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24/ AMPEREX tubes

Specifically designed for grid-control

operation at peak anode voltages as high

as 2’,000 V. for heavy duty INDUSTRIAL
uses and high power TRANSMITTERS with

outputs to ’50 KW. (3 phase full wave)

AGR-9951/5870 AGR-9950/5869
CATHODE
Directly Heated, Oxide Coated

MAXIMUM PEAK ANODE VOLTAGE
Inverse .. - - 21,000 10,000 13,000 10,000
Forward 21,000 10,000 13,000 10,000

CONDENSED MERCURY TEMPERATURE
LIMITS (centigrade) +30° to +45° +25°to +60° | +25° to +55° +25° to +60

MAXIMUM PLATE CURRENT ¢ Amperes)
Peak ... .. ! 10 4
Average .. e ye— 2.5 1

FREQUENCY RANGE (cps) . . 25 to 150 25 to 150
FILAMENT VOLTAGE... - 5.0 5.0
FILAMENT CURRENT (amperes) 15 6.5

TUBE VOLTAGE DROP (volts, approx.)...... 14 15
{1b =10 amperes) (1b = 4 amperes)

AGR-9951/5870

*90.

Re-tube
with
AMPEREX
THREE-ELECTRODE, MERCURY VAPOR

RECTIFYING TUBES

with NEGATIVE CONTROL characteristics

AMPEREX ELECTRONIC CORP.

25 WASHINGTON STREET, BROOKLYN 1, N. Y.

In Canada and Newfoundland: Rogers Majestic Limited
11-19 Brentcliffe Road, Leaside, Toronto, Ontario, Canada




The Newspaper

that the “Savannah’’ delivered

The first steamship to cross the Atlantic, it is
said, brought back a newspaper containing the
report of a famous European scientist * proving”
that practical marine propulsicn by steam was
impossible.

That, of course, was in the knee-pants days
of the Scientific Age. Today, it would be a
rash scientist who would apply any such label
to a proposed development. “Unknown” or
“yet to be proved” perhaps, but not “impos-
sible.” Imagination is as much a part of modern

__ SPRAGUE

PIONEER

T -
e W

research and engineering background as phys-
ics or mathematics.

In electronics alone, a generation of progress
was crowded into a few hectic war years. Prod-
ucts not known — for jobs that had never
been done—became commonplace. Yzt all of
this represents only a fresh beginning . . . not
an end. As in the past, Sprague research con-
tinues on the assumption that even the best of
today’s components are only test models for
tomorrow’s even more difficult assignments.

SPRAGUE ELECTRIC ComPANY

North Adams, Massachusetts

5oy IN

ELECTRIC AND ELECTRONIC DEVELOPMENT

S

\

GLASS-TO-METAL SEALS, pioneered by
Sprogoe, hove poved the wayto newond higher
standards of protection ond efficiency in thou-
sonds of copocitor ond resistor types,

SUBMINIATURE Sprague molded Prokar® ca-

pacitors, rated for —50°C. o +125°C. opera-
Z tion, ore ploying a big port in revolutionizing

the ongineering of ultro-small equipment,

SPRAGUE KOOLOHM* RESISTORS, wound
with ceramic insulated wire, doubly protected
by outer ceramic shells, have answered one
difficult resistor problem ofter another.

7. M, RLO.
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DONE WITH MIRRORS!

Protected by a wall of lead bricks and using a
mirror to guide his instruments. this Bell Labora-
tories scientist is preparing a solution of a radio-
active isotope, for use as a tracer to study materials
for your telephone system.

Bombardment by neutrons turns some atoms of
many chemical elements into their “radioactive
isotopes”; these are unstable and give off radia-
tion which can be detected liy a Geiger counter.
Chemically a “radioactive isotope” hehaves exactly
like the original element. Mix the two in a solution
or an alloy and they will stay together; when the
Geiger counter shows up an isotope. its inactive
brother will be there too. Minute amounts bevond
the reach of ordinary chemical methods can be
detected — often as little as one part in a billion.

The method is used to study the effect of com-
position on the performance of newly developed
germanium transistors — tiny amplifiers which may
one day perforin many functions which now require
vacuum tubes.

It enables Bell scientists to observe the behavior
of microscopic impurities which affect the emission
of electrons from vacuum tube cathodes. It is of
great help in observing wear on relav contacts.
ﬁ:;d(;lis;nr?l)u:t]?;:l:}:\:lmo a useful tool for measuring
t penetration of preservatives
in wood.

dThus. one of science’s newest techniques is
adopted by Bell Laboratories to make vour tele-

phone serve you better today and better still
tomorrow.

BELL TELEPHONE LABORATORIES

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



NEW (7, GENERAL PURPOSE PULSE GENERATOR

SPECIFICATIONS

PULSE LENGTH:
Cantinuvausly variable, 0.07 ta 10 psec.
Direct reading panel cantral.

PULSE AMPLITUDE:
50 v. inta 50 ? laod. Pas. & neg. pulses.
100 v. apen circvit,

AMPLITUDE CONTROL:
Cantinuaus cantral thraughaut range. 50
db in 10 db steps. 10 db fine adjustment.
ment,

INTERNAL IMPEDANCE:
50 2 ar less.

PULSE SHAPE:

Rise and decay time apprax. 0.02 psec.
(10% ta 90% amplitude.)

REPETITION RATE:

50 pps ta 5,000 pps. Internally ar exter.
nally cantralled.

SYNC IN:

May be triggered by pas. or neg. pulse
af 5 v. at rates up ta 5,000 pps.

SYNC OUT:

50 v. inta 200 € laad. Approx. 2 psec
lang. Apprax. 0.25 fsec rise time,

PULSE DELAY:

Main pulse delayable O ta 100 psec
fram sync autput pulse.

PULSE ADVANCE:

Moin pulse can be advanced O ta 10
#tsec fram sync autput pulse.

POWER SUPPLY:
110/220 v; 50/60 cps.

SIZE:

Panel 10%,"” high, 19” wide, Depth 12”.
PRICE:

$550.00 f.a.b. Pala Alta.

Doto Subject to Chonge Withaut Natice

PROCEEDINGS OF THE I.R.E.
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TYPICAL 1 MICROSECOND
PULSE INTO 50-OHM LOAD

A*-;‘ J*A
p——\."TF

B

A. 0.02 usec rise and
decay time. Mini-
mum avershaat.

B. sowatn peak paw-
er. (50 v. ta 50 L2
laad.)

Pulse length varia-
ble 0.07 ta 10 usec.

CONTINUOUSLY VARIABLE, HIGH POWER
PULSES OF SUPERIOR WAVE FORM!

THIS NEW -hp- 212A PULSE GENERATOR
saves you time and work testing
“fast’” circuits as well as making
everyday laboratory checks of other
generators, tf circuits, peak-measur-
ing equipment, etc. It is the first
commercial pulse generator to suc-
cessfully combine broad laboratory
usefulness with the fast rise time,
high power, variable pulsing and
other features demanded in radar,
television and nuclear work.

ACCURATE PULSES AT END OF
LONG TRANSMISSION LINE

The pulse length is continuously
variable from 0.07 usec to 10 usec,
and is varied by a direct reading
panel control. Extremely fast rise
and decay time, together with free-
dom from ringing or overshoot

provide a virtually distortion-free
pulse. A low internal impedance
(50 ohms or less) insures a pulse
shape virtually independent of load.
This low impedance also makes it
possible to deliver accurate pulses
at a distance from the instrument,
if the transmission lines are cor-
rectly terminated.

The Model 212A’s repetition rate
is continuously variable from 50 to
5,000 pps. It can be controlled
internally, or from an external syn-
chronizing source. Synchronizing
pulses are available from the in-
strument either in advance of or
following the output pulse. An
amplifier-attenuator output system
gives a low source impedance, and
makes possible continuously variable
pulse amplitude, positive or negative.

Brief specifications of this new -hp- instrument are shoun in the adjoining column.
For complete details. .. see your local -hp- representative...or write to the factory.

HEWLETT-PACKARD COMPANY

2040D Page Mill Road

® Palo Alta, Califarnia

Export: FRAZAR & HANSEN, Ltd,, 301 Clay St., San Francisco,

Calif., U.S. A. Offices: New Yark, N.Y. and Las Angeles, Calif.

2040
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CAST ALNICO ¥ and V1 THIN WALL RINGS
FOR MAGNETIC FOCUSING ASSEN\BL\ES

alsy i Qe B LELZ= PROBLEM!
ic focusing climinatés blur, gives clear, sharp
and the first focusing

goets

or line voltage fuctuations:
hin ring-typ* .nt magnets of Alnico v and V1
g (several sizes are picmred here) are cust, nOt

the last. Thet

produce b Arnold for this use¢
d. in order 1© save on first cost. 1t'sa difficult jobs
inthe desired quality and any quanuty without trouble
her materials, YOU

de of Alnico or ot

THE ARN
NOLI ENGINEERING con&
PANY

ALLEGHENY LU Subsidiary of
147 East Ont D,LUM STEEL CORPO
ario Street, Chicago 11, Iili RATION
s Hlinois
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* Hi-Q BC Tubular Ceramic Capacitors for by-
passing, coupling and filtering are available with
any of three types of insulations:—clear non-
\ hydroscopic styrene coating (CN) . .. Durez im-
\ pregnated with low loss microcrystalline wax (SI)
\ ... or a ceramic (steatite) cover tube sealed with
\ a specially developed end seal (CI). The Hi-Q
\ trade mark is your assurance that like all Hi-Q
Components, they rigidly meet specifications and
are uniformly dependable in every respect. As
\ leading specialists in the ceramic field, Hi-Q has
\ come to be regarded by producers of radio, tele-
1 vision, communications and electronic equipment
\ as their best source of technical assistance in de-
veloping components to meet the needs of any
circnit.

\ JOBBERS — Address: 740 Belleville Ave., Now Bedford, Mass.

Etectrical Reactance

FRANKLINVILLE, N. Y. . TGN

SALES OFFICES: New York, Philadelphia, PLANTS: Franklin, N.Y., Jessup, Pa,,
Detroit, Chicago, Los Angeles Myrtle Beach, S.C.
EXPORT DEPARTMENT: 4] East 42nd St.,, New York 17, N.Y., US.A,

PROCEEDINGS OF THE LR.E. March, 1950 5A




i Automatic
paze | hulb sealing equipment

;’z‘gzﬁ speeds production of

o (fpliarniie Sylvania Television
| et Picture Tubes

Il’s a far cry from the slow and
laborious “hand-work™” methods of
producing television picture tubes,
to this automatic¢ machine method
now in operation at Sylvania’s
Outawa, Ohio, plant.

On the machine shown here, the glass
tube necks are perfectly sealed and
bonded to the metal cones.

This process is but one important
step in a completely conveyorized
plant . .. where raw materials
emerge as finished units. As a result
of highly specialized mass
production techniques and the
application of the latest materials,
Sylvania picture tube production
increased by 30 percent during
the past year.

Today, baeked by continuing
product research and development,
plus exhaustive scientific.
electrical. and mechanical tests.
Sylvania is producing larger and
higher quality television picture
tubes . . . at lower prices.

This means hetter product
performance for you . . . hetter
values for television set owners
everywhere.

SYLVANIA
ELECTRIC

RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING: LIGHT BULBS; PHOTOLAMPS

4l PROCEEDINGS OF THE I.RE March, 1950



DELIVERS ,, o SPECIFIED

D

EL-MENCO
CAPACITORS

EL-MENCO is the standard of dependability in capaci-
tors. Each tiny El-Menco Capacitor delivers at maximum
in any climate under the most critical operating condi-
tions. Before leaving the factory, they are tested for dielec-
tric strength at double working voltage; for insulation

CM 15 MINIATURE CAPACITOR | resistance and capacity value. Each tiny El-Menco Capaci-
| Actual Size 9/32" x 14" x 3/16" i tor meets and beats strict Army-Navy standards. Put them
' For Television, Radio gnd other Electronic {n Folypedites ancachicel iRt
' Applications

2 — 420 mmf. cap. at 500v DCw A COMPLETE LINE OF

' 2 — 525 mmf. cap. at 300v DCw
' Temp. Co-efficient =+-50 parts per million CAPACITORS TO MEET

j per degree C for most capacity values. EVERY REQUIREMENT

6-dot color coded.
\

THE
ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT
. Write o
- E nc u firm letterhead for
Catalog and Samples
MOLDED MICA MICA TRIMMER

CAPACITORS

FOREIGN RAOIO ANO ELECTRONIC MANUFACTURERS COMMUNICATE OIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers ond Distributors in U.S. and Canado

PROCEEDINGS OF THE I.R.E. March, 1950 7A




ANNOUNCING

EIMAC TUBE TYPE

Another Engineering Achievement by Eimac

The 4X150G is a new coaxially constructed UHF tetrode, o
modification of the popular Eimac 4XI50A. The new design has
resuited in lower lead inductance, reduced the UHF grid
driving-power requirements, and increased upper frequency
limits of efficient performance.

The 4X150G can be operated as either a conventional radio-
frequency amplifier or oscillator over a wide range of plate
voltages at frequencies up to 1000 Mc. In pulse service efficient
performance is obtained up to 1500 Me.

Operating as a class-C amplifier in the 750 Mc. region, the
Eimac 4XI50G will provide a power-gain of 8. (100 watts
output, 12/ watts driving power.) In pulse oscillator service
at 1250 Mec., tests indicate peak output-powers of over 20 kw
per tube.

Maximum ratings and other operational characteristics for this
new tetrode are available from the Eimac Field Engineering
Department.

[T ————

EITEL-McCULLOUGH, INC.

San Bruno, California
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

8a

™a
of S

. “
. W
{

‘.

“
.
-
o

”

Somac:
4X1506

MADE |5 s

2x
- ACTUAL SIZE

External Anode
150 watts dissipation

Processed Non-emitting Grids

Unipotential Cathode
2.5 volt heater

Precision Aligned Elements
for Optimum Tetrode Characteristics

Well Shielded Input-Output Circuits

Concentric Grid-Cathode Terminals
Allow Cavity Use.

244

Follow the Leodery 1o

_/555

The Power for R-F
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0l ¢an use 4
machete to make

@® The rigbt starting point for designing a new portable
radio is its batteries. The set will need them sooner or later,
and it’s a little embarrassing to have to use a shoe horn to

S ’ . getthemin, or whack off excess with a machete. Obviously,
I s SIm er the easy way is to pick good, reliable, long-lasting batteries
and design the set around them.
“Eveready’’ brand radio batteries qualify on all counts.
to design th
. J
radio around (E:E
PP —" 3 £

They are well known for long life and they come in a
N
X
the battery!
- .
[t~ & )

range of types and sizes to fit virtually every conceivable
design. They are available everywherefor easy replacement
by the user. Write to our Battery Engineering Department
““Eveready’’, ‘"Mini-Masx"", "' Nine Lives'’
and Cat Symbol are trade-marks of
NATIONAL CARBON DIVISION of

for free and complete technical data.
“Eveready” No. 950 A"’ batteries
UNION CARBIOE AND CARBON CORPORATION

and the No. 467 B’ battery make
an ideal combination for small port-
able receivers.

33 TRADE-MARK
30 East 42nd Street, New York 17, N. Y.
District Sales Offices: Atlanta, Chicago, Dallus, R A D l o B ATT E R l E s

Kansas City, New York, Pittsburgb, San Francisco

PROCEEDINGS OF THE LR.E. March, 1950
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ELECTRONICS
v

low=cost welding

production

General Electric engineers have developed a new low-cost
method of precision-control resistance welding for use in
many expensive assembly operations in the manufacture of
electronic equipment,

This new welding method makes it possible for o single
operator to weld 15 grounding ribbons and one resistor
lead to the chassis of a television set in two minutes.

The control panel shown above provides for welding-
current adjustment to control the amount of heat produced
in the welds. Once set, this control will keep successive
welding currents constant to insure accurate and consistent
welding of connections. Write for complete data in Bulletin

GEA-4175.

GENERAL @D ELE

PROCEEDINGS OF THE I.RE

PR

B

The G-E electronic amplidyne con-
sists of a motor-amplidyne set, a high-
gain d-c balanced amplifier, and a
reference voltage supply. It is similar
to equipments used in drive systems
for radar antennas, searchlights, and
ship and aircraft gun mounts. Com-
mercially, it can be used in many
kinds of motor control systems for
close regulation of current, voltage
and speed—to limit torque, hold
tension, speed up acceleration, and
position accurately.

The electronic amplifier makes the
amplidyne respond quickly to sudden
changes in the control signal, and
gives it high sensitivity to small
gradual changes. These and other
features make it readily adaptable to
automatic programming and closed-
cycle processing control.

Applications range from power
supply for 14 to0 114 horsepower mo-
tors to field excitation for large ad-
justable voltage drives up to 200
horsepower. For information, see
Bulletin GEA-4889.

AN
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250 degrees of meter scale

General Electric’s new long-scale
panel instruments are designed for
applications where space is limited,
but ease and accuracy of reading are
required. These 3 }2-inch instruments
have a 4.92-inch scale which covers
250 degrees.

The sturdy, attractive, molded
Textolite cases (round or square)
harmonize with other G-E panel
instruments. The mechanism is the
internal-pivot type—a reliable unit
construction which permits minimum
behind-the-panel depth. Accuracy is
within 5%, of full scale on the recti-
fier type, 2% on all others. For full
details, write for Bulletin GEA-5425.

if you need it—

- one degree accuracy

Electronic engineers are well aware
of the usefulness of selsyns. Whether
used for indicating or control, they
have proved themseclves a reliable,
accurate, and rapid means of com-
munication.

G.E. produces a complete line of
selsyns—the high-accuracy type with

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

»".~i
¥
R o
~

\
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R varies inversely as E*

Thyrite® resistance material is in- |
organic and has the unique electrical
property of varying inversely in re-
sistance as the fourth power (or even
higher) of an applied voltage. It has
stable electrical characteristics over a
wide range of operating conditions

and can be used with a-c, d-¢, or
short-duration pulses. Because cf this,
it has solved many problems for the
electronic design engineer.

Its most widely known applica-
tions are in the limiting of voltage
surges, the stabilization of rectifier
output voltages, the controlling of
voltage-selective circuits, and the
potentiometer division of voltages.

It is usually supplied in disk form
in diameters from 0.25 to 6.00 inches,
with or without mounting holes.
Smaller sizes are furnished with wire
leads. Complete information is con-
tained in Bulletin GEA-4138.

General Electric Company, Section B 667 -4
Apparatus Dapartment, Schenectady S, N. Y.

Please send me the following bulletins:

( ) GEA-2176 Selsyns
( ) GEA-4138 Thyrite Material
{ ) GEA-4175 Welding Control

()
()
)

make possible new designs

Cast glass bushings

Originally developed by General
Electric for use in vital communica-
tion equipment, these unique bush-
ings are now successfully used on
such apparatus as power capacitors,
transformers (filament, modulator or
pulse), and rectifiers. They're made
of cast glass with sealed-in nickel-
steel hardware and can be readily
welded, soldered or brazed directly
to the apparatus. This eliminates the
need for gaskets and provides a per-
manent hermetic seal.

Because they are small and com-
pact, as well as vibration and weather
resistant, glass bushings make pos-
sible new designs, especially where
apparatus is to be airborne or where
high humidity or fungus growth are
special problems. Glass bushings will
not puncture or shatter under excess
potentials—either 60 cycle or im-
pulse. For more data, including sizes
and ratings, see Bulletin GEA-5093.

GEA -4889 Electronic Amplidyne
GEA-5093 Glass Bushings
GEA-5425 Panel Instruments

an accuracy of = one degree, and the ARLE -
eneral-purpose type with a = five-

cgree accuracy. All units have high COmEARY.

operating torque and are totally en-

closed with no exposed terminals. ABDRESS

Indicators and transmitters are also cIy STAT

available in several models. See .

Bulletin GEA-2176. e cwer P Srmme S G S G S WS W M WS (W S S G = > -
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) DU MONT FEATURES

[ OSCILLOGRAPHY THROUGHOUT THE SPECTRUM | Once again, DuMont paces the modern

art of oscillography by extending the operation of oscillographs over
the entire frequency spectrum from d-c to over 100 megacycles, for the
study of new and broader fields of industry and research. In a glroup of
new Instruments covering this entire range, superior circuit design has
been expertly integrated to give each instrument optimum perform- ]

ance 1n its particular category of applications.

5 CPS. TO 100,000 CPS.

Type 292—Ouvistanding develop-
ment in portable oscillographs
employing a new three-inch tube,
the Du Mont Type 3RP-A. Type
292 provides, good sensitivity,
balanced deflection, and other
performance features vsually
found only in instruments employ-
ing a five-inch tube.

o ¢ £

o 90'.

pC TO 200,000 CPS.

Type 304-H—A new standard of
performance in moderately priced
oscillographs. Offers such ad-
vances as many times full screen
expansion of sweep and vertical
signal; complete positioning; high
sensitivity at 3,000 volts accelerat-
ing potential high-gain a-c and
d-c amplifiers; both driven and
recurrent sweeps, sync limiting.

DC TO 300,000 CPS.

Type 250-AH —High-voltage
operation and high light output
for study of transient signals. New,
extremely stable sweep circuit
provides good linearity over its
entire range of sweep-time infer-
vals from 5 seconds to 10 micro-
seconds. Contains built-in voltage
calibrator and a variety of input
connections.

ALLEN B. DU MONT LABORATORIES,

INC,.
12a

INSTRUMENT DIVISION 1000 MAIN AVE Clt NEW R Y
. LIFTON E JERSE

March, 1950
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[OUTSTANDING DEVELOPMENTS IN CATHODE-RAY TUBES

10MC

T‘y‘pe 5XP= Multi-band intensifier tube providing high sensi-
tivity and high light output at operating potentials up to 29
kv. Flat face insures maximum useful screen diameter with
minimum distortion of signals. Writing rates of the Type 5XP—
are extended in o modification incorporating' metalized screen

5 CPS. TO 10 MEGACYCLES

i

Type 303 — This new instrument
employs @ five-inch cathode-ray
tybe operated af 3,000 volts ac-
celerating potentiol and provides
‘over three inches of undistorted
deflection at a sensitivity of 0.1
volt per inch. Both sensitivity and
frequency response ratings of the
Y-axis am’pliﬁer include the per-
formance of a built-in signal
delay line.

March

1930

tive Type SXP—
Tube. Selection may
the rear panel for acceler
| of either 7 kv. of 12 kv.
v, — 0.15 rms
in signal delay
its full display of steep
wavefronts, Built-in calibrator.

Sensitivity at 12 k
volt per inch. Built-

Type 294 — New high-fr
oscillograph employing th

Cathode-ray
be made at

Type 3RP-A —New, flat-face
three-inch tube permitting
operation from balanced de-
flection circuits. High sensitivity
is provided despite extremely
short overall length of 9%
inches. Specially designed
deflection plates minimize pat-

tern distortions.

equency special Type — A specially con-
e sensi- structed cathode-ray oscillograph
illustrating the possible applica-
tions of a newly-develbped high-
gain, wide-band amplifier having
a frequency response, within 3db,
from d-c to over 100 megacycles.
Sweep speeds as fast as 100

ating

inches per microseco

Cathode-ray Tube.

.

pc TO OVER 100 MEGACYCLES
/

observed on the Type 5XP-

y

© ALLEN 8. OV MONT LABONA'O“IES INC

100MC

WMV . cttegiapiy




QUALITY
COIL FORMS
ENSURE SATISFACTION!

CLEVELAND. ..
COSMALITE* spirally laminated paper
base phenolic tubes are engineered and
produced for those who must have quality
performance with attractive prices and

quick deliveries.

The outstanding choice in the industry for coil forms in all standard broadcast receiv-
ing sets and for permeability tuners . . . Cleveland Cosmalite is backed by over 25

years experience.

Consult us about our kindred products for both new and established needs in the

electronic and electrical fields. For the best . . . “‘Call Cleveland!”’

* Reg. U.S. Par. OF.

% CLEVELAND CONTA

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wisc Chicago, Detroit, Ogdensburg, N ¥ Jomesburg, N. J.
ABRASIVE DIVISION a1t Clevelond. Ohio )
CANADIAN PLANT . The Clovelond Contolner, Canado. L1d Prescon, Ontorio

INERZ

See our Exhibit No. 207

at the |. R. E. Radio

REPRESENTATIVES

H H CANADA WM. T BARRON. EIGHTH LINE RR *1, OakviL,
Engineering Show. WETROPOUTAN | o £ ONTARIO
NEW YORK { R MURRAY, 614 CENTRAL AVE., EAST ORANGE N.}

NEW ENGLAND E. P. PACK AND ASSOCIATES, 948 FARMINGTON avg
WEST HARTFORD, CONN

™ PROCEEDINGS OF THE LR.E March, 1950




8 Sperry has a complete line of Cross-
Guide Directional Couplers for all fre-
quencies ranging from 2600 to 40.000
mec. These couplers are superior to other
types of directional couplers in high
directivity and unusually uniform coup-
ling characteristics.

8 The coupling varies less than 3 db
over the entire useful frequency band
of the waveguide transmission line,
whereas other types of couplers have
attenuation which varies rapidly with
frequency. Calibration accuracy on
these instruments is 0.5 db through
the quoted range. Operating tempera-
ture range is from—40° to +55° C and
humidity effects are negligible.

® Cross-Guide Directional Couplers,
part of Sperry’s MICROLINE®, are
versatile, precision instruments well
adapted for general laboratory and pro-

it

OIVISION OF THE SPERRY CORPORATION, GREAT NECK;
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duction test work. They differ in appear-
ance only in their external dimensions.
Each consists of two rectangular wave-
guides, a primary and secondary guide,
joined perpendicularly to each other.
Coupling is provided by slots cut in the
common wall between the waveguides.
One end of the secondary waveguide is
terminated in a matched load.

ELECTRICAL CHARACTERISTICS

frequency l

Model Nominal
No. Range (Kmc) | Cor pling (Db!
) SR i — —
306 "2.6-4.0 ‘ 30 |'
233 4.0-6.0 24 ‘
321 40.60 | 30
| 322 4.0-6.0 40
209 5.3.8.1 24}
237 5.3.8.1 30 |
235 8.1-12.4 20
236 | 81124 | 24
234 | 8.1-12.4 40
‘
| 388 ‘ 12.4-17.0 l 20
403 18.0-26.5 20}
415 18.0-26.5 i 40
L 405 ' 26.5-36.0 ‘ 20

® In addition to the superior electrical
properties of the Cross-Guide Direc-
tional Couplers, they are also physically
constructed for convenient assembly in-
to a waveguide system. Our Industrial
Department will be glad to give you
additional information on these as well
as other MICROLINE instruments.

LINE AND CONNECTOR TYPES 1

— M S— |
‘ Connectors |
Woveguide ___ 1 ‘Sath Arms
) AN Type ) S Size (in.-0.D.) | ___A_N'Type
RG-58/U 3x1%2x.080 UG-214/U |
RG-49/U 2x1x.064 UG-149A/U
| i
‘ |
RG-50/U |  1Vax%x.064 | uG-344/u
|
RG-52/U l 1xY2x.050 | uG-39/L
RG-91/U .702x.391x.040 l UG-419/U
RG-53/U VaxVix.040 UG-425/U
RG-96/U |  .360x.220x.040 | uG-381/U J
|

#TRADE MARK

GYROSCOPE COMPANY

NEW YORK - NEW YORK - CLEVELAND -
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MYCALEX 410

COMMUTATORS
IN CONTINUOUS OPERATION
For 600 HOURS

Sets astonishing high operational
record for telemetering commutator
used on aeronautical research proj-

ects . . . MYCALEX 410 only insula-
tion to fill exacting requirements.

To December 2, 1949 more than 600 hours
of maintenance free, high speed, clean sig-

nal telemetering commutator performance e,

has been logged on MYCALEX 410 Units . . . Hlustrated are top and bottom views of the MYCALEX
Experience indicated four hours was opti- 10,k imsioten <ommutaters menuiastrad 1o
mistic . . . specifications hoped for ten hours pie e d“:'"f:‘:";'o‘g: f::e':;‘";’;l‘:;’;f'r'::‘:z;';?
. « « and the challenging problem was solved mutators are precision injection molded with 108 or

180 contacts and 3 slip rings all of cain silver.

by MYCALEX 410 molded insulation.

SPECIFICATIONS T0 BE MET IN PRODUCING MYCALEX 410 MOLDED
INSULATION COMMUTATORS FOR TELEMETERING

0.0. 2.996” 4+ .000 — .002 « Location of 3 slip rings and the 3 contact
arrays from the center has a total tolerance of -+ .001. « Contact spacing
6° apart = 1 minute. * Parting line thicknesses on insulation body are
+ .002 — .000. * Concentricity between ball bearing bushing and 0.D.
.0015. « Assembly height from face of slip rings and contacts to Mycalex
410 has tolerance of 4+ .002 — .000. » Every contact must be tested from
its neighbor contact for infinity on a 500 voit megger ¢ Plate ambient
— 20° C.to 4 100° C. = Plate to operate at 85% humidity must not warp,
crack, change in dielectric constant or resistivity o Contacts to resist high
temperatures and must not loosen when repeatedly heated by soldering o
Soldering required to withstand and operate under a 50 G acceleration,

SPECIFY MYCALEX 410 for Low Dielectric loss. . . . Kigh Dielectric 2 . v LS L
strength. . .. High Arc Resistance. . . . Stability over wide Humidity m:cr:t?: :::nﬁ‘:d;:‘:;?:::: i" "‘:l’ig"“’ foamest
and Temperature Changes. . . . Resistance to High Temperatures. frequency circuits. Difficult, involove: o?dpel:;' :,?:
.+« Mechanical Precision. . . . Mechanical Strength. . . . Metal inserts plicated insulation Problems are being salved by
Molded in Place. . . . Minimum Service Expense. . . . Cooperation MYCALEX 410 molded insulation . . . the exclusive for-

. 5 mulation of MYCALEX CORP F
of MYCALEX Engineering Staff. engineering staff is ar your s-e?vaMERICA .. . our

e.

MYCALEX CORP. OF AMERICA
five nsutavor\ “Owners of ‘MYCALEX' Patents"” o

' TRADL MABL BIC. U ¥ 1aT Our, Plant and General Offices, CLIFTON, N. J. Executive Offices, 30 ROCKEFELLER PLAZA NEW YORK 20, N. Y 9

SINCE 19,/

|
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METAL-
GRAPHITE
BRUSH

Assures perfect con-
tact with negligible ;
wear on the wire. Q

»

SHAFT INSU- |l

hub insulates shaft and
bushing from all live
parta.

THREE

)
|
minals, so they can be
used as potentiometers
(voltage dividers), or to
permit alternate rbeo- =
stat connections. “J

RHEOSTATS

LOCKED-IN /
WINDING

e =,
Special alloy resistance I A .j

wire is wound over a por-

celain core. Each turn is

firmly locked in vitreous } N‘
enamel.

BEND-UP / \‘::'}

LOCK WASHER

Bend.up lock washer pro- 4
VI('CS l""ullve assurance o
against loosening of the

assembly nmut.

OFHMITE

LATED FROM ‘
LIVE PARTS "~ CONTACT ARM
High-strength ceramic £ Stop, keyed to the sbaft,

UNIFORM CONTACT PRESSURE

Spring uu-el eontact arm forms a loruz -prinu which

e~ ==

UNIFORM SLIP-
RING PRESSURE

Compression spring
maintains uniformn pres-
sure and eleetrical con-
tact between slip ring
and center lead. Pres-
sure here is independent
of that at the contact

brush,

STOP PREVENTS
STRAIN ON

limits the rotation of the
arm. No torsional strain
is imposed on the arm
in stopping.

WEAR-RESISTANT

wear-resistant, wobble-
free bearing.

TERMINALS — BEARING
Obmite rheostats are Brass bushing for the
provided with three ter- steel shaft provides a

VITREOUS
ENAMEL BOND

Vitreous enamel bonds
the ceramic core and base
together into one integral
unit,

25t Aencvariary
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Outstanding Advantages
of the new

Mallory Spiral Inductuner:

1.

=2 - - B =)

10.

. Eliminates ‘‘bunching”

A single control for easy selection
and fine tuning of any television or

FM channel.

- Easilyadapted toUHFconverteruse.
. Excellent stability eliminates fre-

quency drift.

- Supplied in three- or four-section

designs.

. Far more quiet operation; permits

high signal-to-noise ratio in front
end designs.

. Free from microphonics.
. Greater selectivity on high fre-

quency channels.

of high
band channels.

. Simplifies front end design and

production.
Reduces assembly costs.

*Reg. trade mark of I’. R. Mallory & Co.. Luc.

for

inductance tuning devices covered by

Mallory-W are patents.

AT IIINITY

e R

o :i,

N

D

NN

N

g\

New Improvements
in Mallory Inductuner*
for Television Receivers

Now there are important new reasons why the Mallory Inductuner should be
first choice for your TV receiver. Each one offers more convenience to the set
owner, new economy for you, without any sacrifice in the performance ad-
vantages of the continuous tuning principle . .

Improved Inductuner eliminates “dead zone” from continuous
tuning; covers entire TV range Jrom 54 10 216 megacycles, includ-
ing FM, in only 4 revolutions !

lmprovwl Inductuner covers entire TV

spectrum in only 3 revolu-
tions, if FM is not required !

Improved Inductuner can be channel-indexed Jor touch-tuning
without dial watching . . . still provides fine-tuning adjustment!

Finally, the Improved Inductuner is arvailable at low cost and will

make important savings Jor you in assembly and alignment
operations.

That’s Value Bevond Expectation !

Write for technical details. Also inquire about ihe surprisingly low cost and

superior performance of the suggested front end designs which Mdllor) engineers
have developed around the Inductuner.

Television Tuners, Special Switches, Controls and Resistors

SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

18a

P.R. MALLona. CO. Inc

ALLORY

P. R. MALLORY & cO., Inc.,

INDIANAPOLIS 6, INDIANA
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MODEL 303

VACUUM
TUBE ‘
VOLT-OHMMETER

AMS
o 40((

: xtox -ocy TDCV
. . A Worthy Companion R 1200 o JRY O
. 7 Axiugg FF\ &
of the 260 - : _Sriug
GND
e g =
J—
e SPECIFICATIONS
l—. DC Voltoge
) Ranges—1.2, 12, 60, 300, 1200 (30,000 with
» Accessory High Voltage Probe)
. Input Resistance—10 megohms for all ranges
e !DCI Probe—with one meﬁahm isolating resistor
g4 nlarity reversing switc
b Ohms [ - g ¢
' Ranges—1000 (10 obms center) i /’, s
* 100,000 (1000 ohms center)
e ﬂomegahr (l?,lf)o%ﬂofb};)mshtmlu) ) .
4 megohms obms center d R
1000 megobms (10 megabms center) ' Smaller and Handier for Greater Portability
AC Voltage I 3 . .
5 Ranges—1.2, 12, 60, 300, 1200 | A worthy companion of the world-famous Model 260 is this brand
¥ Lat ;"2"7"5"508“;',,”";““‘) apiyovcll miy Iumted new addition to the Simpson line—the Model 303!
b AF Voltoge Skilled Simpson engincers spent months of painstaking rescarch
! Ranges—1.2, 12, 60 2 hich i
R ey Response—Flat to 100,000 cycles in the laboratory to produce the Model 303, w u.:h_ is one _of the
f Decibels ) most versatile instruments ever made for TV servicing. This rug-
- Ranges——fg to +3,I —1010 423, +41t0 437, gedly constructed instrument offers the maximum in portability
1 Zers pa,‘;t, Le’,:’,[ffh’,. ..,??6’,70 ;*',,6,3, because it is approximately 60% smaller than other vacuum tube
! Golvonometer volt-ohmmeters. However, no sacrifice has been made in read-
Zero center for FM discriminator alignment and ility e 41/5" ite i -
E ires ga,v{wamm ulwli:aﬁmua ignment an ability. The 303 has a large 41" meter, despite its handy com
{ R. F. Voltoge i pactness.
(cheual tracing with Accessory High Frequency Onec of the many features of the 303 is its low current consump-
rystal Probe) . The AC 1 . id h hi imil
Range—~20 volts maximum tion. The voltage range is wider than on any other similar
F"quem‘&—Flal 20 KC 10 100 M.C. instrument—from 1.2 volts minimum to 1,200 maximum. Like all
105125 V. GO cycles her i beari he Si he Model 303 i
Size  SVe"x77x3Vy” (bakelite case). Weight: 4 bs. other instruments hearing the Simpson name, the Model 303 1s
Shipping Wi.: 6Y3 lbs. an instrument of highest quality at an amazingly low price.
Depulerb's P:;C'Vl'rl(c)e’ Model 503’ including DCV
robe, ~O0hbms probe and Ground Lead—
$58.73; Accessor H:/gh Frequenc P:nbe, 87(.50 SIMPSON ELECTR 1C COMPA NY
Accessory High {’Dllage Probe, $14.85 5200-5218 West Kinzie Stroet, Chicago 44, illinols
Also ovolloble with roll top cose, Model 303RT—$64.75 ! J In Conoda: Boch-Simpson, Lid., London, Ontario
e S o B e s Ny Mg A AP e A v - . -
. BT TR W AL - .
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"THIRSTY WATER"

Makes PERFECT Shefdom Pictune Tile Screens!

First, the inside face of the glass blank gets an acid
wash; then it is rinsed with water. Next, the inside face
is given a caustic wash and rinsed with water. As the
final step, the inside face is given a rinse with a high
pressure stream of “thirsty water” for several minutes.

“Thirsty water” is water from which all MINERALS
and FOREIGN SUBSTANCES have been removed by
special equipment and techniques in our plant. It is so
pure that it becomes “hungry” or “thirsty” to re-absorb
these foreign substances. The use of “thirsty water”
leaves the inside surface of the glass blank bacteriolog-

NATURAL IMAGE

SOFT GLOW
Pictuna Tade

Bronch Offices & Worehouses: CHICAGO 7, ILL., 426 S. Clinton St.

SHELDON TELEVISION PICTURE TUBES « CATHODE RAY TUBES + FLUORESCENT STARTERS AND LAMPHOLDERS
PHOTOFLOOD & PHOTOSPOT LAMPS o SPRING-ACTION PLUGS TAPMASTER EXTENSION CORD SETS & C

=y VISIT THE SHELDON BOOTH NO. 201, PARTS DISTRIBUTOR SHOW, MAY 2225, ST

20A

ically clean and medically sterile. The inside surface is
now PRIMED to receive the phosphor-coating.

This clean. sterile surface when coated with the
phosphor coating, produces a uniformly perfect screen
without blemishes.

During the coating process. every known precaution
is taken against contamination. The rooms in which
the tubes are coated are temperature-controlled, air-
conditioned and kept dust-free . . | this assures the

consistently perfect screens of Sheldon “Telegenic”
Picture Tubes.

WRITE for Descriptive Literature on these - 3

N 10" 12'2" and 16" Velour Black o « o 16" 52§E:’ef‘|‘;'¢ﬁ?:s;::f:
| interchangeable with glass-metal 16AP4 . {
| 16YP4 70° Deflection Angle, interchangeable with
| Short16" 70° Deflection Angle, 172" overall e o « 19" 70°

e 16" Rectangular «
glass-metal 16GP4 »
Deflection Angle «

NEW Rectangular 14BP4 ¢ ¢ ¢ NEW 19AP4 and 19AP4A Glass-Metal o

// SHELDON ELECTRIC CO.

Division of Allied Electric Products Inc.

68-98 Coit Street, Irvington 11, N. J.

LOS ANGELES 6, CAL., 2559 W. Pico Blvd.

* SHELDON REFLECTOR 2 INFRA-RED LAMPS
UBE TAPS o« RECTIFIER BULBS

EVENS HOTEL, CHICAGO S
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AMERICAN AVRLINGS INC

= : :
AMIRICAN OVINSEAS MRLINES INC. aﬂlnlll!
x
a

® After comprehensive examinations and tests, the most out-
standing men in airline operations and communications have
almost without exception specified the Collins 51R aircraft
receiver for navigational use of the omnidirectional range.

By their choice, nearly all major United States airlines
have installed or soon will install this efficient, trustworthy
receiver and accessory instrumentation, to take full advan-
tage of the new VHF radio facilities with which most of
America’s airways are now equipped.

The Collins 51R equipment and its companion VHF air-
borne transmitter, the Collins 17L, are also providing up-to-
the-minute navigation and communications in an increasing
number of private and business planes. Write us today for
descriptive bulletins.

COLLINS 51R SPECIFIED FOR:

® American Airlines e Northwest Airlines
brrra . 2T e Capital Airlines e PanAmerican World Airways
e Chicago and Southern Air System
Lines e Robinson Airlines
e Colonial Airlines e Transcontinental & Western
e Continental Air Lines Air
e Eastern Air Lines ® United Air Lines
e National Airlines
AIR LINES
S
. »_’
- IN AVIATION RADIO, IT'S... =m "
’ \\_/
COLLINS RADIO COMPANY, Cedar Rapids, lowa
11 West 42nd Street 2700 West Olive Avenue
NEW YORK 18 BURBANK

~
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® This Atomic Age calls for huge
capacitor banks in atom-smashing
installations. Typical is the beiatron
installation at the University of Illi-
nois, Urbana, Ill., with a capacitor
bank totaling 12,960 mfds. made up
ot 648 units each rated at 20 mids.
6000 volts D.C. Sutficient energy is
stored in this capacitor bank to lift
a 3000 1b. car 57 f1.!

Aerovox engineering and experi-
ence were important factors in the
special design and processing re-
quired for the manufacture of these
capacitors. Such skill is applied to
all Aerovox production, regardless
of type or size. Every design is given

individualized attention.

Because of outstanding experience
with oil-filled capacitors, together
with production facilities difficult to
duplicate elsewhere, Aerovox is
meeling the rigid requirements of
atom-smashing installations.

Likewise for other high-voliage
needs such as deep-penetration X-
ray, radio transmitting, high-voltage
testing, carrier-current coupling, and
electronic laboratory equipment,
Aerovox offers the widest choice
of tried-tested-proven capacitors
backed by application engineering
second fo none.

Aerovox Series ‘26 oil-filled stack-mounting
capacitors, One or more units can be con-
veniently banked in series qr parallel. Volt-
age ratings up to 150,000 D.C. Max, per unit.

_Aerovox Series ‘20 steel-case oil-filled capac-
fors. Voltage ratings up to $0,000 D.C.wW.
Also dual units of 25.000 v. (12.500-12,500)
for voltage doubler circuits,

® Try Aerovox first! Our engineers will gladly share their high-voltage
capacitance “know-how’’ with you in solving your particular problem.

FOR RADIO-ELECTRONIC AND

e

INDUSTRIAL APPLICATIONS
N KEW BEDFORD, MASS., 0; 570

. - .,-_.-_--———ﬁ.————-—-—w-vﬁ_m W e R ——
" SALES DFFices In ALL PRINEIPAL CiTIES = Export: 13 €. 40tk §7.)
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TRADE MARK REGISTERED

® CLEAR RF LACQUER NO. A-27
® CLEAR AIR DRYING FINISHING

LACQUER NO. 28

® BLACK AIR DRYING VARNISH NO. 30
e CLEAR BAKING VARNISH NO. 43
e BLACK BAKING VARNISH NO. 45
e HITEMP CLEAR BAKING VARNISH NO. 41
e INDUSTRIAL BAKING ADHESIVE NO. 49

Q-Max reduces corrosion, tropicalizes (when
solutions permit the use of tropicalizing
agents), repels moisture, increases volume and
surface resistivity, promotes electrical stabil-
ity, protects, reinforces and bonds. Q-Max has

Here’s what @Q=-Max does:

proven its worth in actual service under all
climatic and operating conditions — the reason
why radio engineers and operations men,
everywhere, specify Q-Max for utmost
protection.

These are its many applications

Q-Max.developed by C-P engineers to provide
better performance for installations in RF ser-
vice, is highly efficient when applied to a wide
variety of materials and surfaces. Applications
include the treatment of wood, steatite, porce-

lain, glass, plastics, organic and inorganic
fabrics, papers, vulcanized fibre and metals.
A reputation for positive action and perma-
nence has made Q-Max the ac-
cepted standard for RF service.

CALL OR WRITE FOR YOUR COPY OF THE NEW Q-MAX CATALOG TODAY

Q-MAX CHEMICALS

DIVISION

KEYPORT

COAXIAL TRANSMISSION LINE .
DIPOLE ANTENNAS ¢ SWITCHES ~—

March, 1950

NEW JERSEY

TOWER HARDWARE *
Q-MAX LACQUER °*+ CUSTOM SPECIALTIES

DEHYDRATORS




These Stackpole Specialties
SIMPLIFY DESIGN cad CONSTRUCTION

==

TINY “GA” CAPACITORS

... that cost no more than "gimmicks"

flimsy, twisted wire “‘gimmicks,” are non-induc-1%
tive and assure greater stability, higher Q,
better insulation resistance and higher break-
downvoltage. Standard capacities include .5—
.68—1.0—1.5—-2.2—3.3 and 4.7mmfd. types.

These sturdy little capacitors cost no more than P4

WRITE FOR
INEXPENSIVE SUPPORTS g CATALOG RC7

e, Stackpole i
FOR WINDINGS ey Catilln it

~. Iron cores for prac-

5 ; tically any need —In-

Handy Stackpole molded Bakelite coil forms expEasaE Bae and
take less space and require one-third fewer shide swilchas.

soldered connections. Standard forms are
available for universal, solenoid, tapped
universal and multiple windings. Molded iron
center sections can also be provided.

DEPENDABLE, LOW COST
SLIDE SWITCHES

for 3 ampere, 125V, A. C. use

The new Stackpole Type $5-26 Switch is just the thing

for electrical appliances and equipment of all sorts!

Construction s exceptionally durable and the

switches are readily adaptable to various mount-

ing arrangements. Underwriters approved and

conservatively rated for 3 amperes at 125

volts A.C. (or 1 ampere at 125 volts D.C.).

Single-pole single-throw and single-pole
double-throw types available.

The Stackpole Min-
ute Mon—your os-
surance of prompt,
dependable service

Electronic Components Division
STACKPOLE CARBON COMPANY o

24A

ST. MARYS, PENNA.
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(31T AN
CONVEX WINDRW

IETRUMENT "’-\-;:,9 conE
AME \ TP 106K
ASSEMBLY
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EXPLODED

ruggedized meter

Marion Ruggedized Meters introduce a brand new family of panel instru-
ments produced to give outstanding performance under extreme conditions of
Shock . . . Vibration . .. Mechanical Stress or Strain. Hermetically sealed,

_ CROSS SECTION they are impervious to the weather conditions of any climate.

Marion Ruggedized Instruments give you new freedom of application. They
are extremely accurate, highly sensitive meters that may be used in places
where no one has ever before dared use “delicate instruments.”” Count on them
to exceed your greatest expectations in any application.

Send for your free copy of our booklet on the new Marion Ruggedized Meters
today. See how Ruggedized Meters meet the dimensional requirements of
JAN-I-6 and are interchangeable with existing standard
JAN 214" and 314" types. Learn why their electrical and
mechanical performance far exceeds existing JAN require-
Monufecturersof  Ments. Discover for youself some of the developments that
Hormetically Sealed  ade the ruggedized meter possible.

Meters Since 1944
MADE BY THE MAKER WHOSE NAME MEANS THE MOST IN METERS

MARION ELECTRICAL INSTRUMENT COMPANY

M.E-I MANCHESTER, NEW HAMPSHIRE

Export Division, 458 Broadway, New York 13, U. S. A, Cables MORHANEX
In Canada: The Astral Electric Company, 44 Danforth Rd., Toronto, Ontario
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KPHO-TV

PHOENIX, ARIZONA
Channel 5

EFFECTIVE POWER:

17.5 KW Visual
8.7 KW Auyral

¢ Commencing commercial operation on Decem-
ber 4, 1949, KPHO-TV has joined the ever-in-
creasing ranks of Du Mont-equipped television
stations. With its Du Mont equipment, this station
is assured of lowest operating costs, finest trans-
mission, and the allimportant advantage of being
able to expand its facilities in perfect step with
its economic progress. Welcome KPHO-TV of
Phoenix, Ariz.!

® When you are ready for TV broadcasting,
investigate Du Mont first! Then compare!

©ALLEN B. DU MONT LABORATORIES, INC.

v M.A.-—r""""

ﬂ“MﬂNT%M%ﬁ

F.r !

ALLEN B, DU MONT LABORATORIES, INC., TELEVISION TRANSMITTER DIVISION, CLIFTON, N J
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Where electrical contact is required 10 @ moving parts laminated precious metal rings offer unusual
operating choroderisﬁcs at a real saving in cost over solid precious metal rings.
Silver or Gold, or Platinum, O palladium, of their alloys, pbonded 1o the required base metal,
such as copper ©F pronze alloys: make possib\e

o a Uniform contact resistance
R L noise level
. o @ selected temper for essential wearing quality
Mechunicul strength
x gy P Corrosion resistance
These rings are Now being used in spec'\o\ electric motors, calculators, and computators, Radar,
and fire control instruments, po%enﬁometers, and other electro mechanical devices.

Our engineers will be p\eosed 1o make recommendoﬁons to meet your requirements. We would
» also be p\eosed to submit quotations to cover your speciﬂccﬁons.

LAMINATE
D A
ND SO:ID SILVER WAVE G
ILVER SOLDERS AR bicAT D
W, E.

PRODUCTS

FABRI SILVE
CATED PARTS AN“DC‘A‘SIS’“\:/;:'EE,SM:" AND TUBINE

MAKEP
EAC
Ne MAIN OFF E C
w York Office, 30 Church 'sze:'ND PRANT ¢ ATTLEBgRCT fAAA M
’ SS.
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with a Truscon Steel Radio Towe

@ Millions of people are concentrated in the rich
industrial and agricultural area that comprises the
Milwaukee empire.

Adequate coverage of this intensive listener audience
made a radio tower of the most modern design a
paramount requirement.

WEMP radio personnel enlisted the services of Truscon
radio engineers, long skiiled in designing radio towers
to meet specific conditions all over America.
Promptly and efficiendy, Truscon engineered and
crected the 456 feet high over-all, self-supporting
tower shown here, with its Western Electric 6-unic
cloverleaf FM antenna.

+ WEMP Serves the Milwaukee Empir
[
[
|
I
|
i
|
I
I
0
i

TRUSCON

TOWER OF STRENGTH

Truscon offers a world-wide background of experience
to call upon in fitting Radio Towers to specific needs.
Whether your own plans call for new or enlarged
AM, FI\_L'o'r TV transmission. Truscon will assume all
responsibility for tower design and erection . . . tall
or small . . . guyed or self-supporting . . . tapered or
uniform in cross-section. Your phone call or letter to
our'homc office in Youngstown, Ohijo—or to any con-
venient Truscon District Sales Office—will rate imme-
dnage. interested attention . . . and action. There is no
obligation on your part, of course.

TRUSCON STEEL COMPANY

YOUNGSTOWN 1, OHIO
Subsidiary of Republic Steel Corporation

TRUSCON $!|%

%

SELF-SUPPORTING

aoss scion cnts JOWERS

‘IHRUSCON COPPER MESH GROUND SCREEN
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~ “His receiver or equipment will have

a Dependable Stout Heart”

The core is the heart of the circuit — in radio, TV,
short wave, FM, radar and in many forms of tele-
phonic apparatus. The dependable, stout heart can
only be built with the finest materials available.

Stackpole Carbon Company has unparalleled experi-
ence in the manufacture of quality powdered iron
cores. They know — and the firms they serve know -
the all-importance of minimizing fading and drifting.
They know that a core made with a G A & F Car-
bonyl Iron Powder represents the one surest safeguard.

Stackpole Carbon Company knows — and the firms
they serve know — that the gains thus made are all but

doubled by the savings which also occur — automat-
ically. If you can cut down the space and the weight
in your receiver or equipment, if you can make a sub-
stantial savings in wire, why specify any core material
except G A & F Carbonyl Iron Powders?

We invite you to send for the free booklet described
below. We invite you to call upon our highly special-
ized rescarch facilities for any help we can logically ren-
der. We also invite you to ask your core maker, your coil
winder, your industrial designer, how G A & F Car-
bonyl Iron Powders can improve the performance of
the equipment you manufacture. It will cost you noth-
ing to get all the facts.

G A & F Carbonyl Iron Powders are superior:

These unique properties tell why

THIS FREE BOOK — fully illus-
trated, with performance charts
and application data — will help
any radio engineer or electronics
manufacturer to step up quality,
while saving real money. Kindly
address your request to Dept. 15.

PROPERTY
Spherical structure

Concentric shell structure
(some types only)

High iron content
Absence of non-ferrous metals

Relative absence of internal
stress; regular crystal structure

Spheres of small size

Variations of sphere size

ADVANTAGE

Facilitates insulation and
compacting

Low cddy current losses

Exceptional permeability and
compressibility

Absence of corresponding
disturbing influences

Low hysteresis loss

Low eddy current losses; usable
for high frequencies

Extremely close packing

ANTARA: PRODUCTS

G ENERAL

ANILINE & FILM CORPORATION

444 MADISON AVENUE

W -

NEW YORK 22, N. Y.

A &F. Carbonyl
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SUPER-POWER

Beam Triode

Tested at one million watts input

The Fountainhead of Modern Tube Development is RCA

The new RCA-583I has a conservative 500-kw ovtput*
with less than 2-kw grid drive!

IMAGINE A TUBE just a shade over 38 inches long and 9 inches 5831 has low grid current and hence requires unusually low

in diameter that handles with high efficiency an input of 650
kilowatts* in continuous commercial service . . . that, then, is
the new and revolutionary RCA-5831 super-power beam trinde
—tipping the scales at a mere 135 pounds!

This new tube can be operated with maximum rated plate
voltage and plate input at frequencies up through the AM
broadcast band and much higher. The limitations for opera-
tion at the higher frequencies have not yet been determined,
but we will welcome requests for information on specific
applications.

The RCA-5831 is unique in that it features a symmetrical
array of unit electron-optical systems embodying a mechanical
structure which permits close spacing and accurate alignment
of the electrodes to a degree unusual in high power tubes.
Ducts for water-cooling the plate and beam-forming cylinder
are built-in and have simplified hose connections. The grid-
terminal flange employs a water-cooled connector. Because of
the electron-optical principles incorporated in its design, the

See the new RCA-5831 at the RCA Exhibit, I.R.E.
National Convention, Grand Central Palace, N.Y.C., March 6-9,

ELECTRON TUBES

32a

driving power.

Other features of the RCA-5831 include a multi-strand, thori-
ated-tungsten filament for economical operation as well as

high emissfon capability, and low-inductance rf leads and
flange terminals,

A technical bulletin covering the RCA-5831 in more derail,

is available from RCA Commercial Engineering, Section C47R.
Harrison, N. J. *Unmodulated class ¢ sorvice

ANOTHER new RCA tube . . .

«..the RCA.5675 “Pencil-'l’ype“ Triode for UHF
applicotions: RCA-5675 is a new mediom-mu
triode employing a double-ended Coaxial-¢lee-
trode structure, for usc in grounded-grid circuijes
As alocal oscillator. it will delivera pPOower ou u;
of 475 milliwats at 1700 Mc. and about 50 mirl)li~
waltts at 3000 Mc.

RADIO CORPORATION of AMER/ICA

HARRISON, N. J.
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Austin V. Eastman

REecroNnaL Direcror, 1950-1951

Austin V. Eastman, Regional Director of the Pacific
Region, was born on Mav 16, 1902, at Seattle, Wash.
Fe received the Bachelor of Science degree in electrical
engineering from the University of Washington in 1922,
and then spent two years with the General Electric Com-
pany at Schenectady, New York, in the radio engineer-
ing department. During the second year he was in
charge of developmental work on carrier current con-
trol equipment for use on high-voltage power lines.

In 1924, he returned to the University of \Washington
as instructor in electrical engineering, receiving the
Master of Science degree in electrical engineering from
that institution in 1929. tle was elevated to the rank of
Assistant ’rofessor that year, became Associate Pro-
fessor in 1937, and Professor and Executive Officer of
the Department of Electrical Engineering in 1942,

During the war he was appointed to the Seattle Trans-
portation Commission, a board of three men responsible
fc?r the. operation of the Seattle Transit System, where
his engineering training proved of value in ;11eeti11g some
of the wartime problems.

l.’rofcssor Eastman is the author of several technical
articles and of the book, “Fundamentals of Vacuum
Tubes.” lle became an Associate Member of The Insti-
tute of Radio Engineers in 1923, a Member in 1932, and
a Fellow in 1941. He has served as a member of th(; Pa-
pers Procurement, Membership, Regular Papers, and
Policy Development Commiittees. Professor Eas'tman
was Section Chairman of the Seattle Section of the IRE
in 1929 and 1930, and was Institute Representative of

4the University of Washington from 1941 until 1947, He
is also a Feltow of the AIEE.
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Modern governmental regulatory bodies should meet the harsh specifications that they shall know
more and more about more and more. Dealing with fields of ever-increasing technical complexity and
public and industrial importance, their responsibility is indeed heavy. Unless their findings are based on
sound technical, social, and industrial data, tinged with an irreducible minimum of political flavor, con-
fusion, retarding, or even stoppage of progress may result.

For these reasons, skilled and impartial advisers to government groups are needed. Fortunately such
are to some extent available. The more seriously the advisers and their recommendations are regarded by
the governmental bodies, the more will these advisers be moved to enthusiastic and productive effort.
There is clearly a reciprocal obligation between the adviser and the advisee.

These subjects have been well analyzed in the following guest editorial by the Chairman of the Joint
Technical Advisory Committee (established by The Institute of Radio Engineers and the Radio Manu-
facturers Association), who is also a Director of the IRE, and the Editor of Electronics.—The Editor.

The Engineer as Government Advisor
DONALD G. FINK

Government agencies concerned with the regulation of radio facilities, notably the FCC, the
(' \A, and the Department of Defense, are faced with technical problems of ever-increasing com-
plexity. Propagation data are required over a spectrum spanning more than 25 octaves. The
current performance data of hundreds of different types of transmitters, receivers, and antennas
must be established, and extrapolated into the future. The conflicting interests of manifold
agencies, services, and commercial organizations must be resolved to promote efficient and
equitable use of the spectrum.

No government agency possesses a sufficient staff or facilities to uncover, to measure, or to
evaluate all the pertinent data in such a vast array of interrelated factors and interests. Recog-
nizing this limitation, the FCC has made use of three channels of information, linked to en-
gineers outside the government service: the Engineering Conference, the Ad Hoc Committee,
and the Committee of Knowledgeable Men from the Industry and the Profession.

The first two perform official functions of the Commission. The Engineering Conference is
called by the Commission to describe a particular problem, to lay out plans for assembling in-
formation, and to perform a preliminary evaluation prior to a public hearing. The Ad Hoc
Committee is a comparatively recent device; it is appointed by the Commission to study a
particular problem and render a report within a stated time limit.

The third group, the COKMIP, has a long and honorable tradition, comprising such organiza-
tions as the National Television System Committee, the Radio Technical Planning Board, and
the Joint Technical Advisory Committee. To serve a useful function, the COKMIP must have
several qualifications. 1t must be expert, in itself and in all its sources of technical data. It must
respond to all those who would contribute uscfully to its findings, whether or not the contributor
is an established member of the industry or the profession. It must, by reputation and by its
actions, command respect as an objective and impartial organ, devoted to an unbiased evalua-
tion of the facts.

The responsibility of the COKMIP is great, particularly when its findings are adopted as the
basis of public policy. The danger of being caught hetween conflicting interests, since it takes
side with neither, is ever present. All those connected with such a group—whether as member,
as consultant, or as member of a supporting committee—may, on occasion, wonder whether the
job is worth the candle. But there can be no doubt that the jobs assigned to the COKMII must
be done. The only question is how best to do them.

The Committee of Knowledgeable Men must have its collective face turned in two directions:
to the professional and industrial sources of information on the one hand, and to the regulatory
agencies who must understand, and must act upon, that information on the other. It should he
ready to collect information, to supervise tests, to evaluate data on request from either group.
It should take careful note of gaps and duplications, of overemphases and underemphases, in
programs of technical investigation. It should notify all concerned, industry and government,
when such discrepancies arise. Above all, the COKMIP must have the good will and support of
all concerned, if it is to participate in the important task of collecting and evaluating pertinent
technical evidence in the wide reaches of the radio art.
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Suggestions for the Preparation of Technical Papers
ROBERT T. HAMLETT{, SENIOR MEMBER, IRE

Summary—The value and purpose of technical papers is pre-
sented, followed by generalized suggestions for their preparation.
Separate sections deal with the introduction, main body, and con-
clusion. Throughout is interspersed information on illustrations,
value of good logic and grammatical correctness, along with other
data for the writing of a paper from its conception through ultimate
delivery and publication.

I. INTRODUCTION

HE ENGINEER rarely faces a more clean-cut

opportunity for accomplishment than that pre-

sented to him when he is chosen to prepare a tech-
nical paper. The direct benefits of successful accomplish-
ment are threefold: the author’s professional prestige is
enhanced, the reputation of the organization he repre-
sents is maintained or improved, and last but by no
means unimportant, the standing of the engineecring
profession in general is raised. \With these inviting
benefits, it is unfortunate that they are only occasion-
ally realized because of poor preparation and even poorer
presentation of the technical paper.

The engineer has always labored under the stigma
that “Engineers cannot write.” It is questionable wheth-
er engineers as a class write any more poorly than
doctors or lawyers or salesmen. Perhaps the subjects
we write about are more complex and require more
specific knowledge of the reader. \Whether this poor
reputation is justified or not, the only logical course for
engineers is one of continual self-improvement until
this undesirable class distinction disappears.

Courses in technical writing are given in many of the
better schools but unfortunately the student seldom ap-
preciates at that time the importance of effective writ-
ing, and even worse he retains little of what he learned
because in the years immediately following graduation
there are few opportunities for him to prepare a tech-
nical paper. His knowledge of ordinary rules of gram-
mar, rhetoric, and logical presentation become rusts
from inactivity, and he finds that writing clearly and
keeping in mind these rules is like reading a foreign
language taken in high school; the rules tend to confuse
rather than simplify his task.

To attempt to lay down in this article a complete and
final set of rules for preparation of the perfect technical
paper would be an impossible task. There are many vari-
ables entering into the preparation of a particular tech-
nical paper to be presented under certain circumstances
at a specific meeting. Further, the complete skills in-
volved in preparation of a paper encompass the entire

* Decimal classification: R05S0. This paper is reprinted essen-
tially from the Sperry Engineering Review, Nay-June, 1949,
t Sperry Gyroscope Company, Great Neck. L.'I., N. Y.

education and experience of the engineer. However,
there are certain accepted qualities which any successful
technical paper must possess. It is the purpose of this
article to refresh the engineer's mind on some of these
fundamentals and to stress other factors which can
make his paper more effective.

The material for this article is derived from the au-
thor’s avid interest and attendance at technical meetings,
from the instruction pamphlets of prominent technical
societies, from a number of excellent textbooks on tech-
nical writing (see bibliography), and from the helpful
suggestions of fellow engineers.

I1. Tug PrinciPalL ELEMENTS

A. The Outline

It is well to recognize at the beginning that writing a
technical paper is hard, and sometimes very boring,
work. There is certianly no royval road to perfect tech-
nical exposition. One must be willing to write and re-
write many times. The successful writer often tears up
his copy and starts over again when he finds that the
logical development of the paper is blocked by the exist-
ing approach

Most authoritics agree that the best way to start is by
setting down an outline of the paper, i.e., writing down
the principal topics to be covered. Carry the outline as
far as possible the first time, let it rest for a few days and
then try again. Nissing blocks in the outline will begin
to appear with increasing ease. The major and minor
topics will form a basis for the start of actual writing.
Do not worry about organization of the paper until a
large portion of the text matter has been written. Pre-
paring an outline. a first draft, and a final copy may ap-
pear to involve an unnecessary amount of work, but it is
usually true that such a routine actually saves time

When the basic technical material has been developed
it is time to look at the .]nper from the reader's view-
point. The reader’s requirements are simple but defi-
nite: he must be carefullv introduced to the subject of
the paper, the subject must be adequately covered, and
finally the subject must be conctuded. It is alarming how
often technical papers violate these three simple rules.

The development of a good technical paper mav be
compared to the preparation of a good dinner. First
there must' I)g an appetizer (introduction) which whets
the. reader’s interest in what is to follow, second the
main course (body of text) must be wel] balanced and
full of meat, and third the dessert (conclusion) must be
satisfying and should leave 2 pleasant effect on the
reader. \While many other courses (soup, salad or spin-
ach!) may be added to round out the technical meal
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- these three basic elements remain the same for any
paper, and must be blended together carefully to ac-
complish the writer’s purpose.

I am indebted to one of my Navy Publication friends
for an apt phrase in this connection. He says every ef-
fective piece of technical writing requires “that first you
tell them what you are going to tell them; then you tell
them:and then you tell them what you have told them”;
this simplified expression repeats again the basic require-
ment in any technical paper for introduction, main body
of information, and conclusion.

B. The Introduction

Without question the introduction is the most impor-
tant part of the paper—from the reader’s viewpoint.
Whether the reader will continue with the paper at all
depends largely upon the impression created by the
introduction. Because of the tremendous growth in
variety and complexity of technical subjects, there is an
increasing demand from readers that the first page or
two of a technical paper should provide a comprehen-
sive idea of the whole paper. The average writer is likely
to write too long an introduction or none at all.

It should be recognized that while the introduction is
read first, it should be written last—after the main
body and conclusion are completed, for it must include
in an abbreviated form some of the material from each.
Do not hesitate to spend a large amount of time in the
preparation of the introduction for it will pay attractive
dividends in number of readers.

C. The Main Body of Text

This portion of the paper contains the technical facts
which justify the paper itself. This part of the paper
offers the least difficulty to the engineer. He is on more
familiar ground where technical grasp of the subject is
the primary requisite. If an outline has been prepared,
the writing should proceed satisfactorily. The first
rough draft should be written rapidly without regard
for literary style. Too much attention at this time to
grammar and spelling will slow down the development
of basic material.

A search of contemporary literature on the subject
should be made so that the material to be presented will
not unknowingly duplicate or contradict existing litera-
ture. If the paper does differ in important conclusions
with any previously accepted literature, the differences
should be pointed out and substantiated by the author.
The author should make use of the facilities offered by
his engincering library for a search of contemporary
literature on his subject. The preparation of a satisfac-
tory bibliography is covered in another portion of this
article.

Accuracy of data in the paper hardly needs mention-
ing. The engineer by nature and training is careful in
the weighing and analyzing of data and is seldom
tempted to distort facts to gain a temporary advantage.

Hamlett: Preparation of Technical Papers
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However, he cannot exercise too much care in being
correct and honest in all of his statements.

Be constructive and positive in presenting the ma-
terial, never antagonistic, pessimistic, or negative. Tear-
ing down some other engineer’s reputation will seldom
add to the author's professional standing. Direct criti-
cism of competitor companies by name is particularly
unwise. In fact the shortest route to the listener’s good
graces is by paying tribute to others, whether they are
competitors or associates.

While it is essential that the text cover the subject
adequately, it is also important that it be neither too de-
tailed nor too complex for the intended reader. After the
main body is prepared, go over it several times to cut out
material not absolutely necessary for clarity. Almost
any technical paper can be boiled down considerably
with little loss to the reader. It is an old story around
Sperry that our former president, Mr. Reginald Gillmor,
was a stickler not only for good written material but
also for concise writing. Many times he would return
copy to the writer with a notation “cut it in half.” After
sweating it out the writer would make the required re-
duction, but then get another shock when he received a
second note from Mr. Gillmor “to cut it in half” again.
While this method cannot be applied generally, many
technical papers could be cut in half and be more inter-
esting and just as informative.

The writing in technical papers should be impersonal;
do not use I if it can be avoided; try to keep the lan-
guage in the third person. It is permissible, however, to
use we occasionally, if its meaning is clear. For example,
following several references to a project in the author’s
company, it may be more diplomatic to use we instead of
repeating the company name and be criticized for too
much ‘“name advertising.”

Sentence length is important in the technical paper.
When the draft copy has been completed, it is advisable
to go over the sentences again and separate the longer
ones into lengths that will not burden the reader’s
power of concentration. If the paper is to be delivered,
short sentences will help the speaker in his breathing; 13
words maximum is a good rule to follow. This is a point
often overlooked by the engineer who is not a regular
speaker.

Carelessness in spelling, grammar, or speaking by the
crigineer may bespeak carelessness in other clements of
the paper and may well lead the audience to question the
accuracy of the technical statements. Do not split in-
finitives when you can avoid doing so. The prejudice
against split infinitives is deep-secated and persistent.
Usually it is ust as casy to write effectively as it is to
effectively write. However, if there is real gain in em-
phasis or clearness through splitting the infinitive, you
can do so and be in the company of many excellent
writers—but you are likely to be misjudged by some
readers.

The use of headings and subhecadings is often neg-
lected by the technical author. The more complex a
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subject becomes, the more necessary it is to break it up
into a number of parts which the reader can visualize.
More than three degrees of subheadings are not recom-
mended for a paper. For instance, a good example of
main and subheadings would be:

1. General description of xx radar set
A. Transmitting system
1. Purpose and general description
2. Detailed circuit analysis
a. Modulator
b. Pulse forming network
c. Clipper circuit

e _ -

[ - — —

B. Receiving system
1. Purpose and general description
2. Detailed circuit analysis
a. Local'oscillator
b. Receiver mixer circuit
c. I-F section

lham— ===

C. ——— e e——

Avoid the use of unfamiliar terms unless you have
time to define them. This is particularly important in
the delivered paper. If necessary, a list of symbols
should be provided to clarify the text. I.ong equations or
complicated derivations should be placed in an ap-
pendix, rather than in the main body of the text. Use
footnotes sparingly; from the reader’s standpoint it is
much better to integrate such material with the text.
Bibliographical references are an exception; they are
usually carried as footnotes on the same page of the
matter to which they apply.

D. The Conclusion

The conclusion is another challenge to the writing
ability of the engineer. It should sum up the major
points made in the text and leave the reader with a feel-
ing that the conclusions are fully justified by the data
presented. The normal purpose of the technical paper is
to inform and not to sell or arouse to action, but it is
difficult to visualize a good paper which does not ac-
complish these latter purposes to some degree. The con-
clusion, like the tntroduction, requires careful writing and
rewriting before it will accomplish the author's pur-
pose. One simple warning: do not state that certain
conclusions are “obvious”—nothing irritates the aver-
age reader more than the assumption by the writer that
his own logic requires no substantiation.

E. Illustrations and Lantern Slides

Hlustrations can add much to the readability and con-
cisencss of technical papers. As Lord Kelvin pointed
out “a single curve, drawn in the manner of the curve of
prices of cotton, describes all that the ear can possibly
hear as the result of the most complicated musical per-
formance. . . . ” The judicious use of illustrations will

improve the paper in many ways. It is well to rgview the
completed text for instances where illustrations can
shorten or supplement the written material. 1Jo not try
to show too much on one illustration; a simple illustra-
tion will be instantly valuable to the average reader
who may not be inclined to concentrate on more compli.
cated diagrams.

If the technical paper is to be delivered, lantern slides
can be used advantageously and here it is particularly
important not to include so much on the slide that it is
unreadable by all in the audience. For examples of good
and bad slides see Figs. 1-3. The usual lantern slide

q
.

b e |24 32 R IR E : Flaseer

(a)

]

COURSE WIDTH OEFINED 25 THE wiDTH (e FEET) wriCH wiLL GIVE FULL SCALE
O FULL SCALE DEFLECTON OF THE CROSS PONTER METER

‘ |
\ l
|

P

AUDIO VOLTAGE

M. K1 [
\ /)/m’::- TH COURSE SOF TENING

\ COURSE wiDTH INC COURSE SOFTEMNG)

MAGNITUDE

Ay
- App el YO(T,,
- €0 45 ng oo AGE

0 By T ———
. / S, Y AUt “
L igng
-— -
Lingan 01Stance FROM TRANS W TTen

(b)
Fig. 1 (a) This chart is almost unread
tern shide, and appropriate for a
could be devoted 1o it. (Iy) | his i
ple of a good slide or a goo

able. [t is ineffective as a lan-
publication only if a large space
is illustration is an excellent exam
diagram for a published paper.

size is 31" X4"; the original illustr

' ke ation should be about
three times this size. Lettering on the original should
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F. Bibliography
Every good technical paper should
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rif he has desire to




R

Hamlett: Preparation of Technical Papers

(b)

Fig. 2—Generally, only illustrative material directly concerned with
the component under discussion should be included in a lantern
slide. Too much background matter often ruins the effect. (a)
This photo%raph (slide) is effective to illustrate the complexity of

a cockpit, but too detailed to permit the pedestal controller of

the A-12 Gyropilot* to be noticed. (b) This slide, with the

co-pilot's hand directed to the controller, is far more effective for
this purpose.

* Reg. trademark.
pursue the subject further, but it also indicates that the
author is acquainted with the literature in his field and
has made use of others’ knowledge in the preparation of
his paper.

Engineers in preparing their papers frequently and
inadvertently offend their readers by using incomplete
bibliographical references. In the case of books, the
reader may wish to procure for his personal library one
or more of those listed. It is appropriate then to include
the publisher’s name. Page references also are valuable,
and page references usually are erroncous unless the
edition number of the book also is given. In the case of
periodicals, it is helpful to list the volume number as
well as the month and year along with page references.
Libraries bind their periodicals into volumes and it is
helpful both to the reader and the librarian when this
number is known. Bibliographies are usually carried as
footnotes on appropriate pages of the prepared copy but

may be included as a separate section after the conclu-
stons section.
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The form of bibliographical references may vary but
the following are typical and adequate:
For a book:

1 J. H. Morecroft, “Principles of Radio Communica-
tion,” John Wiley and Sons, Inc., New York, N. Y.,
3rd Edition, p. 402; 1933.

For a periodical:

1 P, H. Trickey, “Field harmonics in induction motors,”

Elec. Eng., vol. 50, pp. 937-939: December, 1931.

I11. DELIVERY

No matter how excellent the technical paper may be,
it loses much of its effectiveness when poorly delivered.
One does not have to be a Dale Carnegie graduate to
make a creditable appearance before a technical society,
but one does have to obey some of the common rules of
listener psychology if he hopes to walk off the platform
with a feeling of accomplishment instead of confusion
and ineffectiveness.
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Fig. 3—An audience cannot grasp a mass of detail in the moments
that a lantern shide is shown on the screen. (a) This diagram has
far too much detail. It might be acceptable for a printed paper if
a half page could be allotted. (b) This diagram is well arranged
and of the correct content for either a slide or a figure in a paper.
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After the paper has been completed, read it out loud
several times to get the feel of it. If some of the sentences
or paragraphs are too long, cut them into shorter sec-
tions which can be read without making the talker puff
like a steam engine. If particular words in the text are
hard to pronounce, substitute synonyms that are easier
to enunciate. Determine the correct reading speed for
yourself and stick to it. The average technical lecturer
reads about 150 words per minute; if he is speaking
without notes this will drop to approximately 100 words
per minute. Using the accepted average of 300 words
(double-spaced) on the standard sized typewritten
sheet, a 10-page article should take about 20 minutes to
read or 30 minutes to deliver without notes. Accurate
timing of the technical speech will add much to its
effectiveness, and will save embarrassment for the
author, particularly if the material is so long that
important conclusions have to be cut short.

Nearly all technical papers are read verbatim by the

March

authors, but there is a growing feeling that engineers
should overcome their reticence and not read their
papers in a monotonous tone that lulls the audlence' to
sleep. In the opinion of this writer, the most effective
technical presentation is partially read, and partially
spoken without apparent reference to the written text.
The successful talker refers to his notes when necessary,
and reads in detail such portions as require exact state-
ments; this dual method gives an atmosphere of
authority which is effective and convincing. There is
increasing support for the practice of preparing a simpli-
fied version of a written paper for oral presentation.
Techniques are covered by W. J. Temple in his paper
“Preparing the Oral Version of a Technical Paper,”
published in the March, 1948, issue of PROCEEDINGS OF
THE [.R.E.

Above all else, rehearse the technical paper several
times before its actual delivery. Rehearse it first in front
of fellow engineers who are familiar with the subject

Do—

Recognize the personal and professional oppor-
tunities presented in the preparation of a good
technical paper.

Prepare an outline before beginning actual writ-
ing.

Be willing to write and rewrite every part of the
paper.

Be extremely careful with the accuracy of your
material.

Consider reader’s viewpoint carefully.

Be sure the paper has clearly defined introduc-
tion, main body, and conclusion.

Write the main body first, the conclusion second,
and the introduction last.

Keep the main text as concise as possible.

Put long equations and derivations in an ap-
pendix.

Use headings and subheadings for complex ma-
terial.

Prepare a conclusion that sums up the main
points made in the body of the text.

Use adequate and suitable illustrations.

Use lantern slides if paper is delivered.

Prepare an adequate bibliography of literature
directly related to the subject.

Read paper out loud several times if it is to be
delivered orally.

Time your talk so that it fits into allotted period
in meeting.

Check List

For the Preparation and Delivery of a Technical Paper

Rehearse talk in front of technical associates.
Rehearse talk in front of nontechnical friend.
Try to deliver some portions of the paper with-
out apparent reference to your written material.
Give proper credit to any individuals who in-
spired or contributed substantially to the paper.

Don’t—

Use first person; third person is preferable.

Make mistakes in spelling or grammar-.

Split infinitives—unless vou are stire it helps!

Employ leng and complicated sentences or para
graphs.

Use unfamiliar syvmbols—if they must be in-
cluded, define them

Include too many footnotes integrate them with
the text.

Assume your conclusions are obvious to the
reader.

Hesitate to write and rewrite
times.

Use illustrations that have too much in them.
Lantern slides should be readable by all in the
audience.

Read entire paper in a mo
looking at the audience.

Expgct your audience to be interested in your
paper if you haven't been careful to prepare it
with their interests in mind.

the paper several

notone without once
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.and who can criticize any apparent technical errors.
Rehearse it again in front of someone who is not familiar
with your subject (the “better half” is a constructive
critic!). This is a tough assignment but it is worth the
effort.

1V. CONCLUSION

The preparation of a good technical paper is a real
challenge to the engineer. Into its preparation can go
the complete range of his abilities—education, experi-
ence, and knowledge of human behavior. The technical
paper sticks out all over with its good and bad points.
No amount of patience and concentration is too great
to apply to the task, and the rewards always justify the
effort.

The accompanying check list may serve as a “silent”
critic of a technical paper.

Good organization, accurate and complete technical
material, correct grammar and spelling, suitable illus-
trations, and effective delivery—these basic points
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should be kept in mind as the principal factors which
will make the technical paper command the interest of
its audience, which after all is the only justification for
writing it.
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Some Problems of Disk Recording for
Broadcasting Purposes”
F. O. VIOL}

Summary—The first part of the paper outlines briefly the ad-
vantages of disk as compared with other systems of recording.
Groove spacing, groove velocity, and direction of cut as applied to
16-inch disks are discussed, and a conclusion is reached regarding
the best compromise which can be used. Recording characteristics
are considered in detail and a characteristic i8 recommended which
could be used generally. The use of automatic equalizers to improve
the frequency response at low groove velocities is also recommended.
The more essential requirements of recording heads and gramo-
phone pickups suitable for the cutting and playing of cellulosge nitrate
disks are discussed.

INTRODUCTION

LTHOUGH DISK recording, which permits direct
playback,was introduced into broadcasting about
fourteen years ago, its technical advancement

has been comparatively slow and certainly not as spec-
tacular as the development of its use for program pur-
poses, particularly during the war years. kEven now the
demand for this type of service is still increasing in spite
of the introduction of other methods of sound recording
and, judged by present-day practices, it is doubtful if
disk recording for broadcasting use will be completely
displaced by these new techniques.

* Dyecimal classification: 621.385.971 X 681.843. Paper received by
the Institute, July 29, 1949, Presented, Melbourne Yivision of the
Institution of Radio Engineers, Australia, October 21, 1948. Re-
printed from the Proceedings of the Institution of Radio Engineers,
Australia, vol. 10, pp. 42-47; February, 1949.

t Formerly, Radio and Broadcasting Section, Chief I-ngincer's

Branch P.M.G.'s Dept., Melbourne; now, Department of Civil
Aviation, Melbourne,

The newer methods include magnetic tape, magnetic
wire, and engraved film (Philips Miller) and each has,
or will have, a place in the broadcasting system. How-
ever, it is not proposed to consider these, but rather to
discuss some problems of the lateral method of recording
on a cellulose nitrate lacquer coated disk which can be
played back immediately after recording.

This method of sound recording is favored for three
important reasons. Firstly, the recording is distributed
over a flat disk so that all parts are available simul-
tancously, and any part can be selected instantly. Thus
a series of extracts may be played in any order, in quick
succession, with the omission of unwanted sections. This
rapid editing cannot be obtained with wire or tape on
spools. Secondly, gramophone machines are required
for the playing of commercial records and it is possible,
at a relatively small cost, to make them suitable for the
playing of the direct playback type of disk. Thus, there
is available throughout the broadcast system, replay
equipment in quantity capable of playing both types
of disks. The present cost of other systems prevents the
widespread installation of replay equipment. Thirdly,
by the same process which is used to press commercial
records, copies in quantity having the same life can be
obtained relatively cheaply. In addition, the metal
matrices which are made during the process are of value
for records which are of national interest and which are
kept for historic purposes.
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Before proceeding with the lateral method of disk
recording it is necessary to cousider briefly the vertical
or “hill and dale” method. As far as is known by the
author, this method is not used for recording in Aus-
tralia and has limited use in America for the reasons
that, firstly, special replay equipment is required: and-
secondly, there is not the cancellation of the even har
monics of “tracing distortion” during replay. As tracing
distortion will be considered more fully in later para-
graphs it will not receive further attention here.

GROOVE SPACING AND VELOCHTY

As the 16-inch disk cut at 33} rpm is the one most
favored, it is proposed to deal with this type in detail.

It is gencrally recognized that, to maintain a satis-
factory standard of quality, it is undesirable to permit
the groove velocity to fall below 75 feet per minute,
otherwise the frequency responsc will be adversely
affected and excessive harmonic distortion will be intro-
duced, hoth during recording and during replay. During
recording, when the modulation includes high frequency
waves of high amplitude the rear edge of the cutting
sapphire will contact the groove walls. As shown in
Fig. 1, the face 4 DB should be the only part in contact

'3
o
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98 <. MODULATED 3
Co GROOVE :
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a
§ GROOVE
Fig. 1~ Profile of sapphire cutting stylus and limits

determining maximum velocity.

with the lacquer, and the maximum instantaneous
velocity of the cutter is reached when the angle 8 be-
tween the tangent to the bottom of the groove and the
direction of the motion of the record reaches the value
90° —¢f or, at this instant, the rear edge of the cutter
will be in contact with the walls of the groove just cut.
In these circumstances, since the lacquer is of an
elastic nature, the material will be deformed under the
lateral pressure of the sapphire and will restore itself
immediately after the cutter has passed. The resulting
wave shape cannot, due to the finite dimension of the
replay stylus, be replayed without the introduction of

further distortion.
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To record a 15-minute program, which is the unit
most commonly used, 1t will be necessary, if the groove
velocity is not to fall below 75 feet per minute, to record
at 145 lincs per inch, starting at an inner radius of 4.3
inches. This spacing is not practicable owing to the re-
duced width “w” of the groove made necessary by the
fine pitch, and in any case, the signal-to-noise ratio
would not be satisfactory because of the restricted
amplitude dictated by the close groove spacing. In fact,
120 lines per inch appears to be the desirable figure, but
this, in turn, means that the groove velocity would
fall to 62 feet per minute with an inner groove radius
of 3.6 inches. There are three methods by which the
effects of low groove velocity can be minimized:

(a) Record all programs on a 16-inch disk from “out-
side to in” rather than “inside to out” which is now the
general practice. This would mean that full advantage
could be taken of that part of the disk with the high
groove velocity. The maximum time, which can be
recorded without the groove velocity falling below 75
feet per minute is 12} minutes and, as it is fair to assume
that many programs do not exceed this rime, then the
quality of a high percentage would be satisfactory
throughout. To record “outside to in” requires air suc-
tion equipment which, at present, is not generally in-
stalled, nor readily available. As this type of plant is
also required to remove the swarf which would other-
wise foul the gramophone pickup while the record is
being monitored, it is probable that there is sufficient
demand for such equipment to encourage its manufac-
ture.

(b) Use 17}-inch disks generally instead of confining
their use to process work onlv. This would mean that the
groove velocity wouid not fall helow 75 feet per minute,
an.d the quality would be satisfacrory for the full 15
miutes. Ilowever, this advantage would only apply for
t.he. ca§e of.recor(lings made for direct playback, since
limitations imposed by the plating and stripping process
for the production of pressings restrict the diameter of
the outerm.ou recording groove to that applying in the
case of 16-inch disks, hence the quality of the pressings
made from these disks would not be improved. As the
number of pressings made in Australia is probabhy
greater than the number of disks recorded for direct
playback, the use of 171 inch disks generally would not
solve the problem of low groove velocity.

(¢) Autematic equalizers could be used to maintain
the frequency response to the inner radius. The relative

merits or otherwise of automatic equalizers will be dis-
cussed later.

A method used in America to m
quency response when the prog
is to record the first digk

ask the loss in fre-
© pr ram exceeds 15 minutes
: : inside to out,” the next “out
side to in,” and so on. This, so far as the listener is con-
cerned, prevents the abrupt change in quality which
:‘\.ou.ld otherwns”e be evn(.lent if all the disks were cut, say
.msn(le to out,” but this practice does not offer a solu-
tion to the general problem.
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Summing up, it appears that 120 lines per inch cut on
a 16-inch disk represents the best compromise, and that
recording “outside to in” and the use of automatic
equalizers would give an appreciable improvement to
the over-all quality.

RECORDING CHARACTERISTICS

If a sinusoidal constant voltage of varying frequency
is applied to an ideal cutting head of the moving iron
type, the stylus will vibrate with a sinusoidal motion of
amplitude 4 with a peak velocity of 2mfA at frequency
f. Under these conditions the maximum velocity is the
same for all frequencies, and the amplitude of the re-
corded wave forms varies inversely as the frequency. If
such a recording be replayed with an ideal moving
iron pickup, a constant voltage output will be obtained.
The signal level that has been recorded on the disc can
be defined, at a given frequency, in terms of amplitude
or velocity and, under the ideal conditions stated above,
a flat velocity-frequency characteristic is obtained. The
velocity is usually regarded as corresponding to voltage
and the ratio of the rms velocities can be stated in
decibels.

It is not practicable to record the lower frequencies
with constant velocity as the amplitude obtained would
be excessive. Instead, constant amplitude is used and
the requirement is obtained by recording head design
or electrical networks. At the higher frequencies, a net-
work may be used in the recording chain to obtain pre-
emphasis such that the amplitudes of the recorded wave
forms approach constant amplitude. In all cases it is
usual to state the recording characteristic in terms of
the ratio of the rms velocities expressed in decibels.

Although the problem of applying a common record-
ing characteristic to all disk recordings may yet be
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Fig. 2—Recording.charactcristics for constant input voltage
applied to the recording system.

Note: The crossover frequency is defined as the point of inter
section of the asymptotes to the constant-amplitude and constant
velocity portions of the response curve and the response at the cross-
over frequency is not more than 3 db below the level of this intersec-
tion point.
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overcome, the position at present is far from satisfac-
tory, and it is proposed to examine in detail two char-
acteristics which are most commonly used.

For the recording of disks to be used for the pro-
duction of commercial pressings, the recommended re-
cording characteristic is shown in Fig. 2. The most
important point to note is the 250 cps crossover with
the constant velocity characteristic above that fre-
quency. Also shown is the National Association of
Broadcasters standard characteristics with a 500 cps
crossover and pre-emphasis above that frequency. This
characteristic is almost the same as that used for the
original “Orthocoustic” recordings.

These latter characteristics have been developed to
improve the signal-to-noise ratio of recordings for the
reasons that the noise on a disk is of a high-frequency
nature, and that the constant amplitude to 500 cps per-
mits a higher level of program to be recorded than can
be attained with a 250 cps crossover.

If the peak incremental curves for speech and music
of Fig. 3 be examined, it will be found that a maximum
value occurs at about 400 cps while at 5,000 cps the
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Fig. 3—Speech and music—peak energy per
increment of frequency. :

energy is'reduced by 15 db and at 10,000 cps at least 20
db. This explains why a 500 cps in lieu of 250 cps cross-
over permits a higher level to be recorded and, also,
why it is possible to use pre-emphasis. An equalizer
with an inverted characteristic is used to restore the
frequency response to normal during replay.

In disk recording, it is important to avoid high
velocity high amplitude signals because as previously
explained, the cutting stylus is unable to record such
signals faithfully, with the result that excessive distor-
tion is introduced. Likewise, it has been shown by Pierce
and Ilunt! and again by Sepmeyer? that such signals
produce excessive distortion when replayed, i.c., “trac-
ing distortion.”

' J. A. Pierce and F. Tlunt, “On distortion in sound recording
from phonograph records,” Jour. Acous. Soc. Amer., vol. 10, pp. 14
29; July, 1938.

7 Ludwig W. Sepmeyer, “Tracing distortion in reproduction of
constant amplitude recordings,” Jour. Acous. Soc. Amer., vol. 13, pp.
276-280; January, 1942.
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To demonstrate the impracticability, in the extreme
case, of the constant amplitude characteristic, Fig. 4
has been prepared. If a square wave be fed to an ideal
recording system using such a characteristic, it is not
possible to cut a groove of the required wave shape be-
cause of the limitations imposed by the cutter, as shown
in Fig. 1. If now the same signal be applied to an ideal
recording system which has the constant velocity char-
acteristic, the recording requirement is not so severe for
the reason that the.harmonics which make the wave
square are attenuated at the rate of 6 db per octave,
which gives a wave shape within the capabilities of the
cutter.

»
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Fig. 4—Square wave as recorded by constant amplitude and constant
velocity system (ideal recorder). (a) Input wave to system; (b)
recorded groove required, constant amplitude; and (c) recorded
groove required, constant velocity.

An examination of Fig. 2 will show that, for the
NAB characteristic, the rate of pre-emphasis is 4 b
per octave, which approaches the 6 db per octave of the
constant amplitude recording system and, when com-
pared with the constant velocity system, the harmonic
distortion is greater. It will be seen from the above that
the NAB standard unduly weights the importance of
the signal-to-noise ratio and, in so doing, produces the
undesirable condition of signals having high velocity
with high amplitude, which is not undesirable only
during recording but also during replay.

As far as nonlinear distortion in the cutting head is
concerned, constant velocity recording has some dis.
advantages compared with the constant amplitude sys-
tem. The nonlinear distortion can be due to satura-
tion of the armature and pole pieces or nonlinearity

March

of the contro! stiffness. These will give rise to odd
harmonics which, in the stiffness controlled frequency
range, i.e., the lower frequencies, are a function of
amplitude. Assume the fundamental frequency is 500
cps and that 1 per cent of third harmonic distortion,
i.e., 1,500 cps, is produced within the head. On replay,
with the constant velocity system, the fundamental fre-
quency will be reproduced with 4 per cent, i.e., an in
crease of 12 db, in harmonic distortion. This is best
seen by an examination of Fig. 5 which is the recom-
mended characteristic of Fig. 2, shown as recorded
amplitude instead of recorded velocity. While the con-
stant amplitude system, which the NAB characteristic
approaches, tends to reduce the importance of harmonic
generation as such, it likewise causes a multiplying of
intermodulation products but, in this case, they are the
difference products. These products can be produced
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Fig. 5~-Recommen4ed regordin,i' characteristics in terms of recorded
amplitude instead of recorded velocity.

in those stages of the recording amplifier following the
pre-emphasis network and in the recording reproducing
process. It is realized that, generally speaking, the
power capability of the recording amplifier needs to be
much greater in the constant amplitude system than in
the constant velocity system.

To summarize the above, it will be seen that the
NAB standard characteristic has inherent disadvan-
tages, and rather than continue its use it would be better
to obtain the improvement in signal-to-noise ratio by
an improvement in the lacquer-coated disk. This would
permit the use of the constant velocity characteristic,
provided the cutting heads used were of a type which did
not introduce undue distortion and intermodulation.
As far as the low frequencies are concerned, the 500 cps
crossover has the disadvantage that, due to the amount
of record equalization required on replay, gramophone
machines need to be maintained in a first-class condi-
tion, otherwise low-frequency noise will be experienced.
It appears then that the recording characteristic recom-
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mended by Mittell® in England and Southey in Aus-
tralia® for domestic disks is to be commended. This
characteristic, which has been used for a number of
years by the P.M.G.'s Department for the National
Broadcasting Service, is shown in Fig. 2.

There is also the important point that process disks
to the recommended characteristic can be played on any
gramophone machine suitable for commercial pressings.
It is not known how many process disks are made in
Australia, but it would appear that the quantity is
large; therefore, as the proposed standard for domestic
discs appears to be acceptable to the recording com-
panies, it is logical that lacquer-coated disks and the
process copies should have the same characteristic.

The use of automatic equalizers was mentioned
earlier. Actually they pre-emphasize by a varying
amount, depending on the position of the recording head
in relation to the disks radius, i.e., the maximum em-
phasis is obtained when the cutting head is recording
on the inner radius. The same arguments as applied to
the use of pre-emphasis for the NAB standard are ap-
plicable here and, although their use is undesirable, it
will be appreciated that the maximum pre-emphasis is
only used for that part of the disk where the groove
velocity is less than 75 feet per minute. As it is usual to
compensate for the over-all loss, recording as well as
replay, the use of suitable gramophone pickups for the
playing of lacquer-coated disks reduces the transla-
tion losses, and the actual amount of equalization re-
quired is not so great.

From the above it will be seen that the use of auto-
matic equalizers has been considered only in relation to
the recommended recording characteristic and not to
the NAB characteristic. As discussed earlier, the peak
incremental curves for speech and music allow only for
the use of automatic equalizers or the NAB character-
istic, but not both simultaneously. To use both would
result in wave shapes far exceeding the capabilities of
the recording cutter and the replay stylus, with conse-
quent distortion greater than that already considered.
Therefore, this practice is not to be commended.

The use of a compromise recording characteristic
which would enable records to be played equally well
with gramophone equipment suitable for the recom-
mended characteristic or the NAB characteristic has
been suggested, and, in fact, is used by the BBC.® This
characteristic is shown in Fig. 6, with the others already
considered for comparison. It will be seen that partial
pre-emphasis is used for the higher frequencies, while the
lower frequencies fall between the two already discussed.
The compromise characteristic has some merit under

2+ 3. E. G. Mittell, “Commercial disk recording and processing,”
Informal Lecture to the Radio Section, The Institution of Electrical
Engineers, December 9, 1947. E.M.1. Publication.

4 R. V. Southey, “Modern practices in disk recording and process-
ing,” Lecture to the Sydney Division, Institution of Radio Engi-
neers (Ausl.)', Proc. I.R.E. (Aust.), November, 1948.

¢ H. Davies, “The design of a high fidelity disk recording e
rr:)e4n7(," Jour. IEE (London), vol. 94, pt. 111, pp. 275-300;
1 5
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existing conditions, but it will be realized that, for the
reasons already discussed, it has definite disadvantages
and the better approach would be to adopt one com-
mon characteristic acceptable to all interested parties.
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It has been suggested® that a compromise replay char-
acteristic could be used to replay records cut to the
various known characteristics. Probably, this would be
a satisfactory solution to the problem if there were
numerous characteristics in use whereas, in fact, as far
as Australia is concerned, there are only two in general
use, the two already discussed. Again, if all recording
characteristics had equal merit, such an approach may
be acceptable, but it has already been shown that, of
the two examined, one has definite advantages.

Regarding commercial pressings, Mittell® and Southey*
have already shown that reproducing equipment suit-
able for records cut to the recommended characteristic
will also play satisfactorily recordings made generally
to this characteristic over a period of 40 years, and will
also play such records made in a number of different
countries. This, in effect, means that the NAB and the
new interim Decca characteristics are the two which can-
not be played satisfactorily with such equipment.

\We see then that, if the recommended characteristic
is adopted generally by the manufacturers of com-
mercial pressings, it would require only a small and in-
expensive alteration on the part of broadcast stations
to change from the NAB to the recommended char-
acteristic for recording, and existing replay equalizers,
as used for commercial discs, could then be used at all
times. In addition, it would be possible to lay down
standards of performance similar to those specified for
the majority of equipment items used in the broadcast
chain.

¢ I.. N. Schultz, Correspondence Section, Proc. I.R.E. (Aust.), vol.
9, p. 19; September, 1948.
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R1CORDING HEADS

From earlier remarks, it will be appreciated that the
recording head should be as free as practicable from
harmonic distortion and intermodulation effects, but
there are other requirements equally as important:

(a) The characteristics of head should be inde-
pendent of time and temperature. This is rather a
severe requirement, but when it is realized that the
majority of recording rooms in Australia are not tem-
perature-controlled, and that the recording heads are
used as far south as Hobart and as far north as Port
Moresby, it will he seen that they are required to
operate over a wide range of temperatures.

From the time aspect, the majority of heads at pres-
ent used in Australia are unsatisfactory in that the
damping medium ages and needs replacing at regular
intervals.

(b) The heads should be of a design that requires the
minimum of maintenance and shiould not have critical
adjustments. Again the heads being used are unsatis-
factory in both these respects.

c) The heads should have a satisfactory sensitivity.
It will be appreciated that a 3-db improvement in sensi-
tivity permits a 50 per cent reduction in the power
capability of the recording amplifier.

(d) The impedance characteristics of the head should
be reasonably constant over the frequency range. The
amplifiers being used at present have a power capability
ranging from 40 to 75 watts, and much could be one to
avoid these high figures if the sensitivity and im-
pedance characteristics were improved.

GRrAMOPHONL Pickups FOR LACQUER-COATED Disks

For the playing of cellulose nitrate disks, it is recog-
nized that the vertical force measured at the stylus
point should not exceed { ounce, otherwise the grooves
will be deformed due to the elastic nature of the
surface material. This requirement, however, also
means that the armature movement should have a satis-
factory compliance, otherwise the grooves will be un-
duly damaged, and, in the extreme case, the pickup may
not stay in the grooves.

The frequency response should extend from 50 to at
least 10,000 cps, which appears to be the practical limit
to the high-frequency response with the recording
equipment in use at present. The frequency response
should be reasonably flat and should not have excessive
peaks even above the highest frequency to be used,
otherwise harmonic products may be accentuated.

It would appear that a pickup to meet these require-
ments would be of the moving armature type. In the
case of moving coil pickups, it is difficult to reduce the
mass of the coil assembly sufficiently to prevent the
resonance of the mass, and the compliance occurring
below 10,000 cps. The cail can be reduced to a single
turn and the stylus need only be a mere sapphire tip to

or 'k LR I March
overcome this difficulty; but with this arrangement the -
electrical impedance is extremely low and is difficult to

match to the load. If the moving armature type is em-

ployed, the use of a small sapphire stylus would ensure

that the resonance would fall outside of the desired fre-

quency range. \With this type it is possible to avoid the

problem of armature centring by using an inefficient

magnetic circuit, but this reduces the electrical output

appreciably. While the low output voltage of these

types is not a real disadvantage, it does increase the

over-all cost of the gramophone equipment.

One important factor sometimes overlooked is the
necessity for a satisfactory vertical compliance of the
stylus to reduce tracing distortion primarily caused by
“pinch effect.” This is due to the varying width of the
modulated groove which causes the stvlus to be
“pinched” twice in the tracing of a sinc wave. If there is _
no vertical compliance, the stylus gouges out the walls
of the groove. One method of providing the vertical
compliance is to fit a sapphire stylus in a cantilever
movement in which the compliance is provided in the
lever, but there are other methods of obtaining a satis-
factory compliance.

It is desirable for the pickups to be reasonably robust,
but the use of small sapphire stvlii which are fitted
permanently, i.e., not readily replaceable, requires that
the reproducer head be of the plug-in type to permit a
ready means of changing should the sapphire be dam-
aged.

At present there are no pickups available in Australia
which will meet all of the requirements discussed above
and it is felt that unless manufacturers have a clearer
understanding of the basic requirements, little progress
n design will be made.

CoxcLusioN

The problems discussed can he grouped into two
classes, namely, practices and equipment. The former
may not be readily solved except within an organization
such as the National Broadcasting Service, where the
recorils cut by the Postmaster-General’s Department
are played, for the greater part, within that organiza-
tion. So far as equipment problems are concerned, the
picture is much brighter, as progress is heing made and
at least tworecently developed cutting heads of improved
typ.es have been described elsewhere.3% The trend in
(l.esngn in England shows that consideration is being
given to pickups suitable for the playing of lacquer-
c.oate(l <.lisks. This excludes, for \'aric;us reasons, the
llght-.\\'elght })iCl(ll])s supplied for the playing of com-
mercial pressings.
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A Variable Speed Turntable and Its Use in the
Calibration of Disk Reproducing Pickups®

H. E. HAYNESt, MEMBER, IRE, AND H. E. ROYS?, SENIOR MEMBER, IRE

Summary—The frequency response of a disk reproducing pick-
up, when measured by means of a conventional variable-frequency
test disk is a function of the dimensional and physical properties of
the disk, as well as of the pickup itself. This is because the effects
of elastic deformation of the record material and of finite stylus
tip size vary with the physical wavelength of the undulations of the
recorded groove, and hence with frequency. If variations of test
frequency are instead produced by variations of the rotational speed
of a constant frequency disk, the above-mentioned effects are con-
stant and do not affect the response characteristic of the pickup.
A test procedure embodying this latter method is discussed, along
with experimental results which have been obtained.

A variable speed turntable well suited to this method of calibra-
tion is described. It covers a very wide continuous range of speeds,
with excellent speed stability and low flutter.

I. PickupP CALIBRATION
Introduction

ALIBRATION, or determination of the fre-
(g quency response characteristic of a pickup, by

playing a constant recorded tone and changing
the speed of the turntable in order to vary the repro-
duced frequency, is a method that has been in existence
for some time.! It has never been widely publicized or
accepted, ¢ue probably to the variable-speed require-
ments and the complicated test procedure.

The method, however, has the advantage that the
resulting characteristic is independent of record calibra-
tion, yield of material, and such dimensional factors as
recorded diameter and turntable speed. For this reason
it is believed to be useful for basic pickup response
measurements.

Principle of Operation

The measurement procedure requires that a record
containing a constant-frequency recording be played
back at different speeds in order to vary the reproduced
frequency. If the band is short so that little change in
wavelength occurs throughout the recorded portion, cer-
tain losses that manifest themselves during playback,
due to yield of the record material and the size of the
stylus tip, remain constant and do not appear in the
response characteristic. Pickup impedance, which de-

* Decimal classification: R391.11 X R391.12. Original manuscript
received by the Institute, June 7, 1949; revised manuscript received,
November 15, 1949. Presented, Fifth Annual National Electronics
Conference, Ch.lcago. Ill.,_September 26-28, 1949. The complete text
of the paper will appear in volume 5 of the Proceedings of the Na-
tional Electromics Conference.

t Radio Corporation of America, RCA Victor Division, Camden,

i J. M. Kendall and A. D. Burt designed equipment for such use
in 1929 while with the General Electric Co. The equipment was
transferred to Camden in 1930, and was used for many years in the
development and test of RCA phonograph pickups.

pends not only upon the design constants of the pickup
but also upon the stifiness of the record material, does
appear, however, in the normal manner and so is taken
into account as it should be.

The effect of the elastic properties of the record mate-
rial on reproduction has been considered theoretically
by Kornei. In his paper on playback loss,? the following
equation for the approximate loss is given:

242K [ W\V? Ru?
L = 20 log [1 + ( ) ( =
3 ER 4/2 V2

m(w? — we?)
S

where N
L =loss in db
K =a constant
IV =steady vertical pickup force
E = Young's modulus of record material
R =radius of spherical tip of pickup stylus
V=record groove velocity (not modulation veloc-
ity)
w=2nf where f is the reproduced frequency
wo=2mfo where fo is the lateral resonance frequency
of the stylus system
m=mass of the stylus system as effective in the
center of the stylus tip for lateral motion.
For the case under consideration, where a variable fre-
quency is obtained by changing the turntable speed
while reproducing grooves of a fixed recorded frequency,
(of essentially constant wavelength if the recorded band
is of short duration):
where

A = recorded wavelength
V =M. (2)

Substituting this expression for V in Kornei's equation
(1) in the term where groove velocity V is involved,

Rw? 4m?Rf? TR
m-——=— = — =—) 3)
VIV AVINYST V2N
and since N\ is a constant for our particular case, this
term becomes constant when R is fixed. Thus we can ex-
press (1) for our particular method of test as follows:

w’ -—w
1”_(__._"2_))] db. 4)

te

L=21o 1+K<K’—
g[ ' W

2 0, Kornei, “On the playback loss in the reproduction of phono-
graph records,” Jour, Soc. Mol. Pict. Eng., vol. 37, pp. 569-590;
December, 1941.
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For fixed values of E, R, and W, the losses due to yield
of material and tip size remain constant while the effect
of mechanical impedance of the pickup exists in the
normal manner. Thus we see that the variable-speed
method of calibration permits us to make response
measurements that directly show the capabilities of the
pickup.

Equipment

The equipment of a tyvpical arrangement is illustrated
in Fig. 1. '

A voltmeter is necessary for measuring the output
voltage, and it is preferable that the input impedance

o
{ ——
| | ® (O) ® ‘
P wave Pi-u&coa( ——sEoe—
ANALYZER — -
) ] | ™

PaE AMPLITIER VOLTMETER
Arcor ow
VARIABLF  SFCEQ
TURN 7ABLE

Fig. 1—Typical arrangemen: for variable-speed measurements using
an oscillator and oscilloscope for frequency measurements and a
wide-band analyzer for frequency selective voltage meastirements

be high so that the pickup is not loaded and the voltages
are “open circuit” values. If the pickup output voltage
is low, a decade or preliminary amplifier may be neces-
sary, as illustrated.

An oscillator of good frequency stability and an oscil-
loscope are useful for determining the reproduced fre-
quency and setting the turntable speed, where extreme
accuracy is wanted. By connecting one pair of plates
to the oscillator and the other pair to the pickup and
observing the Lissajous’ figures, the reproduced fre-
quency can be determined. The wave analyzer, if stable
and accurate, may be used instead of the oscillator and
oscilloscope.

In addition to the variable speed turntable which in
itself is a major item, a frequency record is needed. One
cut at 333 rpm with short recorded bands of frequencies
from 10,000 to 50 cps has been found adequate.

Methods of Measurement

The number of measurement steps required to cover
a wide frequency range, from 20 to 20,000 cps for exam-
ple, depends upon the speed variation of the turntable.
With a turntable having a speed ratio of 10 to 1 or bet-
ter, it is possible to cover the above frequency range in
four overlapping steps using the 10,000, 2,000, 400 and
100 cps recorded bands. As shown by equation (4), the
loss due to yield of the record material and tip size
remains constant throughout each band, even though
the rotational speed is varied in order to change the

March

frequency. Thus, whenever playback loss is encoun-
tered, the curve will still be a true representation of the
pickup characteristic, but will be lower in level by the
amount of the loss. A substantial overlap in frequency
range is therefore desirable so that the different response
characteristics can be shifted into alignment in order to
form a continuous curve. Typical results are shown in
Fig. 2 and it will he noted that the overlapping portion
of the 2,000- to 20,000-cycle band is some 7 db lower in
level, due to playback loss, than the 400- to 4,000-cycle
band.
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Fig. 2 Response characteristic obtained by the variable-speed
method. The 2,000 to 20.000 cps band is low due to losses and
should be shifted upwards inlo alignment with the other curves.
In our tests magnetic pickups were used, $o it became

necessary to correct for the change in output voltage
as the speed of the turntable was varied in order to kcep
the results on a velocity basis. The output of a magnetic
pickup is proportional to rate of change of the flux link-
ing the coil or essentially to stylus velocity. Since ans-
plitude of motion for any recorded band is constant, any
change in turntable speed results in a proportional
change in output voltage. In order to correct for this
each output voltage was multiplied by the ratio of the
reference to the reproduced frequency, and expressed
in db relative to the reference frequency voltage. For
example, the output voltage at 5,000 cps obtained by
reproducing the 10,000-cycle band at half normal speed
was multiplied by 2 and expressed in db with respect to
the 10,000 cps voltage measured at normal speed.

Discussion of Results

A light-weight magnetic pickup of conventional de-
sign, with a diamond stylus 2.3 mils in radius, was tested
and the results arc shown ip Fig. 3. These were obtained
by the variable-speed method and also by reproducing
in the normal manner two frequency pressings, one at
333 and the other at 78 rpm.

We immediately see that the variable-speed method

q(fers an advantage in that the location of the transi-
tion frequency, where the recording characteristic

f:hang.es from constant velocity to constant amplitude,
1s of little counsequence,
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Fig. 3—Response measurements for the variable speed and direct-
record playback methods: (a) variable speed, (b) direct playback
at 78 rpm, (c) direct playback at 33} rpm, (d) calibration of
33} rpm record, (e) playback loss or difference between (a) and
(c).

The peak at the high-frequency end is due to a reso-
nance condition in which the compliance of the record
material, the stiffness, and mass of the stylus assembly
and moving system are all factors.

The peak at the low-frequency end is due to tone arm
resonance, a function of pickup stiffness, and inertia
of pickup and the suspension arm.

Playback Loss

Reproduction of the 33} and 78 rpm frequency press-
ings, in the normal manner, gave widely different re-
sults. Both records were 12 inches in diameter with the
highest frequencies recorded at the outside. The 33}
rpm record contained frequency bands from 12,000 to
30 cps and its calibration, which has been obtained by
several different methods, is included in Fig. 3.

The record for 78 rpm reproduction contained bands
of frequencies ranging from 20,000 to 1,000 cps, and its
recording characteristic is constant velocity throughout.

The 78 rpm pressing gave essentially the same results
as obtained by the variable-speed method and hence
showed no appreciable playback loss for the pickup
tested. Reproduction of the 3334 rpm pressing showed
considerable playback loss for frequencies above 2,000
cps. It is interesting to note that the loss in this particu-
lar case was almost completely equalized by the rise in
pickup response, due to resonance, and the net result
was a flat response up 10,000 cycles, and in good agree-
ment with the recorded characteristic. These results
serve as a good illustration why the direct-record play-
back method of calibration should be considered as a
special case. Records of the same material and the same
recording characteristics, but cut at different speeds
and diameters, produce different results.

Ilardness of Record Material

Variation in response at the high frequencies due to
hardness of record material, is illustrated by Fig. 4 in
which characteristics obtained by the variable speed
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method for a lacquer, a vinyl pressing, and a metal mold
are shown. Note the shift of the resonance peak towards
a higher frequency as a harder material was used. No
difference in frequency of tone-arm resonance at the
low-frequency end, or height of the peak was found be-
tween lacquer and vinyl. (Metal mold was not used for
low-frequency measurements.) The upper resonance
depends to a great extent upon the stylus fit and hard-
ness of record material, but the tone-arm resonance de-
pends upon pickup stiffness. The grooves in all cases had
a bottom radius much smaller than the playback tip,
and a good “fit” between stylus and groove existed.
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Fig. 4—Variable-speed response measurements using records of
different hardness: (a) lacquer recording, (b) vinyl pressing,
(c) metal mold.

Vertical Force and Groove Fit

If the groove is worn or the bottom radius large so
that contact between stylus and groove is not along the
side walls, or if the vertical force is inadequate, the
high-frequency peak may appear to be flat-topped. This
may lead to an erroneous conclusion that a sharp peak
does not exist, whereas what is probably happening is
that the stylus is tending to climb up the side walls and
out of the groove, and a loose mechanical fit between
stylus and groove exists. Increasing the vertical force
will correct this condition and result in a more accurate
response characteristic, as illustrated in Fig. 5(a).

The same climbing condition can exist at tone-arm
resonance, and in some cases the tip may even skip out
of the groove, also indicating that too little vertical force
is being used. The variable-speed method with a fine-
speed adjustment affords an excellent means of studying
pickup and tone-arm resonance.

Effect of Wave-Form Distortion on Response

The use of a frequency-selective voltmeter was men-
tioned when discussing equipment requirements. Where
we are making open-circuit measurements of a pickup,
without any filter or compensator, a high-frequency
peak may result in considerable wave-form distortion
at submultiples of the peak frequency. Fig. 5(b) repre-
sents an exceptional illustration of this condition. The
high-frequency peak when making variable-speed meas-
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urements while using the metal mold was between
18,000 and 19,000 cps. At 6,000 cps, or 4 of 18,000 cps,
bad wave form was observed and a peak was measured
with the voltmeter; between 8,000 and 9,000 cps, or
one-half the resonance frequency, another peak was
also found, but neither of these subharmonic peaks was
observed when using the wave analyzer as a frequency-
selective voltmeter. The difference pictured in Fig. 5(b)
between a selective and nonselective voltmeter while
using a metal mold is the greatest that has heen ob-
served. Fortunately, results obtained with pressings
only differed by a db or two, but Fig. 5(b) is given to
illustrate what may happen under certain conditions.
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Fig. 5—Variable speed response measurements: (a) hump or reduced
peak due to lack of adequate vertical force while reproducing a
vinyl pressing, (b) with metal master using an ordinary tube
voltmeter and wide-band wave analvzer as frequency selective
voltmeter. Note the peaks at subharmonic frequencies obtained
with the nonselective voltmeter.

Iligh- Frequency Peak

Harmful effects of the high-frequency peaks, such as
increased distortion, have not been observed either
when making measurements or during listening tests,
providing suitable playback compensation is used to
overcome the response incrcase due to the peaks, or
adequate frequency cutoff is used. Observations do in-
dicate, however, that the response characteristic well
above the intended range should be known and con-
sidered when designing the plavback compensator.

Tests at Different Amplitudes

Tests were made using frequencies recorded at difter-
ent amplitudes. In general, when sufficient vertical
force was used to maintain good contact between stylus
and groove side walls, the agreement was good. \Vhen
insufficient vertical force was used, considerable varia-
tion was noted at the higher frequencies. It is believed
that the increased amplitude and hence increased ac-
celerating force caused the stylus to climb up the side
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walls of the groove, which of course would causc erratic .
results. This effect was particularly noticeable at the
pickup resonance frequency where the mechanical im-
pedance is high.

Dynamic Yield

Varying the turntable speed in order to change the
reproduced frequency means, of course, that the re-
corded band is not being reproduced at its normal speed
However, changes in vield due to different linear veloci
ties of the record groove have not appeared to greatly
alter the cahibration results for the speed ranges we
have used

I1. VariasLe SPiEED TURNTABLE

Calibration of pickups by the method described is
naturally most satisfactorily accomplished with a vari
able speed turntable having high-quality performance, -
particularly in the following respects:

(1) Speed range. As has been indicated, in studying
the frequency response of a pickup by means of a fixed
frequency recording reproduced at different speeds, a
large speed range permits a greater frequency range to
be covered; thus fewer “overlaps” between recorded
frequencies are necessaryv to cover the audio-frequency
spectrum,

(2) Accuracy of speed indication. This is desirable for
operating convenience.

(3) Flutter. If measurements are to he representative
of conditions existing at a single frequency, rapid or
“instantaneous” speed fluctuations should be mini
mized.

(4) Long-term speed constancy. When a desired speed
has been set, it should be maintained within close limits
without the necessity of further adjustment, in order to
facilitate taking measurements.

A reproducing turntable having excellent properties
in these respects was developed as one part of a high-
fidelity disk recording and reproducing equipment. The
specifications called for a contintous speed range of
five to 80 rpm, together with a high order of accuracy
of speed indication and a flutter value comparable to the
best obtainable in conventional two-speed studio-type
reproducing turntables.

A servo-type motor drive, shown in block diagram
form in Fig. 6. is used, in which the entire speed range
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Fig. 6—Block diagram.
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is covered by the motor itself, obviating the need for
multiple speed ratios. The system operates so as to
minimize a velocity error, rather than the more familia1
position error, and employs an ac comimutator type
motor with integrally mounted dc tachometer for veloc-
ity measurement. Velocity voltage generated by the
tachometer is compared with a stabilized adjustable dc
voltage, which constitutes the speed standard, and the
difference commutated at a 60-cycle rate by a vibrating
contactor, amplified, and supplied to the armature of the
drive motor. Constant amplitude 60-cycle current of
correct phase is supplied to the motor field.

Speed indication takes the form of a large four-range
voltmeter connected across the tachometer. Although
motor speed rather than turntable speed itself is thus
actually measured, the rubber-idler rim drive employed
has been found to introduce negligible error in speed
measurements. By using four meter ranges, it is never
necessary to use the lower half of the scale; hence a
meter of 0.3 per cent accuracy cannot introduce more
than 0.6 per cent error in speed.

By having a large amount of loop gain in thesystem,
excellent stability of speed with time and with changing
loads is obtained. In addition, at low operating speeds
where turntable inertia provides very little filtering ef-
fect, a large amount of feedback is essential for reducing
flutter. By having the motor and tachometer rigidly
ccupled, so as to minimize mechanical phase shifts, feed-
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back factors of about 500 at maximum speed and 80 at
minimum speed are feasible.

The operating convenience and performance quality
of this turntable are well adapted to pickup testing. Its
speed range of 16 to one is ample, permitting investiga-
tion of four octaves of pickup performance with a single
recorded frequency. Accuracy of speed indication is
within one per cent of actual speed throughout the entire
range, and stability is such that speed does not drift as
much as one-half per cent over relatively long intervals.
Performance with regard to flutter is excellent, even at
relatively low speeds, as shown by the oscillograms of
Fig. 7. Those for 20 and 33} rpm were made by repro-
ducing a disk recorded on a high-quality machine at
333 rpm, the former at 1,667 cycles, the latter at 1,000
cycles, so that the reproduced frequency was 1,000 cy-
cles in both cases, and hence suited to the flutter measur-
ing equipment used. Similarly, those for 60 and 78 rpm
were recorded at 78 rpm, the former at 1,300 and the
latter at 1,000 cycles. The rms flutter values (which in-
clude the recorder) are seen to be approximately 0.10
per cent at 78 rpm, 0.085 per cent at 60 rpm, and 0.12
per cent at 333 and 20 rpm. It is interesting to note
that the oscillograms for 33} and 78 rpm show greater
once-around components than the others, undoubtedly
due to the addition of the speed fluctuations during
recording and those during reproduction, the two proc-
esses having been carried out at the same speed.

it A 5 ks o b PP NG

78 RPM

Fig. 7—Flutter oscillograms of variable-speed turntable.
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A New Type of Slotted Line Section”

W. BRUCE WHOLEYY, MEMBER, IRE, AND W. NOEL ELDRED{, SENIOR MEMBER, IRE

Summary—Conventional slotted lines require very close machin-
ing tolerances and care in construction if accurate measurements of
VSWR (voltage standing-wave ratio) are to be obtained. A much less
critical slotted line may be obtained by use of the transformation
w=tan z. The concentric line is converted to two parallel semi-
infinite planes with a slightly elliptical center conductor. Simple
modifications of this configuration will permit the construction of a
slotted line section that is far less critical, with respect to mechanical
dimensions, than its coaxial equivalent and will exhibit considerably
less external energy radiation. Lines embodying this principle have
been constructed, and were found to have excellent electrical proper-
ties with only moderate mechanical accuracies used in their construc-
tion. In a line covering the frequency range 500 to 4,000 Mc, a VSWR
of only 1.006 was obtained for the basic slotted section and the nec-
essary transition section to coaxial line.

INTRODUCTION

LOTTED SECTIONS are a fundamental measur-
S ing tool in the microwave frequency range. They

are useful in obtaining basic data concerning the
impedances in any ultra-high-frequency system, and
hence are of considerable value and interest to the micro-
wave engineer.

The slotted sections now available are not completely
satisfactory. The coaxial section is difficult to machine,
requiring very close tolerances, and under even the very
best conditions its accuracy leaves something to be de-
sired. Because of the difficulty of machining these sec-
tions, their cost is high. This paper reports on an inves-
tigation that was made of slotted sections. An effort was
made to develop a section requiring less rigid mechani-
cal tolerances; a slotted section which would have a
simple mechanical structure and at the same time would
be more economical to produce. Before discussing this
new section, let us review some of the inherent errors in
a coaxial slotted line system.

Basic Errors IN COAXIAL SLOTTED SECTIONS

Some of the errors introduced by slotted sections can
be listed as follows:

1. Eccentricity of the center conductor with re-
spect to the outer conductor will change the character-
istic impedance of the line.! This is equivalent to having
discontinuities in the section which will set up undesired
standing waves. Eccentricity which is not uniform

* Decimal classification: R244.211. Original manuscript received
by the Institute, February 25, 1949 ; revised manuscript received, Oc-
tober 31, 1949. Presented, National Electronics Conference, Novem-
ber, 1948, Chicago, I11.

The work described in this paper was carried out at the Hewlett-
Packard Company as part of the United States Navy Bureau of
Ships research development program, Contract Number NO bsr-
30202, Task Order #2.

t Hewlett-Packard Company, Palo Alto, Calif.

! Theodore Moreno, “Microwave Transmission Design Data,”
Sperry Gyroscope Company.

throughout the section will, in general, cause the dis-
tance between the center conductor and the probe to
vary throughout the length of the line. Such an error is
commonly known as slope error and is indicated by dif-
ferent readings of successive maxima and minima of a
standing wave pattern.

2. Change in the depth of penetration or change in
the impedance between the probe and ground will af-
fect the power transfer between the probe and detector,
and thus cause a change in the output reading. These
changes are a function of the mechanical tolerances. In
coaxial structures, the dimensions affecting these varia-
tions are small, and great accuracy of the mechanical
structure is required to keep these variations small.

3. Radiation from the slot is inherent in all slotted
sections. The radiation is, in reality, a distributed load-
ing, and its effects will be made apparent in two ways.
First, this distributed loading will cause a reactive com.-
ponent to appear in the characteristic impedance of the
slotted section. This effect, while it may not set up a
residual standing wave, will lead to errors when calcu-
lations are made upon the assumption that the charac-
teristic impedance is purely resistive. Second, there will

be a loss in power down the line which will result in a

slope error. The best way to minimize these errors is to
make the radiation from the slot as small as possible.

From the above discussion of errors it is apparent
that, in order to obtain an accurate line which does not
require the small mechanical tolerances of coaxial lines,
a different configuration must be found. Many possible
configurations have been studied, and a line has been
chosen which overcomes the common coaxial slotted
line problems. It has been named the “slab line.”

EQUIVALENT SLaB LiNge

A very powerful method for obtaining transmission
systems with a common characteristic impedance, but
with different physical configurations, is available
through the use of conformal transformations. Con-
formal transformations are based upon the properties

9f complex functions. Consider, for instance, the follow-
1ng equation

w = f(z)

where w and z are complex numbers («+7v) and x+jy),
respectively. Now, based upon the method of plotting
complex numbers, w and z can be taken to represent

e shown that the orthogonal
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sorresponding orthogonal curvilinear squares in the z
slane. An example of the use of conformal transforma-
sjon is in mapping, where it is desired to show various
sarts of a spherical surface upon a flat surface.

The transformation? used in obtaining the slab line
was

w = tan z.

In applying this transformation, a cross section of the
~oaxial line is considered to be in the w plane, and the
transformed section is shown in the z plane. The ap-
plication of this transformation can be considered as
a systematic warping of the conductors of the coaxial
line. The outer conductor of the coaxial line is cut at
two points diametrically opposite. These points are
then pulled upward and outward until the outer con-
ductor degenerates into two semi-infinite planes. As
a result of this warping of the outer conductor, the in-
ner conductor is also warped, and it becomes a slightly
elliptically shaped rod located symmetrically between
these planes. The resultant transformed line is shown

in Fig. 1.
4 l
B

de |

D

(/////// P7/777777Y77

(@) (b)

Fig. 1—(a) Section of coaxial line. (b) Section
of slab line.

‘T'he dimensions 4, B, and C are related to the coaxial
section as follows:

A T

B 4 arctanh a

A T

C 4 arctan a

outer diameter of inner conductor of coaxial
a=

inner diameter of outer conductor of coaxial

The development of these and the following relations
are shown in the Appendix.

The shape of the flux lines and lines of equal po-
tential in the coaxial section and the slab section are

' Method suggested by E. L. Ginzton, Physica Department,
Stanford University.
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shown in Fig. 2. From an examination of this figure it
can be readily seen that, in the neighborhood of the
probe, the lines of equipotential are farther apart in the
slab line and also have less curvature. Thus, it is to be
expected that the slab line would be much less sen-
sitive to small variations in the vertical probe position.
than the coaxial line. Likewise, moving the probe to
the right or left of the mid-position between the planes
will have a smaller effect on the voltage pickup in the
slab line.

(a) (b)
Fig. 2—Field plot. (a) Slab line. (b) Coaxial line.

Because of the need for semi-infinite planes and a

* slightly elliptically shaped center conductor, it would

appear that this line would be difficult to construct.
Nevertheless, it is possible to modify this configuration
so as to permit practical construction without changing
the electrical characteristics appreciably.

First, the semi-infinite planes are modified into planes
of finite extent. This modification is possible because
the fields are rapidly attenuated with distance from the
center conductor. This change is equivalent to making
two slots in the coaxial line. The relation between the
equivalent slot width w (radians) in the coaxial line and
the width 2D of the slab line is shown below:

24 4

D = — arcsinh —
T w

or

4
W= —2=

.. =D
sinh —
2

For a practical slab line with the relation D/A4 =5.6,
the effective slot referred to a coaxial section is com-
puted to be 0.0012 radian. This is equivalent to a slot
0.0006 inch wide in a 1-inch diameter line.

The second modification is applied to the center con-
ductor to provide a conveniently fabricated shape. The
basic requirement in making this modification is to keep
the characteriatic impedance of the modified conductor
the same as the elliptical conductor The center con-
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ductor may be of any shape, but a circular one was form line? It may be compensated by introducing at:

chosen for its ease of fabrication. The method which was
used to make this modification was to consider that, for
small changes in the center conductor, one can write
Zo=K/C, where Z,=characteristic impedance; K =a
constant; C'=capacitance per unit length of line. Ilence
in changing the shape of the center conductor, if the
capacity C remains constant, the Z, will remain con-
stant. In this approach, the field associated with the
circular center conductor was matched to that of the
original center conductor at four points. This gives a
match which has proved in practice to be adequate. The
relation between R/A and characteristic impedance is
shown in Fig. 3.
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Fig. 3—Design curve for computing characteristic impedance.

The probe of the slab line is less sensitive to small
changes in depth of penetration. This improvement over
the coaxial line can be expressed as follows:

Sp SC = b(2 — b

_depth of probe penetration in coaxial line

radius of outer conductor of coaxial line

Sp=sensitivity of parallel plane line to small
changes in the distance between the probe and
the center conductor

Sc=sensitivity of the coaxial line to small changes
in distance between the probe and the center
conductor.

For example, if b is 1%, the ratio Sp/Scis 0.121, and the
slab line is approximately 8 times less sensitive to
changes of prolie penetration.

TRANSITION SECTION

Connections to the slab line must normally be accom-
plished through the use of coaxial line structures. Even
though the slab line will have the same impedance as
the coaxial end section, there is a change in configuration
when going from one section to the other. This change
in configuration has been shown to be equivalent to in-
troducing a shunt capacitance discontinuity in a unj-

the discontinuity a section of line the impedance of
which is higher than that of the normal line. Such a
section is easily obtained by displacing the steps in the
inner and outer conductor by a small amount. This sec-
tion becomes, in essence, a low pass filter whose con-
stants can be adjusted to give a very low reflection over
very broad bands of frequency

It has been found easier to use displaced steps than
tapered sections for transition sections in slotted lines,
The displaced steps can be made as good electrically
as tapered sections, and they are, in general, very much
simpler from a mechamical standpoint.

Fhe center conductor was supported on beads that
were compensated to give a low residual reflection. This
was accomplished by making the beads electrically
short compared to a quarter wavelength, and by mak-,
ing the bead section of a higher impedance than the
rest of the line. By controlling the length of the bead
and the impedance of the bead, it is possible to com-
pensate for its discontinuity in a manner similar to that
employed in making transition sections hetween sys-
tems having different configurations.

EXPERIMENTAL \WORK AND RESULTS

Slotted sections based upon the slab line theory have
been constructed for two frequency ranges, 500 to 4,000
Mc, and 3,000 to 10,000 \c. A photograph of the 500-
to 4,000-\lc line is shown in Fig. 4. Both of these lines

Fig. 4—Slotted line: 500 10 4,000 Mc,

consist of parallel-plane slotted sections with coaxial
transition sections and Type N connectors on each end,.
The center conductor is supported at each end by means
of a compensated bead. A female connector is employed
at one end and a male connector at the other. Both ends
arc built to have low residual reflections, so that either
end may be used for the output or input as desired.
The discontinuities were isolated and their residual re-
flection redtuced by experimental procedure. A null-shift
method was used to measure the residual reflection.**

*J- R. Whinnery, H. \V. Jamieson and T. H. | ins, ¢ i
lli(l)lf4(liscoxllinuilics," Proc. ILR.E., voi. 832, p[.). 6.95«)7[())[(;!;“;30\/%3?6;?'{
E. Feenberg, “The relation between nod it i

een , rel: al position and standing

wave radio in a composite transmissio il
vol. l?, pp. 530 532;'Junc, 1946. " IR ! dpsk Biye
® Nathan Marcuvitz, “On the representation and measurement of

waveguide discontinuities,” Proc. |.R I- -736,;
yaveguide RE., vol. 36, pp. 728-736; |
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- Residual reflection coefficients in the 500- to 4,000-
Mec line were as follows: Transformer between the slab
and coaxial line was reduced to less than 0.003, bead
and transformer together were reduced to less than
0.007, and, finally, the total reflection including the
adapters to type N connectors was reduced to less than
0.01. The above figures hold for the complete frequency
range. In the 3,000- to 10,000-\c line, the over-all
residual reflection through connectors was less than
0.025.

APPENDIX

Detailed Development of Slab in Theory

The transformation used for mapping the coaxial line
in the w plane into the parallel plane line in the z plane
. (See Fig. 5)

\3
|Y ~PROBE §
~ \

N
N
N
+ N
¥ §
O R

\J" I8 ?5‘_
N
\ N
N
N
N
i \
| A §

W PLANE Z PLANE

Fig. 5—Transformation of coaxial line to slab line.

was
w = tan z

expanding and separating into real and imaginary com-
ponents
tan x — tan x-tanh?y

y=—"—--—-"

1 4 tan® x-tanh? y

tanh y + tanh y-tan’ x
P = — — ‘
1 4 tan? x-tanh? y

In the w and z plane surfaces of constant r are given

respectively by

tan? x 4 tanh?
2 = ut 4+ v = ——— e
1 + tan? x-tanh? y

At the outer conductor where r=1, and when

us
y =0 then x = *l—
4
when
x=0 then y= 1 =.

‘Thus the outer conductor is transformed into two semi-

infinite planes located at x = % (r/4) in the z plane.
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At the inner conductor r =a and when

y=0 then x= % arctana

when
x=0 then y=* arctanh a.
The following equations can now be written

C 4 arctan a

A T
B 4 arctanh ¢

r -

From an angular consideration it can be shown that

v sinh 2y
tang = — = ————
u sin 2x
which at
w
x=+— and y= 1D
4
reduces to

™ w
tan ¢ = =+ sinh (£ 2D) = tan (7 - Z),

and since w is small

. 4
arcsinh —
w
D= —"—79—
2
and
4
w = —__
. D
sinh —
24

Transformation of the Center Conductor

The above theory leads to an elliptical shaped center
conductor which is undesirable from several stand-
points, and it hence became desirable to calculate the
characteristic impedance using a cylindrical center con-
ductor.

If the reverse transformation

z = tan~' w

is applied to the slab line with a circular center conduc-
tor of radius R, then a coaxial structure with an el-
liptically shaped center conductor, as shown in Fig. 6
is obtained.

Here
R

k= —
44

A solution of Laplace’s equation in cylindrical co-ordi-
nates gives
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N But the characteristic impedance Z is
V= Klinr 4 Mr?cos 20 4 — cos 26.
r

1
Z =60 In
a

then

5 1 ! 1
7 60 — In - In )
‘ <s+t tan % s+t tanh k

Since this equation does not give k explicitly, it is neces-
sary to solve it by approximations. A plot of the func-
tion of Z versus k is shown in Fig. 3.

Effect of Probe Penetration

Fig. 6—Transformed slab line with circular

center conductor. To evaluate the effect of small changes in distance
between the probe and the center conductor, two quan-
The boundary condition to be satisfied are: tities will be defined. These are: |
when S, =sensitivity of the parallel plane line to small
— V=0 changes in the spacing between the probe and
center conductor
when S.=same as S,, except for coaxial lines.
f=tank and 6&0 7= ¥ The ratio of these sensitivities can be obtained by com-
paring the appropriate gradients of electric field existing
when in the two lines, and at a point of equal potential in the
. two lines.
r = tanh # and 0=7 V=V, dE dr dr
Sp/Se=— —=—=1—y2,
Applying these boundary conditions to eliminate the dy dE dy
constants M and N and rearranging the equation if
s + ¢ d . . . .
- == - epth of probe penetration in the coaxial line
sintan &+ /1In tanh & radius of outer conductor of the coaxial line
iliere then S,/S.=b(2 —k).
s = tanh? b — — 1
tanh? B ACKNOWLEDGMENT
- - 1 Tl_le .authors are indebted to John Woodyard of the
[ = tan = Radiation Laboratory, University of California, who
suggested the slab line, and to E. L. Ginzton of the
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the method of calculating the impedance of a central
Hence circglar. conductor in the slab line. We also express ap-
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The Radiation Characteristics of
Conical Horn Antennas”

A. P. KING?t, SENIOR MEMBER, IRE

Summary—This paper reports the measured radiation charac-
teristics of conical horns employing waveguide excitation. The ex-
perimentally derived gains are in excellent agreement with the
theoretical results (unpublished) obtained by Gray and Schel-
kunoff.

The gain and effective area is given for conical horns of arbi-
trary proportions and the radiation patterns are included for horns
of optimum design. All dimensional data has been normalized in
terms of wavelength, and are presented in convenient nomographic
form.

I. INTRODUCTION

HIS PAPER reports the experimental results ob-
Ttained with conical horn antennas having a linear

rate of flare and employing waveguide excitation
which is limited to the dominant mode. Some earlier ex-
periments made in this field have been reported.! This
study was conducted at the Holmdel Laboratory of the
Bell Telephone Laboratories.

Conical horns probably comprise the most simple
antenna structure, and in the range of moderate an-
tenna gains, in the vicinity of 20 db, they are quite
compact in size. Since the length of a conical horn in-
creases directly with the power gain, the length of the
horn may become objectionably long at high gains. In
this respect, and in general, conical horns exhibit gain
and directional characteristics which are quite similar
to those of rectangular or pyramidal horns. Since the
axial gain can readily be calculated from their physical
dimensions, conical horns are especially useful as an-
tenna gain standards.

Most of the conical horn measurements were made at
a wavelength around 10 cm; a few in the 3-cm range.
The measurement of antenna gain is in terms of absolute
gain, i.e., relative to an isotropic radiator and the gen-
eral measuring procedures closely follow the techniques
reported in an earlier paper.? Since the radiation char-
acteristics of a conical horn are determined by its di-
mensions in wavelengths, it has been convenient to
normalize all dimensional data in terms of wavelength.

I1. GENERAL

A conical horn is a section of a right circular cone
and is usually connected to a cylindrical waveguide as
shown in Fig. 1. An alternate form of excitation may

_* Decimal classification: R325.8XR120. Original manuscript re-
ceived by the Institute, June 8, 1949; revised manuscript received,
October 11, 1949.

t Bell Telephone Laboratories, Inc., Holmdel, N. J.

! G. C. Southworth and A. P. King, “Metal horns as directive
receivers of ultra-short waves,” Proc. L.R.E., vol. 27, pp. 95-102,
February, 1939,

1 C.C. Cutler, A. P. King, and W. E. Kock, “Microwave antenna

rll:)?_’surements,” Proc. L.R.E., vol. 35, pp. 1462-1471; December,

comprise a rectangular waveguide which is gradually
flared into the circular waveguide or into the horn
directly. For either dominant wave (TEy) excitation
in rectangular waveguide or TEy wave excitation in
circular waveguide, the conical horn has been found to
exhibit substantially the same behavior.

The performance of this class of antenna can be de-
termined by specifying two dimensions. These are the
axial length L and the diameter of the horn aperture
dm, as indicated in Fig. 1.

— MOUTH
N - OF HORN

o — N
CIRCULAR AXIS OF HORN
WAVEGUIDE AND WAVEGUIDE

Fig. 1—Conical horn.

The absolute gain of a conical horn of arbitrary di-
mensions is given by the theoretical curves of Fig. 2
which were derived by Gray and Schelkunoff.? A num-
ber of horns measured over a wide range of values show
excellent agreement with the calculated values of Fig. 2.
Conical horns of a fixed length and varying aperture
size exhibit a gain variation characteristic which is
analogous to that of rectangular horns. For a conical
horn whose axial length L is fixed, the axial gain in-
creases as the aperture diameter d, increases up to a
certain optimum value. For all other values of dm the
gain wili be less. The dimensions which corre-
spond to a maximum gain for a given length are horns
of optimum design. These proportions are indicated by
the dashed line of Fig. 2. However, for the case of coni-
cal horns whose aperture (dm) is fixed and the axial
length is allowed to vary the gain varies in a different
manner, the maximum gain now occurs when the
length is infinite. The latter is, of course, equivalent to
a circular waveguide radiator whose diameter is dm.

The measured values of 6 conical horns, whose pro-
portions vary over a wide range, are indicated by the
points a, b, - - -, fin Fig. 2. Of these, horns a and b are

3 M. C. Gray and S. A. Schelkunoff, Bell Telephone I.aboratories,
from unpublished data.
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. N lobe and are relatively free from minor lobes. In the:
i 1 clectric plane, the minor lohe is separated from the |
: = e major lobe for (a) and (b) where the values of d,, are ;
¥ - appreciably less than optimum. However, as the value !
: e . of d.. approaches the optimum value, the minor lobe |
| moves toward the axis of the beam and merges with |
’ ""‘"‘H it the major lobe, as shown in Fig. 3(¢). As d., increases !
| T | heyond the optimum, the minor lobe continues to rise
F ' 1 higher on the side of the major lobe as indicated in
-lzoo ., Fig. 3 by patterns (d) and (e). A still further increase
S 2 : 3 in d, to the proportions in(lic.n.c(l in Fig. 3(f), prorluc.es
: 2 e asplitting of the nmjor.lol)c with the resul.l th.at ra(lnf'z-
| % I 100 § tion 1s no longer a ma\lmum.along.the axis. To obtain
‘ ar le o good major lobe characteristics which are moderately
,[ 'é" ]6 2 .free from minor lobe effects, it is .preferal)le to operate
: é’ g o n the range w !lerc the aperiure diameter, .., does not
| =l Lo < exceed the optimum value. |
. " | 111, Orrivium HorNs
| m' | ° BN ] fzo The o!)limum h()r.ns considered throughout this paper
| ‘ ) L | ] ‘ are restricted to conical horns so proportioned that for a
| LUm [ omTimom nomm Line . given axial length L, the antenna gain is a maximum.
' BB ] e e T 1 Optimum horns are generally most useful since they
“H T T 1 }w comprise the most compact antenna for a given gain.
44 - -J dm [ [
: alj i l ‘ | | 1

a8 o8 10 s 2 3 4 3 e & 10 s 20 30
DIAMETER OF HORN APERTURE IN WAVELENGTHS

Fig. 2—The absolute gain of a conical horn as a function of aperture
diameter (d,,/A) for a series of axial lengths, L.

for values of aperture diameter d,., less than optimum,
point ¢ corresponds very closely to optimum, and horns
d, e, f are for horns whose diameter (d,) exceeds opti-
mum. The radiation characteristics of these particular
horns are plotted in Fig. 3. These patterns indicate a
typical behavior over this range of horn proportions, in
that the magnetic plane patterns have a single major
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Fig. 3—UDirectional characteristics are shown of a series of conical
horns of varying proportions. In Figs. (a) and (b) the apertures
for horn length L are of less than optimum value, in (c) of opti
mum value, and in (d), (e), (f) of greater than optimum value.
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Fig. 4 -Shows diameter 4. and axial length L as a function of
axial gain for conical horns of optimum design.

Fhe gain-dimensional dara for optimum horns is
given in Fig. 4. The geometrical relationships are

[ E

T =03 (1)
L di,

A 0'3<x> =

where /, the radial length, is indicated in Fig. 1.

A typical measured radiation pattern for an opti-
mum cpnical horn, whose absolute gain is 17.7 db, is
shown in Fig. 5. A\dditional experimental data are pre-
S(.ante(l in nomographic form in Fig. 6 for plotting the
directional characteristics of optimum horns whose aper-
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Fig. S—Radiation pattern of a 17.7-db gain conical
horn of optimum design.

ure diameter dn/\ lies in the range of 1.5-15\. In this
iomogram the amplitude, relative to unity in the di-
-ection of maximum radiation intensity, is represented
»y the slant lines, the abscissa the value of aperture
I./\, and the ordinate gives the radiation angle relative
-0 the axis of the beam. The beam angle ¢, between
sgints 3 db below the maximum radiation intensity, is
70
$y ~——— degrees (beam angle in the magnetic plane) (3)

A

b~ — degrees (beam angle in the electric plane). (H

m

A

As indicated in (3) and (4) above, the beam angle is
somewhat sharper in the electric plane than in the mag-
netic plane. These two beam angles can be made equal
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(at points 3 db below maximum radiation intensity) by
deforming the circular aperture to an ellipse whose
major to minor axis ratio is approximately 1.2, the minor
axis being parallel to the electric plane.

1V. EFFECTIVE ArREA OF CoNical HORNs

The effective area Ao of an antenna is

)

Aett = —
. 4II"

where g is the absolute power gain and M the free-space
wavelength. For an antenna whose intensity distribu-
tion, polarization and phase are uniform across its
aperture, the effective area is equivalent to the actual
aperture area A. While it is difficult to realize this de-
gree of perfection in practice, it serves as a criterion to
indicate how closely the performance of an antenna
approaches the ideal. Usually the effective area of an
antenna is expressed relative to the actual area, as a
ratio Aerr/A. The aperture area of a conical horn is

-

a (6)

and the ratio

(7)

where g is the absolute power gain. The effective area
for a conical horn of arbitrary proportions may be cal-
culated from the values of g (after converting to power
gain) and the corresponding values d./\ in Fig. 2. For
a horn whose dimensions correspond to optimum de-
sign, the effective area is 0.52 or 52 per cent that of the
actual area. When the aperture (d) of a conical horn is
fixed, its effective area increases with the axial length
(L) and reaches a maximum value of Ae/A =0.84
(84 per cent) for very long horns. The effective area
as a function of the axial length, relative to the length at
optimum, is shown in Table L.

TABLE 1
Errrcrivi ArEA oF Conical Horxs

Effective area
Aun/A

Length relative
to optimum

0.
0.
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Fig. 6- Nomograph for plotting the radiation characteristic for
conical horns of optimum design.

529,
699,
75%
807,
829
® 847

e DD -
22w

As is indicated in this table, only a small increase in

. effective area or axial gain is realized by increasing the

axial length beyond 2 or 3 times the value corresponding
to optimum.
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Interference Characteristics

"

March

of Pulse-Time Modulation”

ERNEST R. KRETZMERT, ASSOCIATE, IRE

Summary—The interference characteristics of pulse-time
modulation are analyzed mathematically and experimentally; par-
ticular forms examined are pulse-duration and pulse-position modu-
lation. Both two-station and two-path interference are considered.
Two-station interference is found to be characterized by virtually
complete predominance of the stronger signal, and by noise of
random character. Two-path interference, in the case of single-
channel pulse-duration modulation, generally permits fairly good
reception of speech and music signals.

I. INTRODUCTION
3XIOI\'G the most important characteristics of a

modulation system is its susceptibility to noise

and to interference caused by other communica-
tion services or multipath transmission. Different svs-
tems may exhibit totally different behavior under iden-
tical conditions of interference. Pulse-time modulation
(PTM), of which pulse-duration modulation (PD)I
and pulse-position modulation (PPM) are particular
forms, has been in use for point-to-point communica-
tion for the past ten years. While much has been written
about its properties with regard to fluctuation noise,!?
little attention has been paid to its characteristics with
regard to two-path or two-station interference.

II. TERMINOLOGY AND NOTATION

The two signals involved are referred to as the desired
and interfering signals, respectively. The desired signal
consists of rf pulses having unity amplitude, while the
interfering signal may be pulsed or continuous and has
an amplitude a. The quantity a is therefore the inter-
ference level as well as the interference ratio. The fol-
lowing notation is used in the remainder of this paper:

a =interference level or interference ratio (a<1
s=slicing level
¢ =rf phase difference
é=rise or decay time of pulse edge
At =time shift caused by interfering signal
I' = pulse-repetition period of desired signal
E =peak voltage of pulses at slicer output
V,=effective noise voltage, based on low-pass audio
characteristic having zero db gain and an
equivalent noise bandwidth equal to 1/2T

* Decimal classification: R148.6 X R170. Original manuscript re-
ceived by the Institute, July 27, 1949; revised manuscript received
December 5, 1949. Presented, 1949 IRE National Convention, New
York, N. Y., March 7, 1949,

This work has been supported in part by the Signal Corps, the
Air Materiel Command, and the Office of Naval Research.

t Formerly, Massachusetts Institute of Technology, Cambridge,
Mass., now, Bell Telephone Laboratories, Inc.,, Murray Hill, N. J.

! E. M. Deloraine and E. Labin, “Pulse time modulation,” Elec-
ronics, vol. 18, pp. 100-104; January, 1945,

2 Z. Jelonek, “Noise problems in pulse communication,” Jour.
TEE, part 111A, vol. 94, no. 13, pp. 533-545; 1947,

1", = peak signal voltage, based on an audio charac-
teristic having zero db gain at the signal fre-
quency or frequencies

d, =average duration of desired pulses

D;=duty factor of interfering pulses

Arf=difference between the radio frequencies of the
desired and interfering signals

F=probability that the resultant of two overlap-
ping pulses fails to reach the slicing level.

I11. How INTERFERENCE AFFECTS PTM SvysTEMS

In a PTM system all information is conveyed by the_
timing of pulse edges, regardless of whether the duration
or the position of the pulses is modulated. A step which
is essential in the detection of time-modulated pulses is
the so-called slicing process, illustrated in Fig. 1(a).
Before being sliced, the pulses have rise and decav times
determined by the system bandwidth; at the instant
at which a pulse edge passes the slicing level, a new,
much steeper pulse edge appears at the slicer output.
Fig. 1(b) shows the effects of three- bursts of inter-

by

s

X
e,
1o
; ad =i
SLICER INPUT SLICER INPUT

3

— ——

SLICER QUTPUT
(a) (b)

Fig. 1—(a Hlustration of slicing process. (b) Three ways in which
interference may enter PTM systems.

SL CER OUTPUT

ference, each reaching the slicer output in a different
manner: the first pierces the slicing level directly
(@>s), the second cancels part of the desired pulse
(1—a<s), and the third shifts the trailing edge of the
desired pulse. The type and magnitude of the disturb-
ance cagsed by the interference depends very much on s;
In practice s is easily adjusted

IN. Cuoice of SLiciNG LEVEL

. Both theory and experiment lead to definite conclu-
si0ns as to optimum slicing level. The optimum value is
generally s=0.5 for small interference ratios, since the
pulse edges are steepest at one-half the peak value, and
the spurious time shifts of the edges are consequently
minimized. For interference ratjos exceeding one-half
(¢>0.5), the optimum value of s depends on the type
of interference. In the case of two-station interferer;ce.
?t is always desirable to prevent the modulation of the
interfering signal from reaching the recejver output;
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sonsequently, the best position of the slicing level is
just above the interference level (s=a+). On the other
hand, in the case of two-path interference, the modula-
tion of the interfering signal is the same as that of the
desired signal, except for a small delay; as a result, the
optimum slicing level is well below the interference
level (s<a and s<1—a), though only for single-channel
PDM systems.

V. THE TiME-SHIFT EFFECT—T WO-STATION
INTERFERENCE

Although spurious time shifts of the pulse edges are
the most common way in which interference from
another station enters the system, the resulting dis-
turbance is generally not of serious consequence. The
maximum possible time shift (see Fig. 2) is given by

Alpex = @6, a <0.5, (n

RESULTANT FOR ¢ +0°

eiﬂ b
_/ RESULTANT FOR ¢180°
-

SLICING LEYEL /

_ﬂéf

~

/ mrensgnme
ENVELOPE
DELIRED PULSE
ENVELOPE

Fig. 2—Illustration of time-shift effect: an interfering pulse overlaps
the leading edge of a desired pulse, thereby advancing or retarding
the time at which the pulse edge passes the slicing level.

if linearly rising and falling pulse edges are assumed.
This relation serves as a good guide in appraising the
time-shift magnitudes, although the exponential shape
of the edges used in practice modifies the relation con-
siderably. Not all pulse edges overlapped by interfer-
ence are shifted by the maximum amount, Aly..; the
maximum shifts occur only if the rf carriers of the over-
lapping pulses are exactly in phase or out of phase, i.e.,
for ¢=0° or 180° (see Fig. 2). Intermediate values of
the rf phase difference ¢ will cause intermediate time
shifts. In general, ¢ is different each time an interfering
pulse overlaps part of a desired pulse. Furthermore, with
the type of pulse transmitter used in practice, the
change in ¢ from pulse to pulse is essentially random;
that is, successive values of ¢,—and hence of At,—are
substantially independent of each other, all values of ¢
being equally likely.? Thus, unlike the intentional time
modulation of the pulse edges, the time shifts caused by
interference are random and consequently give rise
to random noise in the receiver output. Such “random
time-shift noise” is encountered in both PDM and
PPM systems, with a<0.5 and s=0.5, regardless of
whether the interfering signal is pulsed or continuous,

* It is possible to construct pulse transmitters which produce co-
herent oscillations in such a way that the behavior of ¢ is completely
nonrandom,

Kretzmer: Interference Characteristics of Pulse-Time Modulation

253

The pulse-edge time shifts have a probability dis-
tribution which depends on the relation between Af
and ¢. The probability distribution in turn determines
the mean effective value of At, which turns out to be ap-
proximately 0.7 Afmas* Accordingly, the resulting noise
voltage would be given by

14 07Em (2)
n . T maxs

if one edge of each pulse were overlapped by interfer-
ence and if the audio system had an equivalent noise
bandwidth equal to 1/2T. With continuous interfer-
ence, both edges of each pulse are overlapped and under-
go shifts which may add in phase or may partially can-
cel each other, depending on the value of Arf. In the case
of pulsed interference, only a fraction D, of all pulse
edges are overlapped, or an average of 2D, edges are
shifted per pulse. Therefore, excepting certain special
cases, the effective noise voltage is given by

E ___ E -
Vo= 0.7 —%- V2D; Alpax = —%- as+/D, (a <0.5). (3)

In order to make this noise voltage more meaningful,
one may compare it to the signal voltage. The peak
signal in a fully modulated PDM system cannot exceed

E
m=?a (4)

so that the maximum possible ratio of peak signal volt-
age to rms noise voltage is roughly equal to d\/ad~/D,.
In a typical case, the values may be d, =5 usec, D;=0.1,
5=0.5 psec,5 a=0.3, so that the ratio is approximately
100. This relatively high ratio explains why, for inter-
ference ratios below one-half (a <0.5), the interference
(nanifesting itself purely as random noise through the
time-shift effect) need not be of serious consequence.
In a typical PPM system under similar conditions, the
output signal-to-noise ratio would be still higher as a
result of a smaller duty factor.

V1. PARTIAL CANCELLATION OF PuLsEs—Two-
STATION INTERFERENCE

The cancellation effect (see Fig. 1(b)) is encountered
for 0.5<a<1.0, s=a. This condition occurs, particu-
larly, in the case of two-station interference with the
desired and interfering signals of almost equal strength.
Like the time-shift effect, the cancellation effect is ran-
dom in nature because of the random variation of the
rf phase difference ¢. Consequently, some pulses or por-
tions of pulses fail to reach the slicer output at random.

¢ The subject of random timne shifts has been analyzed in detail
by the author by means of the auto-correlation method. (Technical
Report No. 92, Research Laboratory of Ilectronics, M.LT.) It is
hoped to publish the results.

N; This implics a syatem bandwidth in the order of magnitude of
1 Mec.
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Fig. 3 shows the possible resultants of two overlapping
pulses, the gradation being indicative of the probability
distribution of the resultant. It can be shown that any

! o
1 e 1 I i

Fig. 3—Possible resultants of overlapping pulses. The resultant may
fall below the slicing level for s=a+ but will always exceed the
slicing level for s <1 —a.

desired pulse which is overlapped by interference has a
probability F of failing to reach the slicer output, where

F= cos™! (1/2a)|. (5)

The main result of the “randomly missing pulses” is
random noise, generally more severe than that caused
by the time-shift effect. In the case of I’'P\I, the mag-
nitude of the noise is very much dependent on the type
of demodulator used. In the case of PDM, where the
demodulator usually consists only of a low-pass filter,
the noise spectrum and voltage are readily determined
by means of auto-correlation analysis. The noise voltage
is given, within a few per cent, by

E
V. = : d\\F = F? (6)

if the interference is continuous. \Vith pulsed interfer-
ence having a duty factor D,, the noise voltage is ap-
proximately equal to (6) multiplied by D,. Reference to
(4) shows the maximum ratio of peak signal voltage to
rms noise voltage to be about 1/D;v/F—F, For a
nearly equal to one, and D,=0.1, this ratio is almost 30,
but larger interference duty factors rapidly reduce the
ratio to unacceptable values. Those pulses not lost
through cancellation are still subject to the time-shift
effect which contributes some additional noise. The
variation in noise with intereference ratio is small for
0.6 <a<1.0, since v/ F— F, is a slowly varying function
of a. Even for interference ratios as high as 0.95, the
modulation of the “taller” desired pulses is marred only
by the random noise discussed above; the modulation of
the interfering pulses is not audible, that is, a strong
“capture effect” prevails.

VII. Two-I’ATH INTERFERENCE

As indicated in section 1V, two-path interference, in
the case of single-channel PDM systems, is handled
quite differently than two-station interference. In other
systems, it is treated like two-station interference

PROCEEDINGS OF TIHE I.RE.
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(s>a), and the same effects are therefore encountered.
However, the two pulse trains have identical repetition
rates, so that their degree of overlap depends critically
on the time delav between them.

The noise produced by the time-shift and cancellation
effects can be avoided by meeting the conditions s<a
and s<1—a«. INig. 3 is helpful in showing that a suf-
ficiently low slicing level means not only avoidance of
the cancellation eflect but also mixing of the desired
and interfering pulse trains. This technique is per-
missible in single-channel IPDMNI systems modulated
with speech or music, since the receiver output then
suffers essentially only from one defect which is usually
tolerable and frequently unnoticeable: the output con
sists of the sum (or sometimes half the sum)® of the
modulation signal and its delaved replica. Since the
time delays encountered in practice are below the resolv-
ing time of the ear (rarely more than a few milliseconds
at 30 Mc and much less in the microwave band), the re-
sult is merely a modification of the audio-frequency
characteristic. The original characteristic is multiplied
by a function having the shape of a full-wave rectified
sinusoid. Perfect nulls occur at all frequencies which are
odd integral multiples of half the reciprocal of the time
delay, while response maxima are at zero frequency and
all frequencies which are integral multiples of the re
ciprocal of the delav. With a time delay of 10 usec,
the first null is at 50 kc, and the effect on the audio
characteristic is negligible. \ time delay of 0.5 msec
results in nulls at 1, 3, §, , ke, and even this is
scarcely noticcable for speech or music unless A-B
tests are made. Nonlinear distortion occurs under cer-
tain conditions of overlap between the two pulse trains,
but these conditions are critical and the probability of
their occurring is low. Good reception is obtained for
mterference ratios as high as ¢ =0.08, provided that the
background-noise level is suthciently low to permit the
condition 5 <0.02

V11l Coxcrusions

The most definite and surprising conclusions appear
in the case of single-channel P] )N Interference from a
second PDM station causes onlv random noise, and
under most conditions the stronger signal remains in
telligible until the interference ratio exceeds 0.95. If
the interfering pulses become “taller” than the desired
pulses, reception switches very abruptlv from the de
sircd.t.o the interfering signal modulation. The required
condition s=a4 is ecasilv maintained automatically
over limited signal ampitude ranges. \s for two-path
interference, fairly good reception is usually obtainable,
even with nearly equal path attenuations. Experi-
mental simulation of the various interference conditions
shows that, so far as receiver design is concerned, the

¢ Depending on the exact 1y peof
degree of overlap between the 1wo
be unimpaired.

(Iur.n.iun modulation and the
pulse trains, the output may even
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above findings hinge on one important but easily ful-
filled requirement: the all-important slicer must re-
move a slice whose thickness should not exceed a few
per cent of the pulse height, and whose level can readily
be varied over the entire pulse-amplitude range. Com-
paring single-channel PDM with conventional wide-
band F)M, one finds that, while the characteristics of the
ideal F\I system are quite superior to those of the
PD)I system, they are so difficult to realize that PDMI
may well compete with F)M in applications permitting
relatively large bandwidths (1 Mc).

The interference characteristics of time-division mul-
tiplex PDMI systems differ from those of simplex PDN\I
systems in two important respects. First, the larger
duty factor associated with multiplex systems causes
the random interference noise to be more severe, mak-

. ing reception poor or impossible for ¢>0.5. Second, two-
path interference cannot be handled by the technique
described in section VII, since cross talk between chan-
nels would result; instead, it must be handled in the
same way as two-station interference (s>a), so that
reception is generally acceptable only for a <0.5.

PPM systems differ from PDM systems chiefly in
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that they have a smaller duty factor for the same band-
width. The pulse duration, instead of varying between
a minimum and a maximum, is constant at the mini-
mum permitted by the system bandwidth. Apart from
the resulting saving in power, the smaller duty factor
makes the interference noise less severe. As a result,
PPM multichannel systems are distinctly preferable to
PDM multichannel systems, the former being capable
of intelligible reception even for @>0.5 (though not
generally in the case of two-path interference). Single-
channel PPM systems, although in some respects po-
tentially superior to single-channel PDM systems, are
hardly superior in practice unless one resorts to clah-
orate demodulation and synchronization schemes. Con-
sequently, in single-channel pulse applications, the use
of PDM would seem to be preferable, especially if sim-
plicity is a factor.
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Echoes in Transmission at 450 Megacycles
From Land-to-Car Radio Units

W. R. YOUNG, JR. T, ASSOCIATE, IRE, AND L. Y. LACY?, SENIOR MEMBER, IRE

Summary—By the use of short pulses of 450-megacycle carrier,
the echoes which appear in transmitting from a land station to a
moving car in New York City have been investigated. The results

show the multiple-path nature of transmission. Sample pictures of

the received pulses are given, and, in addition, a statistical analysis
of the multiple-path situation is presented. These results are of use

in considering the possibilities of systems employing a wide modu-

lation band.

INTRODUCTION
‘I 1\CHOES MAY CONSTITUTE a serious limita-

tion on the performance of radio transmission

systems employing a wide modulation band. As a
part of a program to study the possibilities of multi-
channel mobile telephone systems occupying a relatively
wide band, a test was arranged which would show the
echoes encountered in transmission between a land sta-
tion and a car. The test was conducted at 450 Mic since
this general region of the spectrum appears to be a spot

* Decimal classification: Rii 3.617.7XR113.307. Original manu
script received by the Institute, May 3, 1949; revised manuscript re-
ceived, December 6, 1949, Presented, 1949 [RE National Convention,
New York, N. Y., March 8, 1949,

t Bell Telephone Laboratories, Inc., New York, N. Y.

where such a wide band might be assigned. The tests
cover the lower part of Manhattan, in New York City.
Radio echoes result when some components of the
signal travel by indirect routes involving reflection from
buildings and other prominent structures. Because these
transmission paths are longer than the direct path, the
corresponding components of the signal will be delayed
compared to that obtained over the direct path. In ad-
dition, the amplitudes of the echoes may be either
greater or less than that of the direct signal. Reception
may be impaired in certain kinds of systems if the re-
ceived signal is the sum of several signals which are iden-
tical except for differences in attenuation and delay.
The effect of multiple-path transmission may be
viewed in several different ways. Thus, for example, if
the signal is simply a continuous-wave carrier, the re-
ceived signal will be the vector sum of the carriers which
arrive by way of the direct and echo paths. It will be ap-
parent that the resultant signal may be made large or
small and may have its phase varied by the exact man-
ner in which these components combine. For any given
echo situation the amplitude and phase characteristics
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of the net transmission path may be expected to vary
with frequency. This is one manifestation of echoes.
Echoes are perhaps more easily visualized if the signal
is a short pulse of rf power. When such a signal is sent
out from a land transmitter, several pulses of signal may
be received at a car at different instants according to the
delay of the several paths. This is illustrated for the case
of one echo in Fig. 1. The difference in time of arrival of
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Fig. 1—Illustration of direct and echo transmission.

the two pulses is related to the differences in path dis-
tance. For example, if the second pulse arrives 5 micro-
seconds after the first, it would mean that one path is
about one mile longer than the other.

METHOD OF TESTING FOR ECHOES

The presence of echoes could have been detected
therefore, by measuring the transmission characteristic
over a frequency range, using a continuous carrier, or by
inspecting the received signal when the transmitted sig-
nal was a pulse of power. The latter method was chosen
for the purposes of these tests because it seemed the sim-
pler and because the echo situation is then presented in
a form which can be easily visualized.

A 100-watt pulse of rf power }-microsecond long was
radiated from a transmitter located at the top of the
telephone building at 32 Avenue of the Americas. A ver-
tically polarized antenna having 6 db of gain was used
A schematic of the receiving equipment in the test car is
shown in Iig. 2. The test car was equipped with an os-

A MQU CED
5 wwip AN/APA-4 RECEIVER
J r—
1-F AMPLIFIER ¢c-R
(4 MC BAND VIDEO 05Cn.Lo 18-MM
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_cm:*n._u 9] |8 DELAY 9] fal

MIXER LINE ] L

R-F PRE > . > = S
AMPLIFIER OETECTOR —_—
SWEEP
N TRIGGER
BEATING — Bl s

OSCILLATOR CONTROL

Fig. 2—Test equipment for 450- Mc echo measurements
(mobile unit).

cilloscope which presented a picture of the received
pulses plotted against timne. After the echoes had had
time to die away, another pulse was radiated from the
transmitter and another train of pulses and echoes was
registered on top of the first train on the oscilloscope.
The transmitted pulse was repeated every 100 microsec-

March

onds. To one viewing the oscilloscope, the echo situation

thus appeared as a continuous presentation.

The time sweep for the oscilloscope was operated on
a start-stop basis, arranged to trigger at the instant that
the first of a train of pulses arrived. The triggering pulse
was therefore the one which arrived by the direct or at
least the most direct path. In order that the sweep
would have time to get under way before the start of
the vertical deflections corresponding to the pulses, the
received signal was passed through a 5-microsecond de-
lay line on its way to the vertical deflection circuit of the
oscilloscope while the pulse train was passed directly to
the sweep-trigger circuit with no delay. The time sweep
covered about 25 microseconds.

A special automatic gain control, operated by the
largest pulses being received, depressed receiver gain
by the amount required to give these pulses a predeter-
mined constant value. Other pulses, of course, were cor-
respondingly smaller. This action took place even
though the largest pulse was an echo rather than a di-
rect pulse.

|
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Fig. 3 -Sample of pulse transmission without echoes (on Fifth
Avenue at 95th Street)

FFig. 3 shows the picture obtained on the oscilloscope
when there were no echoes. It thus illustrates the trans-
mission of a pulse through the entire system. Certain
small imperfections, which are due to the 5-microsecond
delay line, will be noted. These are small enough that
they do not affect the results.

PuLse axp Ecuo PicTurEs

The pattern of received echoes differed from one gen-
eral location to another. In fact, it changed as the car
moved over short distances.! A record was obtained of
the echo pattern by photographing the oscilloscope with
a moving picture camera. In order to obtain a fair sam-
pling of locations, pictures were taken at the points on
an imaginary grid of }-mile spacing in the area of Man-
hattan from 39th Street south. Pictures were obtained
at certain other locations as well.

Fig. 3 is a tracing of a picture taken on Fifth Avenue
at 95th Street. This is typical of Fifth Avenue, except at
its southern end. Reference to a map shows that Fifth
Avenue points directly at the transmitter location.

' The pictures given in Fig. 4 are tracings made from
single frames of the motion picture film. They are in-
tended to illustrate the different types of echo patterns
which have been observed. .\s will be noted, thev vary

2
The pattern was also observed to change when the test car was

stationary and other vehicles in the . Icinity were in motion

|

.
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from the simple picture which contains few echoes to
those which are filled with echoes in about the first 10
microseconds.
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Fig. 4—Sample pulse patterns received at various locations: (a)
30th Street at Avenue of the Americas; (b) First Avenue at 31st
Street; (c) 14th Street between Eighth and Ninth Avenues; (d)
14th Street at Union Square; (e) West Side Highway near Horatio
Street; (f) Hudson Street at Desbrosses Street; (g) Greenwich
Street at Cortlandt Street; (h) Wall Street at Broadway; (i)
South Street at Rutgers Street; (j) Monroe and Jefferson Streets;
(k) East River Drive at Delancey Street.

As mentioned above, the patterns changed as the car
moved at most of the locations tested. For lack of space
it is not possible to include enough pictures here to
show this factor at all of the locations given in Fig. 4.
However, for two locations, Fig. 5(a) and (b) shows a
succession of motion picture frames which were taken
at the rate of 16 per second. Since the car was moving
10 to 15 miles per hour the successive pictures represent
locations which are in the order of one foot apart.

The rapid changing of echo sizes noted in the fore-
going pictures and in the original films may be explained
as follows. In many cases what appears to be a single
echo is actually two or more pulses which arrive at very
nearly the same time, say, within § microsecond. The
resulting pulses on the oscilloscope overlap in time and
appear as one pulse. The resultant amplitude then de-
pends upon the relative phases of the individual com-
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Fig. 5 Sequence of motion picture frames recording pulse patterns:

(a) on Fifth Avenue at 10th Street; and (b) on 14th Street at
Avenue of the Americas.
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ponents. These change as the car moves, with the result
that at one moment they aid and at another tend to
cancel each other. This variation can complete a cycle
in as little as one foot of motion of the car in a particu-
lar direction, or further in other directions.

STATISTICAL RESULTS

While the foregoing pictures give a rough over-all
view of the echo situation throughout the area covered
by the test transmitter, a better quantitative view has
been obtained by a statistical analysis. For each location
the strongest signal component is taken as the reference,
and all other components are related in both loss and
delay to this standard. It is desirable to assume the
reference path in this way because, in general, the dis-
turbance caused to transmission will be dependent on
the relative loss and delay of the minor paths.

In applying these results to the engineering of wide-
band systems, it will be useful to have the data in the
form of probability that minor paths will appear within
specified intervals of relative delay. For this discussion,
two classes of minor paths are distinguished. One class
comprises those minor paths whose loss is between 0
and 6 db more than the main path, and the second class
comprises those whose loss is between 0 and 12 db.

The statistical analysis is shown in two differents
forms in Figs. 6 and 7. These data were derived from
the moving picture film by analyzing five frames at
random for each of 40 test locations. Thus, a total of
200 frames were analyzed. In order that the data would
be as random and representative as possible, the test
locations included in this analysis were at the points
of an imaginary one-half mile grid.

Fig. 6 shows how the minor paths are distributed in
various time delay intervals for the two classes of path
loss. It shows, for example, that in the delay interval
from 4 to 5 microseconds, there is a probability of 18.5
per cent that a minor path will exist whose transmission
is within 12 db of the major path. On the other hand,
there is a probability of § per cent that minor paths
within 6 db of the reference path will be present.

The ordinates shown for negative values of time
represent those cases where paths exist for which the
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Fig. 6—Probability of minor paths occurring within specified
delay intervals.
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delays are less than that of the reference path. This is :
because the reference is taken as the one with the least
attenuation, which is not always the one with the least
delay. .

Fig. 7 is derived from the same data as Fig. 6, re-
plotted in cumulative fashion. It shows the average
number of minor paths which appear at relative delays
greater than any specified value. One pair of curves ap-
plies to paths having positive delay (greater than refer-
ence) for the two size classes. Another pair is for
negative paths (delay less than reference), and this in-
cludes the direct path occasionally. A third pair is the
sum of the first two, thus treating positive and negative
delay without distinction.

The meaning of these curves is best illustrated by
showing how a typical point was computed. For ex-
ample, one curve shows that the average number of
paths in the 0-to-12 db class which occur with positive
delays of 6 microseconds and longer is 0.22. This figure
results because 44 such paths were found in the total
of 200 sample moving picture frames.

It is expected that the foregoing pictures and statisti-
cal data will furnish at least a rough basis for deter-
mining the maximum bandwidth or shortest time inter-
vals that may be satisfactorily used in certain kinds of
multichannel communication svstems. While it will also
be of some interest to those concerned with television
transmission, it is not expected to be of much real value
in this connection because the transmission paths tested
in_this investigation were all from a stationary land
transmitter to a moving car. The situation might be
considerably different as between two fixed antennas,
both elevated above the street.
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A General Review of Linear Varying Parameter
and Nonlinear Circuit Analysis’
W. R. BENNETTT, SENIOR MEMBER, IRE

Summary—Variable and nonlinear systems are classified from
the standpoint of their significance in communication problems.
Methods of solution are reviewed and appropriate references are
cited. The paper is a synopsis of a talk given at the Symposium on
Network Theory of the 1949 National IRE Convention.

INTRODUCTION

7 T AHE SUBJECTS of linear variable and truly ncn-
l linear systems have been linked together as the
subject of this paper. It is proper from the view-
point of the communication engineer that this should
be so, although a mathematician would rate them as of
quite different species. The linear variable systems, in
which parameters are functions of independent vari-
ables only—in our case almost always one independent
variable, the time—are really much simpler than the
nonlinear ones, in which parameters change with the
dependent variables—in our case with current, voltage,
charge, flux, and the like. The linear variable case has
the advantage of a considerable amount of elegant ap-
plicable theory. As in the more familiar systems with
constant coefficients, the principle of superposition holds
and the various resolutions such as Fourier's, which ex-
press responses to complicated waves as sums of re-
sponses tosimple components can be used. We also have
highly developed specialized theories'~? such as that of
Mathieu's and Hill's equations, the Floquet theory of
differential equations with periodic coefficients, the cor-
responding theory of Bloch when more than one inde-
pendent variable appears, the Sturm-Liouville theory
for expansion in series of orthogonal functions, and
many other complete doctrines.

In the nonlinear case, the conditions required for the
linear theories disintegrate and use of the results is
clouded by suspicion, even in cases where there is a
germ of validity. We can not superpose solutions with-
out getting cross products or coupling terms which do
not satisfy the equation. The singularities, or values of
the variables at which peculiar behavior occurs, are not
predictable from the equation directly but become func-
tions of the constants of integration and hence of start-
ing conditions,

_* Decimal classification: R140X1R355.91. Original manuscript re-
ceived by the Institute, August 26, 1949; revised manuscript received,
Decemnber 13, 1949, Presented, 1949 [RE National Convention,
New York, N. Y., March 7, 1949,

t Bell Telephone Laboratories, Inc., Murray Hill, N. J.

"E. T, Whinaker and G. N. Watson, “Modern Analysis,”
Cambridge Press, 4th ed.; 1940,

2 1., Brillouin, “A practical method for solving Hill's equation,”
Quart. Agpl Math., vol. 6, pp 167-178; 1948, Also “Wave Propaga-
tion in Perindic Structures,” McGraw-Hill Book Co., New York,
N. Y., 1046.

. 'E. L. Ince, “Ordinary Differential Equations,” Dover Publica-
tions, New York, N. Y.; 1944.

But as far as behavior of the systems as parts of com-
munication circuits is concerned, the two types have
much in common. They are both generators of new fre-
quencies. In the nonlinear case, it is clear from trigo-
nometry that if we square or cube a current containing
sinusoidal components, we obtain new frequencies
which are harmonics and cross products of the original
frequencies. Likewise, in the variable linear case, a co-
efficient changing sinusoidally and multiplying a sinus-
oidal current produces sums and differences of the two
frequencies involved. Both types of systems therefore
have a common useful property for the communication
engincer—that of producing two or more new frequen-
cies for every one that grew before. This is one thing
that the lincar system with constant parameters will
not do for us, and it is an indispensable operation for
communication, even though it does complicate analy-
sis.

We shall divide the subject into four headings with
respect to functions performed in communication. The
first is the oscillator, or generator of independent fre-
quencies. We apply a battery, which is a source of fre-
quency zero cycles per second, and obtain in the output
a frequency f cycles per second, with the value of f an
intrinsic property of the oscillating system. This is es-
sentially a nonconstant parameter problem. It is true
that linear constant-parameter theory may enable us to
predict transient oscillations which grow in amplitude
indefinitely as time progresses, but this is not a satisfac-
tory description of steady-state oscillations. We know
that physical apparatus can not deliver indefinitely
large amplitudes, and hence for a useful result some
property of the system must limit the size. This prop-
erty is either a departure from linearity or a change in
parameters, and it is only from a study of the way in
which the system departs from linearity or changes its
parameters that we can predict the final amplitude of
the oscillation, its frequency, and wave form.

The second grouping is headed modulator. This de-
vice is a frequency shifter. Its general function is to
translate the spectrum of a signal from one part of the
frequency scale to another. It should do this in a linear
manner; that is, the shifted band should consist of com-
ponents with amplitudes linearly related to the ampli-
tudes of the corresponding components of the original
signal band. This may be accomplished in either a non-
linear or variable system, provided that the interaction
between the signal components and the frequency shift-
ing function, which we call the carrier wave, is expressi-
ble by first-order terms. The system may be highly non-
linear to the carrier wave and produce strong harmonics.
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This does not matter if the signal acts as a relatively
small perturbation on the response to carrier alonc to
give first order sidebands on the carrier or its harmonics
with terms proportional to the second- and higher-pow-
ers of the signal either negligible or outside the fre-
quency band of the output circuit. The linear non-
variable relationship between sideband and signal am-
plitudes enables much of the conventional constant-
parameter network theory to be taken over bodily to
the modulator problem.

The third item is headed distortion. Ilere we deal
with the imperfections in a communication system
which cause the final received signal to be different from
the one originally transmitted. \We ordinarily think of
distortion as a small departure subject to calculation by
the usual methods of expansion in power series or suc-
cessive approximation, but in some practical cases the
distortion is too large for such methods. Communication
systems exist in which the information is badly muti-
lated but still useful.

The fourth entry includes devices which have become
of increasing importance in recent years as the radio
engineer has expanded his field of operation. We shall
use the heading control mechanisms. Many of the
problems thus labeled have come out of military ap-
plications such as gun directors and guided missiles.
Older examples include signal range compressors and ex-
panders, variable equalizers, automatic volume control,
automatic-frequency control, and gain regulation. One
could also include here the various electronic switching
circuits, which are also closely allied with modulators
and oscillators.

1. Oscillators

Our starting point on this topic is the work of Poin-
care! on the curves defined by differential equations.
Here is a thorough discussion of the properties of the
solution of the general first order differential equation:

F(x, y, dy/dz) = 0. (1)

If our equation can be expressed in this form, Poincare's
work leaves little more to be asked; the various singular
points are classified and, in particular, the limiting
cycles which show the existence and nature of steady-
state oscillations are explained.

We point out that the approach of Poincare abandons
as impractical an attempt to solve nonlinear differential
equations in terms of standard functions with tabulated
values. The point of view is that the differential equa-
tion itself gives the necessary information and means for
abstracting this information can be developed. \We can
see how this might be so, for instance, if we can write
the equation in the form

dy/dx = G(x, y), (2)

¢ H. Poincare, “Oeuvres,” tome 1, Gauthier-Villars et Cic, Paris,
France, 1928; pp. 1-222.
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for this would enable us to calculate the slope at every
point of the plane. If these slopes are plotted as small
arrows of the proper inclination at a suflicient number of
points we can draw smooth curves through them which
have the right slopes and hence represent possible solu
tions. Such graphical constructions are not a necessary
adjunct to the reasoning required in determining prop-
erties of solutions, but are a help in visualizing relations.

Unfortunately our oscillatory circuits are likely to
give us at least second-order differential equations
rather than first. Now if we replace (1) by

F(x, vy, dy/dx, d*y/dx*) = 0 (3)

the Poincare method becomes more complicated. One
approach is to introduce a new variable z for dy/dx.
Then (3) can be replaced by two first-order equations,

(F(x, ¥, 3, dz/dx) = O).

4
z — dy/dx =0 )

These can be treated in three-dimensional space in a
manner analogous to the first-order treatment in two
dimensional space. Poincare, in fact, does treat the case
of two simultancous first-order equations and the cor-
responding properties of the three-dimensional curves so
defined, but of course the results are more difficult to
visualize and we would prefer a two-dimensional formu
lation. For this reason it is natural that much work
based on Poincare’s method has sought to reduce by
hook or crook to a first-order equation. It should not be
essential that such a reduction should be made, and
perhaps developments in topology may show us, or may
already have shown us, how to deal with any order, but
these matters secm at present to be rather obscure.
One case where there is an easy reduction of a second

order equation to first is that in which the time does not
appear explicitly in the equation of the oscillating sys-
tem. If our equation is of form:

F(I, dI/d1, d*I/dir)-= 0, (%)

where [ is the current and ¢ is the time, then, as one
learns early in the study of differential equations, we
can set d//dt equal to a new variable z, whereupon

d*l _ds dz d] dz
¢ dt dr 4 g1 ©
Our equation then becomes
F(I, 2, zdz/dI) = 0, (7)

.whlch 'is of the general first-order type. This reduction
is possxblg for the second-ordler oscillating circuit when
a battery is the only applied electromotive force. It does

not work in the so-called entrainment problem in which
an oscillator is pulled into sy

ternally applied wave.
specification of the app
reduction is no longer

nchronism with an ex-
Here ¢ appears explicitly in the
lied driving function and exact
possible. Even without an ex-
ternally applied wave varying with time, we may find
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sxact reduction to first order impossible because the
:omplete oscillating system includes derivatives of
aigher order than the second.

Reduction to first order in many such cases is how-
aver accomplished in effect by finding a good approxi-
mation. For example, the linear part of the equation
may give a good clue to the frequency of the oscillation.
If we then assume, as did Appleton and van der Pol&7,
a solution in the form

a(t) cos wot + b(¢) sin wof,
or if we prefer
A(t) cos [wot + ¢(8)],

where w, is the frequency given by the linear theory, we
can resolve the equation into two simultaneous ones in
a(t), b(t) or in A1), ¢(). Then if these functions vary
slowly with time, higher derivatives of them may be
neglected, and it may be possible to get a single first-
order equation relating @ and b or 4 and ¢. Poincare’s
theory is then applicable. The general principle is that
approximate methods are easiest to handle when we
make a good guess on the first try. The difficulty is often
one of proving just how good our approximation is. We
do not need to say much more about these principles
as they have been well covered in the literature.’1?

2. The Modulator

Considering now the modulator problem, we suppose ‘

that a large carrier wave swings the nonlinear elements
through most of their operating range. The problem of
how the system responds to the carrier itself may be dis-

¢ B. van der Pol, “On relaxation oscillations,” Phil. Mag., vol. 2,
series 7, pp. 978-992; 1926.
s E. V. Appleton and B. van der Pol, “On a type of oscillation-
hysteresis in a simple triode generator,” Phil. Mag., series 6, vol. 43,
p. 177-193; 1922,
7W. M. H. Greaves, “On the stability of the periodic states of the
tl;)ig‘(‘le oscillator,” Cambridge Phil. Soc. Proc., vol. 22, pp. 16-23;
1 .
% ]. W. S. Rayleigh, “Theory of Sound,” Second Edition, Macmil-
lan, London, England, vol. 1, pp. 76-85; 1894.
" [1. Bateman, “Partial Differential Equations of Mathematical
Physics,” Dover Publications, New York, N. Y., chap. 12; 1944.
10 [{. Jeffreys, “Approximate solutions of linear differential equa-
;i‘ozn: of second order,” Proc. London Math. Soc., vol. 23, p. 428;
924.
11 P, LeCorbeiller, “The nonlinear theory of the maintenance of
(;?)%igations,” Jour. IEE (London), vol. 79, pp. 361-378; September,
11 N. W. McLachlan, “Theory and Applications of Mathieu Func-
tions,” Oxford Univ. Press, New York, N. Y.; 1947.
1 M. L. Cartwright, “Nonlincar vibrations,” Science, vol. 21, pp.
64-75: April, 1949,
_MS. A, Schelkunoff, “Solution of linear and slightly nonlinear
(ll‘l)flgrenual equations,” Quart. Appl. Math., vol. 3, pp. 348-355;
4 N. Kryloff and N. Bogoliuboff, “Introduction to Nonlinear
Mechanics,” English translation by S. Lefshetz, Princeton Univ.
Press, Princeton, N. Y.; 1943.
18 A. Andronow and S. Chaikin, “Theory of Oscillations,” Prince-
ton Univ. Press, Princeton, N. J.; 1949,
17 N, Minorsky, “Introduction to Nonlinear Mechanics,” Jj. W.
Edwards, Ann Arbor, Mich.; 1947,
it K. O. Friedrichs, P. LeCorbeiller, N. Levinson, and J. Stoker,
‘;g‘%nllnwr Mechanics,” Brown University, Winter Semester, 1942~
"M, A Liapounoff, “Probleme Gencral de la Stabilite du Move-
ment,” Princeton Univ. Press, Princeton, N. J.; 1947
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posed of in various ways; for example, by assuming that
we swing between simple limiting conditions with the
transition regions having negligible importance. The
main feature is that a small superposed signal sees a
linear system with varying parameters determined by
the carrier wave. For example, a varistor does not fol-
low Ohm's Law but at each instance of the carrier cycle
there is a definite value of dE/dI applicable to a small
superposed signal, which accordingly encounters a linear
resistance varying periodically with time. Solutions for
the signal and its sidebands may therefore be carried out
by the theory of linear differential equations with pe-
riodic coefficients. If we use Fourier series to represent
the periodic coefficients, we are led to an infinite system
of linear equations in which the different signal and
sideband frequencies play the role of mesh currents in
constant parameter systems. The work is likely to be
unbearably burdensome, however, unless we can make
further simplifications.

One simplifying artifice which has been found useful
is that of terminating nonlinear elements in an idealized
impedance which is a pure resistance in the signal or
sideband range, and either zero or infinite at all other
frequencies. This reduces the number of meshes in the
equivalent constant parameter circuit because current
components flowing through a short circuit produce no
voltage drops, and likewise voltage components im-
pressed across an open circuit produce no currents. An
example of this method of attack is the paper by Peter-
son and Hussey.?-2 The reduction to an ordinary net-
work representation makes available a highly developed
art, including impedance matching, conditions for sta-
bility, and the various other powerful auxiliary theo-
rems and concepts employed in network design.

New light may be thrown on otherwise obscure prop-
erties. For example, the sideband power delivered may
exceed the signal power; the magnetic amplifier is based
on this principle. Or we may find that the impedance
facing a particular sideband has a negative resistance
component. In ordinary network theory this implies the
possibility of self-excited oscillations, and in modulation
theory it means that a sideband frequency could be pres-
ent even when no signal is applied. This gives a clue to
a set of phenomena related to oscillator theory some-
times described under the heading of subharmonic pro-
duction, frequency demultiplication, or quasi-free oscil-
lations. As in the theory of the more familiar battery-
driven oscillator, the negative resistance behavior
merely indicates the existence of free oscillations, and
not their final magnitude. We must depart from the
small signal case toward the region where the simplified
assumptions break down in order to get a complete solu-

3 [, Peterson and L. W. llussey, “Equivalent modulator cir-
cuits,” Bell Sys. Tech. Jour., vol. 18, pp. 32-48; January, 1939.
1 Sigurd Kruse, “Theory of Rectifier Modulators,” Thesis for

Doctorate, K. Tekniska Hogskolan, May 26, 1939.

B C, Peterson and F. B. Llewellyn, “The performance and
measurement of mixers in terms of linear-network theory,” I’roc.
I.R.E., vol. 33, pp. 458-475; July, 1945.
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tion. An instructive example of these principles is fur-
nished by Miller's frequency divider,® which consists of
a modulator followed by an amplifier with positive feed-
back to the modulator input. In nonlinear magnetic cir-
cuits a similar regenerative modulation process may oc-
cur within the iron. The effects may be self-starting in
some cases, while in others they may require some sort
of initial impact, or they may appear only above cer-
tain definite threshold levels of input. The frequencies
generated need not be related to the applied frequency
by ratios of integers, but may be combination tones of
the applied frequency with resonant frequencies of the
system. A comprehensive treatment of these effects has
been given by Peterson and Manley.

Similar phenomena are associated with nonlinear ca-
pacitors, and with nonlinear electromechanical sys-
tems.”2 A resemblance of some of the results to ef-
fects observed in spectroscopy led Hartley in 1928 to
propose a molecular model basecl on a nonlinear circuit
analogy to explain the Raman Effect—a scattering of
infrared radiation accompanied by a change in wave-
length, with the amount of wavelength change a func-
tion of the molecular properties of the scattering sub-
stance. The theoretical physicists were remarkably non-
enthusiastic. Why should they change to a difficult non-
linear model when they could linearize their problem by
seeking a probability density function instead of co-
ordinate values? Maybe we could learn something from
them. It seems that we know too much about our elec-
trical circuits; we know that they are nonlinear and so
far, while solutions of the nonlinear problem may be
hard to get, they do not fail to agree with experiment
when found.

3. Distortion

The distortion problem?” from the communication
point of view is usually expressed in terms of what hap-
pens to sinusoidal signals impressed on nonlinear or
variable systems. \When one sine wave is applied we ask
about the relative size of the harmonics which appear,
and when more than one sine wave is applied, the sizes
of the combination tones are important. Harmonic data
may not be enough, for in some cases the harmonics fall
outside the signal band. In such cases no extraneous
components appear until two tones are applied. Since
distortion is usually of interest when we try to meet
moderately severe fidelity requirements, the case in

B R. L. Miller, “Fraclionabfre(tlency generators utilizing re-
gengrative modulation,” Proc. I.R.E., vol. 27, pp. 446-437; July,
1939.

# E. Peterson and J. M. Manley, “Negative resistance effects in
saturable reactor circuits,” Trans. AIEE, vol. 65, pp. 870-881 : 1946.

# R. V. L. Harley, “Oscillations in systems with nonlinear react-
ance,” Bell Sys. Tech. Jour., vol. 15, pp. 424—410; July. 1936,

#® L. W. Hussey and .. R. Wrathall, “Oscillations in an electro-
mechanical system,” Bell Sys. Tech. Jour., vol. 15, pp. 411-443;
July, 1936.

?? So-called linear distortion which results only in change of
amplitude and pbase shift of single-frequency terms, and which
is subject to correction by constant parameter networks, is not the
type of interest to us here.
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which the distortion terms are relatively small is the .

most common. PPower series expansions based on Mac-
laurin's and Taylor’s theorems have therefore occupied
a dominant role. There was a time when we leaned on
Taylor's series as a sort of universal property of physical
systems. Qur household words amplification factor,
transconductance, and plate resistance stem from the
Taylor's series concept of evaluating partial derivatives
at an operating point. We are likely to think of the
existence of these derivatives as obvious from the engi-
neering axiom that physical data always yield smooth
curves.

Taylor's series was actually extended to cases where
the smoothness was not so evident. For example, E.
Peterson?® used a Taylor's series in two variables to
evaluate harmonic production caused by hysteresis, a

multiple valued response function. Here the response to |

sine waves could be represented by a family of hystere-
sis loops with the choice of loop depending on the peak
of the sine wave, and Peterson matched these conditions
with a double power series in instantaneous and peak
signals. The individual loops themselves were not very
smooth looking, but their form varied smoothly with
peak signal.

When it came to such things as an ideal rectifying
characteristic in which the slope is discontinuous at one
point, mathematicians gagged at any mention of Tay-
lor's series. It was unnecessary to bring in the idea of
derivatives, we were told, because \Weierstrass proved
an all-important theorem?® on the possibility of ap-
proximating continuous functions over a finite interval
to within any assigned degree of error by polynomials.
In the practical case polynomials are what we use, and
we do not have to evaluate all the higher derivatives or
write down infinite power series.

Freeing ourselves from the bounds imposed by dif-
ferentiable functions is a step forward; it reminds us
that it might be profitable to use other representations
than power series. Peterson and Keith?® used a Fourier
series to represent a rectifying characteristic in 1928.
The actual characteristic, of course, did not repeat it-
self periodically along the voltage axis, but the repeti-
tion period was made larger than any voltage applicd.
It thgn did not make any difference what mathematical
function was used outside the operating range. It is a
short step from series fepresentations to various integral
re|)1'e§entations, and much sophisticated calculating
machinery can thereby be brought to bear on distortion
problems.

‘ In nonlinear theory one early resigns himself to lim-
ited gencrality. If we can get a good solution for a single-
frequency input, it does not follow that we can solve a

*# E. Peterson, “Harmonic production in f i i
¥ Is

at low frequencies and low flux de ition” Bell Son Torhe Foia
vol“7tp% "% 796i\l()c10ber, ]029.Ulsmes' Bell Sys. Tech. Jour.,
- Loursat, “Matheinatica) Analysis,” English translation b
E. l}o EICdPn-Ck' vol. 1, p. 422; Gin'n and Co., Cannlg):idge. I\?ass.: 1904)f
Baine cterson and C. R. Keith, “Grid current modulation,”

ell Sys. Tech. Jour., vol. 7, Pp. 106-139; January, 1928.
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swo-frequency case for the same system with the same
nethods, and of course three or more frequencies in the
nput confront us with increasingly more woe. One prin-
siple of value is to generalize the problem by studying
the properties of periodic functions of several independ-
ant variable x, ¥, 2, - + - with a view toward applying
any results obtained to the special case in which
c=pl+0, y=qt+o, z=ri+y, - - - ¥ Single- and two-
frequency inputs were sufficient for the early needs of
communication engineers, but with the advent of multi-
channel carrier, larger numbers of input components
had to be considered. It was eventually realized that the
case of many applied frequencies approached that of a
random noise input. This equivalence had a two-fold
significance. Random noise could be used as a test signal
for multichannel carrier systems, and multifrequency
.modulation calculations could be applied to noise prob-
lems. Passage to the limit of an infinite number of com-
ponents actually resulted in a simplification compared
to the case of several components. New mathematical
methods, some of them borrowed from the field of sta-
tistics, were put to work.#—4°

4. Control Mechanisms

We shall not say very much about the last topic, not
because it is unimportant, but because of shortages in

5 W. R. Bennett, “New results in the calculation of modulation
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space and knowledge. There are chapters on nonlinear
and variable cases in MacColl's book* on servomecha-
nisms, and there are some scattered references in the
periodicals. There has been effective use of the analog
computer for solution of problems in this field. Here we
take advantage of the fact that the circuit itself knows
what to do, so that if we build a scale model we too can
get the right answers. A change in time scale is particu-
larly valuable because it enables us to predict a result
without waiting for the original system to act.

CONCLUSION

We close on a note of optimism and express a hope
that not only the analog, but the digital type of com-
puter as well, may be of increasingly more help as we
learn to work with them. Perhaps the knowledge that
a quick, accurate, and nontiring mechanism is available
to perform calculations will change our point of view.
If all we need to do is to formulate the laws governing
the physical system and then let the machine answer all
further questions, we should extend the scope of our
knowledge rapidly. However, the analyst must remain
the master and make sure he is studying the properties
of the nonlinear circuit, rather than those of the com-
puting machine.

37 David Middleton, “Rectification of a sinusoidally modulated
carrier in the presence of noise,” Proc. 1.R.E., vol. 36, pp. 1467-1477;
December, 1948.

3 M. Kac, “On the notion of recurrence in discrete stochastic
proc7esses," Bull. Amer. Math. Soc., vol. 10, pp. 1002-1010; October,
1947.

» | H. Van Vleck and David Middleton, “A theoretical compari-
son of the visual, aural, and meter reccption of pulsed signals in the
presence of noise,” Jour. Appl. Phys., vol. 17, pp. 940-971; Novem-
ber, 1946.

© W. R. Bennett, “Spectra of quantized signals,” Bell Sys. Tech.
Jour., vol. 27, pp. 446-473; July, 1948.

aL. A. MacColl, “Fundamental Theory of Servomechanisms,”
D. Van Nostrand Co., Inc., New York, N. Y.; 1945,

The Synthesis of Resistor-Capacitor Networks®

J. L. BOWERY, SENIOR MEMBER, IRE, AND PHILIP F. ORDUNGT?, SENIOR MEMBER, IRE

Summary—This paper develops a general method of synthesis
of a prescribed ratio of output-to-input voltage in the form of a
resistor-capacitor lattice.
| The method is described for both the cases where the output
terminals are unloaded and where a resistor-capacitor load is speci-
fied. The methods of transformation of the lattice to unbalanced
structure are outlined. Illustrative examples are given for each of
the cases discussed in the paper.
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HE IMPORTANCE of the resistor-capacitor net-
Twork in low-frequency work is well established.

This paper offers a method of synthesis through
use of the lattice structure. Although other methods
