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SMALLER POWER COMPONENTS

High temperature (class H) insulation, and, in many
instances, short life requirements, can effect
considerable weight and size reduction where these are
important. The curve at the left indicates anticipated
life versus temperature rise, using Class “H" insulating
materials. The curve at the right illustrates on one
typical type the variation in weight with permissible
continuous operating temperature.

TOROID DUST HIGH Q COILS

UTC type HQ (permalloy dust) coils have found wide
application because of their high Q, stable

inductance, and dependability. Four standardized groups
of stock coils cover virtually any high Q coil
application from 300 cycles to 300 Kc.

MAGNETIC AMPLIFIERS

Magnetic amplifiers are used extensively for both power
control and phase control. The left curve shown is that
of a sensitive saturable reactor structure controllable
with powers below .5 milliwatt. The right curve is

that of a moderate size power control reactor indicating
power to the load with saturating DC.

AUDIO FILTERS

The curve illustrated shows a group of filters affording
sixteen separate bands in the audio and supersonic
region with 35 DB attenuation at the cross-over points.
These have also been supplied spaced further apart (40
DB cross-over), with intermediate bands, permitting flat
top band pass action for any selected range

from 100 cycles to 200 KC.

May we design a unit for
your application problem.




to the 1950 IRE National Convention
and Radio Engineering Show

March 6-9, 1950

at the Hotel Commodore and Grand Central Palace, New York City

® Technical Sessions

Evervy field of radio-and-elec-
tronics will be explored and progress
reported in some 36 three hour ses-
sions and symposiums. More than
150 engineering papers will be pre-
sented, skillfully, organized by sub-
jects ranging from Broadcasting to
Nucleonies; Circuits to Electronics
in Industry.

e Social Events

IRE members renew friendships
and make new ones at the Annual
Meeting, the Get-Together Cocktail
Partv, Monday; The Presidents
Luncheon, Tuesday; and at the An-
nual Banquet, Wednesday. It is good
to know your fellow members—
worth the trip!

® Exhibits

A bigger and better than ever Ra-
dio Engineering Show will “Spot-
light the New” in 311 exhibits and
12 Theatres featuring the products
of 230 manufacturers and U. S. gov-
ernment services. Every exhibit is
educational and worth seeing.

TO SELL THE
RADIO
INDUSTRY

I’kocEepinGs or Tne L[.R.E. December, 1949, Vol. 37, No. 12, Publi
79 Street, New York 21, N.Y. Price $2.25 per copy. Subscriptions:

e Attendance

Nearly one-third of the total IRE
Membership attended the 1949 Con-
vention and Show. Other thousands
paid the $3.00 non-member registra-
tion to attend. This important na-
tional event scored a record 15,710
attendance this year. (Complete an-
alysis on request.)

Calendar of
COMING EVENTS

1040 Annual Meeting, National So-
ciety of Professional Engineers,
Houston, Texas, December 8-10

Southwestern IRE Conference, Baker
Hotel, Dallas, Texas, December
9-10

1950 IRE National Convention, New
York, N. Y., March 6-9

Fourth Annual Spring Television
Conference of the Cincinnati Sec-
tion of L.R.E., April 29, 1950, En-
gineering Societies Bldg., Cincin-
nati, Ohio

IRE Regional Meetings

1950 IRE Technical Conference, Day- 1
ton, Ohio, May 3-5 !

Accelerate Electronic Progress!

Estoblished 1913

A Balanced Promotion Package
“Proceedingsof the LR.E.” TheIRE Yearbook
The Radio Engineering Show

303 WEST 42nd STREET, NEW YORK

Clrcle 6.6357

THE INSTITUTE OF RADIO ENGINEERS

e Visitors tell us!

A buying survey of 2373 engineers at-
tending the Radio Engineering Show
proved that 20.3% buy equipment,
4749, specify for purchases, and
12.49, have other authority or in
fluence—80.19, of these engineers in
all have buying authority and interest.
(We will supply full text of this study
upon request.)

Here are 36 of their specific buying
interests, with percentage seeking in-
formation on these products:

17.8% Aviation Radio, 46.7% Amplifiers
36.5% Antennas, 13.8% Batteries
23.6% Cables, wire, 37.8% Capacitors
13.9% Cabinets, Chassis, 24.7% Coils
9.89% Consoles, 22.8% Crystals

38.8% Electronic Controls, 12.8%
equipment, 19.1% Hardware

26.7% Ceramics, 10.9% Induction equipment

33.8% l.oudspeakers, 39.7% DMeters

13.7% Motor generators, 14.8% Plastics

31.2% Oscillators, 45.5% Oscillographs

25.2¢, IPower supplies, 25.4% Radar

43.4% Receivers (all), 37.1% Recorders

32.7% Rectifiers, 27.0% Relays

32.4% Resistors, 68.0% Test Equipment

30.0% Transformers, 26.8% Transmitters

26.29%, Turntables, pickups, 36.0% U.H.F.
Equipment

54.0% Vacuum Tubes, 23.1% Voltage reg.

22.89% Tools for radio manufacturing.

facsimile

We invite you to come again,

March 6-9, 1950.

TELL THE
RADIO
ENGINEERS

18, N. Y.

shed monthly in two sections hy The Institute of Radio Engincers, Inc., at 1 East
United States and Canada, $18.00 a year; foreign countries $19.00 a year. Entered

as sccond class matter, October 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879, Acceptance for mailing at a

special rate of postage is provided for in the act of I"ehruary

28, 1925, emhodied in Paragraph 4, Section 412, P.L. and R, authorized October 26, 1927,

Table of contents will be found following page 32A
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They Packed a Pole Line Into a Pipe

Back in the eighties, telephone executives faced
adilemma. The public demanded more telephone
service. But too often, overloaded telephone poles
just couldn’t carry the extra wires needed, and
in cities there was no room for extra poles. Could
wires be packed away in cables underground?

Yes, but in those days wires in cables were
only fair conductors of voice vibrations, good
only for very short distances. Gradually cables
were improved; soon every city call could travel

underground, by the early 19a0’s even cities far
apart could be linked by cable.

Then Bell scientists went on to devise ways
to get more service out of the wires. They evolved
carrier systems which transmit 3, 12, Or even 15§
voices over a pair of long distance wires. A co-
axial cable can carry 1800 conversations or six
television pictures. This is another product of
the centralized research that means still better
service for you in the future.

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

PROCEEDINGS OF THE I.R.E Decemnber, 1949y



FREQUENCY COMPARISON

NEW @ SECONDARY
FREQUENCY STANDARDS

MODELS 100C AND 100D

e Sine or rectangular waves

e 100 usec time markers

¢ Built-in oscilloscope
e Stability 1/1,000,000

e Low output impedance

® New, improved circuits

e Audio, supersonic, rf measurements

FIG. 1. Timing Comb, -hp- Model 100D

SPECIFICATIONS

-hp- 100D Secondary Frequency Standard

Accuracy:
About 2 ports per million per week, nor-
mol room temperoture.

Stobility:
About 1 port per million over short inter-
vols.

Output:
Controlled frequencies: 100 ke, 10 ke,
1 ke, 100 ¢ps, 10 ¢cps. Sine or rectongulor
woves; morker pips. Internol impedonce
opprox. 200 ohms.

Wave Shope:
Sine wove: less thon 4% distortion into
5,000 ohms or higher lood.

Morker Pips:
10,000, 1,000 ond 100 usec intervols.

Oscilloscope:
Integrol with circuit. Estoblishes 10:1
Lisojous figures to show division rotio.
Moy be used independently of stondord.

-hp- 100C Secondary Frequency Standard

Accurocy:
Within == .001% normol room tempero-
ture.

Output:
Controlled frequencies of 100 ke, 10 ke,
1 ke, ond 100 cps. Internol impedonce
opprox. 200 ohms.

Wove Shope:
Sinusoidol only. 4% distortion into 5,000
ohm lood.

Power Supply:
(100C ond 100D) 115 v, 50/60 cps, regu-
loted to minimize line voltoge fluctuo-
tions. Power drown opprox. 150 wotts.

Mounting:
(100C ond 100D) Cabinet or reloy rock.
Ponel 19" x 10%,”. 12" decp.

Dota Subject to Chonge Without Notice

PROCEEDINGS OF THE I.RE

The new -hp- 100C and 100D Sec-
ondary Frequency Standards incorpor-
ate all the features of the time-tested
-hp- models 100A and 100B, plus
important new advantages including
rectangular wave output, timing pips,
and an internal oscilloscope for con-
venient frequency comparison. The
-hp- 100D may be conveniently
standardized against station WWV
with a minimum of external equip-
ment, and thus provide most of the
advantages of an expensive primary
standard.

Crystal Controlled Frequencies

The new -hp- Models 100D and 100C
employ a crystal-controlled oscillator
and divider circuits offering a new
high in stability and simplicity of
operation. Standard frequencies are
available through a panel selector
switch, and may be employed simul-
taneously. Internal impedance is low
(about 200 ohms), so that standard
frequencies can be delivered at some
distance from the instrument.

The -hp- 100D Secondary Frequen-
cy Standard offers sine waves at 5

December, 1949

frequencies and rectangular waves at
4 frequencies, plus a built-in oscillo-
scope. The instrument also provides a
timing comb with markers 100, 1,000
and 10,000 microsecond intervals.
Rectangular wave output has a rise
time of approximately 5 microsec-
onds. Accuracy is 2 parts per million.

5 v. at all Frequencies

The more moderately priced -5p- 100C
Standard offers sinusoidal frequencies
at 4 crystal-controlled frequencies
and, like the -4p- 100D, provides 5
volts of output at all frequencies.
Accuracy .001%.

Both models operate from a 115 v.
ac power supply, and power is regu-
lated to minimize power line voltage
fluctuations.

Get full details .. . see your
-hp- representative or write
direct. .. today!

HEWLETT-PACKARD (O.

1977-D Poge Mill Road + Polo Alto, Colif.
Export: FRAZAR & HANSEN, LTD.

301 Cloy Street, San Froncisco, Calif,, U.S. A.

Offices: New York, N. Y.; Los Angeles, Calif.

o
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. . . But the most stubborn problems of power and resistance find an answer in IRC
resistors. Where crowded chassis demand miniaturization—where portable units call

for maximum lightness—where critical applications require complete insulation, unusual
heat dissipation, or ability to handle exceptionally high voltages—
a there’s an IRC power resistor for the specific job. Manufacturing the widest line
of resistance products in the industry, IRC can specify without bias! This is your
warranty of efficient, economical resistor performance in virtually any application.

UNSURPASSED FOR ADAPTABILITY to an extremely wide
variety of design requirements, IRC Type MW Wire Wound
Resistors also give more watts per dollar than conventional
types. Initial cost and mounting cost are fow. Flexibility in
providing taps and savings in space suit flat Type MW's to
a host of difficult applications. Mounting bracket of unique
design actually transfers heat from inside resistor to mount-
ing surface. MW’s may be operated at full "on plate” rat-
ing, whether ‘enclosed or not, without exceeding their rated
temperature of 100° C. (Thus, an MW ‘5 can be used at
20 watts where a 60 watt tubular resistor would normally
‘be required.) Use the convenient coupon to obtain full char-
acteristic and specification data.
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evén in very high resistance values assutes the
dependability of IRC Type MV Resistors in high
voltage applications. Unique application of IRC's
famous filament coating in helical turns on o
ceramic tube prqvides o conducting path of long
effective length, and permits the use of high volt-
age on the resistor while keeping the voltage per
unit length of path comparatively low. Builetin G-1
gives complete characteristics; use handy coupon.

LENGTH OF RESISTANCE PATH
IN INCHES—FOR MV TYPES

MVF . ... 10 MVS. . 20
MV Gl 3T ehirras 25 MVT . 30
MV I g oo s 50

MVP i 80 f) e y 79
MVA oS IR : i
MVO 330 | MVZ 185
MVR ...1,100 MVE 265

HIGHER SPACE-POWER RATIO than tubular power re-
sistors makes IRC Type FRW Flat WireWounds ideal for
voltage dropping applications in limited space. FRW's
can be mounted vertically or horizontaily, singly or in
stacks—and are available in fixed or adjustable types.
Bulletin C-1 gives all the performance facts.

UNEXCELLED INEXACTING,HEAVY-DUTY REQUIREMENTS,
IRC Power Wire Wounds are designed to give balanced
performance in every characteristic. Special dark, rough
coating assures ability to combat humidity and moisture
corrosion, dissipate high heat ropidly, withstond reason-
able overloads without opens or breckdowns. Available
in a broad range of ratings, sizes and terminal styles in
fixed and adjustable types. Send for Bulletin C-2.

VARIABLE POWER requirements within 25 and 50 watt
ratings are well handled by IRC Type PR Power Rheostats.

When you’re belng “powered” for fast service on All-metal corrugated construction gives maximum heat
small order resistor requirements for experimental dissipation. PR Rheostats can be operated at full power
work, pilot runs, or_ maintenance, call your nearest in as litthe as 25% of rotation without .appreciable tem-
IRC Distributor. IRC’s Industrial Service Plan perature rise. Direct contoct between housing and mounting

panel increases ability to disperse heat. Bulletin E-2 details

enables him to save you time and worry by giving specifications; send for your copy.

you ’round-the-corner service on standard types
right from his local stocks. He’s a handy man to
know. May we send you his name and address?

I INTERNATIONAL RESISTANCE COMPANY
| 405 N. BROAD ST, PHILADELPHIA B, PA,
) W{(m% W Sa‘%‘ AN~ : Send me additional data on the items checked below:
1 MW Insulated Wire Wounds FRW Flat Wire Wounds
PowertResistorseeIPracisiont | MV High Voltage Resistors Power Wire Wounds
Insulated Composition Resistors I PR Posgr Rheostat :;c(::me. 0’.‘d addreds of lasgl
low Wattage Wire Wounds Risriutor
Rheostots « Yoltoge Dividers I NAME
L Controls « Voltmeter Multipliers | et o 2 R AR
INTERNATIONAL Deposited Corbon Precistors ] TITLE
RESISTANCE COMPANY HF and High Voltage Resistors ] COMPANY
Insuloted Chokes i
401 N, Broad Street, Philadelphla 8, Pa. ADDRESS
(]

In Canoada: Internotionol Resistonce Co., Ltd., Toronto, Licensoe




@® MORE RUGGED PLATE-LEAD
- ® PYROVAC PLATE
6"
@ OVERSIZE PLATE
\
@ NON-EMITTING GRIDS
@® MECHANICALLY RUGGED
. wiv | 4
® MOULDED-GLASS HEADER
RPN
® LOW-LOSS LEADS
o
@ EASILY COOLED STEM
g
TYPE 4E2TA /5-15A s 200
1]
=
Encompassed in the structure of this new version of the The unique moulded-glass header eliminates a base on
4E27 are many outstanding improvements that now will the 4E27A/5.75A. This simplifies lead cooling, minimizes
guarantee performance-dependability to users of this lead losses, and provides precision alignment of base-pins.
tube type.
The stability and high power-gain characteristics of this
The plate-lead of this new Eimac 4E27A/5-75A pentode new Eimac pentode make it an excellent VHF or video
is ot larger diameter than the protype* providing a low- power amplifier. It is equally well suited for conventional
loss, low inductance, more rugged lead. The plate itself power amplifier service.
is larger assuring a good reserve dissipation capacity )
) ) ) ) Further information and detailed characteristics concern-
2 above its 75 watt rating. It is made of Eimac Pyrovac . )
' ' ) ing this latest product of Eimac engineering research may
plate material, which lengthens the life of the tube and .
Blon @ tor EHh Wind Wl ’ load be had by writing the Application Engineering Depart-
enables it to withstand high momentary overloads. Rent of EifelMcCullough, Jac.
Primary grid emission has been eliminated and secondary P
. Lead connector is supplied to make this new
characteristics stabilized through the use of Eimac pro-
tube directly interchangeable with 4E27.
cessed grids. Perfected beam-action and permanent
alignment are assured through well engineered internal-
element mounts.
Follow the Leaders to
2] 236

EITEL-McCULLOUGH, INC.

San Bruno, California

EXPORT AGENTS: FRAZAR & HANSEN. 301 CLAY ST,, SAN FRANCISCO., CALIFORNIA

- PROCEEDINGS OF 1'HE I.R.E
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: COMPONENTS-

BPD'’s (Disks) and BPF’s (Flats)
for SPACE SAVING and ECONOMY

H1-Q Disk and Hi-Q Flat Ceramic Capacitors fre-

) quently save space simply because their physical shape
is more adaptable than tubular units ... and even more
frequently because one of them serves in place of two,
three or more individual capacitors. The multiple units
also simplify soldering and wiring operations and thus
effect substantial production economies.

These are just a few of the many types of Hi-Q
Components which are setting the highest possible
standards for Precision, Quality, Uniformity and Mini-
aturization. Our engineers are always available to
work with you in developing capacitors or combina-
tions of capacitors to best meet your specific needs.
Please feel free to call on us at any time.

i i ® Hi-Q BPD’s (Disks) are available in capacities of from .001
| | ‘ : mf. 10 .01 mf. Dua! units range from 2x.001 mf. to 2x.005
! mf. Triple units are supplied in standard rating of 3x.0015

I mf. and 3x.002 mf. All are guaranteed minimum values.

! v @® Hi-Q BPF's (Flats) can be produced in an unlimited range
s o - : of capacities. The number of capacities on a plate is limited
Hi- 0 \ { Hi-Q |
! ", ]

common ground as is the case
with the disk type.

only by the “K” of the material and the physical size of the
v ) unit. They do not necessarily have to have a
2000-200-200-5000 l 004-007

1R

T

ILUSTRATIONS APPROXIMATELY ACTUAL SIZE
Jobbers—Address Room 1332

101 Park Ave. New York, N.Y.

Plonts: Franklinville, N.Y.— Jessup, Pa.— Myrtle Beach, S. C.
Sales Offices: Naw York, Philodelphla, Detroit, Chicago, Las Angeles

PROCLELEDINGS OF THE L.R.B. December, 1949 7A
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The most powerful FM installation
in the world recently completed on Red
Mountain near Birmingham, Alabama for
Station WBRC-FM brings static-free
entertainment to residents in a transmis-
sion radius of 200 miles.

Important to this installation is the 450 ft.
Blaw-Knox type N-28 heavy-duty tower
supporting the 8-section Pylon FM antenna.
Sturdy, safe and backed by the many
years of Blaw-Knox design and engineer-
ing in the radio field, it will enable this
great new FM Voice of the South to utilize
the full capacity of its modern facilities.

BLAW-KNOX DIVISION of Blaw-Knox Company
2037 Farmers Bank Building, Pittsburgh 22, Pa.

BLAW KN OX

BI.AW KNOX

ANTENNA TOWERS



For Peak Ferformance...

100
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50 50

25 25
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EL-MENCO CAPACITORS

You can always depend on these tiny but
tried and trusted El-Menco capacitors to give
peak performance for long periods of time under
the most exacting conditions. Rigid test during
and after manufacture insures uniformity and
assures quality.

Performance proved, these fixed mica dielec-
tric capacitors are specified by nationally-known

» manufacturers.
CM 15
Actual Size 9/32" x 13" x 3/16".
For Television, Radio and other When you need peak performance
Electronic Applications. : y A
2 — 420 mmf. cap. at 500v DCw. in capacitors, get the best — get

2 — 525 mmf. cap. at 300v DCw.

Temp. Co-efficient +50 parts per EI- Me nco
°

million per degree C for most
capacity values.

6-dot color coded. THE ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT

) Write on your
firm letterhead for
E n Cotalag ond Somples
MOLDED MICA ]lc MICA TRIMMER

CAPACITORS

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

PROCEEDINGS OF THE I.R.E December, 1949 9A




P———

EI.ECTRONIC

o
BN ) ]
T\

‘_x‘ ° ,.//3
v(..f & N

AT
"

These 15-, 25-, and 50-va G-E

voltage-stabilizer units are only a
little over 2 inches high and about 9 inches
long. They’ll mount easily on a medium-sized
radio or electronic instrument chassis and
will give you an even, non-fluctuating 115
volts for your equipment whether your line
voltage is 95 or 130. A special transformer
circuit provides a stabilized output voltage

= Degigher

SO SMALL...
. .. it mounts on a radio chassis

—— e

within 1% of 115 volts for fixed, unity-power-
factor loads.

Continuous operation under conditions of
short or open circuits will not damage the
stabilizer in any way. Since there are no mov-
ing parts, there is little maintenance to worry
about. For complete information on voltage-
stabilizer units of all sizes from 15-va to
5000-va, write for Bulletin GEA-3634.

GENERAL @) ELECTRIC

10A

Specially designed G-E Type-E networks
will produce impulses which have defi-
nite, known energy contents and dura-
tions, and thus are ideal for converting
a-c or d-c charging voltages into approxi-
mately rectangular square waves. These
networks consist of capacitor and coil sec-
tions adjusted to close tolerances and het-
metically sealed in single metal containers.

G.E. helped meet wartime radar de-
mands with thousands of these units and
now offers them for commercial use. They
are available in a wide range of designs,

impedances, ratings, and sizes for pulse
lengths of 0.1 to 40 microseconds. Sce
Bulletin GEA-4996.

667-3
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This versatile, general-purpose, heavy-
duty. a-c relay unit is available in threc
mounting arrangements: front connected,
back connected, or plug-in connected. All
three mounting types are available in
open or enclosed modelsand are furnished
in spst, dpst, or dpdt circuits. Heavy, long-
lasting silver contacts carry 10 amps con-
tinuous. Normally-open forms make or
break 45 amps; normally-closed forms
make or break 20 amps. Relay coils come
in 12-, 24-, 115-, or 230-volt, 60-cycle a-c
sizes. D-c units are available in similar
models. For full details see GEC-257.

The new, modern-
looking, easy-to-read
2145 inch G-E instru-
ment lineisimproved
inside as well as out-
side. A single, self-
contained mecha-
nism supported on
an extremely strong
Alnico magnet as-
sures permanent alignment even under
the most adverse operating conditions.
This high-gauss Alnico magnet permits
the use of a large air gap with a conse-
quent smoother, non-sticking action. The
greater torque-to-weight ratio means bet-
ter damping and allows the use of heavier
vibration-resisting pivots. Accuracy is 5%
of full scale on rectifier types, 29 on all
others. For complete details, send for
Bulletin GEC-368.

- B . ™ & s

You'll have a firm electrical connection
without the use of solder a few seconds
after you begin to install this small but
rugged Switchette. Only 1V2 inches long
and weighing only 9 grams, this 230-vac,
10-amp unit has solderless knife-contact
terminals made of pure, tinned copper.
G-E Switchettes are available in a va-
riety of forms and circuits, all of which
have double-break contact structures.
They're particularly well suited for elec-
tronic applications because of their low
RF noise output (short contact-bounce).

For your convenience there are screw-
terminal and soldering-lug types as well
as this special quick-connect unit. Send
for Bulletin GEA-4888.

TIMELY HIGHLIGHTS
ON G-E COMPONENTS

® ¢ 6 0 0606 06 0 0 0 06 0 0 0 0 0 s o o

et

You get both high voltage and good regu-
lation with small lightweight G-E preci-
sion rectifiers. This may interest you if
you need compact, well-regulated, high
d-c voltage sources for cathode-ray tubes,
television camera tubes, radar indicator
scopes, electron microscopes, Geiger-
Mueller counters, or similar jobs.

These supplies are hermetically sealed
and oil-filled. Typical units have outputs
of 7 kv at 0.1 ma.—have only 3.5% devia-
tion for every 0.1 ma load and output rip-
ple of less than 1%. Size—only 6” x 6” x
7”. Weight—8 lbs. For further data, write:
General Electric Company, Section 667-3,
Schenectady 5, N. Y, giving complete in-
formation on the proposed application
with specifications required.

T T AT T T ) A N Ui e YO R

General Electric Campany, Sectian H 667-3

Please send me the fallawing bulletins:

[J GEA-3634 Valtage stabilizers
[[] GEA-4888 Switchettes
[J GEA-4996 Capacitar netwarks

NAME_

COMPANY

ADDRESS

CitY

Dccember, 1949

Apparatus Department, Schenectady, N. Y.

[ GEC-257 Heavy-duty relays
[] GEC-368 Instruments

g ees Em s e mem Sem o s
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E[Bp ﬁdela‘Ty...The most c}ependable
Ta pe Recorder ye-,- [ says wor’s sTAN LOMAX

PRESTO’S PT-900 is the answer for delayed sports broad-
casts—field recording —wherever there is a need for a portable

recorder of complete broadcast quality. Look at these outstand-
ing engineering features:

® Three separate heads for superior performance (and for
monttoring direct from tape). One head each to erase, record
and play back. e 3 microphone channels with master gain con-
trol in recording amplifier. o Large V.U. meter with illumi-
nated dial to indicate recording level, playback output level
bias current and erase current, and level for telephone line.

® 2.speed. single motor drive system. Toggle switch to change
tape speeds from 71,” 10 15” per second.

Don’t choose your tape recorder until you see the ncw P
Portable Tape Recorder. Write for complete details today.

SH0

RECORDING CORPORATION

Paramus, New Jersey
Mailing Address: P. O. Box 500, Hackensack, N, J.
In Canada: WALTER P. DOWNS, Ltd., Dominion Sq. Bidg., Montreal

resto

5

WORLD'S GREATEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIPMENT AND DISCS

12 PROCEEDINGS OF THE I.RE
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ALLEN B. DU MONT LABORATORIES, INC.

\@.

PROCEEDINGS Of THE LR.E.

"7

The new Du Mon1|Typ'es‘IZRP4 and
15DP4 (replacing respectively Types
12JP4 and 15AP4) feature the exclusive' Du
Mont bent-gun. This iontrap design elimi-
nates ion-spot blemishes while maintaining

an undistorted spot for maximum pictorial

resolution. Meanwhile, lead-free glass re-
duces tube weight considerably. Five-pin
duodecal base permits using the new half-
socket for a significant saving, although old-
type full-socket also accommodates these
new tubes without modification.

Definitely "“Your best buyl” For initial-
equipment or replacement purposes — for
superlative performance and longest service
— insist on Du Mont Teletronsl

@ ALLEN B. DU MONT LABORATORIES, INC.

Above: Du Mont bent-gun principle, utilizing single ion-
trap magnet. Space saved by eliminating double beam-
bending magnet results in shorter neck length. Focussed-
spot distortion eliminated by use of electrode parts de-
signed to form symmetrical electrostatic fields in G; space.
Lower-cost magnet.

Below: Conventional stralght-gun design. Ion and electron
beam is twisted by slanting electrostatic field betweeh
second grid and anode, requiring TWO bending magnetic
fields. More costly beam-bender. Longer neck. Focussed-
spot distortion.

' Write for latest literature.

*TRADE MARK
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More Mallory Vibrators
are used in original
equipment than all
other makes combined.

Creative research is no empty slogan at
Mallory. Mallory Vibrators are the world’s most

popular simply because engineering skill, long ex-

perience and adhernce to quality ideals have made
them better.

shown above. It’s the reason why so many Mallory
Vibrators are right for the job. With this informa-

tion, Mallory engineers can make intelligent and
profitable recommendations.

Do you have a supply of these ‘‘tell-all” ques-
But Mallory engineers know that the finest vibrators tionnaires in your engincering files? If not, we
can fail because of a power transformer design ...  €arnestly suggest vou give your Mallory rejre-
or a wrong value buffer capacitor. That’s why they ~ S€ntative a call
want to know the whole story of your problem.

or wrile to Mallory direct. Do it
now. And remember. 100, that standard Mallory
That’s the reason for the inquisitive questionnaire

Vibrators are quickly available from authorized
Mallory distributors.

Vibrotors and Vibrapack™ Power Supplies

SERVING INDUSTRY WITH
P.R. MALLORY & CO.Inc. Capacitors Rectifiers
Contacts Switches
Controls Vibrators

Power Supplies

Resistance Welding Materials

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

6, INDIANA
14A

*Reg. U. S. Par og.
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Here is a scientific advance in picture tube

technique which offers a marked, visible
picture improvement already widely acclaimed
by Television buyers.

In this newest Rauland development, the tube
face is a new, practically colorless glass contain-
ing a metallic oxide which produces uniform
light attenuation throughout the visible range.
This light-absorbing characteristic acts in two
ways to increase picture contrast, clarity and
detail.

In ordinary tubes, light from bright picture
areas of the screen striking the exterior tube
face surface in angles greater than 48 degrees
is completely reflected onto dark screen areas,
reducing the apparent blackness. This halation
is greatly reduced with the new Rauland “Lux-
ide” screen, because such reflected light is at-

New Tube Vastly
Increases Contrast!

tenuated by passing three times
through the glass before it can
reach the eye.

Similarly, under normal conditions, clear glass
picture tubes can have their maximum contrast
only when operated in an otherwise dark rocm.
Ambient light passing through the tube face to
the phosphor causes the dark picture area to
appear light in tone and causes the picture to
“wash out.” With the “Luxide” screen, such am-
bient light must pass twice through the attenu-
ating glass while light originating in the phos-
phor passes through the glass only once. The
result is a picture with far greater contrast when
viewed in lighted rooms, and since several more
steps in the grey scale are available in forming
the picture, better detail as well as greater con-
trast results.

Write for Technical Bulletins. The Luxide screen is available in metal-
cone types 16AP4-A, 16EP4-A and 12UP4-A, and in the all-glass 12LP4-A.

THE RAULAND CORPORATION

4245 N. KNOX AVENUE -

December, 1949

CHICAGO 41, ILLINOIS
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SPACE SAVERS ‘&gm

MINIATURE

PRY ELECTROLYTICS
Types 16D and 18D

These exceptionally small capacitors really solve
.~~~ space problems in miniaturized e¢lectronic and radio
' equipment. And their performance characteristics actual-
ly surpass those of ordinary metal encased tubular dry
electrolytic capacitors!
Sealed against moisture, Types 16D and 18D electro-

Write for Sprague

e

Engineering Bulletin lytics are normally furnished for operation at 85° C. 1o ’;
No. 303 for com- - meet the high operating temperatures common in B (-
plete details. \.:;.. crowded assemblies. Type 18D has an outer insulating ‘l_."_" .
™3 g tube over the metal case, whereas Type 16D does not S
have this extra covering. :; '1

(0

2 . 4
B S —r ———— - —— i :
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AMERICA

g . d -
by skilled operators

enables AlSiMag to meet

vnusval dimensional tolerances

After firing, AlSiMag is extremely hard. Further
finishing requires special tools, great skill. We have

the tools and the skill and can meet almost any tolerance
required. The closer tolerances involve commensurate
cost. Even if you think your requirements are
impossible, ask us. It is probable that we can solve

your problem . . . well within practical cost

limits. Ability to consistently comply with dimensional
and physical requirements is another reason why
American Lava Corporation is known as Headquarters
for Custom Made Technical Ceramics.

V A 10N

L A

CORPORAT

N
; 4 0 Y £ A R f cC E E S H 1P
CHATTANOOGA 5, TENNESSEE
OFFICES: METROPOLITAN AREA: 671 Brood St,, Nework, N, J., Mitchell 2-8159 = CHICAGO, ¢ '
PHILADELPHIA, 1649 North Brood St, Stevensaon 4.2823 LOS ANGELES, 232 ’Sos;,: hﬂc:llllln'osnls"'ﬁ:::’ooll 6.9‘07722
NEW ENGLAND, 38.B Brattie St., Combridge, Moass,, Kirklond 7-4498 » ST. LOUIS, 1123 Woshington Av'c'., Gorfield 4959




a simplified, outstandingly
dependable LINE SWITCH
for Stackpole Controls

OPEN

(Interior views approximately
2% times actual size of switch)

mounted on a fiber surfaced Bakelite base
to reduce arc tracing. The base is held se-
curcly in the can. Throughout, the switch is

Only .888" in diameter by .312"
thick, this Type A-10 double-
pole, single-throw line switch

VARIABLE RESISTORS FOR MODERN RADIO AND TELEVISION NEEDS

184

fits even the smallest Stackpole
controls. Rated 1 ampereat 250 volts AC-DC
or 3 amperes at 125 volts AC-DC, it com-
bines outstanding ruggedness of design
with ample-sized contacts and positive con-
tact wiping action. Stationary contacts are

constructed for long, trouble-free service
and in suitable ratings for portable and auto
radios and numerous other applications. A
similar single-pole design (Type A-11) with
dummy terminal is also available.

Write for Stackpole Bulletin RC.7

ELECTRONIC COMPONENTS DIVISION

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

STACKPOLE

PROCEEDINGS OF rHE I.R.E
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NOW. .. for the first time

Now, with two new Sperry Klystron tubes, stabilized frequency control
is possible at 10,000 mc. with 1 watt continuous wave power output.
These multiplier tubes, the SMC-11 and the SMX-32, permit direct
crystal control at microwave frequencies with this power level.

Starting with a 5 mc. crystal, the frequency is multiplied to 830 mc. by use
of an Exciter. The SMC-11 Klystron multiplies the 830 mc. to a frequency
of 5,000 mc. The SMX-32 then multiplies this frequency to 10,000 mc.
with the same accuracy which exists in the control crystal (+0.0005%).

This practical achievement of 1 watt power output with
continuous accuracy of frequency control at 10,000 mc.
exists only through the use of these two Sperry Klystrons.

Write our Industrial Department for further information.

CYROSCOPEF COMPANY

DIVISION OF THE SPERRY CORPORATION
GREAT NECK, NEW YORK

NEW YORK o CLEVELANO o NEW ORLEANS
LOS ANQELES o SAN FRANCISCO ¢ SEATTLE




NEW PRODUCTS

&NEWS and

DECEMBER, 1949

Miniature Sockets in Mycalex

A new organization, Mycalex Tube
Socket Corporation, operating under ex
clusive license of Mycalex Corporation of
America have started the manufacture of
7 pin miniature tube sockets, utilizing
precision molded Mycalex as an insulator.
The sockets are obtainable in Myecalex 410
which was developed for applications re-
quiring close dimensional tolerances not
possible in ceramics and at much lower
loss factor than mica filled phenolic with
advantage in economy, the manufaciurer
claims: and in Mycalex 410X which has
been developed to compare favorably with
general purpose bakelite in economy but
with a loss factor of only about one-fourth
of that material

lllustrated are two views in actual size
of the 7 prong socket. Sockets with dif
ferent numbers of prongs are in the de
velopment stage.

I'hese sockets are manulactured 1o
precise specifications and fully meet RMA
standards. Further information is obtain
able from Mycalex Tube Socket Corpora-
tion, 30 Rockefeller Plaza, New York 20
N. Y

New Low-Priced Oscillograph

A new low-priced, lightweight oscillo-
graph especially designed for use in schools,
colleges, and industrial laboratories has
been announced by General Electric Co.,
Meter and Instrument Div., Schenectady
5,N. Y.

Compact and simple in design, the
l'ype PM-18 instrument is said to be
casily operalle by inexperienced personnel,
in the laboratory, or in the field. It can
be used either for visual indications, or for
taking oscillograms of current and voliace
phenomena.

Additional information is contained in
Bulletin GEC-580 which is available by
writing to the company.

22A

These manufacturers have invited PRO.
CEEDINGS readers to write for litcrature
and further technical information. Please
mention your |.R.E, affiliation.

Prodelin Transmission
Line

A new 51.5-ohm air-dielectric coaxial
transmission line (rigid) with center con
ductor impedance equivalent to that of air
for use in any given position of the spec
trum up through the microwave fre
quencies, is available from the manu
facturer, Product Development Co. Inc.,
§26 I.lm St., Arlington, N. ]

Physical propertics of a new press-fit
construction provide a line with accurate
physical tolerances that will withstand
high-impact shock or exposure 1o rapid
temperature changes. A threaded el
sealing coupling has also been dev cloped
for use at frequencies where a minimum
VSWR is required.

New 75-Watt Lamp Ballast

A new lamp ballast has been de eloped
by the engineering department of Acme
Electric Corp., 44 \Water St., Cuba, N Y.
for use with the new 75-watt, 96-inch T-12
slim-line lamp.

The manufacturer claims that this
ballast provides an output of 75 waus,
0.425 amperes, a minimum of 700 volis
starting and 195 volts operating. \'ith
these electrical characteristics the lamp
can be expected to operate with a 4 800
lumen output after 100 hours, and an
average brighiness of 1,600 foot lamberts,
This represents an average of 64 lumens
per watt,

PROCEEDINGS OF THE I.R.E.

New Standard Signal
Generator

Measurements Corp., Boonton, N. ].
have announced the production of a new
standard signal gencrator covering the
wide frequency range of 20 cps to 50 M

I'his instrument, the Model 82, was de-
signed to provide in one signal generator a
continuously variable signal source for
most measurements at audio, supersonic
and radio frequencies. T'wo oscillators are
employed to cover the frequency range.
Fhe low frequency oscillator, contin 1ously
variable fromn 20 ¢ps to 200 ke, has a
netered output from 0 to 50 volts across a
resistance  of 7,500 ohms. A radio-
frequency  oscillator covering the range
from 80 ke to 50 Mc provides output from
0.1-microvoli to 1 volt, and may be modu-
lated with the low-frequency oscillator.

\n improved mutual-inductance type
attenuator is said to insure a higher degree
of wecuracy than may be obtained with the
resistor or mutual-inductance type at-
tenuator of earlier design.

Recent Catalogs

** *An illustrated brochure describing
the greatly expanded facilities of The
Franklin [nstitute Research and Dev clop
ment lLaboratories may be obtained by
writing to Administration Div., The Frank-
lin Institute Laboratories, Benjamin Frank-
lin Pkwy., at 20th St., Philadelphia 3, Pa.

* * *The sixth edition of “Johnson An
tenna Handbook” was recently published
by the E. F. Johnson Co., Waseca, Minn.
and is now available from Johnson Jobbers
at 60 cents a copy.

* * * Just released by Triad Transformer
Mfg. Co., 2254 Secpulveda Blvd.. Los
Angeles 64, Calif., a 16-page catalog, TR
49, describing and pricing the entire line of
Triad transformers for original equipment,
radio and television. replacement. and
amateur applications

(Continued on page 614)

December, 1949
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GENERATOR
Covers the Range of 400—-1000 MC.

« % » The LAVOIE LA-418 Signal Generator, newest addition to the
LAVOIE LABORATORIES' line of precision electronic equipment...

Provides:

> DIRECT READING Frequency Dial.

2 DIRECT READING Attenuator calibrated in
1 D B (o 10-120 pem) U Volts.

> INTERNAL and EXTERNAL Pulse Modulation
sine wave modulation external.

A complete descriptive folder is ‘ o W

available promptly on request. WQ

WRITE FOR TECHNICAL BULLETIN LA-418 RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

cture of UHF Equipment

Specialists in the Development and Manufa

23a
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WHY STAND on -
;
i VOUR HERD
\“'/‘
‘\\’i_ 1 FACTORY —= 1 SOURCE
\

e ' 1 NEDA DISTRIBUTOR — 100 FACTORIES

. FOR

EXAMPLE:

Y cl 1 id NEDA Distributors Carry
IY chase around the countrvside, from Square-wave Generators

factory to factory, looking for this or that odd clectronics Master Music Systems

Cathode Ray Tubes

part, when your NEDA Distributor carries the drversified Electron Multipliers

supplies you need? Audio Oscillators
Multiwire Cable
Why lose valuable time, scheduling a pilot run, when your Terminal Blocks

Television Parts
Paging Systems
A-N Connectors

’
NEDA Distributor has the quantities you need in stock?

Why stand on your head, trying 1o explain what you want,

Communicators
when your NEDA Distributor understands your specifica- Power Supplies
tions and gives you intelligent cooperation, on all your Voltohmmeters

. A Potentiometers
clectronics needs? Oscillographs
i ) Transformers

On the industrial front, more and more cengimeers and purchas. Microphones
ing agents are doing business with the NEDA Distributor . . | Con‘den':sers
because he expedites vour purchase of radio and clectronics parts Thyra‘tr.ons
} Amplifiers

with greater selection . . . faster delvery . and on-thespot Photocells
consultation and service. Recorders
| Rheostats

| Cabinets

Resistors

Chassis

NA,TIONAI. ELECTRONIC DISTRIBUTORS. ASSOCIATION

INCORPORATED
2214 I.aSAlI.E WACKER BUILDING, 221 N. LaSALLE ST CHICAGO 1, ILLINOIS

Consult the list of NEDA members on the opposite page.

24a PROCEEDINGS OF THE I.R.E. December, 1949



ALABAMA

BIRMINGHAM
James W Clary Co.
MOBILE
Nelson Radio & Supply Co.

TUSCALOOSA
Allen & Jemison Co.

ARIZONA

PHOENIX
Radio Parts of Arizona

ARKANSAS
FORT SMITH

Wise Radio Supply
LITTLE ROCK

Southern Radio Supply

David White

Radio Supply Co.
TEXARKANA

Lavender Radio Supply Co

CALIFORNIA

GLENDALE
R. V. Weatherford Co.
LONG BEACH
Scott Radio Supply
LOS ANGELES
Radio Products Sales, Inc.
Universal Radio Supply Co.
OAKLAND
w. D. Brill Co.
Electric Supply Co.
Wave Miller & Co.

E. C. Wenger Co.
SACRAMENTO
Sacramento Electric
Supply Co.

SAN BERNADINO
Inland Electronic Supply
SAN DIEGO
Coast Electric Co.
Electronic Equipment Distr.
SAN FRANCISCO
Associated Radio Distrs.
C. C. Brown Co.
Kaemper-Barrett Dealers
Supply Co.

San Francisco Radio &
Supply Co.

Smith & Crawford
Wholesale Radio & Electric
Supply Co.

Zack Radio Supply.Co.

SAN JOSE
Frank Quement, Inc
STOCKTON
Carter W. Dunlap Wholesale
Radio Co.

COLORADO

PUEBLO
L. 8. Walker Radio Co.

CONNECTICUT

BRIDGEPORT
Hatry & Young
HARTFORD
Hatry & Young, Inc.
NEW BRITAIN
United Radio Supply
NEW HAVEN
Hatry & Young
Thomas H. Brown Co.
NEW LONDON
Hatry & Young
STAMFORD
Hatry & Young
WATERBURY
Hatry & Young
The Bond Radio Supply

DISTRICT OF COLUMBIA
WASHINGTON

Electronic Wholesalers, Inc.

Kenyon Radio Supply Co.
Rucker Radio Wholesalers
Silberne Radio & Elec. Co

FLORIDA

MIAMI
Herman Radio Suppl
Watder Radio & App(i
GEORGIA

AUGUSTA
Prestwood Electronics Co.
COLUMBUS
Radio Sales & Service Co.

IDAHO

BOISE
Craddock’s Radio Supply
Kopke Efectronics Co

ILLINOIS
BELLEVILLE

Co
ance

WHEN YOU NEED A DISTRIBUTOR — CONSULT THIS NEDA LisT

BLOOMINGTON
Alverson Sales Co.
CHICAGO
Allied Radio Corp.
J. G. Bowman & Co.
Chauncey’s, Inc.
The Lukko Sales Corp.
Pilgrim Distributing Co.
Radio Parts Co.
Walker-Jimieson, Inc.
MOLINE
Lofgren Distributing Co.
PEORIA

Herberger Radio Supply
ROCK ISLAND
Tri-City Radio Supply
SPRINGFIELD
Wilson Supply Co.

INDIANA

CROWN POINT

Hub Appliance & Supply Co.
FORT WAYNE
Pembleton Laboratories
INDIANAPOLIS

Van Sickle Radio Supply Co.
VALPARAISO

J. G. Bowman & Co.

iowa

COUNCIL BLUFFS
World Radio Laboratories
DAVENPORT
Midwest-Timmerman Co.
DES MOINES
Gifford-Brown, Inc.
Towa Radio Corp.
Radio Trade Supply Co.
DUBUQUE
Boe Distributing Co.
FORT DODGE
Ken-Els Radio Supply Co.
sioux CITY
Duke’s Radio Co.
WATERLOO
Ray-Mac Radio Supply

KANSAS

TOPEKA
The Overton Electric Co.
WICHITA

Excel Distributors
Interstate Distributors, Inc.

KENTUCKY
LEXINGTON
Radio Equipment Co.
LOUISVILLE
Peerless Electronic
Equipment Co.
Univetsal Radio Supply Co.
OWENSBORO
Central Electronic
Supply Co., Inc.

LOVISIANA

ALEXANDRIA
Central Radio Supply
LAFAYETTE
Radlo Electronic Supply
LAKE PROVIDENCE
F. H. Schneider & Sons
MONROE
Hale & McNeil
NEW ORLEANS
Wm. 8. Allen Supply Co.
Columbia Radio & Supply Co.

Shuler Supply Co.

Southern Radio Supply Co.
SHREVEPORT

Koelemay Sales Co.

MAINE
AUBURN
Radio Suppty Co., Inc.
PORTLAND
Maine Efectronic Supply

MARYLAND
BALTIMORE
Kann-Ellert Electronics, Inc
Radio Efectric Service Co.
Wholesale Radio Parts
HAGERSTOWN
Zimmerman Wholesalers

MASSACHUSETTS
BOSTON
De Mambro Radio Supply Co.
Hatry & Young of Mass., Inc.
A. W. Mayer Co.
The Radio Shack Corp.
BROCKTON
Ware Radio Supply Co
CAMBRIDGE
Eltectrical Supply Corp
LAWRENCE
Hatry & Young
MELROSE

Willett Radio Supply, Inc.

Radio Electronic Sales Co.

Melrose Sales Co.

NEW BEDFORD

C. E. Beckman Co.
PITTSFIELD

Pittsfield Radio Co.
ROXBURY

Gerber Radio Supply Co.

SPRINGFIELD

Hatry & Young

T. F. Cushing

Springfield Radio Co., Inc.

Springfield Sound Co.
WORCESTER

Radio Maintenance Supply

MICHIGAN
ANN ARBOR
Wedemeyer Electronic
Supply Co.
BATTLE CREEK
Electronic Supply Corp.
DETROIT

M. N. Duffy & Co.
Ferguson Radio Supply Co.
K-L-A Laboratories

of Detroit

Radio Electronic Supply Co.
Radio Specialties
FLINT

Lifsey Distributing Co.
Radio Tube Merchandising
Shand Radio Specialties
JACKSON
Fulton Radio Supply Co.
LANSING
Electric Products Sales Co.
Dffenhauer Co.
LAURIUM
Northwest Radio of Michigan
MUSKEGON
Industrial Electric Supply
PONTIAC

Electronic Supply Co.

MINNESOTA

DULUTH
Northwest Radio
MINNEAPOLIS
Bauman Company

Lew Bonn Co.
Northwest Radio &
Electronic Supply Co.
Radio Maintenance Co.
The Stark Radio Supply Co.
ST. PAUL

Electronic Distributing Co.
Hall Electric Co.

MISSISSIPPY

JACKSON
Cabell Electric Co.

MISSOURI

CAPE GIRARUEAU
Suedekum Electronic
Supply Co.
JEFFERSON CITY
Central Missouri Distrib:
JOPLIN
M. Brotherson
Four State Radio & Supply
KANSAS CITY
Burstein-Applebee
Manhattan Radio &

Equipment, Inc.
McGee Radio Co.
ST. LOUIS
Walter Ashe Radio Co.
Ebinger Radio & Supply Co.
Interstate Supply Co.
Radonics
Van Sickle Radio Co.
SPRINGFIELD
Harry Reed Radio & Supply

NEBRASKA
LINCOLN
Hicks Radio Co.
Leuck Radio Supply Co.
OMAHA
J B Distributing Co.
Radio Equipment Co.

NEW HAMPSHIRE
CONCORD
Evans Radio

DOVER

American Radio Corp.

MANCHESTER
Radio Service Laboratory

NEW JERSEY

NEW ARK
Continental Sales Co.
Krich-Radisco, Inc.
Aaron Lippman & Co.
PHILLIPSBURG
Carl B. Williams Co.

NEW YORK

ALBANY
Fort Drange Radio
Distributing Co.
E. E. Taylor Co.
AMSTERDAM
Adirondack Radio Supply
AUBURN

Dare’s Radio Service
BINGHAMTON
Federal Radio Supply Co.
BROOKLYN

Green Radio Distributors
National Radio
Parts Distributing Co.
BUFFALO

Dymac, Inc.
Genesee Radio & Parts Co.
ELMIRA

Fred C. Harrison

GLEN FALLS
Ray Distributing Co.
HEMPSTEAD
Davis Electronics Corp.
Standard Parts Corp.
ITHACA
Stallman of Ithaca
JAMAICA
Chanrose Radio Stores, Inc.
Norman Radio Distrs., Inc.
KINGSTON
Arace Brothers
MOUNT VERNON
Davis Radio Distributing Co.
NEW YORK
Arrow Electronics, Inc.
Bruno-New York, Inc.

H. L. Dalis, Inc.
Federated Purchaser, Inc.
Fischer Distributing Co., Inc.
Milo Radio & Electronics
National Radio Distributors

0 & W Radio Co.
Powell Radio Supply
Sanford Electronics Corp.

Slate & Co.

Stan-Burn Radio &

Electronics Co.
Sylvan-Wellington Co.
Terminal Radio Corp.
United Radio & Electric Co.
Wilco Radio Distributors

POUGHKEEPSIE

Chief Electronics

ROCHESTER
Rochester Radio Supply Co.
SCHENECTADY
Electric City Radio Supply
SYRACUSE

Roberts & 0'Brien
Stewart W. Smith, Inc.
TROY

Trojan Radio Co., Inc.
UTICA

Beacon Electronics, Inc.
Electronic Laboratories &
Supply Co.
WHITE PLAINS
Westchester Electronic
Supply Co.

NORTH CAROLINA
ASHEVILLE
Freck Radio & Supply Co.
Long’s Distributing Co.
CHARLOTTE
Radiotronic Distr., Inc.
GREENSBORO
Johannesen Electric Co., Inc
OLDSBORO
Signal Radio Supply
RALEIGH
Carolina Radlo Equipment
Southeastern Radio Supply
WINSTON-SALEM
Dalton-Hege Radio Supply
Lambeth Electric Supply Co.

NORTH DAKOTA
FARGO
Dakota Electric Supply Co.

OHIO
AKRON
The Sun Radio Co.
ASHTABULA
Morrison’s Radio Supply
CINCINNATI
Chambers Electronic Supply
Herrlinger Distributing Co
Hughes-Peters, Inc.

Supply Co.
The Schuster Electric Co.
Steinberg’s, Inc.
United Radio, Inc.
CLEVELAND
Radio & Electronic
Parts Corp.
Winteradio, Inc.
COLUMBUS
Electronic Supply Co.
Hughes-Peters, Inc.
Thompson Radio Supplies
Whitehead Radio Co.
DAYTON
Hughes-Peters, Inc.
Srepco, Inc.
LIMA
Lima Radio Parts Co.
TOLEDO

Toledo Radic Speclalties

Warren Radio Co.

YOUNGSTOWN
Ross Radio Co.

OKLAHOMA
OKLAHOMA CITY
Miller Jackson Co., Inc.
Radio Supply, Inc.

TULSA

Patterson Radio Supply Co.
Radio, Inc.
S & S Radio Supply

OREGON

EUGENE

Carlson, Hatton & Hay, Inc.
MEDFO

Ver} G. Walker Co.
PORTLAND
Appliance Wholesalers
Bargelt Supply

Portland Radio Supply Co.
Stubbs Electric Co.
Tracey & Co., Inc.
United Radio Supply, Inc.

PENNSYLVANIA
ALTOONA
Hollenback’s Radio Supply
BETHLEHEM
Buss Electric Supply
ERIE

J. V. Duncombe Co.
Jordan Efectronic Co.
Warren Radio, Inc.
HARRISBURG
Radio Distributing Co.
JOHNSTOWN
Cambria Equipment Co.
PHILADELPHIA
A. C. Radio Supply Co.
Allied Electric Appliance
Parts, Inc.

Almo Radio Co.
Barnett Brothers Radio Co.
Consolidated Radio Co.
Emerson Radio of Pa., Inc
Herbach & Rademan, Inc.
Nat Lazar Radio Co.
M & H Sporting Goods Co.
Radio Electric Service Co.
of Pa., Inc.
Raymond Rosen & Co.
Albert Steinberg & Co.
Eugene G. Wile
PITTSBURGH
Cameradio Co.

John Marshall Co.
Radio Parts Co.
Superfor Distributing Co.

Tydings Co.

ST. MARYS
B & R Elextric Co.

SCRANTON
Scranton Radio & Televison
WILLIAMSPORT
Willlamsport Radio Supply

YORK

J. R. S. Distrihutors
York Radio &
Refrigeration Parts

SOUTH CAROLINA
COLUMBIA
Dixie Radlo Supply Co.

SOUTH DAKOTA
SIOUX FALLS
Power City Radio Co.
Warren Radio Supply
WATERTOWN
Burghardt Radio Supply

TENNESSER
CHATTANOOGA
Curle Radio Supply

JACKSON
L. K. Rush Co.
KNOXVILLE
Chemcity Radio & Efectric

MEMPHIS

Bluff City Distr. Co., Inc.
Boyd Electronic Supply
NASHVILLE
Electra Distributing Co.

TEXAS
ABILENE
R & R Electronic Co.
AMARILLO
R & R Electronic Co.
West Texas Radio Supply
AUSTIN
The Hargis Co.
BEAUMONT
Montague Radio Distr. Co.
CORPUS CHRISTI
Electronic Equipment &
ng. Co.
Wicks-DeVilbiss Co.
DALLAS
All-State Distributing Co.
Crabtree’s Wholesale Radio
Ra-Tel, Inc.
Wilkinson Brothers
DENISON
Denison Radio Supply
FORT WORTH
Electronic Equipment Co.
Fort Worth Radio Supply Co.
“'Scooter's’’ Radio Supply
Bill Sutton’s
Wholesale Electronics
HOUSTON
R. C. & L. F. Hall, Inc.
Sterling Radio Products Co.
LUBBOCK
R. & R. Supply Co., Inc.
SAN ANTONIO
Mission Radio, Inc.
WACO
The Hargis Co., Inc.
WICHITA FALLS
Clark & Gose Radio Supply
Mooney Radio Supply Co.

VIRGINIA

DANVILLE
Womack Electric & Supply
NORFOLK

Ashman Distributing Co.
Radio Equipment Co.
Radio Parts Distributing Co.
Radio Supply Co.
RICHMOND
Johnston-Gasser Co.
Radio Supply Co.
Winfree Supply Co.
ROANOKE
H. C. Baker Sales Co., Inc.
Leonard Electronic
Supply Co.

WASHINGTON
SEATTLE
General Radio Inc.
Harper-Meggee, Inc.
Radio-Efectric Supply Co.
Seattle Radio Supply, Inc.
Western Electronic
Supply Co.
Herb E. Zobrist Co.
TACOMA
C & G Radio Supply Co.
Wible Radio Supply Co.

WEST VIRGINIA
BLUEFIELD
Whitehead Radio Co., Inc.
CHARLESTON
Chemcity Radio & Electric
HUNTINGTON
Electronic Supply, Inc.
King & Irwin, Inc.
PARKERSBURG
Randle & Hornbrook

WISCONSIN
GREEN BAY
Northern Electrical Dist.
MADISON
Radlo Distributors
Satterfield Radio Supply
MANITOWOC
Harris Radlo Corp.
MILWAUKEE
Acme Radio Supply Corp.
Central Radlo Parts Co.
Electro-Pliance Distrib.
Marsh Radio Supply Co.
Radio Parts Co., Inc.
RACINE
Standard Radio Parts Co.
WAUSA

Radlo Service & Supply

WYOMING
CHEYENNE

BRIDGETON

Lurtz Efectric Co.
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Roden Etectrical Supply Co

Houge Radio & Supply
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m...ﬁrst Choice for Transatlantic Airline Communication

The whirling propellers of the international air
lines make daily mockery of the vast space of the At-
lantic Ocean. Intercontinental passengers and cargo
come and go hourly at New York, Miomi, Gander;
Shannon, Ireland, and Lisbon, Portugal. These Euro-
pean and American airports are equipped with
modern long-range, multichannel WILCOX Trans-
mitters.

Oslo, Norway, and Stockholm, Sweden, use

WILCOX Transmitters as basic communications

equipment, and radio beacon service is provided at
Reykjavik, Iceland, by WILCOX Type 96-200 Trans-
mitters,

Thus, the giant airliners of the world's major
airways are protected in flight and guided safely
to the runways of Europe’s and America’s principal
ports of entry,

WRITE TODAY. .. for complete information on
air-borne, ground station, point-to-point, or shore-

to-ship communications equipment,

|

WILCOX ELECTRIC

KANSAS CITY

COMPANY

MISSOURI
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FIXED RESISTORS

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

g

e
T

ADJUSTABLE RESISTORS

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

For circuits that require resistors
of unsurpassed quality

... Specidy Allen=-Bradley

PROCEEDINGS OF THE I.R.E

BRADLEYUNITS cre available in %, 1, and

2.watt ratings. They have high mechanical strength
and permanent electrical characteristics.

The leads are differentially tempered to pre-
vent sharp bends near the resistor. The leads are
easily formed to fit any spot.

All Bradleyunits are packed in convenient
honeycomb cartons that keep the leads straight.
Send for Allen-Bradley resistor chart.

TYPE J BRADLEYOMETERS have solid-

molded resistor elements. They are thick rings,
molded to provide any resistance-rotation curve.
After molding, heat, cold, moisture, and hard use
do not affect the resistor.

The resistor is molded as a single unit with
insulation, terminals, face plate, and treaded bush-
ing in ONE piece. There are no rivets, nor welded
or soldered connections.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis.

aB

ALLEN-BRADLEY

FIXED & ADJUSTABLE RADIO RESISTORS

Sold exclusively to manufacturers

December, 1949

Cg of radio and electronic equipment

= QUALITY =
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| TOWERS OF STRENGTH S

=\ FIVE 400”'

ARE
HIGH

v

OU'RE LOOKING AT 2,400 soaring feet of self-supporting radio towers—Truscon-
Yengineered and erected for WFM] Broadcasting Company in Youngstown, Ohio.
These sturdy steel structures climb 400 feet above the Mahoning Valley. One tower
carries an RCA 4-section Pylon FM antenna. Together, they give 5,000-watt WFM] top
coverage of the bustling castern Ohio-western Pennsylvania industrial area.
Competition for Youngstown dialers is intense, with nearby Cleveland and Pittsburgh
broadcasters pouring 50,000-watt signals into the market. Facing this problem, Truscon
furnished a tower set-up that was exactly right for WFM]J’s needs—and then erected the
towers for best operating efficiency.

It’s one more example of the way in which Truscon engineers tackle purely local problems
— operational or geographical —in any part of the world. Truscon can engineer and
erect exactly the towers you need . . . tall or small . . . guyed or self-supporting . . .
for AM, FM or TV. Your phone call or letter to our home office, or to any close-by
‘Truscon District Office, will bring you helpful assistance without obligation.

4

10k
LYRNW TRUSCON /|| *

YOUNGSTOWN 1, OHIO stl'.SUPPORTlNG A

U e AND UNIFORM "0 WER S
CROSS SECTION GUYED

§

WFM] Broadcasting Station, Poland—Boardman
Road, Youngstown, Obio. 6 Trnscon Self-Suppor:-
ing Towers. One Tower is 346 Jt. bhigh with
RCA 4-Section Light or Heavy Drity Pylon. Five
Towers each 400 ji high. Shows base of one tower,

TRUSCON COPPER MESH GROUND SCREEN



LUG TYPE

Most popular type
for generaq purpose
applications. Con-
nected by soldering or
bolting to lugs. Pro-
tecles by vitreous
enamel coating.

“DIVIDOHM"”’
ADJUSTABLE TYPE

Provided with ad-
justable lugs for
securing odd values
of resistance quickly
and easily.

WIRE LEAD TYPE

Small vitreous en-
ameled resistors
which can be con-
nected and supported
by their own wire
terminals. Maximum
size approx. 20 watts.

FLEXIBLE LEAD
TYPE

Winding is con-
nected to stranded
bare or insulated
leads. Used where it
isdesired to have con-
necting wires a part
of the resistor.

"“"CORRIB” TYPE

Has edge-wound,
exposed corrugated
ribbon winding. For
low resistances where
100 watts or more
must be dissipated in
small space.

FERRULE TYPE

Winding termi-
nated on metal bands
for mounting in
standard fuse clips.
Provides easy inter-
changeability with-
out tools.

EDISON BASE
TYPE

Mounted in ordi-
nary lamp type screw
sockets for easy inter-
changeability with-
out the use of tools.

PRECISION TYPE

Low wattageresist-
ors of = 1% or closer
tolerance. Made in
vacuum impreg-
nated, glass sealed, or
vitreous enameled
type units.

BRACKET TYPE

Have metal end
brackets. Live brack-
et type is connected
by bolting brackets
to panel terminals.
Dead bracket type
has separate lugs.

NONINDUCTIVE
TYPE

For radio frequen-
¢y circuits where con-
stant resistance and
impedance are re-
quired. Made in rug-
ged,vitreous-enameled
type construction.
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Atomic Instrument Com-
pany’s Coincidence Ana-
lyzer, used with Geiger
Counters, steps up ac-
curacy of coincidence
experiments in cosmic ray
and nuclear physics re-
search and generalradio-
activity measurements,

Teamwork between the engineer-
ing departments of Atomic Re-
search Company and CTC licked a
serious time problem in the manu-
facture of the Coincidence Ana-
lyzer. Atomic Research Company
specified what they needed in
terminal boards and CTC sawto
it that they got what they wanted
in a hurry. Five Terminal Boards
made of laminated phenolic and
equipped with standard CTC feed-
through and single-ended lugs com-
prise CTC’s contribution to this ex-
cellent piece of equipment.

This is but one of many cases
where CTC has cooperated with
electronic and radio manufacturers
with gratifying results. We are set
up to create and produce assembled
terminal boards to meet just about
any specifications, Special terminal
lugs, coils and chokes to fit particu-
lar requirements are also part of our
custom engineering service.

» NEW COINCIDENCE ANALYZER

USES CTC TERMINAL
BOARDS

WHAT IS YOUR PROBLEM?

When you need terminal boards,
check with us before your designs
are too far advanced. Our engineers’
long experience with laminated in-
sulating materials offer you expert
analysis and satisfactory recom-
mendations, promptly. CTC’s
broad line of terminals usually
fulfills any requirement.

Crstone or Sleericlerel

Yie G veenrleedd

Cn)u/mn(w/é
Shart Split T ne
Swagers Lugs Lugs I.uug

&
s

Double-End Terminal g
Lugs Boards Coils

CAMBRIDGE THERMIONIC CORP,
456 Concord Ave., Cambridge 38, Mass.

PROCEEDINGS OF THE I.R.E

Save Space
and Weight
with TRIAD

1939 T, ransformer
Dims: 33x3§'x 33

We/g/;f 2 7 lbs.

— TRIAD "HS" Audio
Input fransformer
Dims: Iy X l; x2%

Weight: 12 oz

h
l Bath transfarmers shawn above ore high

| fidelity input transfarmers, frequency response

from 20.20,000 cycles and 95db. shielding

Yet the Triad transformer is only one-
seventh as large by volume, occupies one-
fourth the spoce ond is one-fourth as
heavy. In the praduction of taday’s high
fidelity equipment, where space is at o premium,
that's impoartant

Triod "HS* (hermetically sealed) transfarmers,
built to meet JAN specifications, are praviding
new standards of perfarmance for quolity elec-
tranic equipment — yet they cost little mare than
ordinary cosed types

Triod builds o complete line of transformers
far ariginal equipment, replacement, geaphysical
and omateur applications

Write far
Cotalog TR.49

2254 Sepvlveda Blvd.
- Los Angeles 64, Colif.

December, 1949



g . we'll welc
PPermanem Magnets '

rHE ARNOLD ENGINEERING COMPANY

Subsidiary of
S /ALLEGHENY LUDLUM STEEL CORPORATION
anos® 147 East Olﬁpqu Street, Chicago 11, llinois
Specialists and Leaders in the Design:, E:tgineering and Manufacture of PERMANENT MAGNETS

4
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o o « the economy of thoriated-tungsten filaments
and improved cooling in high-power tubes

Here is unparalleled tube valne...

Five new RCA wubes, ranging in power
input from 1.5- to 150-kw, and success-
fully utilizing economical thoriated-
tungsten filaments which offer marked
savings in filament power and the
cost of associated power equipment.

Five tubes with proved features of
previous similartypes. Two—the 5762
and 5786—have efficient newly de-
signed radiators that permit the use
of less expensive blowers.

324

Five tubes with improved internal
constructions that contribute to their
more efficient operation and longer
service life.

These five new RCA tube types are
“musts’” for designers of broadcast,
communications and industrial elec-
tronic equipment where design and
operating economies alike are im-
portant considerations.

Forced-air-cooled assemblies and

TUBE DEPARTMENT

RADIO CORPORATION of AMERICA
HARRISON. N. J,

PROCLELDINGS OF THE I.R.E.

water-jacket assemblies are available
for most RCA power tubes.

RCA Application Engineers are
ready to consult with you on the ap-
plication of these improved tubes ard
accessorics 1o your specific designs.
For complete technical information
covering the tvpes in which you are
interested, write RCA, Commercial
Enginecring, Section 47LR, Harri-
son, New Jersey.

December, 1919
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Haraden Pratt

SECRETARY, 1943-1949

Haraden Pratt, Vice-President and Chief Engineer
of the American Cable and Radio Corporation, was born
in San Francisco, Calif., on July 18, 1891. Ile com-
menced his career in radio as an amateur in 1906, and
became a wireless telegraph operator and installer of
equipment for the United Wireless Telegraph Company
and Marconi Wircless Telegraph Company of America
during the yvears 1910-1914.

Mr. Pratt, who received the B.S degree in electrical
engineering from the University of California in 1914,
became a construction and operating engineer for the
Marconi Company’s 300-kilowatt spark-type Trans-
Pacific radio stations in California.

From 1915 to 1920 he was an Expert Radio Aide for
the Navy Department and was primarily occupied with
the construction and maintenance of its high-powered
radio stations. Commencing in 1920 he established the
public service radiotelegraph system of the Federal
Telegraph Company on the Pacific Coast. In 1925 he
constructed and operated a radiotelegraph system be-
tween Salt Lake City and Los Angeles for the \Western
Air Express, which was followed in 1927 by develop-
ment work on radio aids for air navigation of which he
was in charge at the Bureau of Standards, Department

of Commerce, Washington, ). C. In 1928 he became
chief enginecer and later vice-president of Mackay Radio
and Telegraph Company. Ile constructed its world-wide
communication plant.

Mr. Pratt has attended most international radio and
telegraph conferences since 1926 as cither a technical
or industry adviser. e was a director of the American
Standards Association from 1939 to 1942, chairman of
the Radio Technical Planning Board from 1945 to
1948, and is now a member of the Joint Technical Ad-
visory Committee,

During World War II he was chief of the National
Defense Rescarch Committee's Division 13 on Com-
munications, and in 1948 was awarded a Presidential
Certificate of Merit.

Mr. Pratt is a member of Sigma Xi, Fellow of the
American Institute of Electrical Iingineers, Fellow of
the Radio Club of America, and an Associate Fellow
of the Institute of the Acronautical Sciences.

He joined the Institute as an Associate in 1914, be-
came a Member in 1917, and a Fellow in 1929. Ile has
been a Director since 1935, Treasurer in 1941-1942,
Secretary since 1943, and President in 1938, Mr. Pratt
received the Institute's Medal of Honor in 1944.
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By decision of the Board of Directors of the Institute, a major new service
to the IRE membership has been established. Its genesis and purpose are
described in the following statement from the Technical Editor.—The Edilor.

IRE Standards Publication Policy

Standardization is essential to the orderly expansion and progress of a technological field.

The Institute of Radio Engineers, sensible of its responsibilities in this regard, appointed
a Committee on Standardization immediately following its foundation in 1912, and the next
year published a report dealing with definitions of terms, letter and graphical symbols, and
methods of testing and rating equipment. Since that time, standardization activities have played
a permanent and prominent role in Institute affairs, resulting in the eventual formation of
more than twenty technicab committees. These activities have contributed appreciably to the
advancement of the electronic and communication art, bringing conformity and clarity to all
fields of endeavor.

The Standards publication program of the Institute has been modified from time to time in
the past to meet the needs of a rapidly growing field. The initial Standards report of 1913 was
succeeded by revised reports appearing in 1915, 1922, 1926, 1928, 1931, and 1933. Each report
contained, in a single document, data on all branches of the art. Due to the rapid strides made in
certain fields, the Committee on Standardization, during 1924 and 1925, was supplemented
with a number of subcommittees, each one of which concerned itself with one specialized branch.
As a result of this change in committee structure, the 1926 and subsequent Standards reports
each were separated into several sections. Eventually it was found desirable to give these sub-
committees full standing-committee status. Accordingly there was initiated in 1938 a new
series of Standards in which each Standard dealt with a separate field. More recently, this sub-
division has been carried further by the publication of separate Standards within each field on
definition of terms, on symbols, and on measuring and testing methods.

The rapid growth of the electronic and commuhications field has occasioned a correspondingly
large increase in Institute membership. As a result, the method of distributing Standards here-
tofore has become increasingly inadequate. Therefore, the Board of Directors plans as a con-
tinuing procedure, subject to urforeseen contingencies, to publish all Standards, prepared
by the Technical Committees of the Institute, in the PROCEEDINGS OF THE ILR.E. This is re-
garded as a valuable new service to the membership as it will make available to all members
each Standard that is published, thereby ensuring the widest practicable distribution of Stand-
ards without additional cost to the members. As a matter of convenience, all issues of the
PROCEEDINGs containing Standards will be identified by a red border on the spine and a cor-
responding notice in red on the front cover. In addition. those individuals who wish to maintain
a separate file of IRE Standards may purchase reprints, while available, of those Standards
published in the PROCEEDINGS from Institute headquarters.

The Institute is therefore pleased to place before the membership in this issue of the Pro-
CEEDINGs oF THE L.R.E. the first Standards to be published in accordance with the new Institute
Standards publication policy.—The Technical Editor.
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Standards on

RADIO AIDS TO NAVIGATION: DEFINI-
TIONS OF TERMS, 1949"

W. R. G. Baker
H. S. Black

G. P. Bosomworth
J. G. Brainerd

G. M. Brown

R. S. Burnap
Henri Busignies

A. D'Orio
C. Dyer

. H. Ewing
. C. Ferrar

. L. Harvev
. J. Hirsch

cTErT

nzZ=x

“Navigation” is the process of finding the position
of a vehicle, and directing it to reach a desired destina-

tion.

Note: Navigation is inherently three-dimensional.
It is often reduced to two dimensions by projecting all
positions, courses, and speeds upon the surface of
the earth. The measurement of a navigational co-
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1.1. Definition

R. R. Welsh

1. INTRODUCTION

ordinate defines a surface of position. The intersection
of this surface of position with the surface of the
earth is the conventional line of position. The position
of the vehicle is at the intersection of three surfaces
of position; it may be so defined or it may be defined
as the intersection of two lines of position (at the
surface of the earth). Thus altitude is ordinarily dealt
with independently as one co-ordinate, while the
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other two are converted into horizontal distance and
direction or into latitude and longitude. When the
vertical component of a course is of comparable im-
portance to the horizontal components it is often
advantageous to treat the navigational process in
terms of three appropriate surfaces of position.

Note: Navigation is ordinarily carried out continu-
ously throughout a journey. All observed quantities
are functions of time.

1.2. Conditions

Navigation must be carried on under three sets of
conditions that apply at various distances from the
starting point, way points, or destination; that is:

1.2.1. At distances such that the knowledge of posi-
tion alone is adequate to determine the proper course
to the objective.

1.2.2. At distances such that the .operation of other
vehicles in the vicinity becomes a vital factor in the
choice of procedure.

1.2.3. At distances such that the relation between
the course of the moving vehicle and the positions of
fixed bodies, such as docks or landing strips, assume
paramount importance.

1.3. Operations

Navigation consists of four basic operations: dead-
reckoning, fixing, pilotage, and homing.

1.3.1. “Dead-reckoning” is the procedure of advanc-
ing a known position to give a position at a later time
by addition of one or more vectors representing known
courses and distances.

Note: One or more of the vectors may represent
currents in the sea or air. The distances are ordinarily
found by measurements of speeds and time inter-
vals.

1.3.2. “Fixing” i1s the determination of
without reference to any former position.

position

Note: In case the various elements of a “fix” are
not obtained simultaneously, they may be converted
to a common time. Having obtained two or more
“fixes,” at known time intervals, the navigator may
determine or verify certain of the vectors which he
uses in dead-reckoning.

1.3.3. “Pilotage” is navigation without computation
of position, by directing a vehicle to its destination
through observation of landmarks in the vicinity of the
vehicle.
Note: Pilotage may be performed either by direct
visual, aural, mechanical, or electronic observation

1.3.4. “Homing” is approaching a desired point by
following a route such that some navigational co-
ordinate (other than altitude) is held constant
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1.4. Radio Fixing Aids

The radio fixing aids to navigation may be classified
in terms of the geometrical relation between the vehicle
and the known points, lines, or surfaces as follows:

1.4.1. Single Fixed Vertical Line in Space. (In two-
dimensional navigation, the identification of a single
point on the surface of the earth.)

Example: Zone (Z) marker.

1.4.2. Rudial Lines-of-Position

a. Directional aids—the frame of reference is at-
tached to the vehicle.

Example: Radio direction finding from the vehicle.

b. Azimuthal aids—the frame of reference is fixed
with respect to the earth.

Example: Omnidirectional range.

1.4.3. Distance Measurement

a. Distance from one or more discrete points. (Cir-
cular lines of position.)

Example: Shoran, oboe, or distance measuring equip-
ment (DME).

Note: The measurement involves transmission in
both directions over the path. The measurement may
be initiated from either the fixed points or the vehicle.
b. Distance from a line. (Cylindrical surface of posi-

tion.)

Example: Maintenance of a signal of constant ampli-
tude by traveling at a constant distance from a long
wires radiating electromagnetic waves with uniform
cylindrical symmetry.

c. Distance from a surface. (The surface of position
dependent upon the reference surface.)

Example: Radio altimeter (reference is surface of
earth).

1.4.4. Distance-Difference Measurement (hyperbolic lines
of position).
The difference between the distances from two fixed
points is measured without knowledge of either distance.
Example: Loran, gee.

1.4.5. Distance-Sum Measurement (elliptical lines of
position).

The sum of the distances of two fixed points is meas-
ured without knowledge of either distance. This process
is similar to 1.4.3 a, except that the transmitter and re-
ceiver of the transponder are separated by a fixed known
distance.

1.4.6. Composite Aids to Iixing

The basic processes and co-ordinate systems, out-
lined above, are not mutually exclusive. They may be
combined in a wide variety of ways (including the use of
computers) to form numerous specific navigational sys-
tems. The various “elements of a fix” (i.e., co-ordinates
of position) may be determined by different basic meth-
ods, of which the following are typical examples:

a. Polar co-ordinate methods
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Examples: Radar-PPI (combining 1.4.2 a and 1.4.3
a), omnidirectional range plus distance-mecasuring
cquipment (combining 1.4.2 b and 1.4.3 a).

b. Point identification (combining 1.4.1 and 1.4.3 ¢).

Example: Zone (Z) marker plus altimeter.

2. DEFINITIONS OF STANDARD

The following table presents a summary of suggested
standard nomenclature (defined clsewhere) as the rela-
tion of navigation coordinates to the plan, enroute
indication, and result.

. Navigational Instrument
Co-ordinate o Tidication Result
Horizontal Compo- Course Heading Course made good

nent of Direction

Vertical Component Slope Angle Pitch Attitude Slope angle made
of Direction good

Horizontal Compo- Course Line Position

Track (or Hori-
nent of Path

zontal Track)

Vel!;tlc:l Component  Altitudes Positjon Vertical Track

at

Path (3 Dimensions) Path (or Flight Position Track (or Flight
Path) Track)

Horizontal Compo- Estimated Ground Speed (any Ground Speed
nent of Speed Speed method)

Vertical Component Estimated Rate of Rate of Climb (or Vertical Speed
of Speed Climb Dive)

Time Schedule Elapsed Time (Be-
tween any Points)

Estimated Time Time (at any
at Each Point point)

Three terms used in navigation, “bearing,” “heading,”
and “course,” are defined on later pages. When these
words are used without modifier, the reference direction
from which measurements are made is indefinite. Thus,
the definitions of these three terms involve measure-
ment of angles from references which are unstated.

A number of modifiers are used with these words to
define the reference. For example, we may have “true
bearing,” “true heading,” and “true course.” Each of
these is defined hereafter. The modifier “true” gives the
reference direction as true north. The angles for bearing,
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c. Ilyperbolic-elliptical co-ordinate methods (com-
bining 1.4.4 and 1.4.5).

d. Intersection of two identifiable surfaces.

Examples: Beam-type instrument approach system
(ILS), Ground control of approach radar (GCA).

NAVIGATION NOMENCLATURE

heading, and course in their “true” sense can be meas-
ured by any desired means.

The modifiers and their reference directions are as
follows:

True. The reference direction is true north. Azimuth
is the same as true bearing. It is suggested, however,
that.the word “azimuth” be reserved for celestial angles
used in navigation and for other purposes, such as sur-
veying. Thus, for purely terrestrial navigational use,
the term “true bearing” is preferred.

Magnetic. The reference direction is magnetic north.

Compass. The reference direction is the north mark
on the compass card of a magnetic compass (or re-
peater). Deviation has an effect on the angle of the north
point of the card with reference to magnetic north.
Further, the calibration of the compass card may not be
correct. However, the reference as stated is the north
mark on the compass card and the reference reading
is obtained at the lubber line on the compass case as
indicated on the marked compass scale. “Corrected com-
pass” means “magnetic,” which is given above.

Relative. The reference direction is the vehicle’s head-
ing, which is the forward direction along the vehicle's
longitudinal center line. “Relative heading” and “rela-
tive course” should not be used. The proper terms are,
respectively, “heading” and “drift angle.”

Grid. The reference direction is the top of a grid
which, for polar navigation, is a grid of rectangular co-
ordinates superimposed over the polar regions. One line
on this grid coincides with the Greenwich meridian,
North on this grid is the direction upward on'the chart,

usually the direction of the North- Pole from Green-
wich.

3. DEFINITIONS OF TERMS

ADF. Automatic direction finder, specifically as
used in aircraft.

Atvded Tracking. A system of tracking a signal in
bearing, elevation, or range, or any combination of
these variables, in which a constant rate of motion of
the tracking mechanism is maintained such that the

motion of the target can be followed. The operator ad-
justs the rate by controlling an error parameter.
Airborne Radar. A radar set providing information in
an aircraft about the relative position of fixed identifica-
tion points or other aircraft.
Air Position Indicator (API). A dead reckoning com-
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puter which integrates headings and speeds to give a
continuous indication of position with respect to the
air mass in which the vehicle is moving.

Altitude. Vertical distance above sea level.

Ambiguity. The condition obtaining when naviga-
tional co-ordinates define more than one point, direc-
tion, line of position, or surface of position.

Angle of Elevation. The angle measured at the ob-
server between the horizontal plane and the line to the
object.

A-N Radio Range. A navigational aid that establishes
four radial equisignal zones, a deviation from the zones
being indicated by the audible Morse Code letters A or
N and the on-course indication being a continuous tone.

Approach Navigation. Navigation under such condi-
tions that the approach to a dock or runway becomes of
major importance.

Approach Path. That portion of the flight path in the
immediate vicinity of the landing area where the flight
path is ordinarily defined in three dimensions.

A-Scope. A cathode-ray indicator with a horizontal
or vertical sweep, giving signal amplitude and distance.
Signals appear as vertical or horizontal deflections on
the time scale.

Aural Radio Range. A radio range facility whose
courses are normally followed by interpretation of the
transmitted aural signal.

Automatic Tracking. Tracking in which a servomech-
anism follows the signal automatically.

Auto-Radar Plot. See Chart Comparison Unit.

Azimuth. Same as true bearing and usually associated
with celestial navigation.

Azimuth-Stabilized PPI. A PPI on which indicated
north is fixed with respect to the heading of the vehicle,
usually at the top of the screen.

Baseline. The geodesic between two stations that
operate in conjunction for the determination of navi-
gational co-ordinates.

Bearing. The angle in the horizontal plane between a
reference direction and the line jointing the observer
with an object, usually measured clockwise from the
reference direction.

B-Scope. A cathode-ray indicator in which a signal
appears as a spot with bearing as the horizontal co-
ordinate and distance as the vertical co-ordinate.

Boundary Marker. A marker facility, in an instrument
landing system, which is installed near the approach end
of the landing runway and approximately on the lo-
calizer course line.

Carrier Controlled Approach (CCA). A radar system
for aiding landing on aircraft carriers.

Center Line. The locus of the points equidistant from
two reference points or lines.

Chain. A network of similar stations operating as a
group for the determination of position.

Challenge. See Interrogation.

Challenger. See Interrogator.
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Chart Comparison Unit. A device for positioning a
radar map on a navigational chart.

Coder. See Pulse Coder.

Coding Delay. An arbitrary time delay in the trans-
mission of pulse signals, usually inserted at a trans-
mitting station.

Compass Bearing. The angle in the horizontal plane
between the direction of magnetic north on the com-
pass card and the line joining the observer and the ob-
ject, usually measured clockwise.

Compass Course. The directng in the horizontal
plane of intended travel with respect to the direction of
magnetic north on the compass card, usually measured
clockwise.

Compass ITeading. The angle in the horizontal plane
between the direction of magnetic north on the compass
card and the line along which the vehicle is pointing,
usually measured clockwise.

Corner Reflector. A reflecting object consisting of two
or three mutually intersecting conducting surfaces.
(Definition of Antennas Committee.)

Note: Corner reflectors may be dihedral or tri-
hedral. Trihedral reflectors may be used as radar
targets.

Corrected Compass Course. Same as Magnetic Course.

Corrected Compass Ileading. Same as Magnetic Ilead-
ing.

Count Down. The ratio of the number of interrogation
pulses not answered to the total number of interrogation
pulses in a transponder beacon.

Course. The direction of intended travel projected in
the horizontal plane expressed as an angle from a refer-
ence direction, usually measured clockwise.

Course Line. The horizontal component of path of
proposed travel for the vehicle. It comprises course and
the element of distance.

Course Error. The angular difference between the
planned course and the course made good by an air-
craft.

Course (Line) Computer. The equipment which pro-
vides the means by which any arbitrary course line may
be set up and flown, such as that used in connection
with ODR and DME equipment.

Course (Line) Deviation Indicator. A cross-pointer
instrument indicating deviation from a course line.

Course Made Good. The resultant direction the vehicle
bears from a point of departure or waypoint, usually
measured clockwise from true north.

Course (Line) Selector. An instrument providing
means to select the course to be flown.

Crossing Angle. The angle at which two lines of posi-
tion, or courses lines, intersect.

C-Scope. A cathode-ray indicator in which a signal
appears as a spot with bearing as the horizontal co-
ordinate and elevation angle as the vertical co-ordinate.

Dead Reckoning. Determination of position by ad-
vancing a known position through the addition of one

L%——_
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Or more vectors representing known courses, times, anc
speeds.

Decoder. A circuit which responds to a particular
coded signal and rejects others.

Desired Track. See Path.

Destination. The point of intended arrival.

Differential Gain Control. (Also called Gain Time
Control or Sensitivity Time Control.) A device for alter-
g the gain of a radio receiver at the times when
various signals are expected, in order to reduce the dis-
crepancy in amplitude between the signals at the output
of the receiver.

Directional IlToming. The procedure of following a
path such that the objective is maintained at a constant
relative bearing.

Direction Finder (DF). A radio aid to navigation
that determines the direction of arrival of a radio signal
by measuring the orientation of the wave front or of
the magnetic or electric vector of a radio wave.

Distance Measuring Equipment (DME). A radio aid
to navigation that determines the distance from a
transponder beacon by measuring the total time of
transmission to and from the beacon.

Distance Mark. A mark on a cathode-ray indicator
which indicates the distance from a radar set to a target.

Drift Angle. The angular difference between the
heading and the course made good.

Electrical Distance. The distance traveled by radio
waves in a unit of time. A convenient unit of electrical
distance is the light microsecond, or about 983 feet
(300 meters). In this unit the electrical distance is
numerically equal to the transmission time in micro-
seconds.

Elements of a Fix. The specific values of the naviga-
tional co-ordinates necessary to define a position,

Equiphase Zone. The region in space within which
the difference in phase of two radio signals is indis-
tinguishable.

Equisignal Zone. The region in space within which
the difference in amplitude of two radio signals (usually
emitted by a single station) is indistinguishable.

Fan Marker. A vhf radio beacon, in an instrument
landing system, having a fan-shaped radiation pattern
and located along an airway radio range leg to provide a
position fix.

Fix. Position determined without reference to any
former position.

Flag Alarm. A semaphore-type flag provided in a
navigational indicator to warn the pilot that a system
failure has occurred.

Flight-Path. The path in space planned for an aircraft
flight.

Flight-Path Computer. A computer including all of
the functions of a course line computer and in addition
providing means for controlling the altitude of the air-
craft in accordance with any desired plan of flight.

Flight-Path Deviation-Indicator. An instrument pro-
viding an indication of deviation from flight path.

December

Flight Track. The track 1 space actually traced by
an aircraft.

Gain Time Control. Sce Differential Gain Control.

Geodesic. The shortest line on the surface of the earth
between two points.

Glide Path. Sce Glide Slope.

Glide Slope. (Previously called Glide Puath.) An in-
clined surface of signal extending upward at an angle to
the horizontal from the point of desired ground contact.

Glide Slope Facility. The means of providing a glide
slope.

Grid Bearing. The angle, usually measured clockwise,
between grid north and the initial direction of the arc
of a great circle through an observer and a point,

Grid Course. A direction of intended travel projected
in the horizontal plane expressed as an angle from grid
north, usually measured clockwise.

Grid Heading. A direction in the horizontal planc ex
pressed as an angle from Grid North to a line along
which a vehicle is pointed, usually measured clockwise.

Grid North. An arbitrary reference direction used in
connection with the Grid System of navigation. The
reference direction is the top of a grid which, for polar
navigation, is a grid of rectangular co-ordinates super-
imposed over the polar regions. One line on this grid
coincides with the Greenwich Meridan. North of this
grid is the direction upward on the chart, usually the
direction of the North Pole from Greenwich. )

Ground Controlled A pproach (GCA). A ground radar
system providing information by which aircraft ap-
proaches may be directed via radio communications.

Ground Distance. The horizontal component of dis-
tance from one object to another.

Ground-Position Indicator (GPI). A dead-reckoning
tracer, similar to an air position indicator with provision
for taking account of drift.

Ground Surveillance Radar. A radar set operated at a
fixed point for observation and control of the position of
aircraft or other vehicles in the vicinity,

Ileading. The angle in the horizontal plane between 4
reference direction and the line along which the vehicle
is pointing, usually measured clockwise.

IToming. Following a course directed toward a point
by maintaining constant some navigational coordinates
(other than altitude).

I'nstrument Landing System (ILS). A radio system
which provides in the aircraft the directional, longi-
tudinal, and vertical guidance necessary for landing.

Interrogation. Transmission of a radio-frequency pulse
or combination of pulses intended to trigger a trans-
ponder or group of transponders,

Note: Sometimes called Challenge.

Interrogator. See I nterrogator-Responsor.

Interrogator-Responsor (IR). A radio transmitter and
receiver combined to interrogate a transponder and dis-
play the resulting replies.

Note: Sometimes called Challenger.
Lattice. A grid of identifiable lines of position laid
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down in fixed positions with respect to the transmitters
that establish it.

Leader Cable. A navigational aid consisting of a cable
around which a magnetic field is established, marking
the path to be followed.

Line of Position. A line along which two navigational
co-ordinates are constant; known values of these co-
ordinates establish the navigator’s position as some-
where along this line.

Localizer. A radio facility which provides signals for
lateral guidance of aircraft with respect to a runway
center line.

Long-Range Navigation. Navigation at distances
such that knowledge of position and objective alone are
sufficient to permit determination of the proper course.

Magnetic Bearing. The angle in the horizontal plane
between the direction of magnetic north and a line join-
ing the observer and the object, usually measured clock-
wise. .

Magnetic Course. The direction in the horizontal plane
expressed as the angle of intended travel with respect to
the direction of magnetic north.

Magnetic Deviation. Angular difference between com-
pass reading and magnetic heading.

Magnetic Heading. The angle in the horizontal plane
between the direction of magnetic north and the line
along which the vehicle is pointing, usually measured
clockwise.

Marker. In an instrument landing system, a radio
facility providing” a signal to designate a small area
above it.

Master Station. The station of a synchronized group
of stations that governs the emissions of the group.

Matching. In navigation, the process of bringing two
quantities into suitable positions for measurement of
their relative value.

Middle Marker. A marker facility which is installed
approximately 3,500 feet from the approach end of the
runway on the localizer course-line.

Minimum Distance. The shortest distance at which a
navigational system will function.

Moder. See Pulse Coder.

Moving Target Indicator (MTI). A device which lim-
its the display of radar information primarily to moving
targets.

Navigation. The process of finding the position of a
vehicle and directing it to reach a desired destination.

Navigational Co-ordinate. A quantity whose measure-
ment serves to define a surface of position (or a line of
position if one surface is already known) containing the
vehicle.

North-Stabilized PPI. See Azimuth-Stabilized PP1.

Offset-Course Computer. An automatic computer
which translates reference navigational co-ordinates
into those required for a predetermined course.

Omnibearing. The bearing, usually magnetic, of an
* omnidirectional range station from a vehicle
Omnibearing Indicator. An instrument providing au-
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tomatic and continuous indication of the omnibearing.

Omnibearing Converter. An electromechanical device
which combines the omnibearing signal with vehicle
heading information to furnish electrical signals for the
operation of the pointer of a radio magnetic indicator.

Ommnibearing-Distance Facility. A radio facility, hav-
ing an omnidirectional range in combination with
distance-measuring equipment.

Omnibearing-Distance Navigation (R-TIIETA). Ra-
dio navigation utilizing a polar-coordinate system as a
reference, making use of omnibearing-distance facilities.

Omnibearing Selector. An instrument capable of being
set manually to any desired omnibearing, or reciprocal
thereof, which controls a course line deviation indicator.

Omnidistance. The distance between the vehicle and
an omnibearing-distance facility.

Omnirange (or Omnidirectional Range). A facility pro-
viding navigators with direct indication of the bearing
of the omnirange facility from the vehicle.

Outer Marker. In an instrument landing system, a
marker facility installed at approximately S miles from
the approach end of the runway on the localizer course
line. .
Path. The proposed route of a vehicle in space. In
surface navigation, the proposed route on the surface.

Phase Localizer. A localizer in which two signals are
compared in phase to obtain lateral guidance.

Pilotage. Navigation without explicit determination
of position, by directing a vehicle to its destination by
observation of landmarks.

Pitch Attitude. The angle between the longitudinal
axis of the vehicle and the horizontal.

Polar Grid. See Grid.

Position. The location of a vehicle as determined by
specific values of three or more navigational co-ordinates.

Plan Position Indicator (PPI). A cathode-ray indi-
cator in which a signal appears on a radial line. Dis-

.tance is indicated radially and bearing as an angle.

Pulse Coder. A circuit which sets up a plurality of
pulses disposed in an identifiable pattern.

Pulse Interval. The interval between the leading
edges of successive pulses in a sequence characterized by
uniform spacing; recurrence interval.

Pulse Spacing. The interval between the leading edges
of successive pulses.

Pulse Train. A group of pulses of similar characteris-
tics.

Quadrantal Error. Angular error of a measured bear-
ing caused by disturbances due to the characteristics of
the vehicle or station.

Racon. An abbreviation of “radar beacon”: a re
sponder beacon for use with a radar set.

Note: See Transponder.

Radar. A device that measures the distance and
direction of objects by reflection of radio waves.

Radio-Autopilot Coupler. Equipment providing means
by which an electrical navigational signal will operate
the automatic pilot to allow automatic flight
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Radio Beacon. A radio facility, usually a non-direc-
tional radio transmitter, providing signals for radio
direction-finding observations.

Radio Direction Finding. Radiolocation in which only
the direction of a station is determined by means of its
emissions.

Radiolocation. Determination of a position or of a
direction by means of the constant velocity or recti-
linear propagation properties of the Ilertzian waves.

Radio Magnetic Indicator (RMI). An instrument
which presents a combined display of vehicle heading,
relative and magnetic bearings, and ommnibearings of
the radio station being utilized for navigation purposcs.

Radio Navigation. Navigation by means of radio
signals.

Radio-Range. A radio facility providing radial equi-
signal zones.

Range. See Operating Distance, and Radio Range.

Range Mark. See Distance Mark.

Recurrence Rate. See Repetition Rate.

Reference Direction. The direction used as a reference
for angular measurements.

Reference Line. A line passing through a reference
point and an observer.

Relative Bearing. The angle, usually measured clock-
wise, between the heading of a vehicle and the initial
direction of the arc of a great circle through an observer
and a point.

Relutive Course. See Drift Angle. '
Relative Heading. The heading itself. “Relative” is
superfluous.

Repetition Rate. The rate at which recurrent signals
are transmitted.

Reply. A radio-frequency pulse or a combination of
pulses transmitted by a transponder as a result of an
interrogation.

Resolution. The degree to which nearly equal values
of a quantity can be discriminated.

Responder Beacon. See Transponder.

Responder. A receiver in a transponder whose function
is to receive the signals transmitted from a beacon.

Scanning. A periodic motion given to the major lobe
of an antenna.

Note: Definition of Antennas Committee,

Searchlighting. Projecting the radar beam continu-
ously at an object instead of scanning.

Sensing. The relative direction of motion of a devia-
tion indicator needle resulting from departure of a
vehicle from the desired flight path.

Service Area. The area within which a navigation aid
is of use.

Short Distance Navigation. Navigation which is
predicated upon aids spaced less than 200 miles apart.

Slant Distance. The distance from an object to an-
other object not at its own elevation. Used in contrast
to ground range.

Slave Station. A station of a synchronized group
whose emissions are controlled by a master station.

December

Slope. The projection of a flight path in the vertical
plane.

Slope Angle. The direction of a flight path expressed
as an angle projected on the vertical plane.

Slope Deviation. The difference between the projecion
in the vertical plane of the actual path of movement of
a vehicle and the planned slope for the vehicle expressed
in terms of either angular or linear measurement.

Sonar. The general name for sonic and/or ultrasonic
underwater echo-ranging and echo-sounding systems.

Stable Element. A\ gyroscopic instrument which main-
tains a true vertical and shows angles of deviation of
the ship's deck or aircraft’s axis from the true horizontal.

Stabilization. A system for maintaining a device in a
desired direction in space despite the motions of the
ship or aircraft.

Star Chain. A group of navigational radio trans-
mitting stations in Y form with the master facility in
the center and three (or more) slave facilities around
the circumference of a rough circle.

Surface of Position. A surface that is defined by a
constant value of some navigational coordinate.

Terrain Clearance Indicator (Sometimes called Abso-
lute Altimeter). A device measuring the distance from an
aircraft to the surface of the sea or ground.

T7lt. The angle which an antenna axis forms with
the horizontal.

Time Gain Control. See Differential Gain Control.

To-From Indicator. An instrument to show whether
the numerical reading of an Omnibearing Selector for
an “on course” indication of the omnibearing indicator
represents the bearing toward or away from a vhf
onmmnirange.

Tone Localizer. A localizer which transmits two
modulation frequencies for amplitude comparison.

Track. The projection on the earth's surface of the
actual path followed by a vehicle.

Tracking. The process of kecping radar beams or the
cross hairs of an optical system set on a target.

Track IToming. The process of following a line of posi-
tion known to pass through an objective.

T'ransponder. A transmitter-receiver facifity whose
function is automatically to transmit signals when the
proper interrogation is received.

T'ransponder-Beacon. See Transponder.

Triplet. Three radio facilities operated as a group for
the determination of positions.

T'rue Bearing. The angle measured clockwise be-
tween true north and the initial direction of an arc of a
great circle through an observer and a point.

True Course. A direction of intended travel projected
in the horizontal plane expressed as an angle measured
clockwise from true north.

True Heading. A direction in the horizontal plane ex-
pressed as an angle measured clockwise from true north
to a line along which a vehicle is pointed.

True IToming. The process of following a course such
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that the true bearing of a vehicle as seen from an
objective is held constant.

Variation. The angular difference between true and
magnetic bearings.

VHF Omnirange. A vhf radio navigation station pro-
viding direct indication of the magnetic bearing (omni-
bearing) of that station from a vehicle.

Visual-Aural Radio Range. A radio range which pro-
vides aural sector identification and visual course indi-
cation. The visual course of this range defines the pri-
mary navigation course and is flown by visual means.

Standards on Radio Aids to Navigation: Definition of Terms, 1949

1371

The aural sector identification results in an aural course
at 90° to the visual course.

Visual Radio Range. Any range facility the course of
which is flown by visual instrumentation not associated
with aural reception.

Way-Point. A course line point the co-ordinates of
which are defined in relation to established radio navi-
gation aids.

Zone (Z) Marker. A vhf radio facility located at air-
ways radio range stations to indicate position above
such ranges.

4. SUPPLEMENTARY DEFINITIONS

The following supplementary list offers brief descrip-
tions of a number of navigation aids known chiefly by
recently adopted names that are not yet universally
recognized. The definitions are recorded for informa-
tion but not for standardization.

Babs. Blind Approach Beacon System. A pulse-type
ground-based navigation beacon used for runway ap-
proach at airfields.

Benito. A continuous wave navigation system measur-
ing range and azimuth from one or more ground stations.
The range is determined by a phase comparison method.

Consol. British"code word for Sonne.

Decca. A continuous wave differential distance hy-
perbolic radio aid to navigation in which the receiver
measures and integrates the relative phase difference
between the signals received from two or more syn-
chronized ground stations.

Electra. A German continuous wave navigation svs-
tem using radio beacons providing multilobe equisignal
patterns.

Eureka. The ground radar beacon of the Rebecca-
FEureka navigation system.

GCI. Ground Controlled Interception. A radar system
by means of which a controller at the radar may direct
an aircraft to make an interception of another aircraft.

Gee. A medium range hyperbolic radio aid to naviga-
tion whose position lines are determined by measuring
the difference in time of arrival of synchronized pulsed
signals.

Gee II. A combination of the Gee and II systems of
navigation.

II. A radar air navigation system using an airborne
interrogator to measure distance from two ground re-
sponder beacons.

Note: See Shoran.

Lanac. Laminar Navigation Anti-Collision. This sys-
tem consists of air and ground radar and beacon equip-
ments with height coding of the aircraft transmitter
pulses.

Loran. A long range pulsed hyperbolic radio aid to

navigation whose position lines are determined by the
measurement of the difference in the time of arrival of
synchronized pulses.

MEW. Microwave Early Warning. A high power
long-range, 10-centimeter early warning radar with a
number of indicators, giving high resolution and large
handling capacity.

Navar. A co-ordinated series of radar air navigation
and traffic control aids including both air and ground
equipments.

Navaglobe. A long range continuous wave If naviga-
tion system of the amplitude comparison type.

Oboe. A radar navigation system consisting of two
ground stations measuring distance to an airborne re-
sponder beacon and relaying information to the air-
craft.

POPI. Post Office Position Indicator. A continuous
wave If navigation system of the phase comparison

type.
Rebecca. The airborne interrogator responder of Re-

becca-Eureka, a radar responder beacon system.

SBA. Standard Beam Approach. A continuous wave
approach system using a localizer and markers.

Shoran. Short Range Navigation. A precision posi-
tion fixing system using a pulse transmitter and receiver
and two transponder beacons at fixed points.

Sonne. A radio aid to navigation that provides a
number of equisignal zones which rotate in a time se-
quence so that a navigator may determine his true bear-
ing from the transmitter by observation of the instant
at which he hears the equisignal.

Teleran. Television and radar navigation system.
Television image of ground PPI and map and weather
data are presented in the aircraft.

Tricon. A radar system in which the receiver records
the coincidence of received pulses from a group of three
ground stations pulsed in variable time sequence.

VOR. Vhf phase comparison omnidirectional radio
range system developed by the Civil Aeronautics Ad-
ministration.
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1. INTRODUCTION

These Standards cover definitions of terms and meth-
ods of testing communication receivers designed to re-
ceive frequency-modulated (FM) waves in the fre-
quency range from 25 to 22§ megacycles. In view of the

several bands presently allocated for communications
services in this range and the possibility that these bands
may be modified from time to time, carrier-frequency
limits for the individual sub-bands are not specified.

2. DEFINITIONS OF TERMS

2.1. Test Frequencies

In general, the test frequencies for the various desig-
nated sub-bands consist of one frequency near the lower
edge of the sub-band, one near the upper edge, and one
near the center. When measurements are to be made at
a single frequency only, that frequency should be chosen
near the center of the sub-band unless the equipment is
designated for a specific frequency, in which case its
specified operating frequency should be used.

2.2. Test Input Signals

Input-signal intensities may be expressed in either of
two ways:

(a) In terms of available power, in which case the in-
put is expressed in decibels below 1 watt.

(b) In terms of input voltage, in which case the in-
put is expressed in microvolts with the input impedance
specified.

2.3. Available Power

The available power is the power delivered by a gen-
erator to a matched load. It is equal to E?/4R where E
is the open-circuit voltage of the generator and R is the
internal resistance of the generator plus the dummy-
antenna resistance. It is expressed in decibels below 1
watt. A signal generator may be calibrated in terms of
the available signal power and used on that basis though
not matched exactly by the load impedance. If a signal
generator is to be used with various values of dummy-
antenna resistance, it should be calibrated in terms of
the open-circuit voltage, and the available power should
be calculated from the above formula. In this report,
when values of power input are spoken of, it should be
understood that the available power is meant.

2.4. Standard Input Values

Five values of standard input are specified for the pur-
pose of certain tests. The values of standard input volt-
age are equivalent to the corresponding values of stand-
ard input power for receivers designed for input imped-
ances of 50 and 70 ohms.

2.4.1. Standard Mean-Signal Inpul

The standard mean-signal input is either 123 decibels
below 1 watt or the equivalent signal measured in micro-

volts (10 microvolts at 50 ohms, 12 microvolts at 70
ohms).

TABLE 1|
(a) Standard Input
Powers, decibels
below 1 watt

(b) Standard Input Voltages
in Microvolts
(Open Circuit)

50 ohms input

70 ohms input

impedance impedance
143 1 1.2
123 10 12
83 1,000 1,200
43 100,000 120,000
23 "1 volt 1.2 volts

2.5. Standard Test Modulation

Standard test modulation in tests on frequency-mod-
ulation communication receivers refers to a signal that
is frequency-modulated at 1,000 cycles with a deviation
of 70 per cent of maximum rated system deviation. In
this report, maximum rated system deviation is taken as
15 kilocycles, so that the deviation due to standard test
modulation is 10.5 kilocycles.

2.6. Usable-Sensitivity Test Input

The usable-sensitivity test input is the least input sig-
nal of a specified carrier frequency having standard test
modulation which, when applied to the receiver through
the standard dummy antenna, results in standard test
output with the ratio of the root sum square, signal +
noise +distortion, to the root sum square, noise +distor-
tion, equal to at least 12 decibels. This test discloses the
influence of the selective circuit of the receiver and of
internal receiver noise on the usable sensitivity of the
receiver.

2.7. Deviation-Sensitivity Test Input

The deviation-sensitivity test input is the minimum
deviation at 1,000 cycles of a carrier wave of standard
mean-signal input value (Section 2.4.1) required to give
standard test output (Section 2.9) when all controls are
adjusted for greatest sensitivity. The deviation sensi-
tivity is expressed in kilocycles or as a percentage of
maximum rated system deviation.

2.8. Quieting-Signal-Sensitivity Test Input

The quieting-signal-sensitivity test input is the least
unmodulated signal input which, when applied to the
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receiver through the standar dummy antenna, reduces
the receiver noise output by a factor of 20 decibels. It
is expressed in dedibels below 1 watt or in microvolts
with input impedance specified.

Note. This is not the same characteristic as that de-
scribed in Section 2.09 of Standards on Radio Receiv-
ers: Methods of Testing Frequency-Modulation Broad-
cast Receivers, 1947, which has the same title. It is
believed that the above test is more applicable to
communication receivers and more ecasily made with
available field test equipment.

2.9. Standard Test Output
Standard Test output is equal to one-half of the rated
power output of the receiver.
2.10. Rated Power Output

The rated power output is as specified by the manu-
facturer,

2.11. Standard Dummy Antenna

The standard dummy antenna comprises a resistor
connected in series with the high terminal of the signal
generator, of such value that the total impedance pre-
sented to the receiver is equal to the rated receiver in-

50w-Z or
T0w-Z
—— AAMA—
STANDARD —° UNBALANCED
Fid SIGNAL ANTENNA
GENERATOR neutr
FM
4 == COMMUNICATION
: T RECEWVER

Fig. 1—Standard communication dummy antenna and method
of connection.

put impedance. It is intended to simulate the mean
value of the impedance of a typical transmission line
connected to an antenna. (See Fig. 1.)

2.12. Standard Pre-Emphasis Characteristic

The standard pre-emphasis characteristic has a rising
response, with modulated frequency, of 6 decibels per

December

octave. This is the characteristic obtained by linear
phase modulation.

2.13. Standard De-Emphasis Characteristic

The standard de-emphasis characteristic has a falling
response with modulating frequency, the inverse of the
standard pre-emphasis characteristic or 6 decibels per
octave. This characteristic may be approached over the
usable audio-frequency range by taking the voltage
across the capacitor when a capacitor and a resistor are
connected in series and fed from a constant-voltage
source. Deemphasis is usually incorporated in the audio
circuits of the receiver.

2.14. Frequency Deviation

Frequency deviation, in frequency modulation, is the
peak difference between the instantaneous frequency of
the modulated wave and the carrier frequency.

2.15. Maximum System Deviation

Maximum system deviation is the greatest deviation
specified in the operation of the systemn. The maximum
system deviation is usually 15 kilocycles.

2.16. Selectivity

Selectivity is the extent to which a receiver is capable
of differentiating between the desired signal and dis-
turbances of other frequencies.

2.17. Spurious Response

Spurious response is receiver response which exists
because of other than all desired normal frequency
translations in the receiver.

2.18. Squelch

Squelch is a means whereby a receiver is prevented
from producing audip frequency output in the absence
of a signal having predetermined characteristics. A
squelch circuit may be operated by signal energy in the
recciver pass band, by noise quicting, or by a combina-
tion of the two (ratio squelch). It may also be operated

by a signal having special modulation characteristics
(selective squelch). :

3. REQUIREMENTS AND CHARACTERISTICS OF TESTING APPARATUS

3.1. Signal Generator

A frequency-modulated signal generator is required
for testing frequency-modulation radio reccivers.

The signal generator should cover at least the carrier-
frequency ranges of the various sub-bands being con-
sidered. It preferably should also cover the intermedi-
ate-frequency ranges and frequency ranges required for
spurious-response tests.

Single-ended output terminals should be provided.
These terminals should be on the end of a flexible cable.

The output meter of the signal generator should indj-
cate the open-circuit voltage at the terminals, and the
internal impedance should be stated.

The generator should be capable of being frequency
modulated at rates from 300 to at least 3,000 cycles pc'r
second, and at deviations from zero to at least rated
system deviation and preferable to twice that value. It
should be provided with a deviation indicator reading
from zero up to the maximum deviation.

The modulation circuit of the generator should be
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provided with a pre-emphasis network providing 6
decibels per octave pre-emphasis over the audio-fre-
quency range of 300 to 3,000 cycles. A switch should be
provided for cutting this pre-emphasis network in or out
of the generator circuit at will.

The generator syould provide a frequency-modulated
signal at 400 and at 1,000 cycles up to maximum rated
system deviation with less than 2 per cent root-sum-
square distortion. Amplitude modulation resulting from
the frequency modulation should be kept to a minimum.

The frequency and amplitude modulation of the out-
put voltage due to power-supply ripple should be negligi-
ble, in comparison with the effects under observation.

3.2. Audio-Output and Distortion-Measuring Devices

Apparatus for the measurement of distortion, re-
quired for Sections 4.1 and 4.2, should consist of distor-

4, TEST PROCEDURES

4.1. Usable-Sensitivity

A calibrated signal generator is connected to the in-
put of the receiver under test through a standard
dummy antenna (Section 2.11). The signal generator is
adjusted to the receiver frequency, and standard test
modulation (Section 2.5) is applied. A distortion meter
of the type which integrates the tatal noise and distor-
tion while balancing or filtering out the 1,000-cycle fun-
damental frequency of the signal is connected to the
output of the audio-amplifier.

The signal generator output is adjusted to the mini-
mum signal which will provide standard test output
from the receiver. The signal 4 noise+-distortion to noise
+distortion ratio is then measured, and, unless found
to be 12 decibels or more, the signal is increased, holding
the receiver audio output constant at standard test out-
put by means of the receiver audio gain control, until
this value is obtained. The signal required to produce
this result is the usable sensitivity. Measurements
should be made at each of the test frequencies (Section
2.1).

4.2. Two-Signal Selectivity

- Two signal generators of similar characteristics shall
be equally coupled to the input of the receiver in such a
fashion that they do not react upon one another, and in
combination present an impedance match to the input
circuit. Both signal generators shall be modulated
equally at 70 per cent of maximum system deviation
(Section 2.15), with signal generator No. 1 at 1,000
cycles and signal generator No. 2 at 400 cycles.

With the output of No. 2 at zero, No. 1 shall be set
to the receiver frequency and its output adjusted until
the receiver input equals that impressed on its terminals
when one of the standard input values (Section 2.4) is
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tion meter of the type which integrates the total noise
and distortion, while balancing or filtering out the
fundamental frequency of the audio signal.

3.3. Standard-Signal Generator for Two-Signal Test .

For certain tests of radio communications receivers,
two radio-frequency input signals are required simul-
taneously, and consequently two standard-signal gener-
ators are employed. The recommended method is to use
a dummy antenna on each signal generator of twice the
standard dummy antenna resistance. The terminals of
the two-dummy antennas are then connected in parallel
and to the input terminals of the receiver. By this ar-
rangement, the impedance connected across the receiver
input terminals is the normal value, and the open-circuit
signal voltages are half the values indicated by each
generator.

applied through the standard dummy antenna (Section
2.11).

Signal generator No. 2 shall then besetata frequency
differing from No. 1 and its output increased until the
signal+noise+distortion to noise+distortion ratio de-
creases to 6 decibels. During this measurement the
modulation products from signal generator No. 2 are to
be considered as noise.

The selectivity of the receiver at the frequency be-
tween the two signal generators is then specified by the
ratio of their radio-frequency output amplitudes.

If the total audio output of the receiver drops by 6
decibels at a smaller radio-frequency ratio than that re-
ferred to above, the selectivity is specified by the ratio of
radio-frequency amplitudes when this occurs.

The selectivity characteristic of a receiver may be dis-
played by a plotted curve showing the variation of
radio-frequency amplitude ratio, plotted in decibels as
the ordinate, with frequency differences as the abscissa.
Both scales should be linear.

These same data should be obtained with desired
signal values corresponding to cach of the standard in-
put values (Section 2.4) within the limitations of the
measuring equipment.

4.3. Spurious Response

The desired-signal input values are the same as used
in the selectivity measurements, and the interfering in-
put voltage is referred to the desired-signal input. Pro-
ceed as in the measurement of two-signal selectivity, ex-
cept that the interfering signal is tuned to produce peak
response for the spurious mode under test. The spurious
response of the receiver at the given interference and
test frequencies is specified by the ratio of the radio-
frequency output amplitudes of the two-signal gener-
ators.
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1. MISTUNING

1.1. The degree of mistuning is represented by the
total signal output distortion resulting when the re-
ceiver is adjusted to a frequency other than the desired
signal frequency. The measurement is made by setting
the signal generator to standard input voltages succes-
sively, modulating the signal generator to 75 kc devia-
tion at standard test output. The signal generator is
then adjusted off tune by successive increments, the
volume control is adjusted for standard test output, and
the total distortion in per cent (or db) is measured. For
each value of input signal a curve is plotted, having as
abscissa the frequency difference of detuning, and as
ordinate the distortion expressed in per cent, or db. Dis-

2. DOWNWARD

2.1. This test will define the ability of the receiver to
withstand the effects of downward amplitude modula-
tion. In this test it is assumed that the principal forms of
distortion are caused by the downward component of
modulation.

2.2. The test is made at the standard mean-carrier {re-
quency (98 megacycles). Frequency modulation is im-
pressed at a 400-cycle modulation rate at 30 per cent of
maximum rated system deviation and the volume con-

tortion components will comprise all frequencies pres-
ent except the fundamental frequency of the modulating
tone. In these tests the signal generator is adjusted off
tune on each side of the signal frequency.

1.2. The standard measurement will comprise setting
the signal generator on each side of the signal frequency
and noting the amount of mistuning that will produce
10 per cent distortion, expressing the degree of mis-
tuning as the average of the measured plus and minus
frequency excursions. The signal input for this test shall
be the standard mean signal input (1,100 microvolts).

This mistuning test should be correlated with the
frequency drift test, Sec. 4.05.20.

MODULATION

trol is adjusted for standard output. The input signal 1s
then simultaneously amplitude modulated at a 100-
cycle rate. By means of a band cut-off filter, the 100-
cycle modulation is eliminated in the receiver output.
The amplitude modulation is then increased until the
total distortion reaches 10 per cent. The percentage
modulation at this point is the downward modulation
capability of the receiver. The test is made at all values
of standard input signal voltages.

CTRONE=TO




1378

PROCEEDINGS OF TIIE [.R.I.

Standards on

December

IHEZOELECTRKZCRYSTAL&|94¢

R. R. Batcher
S. J. Begun

H. S. Black _
G. M. Brown
C. R. Burrows
Henri Busignies

W. G. Cady

COMMITTEE PERSONNEL
Standards Committee, 1940-1950

J. G. BRAINERD, Chairman
AL G, JensiN, Vice-Chairman
L. G. Cussina, Vice Chatrman

A. B. Chamberlain
Dudley Chambers
E. J. Content

J. W. Forrester

R. A. Hackbusch
L. R. Hafstad

J. V. L. llogan

J. E. Keister

E. A. Laport
Wayne Mason

J. F. McDonald
I.. S: Nergaard

A. F. Pomeroy
Gieorge Rappaport

k. S. Sceley

R. F. Shea

J. R. Steen

W. N. Tuttle
I.. C. Van Atta
K. S. Van Dyke
D. E. Watts

P. S, Carter

L. E. Whittemore

Piezoelectric Crystals Committee, 1947-1950

K. S. VaN DYkE, Chairman, 1949-1950
W. G. Caby, Chairman, 1947-1949
R. A. Sykeks, Vice-Chairman, 1948-1950

C. F. Baldwin
W. L. Bond

J. K. Clapp
Clifford Frondel

Hans Jaffe
\W. P. Mason

P. L. Smith
J. M. Wolfskill

INTRODUCTION

In 1945 a report entitled “Standards on Piezoclectric
Crystals: Recommended Terminology” was prepared by
the Committee on Piezoelectric Crystals and issued by
the Institute. The present report involves not only
much new material, but also a revision of certain por-
tions of the earlier report.

Part I of the 1945 report (corresponding to Part 1 of
this Standard) remains unchanged, with the following
exceptions: The use of left-handed axes for left crystals
is now abandoned (see Sections 1.9, and 1.11 to 1.14);
and the 1945 rules for rotated plates are now supplanted
by the rules in the present report.

In Part I1 (corresponding to Part 2 of this Standard),
Sections 11 and 13 have been revised. Otherwise, Part II

* Reprints of this Standard, 49 IRE 14. S1, may be purchased while available from The Institute of Ra

remains in effect. The introduction of new crystals,
some belonging to classes for which no satisfactory con-
ventions have existed, makes desirable a self-consistent
set of conventions, sufficiently comprehensive to include
all piezoelectric crystal classes. This necessitates cer-
tain changes in the definitions of the axes of quartz and
in the algebraic signs of piczoelectric and elastic con-
stants, as described in Sections 1,12 to 1.14, These
changes result not only in agreement with the crystal-
lographers, but, fortunately, in better conformity with
shop practice as it has developed.

Part 3 of the new Standard presents basic cquations,
symbols, an(! units of piczoclectric theory. It has been
prepared in view of the growing tendency to express

dio Engineers, 1 East 79 Street,

New York 21, N. Y., at $0.80 per copy. A 20% discount will be allowed for 100 or more copies mailed to one address.
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elastic stress and strain as dependent upon the electric
displacement, rather than upon the electric field, and
also in view of the increasing use of mks units. The
formulation in terms of displacement is especially useful
in cases where there is a gap between crystal and elec-
trodes, also in dealing with crystals whose constants
show a marked dependence on temperature. In the lat-
ter case it is found that the “constants” have more
nearly constant values when expressed in terms of dis-
placement than in terms of field.

When there is no gap between crystal and electrodes
it is often found more convenient to use Voigt’s formu-
lation, with the piezoelectric constants expressed in
terms of electric field strength rather than displace-
ment.

The equations are interconvertible. The Voigt piezo-
electric constants d and e are related to the more recent
constants g and & by the dielectric constant. For some
purposes it is convenient to use expressions involving
combinations of constants from both formulations. In
doing so it is necessary, of course, to use the same sys-
tem of units, esu or mks.

AUTHORSHIP AND ACKNOWLEDGMENT

This Standard is the result of several years of confer-
ences involving all of the members of the Committee.
Its form and its completeness, which in effect make it
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an introduction to the formal treatment of piezoelectric-
ity, come from the fact that it is basically a collection
of several papers prepared for the Committee by indi-
vidual members and their collaborators serving as sub-
committees. There would have been entire justification
for the separate publication of these papers by their in-
dividual authors, but it has been the view of the Com-
mittee that the advantages of unification into a system
such as the Standard is intended to establish could best
be gained by bringing all papers into a common publi-
cation with agreement as to symbols, conventions, and
equations.

The authorship of the several parts of the Standard is
as follows: Part 1 is an elaboration of memoranda pre-
pared for the Committee by W. L. Bond, entitled
“Crystal Axis Nomenclature,” October 25, 1946, and
“Axes For Triclinic Crystals,” June 16, 1947. Part 2
stems from a memorandum by W. L. Bond of August
19, 1946, on “Crystal Rotation Systems.” Part 3 is an
expansion of a memorandum by Paul L. Smith, “The
Piezoelectric Relations, Symbols and Units,” June 3,
1946, in which he had the collaboration of H. G. Baer-
wald of the Brush Development Company. The
adopted formulation of the theory is based on equations
first presented by the latter in a wartime report! to the
NDRC.

1 H. G. Baerwald, OSRD Report No. 287, Contract No. OEMsr-
120. 1941.

1. Definitions of Axes for Piezoelectric Crystals

1.1 Crystals and Their Classification

For the guidance of those who are not familiar with
crystallography, the following summary of those prin-
ciples to which reference will be made later in this
Standard may be helpful.

The term “crystal” is usually applied to solids that
possess structural symmetry. In a crystal the atoms
may be thought of as occurring in small groups, all
groups exactly alike, similarly oriented, and regularly
aligned in all three dimensions. If each group is regarded
as bounded by a parallelepiped, the latter can be looked
upon as one of the ultimate building blocks of the crys-
tal; they are stacked together in all three dimensions
without any spaces between. Such a building block is
called a unit cell. Since the choice of the particular set
of atoms to form a unit cell is arbitrary, it is evident
that there is a wide range of choice in the shape and

dimensions of the unit cell. In practice, that unit cell is
selected which is most simply related to the actual crys-
tal faces and X-ray reflections, and which has the sym-
metry of the crystal itself. Except in a few special cases
the unit cell has the smallest possible size.

Depending on their degrees of symmetry, crystals
are commonly classified in seven systems: triclinic (the
least symmetrical), monoclinic, orthorhombic, tetrag-
onal, hexagonal, trigonal, and isometric. Some authori-
ties, however, treat trigonal crystals as a division of the
hexagonal system.

The seven systems in turn are divided into point-
groups (classes) according to their symmetry with re-
spect to a point. There are thirty-two such classes, of
which twelve are of too high a degree of symmetry to
show piezoelectric properties. Thus twenty classes can
be piezoelectric. Every system contains at least one
piezoelectric class.
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1.2. General

In determining a suitable nomenclature for the many
new crystals that are finding their way into the piezo-
clectric field, it seems wise to make use of the nomen-
clature of the highly developed science of crystallog-
raphy. This facilitates the use of data already recorded
by crystallographers. Such data are, for example, atomic
cell dimensions and angles, optical properties, and inter-
facial angles, all of which can be useful for establishing
orientations of piezoelectric plates. In crystallography,
the properties of a crystal are described in terms of the
natural co-ordinate system provided by the crvstal it-
self. The axes of this natural system are the edges of the
unit cell. In a cubic crystal these axes are of equal
length and are mutually perpendicular: in a triclinic
crystal they are of unequal lengths and no two are
mutually perpendicular.

The faces of any crystal are all parallel to planes
whose intercepts on the natural axes a, b, ¢ are small
multiples of unit distances or else infinity, so that their
reciprocals, when multiplied by a small common factor,
are all small integers or zero. These are the indices of
the planes. In this nomenclature we have, for example
faces (100), (010), (001), also called the a, b, ¢ faces,
respectively; in the orthorhombic, tetragonal, and iso-
metric systems these faces are normal to the a, b, ¢
axes. Other examples are faces (111) (the unit face),
(121), etc. As referred to a set of rectangular axes X, 7V,
Z, these indices will in general be irrational exgept for
cubic crystals.

On the other hand, the theoretical treatment of elec
tricity and elasticity, which is fundamental in piczo-
electric applications, has been developed with rectangu
lar axes. One must therefore adopt some arbitrary rela
tion between the a, b, ¢ axes of crystallography and the
rectangular X, ¥, Z axes. Unless all workers in the field
agree to use the same nomenclature, there will be great
confusion. Data expressed in terms of one abc-XVZ
relation look very different from the same data in
terms of another abc-X YZ relation.

Fig. 1—Axes of triclinic crystatis.
The line I-1 is on a small circle with pole Z and angle a For b to
left of p. v <90°. For b to right of p, v >90°
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1.3. The Triclinic System

If there are neither symmetry axes nor symmetry
planes present in a crystal, it is triclinic. The lengths
of the three axes are in general unequal, and the angles
a, B, and v are also unequal. «, B, v are the angles he-
tween b and ¢, ¢ and «a, and a and b, respectively, as
shown in Fig. 1. Iig. 2, a triclinic crvstal, shows that

q-_-

1o
Q190

A

.’

Fig. 2—Aminoethyl
class 1. .
I'hle ;J axis is along ¢, ¥ normal to (010), X perpendicular to V
ne

ethanolimine hydrogen d-tartrate, triclinic,

the a axis has the direction of the intersection of the
faces b and ¢ (extend the faces to intersection if nec-
essary), the b axis has the direction of the intersection
of faces ¢ and a, the ¢ axis has the direction of the inter-
section of faces a and b. According to the best current
usage the positive directions of a, b, and ¢ are taken so
as to make a greater than 90°, and B also greater than
90°. This convention determines uniquely the positive
senses of all axes. (Many old works record the comple-
mentary angle, i.e., the angle between —a and +c¢ as
B.) The a, b, and ¢ axes are in general to be chosen as the
three shortest noncoplanar interatomic distances, with
¢ the shortest unit distance, b the longest.

1.3.1. The X, ¥V, Z axes

The most logical relation is that which associates the
X. Y, Z axes most closely with the a. b, ¢ axes, respec-

1
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tively. There are six equally simple ways of completing
the specification: X along @ and ¥ in the ab plane; X
along @ and Z in the ac plane; Y along b and X in the
ab plane; Y along b and Z in the bc plane; Z along ¢ and
Y in the bc plane; or Z along ¢ and X in the ac plane.
In physics and technology Z is commonly pictured as
the vertical axis, while in crystallography ¢ is usually so
pictured. Hence we take Z along ¢ and have only the
choice of .Y in the b¢ plane or X in the ac plane. The
choice now accepted is to let ¥ be normal to the ac
plane; this automatically places X in the ac plane.

The rules for the rectangular axes, together with their
positive directions, are summarized as follows (see Figs.
1 and 2):

+Z is parallel to +c¢, hence parallel to the
(100) and (010) planes.

+ X is perpendicular to ¢ in the ac plane, point-
ing in the general direction of +a. X is thus
parallel to (010). .

+ Y is normal to the ac plane (010), pointing in
the general direction of +b, and forming a
right-handed axial system with Z and X.

1.4. The Monoclinic System

If a crystal has but a single axis of twofold symmetry,
or but a single.plane of reflection symmetry, or both,
it belongs to the monoclinic system. Either the twofold
axis or the normal to the plane of symmetry (they are
the same if both exist, and this direction is called the
unique axis in any case) is taken as the b axis. Of the
two remaining axes, modern crystallographers always
make ¢ the smaller. The angle 8 between +a and +c¢
is always obtuse (a special convention has to be adopted
when this angle is obtuse at some temperatures, acute
at others). This convention determines uniquely the
positive directions of all axes for classes 2 and 2/m. In
class m there are two alternatives. The choice between
them is indicated in Section 1.16. Since the axes chosen
by early workers may not give the smallest possible cell,
a new cell with a smaller volume can be chosen.

Many physicists seem to prefer to make Z the unique
axis of monclinic crystals. This is the convention
adopted by Voigt, and continued by Cady in his book
“Piezoelectricity.” Nevertheless, in most crystallo-
graphic literature b is taken as the unique axis in the
monoclinic system. Henceforth “Z along ¢, Y along b”
is to be the standard abc-X YZ relation for monoclinic
crystals, as illustrated in Fig. 3. According to this con-
vention, with the unique axis b taken as the Y axis, the
stresses T and strains S are related through the matrix

t W, G. Cady, “Piezoclectricity.” McGraw-Hill Book Co.. New
York. N Y. 1046
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equations S=sT and T =c¢S, where the compliance con-
stant s takes the form?

sin s1iz sis O S1s
S12 S22 Sa3 O s
S13 S22 Sa O S35
0 0 0 s 0 S4e
S15 S35 Sas O sss O
0 0 0 S0 0

s |

The stiffness constant ¢ takes an analogous form. Also,
electric displacement and elastic stress are related
through the matrix equation D=dT, where the piezo-
electric strain-constant d takes the form, for class 2
(V¥ a twofold axis),

0 0 0 dy O die
d =|dy dyg doa O dys O (2).
0 0 0 das 0 dss

while for class m (a plane of- reflection-symmetry per-
pendicular to ¥)

dy dyg dig 0 dis O
d=10 0 0 dyy 0 dasl. (3)
day dyy dys 0 das O

The matrices (1), (2), and (3) replace those that have
hitherto been in common use according to Voigt’s con-
vention. To each elastic or piezoelectric constant on the
new convention there corresponds one on the old, with
the same numerical value.

/O

Fig. 3—Axes of monoclinic crystals, .
a and ¢ are perpendicular to b but not to_each other.

For comparison with the new matrices (1), (2), and
(3). the corresponding expressions according to Voigt's

' See part 3 of this Standard
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convention will now be given. The Voigt matrix for
elastic compliance, now abandoned, is

Su Sz osis 0 0 5y
S12 S22 Sa3 0 0 S26
. S13 S23 Sas 0 0 5y @)
0 0 0 S S 0
0 0 0 Se5 Sss 0

Sie S2¢ Sz 0 0 54

with an analogous form for .
For class 2, the Voigt matrix (in which Z is a twofold
axis), now abandoned, is

0 0 0 (114 (115 0
d = 0 0 0 d“ d25 0
(133 0 0 (130

: (5)
(131 1132
while for class m (reflection-plane perpendicular to Z)
the Voigt matrix, now abandoned, is
du dyp dyz 0 0 de
d = (121 d22 (123 0 0 dn o (6)
0 0 0 (134 (135 0
If we know the s and d matrices for Voigt’s convention,

we can put them in standard form by means of the fol-
lowing matrices:

s29’ $23’ 5127 0 s2¢’ 0
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s23’ S33’ sis’ © s’ 0

51 51 s’ 0 sig’ 0 0
S =

0 0 0 555, 0 545’

| S26’ Sa8’ s1’ O 56’ O
0 0 0 345, 0 544’

where the subscripts of the primed values are those ac-
cording to Voigt.

Monoclinic, class 2

0 0 0 dyy 0 dy
d = l/ag’ (133’ d;”' 0 (135’ 0 (8)
0 0 0 dy 0 dyy
Z=C
Y=b
o
7\
\
\
/' )'__".—_T‘_.\:__—__—

Fig.4—Lithium sulfate monohydrate, a monoclinic crystal, class 2.
The specimen here shown is left-handed. On extension along the
b axis, the +b end becomes negatively charged.

December

Monoclinic, class m
deg’ dag’ day’ O dyg’ 0 |
d=[0 0 0 dy 0 ds/ |. 9)
dy dy’ dy' 0 dy 0

Examples of monoclinic crystals are shown in Figs.
4, and §, and 6.

Fig. .S.-—-Elhylene diamene d-tartrate (EEDT), a monoclinic crystal,
class 2.
On extension along the b axis, the +b end becomes positively
charged.

Fig. 6—Dipotassium d-tartrate (DKT), a monoclinic crystal, class 2.
On extension along the b axis, the +b end becomes positively
charged.

L.5. The Orthorhombic System

Crystals having three mutually perpendicular two-
fold axes or two mutually perpendicular planes of re-
flection symmetrv, or both, belong to the orthorhombic

\JN JJ Y

Fig. 7—Rochelle salt, an orthorhombic crystal, class 22 2,
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system. The unit cell is a right-angled parallelepiped
with the a, b, ¢ axes of unequal length, and with unit
distances co <ao <b,. Either end of any two axes may be
taken as positive. The third axis is then given the proper
sense to form a right-handed system. The following con-
vention has been universally adopted: “X along a, ¥
along b, Z along c.”

An example of an orthorhombic crystal is Rochelle
salt, Fig. 7.

1.6. The Tetragonal System

Crystals having a single fourfold axis (or a fourfold
inversion-axis) belong to the tetragonal system. The ¢
axis is always taken along this fourfold axis, and the Z
axis lies along ¢. The a and b axes are equivalent and are
usually called a; and aa. The X axis may be parallel to
either a, or a»; that is, to either a or b in Fig. 8. There
are thus two possible sets of X and Y axes.

The orientation of a and hence-of X is not so easily
settled. There are seven classes of tetragonal crystals,
five of which can be piezoelectric; these are classes 4, 4,
42m,422,and 4 m m. Three of these have no twofold
axes to guide in a choice of an a axis; however, for all of
them except class 4 2 m there is no alternative to the
choice of an @ axis in such a way as to make the unit cell
of smallest volume. In class 4 2 m, which has a twofold
axis, the smallest cell may not have its a axis parallel
to this axis. There are twelve possible arrangements of
matter (space-groups) that have symmetry 42 m. Of
these twelve, six have the smallest cell when the a axis
is an axis of twofold symmetry, and six have the small-
est cell when a is chosen at 45 degrees to twofold axes
(while still perpendicular to the ¢ axis). The “Interna-
tional Tables for the Determination of Crystal Struc-
ture” give preference to the choice: “a along a twofold
axis,” and hence do not use the smallest possible cell.
For piezoelectric studies this choice is more convenient
than the smallest-cell choice. Since there is such good
precedent for letting a lie along a twofold axis, there
seems little likelihood of a conflict here.

In summary, it may be stated that for all tetragonal
crystals having axes of twofold symmetry, one of these
axes is taken as the a axis. \When there is no twofold
axis, the a axis is parallel to one of the two equal di-
mensions of the smallest unit cell. Arbitrarily take one
end of the ¢ axis as positive. Then use scction 1.16 as a
guide for the sense of the @ axis as well as, in class 4
2m, for the choice of the a axis.

The +Z and + X axes coincide with the +¢ and
+a, (or +az) axes respectively. The +V axis is such
as to complete the right-handed rectangular axial sys-
tem.

1.7. Application to Crystals of the ADP Type

Ammonium dihydrogen phosphate (ADP, Fig. 8),
potassium dihydrogen phosphate (KDP), and the di-
hydrogen arsenates of ammonium and potassium, are
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all in class 4 2 m. Since with these crystals the particu-
lar faces that would be needed to determine the positive
senses of the a axes are usually absent, the following
empirical rule is adopted. It is based on the fact that
compression along a line 45 degrees from the a and b
axes polarizes the crystal in the ¢ direction, causing op-
posite charges to appear at the ends of the ¢ axis.
Stretching along the same line reverses the signs of the
charges.

The rule is that the direction of a stretch (extension)
that causes a positive charge to appear at the end of the
Z axis which is chosen as the positive end, should lie
in the quadrant between the positive directions of the
X and Y axes. There are obviously two choices of posi-

7 - \N_ =

B e e R Al

!

Fig. 8—Ammonium dihydrogen phosphate (ADP), a tetragonal
crystal, class 4 2 m. Potassium dihydrogen phosphate (KDP) is
similar.

On extension along the diagonal pp, the +2 end becomes nega-
tively charged. .
Typical etch figures are shown on various faces.

tive directions, since the rule still holds if both axes are
reversed. The rule is in accord with Section 1.16, (4)
and (9).

1.8. The Hexagonal and Trigonal Systems

These systems are distinguished by an axis of sixfold
(or threefold) symmetry. This axis is always called the
¢ axis. According to the Bravais-Miller axial system,
which is most commonly used, there are three equiva-
lent secondary axes, a1, az, and as, lying 120 degrees apart
in a plane normal to ¢. These axes are chosen as being
either parallel to a twofold axis or perpendicular to a
plane of symmetry, or if there are neither twofold axes
perpendicular to ¢ nor planes of symmetry parallel to
¢, the a's are chosen so as to give the smallest unit cell.

According to the present convention, the Z axis is
parallel to ¢. The X axis coincides in direction and sense
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with any one of the a axes. The ¥ axis is perpendicular 1.10. The Isometric (Cubic) System

to Z and X, so oriented as to form a right-handed sys- The three equivalent axes arc a, b (=a), and ¢ (=a),

tem. This rule applies to both right- and left-handed often called ay, ay, and as. They are chosen parallel to

crystals. axes of fourfold symmetry, or, if there is no true four-
The axes of tourmaline are shown in Fig. 9 fold symmetry, then parallel to twofold axes. The

X, ¥, and Z axes form a right-handed system parallel
to the a, b, and ¢ axes.
An example is sodium bromate, Fig 11

Fig. 11—Right crystal of sodium bromate, an isometric crystal
class 2 3.

1.11. Axes of Enantiomorphous Forms

X%0 In the following piezoelectric classes, both right and

- B . ) left forms are possible: triclinic 1, monoclinic 2, ortho
e S e e e o ety O extensionaing ¢ Thombic 2 2.2, tetragonal dand 4 3 3. 1ot 3 oy 1

the +Y end becomes positively charged. On extension along Z hexagona] 6and 6 22, and isometric 2 3.

the +2Z end becomes positively charged. If a right crystal is placed in any orientation in front
of a mirror, the image as seen in the mirror represents
the corresponding left crystal. If the right crystal has

The axes according to the present convention are right-handed rectangular axes, the axes of the left
shown in Fig. 10. With both right and left quartz the crystal will then appear left-handed. Nevertheless, it is
X, ¥, Z axes form a right-handed system. The effect of standard crystallographic practice to use right-handed
these changes* on the signs of elastic and piezoelectric  gyxjq) systems for all crystals, whether right or left. This
constants and on the formulas for rotated axes is dis- convention is adopted in the present Standard for piczo-
cussed in Section 1.12. electricity. Under this convention the left form should
be regarded as the crystallographic inversion of the
right form, rather than as its mirror image.$

The signs of all elastic constants are the sanie for left
and right crystals. Piezoelectric constants, however,
have opposite signs for left and right crystals.

1.9. Application to Quartz

Z2z¢

1.12. Special Conventions for Quartz

‘The rules given in the foregoing paragraph will now

. be applied to ordinary quartz, class 3 2 (alpha-quartz,

the form occurring at temperatures below the a-8 in-
version point at 573° Q).

The present convention for axes of right and left

quartz has been stated in Section 1.9 (see Fig. 10). This

choice of axes involves certain conventions respecting

LEFT HAND RIGHT HAND
Fig. 10—Left and right quartz crystals, trigonal, class 3 2.

* The inversion of any solid figure is produced by drawing from
) each point a line through an arbitrary point P and continuing this
¢ For right quartz both X and Y axes are reversed with respect  line for an equal distance beyond P. An inversion is equivalent to a
1o the 1945 convention, For left quartz the ¥ axis is reversed, while 180 degree rotation about any axis through P followed by reflection

the X axis is unchanged. in a mirror perpendicular to this axis of rotation at the point P
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the elastic constants ¢4 and sy, as well as the piezoelec-
tric constants dy = —diz= —du/2, en= —e12= —emx, du

= —dﬂv

Elastic constants: under this convention, for both

and €14 = — €25.
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right and left quartz, cu is negative, su is positive.*

As may be verified from the well-known fundamental
equations ((11) and (12) in part 3), the piezoelectric con-
stants of quartz must have the following algebraic signs

in conformity with the present axial system:

Right quartz: di, negative, e negative.
ds negative, ey positive.
dn positive, en positive,
dys positive, ey negative.

Left quartz:
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When the piezoelectric constants g and #, occurring
in (13) to (16) of part 3, are specialized for quartz, they

become g1, gu, hu, hu, corresponding to Voigt's dn, du,

en, ew, respectively. In all cases their signs are the same

as those of du, du, en, and ey, respectively.

1.13. Summary of Rules for Determining the Axes
and Hand of Quartz Crystals According to the

Present Recommendations

(A) The + X axis should coincide with a +a crystal-
lographic axis, and the Z axis should coincide
with the ¢ crystallographic axis, as in Fig. 10.

(B) On extension, the positive ends of the a axes, and

TABLE |
Axes ] ' o
Hermann- — — - - — - | Schoen-
Crystal Mauguin Crystallographi R +/- i D
. ) phic ectangular flies Example
S Qymghol - y———g—— - —g — f = ‘ Symbol
¢ | a b X Y zZ | ,
1 1 (010) G Aminoethyl ethanola-
Triclinic mine hy drogen d-tar-
co<ao<by trate (AET
a & 8>90° 1 1 (010) ¢ Sz | Copper sulfate penta-
[ | | - hydrate
Monoclinic m /m | L (100) 1 b ¢ XorZ Cin=C, | Clinohedrite
cp<ag 2 2 1 (100) b G 2 Ethylene diamine d
3>90°% a=y= | _tartrate (EDT)
90° ym | 2 | L(100) b ¢ | Can Gypsum
Orthorhombic | 2 22 2 2 2 | a ‘ b ¢ ' [ 1"'=D; Rochelle salt (except
co<ag<byg between Curie
(for 222 & i points)
2/m2/m2/m | 2mm 2 /m /m a b ¢ Z Coy Hemimorphite
a=08=y=90°) . 2/m2/m2/m 2 2 | 2 a b ¢ Va=Da [ Barite
o . T — — T — 1 |
‘ o | o | a ‘ | |
Imm 1+ | /m : /m (ay) (ap) I ¢ l VA Ce Silver fluoride mono
‘ hydrate
I2m ! 2 2 (ay) (ag) c ' A V,=D: | Ammonium dihydro-
Fetragonal ; | en phosphate
ap=by , ADP)
a=f=y=90° | 422 4 2 2 (@) (az) ¢ * D, Nickel! sulfate hexahv-
[ drate
im2/m2m | & 2 2 (ar) (az) p « | Da Zircon
4 4 t | (ay) (as) ¢ VA Ce Barium antimonyl tar
: l trate
i i t ! (@1) (ay) c | Z Si | CasAlLSiO;
4/m 4 |t | { (ay) ‘ (a2) c " ' Cun Scheelite
23 2 | 2 2 | (@) (az) a ‘ VA ' T l Sodium chlorate
Isometric I3im 4 S 1 (ar) (a2) a, z T4 Zinc blende
ap=bo=co (Sphalerite)
n=R8=+=90° 132 4 4 4 | A(ay) (a2) a, | 0 | None known
2/m3 2 2 2 (ay) (as) a; T Pyrite
4/m32/m 4 4 4 (@) | (a2 a, l Ox Sodium chloride
¢ |l a | ala ‘ l I
3 3 t a, l c any | G Sodium periodate tri-
o ’ , two hydrate
rigonal | 3 3 t a c C=Ss | Dolomite
(ag)y=(ag)e= | 3m 3 /m | /m | /m a ¢ Y, Z Cav Tourmaline
(ag)s 32 3 2 l 2 2 @ ¢ X D, a-quartz
32/m 3 2 2 2 a ¢ X Dau Calcite
6 [ t | iy ¢ X,V | Can None known
Hm2 ] 2 | 2 2 ) ¢ X Daa Benitoite (?)
Hexagonal 6 6 t a, c A Ca Nephelite
(ag)y=(ag)2= | 6mm 6 /m | /m | /m a, c 7 Co | Wurtzite—2H
(a0)s 622 0 2 2 2 a, ¢ Dy B-quartz
O/m 6 a c Con Apatite
6/m 2/m2/m 6 2 | 2 2 I G l Dea | Beryl
* e:}uathns for the elastic constants of quartz for rotated axes, as, for example, equations (50)-(54) in footnote reference 2, remain un
changed, owing to the reversal in sign of certain direction cosines on passing from the old to the present axial system.
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therefore of the X axes, become negatively
charged with right quartz, positively charged
with left quartz.

(C) For right-handed quartz, the conoscope inter-
ference rings expand when the analyzer is turned
clockwise by the observer.,

1.14. Choice of Axes for Piezoelectric Crystals

Axes are assigned 1o crystals according to Table 1.
Crystal classes are listed, using the full Ilermann-
Mauguin symbols to designate the class. The method of
sclection of both the crystallographic axes and the
rectangular axes of physics and engineering is to he read
from the table. a, b, ¢ are the crystallographic axes (Sec-
tions 1.3 to 1.10, and 1.13); ag, be, co refer to the dimen-
sions of the unit cell along these axes; X, V, Z are the
rectangular axes, which should always form a right-
handed system, whether for a left or a right erystal (See-
tions 1.9 and 1,11 (o 1.13). o, B, v are the angles between
the pairs of crystallographic axes (Section 1.3). Both the
Schoenflies and  the Hermann-Mauguin symbols are
given, although the use of the latter is preferred,

ixplanation of Table I

In the colunn “Uermann-Mauguin Symbols” (hose
classes which are piczoclectric are placed at the left,

Under “Axes,” the numerals 2, 3, 4, 6 mcan an axis
of two-. three-, four- or six-fold symmetry; - (read 4 har)
a fourfold, 6 a sixfold axis of inversion; m an axis in a
plane of symmetry; /m an axis perpendicular to a plane
of symmeuy,

a, b, ¢ are the crystallographic axes: X, V, Z the
rectangular axes. In some svstems all, or two, of these
axes are physically indistinguishable aund said to he
cquivalent; the same symbol is then often repeated for
the several equivalent axes, using a different subscript
for cach, as ay, a,, as.

ag, b, co are the edge lengths of the unit cell, parallel
to the a, b, ¢ axes, respectively,

«, B, v are the angles hetween ¢ and byaandc, band a,
respectively,

The procedure for determining the a, b, ¢ axes of any
crystal involves satisfying a series of conventions. The
first convention is indicated under the name of cach
system, and gives general rules for identification of axes
in terms of the relative magnitudes of the several unit
distances and of the angles between the crystallographic
axes. With triclinic crystals, and with orthorhombic
classes 2.2 2 and 2/m 2/m 2/m, this one rule (Section
1.3) unambiguously prescribes all crystallographic axes
and their senses. With monoclinic crystals a further rule
is imposed, namely that the b axis is defined in terms of
the symmetry according to the third colunn under
“Axes.” With the remaining systems the ¢ axis is the
first to be identified and is always the axis of high sym-
metry. Where the symbol t appears there is no special
rule beyond that for the choice of the ¢ axis, except that
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the remaining axes shall be selected in such a way as to
give the smallest cell consistent with the specification
of ¢.

I'arentheses around ap and az in columns 6 and 7
(tetragonal and isometric classes) indicate that the
designation is arbitrary as to which of the two crystal-
lographic axes perpendicular to ¢(Z) shall be X and
which shall he V. Except for class 4 2m, either choice of
scnse may bhe made for the Z axis, after naming the .\
axis, and the chotee will not aflfect the signs of the con-
stants. ‘The only restriction is that the asial svstem
shall be vight-handed. In three tetragonal classes (4 2 2,
4/m 2/m 2/m and 4/m) and three isometric classes
(432,2/m3and a/m 3 2/m) this choice is trivial in
the sense that the signs, values and matrix positions of
clastic, diclectric or piczoclectric constants are in no
way affected thereby. These six classes are designated
by an asterisk (*) in column 9,

The column headed 1/ — Axes” indicates classes
for which the rules given do not uniquely determine the
axial system, particularlv with respeet to the senses of
certain axes. A single anial svmbol appearing in this
column indicates that the sense of the axis named re-
mains to be chosen by the first worker in the ficld,
and that the signs of certain of the piczoelectric con
stants will depend upon the choiee. See Section 1.16
for guidance in making this choice. Two letters in this
column indicate that the two aves named mav he sim-
ilarty chosen, i general the first choice aflecting the
signs of certain piczoelectric constants and the second
choice wffecting those of some others. In the two situa-
tions named, there may also be certain piczoclectric con-
stants whose signs are not affected by the choices. Final-
Iy, in class 3, as indicated, (he senses of anv two axes
remiain to be chosen and the chojce affects the signs of
the piezoclectric constants,

1.15. The Hermann-Mauguin Symbols®

In this system of notation an axis of rotation is indi
cated by one of the numbers 1,2, 3,4, 6. The number
indicates through its reciprocal the part of a full rota-
tion about the axis which is required to bring the erystal
mto an cquivalent position i regard to its internal
structural properties. The number 1 indicates no svm-
metry at all, since any structure must come bhack into
coincidence after o complete rotation, while 2 indicates
a twofold axis of rotation. 1,2, 3, 4, 6 indicate axes of
rotary inversion. 1 implies stmple center of inversion,
2 is equivalent to a reflection plane and since reflection
planes are so important feature of the structure the
symbol for such a plane, m, is written instead of 2. If
an axis has a reflection plane perpendicular to it, this
fact is written as part of (he svibol for that axis by
following the number which deseribes the symmetry of
the axis with the notation /.

¢ Adapted from WV, 1, Bragg and W, 1. Bragg, “The Crystalline
State,” vol. |, pp. 85-86, Gi. Bell and Co., Lumluh: 1033, Y
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The designation for any class of symmetry is made up
of one, two, or three symbols, each indicating an element
of the symmetry. The first symbol in general refers to the
principal axis of the crystal if there is one, indicating the
type of symmetry of that axis and the existence of a re-
flection plane perpendicular to that axis, if any. The
second symbol refers to secondary axes of the crystal,
giving similarly the character of the symmetry involved
and including reference to a reflection plane perpendicu-
lar to it if such exists, or refers to a reflection plane alone
if no secondary axes exist. In the isometric system the
secondary axes are the threefold axes inclined to the
principal axis. The third symbol names tertiary axes if
they exist, such as those parallel to (1120) in the hexag-
onal system or (110) in the tetragonal system, or cor-
responding planes.

1.16. Positive Sense Guide

In lieu of other guiding factors, the following is sug-
gested as a rule for guidance in setting up the axial sys-
tem for crystals which are piezoelectric. Axial senses (as
well as the selection of the Z axis or the choice between
X and Y axes when this needs to be made) shall be those
which provide a positive sign for the first one of the
following constants which does not vanish: dz, du, da,
dus, da. This selection of the group of sense-determining
constants is somewhat arbitrary, giving emphasis to
the crystallographic importance of the Z axis and to
providing positive signs for the piczoelectric constants
of extensional strain along axial fields. If the first ap-
plication of the rule is not sufficient to determine
uniquely the senses of all axes, then the rule is to be ap-
plied again to the second one of the constants which
does not vanish; and again to the third if necessary. For
crystals which are enantiomorphic, the rule should be
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applied as stated to the right crystal; for left crystals,
the rule should read “negative” instead of “positive”
in each reference to a piezoelectric constant. The senses
of axes in the left crystal should be such as to reverse
the signs of all piezoelectric constants with respect to
those of the right crystal.

The effects of the application of the rule in the several
classes may be summarized as follows:

(1) A positive dg determines the sense of the Z axis
in classes m, 2 mm, 4 mm, 4,3, 3 m, 6, 6 m m.

(2) A positive di) determines the sense of the X axis
in classes 3, 3 2, 6, 6 m 2.

(3) A positive dy determines the sense of the Y axis
in classes 3 m, 6.

(4) A positive di determines the distinction be-
tween X and Y axes in class 4 2 m.

(5) A positive diy =d3 determines the distinction be-
tween X and Y axes in classes 2 3, 4 3 m after
any one of the three crystallographic axes has
been chosen arbitrarily as Z axis.

(6) A positive d3 determines the sense of the Z axis
in class 4. ‘

(7) The senses of all axes are trivial and reversals
such as to maintain a right-axial system do not
affect the signs of piezoelectric constants in
classes 222,422,622,

(8) The senses of X and Z axes are trivial in class 2,
and reversals such as to maintain a right-axial
system do not affect the signs of piezoelectric
constants.

(9) The senses of X and Y axes are trivial in classes

42m,23,43m,2mm,4mm,4,6,6mm.

The sense of the Y axis is trivial in classes 3 2,

6 m 2.

(10)

2. Standard for Specifying Crystal Plate Orientation

2.1. All crystal plate specifications for orientation are
to be determined by a “Rotational Symbol.” This sym-
bol is a set of letters and angles that indicate a way in
which the orientation of the plate, assumed to be rec-
tangular, can be derived from one of six initial orienta-
tions by successive rotations about plate edges.

The initial orientation is that in which the thickness,
length and width fall along the X, V, and Z axes, but
not necessarily respectively. The X, ¥, and Z axes for
the various crystal systems are defined in part 1.

A. The first two letters of the symbol indicate the initial
orientation used.

(a) The first letter is x, ¥, or 2z and indicates the
direction of the plate thickness before any rota-
tions have been made.

(b) The second letter is x, y or z and indicates the
direction of the plate length hefore any rotations.

(c) These two letters completely specify unrotated

plates. Figs. 12 to 17 show the six possible cuts
that require no rotation.

z
3

Fig. 12—An (xy) cut,
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Fig. 16—A (zx) cut
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Fig. 13—A (x2) cut
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N Fig 17—A (zy) cut

Fig. 14—A (yx) cut b4
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Fig. 15—A (yz) cut. Fig. 18—A (yzw) cut, positive single rotation about X.
B. The remaining letters of the symbol indicate the
plate edges used as axes of rotation.
(a) The third letter of the symbol is ¢, I, or w ac-
cording to whether the thickness direction, (b)
length direction or width direction is the axis of
first rotation. If one rotation suffices there are

only three letters in the symbol. Several com-
monly used single rotation cuts of quartz are
shown in Figs. 18 to 21.

The fourth letter is ¢, 1, or w according to the

edge used for the second rotation. If two rota- 1

tions suffice there are onlv four letters in the
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Fig. 19—A (yzw) cut, negative single rotation about X. Fig. 21—A (yzt) cut, rotation about Y.
z
z ’ A
\
- \
~ <b=3o°>/ J\ w=15°
| /\ N
/A N
/A N
[N S
AN
/ \ W
I \ o
\ I \ e=40"
| l 1 \
18° Y ' — Y
|
~ |
X
X
Fig. 23—A triple-rotation cut (yztwt), produced from Fig. 22(c)
Fig. 20—An (xyt) cut, —18° rotation about X by 15° rotation about ¢.
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Fig. 22—A double-rotation cut (yztw) arrived at by 30° rotation about ¢ followed by 40