with a three-way combining pad, so that speech 
from the mobile talker is amplified by the vogad and ra-

2 S. B. Wright, S. Doba, and A. C. Dickieson "A vogad for radio-
telephone circuits," PROC. I.R.E., vol. 27, pp. 254-257; April, 1939. 

3 C. N. Anderson and H. M. Pruden, "Coastal harbor radio-
telephone system," PROC. I .R.E., vol. 27, pp. 245-253; April, 1939. 

diated by the land transmitter as an indication to other 
mobile units that a call is in progress and the "party 
line" is therefore in a "busy" condition. The vogad gain 
changes back and forth from a value determined by the 
mobile talker's speech to another value which is gen-
erally higher as determined by speech arriving over the 
land line. During intervals when the "push-to-talk" 
switch in the mobile unit is released, the absence of car-
rier at the land receiver inputs results in muting their 
audio outputs by action of their "squelch" devices, so 
that the vogad gain adjustment and consequent modu-
lation of the land transmitter is entirely by energy in the 
land portion of the connection. 
In full duplex operation, a "push-to-talk" switch is 

not required, as the mobile transmitter and receiver are 
arranged to operate simultaneously, and the mobile 
listener is permitted to hear the output of the land re-
ceiver by reradiation from the land transmitter at all 
times. Moreover, since carrier from the mobile trans-
mitter is applied to the land receivers continually, their 
outputs are not "squelched" and their "set noise" is 
transmitted through the combining pad, amplified by 
the vogad, and transmitted to the mobile listener. Such 
noise increases as the land talker's speech volume de-
creases, since the vogad gain increases to compensate for 
weak land speech. 
To overcome this tendency, it is necessary to weaken 

the transmission between the land receiver and the vo-
gad, relative to that between the land talker and the 
vogad. As indicated in Fig. 4, a three-winding trans-
former or hybrid coil is arranged so that energy in the 
receiving branch divides between the 2-wire line and a 
balancing network, only a small portion being transmit-
ted to the vogad input. The effectiveness of this device 
depends on the degree of balance between the network 
and line impedances. In practice, a compromise balance 
allows enough reradiation for "busy" indications and for 
making calls between "push-to-talk" mobile units, and 
at the same time prevents any large reduction of range 

trainward by reradiated received noise. 
By providing in the receiving branch of these termi-

nals a device known as a "noise reducer," a further re-
duction of incoming noise is effected. This device op-
erates to diminish the noise in the intervals between 
speech sounds. Thus transmission is benefited landward, 
and also trainward, whenever received noise reaching 
the vogad would otherwise be strong enough to be ob-
jectionable. 

V. DESCRIPTION OF TRAIN EQUIPMENT 

A train installation is illustrated schematically in Fig. 
5. It includes two antennas, a coaxial filter, two radio 
transmitters, two radio receivers, a relay panel, a fuse 
panel, an attendant's control unit, two telephone sets, 
an:I suitable interunit cabling. 

' C. C. Taylor, "Radiotelephone noise reduction by voice control 
at receiver," Elec. Eng., vol. 56, pp. 971-974; August, 1937. 
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Fig. 5—Schematic diagram of train installation. 

The two antennas are mounted at opposite ends of the 
car to provide for maximum separation between the 
transmitting and receiving circuits. These antennas are 
type 132-200 supplied by the American Phenolic Cor-
poration, and are specially designed for railroad opera-
tion. They are strong enough to provide a handhold for 
train crewmen, and all external portions are solidly 
grounded to the car roof to minimize the hazard from 
accidental contact with high-voltage wires. Although 
each antenna is only 14i inches in height, tests have in-
dicated that, from the radiation standpoint, they are 
substantially equivalent to a quarter-wave whip which, 
at the frequencies employed, would be in the order of 19 
inches. This reduced height is essential to meet the rail-
road clearance requirements. 
On the B&O trains the clearance permitted the mount-

ing of the antennas on the center line of the flat portion 
of the roof of the cars. When so mounted the metal roof 
of the car provides the ground plane. About a 60-foot 
separation between antennas was obtained. On the 
Pennsylvania it was necessary to mount the antennas 
somewhat below the top of the roof. This was accom-
plished by installing a metal plate 36 by 18 inches on the 
rounded portion of each end of the roof of the car at the 
proper height, to provide the necessary clearance when 
the antenna was fastened to the plate. The antenna 
mounting arrangement is indicated in Fig. 6, which 
shows one of the antennas being installed. Although the 
antennas in this case project only 61 inches above the 
tops of the cars, no reduction in transmission efficiency 
was noted. 
The antennas are connected to the radio sets by ar-

mored vinyl-covered polyethylene-insulated flexible co-
axial lines 0.405 inch in diameter (RG/10U). These 
lines are carried for protection in 1-inch iron conduit 
which is fastened to the roof of the car and terminated 
at the radio equipment. Parts of the lead-in conduits are 
visible in Fig. 6. 
For simultaneous operation of the radio transmitter 

and receiver at the assigned radio frequencies, a loss of 
approximately 40 db at the nominal transmitter fre-

Fig. 6—Installing antenna on railroad car. 

quency was found necessary between the output of the 
mobile transmitter and the input to the mobile receiver. 
Since the loss in the air path between the two antennas 
was found to be 35 db without overhead wires, and 25 
db under the Pennsylvania catenary, a filter for further 
suppressing the transmitter frequency is inserted be-
tween the receiving coaxial lead-in and the receiver in-
put. This filter provides up to 40-db loss to the trans-
mitter frequency, and only about 0.5-db loss to the re-
ceiver frequency. 
The filter consists of two coaxial stubs connected to 

the transmission line between the receiving antenna and 
the receiver. One of the stubs is open-ended and ap-
proximately three-quarters of a wavelength long at the 
transmitter frequency f2, i.e., IX: where A2 is the wave-
length corresponding tofs. This stub provides a high loss 
to frequency f2. It also provides a substantial loss to the 
receiver frequency Ii, which is about 3 per cent lower 
than the transmitter frequencyf2. In order to reduce this 
latter undesired loss, a second stub is connected to the 
transmission line at the same point as the first stub. This 
second stub is short-circuited at the end and propor-
tioned so as to annul, at the frequency ft, the reactance 
shunted across the transmission line at this frequency by 
the IX2 stub. This second stub is quite short, its length 
being approximately IN —X2). For operation with 
either of two combinations of transmitters and receivers 
a compromise filter design was necessary. Thus, the fre-
quencies b and f2 referred to above are approximately 
midway between the frequencies of the two receivers 
and the frequencies of the two transmitters, respectively. 
This compromise did not seriously affect the operation 
of the filter, however, since the two frequencies differ by 
only 240 kc in each case. 
The lengths of both stubs are adjustable over a small 

range to obtain maximum efficiency. They are con-
structed from copper tubing, the outer conductor being 
if inches in diameter. External connections are made by 
means of standard uhf-type coaxial connectors at a junc-
tion box which is constructed as a part of the filter. 
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The radio equipment consists of two Western Elec-
tric 38C transmitters and two 38A receivers. Two trans-
mitters and receivers are employed to provide for opera-
tion at either of two pairs of radio frequencies that may 
be available at the several land stations. These equip-
ments are the same type as used in the automobiles 
served by urban mobile systems, and have been de-
scribed elsewhere.' Each transmitter and receiver op-
erates from a 12-volt source, as described below. The 
transmitter has a radio-frequency output of about 20 
watts. 
The train equipment is controlled locally by means of 

an attendant's control unit and associated relay panel. 
The former is located at the attendant's position and 
contains the necessary keys, buttons, and lamps for op-
erating purposes. The relay panel is mounted with the 
radio equipment and contains the several relays re-
quired for turning the power on and off and changing the 
channels remotely from the attendant's control unit. All 
connections to the relay panel are made by means of 
plug-in connectors, so that the complete unit may be 
readily removed and replaced. 
The control unit, a photograph of which is shown in 

Fig. 7, is used by the attendant on the train in setting up 
and receiving calls. It includes a lock-type power on-off 

Fig. 7—Attendant's control unit. 

switch, a channel-selecting key, and a switch which per-
mits the attendant to communicate with the mobile 
service operator, switch the radio connection to the pas-
senger's telephone, or talk directly with the passenger. 
There are also included several buttons and supervisory 
lamps. The lamp in the upper left corner lights when 
power is supplied to the equipment. The lamps marked 
Channel 1 and Channel 2 indicate incoming calls, and 
the lamp in the upper right corner shows the condition 
of the passenger's telephone set, i.e., whether the re-
ceiver is off or on the hook. The button on the lower left 
of the unit operates the transmitter, which is then 
locked on under control of the attendant's and pas-
senger's telephone hook switches, both of which must be 
hung up to turn the transmitter off. The button on the 

lower right energizes a buzzer in the passenger's tele-
phone set to signal the passenger when the attendant 
wishes the passenger to use the telephone. 
Both the attendant and passengers' telephone sets 

are of a new wall-type construction recently standard-
ized for Bell System use. For use on the train these sets 
are suitably modified for 4-wire operation. The attend-
ant's telephone includes two small bells, one associated 
with each channel, for receiving incoming signals. The 
passenger's telephone is mounted, as shown in Fig. 8, 
in a small booth or compartment to reduce room noise 
and insure privacy. It contains the buzzer which is 

Fig. 8—Telephone facilities installed on train. 

operated by the attendant from the control unit to sig-
nal the passenger. Connections between the relay panel 
and the control unit, and between the control unit and 
the two telephones, are by standard multiconductor in-
terior wiring cables. 
Power for the radio sets and the miscellaneous equip-

ment is obtained from a 12-volt storage battery which is 
supplied by the railroad. There are two such batteries on 
each train. One of these is arranged to be connected to 
the radio equipment while the other is being charged 
from the regular 32-volt car battery through suitable 
voltage-dropping, regulating, and protective equipment. 
The 12-volt supply is connected to the radio equipment 
through a power switch and fusetrons, both of which are 
mounted on the fuze panel. 
The equipment, with the exception of the attendant's 

control unit, is mounted in a small compartment or 
cabinet. The several units are arranged vertically one 
above the other to conserve floor space. No shock mount-
ing is provided for the radio sets. Fig. 9 shows the ap-
paratus cabinet employed on one of the Pennsylvania 
trains. The upper two units are the Channel 1 radio 
transmitter and receiver, respectively. Below these are 
the corresponding units for Channel 2. The relay panel 
is mounted below the lower receiver and the fuze panel 
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Fig. 9—Radio equipment installed on train. 

at the bottom immediately below the relay panel. The 
filter, which does not show in Fig. 9, occupies the verti-
cal space in one corner of the cabinet. Except for the 
power leads, all interconnecting cabling is terminated in 
plug-in connectors to permit quick replacement of any 
unit. The compartment is ventilated by means of holes 
at the top and bottom which permit a continuous circu-
lation of air. It is normally locked to prevent tampering 
with the equipment. 

VI. OPERATION OF SYSTEM 

Each car is assigned a telephone number with its as-
sociated code in the selective calling system, and the 
mobile service operators at the various locations are pro-
vided with information regarding the scheduled times of 
trains when the associated receivers having these codes 
would normally be able to receive calls. On a call to a 
train, the operator dials the designated number which 
rings a bell in the attendant's telephone set and operates 
a visual signal associated with the attendant's control 
unit. Upon receipt of these signals, the attendant picks 
up a handset and depresses a button on the control unit 
to start the train transmitter. The attendant next se-
cures the name of the called passenger who (after being 
located) takes the call at the passenger's telephone. The 
attendant, after monitoring the connection to insure that 
the call is progressing satisfactorily, then hangs up. As 
soon as both telephones are restored to their cradles, the 
train transmitter is turned off and the system is ready 
for another call. 
On a call originating on the train, the attendant se-

lects the proper channel and monitors to find out if the 

channel is clear. If they are in range of a land system and 
no sounds are heard in the receiver, the attendant de-
presses the "transmitter-on" button which turns on the 
train carrier and signals the mobile-service operator. 
When this operator answers, the land-transmitter car-
rier is turned on, and the attendant may talk with the 
operator and ask for a number in the telephone network. 
When the call is ready, the attendant signals the pas-
senger in the booth, who then takes the call. When the 
connection is satisfactorily made, the attendant's tele-
phone is restored to its hook. When the call is ended, the 
attendant must obtain from the mobile service operator 
information as to the amount of the charges due and 
collect from the passenger. 

VII. SUMMARY OF RESULTS 

The experience in providing experimental telephone 
service on railroad trains through a series of urban mo-
bile radio telephone systems involves some special tech-
nical considerations. These are: 
1. Antennas employed on railroad cars are somewhat 

more elaborate than the simple type of whip antenna 
used on automobiles. 
2. Additional equipment in both the mobile unit and 

the control terminal of the urban mobile system is re-
quired to enable a passenger to use the telephone in the 
normal fashion, instead of operating a push-to-talk 
switch. 
3. Special power-supply arrangements to convert the 

32-volt railroad-car plants to the normal automobile-
battery voltage are necessary. 
4. A number of radio units at different locations are 

required to operate as a single system. 
5. Due to the limitations of train speed, a limited 

time is available for making calls in a given area. 
6. The repetitive character of the location of the mo-

bile unit causes systems abnormalities to become more 
readily apparent than when calls are made from random 
locations at random times. 
7. Servicing must be accomplished at terminals dur-

ing the night and the short day lay-overs, while an au-
tomobile may be driven to a centralized repair shop. 

VIII. CONCLUSIONS 

While it is still too early to predict the extent of public 
railroad-train telephone service, the results of the first 
months of experimental operation have indicated gen-
eral public acceptance of the service with generally fa-
vorable reactions from all concerned. 
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Television Antenna and RF Distribution 
Systems for Apartment Houses* 

HEINZ E. KALLMANNt, SENIOR MEMBER, IRE 

Summary—The requirements of television antenna and rf distri-
bution systems for apartment houses are discussed. Amplifiers and 
distribution networks are described which supply boosted signals of 
all available stations on their original carriers to all receivers in an 
apartment house. 

ALARGE PROPORTION of television receivers 
is located in city apartments where they are not 
easily supplied with satisfactory signals from all 

television stations of the area. Most commercial receiv-
ers require an input signal amplitude of the order of 1 
millivolt, with interference, such as due to diathermy, at 
least 30 db weaker to be imperceptible. A type of inter-
ference, specific to television and particularly difficult to 
avoid, is due to signals from the desired station, re-
flected on distant structures such as tall buildings, 
bridges, gas tanks, and the like, and then arriving at the 
receiver delayed by 1 microsecond for each 1000 feet 
detour. Such additional signals produce additional im-
ages, called "ghosts," superimposed upon the main im-
age but displaced to the right (with present U.S. televi-
sion standards) by approximately 1/60 of the picture 
width for each 1000 feet detour.' 
An indoor antenna seldom yields satisfactory signals 

from more than one or two stations, even if it is relo-
cated and reoriented for each. The indoor field strength 
is found' to vary considerably from point to point and 
to change with movement of people, or objects such as 
elevators. 
The installation of a roof antenna, preferably facing 

the transmitters, is usually necessary; yet, in general, 
this encounters several difficulties, as follows: 
1. Landlords object to having their roofs obstructed 

by ubiquitous private antennas, even if properly in-
stalled. 
2. There is seldom space enough on a roof to install 

antennas for more than a small minority of the receiv-
ers without excessive interaction. 
3. Even with free choice, a single location is seldom 

found where an antenna will yield sufficiently strong 
signals, yet without appreciable "ghosts," from all sta-
tions of the area. Experience shows that for adequate 
television reception a number of separate antennas is 
needed, preferably each tuned, located, and oriented to 

* Decimal classification: R326.6. Original manuscript received 
by the Institute, April 16, 1948. Presented, Television Receiver Sym-
posium, N. Y. Section, IRE, February 28, 1948, New York, N. Y. 
t Consulting Engineer, New York, N. Y. 
A. B. Du Mont and T. T. Goldsmith, Jr., "Television broadcast 

coverage," PROC. I .R .E., vol. 32, pp. 192-204; April, 1944. 
2 G. L. Beers, "Design of experimental television receivers," PROC. 

I.R.E., vol. 21, pp. 1692-1706, section on antennas and Fig. 4; De-
cember, 1933. 

receive a particular station; it is obvious that there is 
seldom space for more than one such set of antennas 
available on the roof of an apartment house. 
It follows that the benefits of such a set of antennas 

should be shared by all receivers in the building, by 
means of a distribution system. The system here de-
scribed is designed for this purpose. It serves to supply 
simultaneously all receivers of an apartment building, 
each with strong and clear signals of all television sta-
tions of the area, as if received by an individual ideal an-
tenna. The signals are thus distributed on their original 
carrier frequencies and suitable for any type of commer-
cial receiver without modification to either the receiver 
or the system. It will be found that the cost of such a 
system for each of at least twenty participants compares 
favorably with that of a simple individual antenna in-
stallation. 

OVER-ALL REQUIREMENTS AND 

GENERAL LAYOUT 

To supply from twenty to, perhaps, one hundred tele-
vision receivers, with sufficient attenuation between any 
two of them to prevent interaction, will, in general, re-
quire the installation of preamplifiers. For ease of instal-
lation and maintenance, these should be centrally 
located. They should have enough gain to supply from 
even the weakest usable signal, of the order of 25 micro-
volts, the power required to supply to each receiver sig-
nals of the order of 1 millivolt. Since the channels now 
assigned to television broadcasting cover much of the 
frequency range from 44 to 216 Mc, no single wide-band 
amplifier for this frequency range is at present practica-
ble. Thus, a separate amplifier is provided for each tele-
vision station of the area, as much as seven amplifiers for 
the seven stations planned for large cities such as New 
York. Since FM broadcasting in the band from 88 to 106 
Mc also benefits from such a system, it will often be de-
sired to provide one more amplifier to cover the FM 
band, and to supply signals of the FM stations over the 
distribution system as well. 
Since switching at the outlets should not be neces-

sary, it is preferable to distribute all signals over a com-
mon cable, and indeed the relatively high costs of cable 
installation make it imperative to design the system so 
as to require the fewest, and shortest, cables possible. 
In the system here described all outlets are connected 
as taps on two branches of a single distribution cable. 
The general layout of a typical installation is shown 

in Fig. 1, with an antenna and an amplifier each pro-
vided for the television channels 2, 4, and 5, as well as 
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for the FM band. Their output is fed via a coaxial dis-
tribution cable to outlets for receivers marked R. The 
installation may be discussed under three headings: (1) 
the antennas; (2) the amplifiers; and (3) the distribution 
network. 

Fig. 1—A distribution system with antennas and amplifiers for three 
television channels and FM broadcasting. 

Antennas 

No detailed discussion of antennas will be necessary. 
As a rule, a separate antenna is provided for each tele-
vision channel, located, tuned, and oriented for best 
reception of one station. Such an antenna may be a sim-
ple dipole, or a highly directive multielement array, if 
the need justifies such expenditure of space and mate-
rial. Ample bandwidth and proper match to the cable 
are easily achieved for the 6-Mc frequency range of a 
single channel. No directivity is needed for the reception 
of FM broadcasting. All antennas are connected by 
matched coaxial cables to the central amplifiers. 

Amplifiers 

All amplifiers with their power supply and output net-
work are housed in a single cabinet, preferably mounted 
near the roof inside the building. Fed from the 117-volt 
power line, they are left to run continuously, unattended 
except for occasional service checks. Each television 
amplifier must be capable of at least a 60-db gain, since 
it may operate with input signals as low as 25 microvolts 
and yet should supply approximately 30 millivolts to 
the output network, in order to allow for adequate at-
tenuation in each outlet. Such high gain must be main-
tained stably over long periods, with very conservative 
amplitude and phase response over the whole 6-Mc 
channel, yet with considerable attenuation for all other 
channels. Such selectivity requires six or more tuned 
circuits, even where stronger input signals would permit 
use of low-gain amplifiers. 
With the relatively poor selectivity of antennas and 

their sometimes precarious orientation, so as to dodge 
"ghost" signals, it is not uncommon that the signals 
of some other station at the input of an amplifier are 

stronger than the desired signals, yet appreciable ampli-
fication of the undesired signals leads to twofold trouble: 
1. Amplification of a signal through other than its 

own amplifier will generally be subject to a different 
time delay, thus giving rise to multiple images similar 
to "ghosts." 
2. The output power of each amplifier is mainly lim-

ited by the nonlinearity of its output tube characteris-
tic. At satisfactory power output, even weak signals of 
other stations may produce perceptible crossmodula-
tion at the grid of the output tube. Effects of slight 
crossmodulation are the granulated appearance of nor-
mally smooth background and the appearance of the 
spurious line synchronizing pulse as a dark vertical bar 
weaving across the image, somewhat like a windshield 
wiper. 
For ease of servicing, each amplifier strip is built as a 

small plug-in unit. Fig. 2 shows such a unit, with two 
knife contacts at the input end, and six knife contacts 
at the other end for supply voltages and for the signal 

Fig. 2—Five-tube plug-in amplifier for a television channel. 

output. Amplifiers may have five or seven miniature 
tubes, with all coupling circuits pretuned at the factory 
for one channel. Except for their tuning, amplifiers for 
all channels are alike. Their input circuit is shown in 

(b) 

Fig. 3—(a) Amplifier input circuit, and (b) its 
equivalent network. 

Fig. 3(a); with a tube input capacitance C, of the order 
of 6 ,u/Af a voltage step-up in excess of 4:1 is easily pro-
cured over very ample bandwidth. Thus the signal-to-



1948  Kallmann: Apartment House Television Antenna Systems 1155 

noise ratio of such an input stage is excellent in spite of 
the distribution noise originating in the pentode tube. 
The value of the antenna-coupling capacitor C. is chosen 
so as to terminate the 52-ohm impedance of the antenna 
cable properly with the transformed grid loading im-
pedance R., as is easily understood from the resonant-
circuit diagram, Fig. 3(b). The relatively large value of 
the capacitance C. allows convenient adjustments to ab-
sorb the incidental capacitances at the input connector. 
The tuning coil, as are all others, is space wound on a 
form of 0.156-inch diameter with 0.125-inch diameter 
bore for a 0.120-inch low-it iron tuning core. 
Except for the input and output stage, all amplifier 

stages are stagger-tuned at approximately ± 3.5 Mc. All 
tubes, with the possible exception of the output tube, 
are miniature pentodes of the type 6AK5, fed with 
screen-grid voltages of approximately 105 volts and 
anode voltages of approximately 95 volts. The control 
grid bias of the first two or three stages is adjustable for 

Fig. 4--Circuit diagram of typical amplifier stages; the 
first is gain-controlled. 

gain control by a preset potentiometer in the common 
power-supply chassis. Degenerative resistors of the or-
der of 30 ohms in the cathode lead of each gain-con-
trolled tube serve to minimize change of input capaci-
tance, and thus change of tuning, with change of gain. 
The first of the two stages in the circuit diagram of Fig. 
4 shows the components of a gain-controlled stage, with 
only the tube and wiring capacitances used for tuning 
with the iron-core-tuned inductance, and with the plate 
resistor R, chosen for proper circuit damping. There are 
low-Q chokes in one heater lead and in the anode supply 
lead and various by-pass capacitors, each of the order of 
500 Ati.d. The very similar stage shown second in Fig. 4 
is not gain-controlled, its control-grid bias being deter-
mined by the cathode-bias resistor. 
In a high-gain wide-band amplifier that must op-

erate stably at frequencies above 200 Mc, rf by-pass 
capacitors are conspicuous by their number. Small 
tubular silvered-ceramic capacitors have been used but 
their leads must be kept extremely short, so that their 

wiring to a miniature tube socket requires much care 
and the wiring of other components is obstructed. More-
over, the uncertainty of just where the wire leads make 
contact with the silver coating appears to result in un-
even rf by-passing by seemingly identical capacitors. Fig. 
5 is a photograph of two fixed-gain amplifier stages, each 
using a multiple by-pass capacitor developed for the 
purpose. The two triple by-pass capacitors may be rec-
ognized as the short white-painted cylinders surround-
ing the grounded center-shield pins of the seven-pin 
miniature tube sockets. 

Fig. 5—Two amplifier stages with ceramic triple by-pass capacitors. 

Each by-pass unit consists of a ceramic tube of high 
dielectric constant, ilk inch long, i.e., as long as the lugs 
of the tube socket with an outside diameter of inch and 
a wall thickness of 0.025 inch. The whole inside surface 
of this tube is silvered to form the grounded electrode; it 
is connected, by a tinned-copper tape 0.045 X0.025 inch 
around the bottom edge to the grounded heater lug No. 
4. The outside of the ceramic cylinder carries three sep-
arate patches of silver, each connected by a radial lead 
of tinned copper tape to one of the three by-passed lugs 
Nos. 2, 3, and 6 of the tube socket. The advantages of 

Fig. 6—Circuit diagram of amplifier output stage. 

such units are that they offer the shortest possible leads; 
their points of connection are unambiguous; they do not 
obstruct other connections; they are placed so as to aid 
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in shielding between the grid and anode lug; and they 
may be wired into the tube socket before assembly on 
the chassis. With the dimensions given, allowing for 
insulating gaps around the outside patches, and assum-
ing a dielectric constant of 12,000, as much as 3 X 5000 
iii2f may be had with such units, but much less is 
needed in this case. 
The output stage, Fig. 6, resembles the amplifier 

stages, although but for larger output power a somewhat 
larger, otherwise similar, tube such as the type 6AN53 
with 25 ma plate current may be used. 
All the signals at the anodes of the output tubes are 

added by shunt-feeding them into a combining network. 
Since in this case the network presents a load imped-
ance of 26 ohms, and one-half of its matching impedance 
of 52 ohms, the voltage gain of the output stages is 
actually less than unity. The plate resistors R„, of the 
order of 1000 ohms, merely supply dc to the tubes with 
reasonably small drop in dc potential, yet without pre-
senting an appreciable shunt load to the output net-
work. Plate- and screen-current consumption of a seven-
tube amplifier strip ranges from 40 to 75 ma according 
to the gain. Both the plate and the heater supply are 
fuze-protected in each strip. 
Typical over-all amplitude-response curves are 

shown for television channel 2 in Fig. 7. The curves 
for 20- and for 40-db gain are moved up towards the 
curve for 65-db gain for easier comparison. It will be 
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Fig. 7—Amplitude-response curves of a typical television 
amplifier, for over-all gains of 20, 40, and 65 db. 

noted that the curves neither deform nor move appre-
ciably with change of gain. Attenuation of about 30 db 
at the carrier frequency of the next television channels 
of the area is usually required. If the selectivity of the 
amplifiers does not suffice, small pretuned bandpass 
filters may be inserted in the input chassis, between the 
antenna cables and the connectors to the input of the 
amplifiers. 

3 Raytheon Manufacturing Company. 

The amplifier covering the FM broadcast band re-
sembles those for television. Since there is no control 
over the relative amplitudes of the received signals, the 
gain of this amplifier is held to a moderate value, a little 
above 40 db. The gain control for this amplifier is used 
only for checking. The amplitude and the phase re-
sponse of this amplifier need not be as conservative as 
those of the television amplifiers, but a response char-
acteristic such as that shown in Fig. 8 is easily accom-
plished. 
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Fig. 8—Amplitude-response curve of a typical amplifier for 
the FM broadcast band. 

Since the intensity of the direct signal from a tele-
vision transmitter may be taken to be reasonably con-
stant, automatic control of the amplifier gain may be 
dispensed with, provided that their present gains remain 
unaltered for long periods of operation. The types of 
amplifier tubes are chosen accordingly, and their dissi-
pation kept far below rating. Heater, anode, and grid-
bias voltage are supplied to groups of each four amplifier 
strips. They are regulated where necessary to protect 
both against variations in line voltage and against 
change of load if another strip of the group fails. 
The change of gain with change of heater voltage due 

to variations in line voltage is too slight to merit atten-
tion. Changes due to change of load are held to negli-
gible proportions by keeping the resistance of the heater 
winding on the power transformer to a low value. 
The plate-voltage supply is regulated within close 

limits for + 10 per cent change in line voltage and for 
load currents ranging from 40 to 300 ma. Thus the 
adjustment of the gain of one amplifier does not affect 
the gain of the others, and the gain of an amplifier will 
remain unaffected even if every other one of the group 
of four should fail. The relatively large current at 110 
volts is supplied by a bridge of four selenium rectifiers, 
as shown in Fig. 9. The regulator circuit comprises a 
low-impedance, high-current twin-triode 6AS7G as 
series element and a low-current, high-gain pentode 
6SJ7 as shunt control tube. The anode current of the 
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Fig. 9—Plate-supply regulator circuit controlled by a 
nonlinear bridge. 

latter, of the order of 20 µa, is controlled by a nonlinear 
bridge comprising the two constant resistors R1 and R2 

and the two voltage-sensitivity Thyrite resistors Th. 
Since the operation of this circuit has been discussed 
elsewhere' in detail, it may suffice to mention that the 
nonlinear bridge, consuming less than one milliampere, 
controls the output without difficulty at voltages even 
below 110 volts, with an effective power supply source 
impedance of a few ohms. 
The four gain-control potentiometers require a stable 

supply of —4 volts, independent of line-voltage varia-
tions but not necessarily from a low-impedance source. 
This voltage is supplied by the simple regulated bias-
supply circuit shown in Fig. 10. A separate transformer 

VAC 

1 
4V 

Fig. 10—Bias-supply circuit regulated by a nonlinear bridge. 

winding and a selenium rectifier bridge supply 12 volts of 
poorly smoothed dc to a nonlinear bridge comprising 
two Thyrite units Th as the nonlinear elements. This 
bridge is degraded, as has been discussed elsewhere,' 
by insertion of a constant resistor in the arm of a non-
linear resistor, to such an extent that its originally re-
versing characteristic, shown as the broken line in Fig. 
11, now barely drops and remains flat over an appreci-
able range of input voltage, as shown by the solid curve 
in Fig. 11. Not only does the output voltage stay con-
stant within better than 1 per cent with +10-per cent 
change of line voltage, but the instantaneous action of 
the bridge also contributes substantially to the smooth-

4 Heinz E. Kal!mann, "Nonlinear circuit element applications," 
Electronics, vol. 19, pp. 130-136; August, 1946. 

ing of the residual ripple in its input voltage. Since no 
current is drawn from the bias-control potentiometers, 
they present a constant load to their source, and their 
output voltages will be quite independent of each other. 
Varying the bias voltage of three amplifier stages from 
—1.5 to —4 volts reduces the over-all gain from about 
65 to about 0 db at an approximately linear rate of 26 
db per volt. 
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Fig. 11—Regulation characteristic of bias-supply circuit. 

The amplifier-output combining network is also 
housed in the power-supply chassis. It is designed to 
satisfy the following conditions: (1) it must match the 
coaxial distribution cable, of, e.g., 52 ohms impedance, 
over the whole range of television carrier frequencies, 
up to at least 216 Mc; (2) it must combine the output 
of as much as eight separate amplifiers without mis-
match at any point for the signals of any one of them; 
and (3) its transmission loss should be equal—and pre-
ferably small—for the output of all amplifiers. The net-
work is derived from the ordinary low-pass filter, shown 
in Fig. 12(a), comprising series inductances 2L and 

(C) 

(b) 
Fig. 12—(a) Amplifier-output combining network: basic low-past. 
filter; (b) tube output impedance replacing shunt capacitor; (c) 
mutual inductance compensating for lead inductance in amplifier 
output. 

shunt capacitances 2C, designed for a nominal impedance 
of 52 ohms so as to match coaxial cables connected to 
either end, and with a cutoff frequency well above 216 
Mc, say 250 to 300 Mc. The shunt elements 2C will 
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then be found to be each of the order of 20 µAL For the 
greater part of these shunt capacitances 2C is substi-
tuted the output impedance of one of the amplifiers, as 
represented within the broken-line circle of Fig. 12(b), 
consisting, mainly, of the tube output capacitance, the 
connector capacitances, the tube plate impedance, and 
the plate resistance R,„ all in parallel. The total of these 
capacitances may amount to, perhaps, 12 µµf, and can 
thus be accommodated by corresponding reduction in 
the value of the network shunt capacitors. The plate 
impedance of the output pentode is so high that it may 
be ignored compared with the plate resistance R„, which 
is of the order of 1000 ohms. Even this resistance, how-
ever, is so large compared with the network impedance 
of 52 ohms that its effect on the network cannot be de-
tected. The attenuation through the network remains 
very small in spite of the slight leakage so introduced, 
and there is no perceptible mismatch due to the tube 
output impedance. The substitution would thus be 
quite simple, except for the fact that the inductance in 
the connector lead and in the tube leads, indicated as a 
broken-line coil in Fig. 12(b), is not to be ignored at 
frequencies of the order of 200 Mc. It is important, but 
not sufficient, to make these leads as short as possible. 
The inductance then left can be disposed of, however, 
by an application of well-known network theory. A 
coupling inductance M between the series inductances 
of a low-pass filter, such as shown in Fig. 12(c), is fully 
equivalent to an inductance inserted in series with the 
shunt capacitor. Moreover, by choice of the sense of the 
coupling M, the sign of the equivalent inductance in 
the shunt arm may be made positive or negative. If the 
coupling M is in such a sense as results from winding the 
series inductances on a common core, and in the same 
direction, then the sign of the equivalent inductance in 
the shunt arm is negative.5 It follows, and is confirmed 
by observation, that by suitable couplings between the 
successive series inductances one can neutralize a cer-
tain amount of inductance in series with the shunt ca-
pacitances. Thus the output network can be made to 
satisfy all stipulated requirements. Since, seen from the 
tube output, both directions of the network appear to 
be connected in parallel, the load impedance for the tube 
is usually 26 ohms. To maintain a signal level of 30 
millivolts rms in the network therefore requires an an-
ode current of about 1.1 milliampere rms. The network 
ordinarily feeds one branch of distribution cable at each 
end. If a single branch only is needed, the other is re-
placed by a matched terminating resistor; a larger num-
ber of branches may be fed by connecting several cables, 
in parallel, to each end of a network of proportionately 
lower impedance. 
A group of four amplifiers with their power supply, 

input, and output chassis is housed in a wall-mounted 
cabinet of about 5-inch depth, 14-inch width, and 23-

5 Quantitative data can be found in Fig. 24 in Heinz E. Kallmann, 
"Equalized delay lines," PROC. I.R.E., vol. 34, pp. 646-657; Septem-
ber, 1946. 

inch height. Its total power consumption is about 130 
watts. Where eight amplifiers are needed, two groups of 
four are mounted side by side, and their output com-
bining networks connected in series. By keeping the two 
power supplies separate, a breakdown in one of them 
will disable only four of the amplifiers. 

DISTRIBUTION NETWORK 

Common to all practicable rf distribution systems is 
the distribution network of coaxial cables. This is, as a 
rule, much the costliest item of the system, even com-
pared with very elaborate antennas and amplifiers. The 
costs of the network are mainly those of the installa-
tion; they rise not only with the length of the connec-
tions but also with the number of cables, if more than 
one is needed to carry all signals; they also rise with the 
increased labor of installing heavier cables. The ampli-
fiers were thus designed to feed all signals over one 
rather thin cable. The network is then planned for short-
est possible total length of cable; a few vertical risers, 
each feeding an outlet on each floor, have generally been 
found to offer the most practical solution. For all except 
long uninterrupted connections a thin coaxial cable with 
low-loss dielectric has been found adequate. This is the 
type RG 58-U, with an impedance of 52 ohms. Its center 
conductor is a copper wire of 0.022 inch diameter; its 
dielectric is solid polyethylene extruded to 0.116 inch 
diameter; its outer conductor is a single braid of tinned 
copper; its jacket of polyvinyl plastic has a maximum 
diameter of 0.205 inch. The attenuation per hundred 
feet averages, for this cable, 2.7 db at 40 mc, 5.2 db at 
100 Mc, and 6.2 db at 200 Mc. For uninterrupted long 
runs, these losses at the higher frequencies may become 
appreciable. In such cases a thicker cable with lower 
losses is used. This is the type RG 8-U, also of 52 ohms 
impedance. Its stranded center conductor consists of 
seven copper wires and has an over-all diameter of 
0.086 inch; its dielectric is solid polyethylene extruded 
to a diameter of 0.285 inch; its outer conductor is a 
single braid of bare copper; and its polyvinyl jacket has 
an over-all diameter of 0.415 inch maximum. The aver-
age attenuation for this cable, per one hundred feet, is 
1.4 db at 50 Mc, 2.0 db at 100 Mc, and 3.1 db at 200 
Mc. 
In order not to preclude use of the distribution net-

work at even higher frequencies of possible future broad-
cast services, all frequency-range limiting elements such 
as filter networks and transformers are rigorously ex-
cluded from it and the outlets. Except for attenuation 
rising with frequency, its performance is entirely fre-
quency-independent and all connections can be matched 
for all frequencies up to, perhaps, 1000 Mc to any 
measurable degree of accuracy. In order to prevent any 
reaction from any receiver on the cable, as well as any 
interaction between any two receivers through the 
cable, a substantial attenuation is inserted at each out-
let. An outlet attenuation of not less than 30 db has 
been found desirable; larger values would require main-
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tenance of an unreasonably high power level in the 
cable. With signals of 1 millivolt fed to the individual 
receivers, a signal level of 30 db above 1 millivolt, i. e., 
about 30 millivolts, is maintained in the cables, ad-
justed to be approximately the same for all television 
stations so that no, or very little, automatic or manual 
control of the receiver gain is needed when switching to 
another station. 
Each outlet contains essentially a resistive tee atten-

uator, as shown in Fig. 13(a). The cable Z1—Z1 is 
shunted by the relatively large resistance R, through 

Rs Rs 

(a) 

4 

1.3  1.3 

1000  52 

(b) 

4. 75  —300--
300 

(c)  (d)  (e) 

Fig. 13—Distribution network outlet: (a) basic outlet circuit; (b) 
outlet network for choice of two receiver-input impedances; (c) 
plug connections for 75-ohm receiver-input Impedance; (d) plug 
connections for balanced 300-ohm receiver-input impedance; and 
(e) plug connections for 75:300-ohm receiver-input transformer. 

which a small fraction of the signal power is fed to the 
sidebranch cable Z2. The sidebranch source impedance 
is matched to the receiver antenna cable Z2 by means 
of the resistor R., so that 

Z1/2 -I- R./2) 

R.  R„  Z1/2 ± R./2 
Z2 = 

or, approximately, 

R,  RZ2/(R„ — Z2). 

If the two small series resistors Re are omitted, the at-
tenuation along the cable, due to the presence of the 
outlet, is negligible, but each outlet then creates a slight 
mismatch and becomes the source of reflections with a 
voltage-standing-wave ratio VSWR =1 d-Zi/Rp. For a 
value of R =1000 ohms, VSWR =1.05. Such echo, 
particularly if no cumulative effect of many in-phase 
echoes is to be feared, may often be disregarded and the 
resistors R. omitted. They are needed only for exact 
matching, their value being 

R, = VZ12± Rp2 — R9. 

For a shunt resistor R„= 1000 ohms, the value for R is 
about 1.3 ohms, and the attenuation along the cable, 

due to the insertion of the matched outlet, is about 0.42 

db, from 

voltage ratio A = Zi/R, + N/1 + (ZIIR„)2, 

the price paid for rigorous matching. 
In either case, whether the sidebranch cable Z2 is left 

open, or is terminated with a receiver, or short-circuited, 
does not perceptibly affect the main cable. All parts of 
an outlet find place in a metal case of 11-inch diameter 
and about 1-inch depth, which serves as an electrical 
shield and also protects the cable ends and the outlet 
resistors against moisture. By judicious spacing of the 
solder lugs, the slight increase in the distributed induct-
ance of the cable at its braidless ends may be made to 
compensate for the incidental shunt capacitances at the 
junction point with the resistor R„, by completing a 
matched low-pass filter section of very high cutoff fre-
quency. 
The input circuits of presently manufactured tele-

vision receivers are either designed to match a coaxial 
cable of 72 ohms impedance or a balanced line of 300 
ohms impedance. The outlet circuits are designed to 
meet either requirement without need for any adjust-
ment. As shown in Fig. 13(b), each outlet has three 
terminals A, B, and C to receive a three-prong plug. 
The dropping resistor R, is connected to A, while the 
terminal B is grounded to the braid of the cable. A re-
sistor of 180 ohms is connected from A to B and an-
other resistor of 150 ohms from C to B. Receivers with 
either input impedance are matched simply by con-
necting their antenna cable to the proper prongs of the 
plug. For a receiver of about 75 ohms single-ended-in-
put impedance, the center conductor of its coaxial 
cable is connected to both the prongs A and C in paral-
lel, as shown in Fig. 13(c). The source impedance of the 
outlet is then that of 1027 ohms and 180 ohms and 150 
ohms in parallel, i.e., approximately 75 ohms as re-
quired. The connections for the other group of receivers 
are shown in Fig. 13(d). The two conductors of the bal-
anced 300-ohm line are connected to prongs A and C; 
if there is a grounded shield it may be tied to prong B. 
The source impedance of the outlet is then a balanced 
impedance of 300 ohms, with the 150-ohm resistor in 
series with the parallel combination of 1027 ohms and 
180 ohms. Moreover, due to the coupling between the 
conductors of even a short balanced cable, the signal 
amplitudes at the two receiver input terminals will be 
found to be well balanced. 
A serious disadvantage of the balanced 300-ohm in-

put connection to a television receiver is that the un-
shielded line commonly used tends to pick up television 
signals directly to such an extent that they show as 
"ghosts," but to the left of the main image. In locations 
close to a transmitter, this direct pickup may be so 
strong that even a very large signal from the distribu-
tion system could not swamp it without overloading 
the input of the receiver. To keep the length of the an-
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tenna connection short is helpful; but use of a shielded 
balanced cable of 300 ohms impedance is certain to 
minimize the unwanted pickup. At present such cables 
are, however, thick and quite unwieldy. 
An alternative connection for 300-ohm balanced re-

ceiver input impedance is shown in Fig. 13(e), employ-
ing a small shielded rf transformer covering the whole 
television band. The primary of this transformer is con-
nected to the outlet by a coaxial cable of 72 ohms im-
pedance, as in Fig. 13(c) while its balanced secondary 
winding of 300 ohms impedance is directly connected 
to the receiver input terminals. The transformer sup-
plies a somewhat larger signal to the receiver and also 
helps to suppress reradiation of the local-oscillator 
energy in receivers having a poorly balanced push-pull 
rf-amplifier stage. 

With attenuation of about 30 db between the distri-
bution cable and each receiver, the attenuation between 
any two sets is at least 60 db. As a consequence, no 

interaction, via the cable, has been observed between 
any two sets, each tuned to any desired program, even 
if a set radiates as much as 5 millivolts local-oscillator 
amplitude into its antenna outlet and at a frequency 
that would cause a beat pattern in the image of the next 
receiver. Due to this protection, almost all types of 
commercial receivers may be operated with the distribu-
tion system. Those that are objectionable would inter-
fere as much with their neighbors if each had a separate 
antenna. Some types of receivers, lacking an rf amplifier 
stage, have been found to develop as much as 1 volt of 
local-oscillator amplitude at the antenna terminal. 

Not a few types of receivers interfere with others by 
direct radiation coupling between their insufficiently 
shielded chassis, perceptible up to, perhaps, a distance of 
30 feet between chassis without antenna connected to 
either set. Besides causing interference, such receivers 
are subject to direct signal pickup similar to that due 
to an unshielded antenna connection. 

A Broad-Band High-Level Modulator* 
R. J. ROCK WELLt, FELLOW, IRE 

Summary—A class-B modulator has been devised to assure a 
broad pass band having uniform gain with quite low distortion and 
noise level. Unique features include (1) a cathode follower, (2) no 
modulation transformer, and (3) broad-band feedback. 

iV  HERE ARE MANY vexatious problems con-
cerned with the design of amplitude-modulated 
transmitters capable of true high fidelity. Means 

have been found to obviate most of the objectionable 
features encountered, a generous application of negative 
feedback being especially helpful. Because the class-C 
final is effectively in series with the modulator output, 
it is desirable that over-all rectified feedback be returned 
to the modulator from the output of the class-C ampli-
fier. Such an arrangement is particularly useful because 
it provides cancellation of disturbances arising within 
the class- C equipment, as well as the modulator. 
In practice, the modulation transformer is so disrup-

tive to stability that feedback must be rendered inef-
fectual well before reaching the upper frequency limit 
of the transformer pass band. This leaves uncorrected 
the higher-frequency distortion and noise originating 
within the class-C portion, with resultant diminution of 
fidelity. 

BROAD—BAND MODULATOR 

The obvious alternative to the conventional circuit 
of Fig. 1 is a system which eliminates the modulation 

* Decimal classification: R358.81. Original manuscript received 
by the Institute, April 10, 1947; revised manuscript received, March 
16, 1948. Presented in part, I.R.E. Section Meetings in Cedar 
Rapids, Iowa, November 20, 1947, and Cincinnati, Ohio, December 
16, 1947. 
t Crosley Broadcasting Corporation, Cincinnati 2, Ohio. 

transformer without sacrificing electrical efficiency 
Such a basic class-B modulator stage is portrayed in 
Fig. 2. 

Here modulator tube M1 operates into L1 as a normal 
reactance-coupled amplifier. Since it is biased nearly 
to cutoff, it responds only to positive grid excursions 

NP ] 

Fig. 1—Conventional output. 

re I 

914 

INPUT  OUTPUT 

II 2 

Fig. 2—Broad-band output. 
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which produce negative excursions of both its plate and 
the direct-coupled class-C load. Modulator tube M 2 is 
similarly biased near cutoff, and responsive only to posi-
tive excursions. However, it is connected as a cathode 
follower through a reactor L2, across which develop 
positive excursions of its cathode. These positive excur-
sions are capacitance-coupled through C1 to LI. 
This enables negative and positive half-cycles to be 

alternately developed across a common output reactor 
LI, and thereby modulate the class-C load. Thus is 
achieved an active electric network which transmits au-
dio power from a class-B amplifier to a single-ended 
load without resort to a transformer. 

Modulation Capability 

To realize 100 per cent modulation, the class-C plate 
current must be varied between zero and twice its 
steady-stage value. To develop such an output potential 
without the step-up afforded by a transformer, the 
broad-band modulator must operate with higher plate 
voltage than the class-C final. 
The necessary voltage differential may be obtained 

across a heavily by-passed resistor in series with the 
modulator output. However, it would be more efficient 
to connect an equivalent voltage supply between the 
modulator cathodes and ground. This cathode-boost 
supply would then be in cumulative series between the 
grid-bias and high-voltage supplies, as shown in Fig. 2. 

Driver Stage 

Upon examination of the driver circuit, Fig. 3, it will 
be noted that the grid of modulator MI is driven in a 

Fig. 3—Driver stage. 

conventional manner from the plate of driver DI, and 
modulator M 2 is similarly actuated from the plate of 
driver D2. The grid of driver DY operates from the plate 
of driver DI, in phase with the input to modulator M I, 
to provide the opposite phase at the grid of modulator 
M 2. 

Of particular interest is the plate supply for driver 
D2, which is not obtained from a steady source, but from 
the full modulator output. This positive-feedback con-
nection provides adequate drive voltage between ground 
and the grid of modulator M 2. Because M y is highly de-
generative, it requires a positive grid-to-ground voltage 
equal to its cathode excursion, plus its usual grid exci-

tation. Thus, at driver D2, a negative grid excursion 
creates a positive plate movement which is transferred 
through modulator M y,  superposed upon the direct 
voltage at the output terminal, and simultaneously re-
turned in phase with the load voltage developed by 
driver Dy. This novel arrangement offers both design 
simplicity and economy of operation. A circuit analysis 
of this cathode-follower and inverter-driver operation is 
appended. 

PERFORMANCE 

A low-power modulator (see Fig. 4) employing the 
broad-band design was set up to experimentally test this 
circuit. Two type-AB-150 (845) tubes served as modula-

INPUT?! 

- IAN Z T O  
Yowl FICIDIACK 

Fig. 4—Experimental circuit. 

tots, and two 6L6 tubes as drivers. Air-core reactors 
were placed in series with, and on the tube side of, the 
iron-core reactors to avoid response degradation at the 
higher audio frequencies. 
Note that the cathode-boost supply was omitted, be-

cause this experiment was concerned only with the 
quality of the modulator output signal. For convenience, 
the test modulator was operated into a resistive load. 
Feedback was returned from a resistance-capacitance 
network across the modulator output. 
It has been shown' that, to be properly effective, an 

inverse-feedback loop must be under accurate control 
as to frequency response, phase shift, and rate of attenu-
ation for a range extending several octaves beyond the 
desired pass band. Such feedback control was utilized 
to enhance the pass range of this modulator. 

Magnitude and Phase Adjustment 

With all circuit elements properly chosen, the cathode 
resistor R1 varied the gain of driver Dy to balance the 
alternate half-cycles appearing at the modulator out-
put. Certain photographs of oscilloscope traces il-
lustrate, by various adjustments of RI, oppositely un-
balanced conditions compared to correct balance. Ab-
normally high grid bias was used to emphasize the junc-
tion point. Feedback was entirely inoperative for all 

1 F. E. Terman, "Radio Engineers Handbook,* McGraw-Hill 
Book Company, New York, N. Y., pp. 218-226; 1943. 
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examples of Fig. 5(a). These same three adjustments, 
but with some 35 db of feedback fully operative to 100 
kc, were repeated in Fig. 5(b). It will be seen that ap-
plication of feedback gave clean waveform, despite both 
considerable misadjustment of R1 and exaggerated bias 
on the modulator grids. 

(a) 

Fig. 5 (.I) Balance without feedback. 
(b) Balance with feedback. 
(c) Phase without feedback. 
(d) "Sing" due to improper constants. 

The 'adjustable capacitance C2 shunted across RI en-
abled slight phase correction of the voltages delivered 
to the common load by opposite modulator sides. With-
out feedback, the results of two differently improper 
adjustments of C2 are portrayed in the oscilloscope 
traces of Fig. 5(c). Application of feedback obviated 
these phase variations and, because of similarity to 
Fig. 5(b), no illustrations were made. 
Certain improper filter constants were deliberately 

inserted in the feedback loop. Two separate results were 

the "sing" frequencies, Fig. 5(d), superimposed upon a 
fundamental wave of 20 kc. The necessity of proper 
feedback constants was thus confirmed. 

Measurements 

The several measurement results at various frequen-
cies are depicited in Fig. 6. The frequency response with-
out feedback followed line BB, whose drooping ends 

+8 

a  
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Ay  
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DIL   
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Fig. 6—Response curves. 

‘s ere of correct attenuation slope, as previously men-
tioned. The over-all gain without feedback became zero2 
at approximately 2500 kc. Line AA was obtained after 
the application of 35 db of negative feedback. With 
feedback, uniform gain was obtained to 50 kc, and then 
increased slightly to 100 kc where measurement ended. 
Distortion varies somewhat, but remained below  of 

1 per cent throughout the measured region. The noise 
level remained constant at 69 db below full output. 
Neither distortion nor noise-level measurements ex-
tended above 10 kc, that being the upper frequency 
limit of the available measuring equipment. 

CONCLUSION 

By comparing the conventional modulator of Fig. 1 
to the band-band circuit of Fig. 2, it will be seen that 
the number and cost of components are roughly equal, 
the additions being offset by the items deleted. The 
broad-band design utilizes a cathode follower, eliminates 
the modulation transformer, and allows full use of 
over-all feedback. The prime advantage of this im-
proved modulator lies in its ability to deliver intelli-
gence onto a carrier envelope with very high fidelity 
throughout a wide range of frequencies. 
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APPENDIX 

CIRCUIT ANALYSIS 

This explanation of the broad-band circuit presents, 
first, the modulator operation; second, the phase-in-
verter—driver analysis; and, finally the procedure for 
selection of a driver tube and associated circuit con-
stants. 

Modulator Operation 

Fig. 7 is the diagram of a proposed broad-band modu-
lator. In this circuit both tubes Mi and M2 are biased 

Fig. 7—Proposed broad-band modulator. 

OUTPUT 

nearly to cutoff for class-B operation. This renders them 
responsive to only positive grid excitation. Alternate 
operation is obtained by connecting the input signal 
directly to tube 3/1, but through a phase-inverter stage 
to tube M2. The modulator stage operates as follows: 
During the positive half cycle of input voltage v9, 

tube Mi and reactor L1 act to decrease the potential 
between the output terminals. During the negative 
half-cycle of v,, tube M2 and reactor L2 act to increase 
the potential between the output terminals. The modu-
lator output voltage therefore varies as a full sinusoidal 
wave. 
It will be noted that the plate voltage available to the 

driver tube is also varying sinusoidally, since it is ob-
tained from the high-potential output terminal. Further-
more, neglecting the voltage-divider effect of the driver-
load and modulator-grid resistors, this same alternating 
voltage is simultaneously applied to the grid of tube 
M2. Therefore, the potentials of the grid and cathode 
of tube M2 rise and fall together, except for the voltage 
drop across resistor R2 occasioned by tube D2 plate cur-
rent. The voltage drop across R2 must vary sinusoidally 
and be of equal magnitude to v, for both M1 and M2 
to receive identical excitation. It is therefore evident 
that the inverter-driver stage must have unity ampli-
fication. This discussion of the action of tube M2 during 

the negative half-cycle of v, is summarized by the volt-
age relation depicted in Fig. 8. 

PtIMPOT OF NO
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Fig. 8—Cathode-follower operation. 

INVERTER-DRIVER ANALYSIS 

Symbols used in the analysis include: 
A = voltage amplification of modulator stage 
/b =direct current in the plate circuit of D2 
ip = I„ sin cot =alternating current in the plate circuit 
k =a fraction not exceeding unity 
Ai =amplification factor of tube D2 
R,= alternating-current plate resistance 
Ri= cathode resistor 
R2 = load resistor 
V6 = direct high voltage 
v, =grid-to-cathode signal voltage 
vo =alternating voltage developed across load R2 
= V. sin cot =input signal voltage. 

The action of inverter-driver D2 during the negative 
half-cycle of v, may be analyzed from the circuit shown 
in Fig. 9. The voltage supply for the plate is 

Vb  Avo. 

The signal voltage exciting the grid is 

V6 = kv, — i„Ri. 

+ip 

0-2 

R, 

Vb 

—1 1111111* 

Fig. 9—Inverter-driver circuit. 
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From the equivalent constant-voltage generator cir-
cuit of Fig. 10, 

Fig. 10—Equivalent plate circuit. 

gra — .1110 = ip(R1 + R2 + R„). 

Substituting for v., 

Alev, — A vo = irkiA  1)R1 1- R2 + 

or 

gkv, — Avo 

(Ac ± 1)R, + R2 + 1?1, 

Specifying the amplification as unity (i.e., Ivo' =Iva') 

(tck — A)R2 vo 

vii  V. 

From (4) it is found that 

or 

1)R1 + R2 + R„ 

tik — A — 1  R, 
= R2   

± 1  A + 1 

For R1 to be a positive resistance requires that 

gk — A — 1  Rp 
R2   

+ 1  A + 1 

(2) 

(3) 

(4) 

(5) 

R p 

R 2    (6) 
gk — A — 1 

where equality holds only for R1=0. 
Now a value of R2 may be chosen and (5) solved for RI. 

If the total alternating and direct current in the 
plate circuit is considered, 

b  ip = 
b + gkv. — Avo 

1)R1 + R2 + R, 

Since v.= V. sin cut, and the amplification has been 
specified vo/v,1 =1, substituting for v8 yields 

lb + iP 
+ 1)R -1- R2 + R, 

(gk — A)V, sin cot 

V b 

-1-   (7) 
(ti  1)R -I- R2  R, 

An ideal tube would operate until the total plate cur-
rent became zero at cot =270°, at which moment 

b =  — A)V,. 

However, practical operation of an existing tube re-
quires the plate current not to reach zero during the 
negative (i.e., 180° <cot <360°) half-cycle of the input 
signal v.. Such a limitation is imposed when 

V b > Oak — .1)V,  (8) 

or 

V b + AV, 
k <   

ccV, (9) 

Selection of Constants 

Knowing the amplification factor of the inverter-
driver tube, the voltage amplification realized in the 
modulator stage, and the potentials of both the direct 
plate supply and the alternating input signal, there re-
main three pertinent unknowns, RI, R2, and k. Of these, 
k has an upper limit indicated by the inequality (9). 
The value of R2 must comply with a lower limit as ex-
pressed by (6). Having selected useful values of k and R2r 
the remaining unknown, RI, may be determined from (5). 

Simplified Automatic Stabilization of a 
Frequency- Modulated Oscillator* 

J. L. HOLLISt, SENIOR MEMBER, IRE 
Summary—A frequency-modulated exciter which incorporates a 

quartz-crystal discriminator for center-frequency stabilization of the 
modulated oscillator is described. The unit was designed as the 
exciter for a frequency-modulated broadcast transmitter. 
The frequency-stabilizing circuits are the unique portion and are 

described in detail. Circuit simplicity is attained by operating the dis-

criminator at the modulated-oscillator frequency, thus eliminating 
heterodyning and mixing circuits. A special bridge circuit, operating 
on the modulator bias, maintains the average frequency at the 
midpoint of the discriminator. Performance and stability of a com-
pleted unit are briefly discussed. 

Decimal classification: R355.65. Original manuscript received by 
the Institute, June 4, 1947; revised manuscript received, April 6, 
1948. 
t Formerly, Crosley Broadcasting Corporation, Cincinnati, Ohio; 

now, Collins Radio Company, Cedar Rapids, Iowa. 

LTHOUGH FM broadcast transmitters are in 
many ways less involved than their counter-
part, the amplitude-modulated transmitter, they 
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are by no means as simple as the industry would like. 
The simplification that has been made possible by the 
elimination of high-level modulators or low-efficiency 
class-B stages has been considerably offset by the addi-
tional circuits and equipment required to insure 
operation at the specified frequency. 
The problem of measuring and controlling the center 

or average frequency of a frequency-modu'ated oscilla-
tor has had numerous solutions. The required precision 
of frequency stability has been established by the 
Federal Communications Commission, whose standards 
state that the center or average frequency shall not 
deviate more than 2000 cps from the assigned exact 
value. Since assigned frequencies for frequency modula-
tion broadcasting are from 88 to 108 Mc, this is a toler-
ance of approximately ± 20 cps per megacycle. 
Because this rigid tolerance must be maintained in 

the presence of modulation, and since no system of de-
termining the center of a frequency-modulated carrier 
is without error, the inherent stability in the absence 
of modulation must be considerably better than the 
expected over-all performance. Let us assume that a 
reasonable design goal in the absence of modulation is 
one-fourth of the maximum tolerance, with a similar 
additional tolerance being allowed for the center-fre-
quency measurement during modulation. This means 
that a system which is capable of maintaining the 
frequency within 5 parts per million in the absence 
of modulation, and 10 parts per million in the presence 
of modulation, will be acceptable. This additional toler-
ance in the presence of modulation allows for measure-
ment error of approximately  of 1 per cent of the maxi-
mum frequency swing. 
The problem, then, is to obtain this accuracy in the 

simplest and most reliable manner possible. 
In its simplest form, a frequency-control circuit con-

sists of just two parts: a frequency-measuring device 
and a frequency-correcting device. 
For accurate frequency measurements, a comparison 

of a sample of the unknown frequency voltage to a 
voltage of known frequency is usually made. Where 
more error can be tolerated, a much simpler procedure 
is to measure the effect of voltage at the unknown fre-
quency when induced into a closed circuit consisting of 
inductance and capacitance in series, as in the conven-
tional wavemeter. A wavemeter or circuit consisting of 
physical inductance and capacitance cannot be de-
pended upon for the accurate determination of fre-
quency, because of its inherent physical instability and 
high loss factor. However, the equivalent capacitance-
inductance networlz- of a piezoelectric crystal, being 
many times more free of these limitations, is extremely 
useful for accurate frequency determination. 
A network utilizing the inductance and capacitance 

of one or more quartz crystals as the frequency standard 
is perhaps the simplest practical solution to the measur-
ing problem. Although the problem is made difficult by 
the fact that measurements must be made over a band 

of frequencies, the bandwidth is fortunately quite small, 
as it is in the order of 0.1 per cent of the frequency. For 
bandwidths of this order it is entirely practical to de-
vise frequency-selective networks of sufficient linearity 
and stability by using piezoelectric crystals for the reac-
tive portions. A frequency-discriminating network 
utilizing two piezoelectric crystal networks with direct 
and inverse impedance versus frequency characteristics, 
respectively, and adjusted for the required modulated 
oscillator frequency, is incorporated in the FM exciter 
described herein. 
The equipment, which is designated as the correcting 

device, has a rather special duty to perform, since it 
must translate any off-frequency indications of the dis-
criminating network into an electromotive force or 
mechanical operation which will effect and maintain a 
correction to the required frequency. It is not sufficient 
that a simple correcting force proportional to the fre-
quency error be applied, as this force would decrease 
toward zero as correction was effected. The result would 
be a reduction in the magnitude of the frequency error, 
but some error would necessarily remain in order to 
produce the correcting force. 
A suitable correcting device must have the ability 

to store and maintain the necessary force or operation 
after the initial motivating force has vanished. The 
quantity of energy so stored must be maintained at all 
times at that amount which will cause the frequency 
error to be zero. A frequency-correcting device should 
then consist of a storage unit and a suitable circuit for 
converting frequency-error indications from the fre-
quency standard into changes in the quantity of energy 
stored. 
One such storage device is a capacitor in which the 

terminal voltage produced by its stored energy can be 
utilized to vary the equivalent resistance or reactance 
of a suitable electron tube which, in turn, is a portion 
of the frequency-determining circuit of the oscillator. 
A suitable circuit for controlling the charge on the 

capacitors must be capable of increasing, decreasing, or 
retaining undisturbed the capacitor charge without it-
self being affected by the charge already existing. It 
must be energized by the output voltage of the fre-
quency-discriminating network in such a manner that 
a frequency error will cause an appropriate change in 
the capacitor charge, which change must continue until 
the error vanishes. 
A simple circuit for accomplishing this task was de-

veloped by utilizing two pentode tubes in a balanced 
bridge arrangement with capacitors connected as the 
bridge diagonal. Thus, when the two plate currents are 
identical, no current flows in the capacitor branch. The 
plate currents are controlled by and solely dependent 
on the output voltages of the crystal discriminator net-
works, and are therefore identical only when the dis-
criminator halves are delivering identical output volt-
ages to the control tubes. These tubes are operated at 
such electrode potentials that their plate resistances are 
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almost infinite, thus making their plate currents prac-
tically independent of plate voltage. This latter feature 
provides the necessary independence between plate 
voltage and capacitor charge, and makes certain that 
changes in capacitor charge will be directly proportional 
to plate-current unbalance. 

Voltage applied to the discriminator at any frequency 
other than that which produces identical output voltage 
from the halves will cause an appropriate change in the 
capacitor charge, which, in turn, causes the frequency 
to change in the proper direction to bring about balance. 

THE CIRCUIT 

Fig. 1 is a block diagram of the complete frequency-
modulation generator, showing the relationship of the 
various sections. It can be seen that this generator con-
sists of a source of rf voltage (oscillator) whose fre-
quency is to be determined and maintained at a pre-
scribed value; a pair of frequency-selective networks 
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Fig. 1—Block diagram of a frequency-modulated exciter. 

(crystal discriminator) whose output voltages are di-
rectly and inversely proportional, respectively, to the 
applied frequency, but are of equal magnitude when the 
frequency is at the prescribed value; an electron-tube 
differential bridge to compare the output voltages of the 
networks and convert any difference into dc voltages; 
a reactance-tube modulator acting on the oscillator to 
convert modulation-frequency voltages or control-cir-
cuit voltages into corresponding frequency variations; 
and a source of dc power for operating the bridge. 
(Fig. 8 shows a more complete schematic diagram.) 
Although the oscillator and modulator are designed 

in accordance with accepted practice for reactance-
modulated oscillators, it should be pointed out that cir-
cuit and control simplicity were the guiding factors in 
the specific design. Both the oscillator and modulator 
are push-pull dual-beam tetrodes. Although push-pull 
modulators have the important advantage of better 
sensitivity and linearity than single-ended types, push-
pull oscillators have no outstanding electrical advan-
tages over single-ended designs, except that it is easier 
to maintain good circuit symmetry and simple me-
chanical design through their use. By utilizing re-
sistance-capacitance phase shifting between the modu-
lator plates and grids, and direct coupling between the 

oscillator and modulator, a simple, reliable, and easily 
adjusted frequency-modulated oscillator containing only 
one resonant circuit was developed. Isolation of the 
oscillator from the effects of load variations in the ex-
ternal circuits or the internal frequency-control circuit 
is provided by a third dual-beam tetrode whose sections 
independently drive these loads. The tetrode section 
providing the useful output is operated as a tripler, and 
thus further isolates the o.scillator from external circuit 
loading. 

The Discriminator 

The crystal discriminator, shown in Fig. 2, has been 
described as a pair of frequency-selective networks 
with direct and inverse frequency characteristics. It 
consists of two simple tee networks with resistive series 
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Fig. 2—Schematic diagram of the irequency discriminator. 

arms and inductance-shunted piezoelectric-crystal shunt 
arms." The network inputs are operated in parallel 
from a common source to insure identical voltages. The 
output terminals are connected individually to a bridge-
type differential voltmeter which will be described later. 
The operation of this crystal network is most easily 

described by referring to the approximate circuit of a 
quartz crystal (see Fig. 3). Here a piezoelectric crystal 
is shown as the equivalent of a combination of two 

OUTPUT 

NO. I 

OUTPUT 

NO. 2 

CO L I 

Fig. 3—Piezoelectric crystal circuit with a shunting inductance. 

capacitors C and Co, with an inductance L and a re-
sistance R. The circuit arrangement is such that both 
resonance and antiresonance will occur when excitation 
of the proper frequency is applied across the terminals. 
Resonance of the inductance L and the capacitance C 

W. P. Mason, "Electromechanical Tranducers and Wave 
Filters," D. Van Nostrand Co., Inc., New York, N. Y., 1942, chap. 8. 

I W. P. Mason, "Electromechanical wave filters employing quartz 
crystals as elements," Bell Sys. Tech. Jour., vol. 13, p. 405; July, 
1934. 
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causes the impedance between terminals to become 
simply the value of the resistance R. At a slightly higher 
frequency, a second condition of resonance, which is 
more properly called antiresonance, causes the im-
pedance between terminals to become a very-high-value 
resistive impedance. This occurs when the reactance of 
the series LC branch is inductive and equal to the re-
actance of the shunt capacitance Co. These two reso-
nance conditions normally occur at very closely adjacent 
frequencies, and are the high and low extremes of a con-
tinuous impedance-versus-frequency curve. The dotted 
curve of Fig. 4 illustrates the variation of the impedance 
versus frequency for such a crystal.L2 

IMPEDENCE 

FREQUENCY 

Fig. 4—Illustrative plot of impedance versus frequency for the circuit 
of Fig. 3. The dotted curve illustrates the impedance variation of 
the crystal alone. 

It will be noted that, in the region between resonance 
and antiresonance, a reasonable degree of linearity of 
impedance versus frequency exists, so that it might be 
possible to utilize this range for a frequency discrimina-
tor whose impedance increases with frequency. Two seri-
ous drawbacks are evident, however. The first is that 
the two resonance points are not sufficiently separated 
in frequency to accommodate the required frequency 
swing. The second and most apparent is that the degree 
of linearity is not sufficient to convert FM into AM 
without serious distortion, and a resulting shift of the 
ac axis of the derived amplitude-modulated wave. This 
is particularly serious in view of an earlier assumption 
that the maximum tolerable shift of this axis was 0.5 
per cent of the maximum frequency swing. It will be 
noted also that no equivalent inverse impedance-versus-
frequency curve is present. 
Since the antiresonant frequency is controlled by the 

values of the shunt capacitance Co, it is possible by 
changing the value of this shunt admittance to vary the 
frequency. An inductance in shunt with the capacitive 
admittance of Co, as shown in Fig. 3, will effectively 
reduce this shunt admittance and cause the anti-
resonant frequency to move to a higher value, thus 
further separating it from the unaffected resonant fre-
quency. The addition of this shunt has another equally 
important effect in that it produces a second condition 
of antiresonance which is lower in frequency than the 
resonant point. 
The solid curve of Fig. 4 shows this second anti-

resonant point, and reveals also that we now have a 
negative impedance-versus-frequency slope which ap-
proximates the same shape as the positive slope on the 
high-frequency side of resonance. This shunt inductance 

then provides a means of setting the slope of the curve 
from resonance to either of the antiresonant points over 
a limited range. Neither curve, however, appears to be 
linear within the required 0.5 per cent, so that additional 
factors must be introduced. By utilizing two identical 
shunted crystals, it is possible, by proper adjustment of 
the shunting inductance, to make the negative slope 
from antiresonance to resonance of one the image of the 
positive slope from resonance to antiresonance of the 
other. It is not practical, however, to make the opposite 
slopes identical at the same time. This is no drawback, 
as the series-resonant frequencies of the two crystals 
can be separated a slight amount without serious detri-
ment to the inverse image characteristics of the inter-
vening slopes. By spacing the resonance frequencies of 
the two crystals symmetrically about the desired op-
erating frequency, and separated about one and one-half 
to two times the maximum modulation swing, a very 
acceptable curve can be obtained. Fig. 5(a) is a double 
plot of the impedance variation versus frequency for two 
crystals so spaced and adjusted. 
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Fig. 5—(a) Illustrating the indi%'dual impedance-versus-frequency 
curves which can be produced by properly shunted piezoelectric 
crystals with slightly different resonant frequencies. (b) Illustrat-
ing the frequency discriminator which results from utilizing the 
impedance difference of the two curves. 

The two slopes which intersect at the operating fre-
quency in Fig. 5(a), namely, the positive slope from 
resonance of the low-frequency crystal and the negative 
slope to resonance of the high-frequency crystal, are 
the useful curves, because everything else is outside the 
operating range. It will be noted that, individually, 
these slopes are not very linear; however, they do have 
identical impedances at the desired operating frequency. 
A study of the impedance difference between the two 
slopes reveals that symmetry about the operating fre-
quency is readily possible, but nothing can be concluded 
about the linearity of such impedance difference versus 
frequency without precise information on the curve 
shapes. If we were concerned only with sinusoidal fre-
quency modulation, symmetry about the operating 
point would be sufficient to guarantee that the ac axis 
of a derived amplitude-modulated signal would cor-
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respond to the zero axis of the original frequency-modu-
lated signal. Since modulation is to be speech and music, 
which is not sinusoidal, linearity of conversion is very 
important. 
A rigorous mathematical analysis of the curve shapes 

is extremely cumbersome, and requires a number of 
assumptions to permit solution at all. Such an analysis 
shows that it is not practically possible to obtain a 
strictly linear slope through the operating point. To 
analyze the degree of nonlinearity in terms of the ac-
axis shift it would produce is even more impractical, 
since it involves a number of measurements on the 
crystal characteristics followed by a point-by-point cal-
culation to derive the curve. Such an analysis was at-
tempted, but was found to be practically useless in the 
face of the large number of variables which had to be 
considered. Since an axis shift of approximately 0.5 per 
cent of the maximum frequency swing can readily be 
tolerated, it is evident that some degree of nonlinearity 
is entirely practical. Consideration of program content 
and correction time constants indicates that even 
greater nonlinearity is acceptable for practical purposes. 
In the face of all these variable and compromisable 

factors, an experimental determination of required 
linearity is all that is practical. This was done with 
the aid of an oscilloscope connected to the differential 
electron-tube bridge while the oscillator was sinusoidally 
modulated in frequency. It was relatively easy to adjust 
the shunt-inductance values to produce the discrimina-
tor curve shown in Fig. 5(b). The resulting symmetry 
was as nearly perfect as the eye could judge, when the 
discriminator curve was displayed on the face of a 5-
inch oscilloscope with a superimposed transparent 
rectangular-co-ordinate screen. The degree of non-
linearity which was present following this adjustment 
was found to be insignificant during subsequent stability 
tests with both sinusoidal and speech and music modu-
lation. 
Although no rigorous design procedure can be set 

down at this time for the design and adjustment of this 
discriminator, a few general rules which have developed 
from experience and a consideration of the basic funda-
mentals can be stated: 
First, it is preferable to use two crystals that have 

been cut from the same slab at the same time and 
processed as nearly identically as possible. 
Second, resonant frequencies should be carefully ad-

justed during the initial calibration for symmetrical 
spacing above and below the desired operating fre-
quency. These resonant frequencies should be removed 
from the operating frequency by approximately 150 to 
200 per cent of the maximum frequency swing. The 
minimum spacing produces maximum discriminator 
linearity, but reduces the safety factor for overmodula-
tion. In the case of FM broadcasting, this is between 0.15 
and 0.2 per cent of the crystal frequency. 
Third, the adjustment of the shunt impedance should 

be such that the lower antiresonant frequency of the 

high-frequency crystal network and the higher anti-
resonant frequency of the low-frequency crystal net-
work fall just beyond the limit of the last important side-
band component. For FM broadcasting with the oscil-
lator in the 3.25- to 4.0-Mc region, this is at least 30 
kc each side of the operating frequency. 
Fourth, discriminator characteristics must be investi-

gated at least to the limits of the above-mentioned 
sidebands, and any crystal discarded which, through 
spurious resonances or other defects, causes irregularities 
in the otherwise smooth curve. 
Fifth, the resistances associated with this network as 

shown in Fig. 2 should be noninductive, stable, and as 
high in value as considerations of available source 
voltage and required differential bridge input voltage 
will permit. 

The Capacitor-Charging Circuit 

The electron-tube differential bridge, Fig. 7, is of 
special interest because of its ability to remember. 
This was previously pointed out as a necessary feature 
for any correcting circuit that is to produce full cor-
rection, and not merely reduce the amount of error. 
The essential element in this bridge which gives it mem-
ory is the capacitor branch across which is developed at 
all times the exact voltage required to maintain the 
modulated oscillator at the prescribed frequency. To 
produce this result, the capacitor-charging circuit must 
be capable of changing the charge in direct proportion 
to any frequency error, but leave undisturbed any 
existing charge when there is no error. This calls for 
either an infinite-impedance charging and discharging 
circuit or some type of balanced circuit whose balance 
is unaffected by charges on the capacitor. Since the 
previously described discriminator produces balanced 
output voltages when operation is at the prescribed 
frequency, a balanced charging circuit is indicated. A 
suitable charging circuit, then, would be one which 
does not affect the existing charge when the two dis-
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Fig. 6—Schematic diagram of the frequency-control portion of the 
frequency-modulated exciter. The rf voltage source is common for 
the three inputs shown. 
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criminator output voltages are balanced, but produces a 
change in the charge at any time the discriminator out-
put is out of balance. 
A consideration of the effect of the capacitor terminal 

voltage on any conceivable two-tube charging and dis-
charging circuit utilizing electron tubes reveals that the 
plate currents of such tubes must be absolutely inde-
pendent of plate-to-cathode voltage over at least a 
limited voltage range, if plate currents are to be inde-
pendent of capacitor charge. This requires essentially 

Fig. 7—A simplified schematic diagram of the differential bridge 
circuit which maintains the proper charge in the control capacitors 
C2 and C2. 

infinite plate resistance. A pentode tube operating with 
a plate voltage that is greater than its screen voltage 
and at very low plate current will meet this requirement 
to a practical degree. The circuit shown in Figs. 6 and 7 
was developed from these considerations. 
Fig. 7 is a simplification of Fig. 6, and includes only 

those components which constitute the differential 
bridge. In this figure the capacitors C1 and C2 in series 
constitute the capacitor arm. The ground point in the 
center makes possible the subsequent utilization of the 
capacitor voltages by a push-pull modulator, but is not 
essential to a consideration of the bridge circuit itself. 
It will be noted that this is a closed loop for dc with 

the two tubes acting in series, thus making it essential 
that the tubes pass identical direct currents. Any dif-
ference in current flow through the tubes constitutes a 
charging current to the capacitors, and therefore must 
be of short duration, for, when allowed to continue, the 
voltage developed by the charge increases into balance 
by sufficiently increasing the cathode-anode voltage of 
one tube while decreasing the voltage across the other. 
It is essential, therefore, that for at least the range of 
usable capacitor voltage the plate currents must be 
absolutely independent of plate voltages. Battery volt-
ages B1 and B2 help make this possible in two ways: 
First, by making this voltage high with respect to the 
maximum capacitor voltage, the plate-to-cathode volt-
age variations are held to a small per cent of the total; 
and, second, by maintaining the plate voltage consid-
erably greater than the maximum screen voltage, maxi-
mum plate resistance is assured. 
An additional factor which influences the plate re-

sistance of a pentode is its plate current, with maxi-
mum resistance occurring at minimum plate current. 
It is absolutely essential, therefore, to use the minimum 
plate current consistent with reliable operation. In the 
circuit of Fig. 7, R1 and R2 are very high value (1 
megohm) cathode resistors which produce essentially 
cutoff bias. A last, but very important, factor influenc-
ing plate resistance is the screen voltage, with infinite 
plate resistance resulting from zero applied screen volt-
age. 
It was found by experiment that a higher average 

plate resistance could be maintained by using the screen 
as the control electrode, and utilizing the grid only as a 
biasing electrode. The grid must not be bypassed, as 
that seriously reduces the plate current which will flow 
during positive excursions of the screen driving voltage. 
This effect is apparently due to the internal capacitance 
of the tube from screen to grid which provides coupling 
from the screen to the grid. The net result of this 
method of excitation is that plate current flows in short 
pulses at the peak of each rf cycle, and is therefore at 
cutoff most of the time. This results in a plate-current 
pulse whose value is determined almost entirely by the 
peak value of the applied screen voltage, and is little 
affected by the plate-to-cathode voltage. 
A few troublesome, but not too serious, limitations 

are imposed by practical circuit considerations. These 
limitations are leakage and stray charging circuits. 
Since, for absolute control, the electron-tube bridge cir-
cuit should be the only path through which the capaci-
tors may be charged or discharged, any other paths 
must be eliminated or reduced to a negligible amount. 
In considering the possible undesired charging paths, 
any circuit connected to the capacitor terminals must 
be viewed with suspicion as a possible path to ground. 
The circuit for transforming the capacitor voltage into 
a modulator bias voltage must have infinite dc input 
resistance. A dual triode (6SN7), operating as a cathode 
follower at very low plate current and with reduced 
heater voltage, was found to be entirely practical for this 
circuit. 
The cathodes of the bridge tubes are a potential 

source of trouble, as leakage to or emission from the 
heater, and thence to ground or to the opposite tube, is 
possible. It was found that emission from heater to 
cathode was the most serious source of trouble, but this 
was effectively eliminated by operating the heaters at 
reduced voltage. Naturally, wiring and component in-
sulation must be the best possible. A second dual-tri-
ode cathode follower was added to provide a monitoring 
meter, but the same precautions were followed as on 
the cathode follower for modulator bias, so that no 
trouble was experienced. 
Careful shielding of the entire bridge and discrimina-

tor from stray rf fields is essential, since it is easy for 
such fields to produce additional excitation of the bridge 
tubes, or to be rectified and act as a charging current 
for the capacitors. 
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It will be noted that, where Fig. 7 shows series bat-
teries in the dc loop, Fig. 6 shows diodes and an rf 
voltage source. Since the power requirement for this 
bridge is so very low, it was practical to derive the dc 
voltage for the bridge from the same source of rf that 
furnishes excitation to the discriminator. This mini-
mizes the circuit complexity and maintains the maxi-
mum freedom from leakage. 

Example of Operation 

If it is assumed that capacitors C1 and C2 (see Fig. 7) 
are short-circuited, and the oscillator frequency is ad-
justed to the value which produces identical currents 
in the two bridge tubes, there will be no current flowing 
in the capacitor-shorting conductor. Removing this 
shorting conductor will, therefore, leave the capacitors 
in an uncharged condition with zero voltage between 
terminals. Now, assuming that the oscillator frequency 
changes to a higher value, the output voltages from the 
two halves of the crystal discriminator will no longer be 
equal. Since the frequency has moved closer to the series 
resonance of the high-frequency crystal, that half of 
the discriminator containing this crystal will have a 
lower shunt-arm impedance, and therefore lower output 
voltage. The output voltage from that discriminator 
half containing the low-frequency crystal, however, will 
be high, since its action is the inverse of the other. 
These output changes then cause a plate-current 

increase in one control tube, and a decrease in the other 
control tube. Since the difference in plate currents of 
these tubes is a charging current to the capacitors, they 
must simultaneously develop a potential difference be-
tween terminals. Since, also, the terminals of these ca-
pacitors are connected to the grids of a reactance-tube 
modulator, the voltages developed across them will 
cause the frequency to change to a higher or lower value. 
In this example, the voltages are such as to cause the 
frequency to be lowered. It will be observed, then, that, 
as the capacitor is charging, the oscillator frequency is 
being lowered in proportion to the charge. As the fre-
quency is lowered, however, it approaches and must 
finally return to the value which produces identical 
control-tube currents. At this frequency, then, the 
charging current will cease, and the capacitors will re-
main with whatever charge and terminal voltage were 
required to return the oscillator to its original frequency. 
Now, if the oscillator resonant circuits change back 

to their original values, the actual frequency will be too 
low because of the effect of the charge on the capacitors. 
The control circuit will, however, discharge the ca-
pacitors, charging them with the opposite polarity, if 
necessary, until the frequency is returned to the balanc-
ing value. 
Hunting or overshooting during correction can be 

completely eliminated in this circuit. Hunting is caused 
by a delay between the discerning of a need for cor-
rection and the subsequent correction. By maintaining 
the time constant between the charging capacitors C1, 

C2 and the modulator grids at a very low value, the os-
cillator frequency can be made to follow capacitor volt-
age changes with negligible delay. The necessary time 
constant that filters out the modulation component and 
prevents rapid frequency correction is provided by the 
high impedance of the bridge circuit which limits the 
charging current to the relatively large capacitors. A 
further deterrent to hunting is the asymptotic reduction 
to zero of the charging current as frequency correction is 
affected. 
The fact that this oscillator may be modulated in 

frequency by an ac modulating signal during the above-
outlined operation does not alter the considerations, if 
all currents and voltages referred to are considered as 
average values. Linear impedance versus frequency 
characteristics of the crystal discriminator over the 
range of frequencies included by the ac modulation is, 
of course, a necessary prerequisite to this conclusion. 

PERFORMANCE 

Several complete units utilizing the circuits described 
in this paper have been in operation for several months. 
Although operating data have not been sufficiently an-
alyzed for the drawing of final conclusions, a few per-
formance remarks are in order. 
One performance check is the ability of the unit to 

maintain frequency in the face of serious oscillator-fre-
quency drift. Fig. 9 is a plot of the measured frequency 

Fig. 8—A simplified circuit diagram of the complete 
frequency-modulated exciter. 

error during automatic control versus the natural fre-
quency of the oscillator when operated without control. 
It was obtained by manually detuning the oscillator 
tank circuit with the unit under control and measuring 
the operating frequency, then short-circuiting the con-
trol capacitors and again measuring the oscillator fre-
quency. It will be noted that, with the oscillator tank 
circuit detuned as much as 30 kc, which is practically 
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the limit of the modulator, correction was maintained 
well within the +76-cps FCC tolerance. It will be 
noted further that, if a stability factor of +0.1 per cent 
is assumed as practical for a self-excited oscillator, this 
circuit will correct any variations within this tolerance 
to within 4 cps of exact frequency. 
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Fig. 9—Measured frequency-control ability with changes 
in oscillator natural frequency. 

A second important basic measurement is the fre-
quency stability under various degrees of variable-fre-
quency sine-wave modulation. It can be shown that, if 
there are spurious responses or lack of symmetry in the 
discriminator circuit beyond the limit of frequency 
swing, but inside the limit of the highest-frequency 
sidebands, this control circuit will respond as if there 
were a center-frequency shift at certain modulation 
frequencies. The modulation frequency most likely to 
produce trouble is that which produces the first side-
band pair at the series-resonant frequencies of the 
crystals. Frequencies above this value may cause cen-
ter-frequency shift of a lesser degree if the discriminator 
return slopes are not sufficiently symmetrical. Measure-
ments of this type on the completed unit showed a maxi-
mum of 1000 cps (at 100 Mc) deviation with continu-
ous 100 per cent modulation at the most troublesome 
frequency. Since this is a condition of modulation which 
can never be experienced with actual program modula-
tion and can only be repeated by actual 100 per cent 
sine-wave modulation at one particular frequency, it is 
not considered a serious fault of the equipment. 
The effect of program modulation of all types has 

been carefully observed, and to date there has been no 
observable correlation between program modulation 
and center-frequency drift. As observed on a General 
Electric FM broadcast frequency monitor, there is an 
ambiguity of about 400 cps with a maximum recorded 
indication of about 1100 cps error. These are 100-Mc 
measurements where the maximum tolerance is +2000 
cps. 

CONCLUSION 

That a relatively simple, straightforward frequency-
modulated exciter for broadcast use utilizing directly 
the reactances of piezoelectric crystals as a frequency 
standard is practical has been proved by the unit around 
which this paper was written. The simplicity of the cir-
cuit lends itself to a compact, yet readily accessible, 
mechanical design which is hardly larger than the 
standard-broadcast-frequency crystal oscillators in use 
today. Because of its compactness, it is easy to make 
dual installations for a frequency-modulated trans-
mitter the better to insure uninterrupted service. The 
design illustrated with this paper is intended for dual 
installation, either in the transmitter or in a standard 
equipment rack along with the frequency monitor. Two 
units mount side by side and together occupy the space 
of one 104-inch panel-height unit. One of these exciters 
has been in continuous operation for over a year as the 
exciter for WLWA of the Crosley Broadcasting Cor-
poration. 
Alhough this application of the crystal discriminator 

is for transmitter frequency control, its usefulness is 
not confined to that alone, as it could be very easily 
adapted for use as a direct-reading center-frequency 
monitor or a direct-reading monitor for broadcast or 
short-wave use. 

ACKNOWLEDGMENT 

The author gratefully acknowledges the help and 
co-operation of the following men in particular, as well 
as many others not mentioned: R. J. Rockwell, vice-
president in charge of engineering; C. R. Pfitzer, junior 
engineer; C. C. Bopp, development engineer; and 
C. A. Robson, development engineer, all of the Crosley 
Broadcasting Corporation. 

vg 

etrr.  

Fig. 10—A frequency-modulated exciter incorporating 
circuits described in the text. 
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The Cathode-Coupled Clipper Circuit* 
L. A. GOLDMUNTZt, STUDENT, IRE, AND HERBERT L. KRAUSSt, MEMBER, IRE 

Summary—The cathode-coupled amplifier circuit is used as a 
clipper with some advantages over the conventional pentode and 
diode types. An analytical solution is obtained for proper operating 
conditions to give the desired size of output pulse, allowable range of 
input voltages, bias values for symmetrical clipping, and the like. 
Regenerative feedback is shown to give considerable improvement 
in the clipping action, and design methods for obtaining optimum 
clipper performance are outlined. 

INTRODUCTION 

CLIPPING AND LIMITING circuits' have found 
widespread use in frequency-modulation, radar, 
and pulse transmission circuits. The cathode-

coupled clipper combines the desirable features of both 
the diode and overdriven-amplifier clippers. The cath-
ode-coupled circuit does not depend on grid-current flow 
for clipping action, it allows large grid swings on the in-
put stage without the flow of grid current, it has the 
high input impedance of a cathode follower, and it pro-
vides gain and produces a symmetrical2 or unsymmetri-
cal output pulse, as desired. With regeneration, the rise 
time of the output is limited only by the interelectrode 
capacitances. 

SYMBOLS AND DEFINITIONS 

At =amplification factor of the tube at the quiescent 
operating point 
=amplification factor of the tube at plate-current 
cutoff 

rp=dynamic plate resistance of the tube 
g„,= grid-plate transconductance 
K =a tube "linearity factor" defined in the text 
Rk = cathode resistor 
R0= grid resistor 
Rb= plate load resistor 
Cc =coupling capacitor 
Ebb= plate supply voltage 
eb = instantaneous plate-cathode potential 
4 = instantaneous plate current 
E.= effective value of signal voltage 
e,.= grid-cathode potential for plate-current cutoff 
Er.= grid-bias voltage 
e+= instantaneous grid-to-ground potential on tube 

1 which cuts off tube 2 
e_.= instantaneous grid-to-ground potential on tube 

1 which cuts off tube 1 
E am = peak amplitude of the input signal 

* Decimal classification: R139.2 XR363.2. Original manuscript 
received by the Institute, December 18, 1947; revised manuscript re-
ceived, March 22, 1948. 
t Yale University, New Haven, Conn. 
N. W. Mather, "Clipping and clamping circuits," Electronics, 

vol. 20, pp. 111-113; July, 1947. 
2 The term "symmetrical pulse" means that the clipper produces 

a square-wave output. 

Eo= peak amplitude of the output pulse 
= grid-to-ground potential on tube 1 which makes 
the instantaneous grid-cathode potential zero 

ek+=voltage drop across the cathode resistor when 
tube 2 is just cut off 

ek_=voltage drop across the cathode resistor when 
tube 1 is just cut off 

ec=instantaneous grid to cathode potential drop 
Efb= peak amplitude of feedback signal. 

THE CATHODE-COUPLED CLIPPER 

The cathode-coupled clipper utilizes the cathode-
coupled amplifier circuit8.4 as shown in Fig. 1. The cir-
cuit acts as a linear amplifier for small input signals, but 
large signals drive the tubes alternately to cutoff, thus 
producing a clipped output voltage. On the positive 

Fig. 1—Cathode-coupled clipper. 

half-cycle of a sufficiently large input signal, the cathode 
potential rises to cut off tube 2. Once tube 2 has been 
cut off, a further increase in the input-grid potential has 
no effect on the output voltage. Similarly, on the nega-
tive half-cycle tube 1 is driven to cutoff because the 
plate current of tube 2 tends to hold the cathode poten-
tial at a high level, and once tube 1 is cut off, the signal 
voltage has no effect on the output. The clipping action 
begins at potentials essentially determined by the plate-
supply and tube parameters. The grid biases determine 
the operating points of the stage, and, therefore, the am-
plitude and shape of the pulse output. Positive biases 
are used on the grids to increase the size of the output 

a K. A. Pullen, "The cathode-coupled amplifier," PROC. I.R.E., 
vol. 34, pp. 402-405; June, 1946. 

4 Murray G. Crosby, "A two-terminal oscillator," Eke-Ironies, 
vol. 19, pp. 136-137; May, 1946. 
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pulse. By proper adjustment of these biases, symmetry 
of clipping becomes independent of the relative sizes of 
Rk and Rb. 

Graphical Analysis 

A graphical analysis of the cathode-coupled clipper 
circuit may be used to determine the values of the grid 
biases and the minimum input signal necessary to ob-
tain a pulse of given amplitude and duration. This anal-
ysis is possible because, when the input signal is large 
enough to cause clipping of both positive and negative 
signal peaks, each tube operates independently during 
its conduction period, except for the switch-over time. 
Therefore, it is possible to draw two load lines cor-

responding to the two tubes and their respective circuit 
impedances on a set of plate characteristics. The operat-
ing point of tube 2 is determined by the current flow 
necessary to produce the desired output pulse Eo. From 
this operating point the instantaneous grid to ground 
potential (e_) on tube 1, which cuts off tube 1, may be 
determined. The clipping potential e+ on the grid of tube 
1, that just causes tube 2 to cut off can be found by a 
graphical trial and error process.5 Referring to Figs. 1 
and 2, if symmetrical clipping is desired, the bias volt-

T. repetificin period 
I, rise time 

Fig. 2—Definition of rise time (t/T). 

age E„, should be adjusted to the average of the two clip-
ping potentials 

e+ e_ 
Ecc, =   

2 
(1) 

Then the peak amplitude of a sinusoidal signal which 
just causes clipping to occur is 

E„n = e+  (2) 

Signals of at least ten times this amplitude would be nec-
essary to obtain reasonably square output pulses. The 
per cent rise time of the pulse may be defined (see Fig. 
2) as the ratio of the rise time to the repetition period. 
Under the assumptions that the rise time is small com-

Research Report 1, Contract W36-039 SC 33649, Dunham 
Laboratory, Yale University, New Haven, Conn. 

pared to the period, and that the interelectrode capaci-
tances are negligible, the per cent rise time is given ap-
proximately by 

(e÷ — e_)100 
per cent rise time =   

27E,„, 
(3) 

Analytical Solution 

The analytical solution, given in full in Appendix A, 
employs two tube parameters that are not ordinarily 
used: K, a tube "linearity" factor, and  the ratio of 
plate voltage to grid voltage at plate-current cutoff. 
The factor 12' is a constant over a wide range of plate 
voltages and can be determined experimentally, or from 
the plate characteristics. 
The derivation in Appendix A yields the exact expres-

sions for the two clipping potentials (e+ and e_) and the 
amplitude of the output pulse (Eo) in terms of circuit 
and tube parameters. If the circuit and tube parameters 
are such that the assumptions p>>1, µ'>>1, K<<Ebb, and 
(1+µ)Rk>>r„+Rb are valid, the exactexpressions for 
e+, e_, and Eo can be approximated by 

Eca + Ebb 

— 11) 
— Ebb 

Rk [ Ebb 

El)  Eccii• 

RIC is 

Thus, for symmetrical clipping, the values of Ece, and 
are approximately equal. If a more accurate adjust-

ment for symmetry is required, the exact solution may 
be used, or the bias may be adjusted in the laboratory. 

Input Ratio of the Clipper 

An important figure of merit of this clipper is the "in-
put ratio," which is a measure of the ratio of (1) the 
maximum grid-to-ground signal that may be applied to 
tube 1 without causing grid current to flow, to (2) the 
minimum grid-to-ground signal at which clipping just 
begins. The input ratio is expressed as 

emax  E 1  Ea„, 
Input Ratio (IR) =   

e+ —  
(7) 

where en,, is the highest positive grid-ground potential 
that can be applied to tube 1 without causing grid cur-
rent to flow. Since grid current is undesirable, the peak 
signal (E,„,) which may be applied to tube 1 is usually 
limited to em,,,,—Ecc,. Since the rise time of the output 
pulse, as already shown, is approximately an inverse 
function of the amplitude of the applied sinusoid, the 
largest possible input ratio is desired in order to obtain 
the best possible square-wave output. 
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The potential en used in (7) is given approximately 
in terms of the circuit parameters by 

Ebb Rk D 
mu . =   (8) 

Rk  r„ 

Since .E.,L=L-'E  for symmetrical clipping, by substitut-
ing (4), (5), (6) and (8) in equation (7), the input ratio 
becomes 

Au f 
IR 

Ebb &  Ebb  EO Rk 1 

(9) 
Ekk(h — lj) [Rk  • p  Rb 

IR =[RkEbb  
Rk  rp 

Thus, to obtain minimum rise time, the maximum allow-
able input signal (E.,,,=e .—Ecci) should be used, and 
the circuit should be adjusted for the maximum input 
ratio. 

Use of Regenerative Feedback 

If regenerative feedback is used in the cathode-
coupled clipper, the expression for the input ratio be-
comes (see Appendix B) 

Rk E0  Ebb] / [ Ebb(A  111 )  Efbi 
D  

Rb  MM' 2 

In this equation the input ratio may be considered to be 
a function of just one variable, Rk, if the pulse output 
Eo and load resistor Rb are fixed. (The size of Rb is gen-
erally fixed by the upper frequency limit, and Eo is de-
termined by the requirements of the next stage.) A plot 
of the input ratio versus Ric for various values of Eo/Rb 
from (9) is shown in Fig. 3 for a 6SN7 tube. For low 
values of Eo/Rb, the value of Rh that yields a maximum 
input ratio is not critical, but for high values of Es/Rb 
the size of Rk must be adjusted carefully. 

30 

20 

10 

TUSK iSN T 

r <\‘ 

Ebb. 
Rip 1. 

300 volts 
1614ohma 

0  10  20  30  40  50 

Rk in kiloonms 

Fig. 3—Input ratio or ratio of overloading signal to minimum clip-
ping signal as a function of cathode resistance for a 6SN7 tube. 

60  70  80 

For a given pulse output the values of Rk and E„, that 
provide a maximum input ratio are 

Rk =  4 / Ebb Rbrp 
  r„ 
Eo 

= V Ebb Eorp Ebb  Eorp 

Rb  M  Rb 

(13) 

where Eib is the peak amplitude of the feedback volt-
age. 

This expression for input ratio with regenerative feed-
back, when compared to expression (9) for the input ra-
tio without regenerative feedback, shows that feedback 
increases the input ratio. This fact indicates that the 
circuit may be made to slip with smaller input signals 
or that the time rise of the output may be decreased for 
the same input signal, if the rise time is not limited by 
the interelectrode capacitances. 

Fig. 4—Basic regenerative cathode-coupled clipper. 

The simplest variation of the basic clipper circuit 
which involves regenerative feedback is shown in Fig. 4. 

(10 ) In this circuit the feedback voltage is 

(11) 

In some applications the value of .E„., indicated by (11) 
may cause grid current to flow in tube 2. The maximum 
input ratio then cannot be realized. 
The rise time of the pulse, if interelectrode capaci-

tances may be neglected, can be expressed in terms of 
the input ratio, by using expressions (3) and (7): 

100 
per cent rise time =   (12) 

r(IR) 

Erb = E0 X   (14) 
Ru Rf 

The disadvantage of this circuit is that signal voltage is 
fed into the output circuit through the feedback path, 
and also that, if transformer coupling cannot be used, a 
high-impedance driving source is needed so that the im-
pedance presented to the feedback voltage is not appre-
ciably altered. 
The circuit of Fig. 5 is usually more desirable, since 

the input signal cannot be fed into the output through 
the feedback path. The load resistor of the input tube 



1948  Goldmuntz and Krauss: Cathode-Coupled Clipper Circuit 1175 

R51 is made only large enough to supply the necessary 
feedback voltage. The reduction in input ratio due to 
RH in the plate circuit of tube 1 is more than offset by 

Fig. 5—Preferred regenerative clipper. 

the increase in input ratio due to regeneration. The time 
constant Ce12,2 in the circuit of Fig. 5 should be large 
compared to the period of the lowest frequency to be 
clipped, if a flat-topped output is desired. 
If the feedback voltage Efb should be increased so as 

to make the denominator of (13) zero, the feedback volt-
age would approximately equal the difference between 
the clipping potentials. (See (4) and (5).) 

E bb(ti  Ai) 

Efb —  2   — e÷ — e_.  (15) 

This means that not only would the input ratio be-
come infinite, yielding a rise time limited only by the 
interelectrode capacitances, but also that the clipper 
would either multivibrate or trigger, depending on the 
elements of the feedback path. The circuit triggers or 
multivibrates when the feedback voltage equals the dif-
ference between clipping potentials, because the nonlin-
ear loop gain (Efk/e+—e_) is then greater than unity. 
When the nonlinear loop gain is greater than unity, the 
circuit is capable of driving itself so that either one or 
the other tube is cut off. 
The function of the input signal under these condi-

tions is to synchronize the resulting free-running multi-
vibrator or trigger circuit to input-signal frequency. If 
the nonlinear loop gain is very much greater than unity, 
the synchronizing signal must be large. Experimentally, 
it has been found that more rectangular output voltages 
are obtained for a given input signal when the clipper is 
operated with a gain slightly greater than unity. If it is 
undesirable to have the circuit multivibrate or be in a 
triggered state when the input signal is removed, the 
nonlinear and linear loop gain must be less than unity. 
The frequency of the free-running multivibrator 

shown in Fig. 5 may be shown by standard transient 
analysis5 to be 

1 
f =   (16) 

RoC, In [(E2  
(I3 — a)(13 -I- a)  -I 

where 

a = Ecei — 

Ebb(1.4 — 
=   

AA' 

This frequency should be lower than the lowest fre-
quency to be clipped, so that the triggering from one 
state to another is always initiated by the input signal. 
With this type of operation, R k and E„2 should be 

chosen on the basis of frequency and output-pulse re-
quirements, and not necessarily in accordance with 
(10) and (11), which hold only when the gain is less than 
unity. 
Tubes best suited for this circuit are high-g„, duo-tri-

odes which are linear, i.e., whose "cutoff" factor, 
(ti—µ')/eute, is low. Table I is a-list of "cutoff" factors for 
various tubes. The gm should be high so that a large out-
put pulse may be obtained with a small load resistor, 
and the cutoff factor should be low so that the input 
ratio can be high and the difference between clipping po-
tentials low. 

TABLE I 

Tube 
AA' 

6J4 
6J6 
6SN7 
6SL7 

0.0142 
0.0206 
0.0214 
0.00494 

12,000 
5,300 
2,600 
1,600 
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APPENDIX A 

In the circuit of Fig. 1, the potential e+, on the grid of 
tube 1, necessary to cut off tube 2, may be expressed in 
terms of a summation of voltages in the grid-cathode 
circuit of tube 1: 

e+ = ek+ ea.  (17) 

The voltage drop ek+ across the cathode resistor, nec-
essary to cut off tube 2, may be expressed as 

ek+ = ibiRk = Ecc2 — e,o2 (18) 
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where e,, the cut off bias of tube 2, is given by 

e = co, 
— (Ebb — ek) 

(19) 
where 

The total instantaneous plate current flowing in a 
given tube, with a given plate supply and bias voltage, 
maybe expressed as 

eb  K 
ibl =  gmecl  — 

r p  rp 

Ebb — ibiRk 
= gmeci 

rl, 
(20) 

in which K is a linearity factor determined from the lin-
ear portion of the static characteristics. For a 6SN7, 
K=12; for a 6J6, K=9. 
Equations (17), (18), (19), and (20) may be combined 

to obtain 

AL 'Err, + Ebb 
e+ =   

+ A') 

Ebbl  
Ebb —  K — (Rk 

L + Ati)Rk 
IL 

(21) 

for the potential e+, on the grid of tube 1, necessary to 
cut off tube 2. 

By a similar analysis, e, the potential on the grid of 
tube 1, necessary to cut off tube I, may be found. 

RA (1 +  [ AE,„  Ebb  K 

e_ =  (22) 

Ebb 
r„  Rb +  (1 ±  A) Rk 

Fi' 

The amplitude of the pulse output may be determined 
in terms of the current that flows in tube 2, when only 
tube 2 conducts. An equation similar to (20) may be 
written for tube 2, giving 

Ebb —  ib2( Rk  Rb)  K 
ib2 = gmee 2 +    

r„ 

where 

eco = — ek_  Ertl =  ito2 Rk  Eer2. 

Then Eo, the output pulse, is given by 

Eo = Rb    
[  E bb +  AL Ecc2  K 1. 

rp ±  (1 ±  I.)Rk  Rhi 

(23) 

(24) 

Efb 

ek+ = — e,, — —2 Ec. 

—  [Ebb — ek+] 

September 

(26) 

(27) 

and where Efb is the peak-to-peak feedback voltage ap-
plied to the grid of tube 2. 

Fig. 6—Circuit used in analysis of cathode-coupled clipper. 

Combining (26) and (27), 

= Ebb ± AL'(— E, b/2  Ecos) 
ek+  

+ Ae) 

Since tube 2 is cut off, 

ek+ = ibiRk 

(28) 

(29) 

and by combining (28) with (29), equation (30), which is 
the current in tube 1 at the instant tube 2 is cut off, may 
be obtained: 

Ebb ±  Efb12  E.2) 
lb' — 

Rk(1 
(30) 

Summing the voltages in the grid-cathode circuit of 
tube 1 when tube 2 is just cut off by the potential e+ on 
the grid of tube 1, 

e+ = ek+ ect. (31) 

The value of ed may be found from (20) in Appendix 
A, so that, by combination of (20), (28), and (30), the 

(25)  positive potential that just cuts off tube 2 may be writ-
ten: 

APPENDIX B 

The effect of regenerative feedback can be shown by 
assuming a feedback voltage Efb in series with the grid 
of tube 2, as shown in Fig. 6. Tube 2 is cut off when the 
following equation is satisfied: 

if 

Erb  — iil) 
e+ 2:4 Ec,  

2 

>> 1,  >> 1 1  Ebb >> K 

(32) 
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and 

(1 + ORk » 

Tube 1 is cut off when the following summation of 
voltages in the grid-cathode circuit of tube 1 is satis-
fied: 

where 

ek_ + e,.„, = e_  (33) 

[Ebb — ek-] 
= 

Solving (33) and (34) gives 

Ebb 
Ck_ =    

1 + 

(34) 

(35) 

The drop across the cathode resistor ek_ when tube 
1 is cut off is due to the current flowing in tube 2, so 
that 

ek_ = ib2Rk• (36) 

By reference to (23) and (24) of Appendix A, the 
constant current in tube 2, while tube 1 is cut off, may 
be expressed as 

Ebb ±  µ(Ece, 4- E1612) —  K 
tb2 =   (37) 

r, + (1 + µ)Rk  Rb 

By a combination of (35), (36), and (37), the potential 
on the grid of tube 1 that just cuts off tube 1 is 

Ebb(/1 — p!)  Efb 
 + 4,2+   (38) 

ALA'  2 

if 

>> 1,  >> 1,  (1 + FORk >>  Ebb >> K. 

To obtain the difference between clipping potentials, 
subtract (38) from (32). 

Ebb(ti — ti') 
e, — e_ = 2 -  — Eft,.  (39) 

/1'  

By reference to expression (39) above and to expres-
sions (4), (5), (6), and (7) in the text, the expression for 
the input ratio may be obtained 

IR = 

Rk Eryb  Rk E0 

Rk  r „ 

Ebb 

+  - -
Rh 

(40) 
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ACOUSTICS AND AUDIO 
FREQUENCIES 

016: 534  2118 
References to Contemporary Papers on 

Acoustics  .1. Taber Jones. (Jour. Acous. Soc. 
Amer., vol. 20, pp. 201-213; March, 1948.) 
Titles of 334 papers, including 134 published 
in Gemany, mostly in the years 1939 to 1943. 
For earlier parts, see 1531 of July and back 
references. 

534.138  2119 
Theoretical and Observed Absorption of 

Sound in Suspensions —R. J. Urick. (Jour. 
Acous. Soc. Amer., vol. 20, p. 225; March, 
1948.) Summary only. 

534.2  2120 
Absorption and Scattering for Impedance 

Boundary Conditions on Spheres and Circular 
Cylinders - -M. Lax and II. Feshbach. (Jour. 
A cous. Soc. Amer., vol. 20, pp. 108-124; March, 
1948.) 

534.2  2121 
Compressional Wave Front Propagation 

through a Simple Vortex —R. B. Lindsay. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 89-94; 
March, 1948.) 

534.21  2122 
The Propagation of an Acoustic Wave along 

a Boundary —I. Rudnick. (Jour. Acous. Soc. 
Amer., vol. 20, p. 149; March, 1948.) Correc-
tion to 3387 of 1947. 

534.213 : 534.241  2123 
Examples of Propagation of Underwater 

Sound by Bottom Reflection —R. W. Voting. 
(Jour. Acous. Soc. Amer., vol. 20, p. 224; 
March, 1948.) Summary only. 

534.213:534.321.9  2124 
The Attenuation of Ultrasonic Sound Waves 

in Water —R. W. Leonard. (Jour. Acous. Soc. 
Amer., vol. 20, p. 224; March, 1948.) Sum-

The Institute of Radio Engineers has made arrangements to have these Ab-
stracts and References reprinted on suitable paper, on one side of the sheet only. 
This makes it possible for subscribers to this special service to cut and mount the 
individual Abstracts for cataloging or otherwise to file and refer to them. Subscrip-
tions to this special edition will be accepted only from members of the IRE and 
subscribers to the PROC. I.R.E. at $15.00 per year. The Annual Index to these Ab-
stracts and References, covering those published from February, 1947, through 
January, 1948, may be obtained for 2s. 8d., postage included from the Wireless 
Engineer, Dorset House, Stamford St., London S. E., England. 

mary only. Measurements of attenuation in 
distilled water in the range 50 to 450 kc are in 
good agreement with those of Fox and Rock 
(2456 of 1941) in the range above 10 Mc. 
Measurements on filtered sea water from 50 
to 180 kc give values for the attenuation about 
10 times those for distilled water. 

534.213:534.321.9  2125 
Absorption of Sound in Fresh Water and 

in the Sea  L. N. Lieberinann. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 223-224; March, 1948.) 
Summary only. At 500 kc and 1000 kc, the ab-
sorption coefficient in fresh water is propor-
tional to (frequency)2. Measurements in the 
sea at 120 kc gave a value more than 5 times 
the fresh-water upper limit. Measurements at 
500 kc and 1000 kc indicate that in sea water 
the absorption is not proportional to (fre-
quency)2. At 1000 kc the absorption is only 
slightly higher than in fresh water. 

534.32:786.6  2126 
Some Measurements of the End-Correc-

tions and Acoustic Spectra of Cylindrical Open 
Organ Pipes —F. Ingerslev and W. Frobenius. 
(Trans. Dan. Acad. Tech. Sc., no. I, pp. 7-44; 
1947.) A formula is derived for the physical 
length of an open pipe. This can be used for 
both cylindrical and conical pipes; the accuracy 
is reduced in the latter case. Results are given 
showing the effect of (a) scale ratio, (b) height 
and width of the mouth, (c) air consumption, 
and (d) nicks in the tongue, on the harmonic 
content of the emitted sound. 

534.321.9: 526.956.5  2127 
Progress of Echo Sounding —(Elearician, 

vol. 140, pp. 339-340; January, 1948.) Modern 
echo-sounding gear uses magnetostriction os-
cillators operating on frequencies between 10 
and 40 kc. For very great depths, quartz oscil-
lators are used. Similar apparatus is used for 
transmission and reception and continuous 
automatic records of depth are obtained to an 
accuracy within about 1 per cent. Some details 
are given of various types of equipment devel-
oped by the Admiralty. 

534.321.9: 534.22  2128 
A Study of Ultrasonic Velocity and Absorp-

tion in Liquid Mixtures —C. J. Burton. (Jour. 
Acous. Soc. .4 mer., vol. 20, pp.  186-199; 
March, 1948.) Measurements at 5 to 25 Mc in 
mixtures of water with alcohols, glycols, and 
glycol ethers. 

534.422:534.321.9  2129 
High Frequency Whistles; Edge Tones and 

Resonance — W. L. Nyborg and H. K. Schill-
ing. (Jour. Acous. Soc. Amer., vol. 20, p. 224; 
March, 1948.) Summary only. 

534.44  2130 
The Analysis of Acoustic Signals by Means 

of the Self-Consistent Spectrum —J. J. Mark-
ham. (Jour. Acous. Soc. Amer., vol. 20, pp. 
95-98; March, 1948.) 

534.61  2131 
Measurement of Directivity Factor —C. J. 

Burbank. (Jour. Acous. Soc. Amer., vol. 20, 
p. 223; March, 1948.) Summary only. A me-
chanical mounting permits rotation of the 
equipment about two mutually perpendicular 
axes. Electronic apparatus integrates the power. 

534.64  2132 
A Method for Measuring Acoustic Source 

Impedance —J. E. White. (Jour. Acous. Soc. 
Amer., vol. 20, pp. 221-222; March, 1948.) 
Summary only. 

534.64  2133 
Acoustic Impedance from Motional Im-

pedance Diagrams —R. D. Fay and J. E. White 
(Jour. Acous. Soc. Amer., vol. 20, pp. 98-107; 
March, 1948.) When an acoustic load is coupled 
to an electromagnetic transducer by means of 
an air column, there is a critical length at 
which an increment in acoustic load produces 
a maximum increment of electrical impedance. 
A method is described which makes use of this 
critical coupling to obtain optimum precision 
in determining acoustic impedance. The char-
acteristic impedance of the air column is di-
rectly measured. 

534.64  2134 
Acoustic Impedance Measurement of Very 

Porous Screen —C. M. Harris. (Jour. Acous. 
.Soc. Amer., vol. 20, p. 222; March, 1948.) 
Summary only. Equations are derived which 
express the impedance of the screen in terms of 
the acoustic characteristics of a small rec-
tangular chamber or closed cylinder. Results 
for very porous cloth are given. 

534.7: 611.85  2135 
Construction Material of the Sound Con-

duction System of the Human Ear —H. G. 
Kobrak. (Jour. Acous. Soc. Amer., vol. 20, 
pp. 125-130; March, 1948.) 

534.75  2136 
The Atonal Interval —I. Pollack. (Jour. 

Atoms. Soc. Amer., vol. 20, pp.  146-149; 
March, 1948.) The difference between the 
thresholds of audibility and tonality for sinu-
soidal signals, the atonal interval, ranged from 
about 2.5 db at 500 cps to about 6.5 db at 
4000 cps. 

534.75  2137 
The Perception of Short Bursts of Noise 

G. A. Miller. (Jour. Acous. Soc. Amer., vol. 
20, pp. 160-170; March, 1948.) 
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534.75  2138 
The Perception of Repeated Bursts of 

Noise —G. A. Miller and W. G. Taylor. (Jour. 
Acous. Soc. Amer., vol. 20, pp. 171-182; March, 
1948.) 

534.756+534.78  2139 
New Possibilities in Speech Transmission 

— D. Gabor. (Jour. IEE (London), part III, 
vol. 95, p. 39; January, 1948.) Discussion on 
1228 of June. 

534.78  2140 
The Influence of Interaural Phase Relations 

upon the Masking of Speech by White Noise — 
J. C. R. Licklider. (Jour. Acous. Soc. Amer., 
vol. 20, pp. 150-159; March, 1948.) 

534.835  2141 
Attenuation of Sound by Light-Weight 

Multiple Structures—L. L. Beranek. (Jour. 
Acous. Soc. Amer., vol. 20, p. 222; March, 
1948.) Summary only. The full paper presents 
theory and charts for the calculation of atten-
uation in typical aircraft and office partitions. 

534.839:623.827  2142 
A Sheet of Air Bubbles as an Acoustic 

Screen for Underwater Noise —D. P. Loye 
and W. F. Arndt. (Jour. Acous. Soc. Amer., 
vol. 20, pp. 143-145; March, 1948.) Measure-
ments of noise from submarines in dock could 
be made satisfactorily by use of a bubble screen 
across the open end of the dock. This effectively 
shut out external noise. 

534.843  2143 
The Acoustical Performance of Rooms — 

H. W. Rudmose. (Jour. Acous. Soc. Amer., 
vol. 20, p. 225; March, 1948.) Summary only. 
Report of tests, in studios and rooms of aver-
age size, with equipment giving af signals 
varying continuously in frequency and in band-
width. The upper frequency limit was 15 kc 
and bandwidth varied from 15 to 150 cps. The 
minimum bandwidth for a smooth response 
for a polycylindrical (plywood) studio is very 
much leas than that required for a rectangular 
studio with conventional acoustic treatment. 
Knowledge of the minimum bandwidth for 
smooth response may help to determine the 
diffusion of a room. 

534.845  2144 
Sound Absorption by Porous Materials: 

Part 1—J. v. d. Eijk, C. W. Kosten, and W. 
Kok. (Appl. Sci. Res., vol. B1, no. I, pp. 50-62; 
1947.) Maximum absorption is obtained when 
there is a small airgap between the structural 
wall or ceiling and the absorbing material. A 
new interferometer is described and measure-
ments of the effect of varying the airgap are 
given and discussed. Very small airgaps have 
a marked effect on the frequency at which 
maximum absorption occurs. 

534.845.1  2145 
A New Method for Measuring Sound Ab-

sorption —C. W. Kosten. (Appl. Sci. Res., 
vol. BI, no. I, pp. 35-49; 1947.) The relation 
between the electric impedance of an electro-
dynamic loudspeaker and the acoustic imped-
ance in front of the loudspeaker is given and 
discussed in detail. The consequences of the 
flexibility of the cone are studied. Simple 
formulas and graphs are given, connecting the 
electrical behavior and the absorption coeffi-
cient corresponding to the load on the loud-
speaker. The method seems to permit absorp-
tion measurements at low frequencies (50 to 
500 cps). 

534.85  2146 
Audio Noise Reduction System —H. F. 

Olson. (Jour. Acous. Soc. Amer., vol. 20, p. 
222; March, 1948.) Summary only. A threshold 
type for sound reproducing systems. A non-
linear element allows the useful signal to pass 
but discriminates against the noise. 

534.851  2147 
Dynamic Noise Suppression Circuits — 

J. D. Goodell. (Radio News, vol. 39, pp. 46-48, 
162; January, 1948.) For similar paper iiee 1233 
of June. See also 932 of May (Scott.) 

534.851:621.395.813  2148 
Wow Meter for Turntable Testing —G. L. 

Sansbury and E. W. Pappenfus. (Electronics, 
vol. 21, pp. 108-111; March, 1948.) A toothed 
wheel, centered on the turntable and rotating 
between two pickup coils connected for maxi-
mum output, generates a tone. The output is 
fed through a peak clipper to a discriminator 
and rectifier. Instantaneous turntable speed 
variation is read directly on a calibrated meter. 

534.86  2149 
Does Distortion Matter? (Wireless World, 

vol. 54, pp. 97-98; March, 1948.) Report on an 
IEE discussion on the subject "To what extent 
does distortion matter in the transmission of 
speech and music." Points raised include the 
public reaction to an increased high-frequency 
response, the most desirable attenuation ver-
sus frequency characteristic and the effect of 
rooms on reproduction. 

534.862:621.317.755  2150 
Cathode-Ray-Oscillograph Images of Noise-

Reduction Envelopes —B. H. Denney. (Jour. 
Soc. Mot. Pic. Eng., vol. 50, pp. 37-49; Jan-
uary, 1948.) A method of presentation for use 
in sound-on-film work. An electronic switch 
generates repetitive pulses of af signals and a 
second switch picks up these signals and the 
resulting noise-reduction-bias envelope, re-
cording both in suitable positions on the oscillo-
graph. 

534.87  2151 
The Magnetrostrictive Radial Vibrator — 

L. W. Camp. (Jour. Acous. Soc. Amer., vol. 
20, p. 225; March, 1948.) Summary only. De-
scription of apparatus for underwater signall-
ing. A plastic cast for the toroidal windings 
improves the efficiency. 

621.395.623.7:534.842  2152 
A Proposed Loudness-Efficiency Rating 

for Loudspeakers and the Determination of 
System Power Requiremehts for Enclosures — 
H. F. Hopkins and N. R. Stryker. (Puoc. 
I.R.E., vol. 36, pp. 315-335; March, 1948.) 
"Experimental and computed data relating to 
the loudness contribution of various ranges of 
the frequency spectra of speech and music are 
correlated with the corresponding energy dis-
tribution. A relatively simple measurement of 
sound pressure and a knowledge of certain 
acoustic radiation phenomena are applied to 
this correlation to form the basis of a method 
for predicting the loudness established by loud-
speakers in enclosures. A loudness-efficiency 
rating for loudspeakers is suggested, and its 
application to pound-system engineering prob-
lems is described." 

621.395.625  2153 
The Development of Sound Recording and 

Reproduction —E. T. Fisk. (Jour. Roy. Soc. A. 
vol. 96, pp. 105-117; January 16, 1948. Dis-
cussion, pp. 118-120.) A historical review, with 
discussion of the design, performance, and 
scope of some modern film, disk, and magnetic 
tape and wire recording systems. 

621.395.625.3  2154 
Build Your Own Magnetic Tape Recorder 

—L. B. Hust. (Radio News, vol. 39, pp. 39-42, 
167; February, 1948.) Complete specifications 
for the construction of a recording and play-
back unit with a playing time of 30 minutes. 

621.395.625.3  2155 
Basic Amplifier for a Wire Recorder—L. S. 

Hicks. (Radio News, vol. 39, pp. 44-45, 169; 
February, 1948.) 

621.395.92  2156 
Models 65 and 66 Hearing Aids—J. R. 

Power. (Bell Lab. Rec., vol. 26, pp. 30-33; 
January, 1948.) Two compact, 3-stage instru-
ments with built-in crystal microphones and 
weighing 6 and 8 oz respectively. Model 65 is 
suitable for persons with a small hearing loss. 
Model 66 is designed to provide maximum 
quality and output for anyone with correctable 
hearing. Additional amplification may be ob-
tained with external batteries and the output 
characteristic may be modified by the use of 
alternative receivers. 

621.395.92  2157 
A Cavity Pressure Method for Measuring 

the Gain of Hearing Aids —E. L. R. Corliss and 
G. S. Cook. (Jour. Acous. Soc. Amer., vol. 20, 
pp. 131-136; March, 1948.) The sound pressure 
generated by the hearing-aid receiver is meas-
ured by placing the receiver on a "artificial 
ear" coupler of volume 2 cm2. Free-field and 
pressure techniques are compared. The pres-
sure and free-field methods give results of com-
parable accuracy; from a practical standpoint 
the pressure method has decided advantages. 

621.396.645.371.029.3  2158 
Negative Feedback Compression —J. T. 

Goode. (Radio News, vol. 39, pp. 118, 139; 
January, 1948.) Experimental results for a 
simple circuit. 

531+5341:621.392  2159 
Electromechanical and Electroacoustical 

Analogies and Their Use in Computations and 
Diagrams of Oscillating Systems [Book Review] 
—B. Gehish0j. G. E. C. Gad, Copenhagen, 
142 pp., 12 Kroner. (Wireless Eng., vol. 25, 
p. 88; March, 1948.) Based upon work for a 
higher degree at the Royal Technical College 
of Denmark. "The treatment throughout is 
very clear and the book can be strongly recom-
mended." 

621.395.625.3  2160 
Further Studies in Magnetophones and 

Tapes [Book Noticel —F.I.A.T. Final Report 
No. 923. H. M. Stationery Office, London, 
May 13, 1947, 131 pp., 17s. 6d. A report of 
the investigation of German recorders, Models 
K7 and K4, and K7 as modified for broad-
casting. Discussion of principles of operation, 
circuit diagrams, response curves, and praci-
cal operating and maintenance. Recording 
playback, and erasing by an 80-kc tone are 
provided in a single unit. Details of the manu-
facture of three types of tape are included. 
See also 2320 of 1947 and back references. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.3.09  2161 
The Propagation of Signals in a Coaxial 

Cable —L. A. Zhekulin. (Radiotekhnika (Mos-
cow) vol. 3, pp. 22-35; January and February, 
1948.) In Russian. 

621.315.212.011.2 16 
Study of the Impedance Irregularities of 

Coaxial Cables by Oscillographic Observation 
of Pulse Echoes: Part 1—P. Herreng and J. 
Ville. (Cables and Trans. (Paris), vol. 2, pp. 
111-130; April, 1948. With English summary. 
A theoretical treatment. The exact nature of 
the observed errors is discussed and theoretical 
considerations are developed which enable 
systematic errors to be eliminated and errors 
due either to irregularities of construction or to 

pr ete d   
impedance.  unbalance to be correctly inter-

621.392.029.64  2163 
Magic-Tee Waveguide Junction —G. Saxon 

and C. W. Miller. (Wireless Eng., vol. 25, 
pp. 138-147; May, 1948.) A mathematical an-
alysis of the junction leads to an alterna-
tive explanation of the properties described 
by previous writers, and explains some addi-
tional properties. Performance data are in-
cluded for a range of frequencies, and a modified 
construction is described whereby the useful 
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frequency range may be extended. Appli-
cations of the junction include an impedance 
bridge, the measurement of SWR, trans-
mission round awkward corners, phase-shift-
ing, frequency discrimination, and frequency 
changing. 

621.392.029.64  2164 
Radiating Slits in Circular Waveguides — 

Ya. N. Feld. (Radiotekhnika, (Moscow), vol. 
2, pp. 42-54; May and June, 1947. In Russian, 
with English summary.) Equations are de-
rived for the field within a waveguide with a 
longitudinal slit. Formulas are obtained for 
the voltage across such a slit and for the re-
flection coefficient in the waveguide due to the 
slit. If a metal partition is fixed beyond the 
slit, it is possible to obtain a system of traveling 
waves in the waveguide. 

621.392.029.64  2165 
Waveguide Hybrids — W. A. Tyrrell. (Bell 

Lab. Rec., vol. 26, pp. 24-29; January, 1948.) 
Discussion of a 4-arm junction. If a suitable 
wave front is passed into either of one pair of 
arms with high isolation from one another, 
then the output will be equally divided be-
tween the second pair. Impedance mismatch 
is eliminated by the use of rod and post tuning 
elements, the input arms being balanced with 
respect to each other provided that the output 
arms are symmetrically terminated. 
This type of junction has been used suc-

cessfully with a balanced converter, the incom-
ing rf signal being applied to one of the input 
arms and the local oscillator connected to the 
other. The if signal is equally divided between 
the output arms and is passed to two rectifier 
systems. 

621.392.029.64:621.3.09  2166 
Propagation Characteristics in a Coaxial 

Structure with Two Dielectrics —A. Barlos, 
Jr., H. Gruen, and D. S. Saxon. (Phys. Rev., 
vol. 73, p. 531; March 1, 1948.) Summary of 
Amer. Phys. Soc. paper. The propagation 
characteristics are expressed in terms of the 
ratio of the two dielectric constants, the ratio 
of the radii of the dielectrics, and the frequency. 
The possibility of adjusting the phase velocity 
by varying these parameters suggests appli-
cation to linear accelerators. 

621.392.43  2167 
The Matching of High-Frequency Trans-

mission Lines using a Frequency-Variation 
Method —A. S. Edmondson. (Proc. Phys. Soc., 
vol. 59, pp. 982-989; November, 1947.) The 
variation with frequency in the sending-end 
voltage of a transmission line many wave-
lengths long is reproduced on the screen of a 
cathode-ray oscilloscope and from the curve 
it is possible to see whether the standing waves 
along the line are large or small in amplitude, 
and how they vary with frequency. A descrip-
tion is given of an apparatus applying the new 
method to ultra-high frequencies and used in 
connection with the matching of antennas and 
filters to a coaxial transmission line. The 
method has also been used for demonstrating 
several important transmission-line properties 
and in this connection is useful for educational 
purposes. 

621.396.67  2168 
Note on Carson's Theory of Reciprocity — 

J. Maillard. (Onde Elec., vol. 28, pp. 77-81; 
February, 1948.) Discussion of the generalized 
form of the reciprocity theorem shows that the 
directivity and the bandwidth of an antenna 
are the same for transmission and reception, 
that the transmitter impedance corresponding 
to maximum radiation is the same as that of 
the receiver picking up maximum power, and 
that for two antennas, the ratio of the maxi-
mum powers transmitted and picked up is 
independent of the sense of the transmission. 

621.396.67  2169 
The Comb Antenna—R. Grimm. (Pacoc. 

I. R.E., vol. 36, pp. 359-362; March, 1948.) The 
reception of vertically polarized mf waves by a 
comb antenna array is analyzed. The formulas 
derived can be applied to any array in which the 
elements are arranged in line and in which 
the current ratios and phase relations are 
known. Close coupling of the elements greatly 
increases the directivity and signal level by 
adjusting the line velocity to an optimum value. 
This type of antenna is particularly suitable 
for the reception of loran signals. 

621.396.67  2170 
A Note on an Omni-Directional Array of 

Stacked V-Antennas —T. P. Pepper. (Caned. 
Jour. Res., vol. 26, sec. A, p. 22; January, 
1948.) Five V-antennas, each consisting of two 
mutually perpendicular end-fed XV dipoles, 
with X \ 2 spacing, were fed from a double 
coaxial transmission line. An approximately 
circular radiation  diagram was obtained. 
Matching problems were very much simpler 
than for stacked-loop antennas. 

621.396.67  2171 
Cathode-Follower TV-Antenna System — 

E. G. Hills. (Communications, vol. 28, pp. 22, 
32; January, 1948). When the operating fre-
quency changes, factors tending to reduce the 
efficiency of an array are: (a) change of electrical 
length of the feeder lines; (b) change in element 
feed-point impedances when isolated from 
other elements; (c) change in mutual imped-
ances between radiators; (d) change in number 
of wavelengths in the spacing between the ele-
ments. (a) and (d) can be remedied together by 
making the effective path of the signal the same 
for all elements. (b) has been remedied in many 
broadband antennas and also in the cathode-
follower antenna. (c) can be minimized by re-
ducing the currents in the various elements to a 
very low value by terminating the receiving ele-
ment with the high input impedance of a 
cathode follower. Typical cathode-follower ar-
rays are described. Signal-to-noise ratios and 
antenna gain are discussed. 
Such arrays can only be used for reception 

and the gain is relatively low. There is the 
added disadvantage that a source of power is 
required to operate the tubes. 

a 
621.396.67: 517.512.2  2172 
Fourier Transforms in Aerial Theory: Part 

5—Fourier Approximation Curves —Ramsay. 
(See 2270.) 

621.396.671  2173 
Calculation of the Input Impedance of a 

Special Antenna —C. J. Bouwkamp. (Philips 
Res. Rep., vol. 2, pp. 228-240, June, 1947.) The 
antenna consists of a vertical X/4 end-fed wire, 
with either two equal horizontal wires pointing 
in opposite directions from the feed point, or 
four equal horizontal wires pointing in perpen-
dicular directions. Sinusoidal current distribu-
tion is assumed. The radiation resistance is 
about 20f2 in each case. 

621.396.671.4  2174 
An Approximate Calculation of the Mutual 

Impedance of Aerials —G. T. Markov. (Radio-
tekhnika (Moscow), vol. 3, pp. 36-39; January 
and February, 1948. In Russian.) 

621.396.677  2175 
A Wave Channel with Radiators of an Im-

proved Shape —S. I. Tetel'baum. (Zh. Tekh. 
Fiz., vol. 17, pp. 1181-1186, October, 1947. In 
Russian.) An usw directive receiving system 
consisting of a number of elementary dipoles is 
discussed theoretically and methods are indi-
cated for determining their optimum arrange-
ment. The operation of the whole link compris-
ing the transmitting and receiving antennas is 
also considered. 

621.396.677  2176 
Metallic Delay Lenses —W. E. Kock. (Bell 

Sys. Tech. Jour., vol. 27, pp. 58-82; January, 
1948.) Focusing of microwaves is obtained by 

phase-velocity reduction, so that the lens is 
shaped like its optical counterpart. The reduced 
velocity is caused by the presence of conducting 
elements which behave like the molecular di-
poles of a nonpolar dielectric. If these elements 
are small compared with X, the refractive index 
is constant over a wide frequency range. 
Various experimental models using spheri-

cal and disk lattices, strip arrays, and sprayed 
sheets are described, and design and perform-
ance details are given for a strip type lens suita-
ble for microwave repeater systems. Directional 
properties and impedance match are stated to 
be superior to those of parabolic reflectors. 
Theoretical calculations of the expected di-
electric constant are in fairly good agreement 
with experiment for values less than 1.5. For 
earlier work see 1013 of 1947. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.2  2177 
A Note on a Parallel-Tuned Transformer 

Design —V. C. Rideout. (Bell Sys. Tech. Jour., 
vol. 27, pp. 96-108, January, 1948.) Simple de-
sign formulas are obtained for a slightly over-
coupled case. Theoretical performance data are 
included for: (a) a "matched" transformer with 
resistance loading on each side; (b) the same 
transformer with the output load removed; (c) 
a transformer with loading on one side only, de-
signed to have the same characteristics as the 
"matched" transformer. 

621.314.26:621.385.38  2178 
Thyratron Frequency  Changers —O.  E. 

Bowlus and P. T. Nims. (Electronics, vol. 21, 
pp. 126-130, March, 1948.) Designed to per-
mit parallel operation of 3-phase aircraft alter-
nators driven at unequal and varying speeds. 

621.314.3t  2179 
Magnetic Amplifier Characteristics — Neu-6 

tral Type —A. S. FitzGerald. (Jour. Frank. 
Inst., vol. 244, pp. 415-439, December, 1947.) 
A description of the performance characteristics 
of amplifiers designed to actuate directly a 
moving armature relay. The minimum operat-
ing amplifier input lies in the range 6 to 0.1 nw. 
Several graphs are given showing the gain 

and operating time characteristics for various 
amplifiers operating on 60 or 720 cps, or a 
combination of both. See also 960 of May, 1285 
of June, and 1567 of July. 

621.316.726.078.3: 621.396.615.142.2 : 538.569.4 
2180 

Frequency  Stabilization  of  Microwave 
Oscillators by Spectrum Lines — W. V. Smith, 
J. L. G. de Quevedo, R. L. Carter, and W. S. 
Bennett. (Jour. Appt. Phys., vol. 18, pp. 1112-
1115, December, 1947.) The method of stabili-
zation is a development from that in which a 
cavity, tuned to the required frequency, con-
trols the differential dc output from two crystal 
rectifiers in a waveguide bridge circuit, this out-
put being applied to the oscillator to correct its 
frequency. In the present method, the cavity is 
replaced by a short-circuited waveguide filled 
with a gas (e.g., ammonia) at low pressure. The 
differential output from the crystals is zero 
when the frequency is that giving maximum 
absorption; otherwise an error voltage is ob-
tained. Frequencies just below 24,000 Mc can 
be maintained constant to about 1 Mc by use of 
one or other of three ammonia absorption lines. 
See also 1690 of 1947 (Pound). 

621.316.728  2181 
Designing Saturable-Core Reactors for 

Specific Uses —C. Helber. (Electronic Ind., vol. 
1, pp. 4-5, 13, December, 1947.) The reactors 
were required for ac voltage regulators for in-
verters used in aircraft, but the simplified de-
sign has more general application. A simple 
graphical method is given for predicting the 
control characteristics. 

621.317.729  2182 
A Note on Frequency Transformations for 
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Use with the Electrolytic Tank— W. H. Hug-
gins. (PRoc. I.R.E., vol. 36, pp. 421-424, 
March, 1948.) Two frequency transformations 
are described which transform the circular tank 
described in 3651 of 1945 (Hansen and Lund-
Strom) into either a rectangular or an elliptical 
tank. The rectangular tank is suitable for 
simulating highly damped circuits with re-
sponse extending over many octaves in fre-
quency. The elliptical tank is suitable for rep-
resenting band-pass circuits having character-
istics symmetrical about a center frequency. 

621.318.42  2183 
Minimum-Cost Chokes —T. H. Oddie and 

J. L. Salpeter. (Philips Res. Rep., vol. 2, pp. 
281-312, August, 1947.) A method enabling the 
most economical dimensions, for given electri-
cal specifications, to be found for ac chokes. 
Equations and tabulated data yielding the best 
solutions are given for rectangular types of 
choke, with and without limitations on the 
stacking height. Application of the method to 
chokes carrying de with superimposed ac is 
indicated briefly. 

621.318.572  2184 
Decade-Ring Scaling Circuit —L. Seren. 

(Rev. Sci. Instr., vol. 18, pp. 654 -659, Septem-
ber, 1947.) A counting circuit is described 
which has a resolving time of 1.9 ps for any two, 
and 3.7 ps for any three consecutive pulses. A 
triode and milliammeter are used for indication, 
instead of a cr tube. See also 2496 and 2497 of 
1946 (Regener). 

621.318.572  2185 
A Scale-of-16 Counting Circuit —P. Bassi 

and A. Loria. (Elettronica, vol. 2, pp. 347-349, 
November, 1947.) A circuit based on that of 
DeVault (Rev. Sci. Instr., vol. 14, p. 23; 1943) 
and comprising (a) input multivibrator with 
ON7 double triode, (b) 4-stage scaling circuit 
with type 79 double triodes, and (c) counting 
circuit with WE13 triode pentode. 

621.318.572: 518.5  2186 
High-Speed  n-Scale  Counters —T.  K. 

Sharpless. (Electronics, vol. 21, pp. 122-125; 
March, 1948.) Basic flip-flop and scale-of-two 
circuits are reviewed and the technique is ex-
tended to the design of ring and chain counters 
of higher scale. A cathode-pulsed n-scale circuit 
is described which requires no complex indicat-
ing schemes, eliminates counting errors and 
operates at speeds up to 180,000 pulses per 
second. 

621.392  2187 
A Contribution to Linear Network Analysis 

— D. K. C. MacDonald. (Phil. Meg., vol. 37, 
pp. 778-789; November, 1946.) Analytical 
methods involving the application of sinusoidal, 
"step" or Heaviside, and pulse stimuli are re-
viewed. An alternative exponential type of 
stimulus is described, and the resulting re-
sponse, or "exponential admittance," is com-
pared with those obtained by other methods. 
The exponential admittances are obtained for 
the fundamental circuit elements and some of 
their simple combinations. 

621.392  2188 
A Table of Intermodulation Products — 

C. A. A. Wass. (Jour. IRE (London), part III, 
vol. 95, pp. 31-39; January, 1948.) "An expres-
sion is derived from which, by substitution of 
appropriate numerical values, an equation can 
be obtained for any of the intermodulation 
products which can be generated by the simul-
taneous transmission of any number of sinu-
soidal waves through a device with an out-
put/input  characteristic  like  V = air -Fag, 

.. . This expression is used as a basis for 
classification of products, and a table of repre-
sentative products is drawn up. Information 
is given about the numbers and relative impor-
tance of products of different kinds." 

621.392:512.831  2189 
Matrix Methods in the Solution of Ladder 

Networks —R. E. Vowels. (Jour. IRE, (Lon-
don), part III, vol. 95, pp. 40-50; January, 
1948.) Matrix theory is reviewed and useful re-
sults and transformations are summarized. The 
solution of circuit equations by "diagonalizing" 
the impedance matrix is developed, and applied 
to the solution of difference equations of ladder 
networks regarded as n similar T-sections in 
tandem. 

621.392.4  2190 
On the Synthesis of Bipoles by a Recur-

rence Method—R. Leroy. (Cables and Trans., 
(Paris), vol. 2, pp. 101-110; April, 1948.) The 
impedance function should be a positive real 
function of p =jw. Brune's solution of the prob-
lem (1932 abstracts, Wireless Eng., p. 280) in-
volves the absolute minimum referred to the 
zero of the real part of the impedance on the 
frequency axis; the method depends upon the 
sign of the reactive part. The zeros of the even 
part of the impedance, whatever their position 
in the p-plane, are discussed more generally. 
Brune's results are obtained without having to 
distinguish particular cases. By using zeros not 
situated on the frequency axis, recurrence 
methods are derived which only involve reac-
tive elements. 

621.392.5  2191 
On the Theory of Quadripoles. Canonical 

Impedances and the Bisection Theorem —L. 
Bouthillon. (Ann. Radioilec., vol. 3, pp. 3-20; 
January, 1948.) The series and derived imped-
ances of lattice equivalents are frequently 
used to define symmetrical quadriooles. The 
theory here given introduces these impedances 
under the name of canonical impedances, with-
out particular reference to the lattice quadri-
pole, which is only one type of the quadripoles 
equivalent to a given quadripole. A new demon-
stration of Cauer's theorem (1932 abstracts, 
Wireless Eng., p. 537) is given and the idea of 
canonical impedances is extended to nonsym-
metrical quadripoles. The filtering character-
istics of the dipole are shown to be the same, in 
terms of canonical impedances, for both sym-
metrical and nonsymmetrical quadripoles. It 
may thus be possible to develop a general filter 
theory for both these classes. A new demonstra-
tion is given of Bartlett's bisectien theorem and 
this is extended to antisymmetrical linkages. 
Particular cases are discussed and the theorem 
is applied (a) to the design of quadripoles 
whose canonical impedances are given; a num-
ber of known types are at once found; (b) to the 
study of quartz plates with four electrodes; the 
characteristic impedances are calculated for 
various quadripoles which can be derived from 
such arrangements. 

621.394/.3971.645.3:621.314.25  2192 
An Analysis of Three Self-Balancing Phase 

Inverters —A. A. Rizkin. (Radiotekhnika, (Mos-
cow), vol. 3, p. 79; January and February, 1948 
In Russian.) Comment on 1195 of 1946 
(Wheeler). Rizkin claims that the circuit there 
described was patented by him on May 28, 
1940. 

621.396.611  2193 
An Inductance-Capacitance Oscillator of 

Unusual Frequency Stability —J. K. Clapp. 
(PRoc. I.R.E., vol. 36, pp. 356-358; March, 
1948.) The circuit is similar to the Colpitts, but 
an LC series circuit replaces the inductor. If 
connections to the tube are kept short, there is 
practically no tendency toward spurious oscil-
lation. Stability depends on the frequency and 
reactances used. Frequency changes of less than 
1 part in 106 have been observed for changes in 
supply voltages of ± 15 per cent. 

621.396.611.21  2194 
Variable-Frequency Crystal Oscillators— 

H. Stanesby and P. W. Fryer. (Jour. IRE, 
(London), part II1A, vol. 94, no. 12, pp. 368-
378; 1947.) The frequency of a crystal oscillator 
can be varied very slightly by means of a varia-
ble capacitor. The range of variation may be 

substantially increased by associating induc-
tance with the crystal plate. It is estimated 
that the range of variation, for a 3-Mc oscil-
lator using an AT-cut plate, could be increased 
fivefold with added inductance while preserving 
far better frequency stability than that of a 
tuned-circuit  oscillator.  Experiments  con-
firmed that a range of 7.7 kc (2560 parts in 106) 
could be obtained for one 3-Mc plate by using 
inductance. Circuits are described whereby 
the frequency can be made a linear function of 
the controlling reactance. The possibility of 
linear variation by means of a reactance tube is 
considered briefly. Applications are discussed. 

621.396.611.21  2195 
Crystal Oscillators and Their Application to 

Radio Transmitter Control —J. L. Creighton, 
H. B. Law, and R. J. Turner. (Jour. I EE, 
(London), part IIIA, vol. 94, no. 12, pp. 331-
344; 1947.) Discussion of the mechanism of 
operation of high-grade crystal oscillators, with 
particular reference to frequency stability. The 
crystal unit is described with special regard to 
the temperature performance obtainable from 
the various cuts used to cover a frequency 
range on fundamental modes of 4 to 20,000 kc. 
The drive circuit is analyzed in order to estab-
lish stability criteria. Examples of practical de-
signs are given. 

621.396.611.4  2196 
On a Cavity Resonator of High Quality for 

the Fundamental Frequency —K. F. Niessen. 
(Appi. Sci. Res., vol. B1, no. I, pp. 18-34; 
1947.) Q is evaluated for a cavity resonator 
whose cross section is a parallelogram which 
can be divided into two isosceles right-angled 
triangles. Such a resonator can be used in a 
triode oscillator to prevent the occurrence of 
unwanted If modes. 

621.396.611.4  2197 
Coupling Cavity Resonators through a 

Small Aperture —V.  V.  Vladimirski.  (Zh. 
Tekh. Fiz., vol. 17, pp. 1277-1282; November, 
1947. In Russian.) The resonators have slightly 
different resonant frequencies. A system of 
equations (18) is derived from which the fre-
quencies of the oscillations in each resonator 
and also the ratio of their amplitudes can be de-
termined. 

621.396.611.4:621.3.09  2198 
The Propagation of Radio Waves along a 

Chain of Cylindrical Cavity Resonators —V. V. 
Vladimirski. (Zh. Tekh. Fiz., vol. 17, pp. 1269-
1276; November, 1947. In Russian.) Formulas 
(39) and (40) are derived for determining the 
phase and group velocities of an em wave, the 
resonators being coupled through small aper-
tures. 

621.396.611.4.029.63  2199 
Simplified Oscillators for 2300 Mc —A. R. 

Koch. (QST, vol. 32, pp. 11-14; February, 
1948.) Detailed construction of a 3X/4 cavity 
resonator with output coupling loop, and of a 
X/2 resonator with a capacitance-probe output 
connection. 

621.396.615  2200 
The Theory of an Oscillator coupled to a 

Long Feeder, with Applications to Experimen-
tal Results for the Magnetron —C. Domb. 
(Proc. Phys. Soc., vol. 59, pp. 958-972; No-
vember, 1947.) Two cases are considered: (a) 
the static case when the feeder is short enough 
for the time of travel of the wave to and fro 
along it to be small compared with the time of 
rise of the oscillation. The frequency and ampli-
tude of a steady solution are first obtained; the 
initial rise of oscillations and the effect of 
antenna coupling circuits are deduced. The 
theory is compared with recent experimental 
frequency versus power curves. (b) the dynamic 
case when the feeder is long enough for the 
propagation time to be of importance. The 
steady solutions are shown to be the same as in 
case (a) and approximations are deduced which 
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are useful when the AM is small and the initial 
FM, before the oscillator settles down, is of 
prime importance. 

621.396.615  2201 
Oscillator with External Limitation of Am-

plitude —N. F. Vollerner. (Radiotekhnika (Mos-
cow), vol. 2, pp. 34-41; May and June, 1947. In 
Russian, with English summary.) General de-
scription, with method of plotting the voltage 
wave form for continuous oscillations when op-
erating on the linear portion of the tube char-
acteristic with a linear limiter. 

621.396.615  2202 
Tests of the 6L6 as Oscillator, Frequency 

Multiplier, and Amplifier —L. Liot. (Tiles. 
Franc., Supplement Electronique, pp. 16-18, 
20; March, 1948.) The differences between the 
6L6 (metal tube), 6L6G (glass tube), and 
6L6GX (glass tube with steatite base) are out-
lined and circuits are given, using 6L6G, for 
three types of crystal oscillator, simple fre-
quency multiplier and push-push doubler, and 
a class-C amplifier. 

621.396.615.12  2203 
Single-Valve A.F. Oscillator —K. C. John-

son. (Wireless World, vol. 54, pp. 82-84; 
March, 1948.) A simple RC circuit comprises a 
modified parallel-T phase-shift network and a 
double-triode amplifier which automatically 
limits amplitude of oscillation. Frequency 
coverage 35 to 16,000 cps in two ranges. Output 
3 v/rms, constant within 10 per cent. 

621.396.615.17  2204 
Producing High-Frequency Pulses —R. D. 

Carman. (Wireless Eng., vol. 25, p. 164; May, 
1948.) The method involves the use of a class-C 
amplifying tube which passes current only at 
the positive peaks of the excursions of the grid 
voltage. These peaks appear as pulses in the 
output. A pulse recurrence frequency of 5 Mc 
has thus been obtained. Still higher frequencies 
should be possible with a suitably designed load 
impedance. 

621.396.619  2205 
"Lagrangean" Formulae for the Direct Cal-

culation of Harmonic Output and of Inter-
modulation Products—A. Bloch. (Phil. Mag., 
vol. 37, pp. 694-700; October, 1946.) The use 
of interpolation formulas to determine the 
anode current of a tube when the grid voltage 
varies sinusoidally. For earlier work see 2163 
and 2852 of 1946; see also 3872 of 1940 (Espley). 

621.396.645  2206 
Cathode-Follower Gate Circuit —J. Kur-

shan. (Rev. Sci. Instr., vol. 18, pp. 647-649; 
September, 1947.) A double triode is operated 
as a cathode follower, the signal being applied 
to one grid and the gating pulse to the other. 
Leakage is low and practically independent of 
pulse amplitude. Possible applications sug-
gested include coincidence counters and the 
separation of synchronizing signals in tele-
vision reception. 

621.396.645  2207 
Some Designs and Applications for Pack-

aged Amplifiers using Subminiature Tubes — 
B. Chance, J. N. Thurston, and P. L. Richman. 
(Rev. Sci. Instr., vol. 18, pp. 610-616; Septem-
ber, 1947.) Design and construction details are 
given for both dc and ac amplifiers. Applica-
tions to control and measurement circuits are 
considered, and ways in which the use of such 
amplifiers can save time in the construction and 
repair of electronic apparatus are discussed. 

621.396.645  2208 
Utility Amplifier Unit —T. A. Patterson, Jr. 

(Radio News, vol. 39, pp. 42-43; January, 
1948.) Circuit and component values for a 
3-stage high-fidelity audio amplifier. 

621.396.645  2209 
Some  Characteristics of a Delay-Line 

Coupled Wide-Band Pulse Amplifier —H. G. 

Rudenberg. (Phys. Rev., vol. 73, p. 543; March 
I, 1948.) Summary of Amer. Phys. Soc. paper. 
A number of tubes may be used in parallel, the 
control grids being coupled to the nodes of one 
artificial delay line and the anodes similarly 
coupled to a second identical line. A stage gain 
of 2.7 permits optimum use of tubes. A band-
width of over 40 Mc has been obtained with a 
single stage using six tubes, each having a 30-pF 
capacitance shunting the electrodes. 

621.396.645.012.2  2210 
Circle Diagrams for Cathode Followers— 

J. M. Diamond. (Paoc. I.R.E., vol. 36, pp. 416-
420; March, 1948.) Universal circle diagrams 
are developed which determine the gain, input 
admittance, and output impedance. The varia-
bles are transconductance and the components 
of the cathode load. The Colpitts oscillator is 
considered as a cathode follower, and is 
analyzed both algebraically and with the aid of 
circle diagrams. 

621.396.645.36  2211 
Push-Pull Input Circuits: Part 3—Phase 

Reversers — W. T. Cocking. (Wireless World, 
vol. 54, pp. 85-87; March, 1948.) A compre-
hensive account of two typical phase-reversal 
circuits. Expressions are derived for the un-
balance in amplitude and phase-shift of the 
output voltages, for each circuit. Phase unbal-
ance up to 12 per cent in the af range is an 
undesirable feature in both cases. Parts 1 and 2, 
1325 of June. Parts 4 and 5, 2212 below. 

621.396.645.36  2212 
Push-Pull Input Circuits: Parts 4 and 5— 

W. T. Cocking. (Wireless World, vol. 54, pp. 
126-130 and 183-186; April and May, 1948.) 
Part 4. The basic circuit of the anode-

follower phase reverser is discussed and vari-
ants are considered. Formulas are derived for 
the unbalance at high, medium, and low fre-
quencies. The advantages of this type of 
circuit are outlined. 

Part 5. In cathode coupling, the input sig-
nal is applied to the grid of one triode and a 
second triode is driven from the first by means 
of a common cathode resistor. The output 
signals from the two anodes are out of phase 
and can be ma‘le nearly equal in magnitude. 
Unbalance effects are again analyzed. Part 3, 
2211 above. Parts I and 2, 1325 of June. 

621.396.645.371  2213 
Multi-Channel Radio-Frequency Amplifiers 

—R. F. J. Jarvis and R. A. Brockbank. (Jour. 
I EE (London), part W A, vol. 94, no. 12, pp. 
389-397; 1947.) Discussion of war-time de-
velopments in wide-band feedback amplifier 
design. With existing tubes, network per-
formance at frequencies up to 50 Mc is ap-
proaching the theoretical limit. A representa-
tive selection of amplifiers developed to meet 
urgent specific demands is described; these 
range from a highly stable (60-db feedback) 
100-mw repeater for speech channels on a coaxial 
cable, to a transmitter amplifier capable of 
feeding 12 simultaneous 40-w telegraph signals, 
in the frequency band 3 to 8 Mc or 8 to 15 Mc, 
direct into a rhombic antenna. The importance 
of Bode's analysis (4231 of 1940) of feedback 
amplifier networks is stressed. 

621.396.645.371  2214 
A Response-Compensated 6L6 Amplifier — 

(Radio and Electronics, Wellington, N.Z., vol. 2, 
pp. 8-12, 56; January 1, 1948.) A 5-stage am-
plifier incorporating two 6L6 tubes in class-A 
push-pull provides an output of 18.5 w with a 
peak input of 0.87 v. Over-all negative feed-
back gives a frequency response fiat within 
± 1 db from 20 to 10,000 cps. Independent 
high- and low-frequency boost is provided. 

621.396.662.3  2215 
A New Crystal Channel Filter —E. S. Willis. 

(Bell Lab. Rec., vol. 26, pp. 13-17; January, 
1948.) Details of the construction and per-
formance of an improved single-lattice filter of 

economical design for use with broad-band 
carrier systems. Glass-sealed crystal units are 
used in a bridge type of circuit. 

621.396.662.3.029.64  2216 
A Non-Reflecting Branching Filter for 

Microwaves — W. D. Lewis and L. C. Tillotson. 
(Bell Sys. Tech. Jour., vol. 27, pp. 83-95; 
January, 1948.) The branching filter is re-
quired in microwave repeater stations to pass 
each frequency band into an appropriate wave-
guide channel. High selectivity is unnecessary, 
but low loss and good impedance match are 
essential. The filter described diverts each un-
wanted frequency band into a resistive termi-
nation. This is achieved by an assembly of two 
waveguide "hybrids" and two reflection filters. 
N such assemblies constitute an N-channel 
branching network. 
The mechanical and electrical characteris-

tics of a satisfactory 5-channel system are de-
scribed. The over-all SWR is less than 0.6 db 
and insertion loss less than 1.0 db. Discrimi-
nation against other channels is at least 20 db. 

621.396.69+621.317.7+621.38  2217 
Physical  Society's  Exhibition —( Wireless 

Eng., vol. 25, pp. 157-162; May, 1948; Wire-
less World, vol. 54, pp. 174-179; May, 1948.) 
Short descriptions of some of the exhibits. 

621.396.69:06.064  2218 
Progress in Components. Review of the 

R.C.M.F. [Radio Component Manufacturers' 
Federation] Exhibition —( Wireless World. vol. 
54, pp. 131-137; April, 1948.) A survey of pro-
ductions in the main categories, with a list of 
exhibitors and their addresses. For other ac-
counts see Electronic Eng. (London), vol. 20, 
pp. 114-117; April, 1948 and 1896 of August. 

621.396.822  2219 
Statistical Properties of a Sine Wave plus 

Random Noise —S. 0. Rice. (Bell Sys. Tech. 
Jour., vol. 27, pp. 109-157; January, 1948.) An 
extension of part of an earlier paper (440, 2168, 
and 2169 of 1945). The current may be written 
/ R cos(qt+ 0). The probability density of I 
and the time derivative (/' of the phase angle 
0, the crossings of I, R, 0, and 0' and the corre-
lation function and power spectrum of 0' are 
investigated. 

"It is believed that some of the material 
presented here may find a use in the study of 
the effect of noise in frequency-modulation 
systems." 

621.396.822  2220 
Noise in Resistances and Electron Streams 

—J. R. Pierce. (Bell Sys. Tech. Jour., vol. 27, 
pp. 158-174; January, 1948.) The following 
aspects of noise are discussed in terms of simple 
physical pictures, using nonrigorous mathe-
matics: (a) Johnson noise in resistors; (b) shot 
noise, for which an expression is derived by a 
new method; (c) noise produced by bunching in 
electron multipliers; (d) reduction of noise in 
diodes due to space charge; (e) noise in ttiodes 
and pentodes. 

621.314  2221 
Electronic Transformers and Circuits [Book 

Reviewl—R. Lee. John Wiley and Sons, New 
York, N.Y., 1947, 282 pp., $4.50. (Pa m. I.R.E., 
vol. 36, p. 383; March, 1948.) "A detailed, 
meticulous exposition of the design of trans-
formers for electronic circuits." 

621.392+621.385  2222 
Electronic Circuits and Tubes [Book Re-

view) —War Training Staff of the Cruft Labora-
tory, Harvard University. McGraw Hill Pub-
lishing Co., London, England, 948 pp., 45s. 
(Wireless World, vol. 54, pp. 151-152; April, 
1948.) "A number of different authors are re-
sponsible for different chapters.... Some 
chapters are extremely detailed and very 
thorough, others are much more elementary 
and of a rather superficial character." 
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GENERAL PHYSICS 

530.145  2223 
The Theory of Radiation Damping —J. 

Hamilton. (Proc. Phys. Soc., vol. 59, pp. 917-
940; November, 1947.) An attempt to get a 
better understanding of the quantum theory of 
radiation damping developed by Weisskopf and 
Wigner, Heitler and Peng, and Wilson. By con-
sidering the emission from an atom enclosed in 
a cubical box with perfectly reflecting walls, 
and the scattering of a photon or a meson by 
electrons or nucleons inside a similar box, the 
emission and scattering problems are solved for 
the discrete energy level case, subject to certain 
limitations. The addition of some physically 
unimportant states to the equations of the 
emission problem reduces the divergence diffi-
culties in the radiation theory of the phenome-
non. In general, however, it seems impossible to 
use the discrete energy method to investigate 
whether or not the divergencies in radiation 
theory are purely mathematical difficulties due 
to the neglect of higher-order processes. 

537.291  2224 
On Using the Energy of Electrons moving in 

H.F. Uniform Electric Fields —Neiman. (See 
2407.) 

537.525.3  2225 
Positive and Negative Point to Plane 

Corona —L. B. Loeb and W. N. English. 
(Phys. Rev., vol. 73, p. 532; March 1, 1948.) 
Summary of Amer. Phys. Soc. paper. A com-
parison of positive and negative corona in air 
in the pressure range 205 to 760 mm Hg. Mini-
mum corona voltages are slightly higher for a 
negative point; the two cases differ slightly in 
the form of the variation with pressure. Pre-
liminary experiments with nonmetallic points 
gave unexpected results. 

537.527:536.2  2226 
Influence of Cooling Conditions on High-

Pressure Discharges— W. Elenbaas. (Philips 
Res. Rep., vol. 2, pp. 161-170; June, 1947.) A 
detailed theoretical discussion for discharges in 
closed tubes and in free air. Experimental re-
sults for tube discharges confirm the theory. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

522/523  2227 
Recent Developments in Astronomy —M. 

W. Ovenden. (Jour. Brit. Interplanetary Soc., 
vol. 7, pp. 70-91; March, 1948.) A review of 
observation results and modern theories. 

523.72.029.6:523.746:621.396.822  2228 
Solar Radio Emissions and Sunspots —I. L. 

Thomsen: M. Ryle. (Nature (London), vol. 
161, pp. 134-136; January 24, 1948.) The ratio 
of the equivalent source temperatures deduced 
from radiation measurements on 80 Mc and 175 
Mc by Ryle and Vonberg (96 of February) Is 
correlated with sunspot records. There is good 
general agreement and it is suggested that the 
emission from the undisturbed sun gives an 
equivalent temperature proportional to a 
lower power than V. 
Ryle points out that the mean ratio of mini-

mum equivalent temperatures obtained for the 
above frequencies during the past 11 months is 
about 2.2. Further evidence of periodicities in 
the ratio 7'80/ Tin has been obtained. 

523.72.029.6:621.396.822  2229 
On the Conditions of Escape of Microwaves 

of Radio-Frequency Range from the Sun —M. 
N. Saha, B. K. Banerjea, and U. C. Guha. 
(Indian Jour. Phys., vol. 21, pp. 199-221; 
October, 1947.) The conditions governing solar 
emission are discussed with reference to mag-
neto-ionic theories of propagation of radio 
waves through an ionized atmosphere tra-
versed by a magnetic field. The magnetic field 
of the spots enables the e-component of the 
waves to escape from deeper layers of the solar 
atmosphere, and this explains emission of rf 

energy by the spot regions themselves. The 
theories give a general explanation of circular 
polarization, and of the sudden intensification 
of emission with the occurrence of flares. See 
also 1626 of July (Denisse). 

523.72.029.64: 621.396.822  2230 
Emission of Enhanced Microwave Solar 

Radiation —R. G. Giovanelli. (Nature (Lon-
don), vol. 161, pp. 133-134; January 24, 1948.) 
Outline of a theory assuming emission of radia-
tion by spiralling electrons. The theory is simi-
lar to that given by Kiepenheuer, but involves a 
different origin for the energy. The mechanism 
whereby electrons may gain energies much 
greater than thermal, and the resulting inten-
sity of the radiation received at the earth, are 
considered. 

523.746  2231 
Alfven's Theory of Sunspots—T. G. Cow-

ling. (Mon. Not. R. Astr. Soc., vol. 106, no. 5, 
pp. 446-456; 1946.) Alfven's theory (3469 of 
1945) is shown to be internally inconsistent, or 
inconsistent with observation, at many points. 
See also 3470 and 3796 of 1945 (Walen). 

523.746.5:519.24  2232 
New Statistical Method of predicting Sun-

spots aids Radio Propagation Forecasts — 
(Jour. Frank. Inst., vol. 244, pp. 481-487; De-
cember, 1947.) The method is based on data for 
a number of previous 11-year cycles. The im-
portance of sunspot number in radio propaga-
tion is emphasized. The method is probably 
applicable to a wide variety of cyclical phe-
nomena, such as long-term weather variations 
and climatic changes. 

537.591  2233 
New Italian Cosmic Ray Laboratory — 

(Nature (London), vol. 161, p. 254; February 
14, 1948.) Some details of the situation, equip-
ment, and program of work of a laboratory at a 
height of 11,500 ft on the upper slopes of 
Monte Rosa. It was opened in January. 

550.384:523.745  2234 
Geomagnetic "Crochet" Occurrence at 

Abinger 1936-1946 and Allied Solar and Radio 
Data —H. W. Newton. (Mon. Not. R. Asir. 
Soc., Geophys. Supplement, vol. 5, pp. 200-215; 
January, 1948; summary in Mon. Not. R. 
Asir. Soc., vol. 106, no. 5, p. 465; 1946.) An in-
vestigation of ultra-violet solar radiation ef-
fects and their relation to solar flares and radio 
fade-outs. Diurnal and seasonal factors are dis-
cussed. Some "crochets" in 1946 have coincided 
with reported bursts of solar noise. 

550.384: 523.746  2235 
"Sudden Commencements" in the Green-

wich Magnetic Records (1879-1944) and Re-
lated Sunspot Data —H. W. Newton. (Mon. 
Not. R. Asir. Soc., Geophys. Supplement, vol. 5. 
pp. 159-185; January, 1948; summary in Mon, 
Not. R. Asir. Soc., vol. 106, no. 5, p. 464; 
1946.) The average amplitude, direction of im-
pulse, and hourly and monthly frequencies of 
"sudden commencements" (SC) are derived 
from 681 cases identified from the Greenwich 
magnetograms over six sunspot cycles. 
The relation of SC occurrence to the sun-

spot cycle and to individual sunspots is investi-
gated. A sample comparison of SC pulses on 
magnetograms for Abinger and Lerwick shows 
remarkable similarity between the records of 
these stations during inactive periods. 

551.5: 621.396  2236 
Meteorology and Radio —A. Perlat. (Onde 

Elec., vol. 28, pp. 44-54; February, 1948.) Ap-
plications of radio to modern meteorology are 
reviewed, well known types of apparatus being 
merely mentioned, and the effect of meteoro-
logical conditions in the lower atmosphere on 
usw propagation is discussed. 

551.510.52:621.396.812.029.64  2237 
Radar Reflections from the Lower Atmos-

phere— M. W. Baldwin, Jr. (Pgoc. I.R.E., vol. 

36, p. 363; March, 1948.) Comment on 722 of 
March (Gould). See also 2769 of 1947 (Friis). 

551.510.535  2238 
Experimental Determination of the [iono-

spheric] Gyrofrequency —S. L. Seaton. (Sci-
ence, vol. 106, pp. 496-497; November 21, 
1947.) Vertical-incidence records made in 
Alaska indicate that both the longitudinal and 
transverse modes of propagation predicted by 
magneto-ionic theory occur simultaneously. 
The theory is used to calculate the gyrofre-
quency at heights corresponding to the spo-
radic-E, F1, and F2 regions. Above 200 km, 
agreement with the inverse-cube law is good for 
the longitudinal mode, but the transverse mode 
gives values consistently 0.08 Mc too high. Be-
tween 110 km and 160 km, the observed values 
of gyrofrequency are too high, and the change 
of gyrofrequency with height is greater than 
that predicted by the inverse-cube law. This is 
possibly due to currents flowing in the lowest 
100 km. 

551.510.535  2239 
Variation of Electronic Density in the 

Ionosphere with Latitude —S. S. Banerjee and 
R. N. Singh. (Sci. Culture, vol. 13, p. 295; Jan-
uary, 1948.) Monthly ionospheric observations 
show that noon electron densities in the F2 layer 
decrease near the equator; this is attributed in 
part to the increased temperature of the iono-
sphere in the equatorial region. 

551.510.535  2240 
An Improved Ionospheric Height Recorder 

—H. A. Thomas and R. G. Chalmers. (Jour. 
IEE (London), part III, vol. 95, pp. 7-13; 
January, 1948.) "The system comprises a 
transmitter, which scans a wide frequency 
range some twenty-five times per second, and a 
receiver which is tuned slowly through the 
same range. Each time the frequency of the 
transmitter passes through the pass-band of the 
receiver, a pulse is produced which is displayed 
on an oscillograph, together with other pulses 
produced by waves reflected from the iono-
sphere. The advantages of this technique are 
enumerated." A photographic record, covering 
the range 2 to 16 Mc, may be obtained auto-
matically in a few seconds. The equipment has 
been designed with a view to duplication, and is 
semiportable. 

551.510.535: 523.5: 621.396.11.029.62  2241 
Reflections of Very-High-Frequency Radio 

Waves from Meteoric Ionization —Allen. (See 
2328.) 

551.510.535: 551.594.5  2242 
On the First Observations of the Night 

Ionized Layer lying above the F2 Layer—A. N. 
Kazantsev. (Comp,. Rend. Acad. Sci. (URSS), 
vol. 59, pp. 479-482; January 21, 1948. In Rus-
sian.) An ionospheric layer lying above the F2 
layer (at a height of 430 km) and possessing 
lower critical frequencies was observed in 1933 
to 1937. See also 2243 below. 

551.510.535: 551.594.5  2243 
Ionospheric Disturbances of a Special Type-

N. V. Mednikova. (Compt. Rend. Acad. Sci. 
(URSS), vol. 59, pp. 475-478; January 21, 
1948. In Russian.) An aurora was observed 
near Moscow on February 16, 1947, a compara-
tively rare phenomenon. Observations of the 
ionosphere carried out at the time showed the 
appearance of an additional layer above the F2 
layer. See also 2242 above. 

551.594.5  2244 
Interpretation of Radio Echoes from Polar 

Auroras —N. Herlofson. (Nature (London), 
vol. 160, pp. 867-868; December 20, 1947.) The 
results obtained by Lovell, Clegg, and Ellyett 
(422 of March) are used to show that the 
electron density of the aurora must lie between 
2.6 X107 and 4X10 electrons/cm3 if the re-
flecting surface is assumed to be plane. For a 
diffuse boundary, the reflection coefficient is re-
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duced by a factor of the order of 104 when the 
electron density is near the upper limit. The 
aurora boundaries would appear to be sharp to 
within a few meters. 

551.594.5(47)  2245 
Aurora in Southern Siberia —I. V. Zykov. 

(Priroda, no. 3, pp. 49-50; 1947. In Russian.) 
During the night of September 28-29, 1946, an 
aurora was clearly seen in the Kuzbass region 
(55°30'N, 87°40'E). Auroras are rarely ob-
served at such low latitudes and, therefore, a 
detailed description is given. It was accom-
panied by a sharp change from rainy to anti-
cyclonic weather, with high pressure and night 
temperature below freezing point. 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.93:621.396.677  2246 
Recent Advances in Aerial Balancing Tech-

nique and Radiogoniometer Design in Relation 
to High Frequency Direction Finders—S. A. W. 
Jolliffe and D. Watson. (Marconi Rev., vol. 10, 
pp. 142-156; October to December, 1947.) The 
causes of instrumental error in the antenna and 
radiogoniometer system of an adcock df system 
are considered. A method of balancing such a 
system without introducing spurious effects due 
to bad siting of a local transmitter is described, 
and this method is compared with other tech-
niques. A FM field transmitter for speedy and 
accurate calibration of wide-band hf direction 
finders is described. "Errors in the radiogoniom-
eter due to the "vector sum" component of 
the voltage induced in the antennas are con-
sidered. Methods of reducing coupling law 
errors are given, and a balanced potentiometer 
which produces accurate voltage ratios for 
error curve tests is described." 

621.396.932  2247 
The Second International Meeting on Radio 

Aids to Marine Navigation: New York and New 
London —R. B. Michell. (Jour. Inst. Nov., vol. 
1, pp. 69-75; January, 1948.) A summary of the 
main items discussed at the conference. The 
conclusions and recommendations adopted are 
given in an appendix. First conference noted in 
3135 of 1947 and 112 of February. 

621.396.932  2248 
Douglas Harbour Radar —( Wireless World, 

vol. 54, p. 130; April, 1948.) A 3-cm radar sys-
tem for control of shipping passing in and out 
of the harbor has been installed. The transmit-
ter and receiver are housed at the base of a 60-
ft tower at the harbor mouth, and a PPI dis-
play unit is fitted in the harbor master's con-
trol room. Ranges of 3, 1.2, and 0.8 miles are 
provided. See also Engineer (London), vol. 185, 
p. 240; March 5, 1948.) 

621.396.933  2249 
New Radio Aids to Aerial Navigation —J. 

Fagot. (Onde Elec., vol. 28, pp. 3-12 and 70-76; 
January and February, 1948.) A short descrip-
tion of the principles of operation of equipment 
demonstrated at Indianapolis in October, 1946, 
prior to the P.I.C.A.O. conference in Montreal. 

621.396.933  2250 
Radio Aids to Navigation —R. Watson-

Watt. (Jour. Inst. Nov., vol. 1, pp. 15-21; 
January, 1948.) A brief survey of the principles 
and limitations of existing aids and a discussion 
of probable future developments. It is sug-
gested that the main impediment to the rapid 
development of satisfactory aids is lack of gen-
eral understanding of their importance. 

621.396.933:526.918.5  2251 
Shoran for Surveying —W. F. Kroemmel-

bein. (Electronics, vol. 21, pp. 112-117; March, 
1948.) Operation principles, circuits, and ap-
plication techniques. 

621.396.933.24  2252 
Consol —A. H. Jessell. (Jour. Inst. Nov., 

vol. 1, pp. 29-39; January, 1948.) A navigation 

aid consisting of a mf beacon radiating a pat-
tern of dots and dashes which changes at regu-
lar intervals. By listening to this pattern, a 
navigator can determine his position to a much 
greater accuracy than with a df loop. The oper-
ation of the beacon and the method used to 
determine its bearing from the receiving point 
are described. For another account see 2912 of 
1946. 

621.396.96: 531.381  2253 
A Problem in Dynamic Balancing of Scan-

ners for Radar —C. Fox. (Phil. Mag. vol. 37, 
pp. 830-842; December, 1946.) Theoretical 
conditions for dynamic balancing with spiral 
scanning are deduced, and practical arrange-
ments fulfilling these conditions are described. 

621.396.96:551.594.6  2254 
Radar and Weather—B. A. Shlyamin. 

(Priroda, no. 3, pp. 50-52; 1947. In Russian.) 
The use of 3-cm radar for locating distant 
storms, warm and occluded fronts, and ty-
phoons is considered. Typical images obtained 
and possible practical applications are dis-
cussed. 

621.396.933  2255 
Radar Aids to Navigation [Book Review] - 

J. S. Hall, L. A. Turner, and R. M. \\lamer 
(Eds). McGraw-Hill Book Co., New York, 
N. Y., 1947, 382 pp., $7.50. (Paoc. I.R.E., vol. 
36, p. 383; March, 1948.) "Should be of par-
ticular interest to those who deal with naviga-
gational problems and who were not closely as-
sociated with the wartime developments." 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5  2256 
Vacuum Pumping Equipment and Systems 

—H. M. Sullivan. (Rev. Sci. Instr.,-vol. 19, pp. 
1-15; January, 1948.) "Typical rotary mechani-
cal pumps, booster pumps, and diffusion pumps 
available today are described. Fundamental 
operating principles are discussed. The method 
for making theoretical computations of the 
conductance and speed of evacuation of a 
vacuum system is outlined." 

533.5  2257 
Diffusion Pumps: A Critical Discussion 

of Existing Theories —D. G. Avery and R. 
Witty. (Proc. Phys. Soc., vol. 59, pp. 1016-
1030; November, 1947.) The original work of 
Gaede and others on diffusion pumps is de-
scribed briefly. A critical discussion of this 
work leads to the formulation of a more com-
plete theory of the action of the diffusion pump, 
and this is used to explain the practical charac-
teristics of a simple form of modern diffusion 
pump. 

535.37  2258 
Fluorescence of Silicate Phosphors—K. H. 

Butler. (Jour. opt. Soc. Amer., vol. 37, pp. 566-
571; July, 1947.) A theory relating this fluores-
cence to the energy levels of the activator ions, 
and giving a better explanation of several phe-
nomena than the impurity theory. 

535.37  2259 
Luminescence of Solid Solutions of fhe 

System CaMo04-PbMoOt and of Some Other 
Systems—F. A. Kroger. (Philips Res. Rep., 
vol. 2, pp. 183-189; June, 1947.) "The systems 
(Ca, Sr) W04, (Ca, Sr) Mo04, and (Ca, Mg) W06 
are shown to behave as (Zn, Mg) W04 whereas 
(Ca, Pb) Mo04 behaves as (Ca, Pb) W04." See 
also 2260 below. 

535.37: 541.123.6  2260 
Photoluminescence In the Quaternary Sys-

tem  Mg W04-ZnW04-MgMo04-ZnMo04—F. 
A. Kroger. (Philips Res. Rep., vol. 2, pp.177-
182; June, 1947.) Fluorescence and absorption 
are discussed for the four different crystal 
structures of this system. See also 2259 above. 

535.37:621.327.43  2261 
On the Quantum Output of the Lumines-

cence of Certain Silicates, Tungstates, and 
Borates —D. A. Shklover. (Zh. Tekh. Fiz., vol. 
17, pp. 1239-1252; November, 1947. In Rus-
sian.) An experimental investigation to deter-
mine the luminescent outputs of the main 
lurninophores used in fluorescent lamps. The 
luminophores were excited by the 2537-A 
resonance line of mercury. The spectral energy 
distribution and the absorption coefficients for 
ultra-violet and visible radiations were also 
measured. 

546.431.82: 621.315.61  2262 
The Effective Permittivity of Two-Phase 

Systems —D. F. Rushman and M. A. Strivens. 
(Proc. Phys. Soc., vol. 59, pp. 1011-1016; No-
vember, 1947.) The preparation of samples of 
BaTiO3 of varying porosity and measurements 
of their effective permittivity are discussed. 
The results are explained in terms of Wiener's 
mixture law. 

546.431.82:621.317.3.011.5  2263 
Dielectric Residual Effects in Titanates—J. 

R. Partington, G. V. Planer, and I. I. Boswell. 
(Nature (London.) vol. 160, pp. 877-878; De-
cember 20, 1947.) A study of the changes with 
time in permittivity and dielectric loss after a 
high, unidirectional electric field had been ap-
plied to BaTiOs and related compounds having 
structures of the perovskite type. Within the 
temperature range corresponding to a distorted 
perovskite structure, a temporary increase in 
permittivity was obtained, while in the region 
of a cubic structure, a temporary decrease was 
generally observed. 

621.315.591t  2264 
The Physics of Electronic Semiconductors— 

G. L. Pearson. (Bell Sys. Tech. Publ. Monogr., 
13-1475, 6 pp.) The band theory of solids is. 
used to explain the following properties of 
electronic semiconductors: (a) dependence of 
specific resistance on impurity content; (b) 
negative temperature coefficient; (c) sign of the 
Hall and thermoelectric effects; (d) direction of 
rectification. The specific resistivity and the 
Hall coefficient are measured for Si, and the 
results used to calculate the density, mobility, 
and mean free path of the electron carriers, as 
a function of temperature and impurity. 

621.315.591.5f  2265 
Semi-Conductors with Large Negative Tem-

perature Coefficient of Resistance —E. J. W. 
Verwey, P. W. Haayman, and F. C. Romeyn. 
(Philips Tech. Rev., vol. 9, no. 8, pp. 239-248; 
1947 and 1948.) Crystals of Fe304 are mixed 
with certain substances of the same crystal 
structure. The advantages of the resulting 
semiconductors over the normal resistor ma-
terials are (a) better manufacturing tolerances; 
(b) much more stable electrical properties; 
(c) high absolute value of temperature coeffi-
cient, about 10 times that of a metal. Practical 
applications include limitation of surge current, 
voltage stabilization, and resistance thermom-
etry. A detailed account is given of the phy-
sico-chemical theory underlying the develop-
ment of these new materials. 

621.315.591.5t: 537.32  2266 
Thermoelectric Power of Cadmium Oxide 

—J. P. Andrews. (Proc. Phys. Soc., vol. 59, 
pp. 990-996; November, 1947. Discussion, pp. 
996-998.) Discussion of measurements of the 
thermoelectric emf of the semiconductor CdO 
against Pt in the temperature range —110°C 
to 800°c. 

621.315.616.: 621.317.3.011.5  2267 
The Intrinsic Electric Strength of Poly-

thene and Its Variation with Temperature — 
W. G. Oakes (Jour. IEE (London), part I, 
vol. 95, pp. 36-44; January, 1948.) A system-
atic investigation of all the factors affecting 
electric strength measurement, leading to the 
development of a method giving reliable re-
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suits. The dc strength of polythene is substan-
tially independent of specimen thickness up 
to 0.008 inch. At 25°C, the value is about 17 
my inch and changes only slightly down to 
—200°C. Above 25°C, it falls steadily to about 
2 my inch at the melting point (about 115°C). 
At power frequencies, the ac strength decreases 
with increasing specimen thickness and time 
of application of voltage, and ac values are 
lower than dc values at corresponding tempera-
tures. Possible explanations of the differences 
between ac and dc breakdown are suggested. 

621.383:535.215.1:546.682  2268 
The Photoelectric Properties of Sulphides 

and Selenides of Indium —In 1388 of June 
please alter the first author's name to Kolo-
miets. 

548: 517.512.2  2269 
Fourier Transforms and Structure Factors 

[Book Review[ —D. Wrinch. Asxred Mono-
graph No. 2, 1946, 96 pp., $4.00. (Proc. Phys. 
Soc., vol. 59, pp. 1044-1045; November, 1947.) 
It is shown how the structure factor of a par-
ticular atomic grouping may be combined with 
those of other atomic groupings to determine 
the structure factor of a crystal as a whole. It 
is easier to work with the "transform" of a dis-
tribution (the structure factor per effective 
electron) than with the structure factor itself. 

MATHEMATICS 

517.512.2: 621.396.67  2270 
Fourier Transforms in Aerial Theory: Part 

5—Fourier Approximation Curves —J. F. Ram-
say. (Marconi Rev., vol. 10, pp. 157-165; 
October to December, 1947.) A study is made 
of a beam having a sharp and a blunt side. This 
asymmetrical pattern is partitioned into its 
even and odd components, each of which have 
Fourier approximations. The aperture excita-
tions, in the form of "mutilated" functions, 
are determined to provide these approxima-
tions. One aperture has a real even distribution, 
the other an imaginary (i.e., quadrature) odd 
distribution. These together provide the com-
plex distribution necessary for the production 
of the asymmetrical pattern. The approxima-
tion pattern is also obtained without resorting 
to a partition by the use of the Dirichlet type 
of integral. A second example is concerned 
with the Fourier approximations to the "lobe-
less" Gaussian radiation pattern. Part 4, 1068 
of May. 

518.5 : 517.2/.3  2271 
Errors of Electrical Differentiation and Inte-

gration Arrangements —C). Heymann. (Fre-
quenz, vol. 2, pp. 1-5; January, 1948.) Discus-
sion of simple circuits comprising resistors and 
capacitors which can be used for differentiation 
or integration. The conditions under which 
such circuits give accurate results are deter-
mined. A short derivation of the Fourier inte-
gral law and of the Laplace-Riemann transfor-
mation is given in an appendix. 

518.5: 621.318.572  2272 
High-Speed n-Scale Counters —Sharpless. 

(See 2186.) 

519.24:523.746.5  2273 
New Statistical Method of Predicting Sun-

spots aids Radio Propagation Forecasts. —(See 
2232.) 

51(075) : 621.396  2274 
Mathematics for Radio Engineers [Book 

Review] —L.  Mautner.  Pitman  Publishing 
Corp., New York, N. Y., 1947, 327 pp., $5.00 
(Electronics, vol. 21, pp. 266, 268; March, 1948.) 
"Penetrates further into the subject than books 
intended for technicians, but is less extensive 
than engineering texts used in colleges." See 
also 162 of 1947 (Colebrook). 

517.564.3  2275 
Applied Bessel Functions [Book Reviewl — 

F. E. Relton. Blackie and Son, London, Eng-

land, 1947, 191 pp., 17s. 6d. (Proc. Phys. Soc., 
vol. 59, pp. 1047-1048; November, 1947.) A 
book intended for the new physics or engineer-
ing graduate. "For anyone anxious to know 
something about Bessel functions there are 
books as good as this, but few could claim to be 
better." 

MEASUREMENTS AND TEST GEAR 

531.764.5  2276 
Crystal Clock for Accurate Time Signals — 

V. E. Heaton. (Instruments, vol. 20, pp. 618-
619; July, 1947.) A brief description of the con-
tinuous time-signal service provided by the 
National Bureau of Standards. 

621.3.018.41 (083.74)+621.317.76  2277 
A Standard of Frequency and Its Applica-

tions—C. F. Booth and F. J. M. Laver. (Jour. 
IEE (London), part III, vol. 95, p. 52; Jan-
uary, 1948.) Discussion on 2973 of 1946. 

621.316.726: 621.396.61  2278 
Frequency Composition in Naval Communi-

cation Transmitters —J. J. Hupert. (Jour. IEE 
(London), part IIIA, vol. 94, no. 12, pp. 405-
417; 1947.) A crystal-controlled frequency is 
mixed with the much lower frequency of an 
accurately calibrated variable oscillator. By 
using a variable oscillator covering a fixed range 
and by changing the crystal frequency in steps, 
a wide range of accurate resultant frequencies 
can be obtained. A full theory is given of the 
spurious frequencies which are inevitably pro-
duced by this system, and of methods by which 
they can be reduced. Application to standard 
naval equipment is described. 

621.317.2: 621.397.62  2279 
Television Receiver Laboratory —F.  R. 

Norton. (Electronics, vol. 21, pp. 86-89; March, 
1948.) Description of test facilities and equip-
ment, including power supplies and filtering, 
and the construction of a shielded room. 

621.317.3.011.5:621.315.616  2280 
The Intrinsic Electric Strength of Poly-

thene and Its Variation with Temperature — 
Oakes. (See 2267.) 

621.317.35: 621.396.619.16: 621.396.813  2281 
PCM Distortion Analysis —A. G. Clavier, 

P. F. Panter, and D. D. Grieg. (Elec. Eng. 
vol. 66, pp. 1110-1122; November, 1947.) Long 
summary of A.I.E.E. paper. Information is 
transmitted by a coded pulse system. In the 
system analyzed, the modulating signal is di-
vided into 31 levels, a five-unit binary number-
ing system being used to identify each ampli-
tude. 

In order to calculate the distortion intro-
duced when pulse code modulation is applied 
to a sine wave, the signal may be replaced by a 
step function. The application of pulse AM to 
this step function will give the same modulated 
waveform and degree of distortion. 
Fourier transformations are used in order 

to analyze pulse code modulation of signals 
consisting of continuous frequency bands, and 
to compute distortion and crosstalk. See also 
1161 of May and back references. 

621.317.372  2282 
Measurement of High-Q Cavities at 10,000 

Mc/s —R. W. Lange. (Bell Sys. Tech. Publ. 
Monogr., B-1474, 6 pp.) Known methods of 
measuring Q in resonant cavities together with 
their sources of error are discussed. For low 
values of Q and frequency, bandwidth methods 
are more accurate than decrement methods. 
For values of Q above 30,000 at frequencies 
above 3000 Mc, the reverse is true. Design 
features and performance are discussed for 
wide-range heterodyne decrement apparatus 
in which the accuracy is improved by observing 
the decay over a relatively long interval. 

621.317.7+621.38+621.396.69  2283 
Physical  Society's  Exhibition —( Wireless 

Eng., vol. 25, pp. 157-162; May, 1948. Wire-

less World, vol. 54, pp. 174-179; May, 1948.) 
Short descriptions of some of the exhibits. 

621.317.725  2284 
High-Frequency Crystal Voltmeter—B. F. 

Tyson. (Electronics, vol. 21, pp. 150, 154; 
March, 1948.) A probe type of instrument using 
a 1N28 crystal rectifier. Construction and cir-
cuit details are given. 

621.317.725  2285 
An Inverted Tetrode Voltmeter for High 

Negative Voltages—R. J. Schneeberger. (Rev. 
Sci. Instr., vol. 19, pp. 40-42; January, 1948.) 
By interchanging the normal functions of the 
grid and anode of a conventional tube, large 
negative potentials applied to the anode can 
be measured as a function of grid current. A 
tetrode operated in this manner, in a circuit 
with a large amount of grid-cathode degenera-
tion, makes possible an instrument possessing 
a high degree of stability and an imput imped-
ance of the order of 10,41. A nearly linear 
scale extends from zero to —30 kv. 

621.317.726.029.63  2286 
The Measurement of Peak Voltage at a 

Frequency of 600 Mc/s by means of a Modified 
Probe Circuit —G. W. Bowdler. (Jour. I EE 
(London), part III, vol. 95, pp. 25-30; January, 
1948.) A cascade doubler circuit, using two Si-
crystal rectifiers and a galvanometer, enables 
peak voltage to be measured, given the pulse 
repetition rate and wave form. When a tuned 
stub was used to compensate for the stray capac-
itance shunting the rectifiers, measurements 
were found to agree with values deduced from 
calorimetric methods. 

621.317.729  2287 
An Electric Field Meter for Use on Air-

planes —R. C. Waddel. (Rev. Sci. Instr., vol. 
19, pp. 31-35; January; 1948.) An instrument 
for measuring the magnitude and polarity of 
electric fields encountered in flight. A control 
box, containing the amplifier, range switch, 
and voltmeter, is connected by a cable to a 
measuring head mounted on the surface of the 
selected part of the aircraft. Power is derived 
from the aircraft's 28-v dc supply. The range 
$ to 4000 vi m is covered in four steps with 
linear scales. 

621.317.733  2288 
A.C. Bridges —"Cathode Ray." (Wireless 

World, vol. 54, pp. 139-142; April, 1948.) A 
simple explanation, in terms of vectors, of 
basic principles. 

621.317.738  2289 
Capacitance Meter with Quartz [resonance] 

Indicator —P. G. Bordoni and D. Sette. (Ri-
cerca Sci., vol. 17, pp. 1122-1127; July and 
August, 1947.) Long summary. Essentially a 
substitution method, the unknown capaci-
tance C. being measured by the difference in the 
resonance readings of a standard capacitor 
without and with C. in parallel. Full paper in 
Elettronica, vol. 2, pp. 171 ff.; 1947. 

621.317.755:621.396.61.001.4  2290 
Uses of the Cathode-Ray Oscillograph in 

Transmitter Adjustment and Control —S. 11. 
Coombs. (Oscillographer, vol. 8, pp. 1-11; 
May and June, 1946.) Oscillographic patterns 
which can be used for transmitter adjustment 
are: (a) audio sine-wave, for testing the af 
channel, (b) rf unmodulated wave pattern, for 
adjusting the rf channel, (c) Lissajous pattern, 
for neutralization indication and adjustment 
of frequency multiplier stages, (d) modulated-
wave pattern, for checking over-all perform-
ance and indicating sources of trouble, and (e) 
trapezoidal pattern, for monitoring modulation 
and checking performance. The theory of these 
patterns, circuits for producing them on the 
cro, and typical oscillograms due to common 
faults are discussed in detail. The Du Mont 
Type 213 A modulation monitor is also de-
scribed briefly. 
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621.317.76:621.396.619.13  2291 
F.M. Monitor has Pulse-Counter Discrim-

inator—C. A. Cady. (F M and Telev., vol. 7, 
pp. 18-21, 36; December, 1947.) Detailed de-
scription and circuit diagrams of a new General 
Radio frequency monitor for broadcasting and 
television sound transmitters, which gives 
continuous indications of the center-frequency 
deviation, modulation percentage, and over-
modulation peaks. An imput of only 1 v into a 
high impedance is required. 

621.317.761.029.4/.54  2292 
A Direct-Reading Frequency Meter for 

the Audio and Supersonic Ranges —H. J. Reich 
and R. L. Ungvary. (Rev. Sci. Instr., vol. 19, 
pp. 43-46; January, 1948.) An electronic meter 
operating in the range 20 cps to 200 kc. The 
accuracy of the instrument is determined by 
the accuracy of the indicating meter; the read-
ing is independent of wave form as long as the 
input wave does not cross the zero axis more 
than twice in its fundamental period. With a 
sinusoidal input, the voltage required for reli-
able operation is less than 0.03 v rms between 
the frequencies 900 cps and 200 kc. 

621.317.763  2293 
Direct-Reading Wavemeter Design--G. E. 

Feiker and H. R. Meahl. (Electronics, vol. 21, 
pp. 103-107; March, 1948.) Construction de-
tails of wavemeters for the range 2 to 75 cm 
(15,000 to 400 Mc) are given. These precision 
wavemeters are suitable for field service. Com-
parison is made with some British develop-
ments. The theory involved in obtaining a lin-
ear law is given for cavity devices of the finger-
contact and re-entrant line short-circuit types. 

621.317.79: 551.510.535  2294 
High-Power Ionosphere-Measuring Equip-

ment —P. G. Sulzer. (Paoc. IRE., vol. 36, 
pp. 389-394; March, 1948.) The transmitter 
has a peak power output of 100 kw from 1 to 8 
Mc, decreasing to 50 kw at 16 Mc. It gives 
pulses of duration 20 to 200 us. Special features 
are described of a transformer which reverses 
the polarity of a 9-kv square-topped negative 
pulse and provides various output voltages up 
to 14 kv. The receiver is a Hammarlund Super-
Pro, modified for pulse reception. Typical re-
sults obtained with the equipment are illus-
trated. 

621.317.79:621.315.2  2295 
Pulse Echo Measurements on Telephone 

and Television Facilities —L. G. Abraham, 
A. \V. Lebert, J. B. Maggio, and J. T. Schott. 
(Bell Sys. Tech. Publ. Monogr., B-1469, 8 pp.) 
A full description of two equipments. One is 
an improved pulse echo set for testing coaxial 
cables, with pulse rates of 56, 13, or 3.3 kc and 
pulse widths of 0.25 or 1.5 us. The other is a 
device called the "Lookator," built to locate 
faults in spiral-four field cables and open-wire 
lines. A pulse repetition rate of 220 cps is used 
and the echo time can be measured to within 
about 5 445. See also 429 of 1946 (Schott.) 

621.317.79:1621.396.615+621.396.619  2296 
Instrument for Intermodulation Measure-

ments —G. Daniel. (Electronics, vol. 21, pp. 
134, 150; March, 1948.) A signal generator in 
which two independent frequencies are pro-
duced and combined, and an analyzer in which 
the degree of modulation of the higher fre-
quency by the lower is determined. A detailed 
circuit diagram is given. 

621.317.79: 621.396.615  2297 
A New A M.-F. M. Signal Generator —J. 

Najork. (Radio News, vol. 39, pp. 49-51, 114; 
February, 1948.) Complete circuit details are 
given of a portable instrument for the align-
ment of AM and FM receivers. The rf oscil-
lator has a range from 100 kc to 150 Mc. The 
FM oscillator has center frequencies of 1, 20, 
and 50 Mc, with maximum frequency devia-
tions of ± 20, ± 300, ± 700 kc respectively. In 
addition, there is a variable frequency audio 
oscillator, and a 1-Mc crystal calibrator. 

621.317.79:621.396.621.54.001.4  2298 
The Testing of Communication-Type Radio 

Receivers —W. J. Bray and W. R. H. Lowry. 
(Jour. IEE (London), part IIIA, vol. 94, no. 
12, pp. 313-327; 1947.) Standard tests and 
equipment for determining the performance of 
superheterodyne receivers in the frequency 
range 30 kc to 30 Mc are described. Rf sensi-
tivity, af linearity, and distortion measure-
ments, the determination of the noise factor, 
cross modulation, blocking characteristics, and 
the performance of afc and agc systems are 
considered. The characteristics of a typical 
receiver are given to explain the method of 
presentation of the results. 

621.317.79:621.396.812.3  2299 
The Fading Machine, and Its Use for the 

Investigation of the Effects of Frequency-
Selective Fading — W. J. Bray, H. G. Lillicrap, 
and F. C. Owen. (Jour. IEE (London), part 
IIIA, vol. 94, no. 12, pp. 283-297; 1947.) An 
equipment to simulate the frequency-selective 
fading characteristics of long-distance sw radio 
channels. Three transmission paths are incor-
porated; the group time-delay differences be-
tween these may be varied in steps from 0 to 2 
ms. The phase differences between the paths 
may be varied manually or continuously at 
rates ranging from 0.1 to 10 fades/sec. Random 
noise may be included so as to synthesize a 
complete sw channel. The equipment may also 
be used to simulate diversity reception. 
Examples are given of the use of the equip-

ment to assess the relative merits of double-
sideband, single-sideband, and FM transmis-
sion systems with telephony or telegraphy mod-
ulation, under conditions of severe selective 
lading and high noise level. 

621.317.79.029.58  2300 
Standing- Wave Indicator for 3-22 Mc/s—. 

W. N. Baker. (Jour. I EE (London), part II IA, 
vol. 94, no. 12, pp. 328-330; 1947.) A midget 
diode rectifies the rf current induced in a 
shielded loop coupled to the feeder lines. An 
adjustable portion of the dc voltage from the 
diode is fed through 100 ft of cable to a dc 
amplifier operating a milliammeter. The equip-
ment is self-contained, battery-operated, and 
more robust than thermocouple or rectifier and 
microammeter types of instrument. 

621.396.615.17  2301 
A Portable Pulse Generator—E. W. Titter-

ton and V. L. Fitch. (Rev. Sci. Instr., vol. 18, 
pp. 639-643; September, 1947.) The generator 
provides either negative or positive rectangular 
pulses from a low-impedance source. The am-
plitude is variable from zero to 75 v at recur-
rence frequencies of 1 to 10,000 cps. The circuit 
may also be driven from an external signal 
generator. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

531.717.1:621.386  2302 
X-Ray Thickness Gage —(Electronics, vol. 

21, pp. 154, 168; March, 1948.) 

533.15:537.534  2303 
Electronics simulates Sense of Smell — 

W. C. White and J. J. Hickey. (Electronics, 
vol. 21, pp. 100-102; March, 1948.) The pres-
ence of halogen vapor compounds, such as 
freon or CCI4, increases the positive-ion emis-
sion from a incandescent Pt wire in air. This 
effect is used in a simple and readily portable 
leak detector. 

534.321.9.001.8  2304 
Coupling Ultrasonic Energy to a Load — 

S. Y. White. (Audio Eng., vol. 32, pp. 29-31, 
43; March, 1948.) Discussion of problems in-
volved in the practical application of ultra-
sonics. 

537.531:620.179.1  2305 
The Detection of Cracks by X-Rays and 

Gamma Rays—C. Croxson. (Electronic Eng. 
vol. 20, pp. 106-111; April, 1948.) 

539.16.08  2306 
Scale-of-Hundred Counting Unit —J, Rot-

blat, E. A. Sayle and D. G. A. Thomas. (Jour. 
Sci. Instr., vol. 25, pp. 33-37; February, 1948.) 
Two electronic scale-of-ten units, each having a 
resolving time of 3 us, are followed by a me-
chanical counter; rates up to 1000 impulses/sec 
can thus be recorded from counters or ioniza-
tion chambers. Each scale-of-ten unit consists 
of four schle-of-two units, the first three of 
which are standard. The fourth is modified so 
that it is triggered normally by the eighth pulse 
and then couples the first and second scale-of-
two units until restored to its initial state by 
the tenth pulse. 

539.16.08  2307 
A Direct-Reading Indicator for Electronic 

Counters —G. T. Baker. (Electronic Eng., vol. 
20, pp. 112-113; April, 1948.) Uses 4 scale-of-2 
circuits, with a small cr tube provided with a 
digit scale from 0 to 9. The working of the 
indicator is explained in detail. 

539.16.08  2308 
Some Discharge Characteristics of Geiger-

Willer Counters —H. V. Neher. (Phys. Rev., 
vol. 73, p. 533; March 1, 1948.) Summary of 
Amer. Phys. Soc. paper. 

539.16.08:621.386  2309 
Recovery Time of Geiger Counters for X-

Ray Intensity Measurement —R. Pepinsky, 
P. Jarmotz, H. M. Long, and D. Sayre. (Rev. 
Sci. Instr., vol. 19, pp. 51-52; January, 1948.) 
The response of a G-M counter to double 
bursts of X rays is displayed on a cro synchro-
nized to the repetition rate of the double bursts. 
The time interval between the initial and the 
second burst of any pair can be varied from 
zero to 500 us and both are observable on the 
cro as long as the second burst does not occur 
within the dead time of the counter. 

621.317.39:620.178.3  2310 
Airborne Engine Analyzer —V. C. Cetrone. 

(Electronics, vol. 21, pp. 90-95; March, 1948.) 
An electronic instrument for fault finding in 
aircraft engines is described. Diagrams are 
given of circuits which provide a cr display of 
ignition and vibration patterns regardless of 
engine speed. Typical ignition patterns for 
normal conditions, a fouled plug, an open 
secondary, magneto-point bounce, and the 
vibration pattern of a normal cylinder are illus-
trated. 

621.319.339  2311 
The Berkeley Four Million Volt Electro-

static Generator —C. Turner, B. Cork, J. 
Ballam, and 11. Gordon. (Phys. Rev., vol. 73: 
p. 534; March 1, 1948.) Summary of Amer. 
Phys. Soc. paper. 

621.319.339  2312 
Ion Source Equipment for Berkeley Elec-

trostatic Generator —F. Fillmore, A. Hudgins, 
and M. Jeppson. (Phys. Rev., vol. 73, p. 534; 
March 1, 1948.) Summary of Amer. Phys. Soc. 
paper. 

621.38.001.8  2313 
Industrial Electronic Apparatus —D. W. 

Thomasson. (Wireless World, vol. 54, pp. 88-
91; March, 1948.) Discussion of design, stress-
ing the importance of simple and robust con-
struction, accessibility of components, and 
standardization of units. 

621.384.6  2314 
Development of the Frequency Modulated 

Cyclotron —J. R. Richardson, B. T. Wright, 
E. J. Lofgren, and B. Peters. (Phys. Rev., 
vol. 73, pp. 424-436; March 1, 1948.) A theo-
retical and experimental investigation of some 
fundamental characteristics oi the cyclotron, 
including the variation of iou current with 
modulation frequency, time df flight of ions, 
and beam focusing. Ion currents were measured 
by a probe method. 
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621.384.6  2315 
Unidirectional Pulse Operation of a 22-

Mev Betatron —H. W. Koch and C. S. Robin-
son. (Rev. Sci. Instr., vol. 19, pp. 36-39; 
January, 1948.) Description of the circuit used. 
Minor changes are necessary in the methods 
of electron injection and orbit expansion used 
with continuous excitation. 

621.384.6  2316 
Physical Design of the Berkeley Linear 

Accelerator —H. Bradner, R. Crawford, H. 
Gordon, and J. R. Woodyard. (Phys. Rev., 
vol. 73, pp. 534-535; March 1, 1948.) Summary 
of Amer. Phys. Soc. paper. 

621.384.6  2317 
Beam Dynamics in the Linear Accelerator 

— R. Serber. (Phys. Rev., vol. 73, p. 535; March 
I, 1948.) Summary of Amer. Phys. Soc. paper. 

621.384.6  2318 
Linear Accelerator Oscillator and Coupling 

System— W. R. Baker, J. V. Franck, and J. D. 
Gow. (Phys. Rev., vol. 73, p. 535; March 1, 
1948.) Summary of Amer. Phys. Soc. paper. 

621.384.6  2319 
Control of the Field Distribution in the 

Linear Accelerator Cavity — w. K. H. Panof-
sky, C. Richman, and F. Oppenheimer. (Phys. 
Rev., vol. 73, p. 535; March 1, 1948.) Summary 
of Amer. Phys. Soc. paper. 

621.384.6: 621.3.011.4: 537.52  2320 
Use of Plasma Sheaths as Variable Capac-

itances —W. E. Parkins and J. M. Leffler. 
(Phys. Rev., vol. 73, p. 538; March 1, 1948.) 
Summary of Amer. Phys. Soc. paper. A cur-
rent-receiving electrode in a gas discharge has 
a capacitance which depends on the operating 
conditions, and specifically on the applied 
frequency. This capacitance variation may be 
useful in controlling the frequency of a FM 
cyclotron. 

621.385.833  2321 
Numerical Computation of the Constants of 

Magnetic Electron Lenses —M. V. Ments and 
J. B. Le Poole. (App!. Sci. Res., vol. 131, no. 1, 
pp. 3-17; 1947.) The paraxial quantities are 
computed using special methods of integration 
and field measurement. Spherical aberration 
constants are calculated in a number of cases. 
The distortion of projector lenses is determined 
experimentally. Graphs of practical results 
which have proved helpful in design are given. 

621.385.833  2322 
A New Experimental Electron Microscope 

—G. Liebmann. (Jour. Sci. Instr., vol. 25, pp. 
37-43; February, 1948.) The design of the 
specimen stage enables the vacuum to be re-
stored to its working value 15 seconds after 
the specimen is changed. The lens coil currents 
may be varied to give a range of magnification 
from 100 to 13,500. By removing certain lens 
units, the instrument may be used for electron 
diffraction. 

621.385.833:535.317.25  2323 
The Limiting Resolving Power of the [mag-

netic] Electron Microscope —G. Liebmann. 
(Phil. Mag., vol. 37, pp. 677-685; October, 
1946.) Resolving power is limited by saturation 
in the em lens. Combining theoretical work by 
Ramberg (2198 of 1943) with measurements 
undertaken by the author "an estimate is ob-
tained of the expected limit of resolving power 
that may be achieved in electron microscopes of 
the present type. This limiting resolving power 
has a slightly marked optimum for an accelerat-
ing voltage of 50 kv, and is of the order of 10 to 
12 A." 
621.398 : [623.746.48+ 623.451  2324 

Guided Missiles —C. E. Chapel. (Radio 
News, vol. 39, pp. 39-41, 126; January, 1948 ) 
Descriptions of a wide range of American 
guided missiles and pilotless aircraft, electron-
ically controlled. 

664.8:621.319.44  2325 
Electronic Preservation of Food —W. Huber. 

(Electronics, vol. 31, pp. 74-79; March, 1948.) 
Foods of many kinds can be preserved for long 
periods by exposing them in their sealed con-
tainers to short pulses of cathode rays from a 
capacitron with a peak voltage of 3 my. Similar 
treatment serves to sterilize drugs. 

PROPAGATION OF WAVES 

538.566.029.63:535.42  2326 
Diffraction of Electromagnetic Waves — 

W. 0. Tranter. (Phys. Rev., vol. 73, p. 184; Jan-
uary 15, 1948.) Comparison of results obtained 
by Andrews (ibid., vol. 71, p. 777; 1947) for an 
em wave that has passed through a circular 
aperture, with results for two vertical unacti-
vated dipoles. The dipoles were supported by 
thin glass rods and separated in the H plane by 
successive distances X, 2X, and 3X. Reradiation 
from the sides of the aperture must be consid-
ered in the diffraction of em waves. See also 
3717 of 1946. 

621.396: 551.5  2327 
Meteorology  and  Radio —Perlat.  (See 

2236.) 

621.396.11.029.62:551.510.535:523.5  2328 
Reflections of Very-High-Frequency Radio 

Waves from Meteoric Ionization—E. W. Allen, 
Jr. (Paoc. I.R.E., vol. 36, pp. 346-352; March, 
1948.) Continuous recordings of field-strengths 
of long-distance transmissions in the 42 to 84-
Mc band reveal short "bursts" of varying in-
tensity, which may be due to reflections from 
ionization in the upper atmosphere caused by 
meteor trails. The correlation between distribu-
tions of the bursts and theoretical and observed 
distributions of meteors is shown. 

621.396.11.029.64  2329 
Low-Level Atmospheric Ducts —J. S. Mc-

Petrie and B. J. Starnecki. (Paoc. I.R.E., 
vol. 36, p. 363; March, 1948.) Field strength 
measurements for X 3 cm and 9 cm over a 60-
mile sea path in the Irish Channel showed good 
agreement with theoretical results when low-
level atmospheric ducts were assumed present 
for about 70 per cent of the time. Later analysis 
of meteorological results proved the assumption 
correct, thus partly supporting the results 
reported in 521 of March (Katzin, Bauchman, 
and Binnian). It was not found, however, that 
high winds are associated with higher ducts, 
nor was there any critical difference between 
the propagation of 3-cm and 9-cm waves. See 
also 518 of 1947 (Megaw). 

621.396.11.029.64: 551.509.39  2330 
Over- Water Microwave-Propagation Fore-

casting —J. R. Gerhardt and W. E. Gordon. 
(Bull. Amer. Met. Soc., vol. 28, pp. 126-136; 
March, 1947.) The effect of weather on micro-
wave propagation is discussed briefly and a 
method of forecasting radar ranges is developed. 
Results based on meteorological soundings of 
the atmosphere over Massachusetts Bay in the 
summer of 1944 indicate that the method can 
provide reasonably accurate forecasts of maxi-
mum radar ranges up to 24 hours in advance. 

621.396.812.029.64  2331 
Experimental Studies of the Propagation of 

Very Short Radio Waves —E. C. S. Megaw. 
(Jour. IEE (London), part III, vol. 95, pp. 
51-52; January, 1948.) Discussion on 518 of 
1947. 

621.396.812.029.64:551.578.1  2332 
Rainfall Intensities and Attenuation of 

Centimeter Electromagnetic Waves—R. Wex-
ler and J. Weinstein. (Paoc. I.R.E., vol. 36, 
pp. 353-355; March, 1948.) Analysis of rainfall 
intensities and radar coverage at four selected 
stations in the United States indicates that the 
use of high-power 3-cm radar for storm detec-
tion is not seriously limited by attenuation due 
to rain. 

621.396.812.3:621.317.79  2333 
The Fading Machine, and its Use for the 

Investigation of the Effects of Frequency-Se-

lective Fading—Bray, Lillierap, and Owen. 
(See 2299.) 

RECEPTION 

621.396.61/.62  2334 
The Design of Transmitter Drives and 

Receivers for  Single-Sideband  Systems— 
Bray, Lillicrap and Lowry. (See 2395.) 

621.396.621  2335 
The Receiver R.C.A. AR-88D--P. A. Bour-

sault. (T.S.F. Pour Tous, vol. 23, pp. 267-273; 
December, 1947.) Complete circuit details, 
description and performance. The frequency 
range from 535 kc to 32 Mc is covered in 5 
bands. 

621.396.621  2336 
A High-Fidelity Receiver —L. Chretien. 

(T.S.F. Pour Toms, vol. 23, pp. 258-261; De-
cember, 1947; and vol. 24, pp. 3-5, 35-36, and 
61-64; January to March, 1948.) The first four 
of a series of articles on a receiver suitable for 
feeding the high-fidelity amplifier previously 
described (1047 of 1947). The advantages and 
disadvantages of a hf stage are discussed fully. 

621.396.621  2337 
This Radio services Itself —R. Brenta. 

(Radio Craft, vol. 19, pp. 26-27; December, 
1947.) To avoid the trouble and inconvenience 
involved in servicing the standard type of 
receiver, the "Cosmo Compo" receiver is de-
signed so that each major stage of the circuit — 
oscillator, rf amplifiers, if amplifiers, etc. —is 
contained in a separate can which is plugged 
into the chassis. There are no components fixed 
directly to the chassis and the only wiring is 
that connecting the various plug points. When 
a fault develops, the faulty unit is removed 
and a sound one substituted. 

621.396.621  2338 
Ekco Model A52 —( Wireless World, vol. 54, 

pp. 94-96; March, 1948.) Test report of a 5-
tube superheterodyne for ac supply, with rotary 
program-selector switch, three-position tone 
control, and bandspread tuning on short waves. 
Wave ranges are 11 to 14 m, 16 to 20 m, 24 to 
50 m, 200 to 550 m, and 1000 to 2000 m. 

621.396.621  2339 
The FreModyne F.M. Detector—(Radio 

News, vol. 39, pp. 48, 156; February, 1948.) A 
double triode is used in this inexpensive unit 
which can be added to an existing AM receiver 
for FM reception. One triode is used as a super-
heterodyne oscillator; the other acts as a super-
heterodyne converter, a superregenerative if 
amplifier, a FM/A M converter and an af de-
tector. See also 1731 of July and 2065 of August 
(A. A. McK.). 

621.396.621 621.396.619.11  2340 
The Synchrodyne —E. Langberg. (Elec-

tronic Eng. (London), vol. 20, p. 132; April, 
1948.) A short account of the application of 
the synchrodyne principle to the construction 
of a communication receiver. See also 1139 of 
May and back references. 

621.396.621.029.63:621.396.931  2341 
Receiver for the Citizens Radio Service: 

Part 2—W. C. Hollis. (Electronics, vol. 21, pp. 
80-85; March, 1948.) Circuit operation and 
construction details for a 465-Mc superhetero-
dyne receiver for operation in conjunction with 
the transmitter noted in 855 of April. The if 
is 15 Mc and bandwidth 250 kc. The measured 
noise figure is 20 db above the theoretical value. 
This small portable unit has grounded-grid in-
put, cavity resonators, and crystals in limiter 
and discriminator. 

621.396.621.54: 621.396.611.21  2342 
Few Crystals control Many Channels — 

W. R. Hedeman, Jr. (Electronics, vol. 21, pp. 
118-121; March, 1948.) The local oscillator of 
a multichannel superheterodyne receiver for 
aircraft communication is controlled on 120 
channels by only 10 crystals. Conditions for 
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minimum number of crystals, frequency spac-
ing, and stability are discussed. 

621.396.622:621.396.619.13  2343 
Concerning the Detection of P. M. Waves — 

E. Labin. (Onde Elec., vol. 28, pp. 60-69; 
February, 1948.) The output signal is calcu-
lated for a FM detection system when the inci-
dent wave has both FM and AM. According to 
some views, the output signal should only de-
pend slightly, or not at all, on the AM of the 
input signal, since the detector system is of the 
differential type. Discussion shows that this 
idea is not well founded, though the symmet-
rical detector may give a higher signal-to-noise 
ratio and improve the linearity of the charac-
teristic. 

621.396.622.7  2344 
An Answer to N.F.M. Reception—L. H. 

Allen. (QST, vol. 32, pp. 28-29; February, 
1948.) Discusses the advantages of the ratio 
detector as a simple means of providing either 
AM or FM reception and gives the modifica-
tions necessary for alternative reception on a 
communication receiver. 

621.396.622.7  2345 
F.M. Reception: Comparison Tests be-

tween Phase Discriminator and Ratio Detec-
tors —D. Maurice and R. J. H. Slaughter. 
(Wireless World, vol. 54, pp. 103-106; March, 
1948.) The ratio detector is about 2 db noisier, 
except for very small signals, with no appreci-
able difference in quality of reproduction for a 
given input signal. The relative merits of the 
two systems are discussed. 

621.396.622.71  2346 
Ratio Detectors for F. M. Receivers—S. W. 

Seeley. (FM and Telev., vol. 7, pp. 26-27, 47; 
December, 1947.) Principles and performance 
characteristics. See also 3643 of 1947 (Seeley 
and Avins), 248 of February and 1476 of June 
(Hayes). 

621.396.662  2347 
The C.A.P. F.M.-A. M. Tuner— W. H. 

Collins. (FM and Tetev., vol. 7, pp. 18-20; 
November, 1947.) The FM section, operating 
at 88 to 108 Mc, comprises an Armstrong cir-
cuit followed by 3 if stages, a cascade resistance-
coupled limiter and a duo-diode discriminator. 
The AM section consists of 2 rf band-pass 
stages, a buffer stage, and a duo-diode detector. 
The output of either section can be switched 
into an af triode amplifier. 

621.396.82  2348 
Mutual Radio Interference in H. M . Ships — 

C. Matthews and R. L. A. Borrow. (Jour. IEE 
(London), part HIA, vol. 94, no. 12, pp. 418-
426; 1947.) The principles involved in avoiding 
mutual interference which were enforced before 
1939 could not be maintained during the war, 
because of the necessity of fitting commercial 
equipment, and especially with the coming of 
radar. Radar equipment constituted the main 
source of interference in communication recep-
tion, though insufficiently screened receivers 
and spurious frequencies in transmitters de-
creased efficient reception. Radio interference 
suppression units, which muted the receiver 
during the transmission of each radar pulse, 
were fitted to reduce interference when the 
offending equipment could not be modified. 
By using receiving antenna filters and limiter 
circuits, interference was further reduced. A 
code of practice has been formulated for the 
installation of equipment so as to reduce inter-
ference as much as possible. 

621.396.822  2349 
Measurements of "Inherent" Noise in 

Radio Receivers. —M. K. Dasgupta, J. Ray, 
and S. R. Khastgir. (Indian Jour. Phys., vol. 
21, pp. 239-258; October, 1947.) The inherent 
noise was measured in terms of the equivalent 
noise voltage at the input of the receiver. 
Measurements were made on 6 ac/dc commer-
cial receivers at frequencies between 1 Mc and 
20 Mc and for carrier voltages from 0.02 ay to 

I my. The equivalent noise voltages were found 
to be about 1 pm for a carrier input of I lay, and 
except for mf channels, there was a linear rela-
tion between input and output up to a certain 
level. Above this level, there was an increase 
in noise level due to avc action, and the rate of 
increase of equivalent noise voltage decreased. 
There was, in general, an increase in this volt-
age for higher frequency channels. Results for 
a receiver operated (a) from the mains, and (b) 
from batteries, show the effect of imperfect 
filtering of line noise. 

621.396.822  2350 
On a Non-Linear Noise Problem —F. L. 

H. M. Stumpers. (Philips Res. Rep., vol. 2, 
pp. 241-259; August, 1947.) Noise from a nor-
mal source is passed through a filter with a 
rectangular amplitude versus frequency char-
acteristic. The output is applied to a tube with 
a nonlinear characteristic. The resulting energy 
frequency spectrum is considered with special 
reference to the work of Franz (3026 of 1941 and 
443 of 1943). The partial spectra arising from 
multifolds of the regional central frequency have 
different forms; they can be distinguished by 
their order. A formula is derived from which all 
partial spectra can be computed directly if the 
characteristic is given as a polynomial or power 
series. The effect of carrier waves is also con-
sidered. 

621.396.822:621.396.813.015.33  2351 
The Effect of Fluctuation Noise Interfer-

ence on Pulse Distortion —P. J. Hilton. (Phil. 
Meg., vol. 37, pp. 685-693; October, 1946.) 
Theoretical discussion, resulting in a table 
which gives the probability that the total dis-
tortion will exceed the maximum distortion for 
the signal pulse alone, as a function of noise 
amplitude and rms voltage. 

621.396.828  2352 
Radiation from Receivers —G. J. McDon-

ald and D. A. Thorn. (Jour. IEE (London), 
part IIIA, vol. 94, no. 12, pp. 427-436; 1947.) 
"Details are given of the Statutory Rules and 
Orders which were promulgated to control the 
level of radiation permissible from ships re-
ceivers and the problem of developing a tech-
nique suitable for checking individual installa-
tions for compliance with the limits laid down 
in these regulations is discussed. Examples 
of practical testing installations are given to-
gether with details of new receiver designs and 
modifications to existing equipments which 
ensured a sufficiently low and safe level of 
radiation." 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.391.64: 621.327.44  2353 
Modulation of the Resonance Lines in a 

Cesium Arc —J. M. Frank, W. S. Huxford, and 
W. R. Wilson. (Jour. Opt. Soc. Amer.. vol. 37, 
pp. 718-725; September, 1947.) Full paper. 
Summary abstracted in 4023 of January. 

621.394.441  2354 
Carrier-Frequency-Shift  Telegraphy —R. 

Ruddlesden, E. Forster and Z. Jelonek. (Jour. 
IEE (London), part INA, vol. 94, no. 12, pp. 
379-388; 1947.) The use of pulled-crystal and 
mixing-oscillator frequency-shift exciters is dis-
cussed. Pulled-crystal exciters, by virtue of 
their simplicity, are used primarily for mobile 
stations. Methods of detection, by band-pass 
filter selection or by a discriminator, are de-
scribed. Practical advantages of frequency-
shift operation are considered. The threshold 
value of the signal and of the time shift pro-
duced by random noise are anlayzed in an ap-
pendix. Although the discriminator method of 
detection has no theoretical advantage over 
keyed-carrier systems, in a typical example, 
post-discriminator filtration gave a 14-db im-
provement and band-pass filter selection a 10-
db improvement in threshold value. 

621.395.44:621.315.052.63: 621.316.9  2355 
Power Line Treatment for the M1 Carrier 

Telephone System —J. M. Dunham. (Bell Lab-
Rec., vol. 26, pp. 2-5; January, 1948.) Pre-
cautionary measures observed in carrier te-
lephony over hy ac transmission lines are de-
scribed, with details of some of the compo-
nents used in such systems. 

621.395.44:621.396.619.2  2356 
A 48-Channel Carrier Telephone System — 

G. H. Bast, D. Goedhart, and J. F. Schouten. 
(Philips Tech. Rev., vol. 9, no. 6, pp. 161-170; 
1947.) Design considerations for a system using 
the available frequency range of 200 kc of 
existing multiconductor cables in Holland. 
Each audio channel undergoes three successive 
modulations in such a way that narrow-band 
filters are needed only at low frequencies. The 
volume of the coils in these filters has been 
reduced to a fifth of its former value by using 
"Ferroxcube" (3155 of 1947). 

621.396.1  2357 
Atlantic City. Summary of the Findings of 

the International Telecommunication Confer-
ences —( Wireless World, vol. 54, pp. 148-150; 
April, 1948.) For another account see 1749 of 
July (A.H. M.). 

621.396.3  2358 
Some Developments in Commercial Point-

to-Point Radiotelegraphy —J. A. Smale. (Jour. 
IEE (London), part IIIA, vol. 94, no. 12, pp. 
345-367; 1947.) A survey of developments con-
cerned chiefly with ensuring continuous com-
munication on difficult circuits. Discussion of: 
(a) frequency shift keying, which is compared 
with on-off keying; (b) the introduction of relay 
stations in long difficult circuits such as Lon-
don-Australia; (c) the use of ph.m. for sw 
transmitters on long-distance facsimile circuits; 
(d) the development of horizontal dipoles to 
augment vertical arrays; (e) wide-band cou-
pling units for coaxial feeders to balanced an-
tennas (f) telegraph printing systems; (g) a 
variable-frequency FM system for the control 
of radio stations; (h) a high-speed photoelectric 
morse transmitter; (i) an electronic keying 
device. 

621.396.41:621.385.832  2359 
Pulse-Modulation Multiplex Communica-

tion System —D. E. Manfredi. (Elettronica, 
vol. 2, pp. 335-338; November, 1947.) A sys-
tem developed between 1935 and 1946 in Italy 
and very similar in principle to that described 
in 883 of April (Greig, Glauber, and Mosko-
witz). The commutator is a cr tube with a num-
ber of small anodes, arranged in line or in a 
circle, instead of a fluorescent screen. Each 
anode is connected to the suppressor grid of a 
tube whose first grid is controlled by the micro-
phone current from one of the programs. The 
electron beam scans each anode in turn, giving 
it momentarily the electric charge necessary to 
make the suppressor grid positive. Thus each 
tube in succession is open to the passage of a 
very short signal conveying a small fraction of 
the corresponding program. The successive 
pulses are amplified and transmitted in order. 
At the receiving station another commutator 
tube, synchronized with the first, separates the 
signals, distributing them via the appropriate 
anode, to the separate channels. 

621.396.61/.62  2360 
The Admiralty Type 612 Transportable 

Radio Equipment —D. Hamilton. (Jour. IEE 
(London), part IIIA, vol. 94, no. 12, pp. 401-
404; 1947.) The equipment is of robust unit 
construction, is watertight and floats in water. 
Designed primarily as a large transportable 
outfit, it is also used in ships as an emergency 
transmitter/receiver for the 1.5 to I3-Mc band. 
An additional receiver for use in 4 bands from 
15 to 500 kc is included. The circuit design 
follows conventional practice, but the high 
stability oscillators and frequency-setting facil-
ities are of interest. 

021.396.61/.62  2361 
152- to 162-Mc Mobile Equipment —B. J. 
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Cosman. (F M and Telev., vol. 7, pp. 36-40; 
November, 1947.) A detailed description and 
circuits of emergency equipment. The trans-
mitter unit is a crystal-controlled ph.m. type 
with an output of 25 to 30 w. The receiver unit 
uses miniature tubes in 2 rf stages, a van der 
BijI detector mixer, 4 if stages at 5.3 Mc fol-
lowed by a Foster-Seeley discriminator using 
crystal rectifiers, and an af amplifier with an 
output of about 1 w. 

621.396.619.15  2362 
Frequency Shift Telegraphy—Radio and 

Wire Applications —J. R. Davey and A. L. 
Matte. (Bell Sys. Tech. Publ. Monogr., B-1490, 
15 pp.) Comparison is made with AM methods. 
Bandwidth problems, demodulation, noise ef-
fects, signal-level variation, and frequency in-
stability are considered. The outstanding char-
acteristic of the frequency-shift method is its 
ability to accept large and rapid changes in 
signal amplitude. The signal-to-noise ratio is 
considerably higher than with AM telegraphy. 
Diversity reception, multipath propagation, 
and the use of superimposed ph.m. for reducing 
the effects of fading, are also discussed. 

621.396.619.16  2363 
PCM Equipment —H. S. Black and J. 0. 

Edson. (Elec. Eng., vol. 66, pp. 1123-1125; 
November, 1947.) Long summary of A.I.E.E. 
paper. The advantages of pulse code modula-
tion include: (a) ease of multiplex operation; (b) 
nonlinearity does not introduce cross talk; 
(c) high signal-to-noise ratios are attainable; 
(d) flexibility of transmission standards. The 
modulation process is based on the principles 
of sampling and quantizing. The sampled and 
filtered AM voice signal pulses are first con-
verted to length-modulated pulses and finally 
to pulse-code-modulated signals. See also 1161 
of May and back references. 

621.396.619.16: 621.317.35: 621.396.813  2364 
PCM Distortion Analysis —Clavier, Panter, 

and Greig. (See 2281.) 

621.396.619.16: 621.385.1  2365 
Electron Beam Deflection Tube for Pulse 

Code Modulation —Sears. (See 2413.) 

621.396.619.16: 621.395.43  2366 
An Experimental Multichannel Pulse Code 

Modulation System of Toll Quality —L. A. 
Meacham and E. Peterson. (Bell Sys. Tech. 
Jour., vol. 27, pp. 1-43; January, 1948.) A full 
account of an experimental 24-channel multi-
plex system in which coding is effected by 
means of a new electron-beam tube [2413 
below] and decoding by pulse excitation of a 
reactive network. Functional problems are 
discussed in general terms, and the complete 
experimental layout and some novel circuit 
techniques are described. Good speech quality 
is obtained. See also 545 of March (Goodall). 

621.396.65  2367 
Some Studies on Emergency Mine Com-

munications —E. J. Coggeshall, E. W. Felegy 
and L. H. Harrison. (United States Bureau of 
Mines, Report R.I. 4135,44 pp.; January, 1948.) 
Experiments on the transmission of signals at 
af and rf from various locations in a mine to the 
surface are described. Af tests were conducted 
with telephone, ground-telegraphy, and voice-
amplification systems, and in the rf range, vhf 
"walkie-talkie" and If 33 to 120-kc systems were 
used. Except in the case of the vfh system, 
which had an antenna, the transmitter and 
receiver were connected either to ground or to 
the track rails. Communication was practicable 
only by conduction currents and the optimum 
frequency depended on the type of conductor 
used. With ground conduction, this frequency 
was above 120 kc but probably below 500 kc; 
with metallic conduction it was between 40 
and 90 kc. 

621.396.65  2368 
Multi-Channel Communication System— 

(Wireless World, vol. 54, p. 93; March, 1948.) 
Details of a vhf wide-band FM link, for use in 

conjunction with the projected oil pipe line 
from the Persian Gulf to the Mediterranean. 
The link will provide seven voice-frequency 
channels in each direction. 

621.396.65  2369 
Railway Communications for the Royal 

Tour —M. W. Manson. (Trans. S. Afr. Inst. 
Elec. Eng., vol. 38, part 11, pp. 305-342; No-
vember, 1947. Discussion, pp. 343-348.) A full 
description of the communication and other 
equipment installed on the royal and pilot 
trains, with details of the results achieved in 
long-distance communication. A vhf FM radio 
telephone link operated between the trains; 
long-distance communication was maintained 
by means of a 500-w transmitter fitted in the 
pilot train and operating on any one of 5 fre-
quencies in the range 4 to 12 Mc. 

621.396.65.029.64:621.397.743  2370 
FM Relay Out-Performs Coax for Tele-

vision —M. B. Sleeper. (F M and Telev., vol. 7, 
pp. 15-17, 35; December, 1947.) Discussion of 
the results of a comparison of video and af 
modulated radio relay signals from Boston to 
New York with signals by coaxial cable from 
Washington. The FM radio relay gave defi-
nitely superior picture quality. See also 1755 
of July (Durkee) and 1756 of July. 

621.396.712:621.396.61  2371 
The Radio Transmitting Station at Crig-

gion— W. West, A. Cook, L. L. Hall, and H. E. 
Sturgess. (Jour. I EE (London), part IIIA, 
vol. 94, no. 12, pp. 269-282; 1947.) The station 
has a long-wave transmitter which is essentially 
similar to the GBR transmitter at Rugby, two 
If transmitters and fourteen hf transmitters. 
The construction of the station and the events 
leading to its establishment are discussed. 
Various units of the internal and external plant 
are described, with special reference to a re-
cently developed single-sideband transmitter, 
power and water supplies, and line-termination 
equipment. 

SUBSIDIARY APPARATUS 

621.314.65  2372 
The Steel Bulb Mercury Arc Rectifier — 

H. J. H. Nethersole and L. L. Brinkworth. 
(Trans. S. Afr. Inst. Elec. Eng., vol. 38, part 
12, pp. 351-364; December, 1947. Discussion, 
pp. 365-369.) Theory, construction, methods 
of ignition and excitation, and applications of 
various types of such rectifiers are discussed, 
with particular reference to the evolution of 
the steel-bulb type, its properties and its ad-
vantages over earlier types. 

621.315.66:621.396.65.029.64  2373 
Portable Microwave Tower —(Bell Lab. 

Rec., vol. 26, pp. 6-8; January, 1948.) The sec-
tionalized tower may be erected quickly and 
safely without the assistance of professional 
riggers. Assembly and erection are carried out 
by progressively raising the tower in an erec-
tion frame and inserting further sections at the 
base. A height of 200 ft may be attained. 

621.318.5  2374 
Mercury Contact Relays —J. T. L. Brown 

and C. E. Pollard. (Elec. Eng., vol. 66, pp. 
1106-1109; November, 1947.) Long summary of 
paper presented at the National Electronics 
Conference. Metal contacts are kept wetted 
with mercury by means of a capillary connec-
tion to a reservoir in the base of the relay. The 
light-weight armature supporting the capillary 
also carries the moving contacts. See also 562 
of March (McCormick). 

621.318.5:621.315.212  2375 
Glass-Enclosed Reed Relay —W. B. Ell-

wood. (Elec. Eng., vol. 66, pp. 1104-1106; 
November, 1947.) Long summary of paper 
presented at the National Electronics Confer-
ence. A high-speed compact relay, one form of 
which can be used inside coaxial cables. The 
relay comprises a coil and a magnetically 
operated switch. The switch is used as the core 

of the coil which provides the operating magne-
tomotive force. Terminals are provided for the 
switch and coil on an octal base. Design and 
performance are fully discussed. See also 1583 
of 1946 (Ellwood) and 562 of March (McCor-
mick). 

621.318.572  2376 
Electronic Switching for the Ham Antenna 

—T. GootCe. (Radio News, vol. 39, pp. 50-51, 
116; January,  1948.)  Government surplus 
stocks of transmit-receive radar tubes are 
available and may be used without modifica-
tion for automatic transmit-receive switching 
of amateur installations. Circuits and opera-
tional details are given. 

621.396.68:621.397.6  2377 
Television E.H.T. Supply: Parts 1 and 2.— 

Walker. (See 2390.) 

621.396.681  2378 
Emergency Supply Systems with Accumu-

lator Batteries —H. A. W. Klinkhamer. (Phil-
ips Tech. Rev., vol. 9, no. 8, pp. 231-238; 1947 
and 1948. 

621.396.681  2379 
Servicing  Vibrator  Packs —(Radio  and 

Electronics, Wellington, N.Z., vol. 2, pp. 25-27, 
31; January 1, 1948.) The principal features of 
synchronous and nonsynchronous vibrators 
are described and practical servicing proce-
dures are given. 

621.396.682:621.316.722.1  2380 
Controlled Power Sources for Heavy Direct 

Currents —G. Houck. (Electronic Ind., vol. 1, 
pp. 12-13; December, 1947.) A general de-
scription of a commercial unit, the "nobatron" 
which supplies 50 to 350 amp dc at 28 v from a 
3-phase supply. Voltage regulation is better 
than 0.1 per cent for a load change from 50 to 
300 amp. See also 284 of January. 

621.396.69:621.315  2381 
F.M. and TV Transmission Line Installa-

tion Problems: Part 2—J. S. Brown. (Com-
munications, vol. 28, pp. 20-21; January, 1948.) 
Illustrations and some details of equipment at 
WBNS- WELD, Columbus. Part 1, 1176 of 
May. 

621.385.832:778  2382 
Photographic Recording of Cathode-Ray 

Tube Traces [Book Reviewl—R. J. Hercock. 
Ilford Ltd., London, 1947, 60 pp., 5s. (Proc. 
Phys. Soc., vol. 59, p. 1048; November, 1947.) 
No. 1 of a series of Ilford technical monographs; 
its object is to provide those familiar with the 
use of Cr tubes with an insight into the photo-
graphic technique necessary to obtain useful 
records of traces. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.26  2383 
The New Radio Picture Service —(Radio 

and Electronics, Wellington N.Z., vol. 2, pp. 
4-5; January 1, 1948.) A brief description of 
the crystal-controlled equipment used for the 
service recently inaugurated between London, 
Australia, and New Zealand. 

621.397.26  2384 
A Method of Transmitting Sound on the 

Vision Carrier of a Television Service —D. I. 
Lawson, A. V. Lord, and S. R. Kharbanda. 
(Jour. I EE (London), part III, vol. 95, pp. 
13-16; January, 1948.) Discussion on 3091 of 
1946. 

621.397.331.2  2385 
Limiting Resolution in an Image-Orthicon-

Type Pickup Tube —H. B. DeVore. (Paoc. 
I.R.E., vol. 36, pp. 335-345; March, 1948.) 
The distribution of charge spreading across 
alternate illuminated and dark strips is found 
and the potential due to the varying charge is 
expressed as a modulation, which is a function 
of the target thickness. For a given resolution, 
the target thickness required is proportional to 
the target resistivity. Target area and charge 
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density are discussed by calculating electron 
transit times and displacements from the true 
focus. Variation of the degree of modulation 
with the wavelength of the incident light is 
investigated. 

621.397.335  2386 
Frame Time Base Synchronisation in Tele-

vision Receivers —A. W. Keen. (Jour. Telev. 
Soc., vol. 5, pp. 49-64; June, 1947.) A detailed 
discussion of the characteristics of framing-
signal separators using (a) frequency selective 
networks; (b) shaping networks; (c) delay net-
works; (d) combination with a locally generated 
signal; (e) automatic frequency and phase con-
trol. 

621.397.5: 535.88  2387 
Home Projection Television: Parts 1-3 — 

H. Rinia, J. de Gier, and P. M. van Alphen; G. 
J. Siezen and F. Kerkhof; J. Haantjes and F. 
Kerkhof. (PRoc. I.R.E., vol. 36, pp. 395-411; 
March, 1948.) 
Part 1. Cathode-Ray Tube and Optical Sys-

tem—The 2.5-inch tube has a very small spot 
size, narrow neck, face plate ground to meet 
optical requirements, and metal-backed screen. 
A modified Schmidt projection system is used, 
with aspherical correction plates prepared by a 
simple method from gelatine solution. 
Part 2. Pulse-Type High-Voltage Supply — 

A compact 25-kv unit with automatic voltage 
control. A voltage tripling circuit with minia-
ture rectifiers is used. Resonant circuit losses 
are kept low by means of a low-loss magnetic 
ferrite material. 
Part 3. Deflection Circuits —Description of 

magnetic deflection circuits adaptable to either 
projection or direct-viewing receivers, and an 
interlace method using the first serration in the 
vertical synchronizing signal. The horizontal 
deflection output stage includes a power tube 
and also a diode which improves power econ-
omy and sweep linearity and suppresses spuri-
ous oscillations. See also 2408 below. 

621.397.6  2388 
Simplified Signal and Pattern Generators — 

G. T. Clack. (Jour. Telev. Soc., vol. 5, pp. 75-
80; June, 1947.) Construction and circuit de-
tails of two instruments for amateur use. 

621.397.6  2389 
Television Field Equipment —J. H. Roe and 

N. S. Bean. (F M and Telev., vol. 7, pp. 31-35; 
November, 1947.) Illustrated description of 
camera, camera control, and power-supply 
units. 

621.397.6:621.396.68  2390 
Television E.H.T. Supply: Parts 1 and 2— 

A. H. B. Walker. (Wireless World, vol. 54, pp. 
120-125 and 169-173; April and May, 1948.) 
The need for a well-regulated supply is stressed 
and performance requirements are discussed. 
The relative merits of three alternative systems 
are considered: (a) hv mains transformer and 
half-wave rectifier; (b) hf oscillator and recti-
fier; (c) use of line fly-back pulses. A method of 
voltage multiplication using combinations of 
rectifiers and capacitors is also described. Data 
for suitable rectifiers are tabulated. 

621.397.62  2391 
Considerations in Design of Home Con-

structed Receivers: Part 1—W. I. Flach. 
(Jour. Telev. Soc., vol. 5, pp. 10-12; March, 
1947.) Abstracted with part 2, 2392 below. 

621.397.62  2392 
A Television Receiver for the Home Con-

structor: Part 2— W. I. Flach. (Jour. Telev. 
Soc., vol. 5, pp. 65-73, 80; June, 1947.) Full 
circuit details of the receiver noted in 577 of 
March, with discussion of the considerations 
leading to the choice of components and cir-
cuits. Part 1, 2391 above. 

621.397.62:621.317.2  2393 
Television Receiver Laboratory--Norton. 

(See 2279.) 

621.397.743:621.396.65.029.64  2394 
FM Relay Out-Performs Coax for Tele-

vision—(See 2370.) 

TRANSMISSION 

621.396.61/.62  2395 
The Design of Transmitter Drives and Re-

ceivers for Single-Sideband Systems —W. J. 
Bray, H. G. Lillicrap, and W. R. H. Lowry. 
(Jour. I EE (London), part HIA, vol. 94, no. 
12, pp. 298-312; 1947.) The present system of 
single-sideband transmission incorporates two 
channels each 6 kc wide, on either side of a 
reduced-level pilot carrier 26 db below the side-
band peak level. 
The following equipment to provide this 

service is described: (a) a low-power drive 
stage; (b) a monitor receiver which enables 
either channel of the rf signal to be demodu-
lated for tests of quality and distortion; (c) 
single-sideband receivers for single-antenna and 
triple-diversity-spaced-antenna operation at 
the receiving end of a radio link. The design, 
layout, and performance of a typical receiver 
are discussed. 

621.396.61: 621.316.726  2396 
Frequency Composition in Naval Communi-

cation Transmitters —Hupert. (See 2278.) 

621.396.61:621.396.932  2397 
The Design of Marine Transmitter Equip-

ments Type "Trader" and "Oceanspan" —D. 
F. Bowers and E. F. Cranston. (Marconi Rev., 
vol. 10, pp. 133-141; October to December, 
1947.) Circuit details and principal features. 
The "Trader" equipment covers only the mf 
band 375 to 500 kc and on cw delivers 100 w to 
the antenna; on mew the output is 120 w. The 
aOceanspan" covers both the mf and hf bands 
(3.5 to 23 Mc). The hf oscillator is quartz-con-
trolled, 10 crystals being used, with suitable 
frequency multipliers and switching arrange-
ments. 

621.396.61.001.4: 621.317.755  2398 
Uses of the Cathode-Ray Oscillograph in 

Transmitter Adjustment and Control —Coombs 
(See 2290.) 

621.396.61.029.58: 621.396.712  2399 
International Broadcast H.F. Transmitter 

with Continuously Tunable Plate System —D. 
A. Miller. (Communicalions, vol. 28, pp. 10-13, 
28; January,  1948.)  The mechanical and 
electrical design of the 20-kw output stage. The 
frequency range is 2.85 to 22.5 Mc. The anode 
coil is made from Ag-plated Cu tube and has 
mycalex supports. A short-circuiting spider is 
geared to a tuning handle on the front panel. 
Mycalex supports are also used for the plates of 
the anode-tuning capacitor. Frequency drift is 
low. Temperature rise is only 5°C after several 
hours' operation. 

621.396.61.029.62  2400 
A Mobile Midget for 144 Mc —C. V. Cham-

bers. (QS T, vol. 32, pp. 21-27; February, 1948.) 
Circuit and construction details. The crystal-
controlled transmitter has an output of 5 w. 
One 6J6 is used as a 48-Mc oscillator and fre-
quency tripler, followed by a second 6J6 as 
push-pull amplifier; a 6AQ5 is used as modula-
tor. Current is measured by switching to 100-12 
resistors in various leads. 

621.396.611.33:621.396.671  2401 
Determination of Matching Ranges Iplages 

d'adaptation) of Transmitters in the Case of 
Indirect Inductive Coupling to the Aerial —V. 
Familier. (Onde Elec., vol. 28, pp. 108-114; 
March, 1948.) The antenna is coupled to an 
oscillatory anode circuit (LIG). Simple con-
structions for the matching surfaces are given 
for various combinations of conditions in which 
C, L1, L2 and K are variable. L2 is the self-
inductance of the antenna coupling coil and K 
the coupling coefficient for L1 and L2. See also 
1958 of 1947 (Glazer and Familier). 

621.396.615  2402 
F.M. Master Oscillator of U.S. W. Trans-

mitter for High-Fidelity Broadcasting —M. G. 
Margolin. (Radiolekhnika (Moscow), vol. 2, pp. 
19-33; May and June, 1947. In Russian, with 
English summary.) Circuits and design theory 
of an experimental 1-kw equipment at Moscow. 
A zero-beat discriminator is used for stabilizing 
the center frequency. 

621.396.619.11/.13  2403 
Generalized Theory of Multitone Amplitude 

and Frequency Modulation —L. J. Giacoletto. 
(PRoc. I.R.E., vol. 36, pp. 240-243; February, 
1948.) Discussion on 3700 of 1947. 

621.396.619.13:621.317.76  2404 
FM Monitor has Pulse-Counter Discrimi-

nator—Cady. (See 2291.) 
621.396.619.15  2405 
Frequency-Shift Radio Transmission —L. 

E. Hatfield. (PRoc. I.R.E., vol. 36, pp. 116-
120; January, 1948.) Various methods of ob-
taining carrier-frequency shift in communica-
tions transmitters are discussed, and a satis-
factory reactance-type frequency-shift trans-
mitter keyer is fully described. See also 275 of 
1947 (Buff). 

621.396.619.23  2406 
Frequency  Modulators  with  Reactance 

Valves —I.  S.  Gonorovski.  (Radiolekhnika 
(Moscow), vol. 2, pp. 3-18; May and June, 
1947. In Russian, with English summary.) De-
sign theory is given for a modulator using a 
reactance tube for frequency control of a self-
oscillator. Parasitic AM is considered and vari-
ous methods of coupling the reactance tube to 
the oscillator are investigated. Tests on an ex-
perimental 1-kw FM usw broadcast transmitter 
at Moscow are discussed. 

VACUU M TUBES AND THERMIONICS 

537.291  2407 
On Using the Energy of Electrons moving in 

H.F. Uniform Electric Fields —M. S. Neiman. 
(Radiolekhnika (Moscow), vol. 3, pp. 3-21; 
January and February, 1948. In Russian.) Dis-
cussion of the movement of an electron between 
two parallel grids to which a hf voltage is ap-
plied, with particular reference to (a) conditions 
for complete and partial retardation of the 
electron when the transit time r is large, (b) 
more general cases when r is not an odd number 
of half cycles and the electron enters the space 
between the grids at any phase, (c) the current 
induced by the electron in the external circuit 
sAting up the field, (d) a passive circuit where 
the voltage between the grids is due entirely to 
the energy liberated by the retardation of 
electrons, (e) the motion of an electron beam 
between the grids, and the beam retardation, 
when r is large, (0 the effect of superimposing a 
constant voltage upon the alternating voltage. 

537.291+ 538.6911: 621.396.615: 518.5  2408 
Tracing of Electron Trajectories using the 

Differential Analyzer: Introduction and Parts 
1-3 —J. P. Blewett; G. Kron, F. J. Maginnis, 
and H. A. Peterson; W. C. Hahn and J. P. 
Blewett; J. R. Whinnery and H. W. Jamieson. 
(PRoc. I.R.E., vol. 36, pp. 69-83; January, 
1948.) 
Introduction —The differential analyzer is 

used to obtain electron trajectories for magne-
tron and triode oscillators with de and rf anode 
potential. A dc space charge is approximately 
allowed for in the case of the magnetron; other-
wise space charge is neglected. 
Part 1—Differential Analyzer Representa-

tion. 
Part 2—Electron Paths in Magnetrons. 

The work hitherto done has been largely ex-
ploratory; although the differential analyzer 
solutions are rather sensitive to errors in flux 
plotting, they give promise of yielding much 
valuable information about magnetron be-
havior. 
Part 3—Study of Transit-Time Effects in 

Disk-Seal Power-Amplifier Triodes. The 2C39 
power amplifier is discussed. Anode efficiency 
of about 50 per cent and power gain of 8 or 9 
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should be obtained at 3000 Mc. Improvement 
in cavity and plunger design increased the 
anode efficiency from about 10 to 20 per cent, 
which is much less than the 50 per cent pre-
dicted. The largest loss of de power comes from 
anode dissipation; in a triode there is a funda-
mental conflict between the desire for small 
transit times and that for low anode impact 
velocity. 

621.385.029.63/.64  2409 
Experimental Determination of Helical-

Wave Properties —C. C. Cutler. (Puoc. I.R.E., 
vol. 36, pp. 230-233; February, 1948.) The prop-
erties of the wave propagated along the helix 
of a traveling-wave amplifier are discussed. 
Measurements of axial field strength, of field 
distribution around the helix, and of the veloc-
ity of propagation are discussed. The actual 
field in the helix is slightly weaker than that 
predicted by Pierce (2284 of 1947) for a hypo-
thetical helical surface. 

621.385.1  2410 
British Sub-Miniature Valves —( Wireless 

World, vol. 54, pp. 80-81; March, 1948.) A new 
Mu!lard series, with 25-ma oxide-coated tung-
sten filaments of extremely small diameter. 
Operating data are tabulated for a voltage 
amplifying pentode DF70, and for output 
pentodes DL71, DL72, as used in hearing-aid 
circuits. Gain is practically independent of fila-
ment voltage over a wide range. Over-all di-
mensions compare favorably with those of 
corresponding American types. 

621.385.1:621.396.619.16  2411 
Electron Beam Deflection Tube for Pulse 

Code Modulation —R. W. Sears. (Bell Sys. 
Tech. Jour., vol. 27, pp. 44-57; January, 1948.) 
An experimental 7-digit tube is described. 
Rapid coding is achieved by a system which 
compares signal amplitude with a set of scaled 
levels and generates a group of on-off pulses 
identifying the appropriate level. A perforated 
code masking plate, fitted in front of the out-
put plate, modulates the electron beam to give 
the pulses required. A parallel-wire grid pro-
vides feedback to lock the beam to each dis-
crete amplitude level. See also 2366 above. 

621.385.1.029.6+621.396.694  2412 
Valves and Circuits for Ultra-Short Waves 

—R. Suart. (Radio Franc., pp. 17-23;February, 
1948.) A concise description of the construction 
of disk-seal and lighthouse tubes, with elec-
trical data for British tubes CV257 and CV273, 
American 2C40, French CX103, CX104, and 
CX105, and details of tuning methods using 
coaxial lines or cavity resonators. All the tubes 
mentioned can be used for pulse generation, in 
which case the peak power is about 500 times 
that quoted for cw operation. 

621.385.1.029.6  2413 
The Behaviour of Receiving Valves at 

U.H.F. and Related Technical Problems —L. 
Piatti. (Alta Frequenza, vol. 13, pp. 67-94; 
June, 1944.) In Italian, with English, French, 
and German summaries.) Reasons are discussed 
for the different behavior of receiving tubes at 
very short and at broadcasting wavelengths. 
The effects of the finite electron transit time 
between the electrodes on the four admittances 
of a tube, and the similar effects of the induct-
ances of electrode leads, are analyzed as func-
tions of frequency. Noise is considered and its 
importance at uhf stressed. The ideal fea-
tures of a receiving tube for uhf are derived 
and the physical characteristics of some special 
tubes are described. 

621.385.1.032.216  2414 
The i/ V Characteristic of the Coating of 

Oxide Cathodes during Short-Time Thermi-
onic Emission —R. Loosjes and H. J. Vink. 
(Philips Res. Rep., vol. 2, pp. 190-204; June, 
1947.) The potential differences existing across 
an oxide coating during short-time emission 
were investigated by subjecting experimental 
indirectly heated diodes with sliding anodes to 
a recurring capacitor discharge. The time con-

stant was 10-4  sec and the pulse recurrence fre-
quency 25 to 50 cps. 
Using a specially developed oscillograph 

technique, q v characteristics were plotted for 
varying anode versus cathode distances; the 
value of the potential difference across the 
oxide coating was found by extrapolating to 
zero distance. 
At normal working temperatures in the 

range 900 to 1100°K and for current densities 
of 5 to 10 a/cmi, potential differences of 50 to 
200 v existed across the oxide coating. It is 
shown theoretically that the qv curves ob-
tained by this method are a good approxima-
tion. 

621.385.1.032.216  2415 
On the Activation of Oxide-Coated Cath-

odes —H. C. Hamaker, H. Bruining, and 
A. H. W. Aten, Jr. (Philips Res. Rep., vol. 2, 
pp. 171-176; June, 1947.) Glass heated to 
400°C during degassing can emit a small 
amount of HCI; chloride deposits are thus 
formed on anodes and grids. Under electron 
bombardment, these chlorides decompose and 
poison the cathode emission. 

621.385.832  2416 
The Design and Construction of Cathode 

Ray Tubes —R. H. Craig. (Nickel Bull., vol. 21, 
pp. 30-33; March, 1948.) General design con-
siderations, with special reference to the ma-
terials used for the electrodes and deflector 
systems, and to construction details for accu-
rate alignment of the electrode assembly and 
for good spot quality. 

621.396.615.141.2  2417 
Methods of Tuning Multiple-Cavity Mag-

netrons —R. B. Nelson. (Puoc. I.R.E., vol. 36, 
pp. 53-56; January, 1948.) The most successful 
method of tuning involves simultaneous varia-
tion of both the inductance and the capacitance 
of all the resonant cavities by a single tuning 
motion. Tuning ranges of better than 1-4 to 1 
have thus been obtained with good efficiency. 
A magnetron is described which can deliver 
over 2 kw cw power at any frequency between 
760 and 1160 Mc. 

621.396.822  2418 
A Unified Theory of Spontaneous Elec-

trical Fluctuations in Thermionic Valves — 
R. Furth. (Nature (London), vol. 160, pp. 
832-833; December 13, 1947.) It is asserted 
that thermal fluctuation and shot effect are, 
in general, only two aspects of one and the same 
statistical fluctuation process, which can be 
theoretically treated by the application of the 
principles of statistical thermodynamics. An 
approximate formula for the shot effect in 
diodes, which covers the whole range of the 
characteristic, may readily be derived. Certain 
anomalous data presented by MacDonald 
(953 of 1947) are explained by the theory. 

621.396.822  2419 
On the Theory of Electrical Fluctuations — 

R. Furth. (Proc. Roy. Soc. A, vol. 192, pp. 
593-615; March 18, 1948.) A critical analysis 
of the fundamental principles of the theory of 
thermal fluctuations of electricity, with a new 
derivation of Nyquist's theorem. Examination 
of the methods of derivation of the formulas for 
"shot" fluctuations suggests that they are, in 
fact, identical with thermal fluctuations. On 
this basis, a general formula for the shot effect 
in diodes is given which should be valid through-
out the whole range of the characteristic. 

621.396.822  2420 
Valve Noise and Transit Time —N. R. 

Campbell, V. J. Francis, and E. G. James. 
(Wireless Eng., vol. 25, pp. 148-157; May, 
1948.) Earlier treatments of tube noise in 
diodes and triodes are extended to allow for the 
transit time of t he electrons. The reaction of 
the tube to a sinusoidal input is analyzed and 
modifications of the formula are then made to 
allow for the finite duration of the noise events, 
involving a discussion of the charge induced on 
the grid by an electron as it approaches and 

recedes. Discussion of measurement results 
indicates that the assumptions made in previ-
ous analyses by Bakker (Physica, vol. 8, p. 23; 
1947) and by Benham (Wireless Eng., 1928 
abstracts, p. 288 and 1931 abstracts, p. 212) 
are of doubtful applicability to tubes of practi-
cal importance. See also 1191 and 1471 of 1946. 

621.396.822  2421 
Noise in Resistances and Electron Streams 

—Pierce. (See 2220.) 

621.392+621.385  2422 
Electronic Circuits and Tubes [Book Re-

vievd—War Training Staff of the Cruft Labo-
ratory, Harvard University. (See 2222.) 

MISCELLANEOUS 
002:778.1  2423 

Proposed Central Publication of Scientific 
Papers—W. Davis. (Nature (London), vol. 161, 
p. 896; June 5, 1948.) Description of a method 
of auxiliary publication used in the United 
States since 1936. Original scientific papers can 
be deposited by journal editors with the Ameri-
can Documentation Institute, Washington, 
D. C.; a catalogue of documents deposited is 
available. Journals can publish a summary 
(long or short) of the article, and insert the 
number of the document deposited, and the 
price of a microfilm or enlarged photoprint. 
Only the original document and the microfilm 
negative need be stored. Copies are ordered di-
rectly by readers from the American Institute 
of Documentation. Neither the journal editor 
nor the author incurs any financial liability. 

371.3:621.3  2424 
The Practical Training of Professional 

Electrical Engineers—(Jour. I EE (London), 
part I, vol. 94, pp. 437-446; October, 1947.) 
Report of a committee appointed by the Coun-
cils of the British Electrical and Allied Manu-
facturers' Association, the Radio Industry, 
and the Institution of Electrical Engineers. 
Recommendations are made for two types of 
apprenticeship:  a graduate  apprenticeship 
lasting 2 years, and a student apprenticeship, 
with technical education by part-time study, 
lasting 4 years. 

522.1 (42) Greenwich  2425 
The Royal Observatory, Greenwich —H. 

Spencer Jones. (Endeavour, vol. 7, pp. 9-14; 
January, 1948.) A short historical account of 
the observatory and its equipment. Removal to 
Herstmonceaux Castle, Sussex, is in progress. 

621.3(083.74)  2426 
On the Use of Standard Terms and Ab-

breviations—G. W. 0. H. (Wireless Eng., vol. 
25, pp. 67-69; March, 1948.) General discus-
sion, including a suggestion that "ampere" 
should be shortened to "amp." 

621.3(083.74)  2427 
Standard Terms and Abbreviations —M. G. 

Scroggie. (Wireless Eng., vol. 25, pp. 130-131; 
April, 1948.) Favors the adoption of "amp" for 
the unit of current and also the practice of using 
lower-case letters for initial abbreviations of 
words which would begin with them if written 
in full, such as if, agc, and ac. 

621.3(083.74)  2428 
Standard Terms and Abbreviations —E. D. 

Hart; L. F. Odell. (Wireless Eng., vol. 25, pp. 
164-165; May, 1948.) Comment on 2427 and 
2428 above. Reasons are given in favor of the 
contraction of "ampere" to "amp," the use of 
"K" instead of "k" for "Kilo," and of "dB" in-
stead of "db" for "decibel." The use of lower-
case letters in abbreviations is also considered. 

621.396  2429 
The Inventor of Radio Telegraphy —G. W.-

0. H. (Wireless Eng., vol. 25, pp. 135-137; 
May, 1948.) A discussion of the evidence re-
garding the earliest experiments in wireless 
telegraphy. Recent claims that Popov had a 
working system earlier than that of Marconi do 
not appear to be supported by the evidence. 
See also 1842 of July and back references. 



POWERSTAT 
VARIABLE TRANSFORMERS 

PO WERSTAT variable transformers are not limited to 

laboratory, test panel or low power applications. As 

single units or as ganged assemblies, PO WERSTAT 

types 1156 and 1256 provide smooth, precise, continu-

ously adjustable variable a-c voltage for heavy duty 

requirements. 

Type 1156 operates from a 115 volt, single phase, 50/60 

cycles source to deliver 0-135 volts, 45 amperes output. 

Type 1256 delivers a variable output of 0-270 volts, 28 

amperes from a 230 volt, single phase, 50/60 cycles line. 

To obtain higher single phase ratings, types 1156 and 

1256 are series, parallel or parallel-series connected, in 

ganged assemblies of 2, 3, 4 and 6 — operating on a 

common shaft. PO WERSTATS in this arrangement can 

be supplied in 115, 230 or 440 volt ratings with output 

currents as high as 270 amperes. Three phase units are 

available in the same ratings. As many as 18 individual 

PO WERSTAT types 1156 or 1256 can be employed in 

a three phase assembly. Type 1256-18Y (18 PO WER-

STATS with a single control) delivers 0-515 volts, 168 

amperes from a 440 volt, three phase 50/60 cycles source. 

Motor drive is recommended for heavy duty PO WER-

STATS. It gives finger-tip operation from a conveniently 

located push-button station, with the same smooth control 

found in the smallest manually-operated unit. 

,Whether your variable voltage requirement is 1 or 150 

KVA, there's a PO WERSTAT variable transformer to 

do the job. 

2 POWERSTAT 
Type 1256 

POWERSTAT 
The Superior Electric Co., 809 Meadow St., Bristol, Conn.  Type MW 1156-6Y 

THE SUPERIOR ELECTRIC 
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Widen the Horizon of 
Industrial Electronics 

Wherever industrial electronic equipment is sectionalized, 
Amphenol AN connectors serve with efficiency and economy 
to provide quick connection and easy disconnect for servic-
ing or movement. 

They save money by permitting associated wiring for one 
or many circuits to be prefabricated, thus electronic devices 
may be tested at the factory and instantly connected for 
use on arrival. This greatly simplifies installation and servic-
ing procedures. 

Available in five major shell designs, each of which accom-
modates over 200 styles of contact inserts, Amphenol AN 
connectors handle voltages up to 22,000, amperages up to 
200. Types with pressure-proof, explosion-proof or moisture-
proof housings also are available, as are standard elements 
for thermocouples. 

The complete new Amphenol "AN" catalog is just off the press. 
A note on your letterhead will bring a copy immediately. 

AMERICAN PHENOLIC CORPORATION 
1830 South 54th Avenue, Chicago 50, Illinois 

COAXIAL CABLES AND CONNECTORS•INDUSTRIAL :ONNECTORS. FITTINGS AND 
CONDUIT • ANTENNAS • RADIO COMPONENTS • PLASTICS FOR ELECTRONICS 
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CONVENTIONAL  AMPNENOL 

A typical example of outstanding Araphenal design: — 
All Amphenol solder pockets face in one direction—easy to 
set in a fixture —easy to solder—will not twist or turn—ideal 
for low-cost, efficient production. Only one of a dozen MO-
portant features. 

BALTIMORE 

'Printed Circuits and Miniature Electronics.' 
by C. Brunetti. United States Bureau of Standards; 
June 22, 1948. 

Election of Officers; June 22, 1948. 

BOINOS AIRES 

Election of Officers; Aptil 16,1948. 
'Airport Communications Systems.' by P. C 

Sandretto. Internation Telecommunications Lab-
oratory; May 21, 1948. 

'Class-C Amplifiers,' by M. Castellani; June 
3. 1948. 

'RF Heating Applications.' by N. L. Pigache: 
June 18, 1948. 

'Television in Argentina,' by J. P. Calvelo. 
July 1, 1948. 

Des MOINES-Axes 

"Microwaves—Their Peacetime Applications," 
by C. D. Peebler. Northwestern Bell Telephone 
Company; June 17, 1948. 

'Radar Landing of Airplanes,' by L. W. Von 
Tersch, Iowa State College; June 17, 1948. 

D ETROIT 

'The Ear as an Acoustical Instrument.' by V. 
Salmon. The Jensen Manufacturing Company; 
May 21, 1948. 

HOUSTON 

'A Visual Indicating Phasemeter,' by W. C. 
Weis, Schlumbreger Well Surveying Corporation; 
June 16, 1948. 

'Electronic Well Logging Thermometer and 
Its Applications,' by H. C. Waters, Halliburton Oil 
Well Cementing Company; June 16. 1948. 

'The Section's Activity for 1947,' by C. N. 
Cutler. Secretary of Buenos Aires Section; April 16. 
1948. 

KANSAS Cirt 

'Television—Its Mechanism and Promise,' 
by W. L. Lawrence, Radio Corporation of America; 
May 6, 1948. 

Election of Officers; May 18.1948. 

PHILADELPHIA 

'Projection Television Receiver Design Fea-
tures,' by E. Clark. Victor Radio Corporation of 
America; May 6, 1948. 

Election of Officers; May 6, 1948. 

SACRAMENTO 

'Stub Matching of RF Transmission Lines,' 
by W. E. Evans, Jr., McClatchy Broadcasting 
Company; June 15, 1948. 

Election of Officers; June 15, 1948. 

SAN Dt EGO 

'Recent Design in Magnetic Recording,• 
R. Callen and M. Frank, United States Navy Elec-
tronics Laboratory; June 8. 1948. 

'Transmission of Electromagnetic Energy in a 
Dissipative Media,' by S. A. Schelkunoff, Bell 
Telephone Laboratories and New York University; 
July 13. 1948. 

Interesting items of industrial news 
and new products appear on pages 
24A and 40A etc. Items of this sort 
are invited when of genuine en-
gineering interest. 
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ALPET1-1 
NE W W ORD ON 

TELEPHONE CABLES 

Lead makes an excellent sheath for 
telephone cables — sixty years and 
thousands of miles in service have 
well proven that. But lead is useful 
in other ways—storage batteries and 
paint, to name only two. So the 
telephone industry shares the lim-
ited available supply with other 
claimants. 
Bcfcre the war when there was no 

lead shortage, Bell Laboratories en-
gineers sought to develop better and 
cheaper cable sheaths. An ideal 
sheath is strong, flexible, moisture-
proof, durable and must meet specific 
electrical requirements. No single 
material had all those virtues, so 
thoughts turned to a composite 
sheath,each clement of which should 
make a specific contribution to the 
whole. 
Various materials and combina-

tions were studied. Desirable com-
binations that satisfactorily met the 
laboratory tests were made up in 
experimental lengths, and spent the 
war years hung on pole lines and 
buried in the ground. After the war, 
with an unparalleled demand for 
cable and with lead in short sup-
ply, selection was made of a strong 
composite sheath of ALuminum and 
PolyETHylene. Now Western Elec-
tric is meeting a part of the Bell 
System's needs with "ALPETH" 
sheathed cable. 
Meeting emergencies—whether 

they be storm, flood or shortage of 
materials — is a Bell System job in 
which the Laboratories are proud to 
take part. 

BELL TELEPHONE LABORATORIES 
• EXPLORING  AND  INVENTING,  DEVISING  AND  PERFECTING  FOR 

CON] INUED IMPROVEMENTS AND ECONOMIES IN TE_EP -IONE SERVICE. 



The 750 ft. high tower of 
WTAD•FM, Quincy, Illinois 
— on* of America's finest 
FM Stations—showing 61/4 " 
copper coaxial transmission 
lin• manufactured and 
installed by Andrew. 

WTAD-FM did. That's why they selected Andrew 61/4 " 
coaxial transmission line. In spite of the 800 ft. long 
run, including a 750 ft. run up the tower, the overall 
efficiency is 90%! 
Not only is this 61/4 " line the most efficient standard 

RMA line used in broadcasting, but it offers the addi-
tional advantage of very high power handling capac-
ity. It will handle up to 166,000 watts at 100 MC with 
unity standing wave ratio, allowing a wide margin for 
future power expansion. 
Fabricated by Andrew in twenty foot lengths with 

connector flanges brazed to the ends, sections can be 
easily bolted together with only a couple of small 
wrenches. Flanges are fitted with gaskets so that a 
completely solderless, gas-tight installation results. 
Still another advantage to buying Andrew equip-

ment is that Andrew engineers are available to prop-
erly install it. NO OTHER TRANSMISSION LINE 
MANUFACTURER OFFERS YOU THIS COM-
PLETE INSTALLATION SERVICE! 
Here's what Mr. Leo \X/. Born, Technical Director 

of WTAD-F.M, writes about Andrew installation 
service:— 

"You will be interested to know that the installa-
tion of the Andrew coaxial line made by your 
organization has been giving us trouble-free per-
formance of high efficiency in the daily operation 
of WTAD-FM. 
Knowing the great difficulties involved in the 

installation of such a large line on a 750 foot 
tower over a period of such inclement weather 
conditions, I feel that the excellent operation of 
the line is indeed a tribute to the men of your 
company who were on the job. Such performance 
is not accidental and we congratulate you on a 
tough job well done." 

This again emphasizes Andrew's unique qualifica-
tions :— Unsurpassed equipment and complete en-
gineering service. 

WANT THE MOST EFFICIENT ANTENNA EQUIPMENT FOR 
YOUR STATION? WANT EXPERIENCED ENGINEERS TO 

INSTALL IT? WRITE ANDREW TODAY! 

363 EAST 75TH STREET, CHICAGO 19 

TR A NS MISSI O N LI NES 

ANTE N NA EQUIP ME N T 

EASTERN OFFICE: 421 SEVENTH AVENUE, NEW YORK CITY 

STUDENT 

BRANCH 

MEETINGS 

ALABAMA POLYTECHNIC INSTITUTE, IRE BRANCH 
'Electronic Computers," by Mr. Sayre, Ala-

bama Polytechnic Institute; July 5, 1948. 
'Design of Class-C Amplifiers,' by Professor 

Saunders, Alabama Polytechnic Institute; July IS. 
1948. 

UNIVERSITY OF IOWA, IRE-AIEE BRANCH 

'The Future of Television." by five students of 
AIEE Branch of University of Iowa; May 5, 1948. 

Motion Pictures on Atomic and Nuclear 
Physics; May 12. 1948. 

Election of Officers; May 19. 1948. 
UNIVERSITY OF TENNESSEE, IRE-AIEE BRANCH 

Election of Officers; May 4, 1948. 
'Fundamentals of Telemetering Systems," by 

C. H. Mock. University of Tennessee; July 13. 1948. 

The following transfers and admissions 
were approved on August 3, 1948, to be 
effective as of September 1, 1948: 

Transfer to Senior Member 

Christensen, R. J., 1718 San Luis Rey Ave.. Coro-
nado, Calif. 

Clark, E. L. 224 Lawnside Ave., Collingswood. 
N. I. 

Dav,s, D. W.. Carvel Hall, Annapolis, Md. 
Fowler, G. A., 4119 E. Central Ave., Albuquerque, 

N. M. 
Lurie. W. B., 821 Bronx River Rd., Bronxville, 

N. Y. 
McCormack, R. L., Claybrook Rd.. Dover, Mass. 
Pontecorvo, P. J., 2 Ware St., Cambridge 38, Mass. 
Reed, M. B., Electrical Engineering Department, 

University of Illinois. Urbana, Ill. 
Rychlik, R. F., 220 Marathon Ave., Dayton 5, Ohio 
Simpson, S. H., Jr., 66 Broad St.. New York, N. Y. 

Admission to Senior Member 
Jackson, W., Electrical Engineering Department 

Imperial College, London S. W 7, Eng-
land 

Rives. T. C., Box 412, Fairfield, Ohio 
Skinner. F. J., 500 Wolfs Lane, Pelham 65, N. Y. 
Warnecke. R. R.., 17 Place de la Republique. Vil-

lemomble, Seine, France 

Transfer to Member 

Aaron, B. D.. 6811 Huntington Ave, Newport 
News, Va. 

Alsberg, D. A., Bell Telephone Laboratories, 463 
West St., New York 14, N. Y. 

Austin, H. B., Sandia Base Branch. Albuquerque. 
N. M. 

Balbridge, B. H., R. R. 9, Kratzville Rd., Evans-
ville, Ind. 

Admission to Member 

Clavier, P. A., 339 Walnut St., Nutley. N. J. 
Burling, F. A., Box 56, Ancon, Canal Zone 
Gordon, M. F., 715 N. Highland Ave.. Pittsburgh, 

Pa. 
Grace. G. M., Panamerican-Grace Airways, Lima, 

Peru, S. A. 
(Continued on page 38A) 
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a-c and d-c amplifiers 
Built-in voltage-calibrator 

Three horizontal and three 

vertical input choices 
I Recurrent or driven sweep 

I Z-axis modulation 

Introducin 

FEATURI NG... 

I Provision for photography 

I Brilliant traces 
Automatic beam blanking 
High-sensitivity amplifiers 

High-impedance input 

probe 

TYPICAL APPLICATI ONS REQUIRING TYPE 250... 

Application No. 1: If a machine component is to be stud-
ied for its reaction under shock-load conditions, what 

characteristics must the oscillograph have? 

Characteristics required: 

1. Single sweep, variable in duration. The single sweep 

of the Type 250 is continuously variable from 1 second to 

20 microseconds. 

2. Adequate light output. The Type 5CP-A Cathode-ray 

Tube in the Type 250 operates at 3000 volts accelerating 

potential for brilliant traces. 

3. High-sensitivity amplifier. Type 250 provides either d-c 
to 200 kc at 1 d-c volt/in, sensitivity, or 5 cps to 200 kc 

at .02 rms volt/in. sensitivity. 

4. Automatic beam blanking, so that the fluorescent 

screen is excited only when signal is present on driven 
sweeps. This too is a feature of the new Type 250. 

Application No. 2: Quantitative measurements and per-
manent records are to be made of the waveforms at vari-

ous points in an electronic circuit. 

Additional characteristics required: 

1. Built-in voltage-calibrator that can be switched in be-

CALLEN B DU MONT LABORATORIES INC 

fore attenuator and gain control of Y-axis amplifier — a 

feature of the Type 250. 

2. Provision for photography. Du Mont Types 271-A and 
314 Oscillograph-record Cameras are designed to fit the 

Type 250. 

3. d-c levels, a-c signals, or both, can be recorded with 

the new Type 250. 

Other possible applications of the new Type 2.50... 

Since the Type 250 was designed as a versatile general-

purpose oscillograph of laboratory quality, it therefore 

has a wide range of applications in such fields as medi-
cine, biology, welding, mechanics, and many other fields 
where a high-quality instrument for medium- and low-
frequency work is required. 

• W hy not consult us noW about the possibility 

of applying the new Type 250 to your particular 
problem? Detailed specifications on request. 

10 PRICE: $635.00 with Type 5CP1-A tube. Cat. No. I303-E. 

ALLE N  B.  DU  M O NT  LAB OR AT ORIES,  INC.,  PASS AIC,  N.  J. 

CA BLE  A D D RESS:  ALBEE D U,  NE W  Y O R K,  N. Y.,  U.S. A. 

PROCEEDINGS OP THE I.R.E.  Som me", 1941 37; 



Wth CB Base 

Lies On Its Felt 
Covered Back 

As Hand Mike 
Tapered contours al-
low firm, effortless 

grip. 

Mounted on Floor Stand 
Special  adapter  is 
uriversal fitting for 
conventional stands. 

With Hart-up Bracket 
in  a 

Usability Unlimited 

the new Astatic 
OS, OD and OSC MODELS 
CRYSTAL, 
DYNAMIC 

and CERAMIC 
MICROPHONES 

The Ideal Microphone for Many 
Uses—Public Address, Recording, 
Inter-office and Portable Com-
munications. 

IT'S A PACESETTER  . . a major new accomplish-

ment in terms of quality performance at modest 

cost. And, still, that is only part of the story of this 

new Astatic Microphone. It has usability unlimited! 

It is so designed that it may be used in a variety of 

ways shown in illustrations.  Extra convenience in 

all applications is offered by optional models with 

Type "S" off-on switch. Crystal and Ceramic models 

furnished in dark brown, streamlined plastic case; 

Dynamic models in die-cast case. 

Work on AC-DC or standard circuits.  Crystal and 

Ceramic models available with substantially flat re-

sponse or rising characteristics in the voice range. 

Dynamic models incorporate Astatic's newly devel-

oped circular, Alnico 5 magnet, which doubles flux 

density,  providing  higher  output  level,  extended 

range, and more stability, permitting highest quality 

performance in these more compact units. CB Base. 

stand adapter and hang-up bracket are accessories. 

and may be purchased separately. 

Write for prices, additional details 

SPECIFICATI O NS 

Model 
No 

OS 
05.1 
OD 
0004 
O W 
O W1 

T, 

Crystal 
Crystal 
Dynamic 
Dynamic 
"eromtc 
•• r rnle 

Recommended  Output  Fret' 
Load  Le. el  Re.pon. 

_Impedance  f A pp,o.,1 

5 Mon  —50 db  30.10.000 
5 Moo  —50 db  30.10.000 

SOO Ohm  —61 db  30.10.000 
5 NIsq  —50 db.  30.10.000 
$ Men  62 db  30 10.000 
$ Moo  62 db  30-10.000 

Characteristic* 

Substantially Fla, 
Rising Chatoelerislics 
Substantially Fla, 
Substantially rim 
Substantially flat 
RJsing Characteriunts 

Listed in The Radio Industry RED BOOK 

A static Cryst•t Devices M•narictured under Brush Development Company W ants 

CORPORATION 
CO N NE A U T,  O HI O 

. 000004 CANADIAN AS? Alt(' OD. 7040APIO Oarrsal0 

(Continued from page 364) 

Graf, S. J.. 110 N. Yale, Vermillion. S. D. 
Hadsell, G. C., 349 E. Emerson Ave.. Osborn, Ohio 
Harms, R. G., 712 Fulton St., Farmingdale. N. Y. 
Johnston, H. R., Northwestern University Tech-

nological Institute, Evanston, III. 

Leonard, F. M., 10102 Georgia Ave., Silver Spring. 
Md. 

Mendez, E. D., Gomez Pedraza 63. TacubaYa. 
Mexico, D. F. 

Paulisen, H., 510 E. Sixth St., New York 9, N. V. 

Percival, W. R., 32 Kenmore Ave.. Newark, N. J. 
Sexton, E. M., Ohio Bell Telephone Comapny, 121 

Huron St., Toledo, Ohio 

Sullivan, P. E., 130 Rodney Ave., Buffalo 14, N. V 
Swan, M. L., 3769 E. Green St., Pasadena 10. Calif. 

van Gogh. W. D., Box 6943, Johannesburg, South 
Africa 

Winn, A. L., 51 Grace, Malden 48, Mass. 

The following ad missions to Associate 

grade have been approved and will be ef-
fective as of August 2, 1948: 

Alday, R. R., 1117 W. Harrison St., Chicago 7, Ill' 
Arnot, G. A., Jr., 401 N. Sixth St., Albuquerque. 

N. M. 

Babintzeff, V. A., 309 Second Ave.. San Francisco. 
Calif. 

Bailey, W. R., Box 344, Bellaire. Tex, 
Beattie, F. E., 4069 N. 23 St., Milwaukee 9, Wis. 
Beatty, G. C.. 3341 17 St., N. W., Washington 10, 

D. C. 

Bonzon, S. V., International House 2, Oklahoma 
City Univ., Oklahoma City, Okla. 

Burtchaell, B. M., Jr., 2039 17 Ave., San Francisco,. 
Calif. 

Clarke, H. F., Sandia Base. Albuquerque, N. M. 
Cowden, E. R., 440 N. Orlando Ave., Los Angeles, 

Calif. 

Csepely, J. A., Westinghouse Electric Corporation. 
Sturtevant Division, Hyde Park 36, Mass-

Dankert, E. W., Box 62-E. Fremont, Ind. 
Davis, Sol, 8731 S. Wabash Ave., Chicago 19, Ill. 

Dawkins, L. L., Radio Station WPTF. Raleigh, 
N. C. 

Deb, S. S., 92 Upper Circular Rd., Calcutta 9, India 

Delano, R. H., 10845 Moorpark St., North Holly-
wood. 

Diodati, C. J., 2363 Margaret, Philadelphia 37, Pa. 
Everitt, R. S., 504 S. Robles Los Ave.. Pasadena 5. 

Calif. 
Freeman, W. L., 2282 Carmelita Dr., San Carlos. 

Calif. 

Freund, J. A., 1072 S. Broad St., Trenton, N. J. 
Gabriel, R. R., 1325 S. Kolm Ave.. Chicago 23, Ill 
Ginsburg, C. P., 1802 Topeka Ave., San Jose 11. 

Calif. 

Godshall, H. K., Jr., 134 S. Second St., Quaker 
town, Pa. 

Gratton, R. E., U. S. %Veather Bureau, Wichita. 
Kan. 

Grisanti, J. L., 817 W. Dickens Ave., Chicago 14, 

Harris, G. D., 651 W. 190 St., New York 33. N. V 
Highlson, Gregory, 1101 W. Grace St., Chicago 13. 

Humphries, L. %V., 1202 N. Fairview, Burbank. 
Calif. 

Javitz, A. E., 2515 Davidson Ave., New York 63, 
N. Y. 

Jones, I. F., 608 S. Doublas, Lee's Summit, Mo. 

Leger, L. P., 6510 S. Lafayette Ave., Chicago 21. 

Lyon, C. M., Box 275, NVormleysburg, Pa. 
Martin, R. R., 47 School St., Weston 93, Mass. 

Merrill, C. W., AEO School Bldg., 102 NATTC, 
Memphis, Tenn. 

Metcalfe, W. R., Burnt Oak, Orlestone Nr. Asford. 
Kent, England 

Mullins, F. G., Jr.. Apt. 68. Oaklee Village, Balti-
more, Md. 

(Continued on page 404) 
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sistant  •Heat Resistant  •High Insulation Resistance 

lectric  •Easy Stripping  •Facilitates Positive Soldering 

• Also unaffected by the heat of impregnation — 
therefore, ideal for coil and transformer leads 
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GENLRALt4ILLLCrftIC 
SINGLE SIDE AND SELEVOR 

SINGLE SIDEBAND SELECTOR 

TYPE YRS-1 

SINGLE SIDEBAND SELECTIVITY 
eaa 

NO LOSS of AUDIO RESPONSE 

W HEN connected to a conventional communications 
receiver, the General Electric Single Sideband 

Selector Type YRS-1 permits single sideband reception 
of modulated, unmodulated (C W) or single sideband 
transmissions. Although the system provides the effect 
of extreme selectivity, the audio fidelity of the selected 
sideband is restricted only by the fidelity characteristics 
of the receiver itself. Interference on either sideband can 
thus be minimized without impairing the quality of the 
signal you are trying to copy. 

0 Single sideband reception of modulated, urunodu-
lated (CW) or single sideband transmissions. 

• Provides the effect of extreme selectivity without re-
striction of audio fidelity. 

• Push-button selection of either sideband —other side-
band attenuated. 

• Audio distortion associated with selective fading is 
greatly reduced. 

0 Intelligibility of fading signals is improved. 

• Can be connected to practically any communication, 
receiver having an intermediate frequency of ap-
proximately 455 KC. 

0 Normal operation is in no way disturbed when single 
sideband selector is not in use. 

For complete information on the single sideband selector 
write:GeneralElectricCo.,ElectronicsPark,Syracuse,N.Y. 

165.05 

GENERAL 6 ELECTRIC 

(Continued from page 38A) 

PetraitIs. L. J., 205 E. 108 St., Chicago 28, Ill. 
Pierlott, R. G., Jr., 959 E. State St.. Ithaca. N. Y. 
Poland, W. B.. Jr., 1310 27 St., N.W., Washington. 

D. C. 
Polin, H. S., 929 Park Ave., New York 28, N Y. 
Rao. L. P., 354 Thalakwadi, Belgaum, India 
Rhyan, R. K., 320 N. Tenth Ave., Wauchula, Fla. 

Salica, R. R.. 2307 Coney Island Ave., Brooklyn 23. 
N. Y. 

Sambor, Harry, 1640 E. 84 St.. Cleveland 3, Ohio 
Sarkar, Nandalal. 6 Nilmani Mitm Row, Calcutta, 

Cossipore, India 
Sattler, E. W., Jr., 25 S. 12 St., Quakertown, Pa. 
Smith. 0. H., Box 123, Stringtown Rd.. Evansville. 

Ind. 
Swarup, Anand. do T.D.E. (I & E). Sunderwala, 

Camp, Dehra Dun, India 
Sydnor, A. G., 407 Gartside Ct., Chester, Pa. 
Voislch. Joseph, Huntington, Md. 
Ward, W. E., 5015 Aldama St., Los Angeles 42, 

Calif. 
Willcox, P. D., 515-D E. South St.. Angola, Ind. 
Worthington, D. T., Fransworth Radio & Tele-

vision, Fort Wyane, Ind. 
Young. W. S., 1140 Park Ave., Bridgeport 4, Conn. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation 

Visual Alignment Generator 
for TV and FM 

A new type of precision visual align-
ment generator, Model 7008, developed by 
Philco Corp., Tioga & C Sts., Philadelphia 
34, Pa., includes a crystal-diode high-fre-
quency probe for use in examining the re-
sponse curve of individual stages and the 
4.5 Mc. video trap. 
Important to the design engineer, and 

for demonstrations, is the use of this in-
strument for obtaining the correct termina-
tion of rf transmission lines, for measuring 
transmission-line attenuation, for measur-
ing standing-wave ratio of transmission 
lines, and for determining the propagation 
constant of a transmission line. 
The instrument weighs only 36f lbs. 

complete; it is portable, and operates en-
tirely from the 110-120 volts, 60-cps ac 
line, consuming only 70 watts. 
Model 7008 is a precision instrument 

which contains the following: a crystal cal-
ibrator, to provide accurate check points 
every 5 Mc. (and at other calculable fre-
quencies); an AM (marker) generator, 
operating over a frequency range of 3.2 - 
250 Mc.; an FM generator, covering a 
range of approximately 4-120 Mc. and 145-
260 Mc with a variable sweep width of 15 
Mc. maximum deviation; an audio-fre-
quency generator, operating at 400 cps; a 
special oscilloscope; and a common power 
supply. This unique combination of cir-
cuits, with only one input and one input 
connection, but with individual gain con-
trols or attenuators, provides practically 
complete control of all circuits, either in-
dividually or collectively. In addition to 
being used for the primary purpose of tele-
vision or FM alignment, these circuits may 
be used separately when trouble-shooting. 

(Continued on page 44A) 
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 for a smooth performance 

Synthetic sapphire wheels are unequalled 

for grinding or burnishing small metal 

parts to a matchless finish. Because of 

superior hardness and dimensional sta-

bility, sapphire wheels will maintain 

exact wheel form, eliminating any need 

for machine adjustment. 

LINDE synthetic sapphire has many 

other properties to recommend it to 

makers of small but vital parts: 

Knoop Hardness  1,525 to 2,000 

Chemical Resistance  All Acids 

Compressive Strength, psi .  300.000 

Water Absorption   0.0 

Dielectric Constant  .  7.5 to 10 

Thermal Conductivity  . . . 0.010 
cal. sec.-1 cm.' deg. C.—' 

at 300 deg. C. 

r- - 

plus: 
Unicrystalline structure — offers no location 
for immediate wear. 

Superior wear resistance. 

Extremely low coefficient of friction. 

Send for Booklet 3A—see how synthetic 
sapphire can help you with your problems. 

when the small part is the important part 

THE LINDE AIR PRODUCTS COMPANY 
UNIT OF UNION CARBIDE AND CARBON CORPORATION 

30 EAST 42nd STREET • NEW YORK I7 • N.Y. f11-0  OFFICES IN OTHER PRINCIPAL CITIES 

IN CANADA: DOMINION OXYGEN COMPANY, LIMITED, TORONTO 

PROCEEDINGS OF THE I.R.E. 
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New! All inclusive. 

STANDARD LINE Of 
TRANSMITTER COMPONENTS 
FOR AM, FM AND TV-LABORAION S 

TORY 

AND  INDUSTRIAL APPLICAT   

WRITE 
FOR 

CATALOG 

• PLATE TRANSFORMERS TO 

10 KVA 

• FILTER REACTORS 

• 115/230 VOLT, 50/60 

CYCLE SUPPLY 

• RUGGED INTERNAL CON-
STRUCTION, SUPPORTED CORE 

STRUCTURE 

• EYE  BOLTS  O N  LARGE 
UNITS FOR EASY HANDLING 

• FILAMENT TRANSFORMERS 

TO 15,000 VOLT TEST 

• PLATE FILAMENT TRANS-
FORMERS LOW VOLTAGE 

• AIEE  SURGE  TEST  ON 
HIGH VOLTAGE UNITS 

• EFFICIENT  MAGNETIC 
AND ELECTROSTATIC 
SHIELDING 

• UNIFORM 
APPEARANCE 

• STURDY STEEL CASES 

Here is one of the finest and most complete 
lines of standard transmitter components avail-
able today. Built to the same well-known high 
standards as N •Y •T custom-built units, they 
bring to the design engineer the full economy 
of standardized construction. Superbly con-
structed, inside and out, each unit fully reflects 
the years of experience that have made the 
name NE W YORK TRANSFORMER synon-
ymous with quality, integrity and dependabil-
ity wherever inductive components are used. 

ALPHA, NE W JERSEY 

STREAMLINED 

Cannon Electric Type K 
Receptacle on Collins 
Radio's Antenna Load-
ing Unit. Receptacle 
shown on unit. Plug 
type illustrated at left. 

Type P Connectors in Reeves' 
Sound Recorder. Type P Re-  \ 
ceptacle shown at right. 

Installation of AN and K 
Plugs on Bendix radio equip-
ment installed on the Martin 
"202" transport. 

For a general review of Cannon Plugs, 
with prices, write for C-47 Catalog or 
specify engineering bulle-
tin for specific type series. i SINCE 1915 

MAI10111± 

Lifootizatuer 

.INI O N 
CTP C 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA & BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 
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- :4441-r-4  11.1 1 8  I 'pot pp-

emark of the HELIcal POTentiometeril 

111111.''' 
11;VW 

OD' 

THE REVOLUTIONARY Potentiometer that Gives You 
461/2" of Slide Wire in a Panel Space 11/2 " in Diameter! 

A SIZE FOR EVERY APPLICATION! 

Helipots are available in a wide range of 
sizes and types to meet varying application 
requirements. Standard Helipots include the 
following ... 

Model A —Case diameter -1.8"; Number of turns -
10;  Slide wire  length — 46'  :  Rotation — 
3600; Power rating -5 watts; Resistance ratings 
—10 to 50,000 ohms. 

Model B—Case diameter -3.3"; Number of turns 
—15; Slide wire length -140 1/2 "; Rotation -
5400'; Power rating -10 watts; Resistance rat-
ings -50 to 200,000 ohms. 

Model C —Case diameter -1.8"; Number of turns 
— 3;  Slide  wire  length -13 1/2 ";  Rotation -
1080'; Power rating -3 watts; Resistance rat-
ings -5 to 15,000 ohms. 

In addition, special models of Helipots in 
production include . . . 
Model D —Case diameter -3.3"; Number of turns -

25; Slide wire length -234"; Rotation -9000"; 
Power rating -15 watts; Resistance ratings -100 
to 300,000 ohms. 

Model E—Case diameter -3.3"; Number of turns -
40;  Slide  wire  length -373";  Rotation -
14,400';  Power rating -20 watts;  Resistance 
ratings -150 to 500,000 ohms. 

Write for data on the 

DUODIAL 
... s-ind ica ting dial for 

the ideal turn   
Compact, simple and fool-proof, here's 
a dial that requires no more panel 
space than conventional dials. Yet it 
contains TWO concentric dials—a PRI-
MARY dial that indicates rotational 
position of the slider . . . and a 
SECONDARY dial that shows number 
of complete revolutions of the Primary 
dial. Available in a wide range of turns. 
ratios for all sites of Helipots—and for 

other helical applications. 

Send for descriptive details! 

use with the Helipot' 

Throughout the electronic industry—wherever quality 
electronic instruments are designed, manufactured or 

used —the big news is HELIPOT, the helical poten-

tiometer-rheostat that is making possible entirely new 

standards of accuracy, convenience and compactness 

in modern electronic equipment. Briefly, here's what 

makes the Helipot so unique . . . 

Instead of a single partial turn of slide wire as found in 

the conventional potentiometer, the Helipot has many full turns 

of slide wire coiled into a compact helix requiring no more 

panel space than the ordinary potentiometer. The sliding con-

tact follows the long helical path of the slide wires from end 

to end when a single knob is rotated. Thus, the Helipot requires 
the some panel space —the same single control knob —as a con-

ventional potentiometer . . . yet it provides the wide range con-
trol and accuracy of a slide wire approximately twelve times as 

long.* 

In other words, whereas the conventional rheostat 

gives approximately 300° of rotation, the 10-turn Heli-

pot gives 3600° of rotation in the same panel space. 

Think what this important advancement can mean in 

simplifying the control, increasing the convenience and 

improving the accuracy of your electronic equipment. 

Helipots are already being used in a wide range of 

devices—depth sounding equipment, flight control in-

struments, electrical computors, strain-gage circuits, 

oscilloscopes and other indicating and measuring ap-

paratus, and a great variety of other electronic appli-

cations. Let our engineering staff study your control 

problem and show you how Helipots can increase the 

accuracy, utility and simplicity of your equipment. 

There's no obligation, of course. 

• For the standard 10 turn, 11/2- unit. Other sizes proportional. 

We are also equipped to supply other types of potentiometer-

rheostats. Send us your requirements. 

Send for Helipot booklet! 

THE  Helipot CORPORATION, 
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NEWSHURE "900MG" 

Gives Maximum Reproduction of 
Micro-Groove Record Fidelity 

The Shure "900MG" Pickup is an ideal instru-
ment for tracking on the new micro-groove 

records. It tracks at 7 grams .. . has a needle 
force of 9 grams as added safety factor . . . uses • 

a special offset osmium-tipped needle with a 
point radius of only .001" . . . and has an output 
of 1 volt! The Shure lever system has been 

adapted in the development of this new pickup 
—providing a high needle compliance. Listen to 
it—you will be thrilled with the results! 

Model "900MG"  Code: RUZUZ  List Price: $12.50 
Shure Patents Issued and Pending. licensed under the Poipnt $ of the Brush Development Co. 

SHURE BROTHERS, Inc. 
Microphones and Acoustic Devices 

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 404) 

Twin-Trax Magnatape 
Recorder 

Full-scale production has begun on the 
TWIN-TRAX Magnetape Recorder, by 
the Magnephone Division, Amplifier Corp. 
of America, 398-1 Broadway, New York 
13, N. Y. 

The Twin-Trax utilizes two separate re-
cording tracks on standard  wide mag-
netic tape, and features one full hour of 
continuous play at the RMA standard 
tape speed of 74' per second by recording 
on one track during forward travel and on 
the other track during reverse travel. An 
automatic switch and solenoid automati-
cally reverses the direction of tape travel. 
Among other special features are a fre-

quency-response range of 50 to 9,000 cps, 
± 3 db, individual bass and treble equaliza-
tion controls, dc on the input heaters for 
low hum level, and simplified tape thread-
ing which makes it virtually equivalent to 
placing a disk record over a turntable spin-
dle. Twin electronic erase heads provide 
complete supersonic erasure of each mag-
netic track whenever desired. Recordings 
are automatically erased as a new record-
ing is made. 
The 10-tube recording and playback 

amplifier with built-in floating preamplifier 
and supersonic oscillator is contained on a 
single chassis, specially designed and lo-
cated within the cabinet so that it can be 
easily slid out for servicing. Power output 
is 5 watts. A 6' X9' oval speaker is housed 
in a leatherette-covered cabinet measuring 
16' wide X141" deep X13' high. 
Facilities are available for the use of 

a turntable and phonopickup for playing 
or copying 10' or 12' disk records onto 
tape. Microphone and radio-phone inputs 
are included. Special sockets for a VU 
meter and foot switch, as well as a special 
jack for earphone monitoring during re-
cording and playback, are provided. In 
addition, by utilizing one erase head for 
recording, it is possible to superimpose one 
recording over another while listening to 
the original recording being played back. 

44A 

225 W. HURON ST., CHICAGO 10, ILL. • CABLE ADDRESS: SHUREMICRO  (Continued on Page 484) 
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Designed for a wide variety of laboratory measurements, 

especially those where high sensitivity and a long scale arc are required. 

Electrostatically and magnetically shielded, Model 622 is ideally suited for 
precise measurements of potential and current at the very low energy levels 

frequently encountered in nuclear physics, electronics and electro-chemical 
research. Microammeters, inilliammeters, millivoltmeters and voltmeters are 

available in single and multi-range D-C types; milliammeters and voltmeters 

in thermo and rectifier types for RF and A-C. 
Complete information on Model 622 is available from your 

nearest W ESTON representative, or by writing ... W ESTON Electrical Instrument 
Corporation, 589 Frelinghuysen Avenue, Newark 5, N. J. 

WESTON 
.p  • 

ILBANY • ATLANTA  BOSTON • BUFFALO • CHARLOTTE • CHICAGO • CINCINNATI • CLEVELAND • DALLAS• DENVER • DETROIT • HOUSTON • JACKSONVILLE • KNOXVILLE • LITTLE ROCK • LOS ANGELES • MERIDEN • MINNEAPOLIS • NEWARK 

NEW ORLEANS - NEW YORK • PHILADELPHIA • PHOENIX • PITTSBURGH • ROCHESTER • SAN FRANCISCO • SEATTLE  ST. LOUIS • SYRACUSE • TULSA • IN CANADA, NORTHERN ELECTRIC CO., LTD.. POWERLITE DEVICES. ITO 
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PROFESSIOAAL CARDS 

-_9111rotietaliq 

VARIAN ASSOCIATES 
SPECIALISTS in research, development, and pilot manufac-ture of vacuum tubes and other devices in the electronic, 

microwave, and physical research field. 

Technical staff includes: 

R USSELL H. V ARIAN  SIGURD F. V ARIAN  H. M YRL STEARNS 

ELLIOTT LEVINTHAL  FRED L. SALISBURY  D O N L. SNO W 

Consultants and directors comprise scientists who participated in 

the original klystron and microwave research and development and 

in important phases of nuclear physics. 

Incorporated April 20, 1949 

Electronic testing and tube fabrication laboratory 

Model machine shop 

98 Washington Street, San Carlos, California 

Write today for Bulletin 909 

containing complete infor-
mation and specifications on 

the Type 410-A R-F Oscil-

lator 

NEW R-F OSCILLATOR 
for general 

laboratory use 

and as a signal 

source for 

R-F bridges 

NOTE THESE FEATURES 

• 100 kc to 10 Mc 

• High output—approximately 30 volts 

• 50-60 .. output impedance 

• Internal modulation 

• Output voltmeter 

• Excellent stability 

• Accurate,  individually-calibrated  fre-
quency scale. 

• Expanded frequency scale. 

Pr-D TECHNOLOGY INSTRUMENT CORP. 
u   1058 MAIN STREET, WALTHAM 54, MASS. 

MIdwe,1 Once: Alfred Crossley & Associates. 549 W. Randolph St., ChIceno 5. Illloolo. State 7444 

W. J. BROWN 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
RADIO AND TELEVISION 

25 years active electronic development 
experience 

P.O. Box 5106, Cleveland, Ohio 
Telephone & Telegrams Yellowstone 7771 

Office: 501 Marshall Building 

EDWARD 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 —D•velopment —h1odela 

Complete Laboratory and Shop Facilities 

6309-13 -27th Ave. 

Kenosha, Wis.  Telephone 2-4213 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J, Upper Montclair, N.J. 
Offs. & Lab.: Great Notch, N.J. 

Phone: Little Falls 4-1000 
Established 1926 

HERMAN LEWIS GORDON 
Engineering Coniultant —Regsitered 

Patent Attorney 

Product Development and Design 
Electronics — Mechanical Devices — Optics 

100 Normandy Drive  1416 F Street, N. W. 
Silver Spring, Md.  Washington 4, D.C. 
Shepherd 2433  National 2497 

Samuel Gubin, Electronics 
G. F. Knowles, Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic 6, Mechanical Designers 

540 North 63rd Street 
Philadelphia 31, Pa. 
GRanite 24333; 2-3135 

EUGENE MITTELMANN, 
C•nsasiting Engineer & Pla•.letai 
H11.11 FREQUENCY HEATING 
INDUSTRIAL ELECTRONICS 

APPLIED PHYSICS & 
MA EHILMATIC3 

549 W. Washington Blvd. Chicago 6, III. 

Phone: State 8021 

ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker Design;  Development; Mfg. 
Processes.  High Quality  Audio Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 

168-14 32 Ave.  Flushing, N.Y. 
FLushing 9-3574 
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Save Time...Speed Assembly 
with CTC ALL-SET Boards! 

On the assembly line and in the 
laboratory, CTC ALL-SET Boards 
are valuable time-savers. 
With Type 158B Turret Lugs, a 

new board now offers mounting for 
miniature components.  1 1/16' 
wide, 3/32' thick, only. (Type 
X1401E.) 
With Type 1724 Turret Lugs, 

boards come in four widths: %", 
2',  2  3' — in 3/32',  3 8", 
3,/16' thicknesses. 
With the addition of the new 

miniature board CTC ALL-SET 
Boards now covez the entire range 
of components. 
All boards are of laminated 

phenolic,  in five-section  units, 
scribed for easy separation. Each 
section drilled for 14 lugs. Lugs 
solidly swaged into precise position 
... whole board ready for your 
assembly line. 

SPECIAL PROBLEMS 
Custom-built boards are a spe-

cialty with CTC. We're equipped 
to handle many types of materials 
including the latest types of glass 
laminates.. . many types of jobs 
requiring special tools . . . and all 
types of work to government spec-
ifications. Why not drop us a line 
about your proliem? No ot ligation, 
of course. 

Turret 
lugs 

• 

Swasper 

1111811111 rb 

Double. End 

;jot-A 

Short 

Itit6te  

Terminal 
Board 

C fl a0111 64 efifetorefatel 

Toreenaitteeei 

Comiloneop4 

CAMBRIDGE THERMIONIC CORPORATION 

456 Concord Avisnle, Combrids• 38, Moss. 

FOR MOBILE 

F-111 RADIO 

1111-7 

CRYSTAL UNITS 

idely used for all forms of mobile com-

munications equipment, RII-7 plated crystals 

offer a standardization on one holder, with 

all option of pins or wire leads, to cover 

every frequency range. 

Small, compact, and hermetically sealed, 

the gold vapor plated R11-7 is built to with-

stand rough treatment in every mobile radio 

application. 

Standardize now with R11-7. 

RITE FOR BULLETIN RHCX 

HOFFMAN 
CO R P O R A TI O N 
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TUBES 

like to SHOP at 'NEWARK' 
for ALL Their Needs in 

:4Z710.- RADIO and ELECTRONIC 
RECORDERS  • EQUIPMENT • COMPONENTS • ACCESSORIES 

For all your personal or professional needs in Radio 
and Electronic equipment — save time, save 
MONEY, by shopping 'Newark' FIRST! 

Engineers, who "live by the clock" have 
learned to depend on Newark's speedy, 
efficient service . . . our high geared or-
ganization of technically trained personnel 
know how important YOUR order is to 
YOU . . . mail and phone orders shipped 
same day! All standard makes of Tubes, 
Components, Receiving, Transmitting,Public 

Address, and Recording Equipment, 
in stock. 

WIRE & TAPE RECORDERS — all 
makes now on demonstration at any 
of our THREE GREAT STORES, 
centrally located in New York and 

Chicago. 

TELEVISION SETS 

P.A. SYSTEMS 

NE W YORK 
off;ces & Warehouse 
242W 55,i, St ,N.Y.19 

F-M TUNERS _ 

O P* 
* AA, 

r 
TRANSMITTING and 

RECEIVING EQUIPMENT 

New York City Stores:  115-17 W.4 5th St.& 212 Fulton  St. 

AS NEAR AS YOUR PHONE! in NEVV YORK 

Phone: CI. 6-4060 

in CHICAGO 
Phone: STAte 2950 

A R R O W  E L E C T R O N I C S 

INDUSTRIAL SALES DEPT. 
t ecfait itne7 

ALL ELECTRONIC COMPONENTS, 
PARTS, TEST EQUIPMENT AND 

rate lei fig 6/lece'ediy, 
T O  T H E N E E DS  O F 

MANUFACTURERS • LABORATORIES 
RESEARCH DEPTS. • ENGINEERS 
SCHOOLS • PURCHASING AGENTS 

• 

CALL • WRITE • WIRE 
F  R 

SPECIAL PRICES • QUOTATIONS • DELIVERY SCHEDULES 

( 
claiei dlattlit, ore. Dlgby 9-4714 

ARRO W ELECTRONICS 
I N C O R P O R A T E D 

8 2  C  RTLA N DT  STREET,  NE W  YOR K  7,  N. Y. 

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 44.4) 

Flying-Spot Cathode-Ray 
Tube 

The Tube Department, Radio Corpora-
tion of America, Harrison, N. J. has pro-
duced a "Flying-Spot" cathode-ray tube, 
RCA-5WP15, which enables television sta-
tions to employ a flying-spot video-signal 
generator which permits the telecasting 
of individual station call letters and test 
patterns from interchangeable slide trans-
parencies or from opaque surfaces. 

This new 'Flying-Spot" tube-furnishes 
a small, rapidly moving spot of radiant 
energy (hence the name "flying spot") for 
scanning a slide transparency or ,opaque 
object. It thus makes possible a relatively 
simple and inexpensive video-signal gen-
erator capable of producing not only a 
repetitive picture signal like the mono-
scope, but also of permitting change of 
picture at will and of reproducing the pic-
ture with the halftone fidelity of,photo-
graphic film. 
Featured in the 5WP15 is a new ex-

tremely short-persistence phosphor hav-
ing a large component of its energy emis-
sion in the near-ultraviolet region. The 
persistence of the ultra-violet radiation is 
so extremely short that the amount of 
equalization needed in the video amplifier 
to minimize trailing in the reproduced pic-
ture is small and can be supplied by a sin-
gle network. As a result, circuits and ad-
justments are relatively simple. 
The video-signal generator made possi-

ble by the 5WP15 consists essentially of 
(1) the flying-spot tube with associated 
power supplies, deflection yoke, and scan-
ning circuits to provide a small, rapidly 
moving source of radiant energy; (2) a lens 
of the enlarger type to project the raster on 
the subject to be scanned; (3) the subject 
which may be a slide transparency, mo-
tion-picture film, or an opaque object; 
(4) a multiplier phototube, such as the 
RCA-931-A, with associated power supply 
to intercept the radiation transmitted or 
reflected by the subject, and convert it 
into video signals; and (5) an amplifier to 
increase the strength of the video signals. 

(Continued on Page 564) 
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MICROWAVE 
TEST EQUIPMENT 

W. E. 1 138 A. Signal gen-
erator,  2700 to  2000 Mc 
range.  Lighthouse  tube 
oscillator  with  attenuator 
& output meter. 115 VAC 
Input.  reg.  Pwr.  supply. 
With circuit diagram .... 
 $50.00 

TS-238 GP. 10 cm. Echo box with resonance indi-
cator and micrometer adjust cavity. 2700 to 2900 
Meg with calibration chart  $85.00 

3 CM. WAVEMETER: 9200 to 11.000 mc transnussom 
type with .quare flanges  $15.00 

3 CM. STABILIZER cavity, transmission type  520.00 
3 CM. WAVEMETER. Micrometer head mounted on 
X-Ranil guide. Freq. range approx. 7900 to 10.300 
Mc   $75.00 

MICRO WAVE GENERATORS 
AN/APS-I5A "X" Rand compl.  head and 
modulator, incl. 725-A magnetron and magnet. 
two 723 A/B klyntrons (local osc & beacon). 
1B24  TR,  revr-atnpl,  duplexer.  HV  supply. 
blower, pulse xfmr. Pk. Pwr Out: 45 K W spa. 
Input: 115 v, 400 cy. Modulator pulse duration 
.5 to 2 mierosec. Apx. 13 KV Pk Pulse. Compl. 
with all tubes incl. 715-11, 829 B. RICA 73. two 
72s. Compl, pkg. new  $210.00 

APS-15B, Comp!, pkg. as above, less modulator 
 $150.00 

"S" BAND AN/APS-2. Complete RE head and 
modulator,  Including  magnetron and magnet. 
417-A mixer, TR receiver. duplexer, blower. etc.. 
and complete pulser. With tubes .  used, fair 
cond.   $75.00 

10 CM. RE PACKAGE. Consists of: SO Xmtr.-
receiver using 2.127 magnetron oscillator. 250 KW 
peak input. 707-1I receiver-mixer  $150.00 

Modulator-motor-alternator unit for above -575.00 
Receiver rectifier power unit for above  $25.00 
Rotating antenna with parabolic reflector   
New   $75.00 
Used  $45.00 

MICROWAVE PLUMBING 
10 CENTIMETER 

THERM1STOR MOUNT: Broad Band "S" thru "7C." 
with type "N" input  $8.00 

BAND MIXER Assembly, with crystal mount. 
Plekup loop. tunable outtalt  $3.00 

MAGNETRON TO WAVEGUIDE coupler with 721-A 
duplexer cavity. cold plated  245.00 

10 CM. WAVEGUIDE SWITCHING UNIT, switches 1 
input to any of 3 outputs. Standard 11/2 " x 3" guide 
with square flanges. Complete with 115 vac or de 
arranged switching motor. Mfg. Raytheon. New and 
complete  $135.00 

72I-A TR CAVITY WITH TUBE. Complete with tun-
ing plungers   $5.50 

McNALLY CAVITY. type "SO"    
WAVEGUIDE SECTION, MC 445*. B, angle 1$4 5d0. 
51/2 ft. ()A. 8" slotted section  $21.00 

10 CM, OSC. PICKUP LOOP. with male homedell 
output  $3.50 

TS 115/APS-2F 10 CM ANTENNA in Incite ball, with 
type "N" fitting  $4.50 

OM NAVY TYPE CYT66ADL, ANTENNA in Incite 
ball, with Sperry fitting  $4.50 

10 CM. FEEDBACK DIPOLE ANTENNA. In lueite 
hall. for use with parabola  $8.00 

7/a" RIGID COAX -1/2 " I.C. 
RIGHT ANGLE  BEND. with flexible coax output 
pickup loop  $8.00 

SHORT  RIGHT  ANGLE  bend,  with  pressurizing 
nipple  $2.00 

RIGID COAX to flex coax connector  $3.5STUB-SUPPORTED  rigid  coax,  gold  plated.  5' 

lengths. Per length  $5.00 
RT. ANGLES for above  $2.50 

COAX, rotary Joint  $8.00 
RT. ANGLE bend 17" L. OA.  $2.00 
FLEXIBLE SECTION, 15" L. Male to female  54..2050 
MAGNETRON COUPLING to 1/2 " rigid coax Less 
"M" nut, with TR pickup loop, gold plated  57.50 

3 CM. PLUMBING 
(STD. I" x Vs" Gillf1E UNLESS OTHERWISE 

SPECIFIED) 
3 CM. WAVEGUIDE. I" x Vs". per ft  $1.50 
"T" SECTION ITIL ATTU choke to choke, supplied 
with eire or sq. flanges  $3.50 

3 CM. WAVEGUIDE. 1" x 1/2 " 1.D. Per ft.  21;5500 
"X" BAND WAVEGUIDE. 11/2 " x 1/2 " OD, 1/16" 
wall, aluminum. Per ft.  875 

TR CAVITY for 724-A TR tube, transmission or ab-
,orption types  $3.50 

724-A TR tube (41-T13-11  $2.50 
WAVEGUIDE SECTION. CO 251/APS-15A. 26" long 
choke to cover, with 180 deg, bend of 2,4" rad. at 
one end  24.00 

ROTARY JOINT with slotted section and type "N" 
out put pickup   

WAVEGUIDE SECTION, 12" long choke to cover, 45 
deg. twist & 21/2 " radius. 90 deg. bend  $4.50 

STABILIZER CAVITY feeding waveguide section  with 
filtered output and attenuating slugs  $20.00 

SLUG  TUNER/ATTENUATOR.  W.E.  guide,  gold 
plated    

TR/ATR DUPLEXER section with iris flange  5$43..0075  
TWIST. 5". 90 deg., choke to cover w/press, nipple 
 25.00 

WAVEGUIDE SECTIONS. 214' long, silver plated. 
with choke flange  $4.50 

WAVEGUIDE. 90 deg. band E plane. 18" long .34.00 
ROTARY JOINT, choke to choke, with deck mount-
ing   $6.00 

S-CURVE WAVEGUIDE. 0" long cover to choke $2.50 
OUPLEXER SECTION for 11124  $10.00 

2K25/723AB, X band local oscillator mount with 
111 choke coupling to beacon reference cavity: 
(2) choke coupling to TR and receiver: (3) Iris 
coupling with AFC attenuator to antenna wave-
guide: (4) Radar AFC crystal mount: (5) Re-
ceiver crystal mount: (6) Attenuating slugs. Mfg. 
DeMornay Budd  $22.50 

TIVATR Duplexer section for above  $4.00 

1.25 CENTIMETER 

WAVE GUIDE Section 1" cover to cover  $2.00 
T SECTION choke to cover  $4.50 
MITRED ELBOW cover to cover  $3.00 
MITRED  ELBO W  and  "Er  sections  choke  to 
cover  $3.50 

FLEXIBLE SECTION 1" long choke to choke . 53.00 
K-BAND ROTARY Joint  $45.00 

MAGNETRONS -KLYSTRONS 
THYRATRONS -C. R. TUBES 

01-A   $ .45  562   $90.00 
IA3   .70  615    .89 
2C21    69  703-A   7.00 
2C22   .69  704-A   .75 
2121-A   25 .00  705-A   2.85 
2122    15 .00  707-B   20.00 
2.126    15.00  7I4AY    15.00 
2127    15.00  715-B   12.00 
2131    25 .00  720BY    25.00 
2132   15 .00  720CY    25.00 
2138   25.00  721-A   3.60 
2139    25.00  723-A/B    7.75 
2155    25.00  7248    1.75 
3131    25.00  724-D   2.50 
2X2/879   .69  725-A    25.00 
3A4   .65  726-A    9.50 
3BP1    2.25  800    2.25 
3C24   .60  801-A   1.10 
3C30   .70  804    9.95 
306    .79  811    1.95 
3CPI/SI    3.50  814    5.95 
3021-A    1.50  815   2.50 
3DPI    2.25  ass   1.15 
3EP1    2.95  837    1.95 
3FP7    1.20  843    .59 
3GPI    3.50  860   15.00 
305   .79  861    40.00 
5BP1    1.20  874   1.95 
5BP4    4.95  876   4.95 
5CPI    3.75  889R   78.50 
5FP7    1.35  1005    .35 
511.2   8.00  1613    .95 
5130    39.50  1619    .21 
6AC7    1.00  1624    .85 
611 K5   .69  1629    .35 
6G   2.00  8012    3.95 
6SC7    .70  900.4    .47 
6SL7   1.00  9006   .47 
7C4   1.00  CEO 72   1.95 
7E5   1.00  EF 50   .79 
7E6   .72  E-1148   .75 
10Y   .60  F-127   20.00 
I2A6   .35  FC 258A  165.00 
I2GP7    14.95  FC 271    40.00 
12K8Y   .65  GL 562   75.00 
12SF7    49  GL 623   75.00 
12SR7    .72  GI- 697   75.00 
15R   1.40  ML 100   60.00 
2807    .75  OK 59   45.00 
30 (Spec)   .70  OK 60   45.00 
35L6   .69  OK 61   55.00 
3525   .66  OK 62   55.00 
45 (Spec)   .59  RCA 932    .65 
5016   .79  VR 91   1.00 
39 ,14    49  VR 130   1.25 
3551    .72  VR 135   1.25 
227A    4.95  VR 137   1.25 
225    8.80  VR 150-30   .75 
250R   7.95  VU 120   1.00 
268-A   20.00  VU 134   1.00 
355-A   19.50  WN 150   3.00 
WL417    17.50  WT 260   5.00 
530    90.00 
531    45.00  • Photo Cell 
532    2.00  1-With Cavity: 
559    4.00  cavity Only $5.00 ea. 

COAX CABLE 

BO 18/U. 52 ohm imp. armored  $  51/q. 
RG 24/U. twin coax. 125 ohm imp. armored ...2.50/ft. 
HO 28/U. 50 ohm imp, pulse cable. Corona min. 
starting voltage . . . 17 KV  $  50/ft. 

110 35/U. 70 ohm imp, armored  $  50/ft. 

SUPERSONIC GENERATOR 
QI1G-1, ECHO RANGING DRIVER-RE1 IN R. 
underwater sound signal transmission and recep-
tion unit with range of 200 to 600 yds, and 
freq. range of 16 to 27 kc. New, with battery 
box in chest, less projector  $85.00 

THERMISTORS 
(5.95 ea.) 

G-167332 (Bead) 
D-170396 (Bead) 
D-168391 (Button) 
D-166228 (Button) 
D-167018 (Tube) 

VARISTORS 
5.95 ea. 
D-167176 
D-170225 
D-168687 
D-171121 
D-171631 

FEDERAL 101-A TWO-WIRE APPLIQUE 

Provides necessary balancing facilities for four wire 
repeater when used on two wire lines which may be 
voice-frequency telephone lines of open wire, or non-
loaded or loaded cable. Std. 19" channel iron rack 
mtg. Price, new, complete with tech manual ....$54.00 

PULSE EQUIPMENT 

APS-15 HARD TUBE MODULATOR 1715 131 com-
plete leas tubes  $75.00 

APQ-I3 PULSE MODULATOR. Pulse width .5 to 1.2 
Micro Sec. Rep, rate 624 to 1348 Pp.. Pk. pwr. out 
35 KW'. Energy 0.018 Joules  $49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 24 
KV (1200 KW pk): pulse rate 200 PPS, 1.5 micro-
sec; pulse line impedance 50 ohms. Circuit-series 
charging version of DC Resonance type. Uses two 
705-A's as rectifiers. 115 v. 400 cycle input. New. 
with all tubes  $49.50 

PULSE TRANSFORMERS 

G.E. 1E2731  $19.50  W.E. V1166173  ...$12.50 
K2450A  515.00  KS9948  $6.50 
K2748A ....512.00  KS9800   52.00 

W.E. 8E1169271  ....$9.95  Utah 9318 or 9280  51.25 
705A  $1.95  71513  $12.00 
Sockets for 705A. 71511  $  69 ea. 

PULSE NETWORKS 

G.E. :25E5-1-350-50P2T. 25 KV.  5 sections.  "E" 
circuit. 1 microsecond pulse length, 350 PPS  50 
ohms impedance  $45.00 
G.E. 56E3.5-2000-50P2T. 6KV, "E" circuit, 3 sections. 
.5 microsecond, 2000 PPS, 50 ohms Impedance .56.50 

W.E. 5D170499. 1/2 -1/2 -44 microsec. taps at 8 KV. 50 
Ohms surge impedance. p/o MD 58/APR 22 -216.50 

VOLTAGE REGULATOR 
Mfg.  Raytheon: 
Navy CRP-301407: 
PH: 92-138 v. 15 
amps. 57 to 63 cy. 
I phase. Sec: 115 v. 
7.15 amp. .82 KVA. 
.96  PP.  Contains 
the following com-
po R nents: 
EG U L AT O R 
TRANSFORM-
ER:  Raytheon 
CX9545. Pri: 92-
138 v. 60 cy. 1 
PH. Sec: 200/580 
v. 5.55/5.26 amps. 
400 v rms test. 

FILTER REACTOR: .1 56 hi. 5 amps. 4000 • 
t lienn IIX 9547. 

TRANSFORMER: Prl: 186 y, 5 amps: Sec: 115 
v. 7.2 amps. Size: 12" x 20" x 29". Net wt. 
approx. 250 lbs. Entire unit is enclosed In grey 
metal cabinet. New. as shown  $99.50 

POWER EQUIPMENT 

STEP DOWN TRANSFORMER: Pri: 440/220/110 volts 
ac, 60 cycles. 3 KVA. See. 115 v. 2500 volt insula-
tion. Size 12" x 12" x 7"  $40.00 

PLATE TRANSFORMER. Pri: 117 V. 60 cy. Sec. 
17.000 v. fo) 114 ma. with choke. Oil immersed Sloe: 
26" x 29" x 13", Amertran  265.00 

FIL. TRANSFORMER: Pri: 220 Lax., 60 cy:.05KVA. 
Sec. 5 vet., 34.000 v. test  $24.50 

"TRANSTAT" VOLTAGE REG. 11.5 KVA, 0-115 vac. 
60 cy. 100 emus  $75.00 

VOLTAGE REG Transtat, Amertran type ph. 2 KVA 
load. input: 90/130 V. 50-60 cy output 115 v  540.00 

1TE CIRCUIT BREAKER. 115 A. 600 V  $15.00 

400 CYCLE TRANSFORMERS 

HV PLATE XFMR: Prat. 115 v, 400 cy. Sec: 13.5 KV. 
3.5 ma. or. 5 52.1652  $11.50 

D-I63253: Prl: 115 v, 400 cy. Sec: 2.5 y, 5 amp. 5290 
v, 2 ma  $7.95 

PLATE XFMR: Pt-I: 115 v. 400 cy. Sec: 9800 v or 
8600 v g 32 ma dc.  $12.50 

512033. Plate Xfmr: Pri: 115 v. 800 cy. Sec: 4550 vet. 
250 ma.   $4.50 

KS 9445, Pwr Xfmr, Pri: 115 v, 400-2400 cy. Sec: 592 
vet. 120 ma. 6.3v. 8 amp: 5v. 2 amp.  23.50 

PLATE XFMR. Pri: 115 v, 400-2400 cy. Sec: 4500 v. 
6 ma  $6.50 

27143. l'rl: 115 v. 400 cy. Sec: 6.3 •, I amp. 8.3 v. 8.8 
amp; 6.3 v. 1.3 amp  22.50 

FIL XFMR: Pri: 115 v. 400 cy. Sec: 6.3 v. 9 amp: 6.3 
vet...65 amp: 2.5 v, 3.5 amp: 2.5 V. 3.5 amp .33-25 

KS 9584. Pri: 115 v. 400 ey. See: 5.000 v, 290 ma: 
5 v. 10 amp. size: 7" x 10" a 6"  $15.00 

Pri: 115 v. 380-2800 cmi. Sec: 2200 y, 350-VA, open 
frame   $3.95 

PLATE XFMR: Pri: 115 V. 400 cy. Sec: 1150-0-1150 
v. 40 ma. GE. 68(7631  $1.75 

OIL CONDENSERS 

1 mfd. 10 KVDC GEPYTt 2 14F191  $15.00 
.06 mfd. 15 KVDC. GEPYR 25F585-02  S 8.70 
1.5 mfd. 6000 vdc Aerovox  512.50 
.25 mfd. 20.000 v c  $17.50 
10 mfd. 1000 'DC  $ 1.79 
3 x 10 mfd. delta connected synchro-capadtor, 90 v 
60 Melee. GE  $ 4.95 

I mfd. 6000 vdc. GEPYTt 25E50902  $ 3.85 

131-R 

LIBERTY ST. 

NEW YORK 7, 

N.Y. 

ALL MERCHANDISE GUARANTEED. Mail orders promptly filled. Rated Concerns Send P 0 

Manufacturers' Quantities in Stock 

All prices F.O.B. New York City. Send Money Order or Check. Shipping charges sent C.O.D. 

CO M MUNICATIONS EQUIP MENT CO. 

PHONE 

DI-9-4124 

CABLE 

"COMSUPO" 
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ENGINEERS 

PHYSICISTS 

The establishment of a new section 

in our research laboratory requires the 

services  of  Electronic  Engineers, 

Servo Engineers, and Physicists. 

I Positions Available at MI l_ev_els_ji 

An excellent opportunity exists to 

grow with this expanding group and 

receive responsibilities commensurate 

with your ability and experience. 

Microwave radar, television, tele-

metering, ultra-high frequency com-

munication, cryogenic, high altitude 

physics, autopilot, and computor ex-

perience is especially valuable. 

EMPLOYMENT SECTION 

BENDIX AVIATION CORPORATION 
Research  Laboratories 

4855 Fourth Avenue 

Detroit,  Michigan 

Positions Open for 

PHYSICISTS 

SENIOR ELECTRONIC 

ENGINEERS 

SENIOR MECHANICAL 

ENGINEER 

CHEMIST FOR PROBLEMS 

ASSOCIATED WITH TUBE 

DEVELOPMENT 

Experienced in radar development, 
servomechanisms and computers to 
fulfill the requirements of an expand-
ing airborne radar project, research in 
electron optics and tubes, and pro-
duction engineering. 

Salary commensurate with experience 
and ability—insurance plan—paid va-
cations—excellent  opportunity  for 
suitably qualified personnel. 

Please furnish complete resume of edu-
cation, experience and salary required 
to: 

Industrial Relations & Personnel Do-
part mont, Farns worth Tolovision 

& Radio Corporation, Fort 
Wayne 1, Indiana 

ENGINEERS  ELECTRONIC 
Senior and Junior, outstanding opportunity, progressive company. 

Forward complete résumés giving education, experience and salary 

requirements to 
Personnel Department 

3IELPAR, 

452 Swann Avenue 

Alexandria, Virginia 

Radio and Radar Development 
and Design Engineers 

Openings I1 

HAZELTINE ELECTRONICS 
CORPORATION 

Please furnish complete resume of experience with salary expected to: 

Director of Engineering Personnel 

HAZELTINE ELECTRONICS CORPORATION 
Little Neck, L.I., N.Y. 

(All inquiries treated confidentially) 

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 29th St., New York 21, N.Y. 

DEVELOPMENT ENGINEER 
West coast organization has openings 

for creative electronic engineers with sev-
eral years research and development ex-
perience. Work involves highly interest-
ing, essential projects in fields of audio-
video circuits; magnetic circuits; elec-
tronic, mechanical, and optical apparatus 
An outstanding opportunity with a small 
aggressive development and manufactur-
ing concern in San Francisco area. Rep!) 
in detail, giving education, experience and 
salary requirements. Berkeley Scientific 
Company, Sixth and Nevin Ave., Rich-
mond, California. 

CATHODE RAY TUBES TEST ENGINEER 
Test experimental models of television 

cathode ray tubes in cooperation with the 
design engineers and carry out the modi-
fication of test equipment for the testing 
of such special tubes. Experience in the 
design of television video and scanning 
circuits desirable. Position includes re-
sponsibilities with maintenance of cathode 
ray test tubes equipment but not for its 
initial design or construction. Apply: Su-
pervisor of Employment, Industrial Rela-
tions Dept., Sylvania Electric Products, 
Inc., 500 Fifth Ave., New York, N.Y. 

GLASS ENGINEER 
A progressive New England radio tube 

manufacturing company is in need of a 
glass engineer for development work 
This man must have considerable in-
dustrial experience in general glass work. 
Must be familiar with modern practices 
of metal to glass seals. Box 524. 

ELECTRONIC ENGINEER 
Wanted by electronic laboratory in New 

York City, electronic engineer with prac-
tical experience VHF receiver design. 
Must also be well versed in mechanical 
design  aspects.  State experience and 
salary requirements in first letter. Box 
526. 

DRAFTSMAN 
Wanted by electronic laboratory in New 

York City, draftsman with thorough ex-
perience in mechanical and electrical 
phases of radio drafting. State exnerience 
and salary requirements. Box 527. 

ELECTRICAL ENGINEER 
Graduate electrical engineer with sev-

eral  years experience in audio develop-
ment work, preferably magnetic record-
ing, wanted for design work. Unusual 
opportunity for permanent position for 
the right person with long established 
company. Vicinity New York City. Reply 
giving resume of personal data, educa-
tional background, experience and salary 
desired. Write I.R.E. 1699, 113 West 42 
St., New York 18, N.Y. 

(Continued on tape 51A) 
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WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

n•ers with research, design and/or 

development experience on radio com-

munications systems, Servomechanisms 

(closed loop) electronic & mechanical 

aeronautical  navigation  Instruments 

and ultra-high frequency & microwave 

technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY 

DIVISION OP SPERRY CORP. 
Ninon As•  LaSa-.111is Rd. 

Lj s Soccess, LI. 

swIl BETTER ELECTRONIC EQUIPMENT 
4/ea 

kyr - 

ALL 
P. A. 
NEEDS 

*4 '• 
140 .1 

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 CORPORATI ON 
32-62-49fh ST., LONG ISLAND CITY 3. N.Y. 

Export Dept.: Rocke International Corp. 
13 East 40 Street, New York 16 

(Continued from page 50A) 

ENGINEERS—PHYSICISTS 
The Naval Ordnance Laboratory lo-

cated just outside of Washington, offers 
many advantages to engineers and physi-
cists. Openings exist in the fields of elec-
tronics and complex mechanisms. The 
laboratory is provided with the best 
equipment. Men capable of developing 
complex electronic circuits or with ex-
perience in electronic instrument design 
are particularly desired. Salaries range 
from P-4—$4902 and higher, to P-2— 
$3397.20. Interested applicants are urged 
to communicate with Engineering Dept. 
Naval Ordnance Laboratory, White Oak, 
Maryland. 

ENGINEERS 
Scientific research, development and en-

gineering positions at the Natio:,a1 Bureau 
of Standards, Washington, D.C. are avail-
able in the fields of physics, electronics 
engineering, radio engineering, mechanical 
engineering  and  mathematics.  Salary 
range from $3397 per annum through 
$8179,  depending  upon  qualifications. 
Qualified scientists are invited to com-
municate with Personnel Officer, Division 
13, National Bureau of Standards, Wash-
ington 25, D.C. 

RESEARCH SCIENTISTS 
Scientific research and development 

positions at the Naval Research Labora-
tory, Washington, D.C. are open in the 
fields of physics, mathematics, engineering 
(including electronics, radio, electrical, 
mechanical, chemical, metallurgical, etc.). 
A B.S. degree in the appropriate field 
from an accredited college or university is 
essential. Advanced academic standing 
and pertinent research experience is de-
sirable. Opportunities for graduate study 
are offered at NRL. Qualified scientists 
are invited to communicate with Employ-
ment Officer, Code 1811 (I) Naval Re-
search Laboratory, Washington 20, D.C. 

ELECTRONIC ENGINEER 
Experienced in development and product 

design of electro-mechanical precision in-
struments. Capable of full responsibility 
for development of timing and control cir-
cuits, servo-mechanisms, associated equip-
ment. Ingenuity, imagination and theoreti-
cal inclinations suitable for Research Lab. 

"Where 
Professional 
Radiomen 
Study" 

work desired. Top salary for qualified 
person. Send resume to Box 528. 

ELECTRONIC ENGINEER 
Graduate engineer with major in elec-

tronics is required for development of in-
dustrial and medical electronic equipment. 
Must have good scholastic record and have 
ability to do original work. Salary open. 
Send full details of education and experi-
ence. Write Perkin-Elmer Corporation, 
Glenbrook, Conn. 

ENGINEERS 
Condenser engineers—electrolytic, paper 

ceramic, for both production and develop-
ment work. Needed by leadino. manufact-
urer. Excellent working conditions. Plea,e 
send full details. Box 529. 

(Continued on page 52,4) 

ELECTRON TUBE 
MACHINERY OF 
ALL TYPES 

STANDARD 
AND SPECIAL 
DESIGN 

We specialize in Equipment and 
Methods for the Manufacture of 

RADIO TUBES 
CATHODE RAY TUBES 
FLUORESCENT LAMPS 
INCANDESCENT LAMPS 
NEON TUBES 
PHOTO CELLS 
X-RAY TUBES 
GLASS PRODUCTS 

Production or 
Laboratory Basis 

Manufacturers  contemplating 
New Plants or Plant Changes 
are invited to consult with us. 

KAHLE 
ENGINEERING COMPANY 

1315 SEVENTH STREET 
NORTH BERGEN, NEW JERSEY, U. S. A. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

An Accredited Technical Institute 

16th and Park Rd., N. W., Dept. PR-9 
Washington 10, D.C. 

Advanced 
Home Study and Residence 
Courses in Practical Radio-
Electronics and Television. 
Approved for Veteran Training 
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QUINCY, ILLINOIS 

a guyed 806-foot 
(overall height above ground) 

TRUSCON STEEL 

RADIO TOWER... 

Rising high and strong on the 

Illinois plain at Quincy, this 

Truscon Radio Tower repre-

sents the most skillful engi-

neering and construction in 

the industry. 

This slender framework of 

steel is an outstanding example 

of structural design, assuring 

great stability despite high 

winds peculiar to the locality. 

Truscon experience in radio 

tower engineering through-

out the world can help you 

make the correct choice for 

your particular needs. For 

AM, FM or TV specifications, 

Truscon has exactly the right 

broadcasting tower to best 

serve you and your audience. 

There is a Truscon Radio Tower 

engineering office near you 

for consultation and assistance. 

TRUSCON STEEL COMPANY • YOUNGSTOWN 1, OHIO 
Subsidiary of Republic Steel Corporation 

TRUSCON 
SELF-SUPPORTING AND UNIFORM CROSS SECTION GUYED 

TO WERS 
Copper Mesh Ground Screen ... Steel Building Products 

(Continued from page 51A) 

PROJECT ENGINEERS, SENIOR 
Electronic engineers with outstanding 

academic and practical background for re-
sponsible positions. Will carry on projects 
under their own direction in modern, fully-
equipped, owner-managed plant in south-
east New Jersey one hour from New York 
City. Send resume of education, experi-
ence, age and salary requirements. Our 
Engineering Department knows of this 
announcement. Box 530. 

• ENGINEERS—SCIENTISTS 
The Navy Department announced it is 

seeking engineers in practically every field, 
including radio engineers, for employment 
in Washington, D.C. Salaries range from 
$2974.80 to $10,330. All of the nositions 
are concerned with the most recent ad-
vancements in the scientific field. Applica-
tions for positions should be made on 
Standard Form 57, available at any 1st or 
2nd class Post Office, and should be mailed 
to Code 612, Room 1213, Main Navy Bldg 
17th and Constitution Ave., Washington, 
D.C. 

MICROWAVE ENGINEERING EXECUTIVE 
Well versed in electro-magnetic theory 

and application, to administer currently 
successful microwave antenna research 
and development group. Moderate sized 
laboratory in New York area seeking the 
man for this position. Box 531. 

JUNIOR ELECTRONIC ENGINEERS 
B.S. degree in radio, electronics or elec-

trical engineering required. Experience not 
necessary. Outstanding opportunities in 
special vacuum tube development work 
with a small progressive organization. Box 
532. 

CHIEF ELECTRICAL ENGINEERS 
Chief Electrical Engineers; Project En-

gineering; Senior Engineers. Must have 
extensive experience in home radio receiv-
ers and/or television design and develop-
ment. Address replies to Vice President in 
charge of Engineering, Air King Products 
Company, Inc. 170-53 Street, Brooklyn, 
N.Y. 

INSTRUCTORS 
Wanted: Men to teach in school in 

Pennsylvania. Radio repair and television 
service with at least 2 years practical ex-
perience or the educational equivalent or 
2 years teaching experience in same. $60 
to $75 weekly. Apply S. J. Baicker, 21 S. 
Welles St., Wilkes-Barre, Pa. 

ELECTRICAL AND AERONAUTICAL 
ENGINEERS 

This corporation, engaged in develop-
ment of aircraft remote control and tele-
metering equipment, has need for en-
gineers of several categories: 
1. Young graduate electrical engineers 

having good background in electronics and 
communications. 
2. Graduate electrical engineers with ex-

perience in electronics and communica-
tions. 
3. Graduate electrical or mechanical en-

gineers having background in servo-
mechanism design. 
4. Aeronautical engineers having ex-

perience in stability and control. Wing 
Engineering Corp., Colonial Bldg., Phila-
delphia 7, Pa. 

(Continued on page 53A) 
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SPECIFICATIONS? 

Would a slight change from -he" stand-

ard" electrical specifications improve 

the  performance  of  your  finished 
product? If so, get in touch with Acme 
Electric engineers for cssistonce in de-
signing a "special" transformer from 

standard parts. 

For television, 
radio, and other 
electronic appli-
cations, Acme 
produces a wide 
variety of trans-
formers all with 
different specifi-
cations from 
standard  parts. 
This means bet-
ter performa flue, 

better quality 
and often at 
economy prices. 

ENCLOSED 
TYPES 

The dies for making transformers that 
fit into this enclosed case, alone would 
cost you thousands of dollars. Acme 
produces to save you this expense. 

Here is a typical 
air-cooled de-
sign which can 
be produced to 
meet a variety 
of applications. 

Write for Bulletin 
168A for further 

details. 

ACME ELECTRIC CORP. 
449 WATER ST.  CUBA, N. Y. 

( Continued from rage 32 .4) 

TRANSFORMER ENGINEER 

Engineer (Junior or Senior) capable of 
designing or learning to design audio and 
power transformers, 1 watt to 10 kva, for 
position with engineering consultants. Lo-
cation, New Jersey. State detailed quali-
fications, eduation and salary requirements. 
Reply Box 534. 

JUNIOR ENGINEERS 

Microwave research and other ad-
vanced radio work, requiring college de-
gree 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, N.Y. 

ELECTRONIC ENGINEERS 

Senior engineers with 5 to 10 years 
experience in all phases of R-f and UHF 
circuits wanted for development and re-
search engineering by a large well-estab-
lished radio company in New York area. 
Salary commensurate with experience and 
ability. Send full particulars as to educa-
tion and experience. Our own engineers 
know of these openings. Box 535. 

FIELD SALES ENGINEER 

Must have knowledge of transmitting 
tube field. Excellent opportunity. Write 
or phone Amperex Electronic Corp., 25 
Washington Street, Brooklyn 1, N.Y. MA 
5-2050—Ext. 32. 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

ENGINEER 

B.E.E. (R.P.I., 1941) LL.B. (Brook-
lyn Law School, 1948). 5 years product 
and research engineering in electronic 
servo-control systems. Ex-engineering of-
ficer. Seeking position in patents, legal 
department or as junior executive, FCC 
radio telegraph, 1st class, 10 years. Write 
Box 161 W. 

ELECTRONIC ENGINEER 

B.S.E.E. Northeastern University, Bos-
ton, 1947. Two years exnerience as Navy 
radio technician with Navy radar and 
communications equipment.  Some ex-
perience in sonar equipment design at 
Naval Research Lab., Washington, D.C. 
Hold 1st class phone license. Member Tau 
Beta Pi. Desire position in research, de-
sign or development in New York metro-
politan area. Box 163W. 

(Continued on page 54A) 

TECHNICAL 
MANUALS 
CUSTOM DESIGNED TO 

YOUR SPECIFICATIONS 

• 

Planned, written and illus-

trated by a select staff ... 

experts in creating radio 

and electronic manuals for 

civilian and military use. 

• 

When you call upon Boland & Boyce 

to create your manuals you are relieved 

of every detail in their preparation. 

The entire operation is taken over and 

completed by a specialized staff with 

years of experience in publishing books 

and manuals. 

First the requirements for your manual 

are completely surveyed. The working 

conditions to which they will be put 

are  studied  and the  operations or 

equipment described in the mensal are 

thoroughly analyzed. A complete out-

line is then prepared and submitted for 

your approval, along with • dummy of 

the manual as it will appear when fin-

ished. Upon your approval the lob is 

completed and delivered with your sat-

isfaction guaranteed. 

Boland & Boyce manuals incorporate 

only the most modern editorial and 

illustrative style. Each project is treated 

with individual attention in technique 

of presentation and editorial approach. 

The Boland & Boyce military and civilian 

manuals now in use throughout the world 

arc our best recommendations. 

U. S. Navy 

U. S. Signal Corps 

Sylvania Electric. Products. Ins. 

The National Company 

Western Electrie Co. 

Bell Telephone Laboratories 

Maguire Industrie'. Inc. 

Allen B. Dumont Laboratories, Inc. 

General Electric Co. 

Mine Safety Appllanees Co. 

Write or nire Boland de Boyce 
today for more information 

Radio Maintenance  Radio Data Book 

Technical Manuals  Video Handbook 

MANUAL DIVISION M-2  MONTCLAIR, NJ. 

CHICAGO: 228 North LaSalle Street 

PROCEEDINGS OF THE I.‘? E. September, 1948 



• • 

Pr. 0 Se. 
11. 0 

:••••4; 
Z. 4 ‘Ve 
:0 41,0111 

Tektronix Type 511 Oscilloscope 

VERTICAL DEFLECTION SYSTEM 

Amplifier Bandwidth 10 mc., 1 stage; 8 mc., 2 
stages. 

Rise Time .04 microsec., 1 stage; .05 microsec., 
2 stages. 

Maximum Sensitivity .27 V/cm. (Peak to Peak). 
Input Impedance Direct 1 meg., 40 mmf.; 
Probe 10 meg., 11 mmf. 

Phone, EAst 48E45 

Cables, TEKTRONIX 

Versatility...Plus 
The Tektronix Type 511 is a portable 

wide band oscilloscope providing fa-

cilities formerly available only in very 
expensive, cumbersome instruments. 

SWEEP CHARACTERISTICS 

Continuously variable .1 second to 1 micro-
second (10 cm. deflection). 

Direct reading sweep speed dial. 

Choice of triggered, recurrent or single sweeps 
at all speeds. 

Triggers on sine waves to 10 mc. or pulses over 
.05 microsecond. 

Any 20% of sweep may be expanded 5 times. 
DC coupled PP amplifier for external sweep 
input. 

MISCELLANEOUS 
Calibrating voltage 0-1, 0-10, 0-100 volts, 
60 cycles. 

CRT 5CP1A, SCP7A or SCP1 1 A operating 
at 3 kv. 

Direct connection to all plates from side 
panel. 

Total weight 65 pounds, self contained. 

Price $795.00 f.o.b. Portland 
Your inquiry will bring more detailed information and 
name of the nearest Field Engineering Representative. 

Ideal for BROADCASTING 
• RECORDING 
• PUBLIC ADDRESS 

"The ultimate in microphone quality," says Evan 
Rushing, sound engineer of the Hotel New Yorker 

• Shout right into the new Amperite 
Microphone—or stand 2 feet away— 
reproduction is always perfect. 

• The only type microphone that is not 
affected by any climatic conditions. 

• Guaranteed to withstand more "knock-
ing around" than any other type mike. 

Special Write for Special Introductory Offer,  

712 S. E. Hawthorne Blvd. 

Portland 14, Oregon 

Positions Wanted  

'  ,icrl from rage 5..l) 

ELECTRICAL ENGINEER 

Electrical engineer, age 26. B.E.E., 
M.E.E. Capable research man, desires 
position in video, medical or physics in-
strumentation, or other circuit research. 
Tau Beta I'i, Eta Kappa Nu. Available 
August. Box 167W. 

ENGINEERING PHYSICIST 

B.S. Engineering, physics 1941; ad-
vanced mathematics; 7 years research and 
development, electronic, mechanical, op-
tical, hydraulic fire control material; ex-
tensive liaison experience; 31/4 years Ord-
nance Officer; employed. Desires shift to 
nuclear energy field. Box 168W. 

ELECTRICAL ENGINEER 

B.S.E.E. Illinois Institute of Technol-
ogy 1948. Age 27. Married. 21/4 years 
Signal Corps. Installation and mainte-
nance of radio equipment. 2 years elec-
tronic instrument experience. 1st class 
Radiotelephone license. Desires position 
with opportunity for advancement. Box 
176W. 

ENGINEER 

B.E.E. December 1946, M.S.E.E. June 
1948. Age 23. Class A amateur and 1st 
class  radiotelephone  licenses.  Three 
months installation of FM equipment, six 
months microwave research, and one year 
of half-time teaching. Box 178W. 

JUNIOR ENGINEER 

Graduated University of Michigan June 
1948 with B.S.E.E. (in communication) 
and B.S.E. (mathematics). Also fluent 
knowledge of German.  Interested in 
mathematical applications to electrical en-
gineering (electronics), or in electronics 
applied to mathematics. Prefer New York 
City vicinity. Box 179W. 

ELECTRICAL ENGINEER 

McGill University B.E.E. 1948. De-
sires television, radio or industrial elec-
tronics work in design production or re-
search. Canadian Army radar training. 
Box 180W. 

ELECTRONIC ENGINEER 

10 years experience in research, design, 
development and supervision with automo-
tive and aircraft fields and guided missile 
projects. Seeking administrative position 
Aggressive; personable. Box 188W. 

ENGINEER 

S.B.E.E., M.I.T. June 1948, major in 
electronics, minor in servomechanisms. 
Mechanical Engineering Ohio State Uni-
versity in Army S.T.P., major in Internal 
combustion engines. Experience: 6 months 
Machine Shop, 11/4 years inspector and 
designer in precision bearing manufactur-
ing. 11/4 years industrial engineering in 
Manhattan project. Age 27. Single. Pre-
fer development work but would like to 
hear from any firm for which I can be 
an asset. Box 189W. 

(Continued on page 55A) 
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* Yes sir, a brand new 
member of the well-known 
Clarostat family of controls. 
Type 47 or 15, 16" diameter 
miniature control is smaller, 
handier, yet just as tough 
as its bigger brother. Type 
37 composition-element 
control. 

It's a beauty. Note the trim 
lines. It includes the famous 
Clarostat stabilized element 
you can bank on. Nothing 
sacrificed by way of electri-
cal and mechanical sturdi-
ness in attaining smaller 
size. Available with (fac-
tory-equipped) or without 
switch. Available with one 
tap. Choice of tapers. 

Write for 
literature. 
Let  us 
quote on 
your re-
quire-
in enfs. 

11•11M•M•11M•
•M1111•1101M•
11•1111•11111
IMMI1111111 

ewria46 4, 
CLAROSTAT MFG CO Inc 285 1 N 6tn St Brooklyn. N Y 

CANADIAN MARCONI CO.. Ltd. 
In Canada: 

Montreal.  P.Q..  and branches 

Positions Wanted 
(Continued from Page 54A) 

RADIO ENGINEER 

English radio engineer seeks position in 
communications. Fully qualified by exam-
ination. 12 years experience. Leslie F. 
Bennett, c/o Mercantile Trust Bank, Bal-
timore, Md. 

JUNIOR ENGINEER 

Electrical Engineer graduate. Age 24. 
Single. B.S.E.E., February 1948. Some 
experience in television field. Seeks in-
teresting position with good company in 
New York City area. Box 190W. 

ELECTRONIC ENGINEER 

Recent New York University graduate 
B.S.E.E. Age 27. Single. Excellent ex-
perience in electronics. Desires position in 
electronic circuit design and development 
in New York metropolitan area. Résumé 
on request. Box 191 W. 

TELEVISION ENGINEER 

Graduating American Television Insti-
tute of Technology, November 1948 with 
B.S.T.E. Age 26. Married. 1st class F.C.C. 
license. 4 years maintenance Navy radio 
equipment. Trained in Operation and 
Maintenance of R.C.A. Image Orthicon 
and DuMont equipment. Desires position 
in television broadcasting field.  Box 
192W. 

JUNIOR ENGINEER 

Three years electrical engineering col-
lege, major in electronics, continuing 
studies for B.S. in E.E. at night. Desires 
work as Junior Engineer in design and 
development of communication equip-
ment under Senior Engineer. Prefer Long 
Island. Box 193W. 

ENGINEER 

Graduating University of Michigan, 
August 1948 with B.S.E.E. in communi-
cations. Age 24. Married. Two years 
Army radar (G.C.A.). Two years shop 
experience. Interested in sales or develop-
ment engineering. Prefer midwest area. 
Box 194W. 

JUNIOR ENGINEER 

Graduate R.C.A. Institutes. Age 27. 
Married, 1 child. Desires work West 
coast in television, radio, electronics re-
search or development. Limited Air Force 
experience. Ambitious, persevering. Box 
195 W. 

ELECTRONICS ENGINEER 

Present head, Technical Department, 
educational organization wants change. 
College Electronics Dept., Chief Engineer 
of station or consulting research. College 
graduate, 10 years radio experience and 
all FCC radio licenses. Age 31. Married. 
$6,000 salary. Box 196W. 

RADIO ENGINEER 

Radio Engineer, currently employed in 
commercial engineering division of metro-
politan tube manufacturer, desires change 
to permanent position in midwest. Age 27, 
married, 1 child. B.S. in physics, graduate 
Army Electronics Training Center, M.I.T., 
Harvard, 3 years military experience, spe-
cial roving radar officer US and ETO, 
2 years commercial circuit work in present 
position. Minimum salary $5,500. Box 
184NV. 

A stirring account 
of 

industry's 
war-time 
role 

BATTLEFRONTS 
OF 

INDUSTRY 
By DAVID 0. WOODBURY 

Well-known author of hooks and 
articles on science. 

This is the dramatic story of West-
inghouse Electric's contribution to 
the war effort—a story in many 
ways typical of American industry 
as a whole. Since very little has been 
told about industry's part in win-
ning the war, this history of its 

-battlefronts" is doubly interesting. 
The author stresses the ingenuity 
of scientists and engineers in meet-
ing and overcoming technical prob-
lems. He explains how the appli-
cation of mass production tech-
niques made possible the speedy 
completion of assignments consid-
ered impossible in peacetime. Battle-
fronts of Industry also emphasizes 
the important role of scientific re-
search and its contributions to vic-
tory. 

Contents include: 
A Challenge for Genius; As a Good Citizen. 
Toward a Shooting War; Ordnance in a Big 
Way; High Pressure in Steam; To Shoot 
Straight; War Story of a Factory; Hitting on 
all Twelve; Research; Research Helps War 
Industry; X-Rays and War; Lights to Fight; 
Ordnance  Round-up;  Vital  Measurements; 
"The Impossible Takes a Little Longer"; The 
Turbine Forges Ahead; Uranium; Battle of the 
Isotopes; An End and a Beginning. 

June 1948  342 pages  $3.50 

ON APPROVAL COUPON 

JOHN WILEY IL SONS, INC. 
440 Fourth Ave.. New York 16, N.Y. 
Please send me, on 10 days' approval. a 
• copy of Woodbury's BATTLEFRONTS 
OF INDUSTRY. If I decide to keep the 
book. I will remit $3.50 Plus Postage: 
otherwise. I will return the book *postpaid  
Name    
Address   
City 
Employed by 
(Otter not valid outside U.S.) 'IRE-P-411 j 

  Zone ... suds   
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IF IT'S ELECTRONIC... 

B& W CAN MAKE IT FOR YOU! 
NOW IN PRODUCTION 

AT B & W 

COMPLETE  RADIO  TRANS. 

MITTERS • DUAL DIVERSITY 

CONVERTERS,  CONTR OL 

UNITS  and  FRE QUENCY 

SHIFT EXCITERS FOR RADIO 

TELETYPE TRANSMISSION • 

SPECIAL '''TEST EQUIPMENT 

• REDESIGN, M ODERNI-

ZATION AND  MODIFICA-

TION OF  EXISTING  EOUIP-

MENT  • MACHINE  WORK 

• MET AL  ST A MPI NG 

• COILS • CONDENSERS 

• OTHER ELECTR O NIC 

DEVICES IN A WIDE RANGE 

OF TYPES 

From small electronic components up to care-
fully engineered test equipment and com-
plex electronic devices, Barker & Williamson 
can engineer and manufacture high quality 
products to your specifications. 

Three B&W plants, comprising 150,000 
square feet, completely equipped with a 
competent engineering staff, machine shop, 
tool room (including all machines for.drill-
ing, milling, turning, stamping and forming 
metals and plastics), and a complete wood-
working shop are at your disposal. Your 
inquiries are welcome. Write Department 
PR 98 . . . for prompt reply. 

BARKERA WILLIAMSON, Inc. 
237 FAIRFIELD AVENUE  UPPER DARBY, PA. 

ONE OF A SERIES 

PLANT No. 2 
BRISTOL, PA. 

Balance Weights 

BALANCE WEIGHTS of helical type 
phosphor bronze, formed in a manner 
which eliminates slipping or shifting, are 
used to balance the moving element. All 
ranges AC and DC available in 21/2". 
31/2", 41/2 " rectangular or round case 
styles and are guaranteed for one year 
against defects in workmanship or ma-
terials. Refer inquiries to Dept. I 98. 

ffl INSTRU MENT COMPANY 
BURLINGTON, IO WA 

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 48A) 

Pyrometer with Lock 
Contact 

The Simplytrol Indicating and Control-
ling Pyrometer is a thermocouple-type con-
trol for furnaces, ovens, kilns, etc. It op-
erates on the Micro-Contact principle re-
cently developed by Assembly Products 
Inc., Main & Bell Sts., Chagrin Falls, 
Ohio. 

The  high-resistance  millivoltmeter-
type indicator is equipped with platinum 
contacts that close when the set tempera-
ture is reached. Positive contact is assured 
by the Micro-Contact arrangement, which 
operates at the instant of initial contact. 
This locks the contacts together with suf-
ficient pressure to prevent chattering or 
floating. The contacts are spring loaded 
and remain locked together until it is time 
for them to release; at which time they 
are forcefully separated with sufficient 
pressure to eliminate any possibility of 
sticking. In actual operation, the Micro-
Contact circuit is interrupted every few 
seconds but closes again immediately if the 
temperature is still up to the control point. 
However, if the temperature has dropped 
below the control point the contacts re-
main open and time-delay load-control 
switch closes. 
The Simplytrol is an extremely low 

differential controller. The difference be-
tween shut-off and turn-on millivolts is 
nearly zero.  Straight-line control can 
usually be obtained if desired.  The 
load-control switch is conservatively rated 
at 10 amperes, 125 volts. Indicators cali-
brated in both Fahrenheit and Centrigrade 
are available in these standard ranges: 
0-2500°F and 1370°C; 0-1500°F and 
800°C, 0-500°F and 260°C. The Sim-
plytrol operates from regular 110 or 
220 volts ac or 110 volts dc. When used on 
dc supply, the thermocouple must be in-
sulated from ground. For ac supply in-
stallations, an isolating transformer is 
included and the thermocouple may be 
operated grounded if desired. 

(Continued on page 57A) 
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OFIL 

IN JUST 
5 SECONDS! 

FLEXITIP— 
easily formed. 

LONGER 8" 
REACH 

5 SECOND 
HEATING— 
no waiting, 
saves power. 

SOLDERLITE 
— spotlights 
the work. 

BUILT-IN 
TR A NS-
FOR MER 

DUAL HEAT -•'"***7.  
—single heat 
100watts,dual 
heat 100-13 5 
watts ; 1 10 
volts,60cycles. 

That's all the lime it takes for a Weller 
Soldering Gun to heat. Pull the trigger 
switch, make contact, and you solder. Then 
release the trigger and off goes the heat — 
automatically. No wasted time. No wasted 
current. No need to unplug the gun between 
jobs. The Weller Gun's Flexitip heats only 
when in use  retinning or redressing 
when properly used with genuine Weller 
Tips. This intermittent 5-second heating saves 
hours and dollars —your Weller Gun will 
pay for itself in a few months. 

Other advantages? Just check the fea-
tures of the Weller Gun illustrated. See 
why it's called the "handful of soldering 
convenience". 

Solderlite, extra length, and the easily 
shaped Flexitip means real soldering ease. 
And because the transformer is built in— 
not separate —the Weller Gun is a com-
plete, self-contained unit, compact, conve-
nient, safe. 

For laboratory and maintenance work, 
we recommend the efficient 8" model — 
DX-8 with dual heat; or 4" types S.107 single 
heat and D-207 dual heat. Order from 
your distributor or write for bulletin direct. 

' 'MANUFACTURING COMPANY 

821 Packer Street  • Easton, Pa. 

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 56A) 

Frequency and Modulation 
Monitor 

A new frequency and modulation moni-
tor for the FM emergency services which is 
claimed to provide features not heretofore 
available in one instrument has been an-
nounced by Doolittle Radio, Inc., 7421 S. 
Loomis Blvd., Chicago 36, Illinois. 

Classified as the FD-12, this monitor 
handles, one, two, three, or four frequen-
cies anywhere between 25 Mc to 170 Mc, 
checks frequency deviation and percent-
age of modulation with accuracy  to 
X0.0015%. For example, the operator can 
use two frequencies in the 30-50-Mc 
band, one frequency in the 72-76-Mc 
band, and one frequency in the 152-162-
Mc band, or any combination of frequen-
cies up to four, on the same or different 
bands. 
When the equipment is provided for 

operation on frequencies occurring in dif-
ferent bands, the unit is provided with 
plug-in type antenna coils for those fre-
quencies which are in different bands. No 
adjustments are necessary when changing 
bands other than to change the position 
of the selector switch and change the an-
tenna coil. 
The unit employs crystals which are 

thermally controlled for those frequencies 
above 50 Mc. The accuracy is guaranteed 
by the manufacturer to be X0.0015% over 
the range of 15°C to 50°C. 
If and discriminator are calibrated and 

centered by means of a local oscillator. 
This oscillator may be directly compared 
with W WV with the aid of a communica-
tion receiver. The unit has self contained 
means for setting if and discriminator. 
Direct reading of modulation up to 20 

kc on positive or negative peaks and the 
peak flasher to show overmodulation can 
be set at any value from 5 to 20 kc for 
either positive or negative peaks. 
The sensitivity for measuring is 500 

microvolts or less across the antenna ter-
minals. The circuit is so designed that it is 
possible to measure distortion in a trans-
mitter. 
The entire equipment is mounted on a 

black anodized panel measuring 3r X19', 
and is 14' deep. It can be rack-mounted or 
provided with a cabinet. 
A 500-ohm output is provided for audio 

monitoring. Power consumption is 80 
watts. The unit operates on 110 volts, 
60 cps, ac, and meets all FCC require-
ments. Shipping weight is 60 lbs. 

(Continued on page 58A) 

Contents Include: 

The theory and application of 

electronics in industry 

Industrial 
Electronics 
Reference Book 
By Electronics Engineers of the 
Westinghouse Electric Corp. 

This book was compiled to answer the 
need for complete and clear information 
on the application and design of indus-
trial electronic equipment. Written by a 
group of engineers, each an expert in his 
particular branch of electronics, the In-
dustrial Electronics Reference Book con-
tains the most recent information on the 
subject. The material is directed at the 
practicing engineer. Its aim is to give him 
a better understanding of the scope and 
limitations of electronic apparatus as it 
is applied to industrial processes. 

Physical  Background  of  Industrial 
Electronics; Electron Emission; Con• 
trol of Free Electrons; Electrical Con-
duction in Gases; Vacuum Tubes; Gas 
Tubes; Photoelectric Devices; Indus-
trial X-Ray Tubes; Cathode-Ray Tubes: 
Ultraviolet  Radiators;  Circuit  Ele-
ments; Tuned Circuits and Filters: 
Transformers; Vacuum Tubes as Cir-
cuit Elements; Electronic Motor Con-
trol ; Industrial Photoelectric Control : 
Care and Maintenance of Electronic Ap-
paratus. 

1048  680 double-column pages  87.50 

ON APPROVAL COUPON 

I JOHN WILEY 8 SONS, INC. 
440 Fourth Ave., New York 16, N.Y. 
Please send me. on 10 days' approval, a 
copy of INDUSTRIAL  ELECTRONICS 
REFERENCE BOOK. If I decide to keep 

I the book. I will remit $7.50 plus post-
' age: otherwise, I will return the book 

Postpaid. 
Name    

IAddress   

I City   State   
Employed by   

L Utter not  outbide U.S.) IRE-9-48j 
r) 
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FOR RADIO AND TELEVISION RECEIVERS 

Punched, threaded, notched and grooved to meet indi-
vidual specifications. Exceptional performance at lower ma-
terial costs. Ask about other COSMALITE types for coil 
forms and deflection yoke shells, cores, and rings. 

• Tra de Mark Registered 

TLCILIVELAND CONTAINER a. 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PRODUCTION PLANTS 3Isa II Plymouth. West , Otdeesbure N I Cnicato,Ill . Oetroit Mich ,lamesluel,NJ. 
PLASTICS DIVISION at Plymouth. Wm • ABRASIVE DIVISION II Cleveland, Ohio 

SALES OFFICES Room 5637 Grand Central Teem Bldg Nn m York I /,N I , also 64/ MAIO SI Hartford, Coot 
CANADIAN PLANT the Cleveland Container Canada. Ltd Peescott Ontario 

•INSTANTLY .,O;ndpiuretacttiornea.ding. No 

• ACCURATELY ',.:,̀.,11:aftriOciliu:PC70(51%. 

•VISUALL 1 " .  at the turn of the dial indicator knob. 

Used effectively in leading labora-
tories, such as: Harvard University, 
Bell Aircraft Corp., and Hamilton 
Standard Propellers ... for measur-
ing natural frequencies or speed of 
rotating objects, checking or cali-
brating tachometers, oscillators, im-
pulse generators, similar equipment. 

C. G. CONN LTD., DEPT. 913 

ELKHART, IND. 

58A 

7/otete ‘49,t 

to 

o•• 

- - 
7ree e).eAder .  1 

r- - - - - - - - - 
I Please send free Stroboconn 
' folder containing information 
I about operation and applies'.  _ 
non of this new precision in-
strument. I understand this places me under no obli-
gation. 

Name   Position   

I Company 

I Address 

I City  Zone  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 page 574) 

Frequency Standard 
Designated as Type 2121A (licensed 

under U.S. patents of Western Electric 
Co.), a frequency standard is being manu-
factured by American Time Products, Inc., 
580 Fifth Avenue, New York 19, N. Y. 

Type 2121A provides an accuracy of 
one part in 100,000. Temperature coef-
ficient is less than 1 part per million per 
°C. The tuning fork is hermetically sealed. 
Outputs are: 60 cps, 0-110 volts at 0 to 10 
watts (variable); 120 cps pulses, 30 volts 
negative, 240 cps pulses, 30 watts positive 
and negative. A clock is provided for com-
paring with time signals. Multivibrators 
are not used. Power input is 110 volts, 50 
to 400 cps at 45 watts, standard 81' 
panel. Net weight is 25 lbs. with cabinet. 

New Design and Drafting 
Template 

The No. 31 Electroneer Template for 
use by all design and drafting personnel in 
the industrial electronic, television, radio, 
and electrical engineering fields is now 
available from Rapidesign, Inc., P.O. Box 
• 592, Glendale, Calif. 

—4 . 
••a  1.1)tz.v.2 

...„, f_ __,,,,4.......00 ......i,,, • ,...., ....., ,., 

i . Z ‘̀'.‘..v,..  Pilet. - i ''Ii • ; Z-7;  

0. 7.4 

The No. 31 Electroneer cut-outs cover 
all the commonly used symbols. The 
smooth, clean beveled edges permit the 
quick and easy delineation of layout and 
schematic drawings. 
The Electroneer is made of clear, 

mathematical-quality  cellulose  nitrate 
sheet of 0.040' thickness, with printing 
on the reverse side to prevent wearing off. 
Actual size is 41' X6i". 

(Continued on page 594) 
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WRITE for list 
of stock alloys. 

S:1Cliti1 IIV CO lil:. C01:1'.. 
44: 4S1:1,12' VI, litte: I VIA, 

tiliCLi  N  14.41 

0/ 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 58A) 

Correction 
Notice 

"Multivue Cap Pi-
lot Light Effective 
With Neon Lamp," 
manufactured  by 
Dial Light Co. of 
America,  Inc., 900 
Broadway,  New 
York 3, N.Y., incor-
porates a new prin-
ciple  of  refracted 
light from glowing 
electrodes to obtain 
new  effect ivenvss 
for the NE-51 neon 
glow lamp. 
Incorrectly identi-
fied in our August 
issue, this lamp has 
a built in resistor 
for 110 or 220 volts. 
A small additional 
resistor is required 
for higher voltages. 

AC and DC Time Delay 
Relays 

The new series 11400 ac and 6400 dc 
Time Delay Relays are available from 
A. W  Haydon Company, Ill W. Main 
St., NVaterbury, Conn. 

These relays have an ingenious plane-
tary differential and "capstan" type clutch 
mechanism which is designed to drive the 
switch actuating arm when the clutch 
holds the third element of the differential 
stationary. Mechanical amplification of 
forces obtained in the "capstan" clutch 
allows the use of a small electromagnet, 
thus reducing the operation current and 
size of the unit considerably. The "cap-
stan" clutch also resists vibration and 
shock and assures positive operation under 
adverse conditions. 
Almost any time-delay interval is made 

possible through the use of time proven 
ac and dc timing motors with a wide choice 
of voltage and speed ratings. Exceedingly 
compact and with a weight of approxi-
mately 1 lb., their flexibility of design 
permits modification to specifications for 
individual applications. 

(Continued on page 604) 

3 outstanding books 
in the M. I. T. 

RADIATION LABORATORY 
SERIES 

SEE THEM 
10 DAYS 
FREE 

hss 
brt 

Technique of Microwave 
Measurements 

mi ca° wAvE 
RECElvE" 

Vol. II. Edited by C. G. MONTGOMERY, As-
sociate Professcr of Physics, Yale University. 
937 pages, illustrated, $10.00 

This book describes in detail the procedures 
for measuring the properties of microwaves 
and the circuits in which they are used. 
A full description of the measurable quanti-
ties of microwaves provides sound ground-
work for subsequent material dealing with 
sources of power suitable for measuring pur-
poses and the means for detecting energy 
at microwave frequencies. Methods for meas-
uring wave lengths, impedance, frequency 
and attenuation are fully described. 

Microwave Receivers 
Vol. 23. Edited by S. N. VAN VOORHIS, As-
sociate  Professor of Physics.  University of 
Rochester. 611 pages, illustrated, $8.00 

An authoritative analysis of all the elements 
making up a wide-band receiver. It de-
scribes individual circuit types—describes 
the assembly, testing and maintenance of 
microwave receivers—offers actual receivers 
as examples of practical circuit combina-
tions. 

Theory of Servomechanisms 
Vol. 25. Edited by H. M. JAMES. Purdue Uni-
versity, N. B. NICHOL, Taylor Instrument Co., 
and R. S. PHILLIPS, University of Southern 
California. 375 pages, illustrated, $5.03 

Here is a coherent description of the theory 
and mathematics involved in the standard 
techniques of servomechanism design, pre-
senting new views and data. It covers fre-
quency response design considerations— 
transfer loci, attenuation vs. log-frequency 
plots, and phase-angle vs. log-frequency fl plots—and explains a ===  new method which pro-

duces desired results in 
the presence of electri-
cal noise and other dis-

McGRAW-H11.1.  turbances. 

McGraw-Hill Book Co., 330 W. 42nd Street, NYC le 

Send me the books checked below for 10 days' 
examination on approval. In 10 days I will remit total 
cost of books I keep, plus • few cents postage, and 
return unwanted books postpaid. (Postage paid on 
cash orders.) 

0 Montgomery—Technique of Microwave 
Measurements  $10.00 

o Van Voorhis—Microwave Receivers 
0 James—Theory of Servomechanisms  $5.00 

Name   

Address   

City and State   

Company   

Position   IRE-9.48 
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fteidt' KENYO 
KENYON one of the oldest names in trans-

formers, offers high quality specifi-
cation transformers custom-built to your require-
ments. For over 20 years the KENYON "K" has been 
a sign of skillful engineering, progressive design and 
sound construction. 

KENYON now serves many leading compan-
ies including: Times Facsimile Cor-

poration, Western Electric Co., General Electric Co., 
Schulmerich Electronics, Sperry Gyroscope Co., Inc. 

Yes, electronification of modern industrial machinery 
and methods has been achieved by KENYON'S 
engineered, efficient and conservatively rated 
transformers. 
For all high quality sound applications, for small 
transmitters, broadcast units, radar equipment, ampli-
fiers and power supplies — Specify KENYON! 
Inquire today for information about our JAN op-
proved transformers. 

Now —  for the first time in any transformer catalog, 
KENYON'S new modified edition tells the full com-
plete story about specific ratings on all transformers. 
Our standard line saves you time and expense. Send 
for the latest edition of our catalog nowt 

KENYON TRANSFORMER CO Inc 840 BARRY STREET 

NEW YORK 59,N Y 

te,e44.,s5, 
S44.4.4 

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: SIN EWAVE: 0-30%, 400, 1000 or 2500 
cycles. PULSE: Repetition-60 to 100,000 cycles. Width — 
] 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 regulator. 

MEASUREMENTS  CORPORATION 
BOONTON • NE W JERSEY 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your  affiliation. 

(Continued from page 59A) 

DC Millivolt Meter 

Millivac Instruments, P.O. Box 3027, 
New Haven, Connecticut, have designed 
the new Model MV-17A .meter which 
measures one millivolt (1 my) full scale on 
its lowest range at 6 megohms input im-
pedance (6000 megohms per volt). With 
150 micromicroamperes (150 trillionths of 
an ampere) it will give a full scale deflec-
tion. This permits resistances of 10'3 to 
10" ohms to be measured with an external 
voltage source. If used with a sensitive rf 
thermocouple, the meter will measure bet-
ter than 10 db below 1 mw. This ultrasensi-
tive dc millivolt meter can also be used for 
galvanometer work, where it can be over-
loaded 100,000 times on its lowest voltage 
range. It is equipped with 12 additional 
ranges to read up to 1000 molts at 60 meg-
ohms input impedance. 
Model MV-17A contains a high-im-

pedance shunting contact-type magnetic 
modulator. It converts dc input voltages 
into a 120 cps carrier wave, which is ampli-
fied, rectified, and metered. The meter is 
completely stable due to the absence of 
bridge circuits and because it has its own 
built-in voltage regulator. No zero adjust-
ment whatever is used on all ranges of 
10 my full scale and above. 

New Enterprises 
A new laboratory, engaged in micro-

wave and electronic development, has been 
established by Russell and Sigurd Varian 
at 98 Washington St., San Carlos, Calif. 
This organization, to be known as 

Varian Associates, is comprised of a num-
ber of scientists, who were previosuly as-
sociated with Dr. R. Varian in the de-
velopment of the klystron tube and other 
microwave devices and test equipment. 
Among the consultants and staff mem-

bers of this organization are: H. Myrl 
Stearns, vice-president and general man-
ager, Elliot Levinthal, Fred L. Salisbury, 
Don L. Snow, Leonard I. Schiff, Wm. W. 
Hansen, and E. L. Ginzton. 
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a i 11- spaced ariiculated 
R.F. CABLES 

THE LO WEST EVER 
CAPACITANCE OR 
ATTE N U ATI ON 

• 
We a re specially organised 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE Pfliffi/EffOR BM W 

iVn thoe cable rib- dote thee& cv delti,e,-/e.c 
the a../.04,0/0•7 f/ wae eii•sponeheleaVes 

CONTRACTORS  TO  I-1. M.  GOVERN MENT 

138A CRONI WELl ROAD•LONDON SIN7 ENGLAND 

CA WS TRAN.G9.40 LONDON. 

LOW MIMI 
TYPES 

A I 
A 2 
A 34 

C I 

PC I 

C11 

C 2 
C22 
C 3 

C33 
C44  4.1  252  2 TRANSRADIO LTD 

ATTEN LOADING 
db100Ir  Nw 
S #00Ate.  

0.36 
0.44 

0.88 

0.36 

0.36 

0.36 
0.44 

0.44 
0.64 

0.64 

1.03 

# itry lair Cafi.rederre,tifixr  

MICH POWER 
FLE XI B LE 

PHOTOCELL 
CABLE 

PR E mAX 
Low Cost High Gain Antennas to 
Cover ALL TV and FM Channels 
Simpler in Design 

Easy to Erect 
Fully Adjustable in 
Vertical or Horizontal 

Plane 

The Premax T-448 Television An-
tenna is radically different and 
severely simplified in design for 
quick, easy assembly and erection. 
It assures maximum signal strength on all 12 bands—plus rugged 
construction and long, satisfactory service. 

Two completely separate arrays, each consisting of dipole and 
reflector—fully adjustable in both horizontal and vertical planes 
—assuring complete coverage of both high and low frequency 
bands without interference. A design that has been verified and 
confirmed by leading antenna engineers. 

Send for complete details and Test 
Report covering all 13 channels. 

No. 

T-448 

4'0  100 200 400 600 IK  E:K I 2 OK 

NO  CYCLES  " 
Panoramic Sonic Spectrograph of 

750 cps square ware. 

PREMAX PRODUCTS 
DIVISION CHISHOLIN-RYDER CO., INC. 

4811  Highland Ave., Niagara Falls, N.Y. 

FASTER, SIMPLER 

AUDIO ANALYSIS 
with Model AP-1 

'eve 

_ 

PANORAMIC 
SONIC ANALYZER 
Reduce time, complexity and cost of mak-
ing audio measurements with the unusual 
advantages offered by the Panoramic 
Sonic Analyzer. By resolving a complex 
audio wave into a spectrograph showing 
the frequency distribution and voltage am-
plitude of the components, Model AP-1 .. 

• Eliminates slow point-by-point fre-
quency checks • Provides a quick 
overall view of the audio spectrum 
• Enables determination of changes 
in waveform content while parame-
ters are varied • Furnishes simple • 
presentations  for production  line 
testing. 

Use Model AP-I for analyzing... 
• Harmonics • Intermodulation • Vibra-
tion • Noise • Acoustics • Materials 

features... Continuous scanning from 40-
20,000 cps in one second • V. ide input 
voltage range • Linear and log voltage 
scale • Closely logarithmic frequency scale 
• Built-in voltage and frequency calibra-
tor • Simple operation. 

WRITE for detailed specs, price and delivery. 

RADID7  CORP 
ANORAMI[ 
92 Cold St.  Cable Address 

New York 7, N.Y.  PANORAMIC, NEW 'URN 
Exclusive Canadian Representative: Canadian Marconi Ltd 
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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 OAD W AY, NE W YORK 3, N. Y. 
Telephone—Spring 7-1300 

" Wow's],later" 

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 I 15-R "Wow-Meter" is 
suitable for both laboratory and produc-

tion applications and eliminates complex 
test set-ups. 

The instrument incorporates an additional 
amplifier stage so that a direct-inking re-
corder may be connected for qualitative 
analysis of speed variations. Send for 
Bulletin 115. 

Frequency Response: 1/2 to 120 cycles 

Designers and Manufacturers of Specialized Electronic Equipment 

FURST ELECTRO NICS 
North Avenue and Halsted St., Chicago 22, Illinois 

world-famous 

trademark 

of fine 

electronic 

equipment 

NATIONAL SCR-3 
(with top removed) 

For airlines, monitoring re-
quirements, or for contacting 
field men by radio, National's 
Single Channel Receiver is as 
simple to use as an inter-
office phone. Simply set to 
desired frequency and switch 
it on. Receiver is silent until 
message comes in strong and 
clear. No trained operator 
needed. Specially treated for 
use in the tropics. Write for 
descriptive bulletin. 
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Machines in RCA's Lancaster Tube Plant are designed for mass production 

of Kinescopes—television picture tubes—at lowest possible cost. 

Behind the magic of a Television Tube 

Every morning, 14 tons of glass 
bulbs" go down to the produc-
tion lines at the RCA Tube Plant 
in Lancaster, Pa. 

By evening, the bulbs are television 
picture tubes, their luminescent faces 
ready to glow—in television homes 
everywhere—with news, sports, enter-
tainment, education, politics. 

Born of glass, metals, chemicals, 
the picture tube comes to life 
through flame and heat. Its face is 

coated with fluorescent material— 
forming a screen on which an elec-
tron gun "paints" moving images. 

Each step is so delicately handled 
that, although RCA craftsmen are 
working with fragile glass, breakage 
is less than 1%. 

Water, twice-distilled, floats the 
fluorescent material into place on 
the face of the tube, where it clings 
by molecular attraction—as a uni-
form and perfect coating. 

Every phase of manufacture con-
forms to scientific specifications estab-
lished by RCA Laboratories. Result: 
Television tubes of highest perfection 
—assuring sharp, clear pictures on the 
screens of RCA Victor home television 
receivers. 

•  •  • 

When in Radio City, New York, be 
sure to see the radio, television and 
electronic wonders at RCA Exhibition 
Hall, 36 West 49th Street. Free admis-
sion. Radio Corporation of America, 
RCA Building, Radio City,N ewYork 20 . 

R A DIO CO R PO RATIO N of A MERICA 
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You may build the best appliance of its 
kind on the market — but if it sets up 
local radio interference—you'll have tough 
sledding against today's keen competition. 
Your customers are demanding radio 
poise-free performance in the electrical 
equipment they buy. 

The answer, of course, is to equip your 
products with C-D Quietones. Why 
Quietones? First, because-they're the best. 
engineered noise filters — second, because 
they guard your product's reputation by 

IS M ORE SALEABLE WITH 

Reg. U.S. Pat. Off. 

giving long trouble-free service — third, 
because they're designed and built to meet 
manufacturers' specific needs — efficiently 
and economically. 

Speed up sales — build prestige — boost 
profits with C-D Quietones. Your inqui-
ries are invited. Cornell-Dubilier Electric 
Corporation, Dept. L-8, South Plainfield, 
New Jersey. Other large plants in New 
Bedford, Brookline and Worcester, Mass., 
and Providence, Rhode Island. 
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Make Your Product More Saleable 

with C-D Quietone Radio Noise Filters 

and Spark Suppressors 

MICA  •  DYKANOL  •  PAPER  •  ELECTROLYTIC 
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General Radio Company has supplied pre-
cise measuring equipment for broadcast 
stations for over twenty years. G-R instru-
ments are designed for accuracy, ease of 
operation and long, trouble-free life. G-R 
broadcast instruments are quality instru-
ments designed specifically for broadcast 

station use. 
These two meters are standard equip-

ment in most a-m broadcast stations; they 
are essential -musts- where transmitters 
and associated station equipments are to be 
operated continuously at peak efficiency. 
The Modulation Monitor indicates con-

tinuously the percentage amplitude modu-
lation of broadcast and other radiotele-
phone transmitters. The Distortion & 
Noise Meter measures the a-f distortion in 
transmitters or audio equipment such as 
line and speech amplifiers. It finds many 
uses in communications laboratories and in 

production testing of radio receivers. 

FEATURES 

The TYPE 1931-A Modulation Monitor 

allows the following measurements to be 
made continuously: Percentage Modula-
tion on either positive or negative peaks; 
Program-level monitoring; Measurement 
of shift of carrier when modulation is 
applied; Transmitter audio-frequency 
response. 
Requires r-f input of only 0.5 watt; car-

rier frequency range 0.5 to 60 Mc; terminals 
for remote indicator; distortion less than 
0.1%; 600-ohm audio output circuit for 
audible monitoring; modulation percentage 
range 0 to 110(;;-; flashing over-modulation 
lamp operates over 0 to 1001/4  on negative 
peaks; overall accuracy at 400 cycles is 2% 
of full scale at 0% and 1001/4  and 41/4  at any 
other modulation percentage; a-f frequency 
response of meter indication is constant 
within 1.0 db between 30 and 15,000 cycles 
when used with the TYPE 1932-A Distortion 
& Noise Meter. 

Type 1931-A Modulation Monitor $395.00 

FEATURES 

The TYPE 1932-A Distortion & Nois4 
Meter is continuously adjustable over the 

audio-frequency range and can be set to any 
frequency quickly, since it has only one 
main tuning control plus a small trimmer. 
With it measurements can be made on a-f 

distortion in radio transmitters, line ampli-
fiers, speech amplifiers, speech input equip-

ment to lines; noise and hum levels of a-f 
amplifiers, wire lines to the transmitter, 
remote pick-up lines and other station 
equipment are made with ease. 
Full-scale deflections on the large meter 

read distortions of 0.3 %, 1%, 3%, 10,-; or 
3o% ; range for carrier noise measurements 
extends to 80 db below 1031/4  modulation, 

or 80 db below an a-f signal of zero dbm 
level. The a-f range is 50 to 15,000 cycles, 
fundamentals, for distortion measurements 
and 30 to 45,000 cycles for noise and hum. 
Type 1932- A Distortion & Noise Meter .. 

$575.00 

GENERAL RADIO COMPANY Ca mbridge 39, Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chkage 5  950 N. Highland Ave., Los Angeles 38 


