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Over and over again, Hytron has licked the
problem of making smaller and smaller radio tubes. Its
BANTAM GT, which other tube engineers said was
impossible, telescoped glass receiving tubes to the T-9
bulb (bantam and loktal), and has since become the
most popular receiving tube.

Next Hytron sweated out development of the BAN-
TAM JR.—the first subminiature. The HY155 was
soon superseded by the even tinier HY255.

It was only natural that the Navy and OSRD should
turn to Hytron in 1940, to design diminutive, rugged
tubes for the VT or variable time fuse. Fired from a
gun, such tubes, despite their size, must withstand
20,000 G’s and 475 rps.

Months of research at Hytron resulted in the smallest
tube which has ever been mass-produced. The tube’s,
internal cubic volume is approximately half that of the
smallest competitive tube. Again new horizons were
explored by Hytron. New techniques and production
equipment solved fabrication, assembly, glass, and
exhaust problems.

The same ‘skills which created:the BANTAM: GT, the
BANTAM JR., and the smallest VT-fuse subminiature
‘are now concentrated primarily on production of
Hytron GT’s and T-5% miniatures for home receivers.
You can count, however, on Hytron’s continuing
leadership in vacuum tube development.

ALL TUBES ACTUAL SIZE

A OLDEST MANUFACTURER SPECIALIZING IN RAD!O RECEIVING TUBES

MAIN OFFICE: SALEM, MASSACHUSETTS
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HERE 3 CAPACITORS

po !

MANUFACTURER of induction heaters ‘re-

placed 25 mica capacitors in his resonant (tank)
circuit with three General Electric HFP parallel-
plate, water-cooled capacitors. He saved nearly half
the cost and space, and more than doubled the kva.
Result: a more compact, more powerful, and more
efficient heater.

Class HF P capacitors, with their two sets of heavy,
sheet-aluminum plates, are specifically designed for
use in resonant circuits of high-frequency oscillators,
such as those employed in electronic heaters. Out-
standing features of Class HFP capacitors are
compact construction, and ability to operate at
high voltages and to carry heavy continuous cur-
rents at frequencies from 50 kilocycles up into the
megacycles. The special dielectric is a new, stable,
synthetic liquid which combines the desirable
characteristics of low loss, high dielectric constant,
and high dielectric strength.

A coil of copper tubing, for water-cooling the

capacitor, is installed inside the case in direct con- Kw

5%

tact with the grounded pair of capacitor plates.
Couplings are provided for connection to 34-in.
copper tubing. The cooling feature permits a com-
Pact assembly and high current rating per unit
volume.

The cases are of nonmagnetic metal, hermetically
sealed, and flexible enough to take care of thermal
expansion of the liquid dielectric. Capacitance
tolerance is from plus 5 per cent to minus 5 per cent
of the rated capacitance at 25 C; Q factor is above
2000 for full load operation at frequencies from 50
kilocycles to one megacycle. Internal inductance is
low, which gives resonant frequencies from 3 to 9
megacycles, depending upon the capacitance rating.
Write for Bulletin GEA-4365. Apparatus Dept.,
General Electric Company, Schenectady 5, N. Y.

ICE THE WORK of 25

Maximum Approximate
Maximum . Permissible Dimensions
Permissible Microfarad § - Working in Inches
Rms Working Rating Current in Amp
Voliage at 540 Kilocycles A 4
0.025 170
2000 0.030 204 167/32 21/2
0.034 230
3000 0.0165 168 167/3% 21/2
f s g:g:ws ;g: 187/16} 47/16
6600 0.009 | 202 187/16] 47/16
0.0029 | 88 ‘
9000 0005 | 153 W87/16) 47/16
0.0056 171

Proceedings of the 1L.R.E.

February, 1946
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LIGHT-WEIGHT TRANSFORMERS
ﬁz @éf gfflm?i

When size and weight are important
and weather resistance isn’t, G-E core-
and-coil transformers solve a lot of
electronic-design problems. Uniform
coils, automatically wound over the finest-grade core
laminations, are of the same high quality and give the
same reliable performance as G-E cased transformers.

Standard core and coil units include 60 types and
ratings of plate transformers, 106 filament transformers,
34 plate-and-filament transformers, and 61 reactors.
Ratings up to 50 kva (physical size) are wound on
standard laminated cores; larger units can be built from
special parts. Write for Bulletin GEA-4280.

5,;;4%0»:0{ IN 5’%&’

Inside these G-E small panel instruments

are packed accuracy and reliability
usually associated with larger G-E instru-
ments. They have space-saving internal-
pivot construction. They respond quickly. Accurate read-
ings are easily made. The instrument weighs a mere 3
ounces and is just 1%2 inches wide and less than 1 inch
deep. Either watertight or conventional construction is
available for direct-current, audio-frequency and radio
frequency applications. Write for Bulletin GEA-4380.

BRACKETS

| capaciton

A distinct advance in bracket
design simplifies the mounting of
rectangular-cased G-E capaci-
tors. A U-bend replaces the conventional L-shape and
provides a spring-washer effect for secure capacitor
mounting. At the same time, it reduces strain on both
capacitor and chassis, and compensates for tolerances in
capacitor case heights.

For either base or inverted mounting, U-bend brackets
are available for most G-E rectangular-case a-c and d-¢
capacitors. Write for Bulletin GEA-4357,

February, 1946

Proceedings of the 1.R.E.

Timely Highlights
on G-E Components

]

Capacitors @ Sensitive control and time-delay

relays ® Limit switches ® Motors, dynamotors,

amplidynes ® Motor-generator sets ® Alnico

magnets *Small panel instruments ¢ Formex™
magnet wire®Radio transformers®Switchettes
eSelsyns ® Chokes ¢ also tubes, crystals, plastics

products, insulation materials, and many others

- — ——

General Electric Company B
Apparatus Dept., Sec. 642-10

Schenectady 5, N Y.

Please send me the bulletins checked:
........ GEA-4365
........ GEA-4330
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..... Ja GEA-428°
GEA-4357

s ]

colhs

3a



DAL
DIVERSITY
RECEIVERS

erodyne

hing networ

yperhet
matc

o TwWoO ’\denﬁm\ s

isolating antennd
ed bands 9 4-23 wegacy

se\i-exc'\ted HFO an

o Common crystal
in thermostnﬂm\\y controfled over

des

ofive pre-tun

N
SOl
_H? ‘”-“L‘ o A e i
- i) 4% Ll T

£ S I

v i ¢ i %
] )
ik

"\ JTuMumI
r

v

AVC action

o Interlocking diversity
na combinations

o Four diversity anfen
» fyning indication

o Flectronic “€Y®

al and remote dial control

e \oc
o Selt contained power supply

o (abinet 10

- \H
ViRELESS N
¢ o m i8S MIANUFACTUR
and Scles Office, 147! ul(rk e t) TUT
979 BRY '.‘"‘\"’ﬂ’f._\'t N \cl. 2
¥, ; -‘r’: 1. (l“ﬁ

Praceedi
dings of the I.R-E
g, Februar:
y, 1946




b

fiCeiiiceat - Saggdaeat
IEENNEESNN) EEEEEEEE
M I 1 5 R
T - NN
!}L_]u___ll‘ mERE

o
o
ot
-
wwﬂﬁm
o
-
ﬂ,%

X

. « . is always available to equipment protected by a
SOLA CONSTANT VOLTAGE TRANSFORMER

Are you looking for new ways to—

1. Increase the efficiency of your
product?

2. Lower its cost to the user?
3. Reducemaintenance expense?

Much of this can be accomplished
with a Sora Constant Voltage Trans-
former built into your product. Now,
more than ever before, electrical
equipment needs ‘line-voltage pro-
tection.

Stable voltage, direct from supply
lines, is not available to the users of
your equipment. Voltage may vary
as much as 15-20% from the rating
on your label. Your equipment will
be blamed for the inefficient opera-
tion that results.

Build a Sora Constant Voltage
Transformer into your equipment
and operating voltages will always be
within = 1% of rated requirements

regardless of line fluctuation as great
as 30%.

There is a wide range of sizes and
capacities in SorLa Constant Voltage
Transformers which can be built spe-
cifically for your product. The sav-
ings you can make through the elimi-
nation of other components and an-
ticipated service calls, plus greater
operating efficiency and satisfaction
to your users, merit your considera-
tion of Sor.a Constant Voltage Trans-
formers as a component in your
equipment design.

Sora Constant Voltage Transfor-
mers are fully automatic with no
tubes, or moving parts. They require
no supervision or manual adjust-
ments.

There’s a new SoLa handbook
that describes fully the theory, oper-
ation and use of SorLa Constant
Voltage Transformers. Write for
your copy.

Ask for Bulletin CVv-102

Consta

et

X |
Constant Voltage

Transformers for : Constant Voltage « Cold Cathode Lighting » Mercury Lamps » SeriesLighting - Fluorescent Lighting » .-RayEquipment « LuminousTube Signs

Qil Burner Ignition « Radio

Proceedings of the L.R.E.

Power » Controls -

Signal Systems » etc.

February, 1946

SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, llinols
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KEEP PRODUCTION MOVING with

»-(ZteecE> SERVICE

FAST DELIVERY

REASONABLE
PRICES!

S
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LOOP ANTENNA FRAMES o CABINET BACKS

(complete with envelope protector)

BAFFLES o LOUD SPEAKER GASKETS

Die cut and printed complete
to your specifications from
NON-METALLIC PULPBOARD, FIBRE BOARD
BINDERS BOARD, NEWS OR CHIPBOARD
paraffine treated or plain.
Tested for non-conductive properties.

Manufacturing processes include lining
of board for special papers.

Don’t let shortages of the above items bottleneck your production. For
ON-TIME-DELIVERY, call on PIERCE. Years of experience, plus accelerated
War Production, has given us the "KNOW-HOW“ and trained personnel to
expedite your job and produce accurate, superior work.

The modern PIERCE factory is amply equipped with up-to-date machinery
for Die cutting by Rotary, Platen and Punch Press or Hollow Die Methods.
A complete die-making department and an adequate supply of
board insure prompt delivery!

SUBMIT SAMPLE OR SPECIFICATIONS FOR
IMMEDIATE QUOTATIONS —NO OBLIGATION

-(=LE/LEE> PAPER PRODUCTS COMPANY

2711 AUBURN STREET ROCKFORD, ILLINOIS

SUBSIDIARIES
Charles H. Luck Envelope Company, Chicago. Capital Envelope Company, St. Paul.

6a Proceedings of the 1.R.E. February, 1946
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A Bright Spot in the Television Picture

Now ready at National Union is a group of
new cathode-ray tubes capable of picture re-
production superior to anything television
has yet offered. Here are tubes whose ultra fine
grain screens* catch the most subtle grada-
tions of light and shadow. Pictures are far
more detailed, clearer, more brilliant. When
enlarged by projection. they hold their dis-
tinct, high-definition quality and depth of tone.
Here, too, ion burn, as a major television
problem, is a thing of the past!

National Union enters the “Age of Tele-
vision,” ideally equipped to supply high-grade
C-R Tubes at mass market prices. Here, is a
large modern plant . . . an ultra-efficient pro-

February, 1946

duction line . . . equipment designed for the
most advanced manufacturing techniques . . .
the highest standards of quality control . . .
skilled workers . . . able engineers. All backed
by one of this Industry’s most extensive and
fruitful Electronic Tube Research programs
—assurance that N. U. will contribute its full

share to future C-R Tube progress.

*So fine is the texture of the special florescent
material developed by National Union Research
Laboratories, it is calculated that a 10-inch pic-
ture on the screen of a National Union cathode-

ray tube is reproduced on 10 billion crystals!

7a



OW...MORE COMPACT P(

RIABLE RECEIVERS!

NEW “EVEREADY” COMBINATION “A-B” 90-VOLT s

BATTERY UNIT PACKS MORE POWER

INTO LESS SPACE 2

S

THIS new “Eveready” “A-B” battery for portable
receivers is no ordinary pack. Size for size, it actually
contains more energy — actually lasts far longer — than
any other pack!

Reason for this is that for the first time the “B” section
is constructed on the famous “flat-cell” principle used
exclusively in the “Mini-Max’ battery. See in the box
at right how this revolutionary construction packs more
power into less space.

Imagine what this “Eveready” pack can do for your
portable receivers: It means simplified construction. It
also means more powerful receivers can be built without
increasing the size.

Engineers at National Carbon Company, Inc., will be
glad to provide vou with more information on this com-
pact “Eveready” “A-B” pack.

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

UCL]
General Offices: New York, N. Y.

Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City,
New York, Pittsburgh, San Francisco

eEVEREADY

TRADE -MARK

TRADE -MARK

The registered trade-marks “Eveready” and “‘Mini-Max" 5 . |I
distinguish products of National Carbon Company, Inc. - 3

D

e |—-'

[ ) d
SPECIFICATIONS

of new “Eveready” “A-B” pack

VOLTAGE:
“A"—9 tapped at 7
“B”-90
SI1ZE:
10%6" x 31" x 414"

NET WEIGHT:
61, lbs.

ORDINARY “B” BATTERY is made of many round cells,
which cannot be packed together without wasted space.
Nearly one-third of the volume inside an ordinary “B”
batteryis cardboard, pitch—and air!

L“‘MINI-MAX’’ ““B” BATTERY is a solid mass of flat cells!

No space is wasted. A “Mini-Max” “B” Battery is actually
much more battery than other brands of identical size
... contains more of the active materials — lasts much
longer in use!

i

Proceedings of the I.R.E. February, 1946
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more supervisory controls
than any other type of
transmitter. . .

Proceedings of the I.R.E.

February, 1946

Your job is easier because Westinghouse
AM transmitter controls include everything
from one master switch to a complete indi-
cator lamp system. And the soundness of
Westinghouse design is backed by more
experience in actual station operation than
any other manufacturer. Write today for
the full story. Westinghouse Electric
Corporation, P. O. Box 868, Pittsburgh 30,

Pennsylvania. J-08149

9a
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ONE STANDARD TYPE

does the job...

NEW . |  WOUND WITH
ype end seal for extra 3 &
humidity protection. g g ey CERAMIC

INSULATED
WIRE
1000°C.
HEAT-PROOF!

NEw glazed ceramic shell to with-
stand thermal shock, humidity and cor-
rosive conditions.

..in ANY climate!

No more “special orders” to obtain suitable resistors to with-
stand the extreme thermal and humidity conditions to which
your product may be subjected in many parts of the world!
STANDARD Sprague Koolohm Wire-Wound Resistors now
incorporate these extra protection features — and this means
that you can count on STANDARD Sprague Koolohms for
maximum dependability in ANY climate, ANYwhere on
the face of the globe. Write for new

N
ﬁ\{E ¥

LT\ )
\(‘m}“—,\\k
L

sprAGUE [{OOLOHM

TRADEMARK REGISTERED U.S. PAT. OFF.

WIRE-WOUND RESISTORS

ELECTRIC COMPANY, Resistor Division, North Adams, Mass.

catalog of Sprague Koolohm wire-
wound types for every requirement.

SPRAGUE

10A Proceedings of the I.R.E, February, 1946



“STUDIO CONTROL

DESK MODEL SE-300 FOR VIDEO

This unit is especially designed to afford
exclusive control to the program or technical director in
charge of telecasting.

Three video pictures are included tor ease in selection of camera
pick-ups and :n viewing the final transmitted picture. In addition, this Model SE-300
is equipped with inter-communication for contact with master control and studio
camera men.

A loudspeaker in the end-unit gives the director his aural pick-up. . . .

The kinescopes are 7” direct viewing tubes, which facilitate the duties of
the individua. in charge of detail and contrast.

Should more camera pick-ups be needed, the Sherron Studio Control
Desk can be enlarged by increasing the number of kinescope panels.
Furthermore, a turntable can be included in one of the end-units.

As is characteristic of all Sherron broadcast equip-
ment, maintenance and safety are primary
considerations. Each chassis is removable
without soldering of wires.

Plugs offer ease of removal

and quickness of change.

Sherron
¥\ FElectronics

Proceedings of the I.R.E. February, 1946




"EVERYTHING IN CARBON BUT DIAMONDS"

12a

‘C 'SPRINGS

FORM NOT
S~ {HREADED—
C SPRING
LOCKS CORE

~ THREADED
INSIDE TO
FIT CORE

S—

SPRING AT
BACK LOCKS
CORE

.. . with Stackpole

Scre-type Molded Iron Cores

HIGHER “Q" —Since there is no brass core screw
in field of coil and the core is not grounded.

SMALLER ASSEMBLIES — Overall length of coil
and screw type core is less than that of con-
ventional core, machine screw and bushing,
thus permitting smaller coil assemblies and
smaller cans.

FACILITATE DESIGN OF I-F TRANSFORMERS
AND DUAL I-F transformers for AM and FM
since all cores may be tuned

COlL  from one end of the I-F trans-

former can by placing coils side

core Py side.

TUBE

STACKPOLE CARBON COMPANY, St. Marys, Pa,

Samples and Engineering Data gladly sent on request

Antenna, R-F and Oscillator coils for each
band of a multi-band set become small and
compact and may be mounted in groups for
each band.

HIGHLY ECONOMICAL — Threaded coil forms
unnecessary. See accompanying sketch for sug-
gested use of wire clip in form slot. If desired,
the tube can be threaded to fit core as illustrated.

Electronic Components Catalog!

Write for Stackpole Electronic Com-
ponents Catalog RC6 covering switches,
Sfixed and variable resistors and iron
covres.

Proceedings of the I.R.E.

February, 1946



Type
So-1

$3-8
$3-35

8§J.e
$J-5

FOR
HEARING AIDS

VEST POCKET RADIOS

AIR BORNE DEVICES

uTC
SUB-OUNCER SERIES

UTC 3ub-Ouncer units are 9/15%" x 5/8" x 7/8" aad
welgh oaly 1/3 ounce. Through unique' constructien,
however, these miniature units have performance and
depeadnbility cheracteristics far superior to any other
compuruble items. The coll Is eniform layer wound of
Form=m wire . -~ . On a molded nylon bobbin . .
insulation is of cellulose acetate . . . leads mechani-
cally anchored (no tape) . . . core materlal Hiperm-
allcy . » entre unit triple (waterproof) sealed.
The -frzquency mesponse of these standard items is
+ & LB from 2680 to 5,000 cv«les.

Application Ltavel Prl. Imp. D.C. in Pri. Sec. lmp,
Ihput + 4AV.U. 200 250,000
50 62,50€
inters ape’3:1 4+ 4 V.U. 10,000 0 90,00C
Platz to Line 4 23 V.U. 10,090 200
25.000 3/1.5 mil. 500
Outrux + 20V.U, 30,000 1.0 mil. 50

Reacter 50 HY at | mil. D.C.
3000 shres D.C. Res

e N

List Price

$5.00
5.00

5.00,
5.00

4.50

UTC
OUNCER SERIES

The standard of the industry for seven years. Tie
overall dimensions are 7/8" diameter by 1-3/13"
height .including lugs. Mounting Is effected by two
screws, opposite the terminal board side,
11/16". Weight approximately one ounce. Units not
carrying D.C. have high fidelity characteristics being
uniform from 40 to 15,000 cyct=s. ltems with D.C. in
pri. are for voice frequencies from 150 to 8000 cycles.

Type Application Pri imp. Sec. mp.
0.1 Mike pickug or

fine to ( grid 50, 200, 500 50,000
0-4 Single plate- to

| grid 8.000 to 15,000 60,000
0-5 Single plate to

1 grid, D.C. in Pri. 8,000:to 15,000 60,000
0.6 Single plate to ¥

2 grids 8,000 to 15,000 EEN]
0-8 Single plate fo

line 8,000 {0 15,000 50, 200, 500

0-9 Single plate to
line, D.C. in Pri.

0-12 Mixing and matching

0-13 Reactor, 200 Hys-no
D.C.. 50 Hys-2MA
D.C.. 6.000 ohms

8,000 to. 15,000
50, 200

50, 200, 50C
50, 200, 50C

spacad

List Price
$16.60
$9.25
$ 9.25
sm.ﬁ
$11.60

$11.60
$10.45
$ 8.10

Manufacturers: Our experience in building hundreds of thousands of ouicers and sub-

ouncers is yours for the asking. Special types, and mountings are readily available. U.T.C.

engineers can help you save weight and space in ths design of miniotre equipment.

150 VARICK STREET .
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.,

NEW YORK 13,

N. Y.

CABLES: “ARLAB"



ERIE CERAMICON BY-PASS CONDENSERS

Now for the first time it is possible to increase
the efficiency of high frequency circuits by provid-
ing the shortest possible electrical path to ground
when by-passing tube pins. This is accomplished in
the new Plexicon Tube Socket, with silvered ceramic
condensers built into the socket, immediately around
the tube prongs.

The joint development of the leading manu-
facturers in their respective fields, Erie Resistor
Corporation and Cinch Manufacturing Corporation,
this revolutionary socket eliminates all leads which
are necessary with conventional by-pass condensers.
Not only does this design save space, but it also per-
mits the moving of other components closer to the
tube socket.

% Patent Applied For

CINCH LOCK-IN, OCTAL and
MINIATURE TYPE TUBE SOCKETS

The Plexicon Tube Socket will be available in
Lock-in, Octal and Miniature type sockets, with either
center or periphery ground connection. The design
is such that any desired combination of tube pins
can be by-passed. The maximum capacity of the
condenser is 1,000 MMF. The plan view and mount-
ing dimensions of Cinch-Erie Plexicon Tube Sockets
are identical with those of standard Cinch sockets.

Samples of the Plexicon Tube Socket will be
available shortly in the Lock-in type. Octal and Min-
iature types will be available later. Contact your near-
est Erie Resistor or Cinch representative for further
information and samples of this outstanding contri-
bution to VHF and UHF design.

A Jocnt Adventisement of

CINCH MANUFACTURING CORP.

CHICAGO, ILLINOIS
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A Joint Development
of ERIE

RESISTOR CORP.
and CINCH -

MANUFACTURING
CORP.

CINCH - ERIE
Piexicon Tube Socket

Provides shortest possible electrical path to ground.
Saves space—permits moving other components
closer to tube socket.

Reduces set assemb.y costs.

Capacitive coupling effect between by-passed tube
pin and adjacent pins is reduced by shielding effect
of outer electrode of condenser.

Plexicon sockets are insta'led exactly the same
as standard Cinch Lock-in, Octal, and Miniature
type sockets.

Top of Cinch-Erie Plexicon Lock-in type socket
matches tube base.

55 . D...

The above two schematic diagrams show the
basic design principles of Cinch-Erie Plexicon
Tube Sockets.

In the plan view, the socket is shown with con-
densers for by-passing three tube pins. The silvered-
ceramic condensers are shown in green.

Note in the side view that standard tube prong
clips are used, and that the condenser completely
surrounds the tube pin.

Mounting dimensions of the Lock-in type are:
1.312'' between center line of mounting holes;
chassis hole 1.125" dizmeter.

and ERIE RESISTOR CORP.

ERIE, PENNSYLVANIA




'WHY ARE THESE BUSHINGS

3=

C ORNING
———means-
Research in Glass

16a Proceedings of the I.R.E. February, 1944
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LIKE A TIN CAN...

HE answer to that is easy! They’re like a

tin can because they also form permanent
hermetic seals when soldered in place. By
means of the famous Corning metallizing proc-
cess, metal is attached to glass so firmly it
can’t be removed without taking glass with it.
This means that there is no possibility of leak-
age and assembly parts and operations are cut
in half.

These bushings have high voltage rating, high
volume and surface resistivity and high die-
lectric strength. They’re strong, too, and being
glass, resist chemical action and weathering.
And the Pyrex Brand low-expansion glass
makes them able to withstand great thermal

shock. As you can see they come in both tu-
bular and skirted form. Many standard items
are available for immediate shipment. Or
special items can be quickly made in any
quantity desired.

If metallized glass can improve your product
through hermetic seals or faster assembly,
Corning can help you. Look at the Corning
Electronic products below. If something like
these is what you’ve been looking for, write,
wire or phone The Electronic Sales Department,
P-2, Technical Products Division, Corning
Glass Works, Corning, New York. There’ll be
a Corning engineer working on your problem
as soon as he can get there.

NOTE-— The metallized Tubes and Bushings, Headers and Coil Forms below are all made by the famous Corning Metallizing
Process Can be soldered into place to form true and permanent hermetic seals. Impervious to dust, moisture and corrosion.

l I

Metallized Tubes for
resistors, capacitors,
etc. 20 standard sizes
157 x 2”7 to 134" x 10".
Mass-produced for
immediate shipment.

)]

\\\\
m/

Metallized Bushings.
Tubes in 10 standard
sizes, 5" x 4" to 17
x 47%” in mass pro-
duction for immedi-
ate shipment.

Headers — The best
way to get a large
number of leads in a
small space for as-
sembly in one oper-
ation,

s hid ||

./ /
VYCOR Brand cylin-
ders—very low loss
characteristics.

Stands thermal
shock up to 900°C.
Can be metallized,

Eyelet Terminals — Coil Forms—Grooved
Single or multiple for ordinary fre-
eyelets permitdesign quencies—metallized
flexibility. Standard for high frequencies.
items readily avail- In various designs
able in quantity. and mountings.

“VYCOR”, “CORNING” and “PYREX" are registered trade-marks and indicate maufacture by Corning Glass Works, Corning, N. Y.

Electronic 5/as§_ware

Proceedings of the I.R.E. February, 1946
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Looms Large on the

CERAMIC Firmament

Your search for a2 “hard-as-diamond” versatile
material ends when you discover the myriad pos-
sibilities of Steatite.

Let us tell you more about STEATITE . . . a ma-
terial that may solve your production problems.

Centralab &=

Division of GLOBE-UNION INC., Milwaukee Bulletir 695

Variable Resistors .
PRODUCERS OF Bulletin 697 Tubular Ceramic  selectar Switches
i Capatitors Bulletin 722

Ceramic High Voltage Capacitors Bulletins 630 and 586
Bulletin 814

18a Proceedings of the I.R.E. February, 1946



Left—Indicator Unit of
Type 248 Oscillograph

Below—Power Supply Unit
of Type 248 Oscillograph

PRECISION ACCURACY to the

Ycroweond”

The Du Mont Type 248 Cathode-Ray Oscillo- NOTE THESE UNusuay
graph was developed to meet the need for a _— FEATURES
P . . T " v
precision-measurement instrument of laboratory- ce;:e:n :‘; ;]ave SWeep speeds which ey
ne. : .
standard accuracy ... an instrument of such out- . Per microsecond.
standing performance and dependability that it has 'w‘:i‘;;‘ display of non-repetitive frang;
pProduce writing rates as fast ag ,hr;Znor:

no rival in the commercial field. more inches per micy
Osecond.

If your immediate or long-range program involves

pulses, transient response, waveshaping circuits,

0 e B q of a transjeny o- 1 he initia] part
video amplifiers or any prcblems which require the = Pulse,

iy | FY . 4. Sel. ]
unusual combination of a cathode-ray sym_:hroscope f::::::’a'"d trigger pulse oscillator for s
and oscillegraph, you'll find the Type 248 the perfect Pe applications, VAP
answer to all your requirements. .. with accuracy to 5. ::;erlnoat;ly Provided fiming markers af |
i ” at 1, 1o
the MICROSECOND! . Ticrosecond intervals pp; L
SUPerimposed ypop the obser:e::::temay ba

THE DU MONT TYPE 248 CATHODE-RAY OSCILLO-
GRAPH IS NOW AVAILABLE FOR IMMEDIATE DELIVERY!
FURTHER INFORMATION IS YOURS FOR THE ASKING.

© ALLEN B. DUMDNT LABORATORIES. INC.

Proceedings of the I.R.E. February, 1946
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FIXED INSULATED RESISTORS

Ya-WATT

Length 3/g in. Diam. 9/¢4 in,

e ““A-B Fixed Resistors
1-WATT will not break down

Length 9/1¢ in. Diam. 7/32 in.

= vnder the Cold Test"’

2-WATT

p o During wartime, a high official made this significant
Length 11/16 in. Diam. 5/14 in s A
statement: “Allen-Bradley now is the only known source
e m for a resistor that will not break down under the Cold
’ Test requirements.”

-]t il . ote
kenafeeholl N W1/ agFghes War service, of course, called for top dependability

in resistor performance. Hence, in every war zone,
Allen-Bradley fixed and adjustable resistors were the
choice of the men who required resistors that held up un-

Type J Brad- der all extremes of temperature, pressure, and humidity.
leyometers are . . .
furnished in sin- Allen-Bradley insulated fixed resistors are available
?l'ell dual, "’"d in %2-watt, 1-watt, and 2-watt ratings with 1%-inch leads
,{;?‘Iewc:: s and tolerances of 5, 10, and 20 per cent. Specifica-
as rheostats or tions furnished on request.

potentiometers.
™ lded Allen-Bradley Company
e molde . .
e g it 114 W. Greenfield Ave., Milwaukee 4, Wis.

has substantial
thickness , . . ap-

proximately _B
1/32 inch. Any
resistance-rota-

tion curve is

\Queiity /
available. ‘r
Bradieom: A L L E - B R D L E
eters have no

rivets, no sold-

eed'orvited  EIXED & ADJWUSTABLE RADIO RESISTORS

connections, and
no conducting

aints in the elec- V
I",ricu: cir::ifs.l /uu n L'T \
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Not jet propelled...

The belt on step pulleys slips instantly to any
position to set cutting pitch at 96-104-112-120-
128 or 136 lines per inch. Other pitches available
on special order.

o)

yut just as NEW!

B e

RESTO’S newest turntable . .. for highest quality master

or instantaneous recordings. The 8-D features instan-
taneous change of cutting pitch. An improved cutting head
provides higher modulation level, more uniform frequency
response and retains its calibration under all normal
temperature conditions.

The heavy cast-iron turntable and mounting base insure
exceptionally low background noise. Adjustable feet permit
accurate leveling on bench or stand at a height to suit
the operator.

PRESTO

RECORDING CORPORATION
242 West 55th Street, New York 19, N. Y.
Walter P. Downs, Lid., in Canada

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

Pyoceedings of the I.R.E.
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During the closing stages of the war,
many a lone plane, traveling fast at me-
dium altitudes, would roar over enemy
territory in the dead of night.

As it winged over certain areas, an in-
termittent series of blindingly brilliant
flashes would dart like lightning from its
belly.

Then, the plane would speed away.

Such planes were on photo reconnais-
sance. Each was equipped with a “super”
flash tube a thousandfold brighter than a
news photographer’s strongest flash bulb.
In its split-second bursts of dazzling light,
nocturnal troop movements were easily
filmed from altitudes as high as 10,000
feet.

How the "“Super” Flash Tube Works
The source of light is a 4,000-volt dis-
charge between two electrodes in a coiled
quartz tube filled with a rare gas. The
outer container is a cylinder of Pyrex.

A single discharge gives plenty of light

Night aerial photo of St. Lo in Normandy on D-Day. Taken with the new “suger’ flaza lube.l

...and plenty of heat. It is this intense
heat that has made Inconel the choice for
the springs, clips and wire used to support
the quartz coil within the Pyrex cylinder.

No other metal could stand up under
such extreme.temperatures. Before Inco-
nel was used, previous supporting metals
either lost their springiness or became
distorted.

With Inconel on the job, there has been
no trouble. This high-Nickel alloy retains
its properties at elevated temperatures. ..
doesn’t scale away ... never rusts.

Thermally durable Inconel is used on
many jobs where high heat is a problem.
Perhaps in your product, too, you can use
Inconel in some form “to build-in the per-
formance you plan.”

Detailed information on this INCO Nickel Alloy

is given in Technical Bulletin T-7, “Engineering
Properties of Inconel.” For your copy, write:

The International Nickel Company, Inc.
67 Wall Street New York 5, N.Y.

NICKEL 42 Aroys

TRADE MARK
MONEL® - “'K” MOKEL® - “R" MONEL* - “KR" MONEL* - “$"MONEL® + INCONEL™ » NICKEL « "“L” NICKEL® « "2" NICKEL® « Sheet . .. Strip...Rod... Tubing ... Wire ... Costings. .. Welding Rods (Gos and Electric)

22a

SUPPORTING
WIRE—

The ''super'’ repeating flash tube built by Gen-
eral Electric's lomp Department, MNelo Park,
Cleveland, Ohio. Arrows indicate the metal sup-
portirg parts.

Possible peacetime uses for the flash 1ube’s
sudden bolts of sun-like radiance include aerial
baacons, marine lighthouses, and scientific pho-
tagraphy.

*Rop TT S Pat Off.

Proceedings of the I R.E. February, 1946



A rugged performer with

a big

NTENNA
ATIN:NG

Remote

Control

Box
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The AN/ARC-2 Autotune transmitter-receiver was
designed and is built by Collins for two place and larger military air-
craft. It is an example of the experience, design ingenuity and manu-
facturing skill also available, in the Collins organization, to commercial
users of communication equipment.

Transmitter, receiver and dynamotor are all contained in the same
case. The weight and space requirement of the AN/ARC-2 is consider-
ably less than that of the equipment it replaces. Any one of eight pre-
tuned channels is immediately and automatically available by means of
the Collins Autotune, operated either at the main panel or by remote
control. The transmitter and receiver operate on the same frequency
and are tuned simultaneously by a single set of controls.

This equipment, including its Autotune mechanism, functions reli-
ably at all temperatures from —58° to -140° F, all altitudes from sea
level to 40,000 feet, and all conditions of humidity up to saturation.

The Collins organization specializes in fulfilling exacting require-
ments. We will welcome an opportunity to make recommendations
regarding your needs in the field of radio communication equipment.

Collins Radio Company, Cedar Rapids, Iowa;

11 West 42nd Street, New York 18, N. Y.

I
l

Collins AN/ARC-2 Autotune transmitter-receiver
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//Z/ZWW a NEW

M Phase-

Modulation Tube

Revoluﬁonary in design and performance

Achieves modulation by providing a ro-

tating ““wheel” of electrons, which is ad-

vanced or retarded in speed by magnetic

fields produced by audio-frequency currents.

DIRECT CRYSTAL FREQUENCY CONTROL

WITH ONLY ONE CRYSTAL. NO MOTORS

OR REACTANCE-TUBE TUNING.

Pioncered by Zenith — developed,
designed, and built by General Elec-
tric—the new PHASITRON tube
offers sensational advantages to
manufacturers and users of FM
transmitters.

Several tuned circuits, with their
tubes and other components, are
eliminated by Type GL-2H21.
Greater
distortion—a lower noise level—

frequency stability —less

these are important improvements

GENERAL @3 ELECTRIC

TRANSMITTING, RECEIVING,

24a

INDUSTRIAL,

in FM transmitters made possible
by the PHASITRON.

Use of Type GL-2H21 produces a
straightforward FM transmitter de-
sign, one which is easier to tune—
also it means less maintenance for
the transmitter operator, as well as
a simpler, more reliable product in
the 88 to 106-megacycle band.

Fast service by G-E tube engineers
is available to manufacturers who
wish to consider the PHASITRON

SPECIAL PURPOSE TUBES .

Type GL-2H21
PHASITRON

Ratings for Typical Operation

Heater voltage 63v d-c

300 ma d-c

Heater current

Voltage, solid anode 250 v d-c
Voltage, perforated
anode 200v  d-c

Voltage, 1st focus
electrode

Voltage, 2nd focus
electrode

Voltage, 3-phase
deflectors

Voltage, neutral
deflector

30 v

35 vrms

50 mw

Driving voltage, r-f

Audio driving power

for their new FM transmitter cir-
cuits. Phone your nearest G-E office,
or communicate direct with Elec- -

tronics Department, General Electric
Company, Schenectady 5, N, Y,

161-E3-8880

VACUUM SWITCHES AND CAPACITORS

Proceedings of the I.R.E. February, 1946
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The advantages of millions
of springs of experience are yours,
here at Accurate. This experience
is as broad as it is long . . . covers
a multitude of precision spring
types and sizes, various wireforms
and light metal stampings,

ANOTHER advantage Accurate
offers is the latest in modern, effi-
cient springmaking machinery and
equipment. Much of our equip-
ment is of our own design. ..
another reason why you can ex-
pect every Accurate spring to
perform dependably and well.

February, 1946

IT takes people to make springs,
and Accurate offers you a special-
ized, highly trained personnel . ..
experts at their jobs, well qualified
to give you the finest in spring-

making craftsmanship.

EXPERIENCED spring engineers
are here for consultation. They
can help you obtain efhcient spring
performance at the lowest possible
cost. This service is in confidence

of course.

ccurate Spring Manufacturing Co.
3835 W. Lake Street, Chicago 24, lllinois
SPRINGS o WIRE FORMS o STAMPINGS

Send for your copy of the new Accurate
Spring Handbook. 1t's full of data
and formulae which you will find
useful. No obligation of course..
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T —FULL COVERAGE

3—VARIABLE LF. SELECTIVITY

B,

This is the greatest “Swper-Pro’’ ever offered to the professional or amateur
operator. Your new 330 Series “‘Super-Pro” covers the broadcast band os
well as the 10 meter dmateur band and its performance is greatly stepped-

up through war-time developments.

S NMMARLUND

THE HAMMARLUND MFG. CO., INC., 460 W. 347" ST NEW YORK 1, A.Y.
ESTABLISHED 1910 MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

Proceedings cof the I.R.E.

4—FULL BAND SPREAD

5—-IMPROVED NDISE LIMITER 6—ADJUSTABLE S METER
i

2-VARIABLE CRYSTAL SELECTIVITY,

February, 1946



TRANSTATS

used by The International Nickel Co., Inc.

for ... close electrical
temperatvre control”

In this research laboratory at Bayonme, N.J.,
Transtats are used to control elevatad tem-
peratures in “zreep tes"ingf‘k of alkoys for
high temperatire applieifions. Since these
tests are continuous ey fong periods, a high
degree "of. relmbility ard accurate control
are essential. fhe Transtats in comjunction
with automatie controllers, connected to re-
sistance h¢|l'e‘:, keep the temperature at the

required/degree within close limits.

For a continvously adjustable valtage or a coastant voltage from a fluctuating

source, specify Tramstats,

AMERICAN TRANSFORMER COMPANY
178 Emmed Street « Newark 5, New Jersey

Proceedings of ve I.R.E. February, 246
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O TRANSTAT "EXTRAS”

Potentiometer smoothness ~ with trarsformer
efficiency (93-99%)

High turn-to-turn insubaticn and solid irsulafing
material between commutator bars—a combination
of extra wire insulation ard varnish impregmation of
core and coil.

Broad, Uniform Commwtating Surface ground
from the evenly spaced ou-er wirss of the coil

Smooth Commutating Surface. Velvety action—,
no arcing—every turn a perfect contact.

Longer Brush—more contuct area, reducing
current density and provicing greater arec for heat
dissipation.

Balanced Collector Arm raintains brush sefting
at any degree of mounting.

MANUFACTURING SINCE 1301 AT NEWARK N. J.
\\_/

274



TUNG-SOL LAMP WORKS,
Sales Offices:

more efficient
...1n miniature

A roll of microfilm

about the size of a lypewriter

ribbon is the equivalent of the

many cubic feet of filing space neces-

sary lo store records in the original paper

form. Iiling for record in miniature is the same

trend toward elfliciency as the controlling of elec-
tronic circuils with miniature tubes.

Tung-Sol Miniature Tubes and smaller com-
ponent radio parts mean a reduction in the over-all
size of radio equipment. Miniature Tubes are char-
acterized by short leads, making lor low lead in-
ductance; low inter-element capacities and high
mutual conductance. These factors make Tung-Sol
Miniature Tubes distinctly superior in performance
when used in high frequency circuits. Miniatures

are constructed with smaller and lighter parts. This

INC.,

makes possible @ more rigid con-
struction that is more impervious to
the effects of vibration and shock.

The experience of Tung-Sol engi-

neers in designing circuils and select-
ing tubes is offered to manufacturers  ACTUAL size
wishing to improve their present electronic equip-
ment or to create new. All plans disclosed in
consultation will, of course, be held in strictest
confidence.

TUNG-SOL

0y rore - lesled
ELECTRONIC TUBES

NEWARK 4, NEW JERSEY
Atlanta - Chicago * Dallas « Denver » Detroit - Los Angeles « New York

Also Manufaciurers of Miniature Incandescent Lamps, All-Gluss Scaled Beam Headlight Lamps and Current Intermittors

28a
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Which one is yours?

ROLLING OFF THE PRODUCTION LINE

The New 1000 Watt Frequency- |

Using the Armstrong Dual Channel Direct
Crystal Controlled Modulator

Wire for Bulletin No. 5006 for Complete ; _
Engineering Information on this transmitter e : 3 i s|

Other REL FM Broadcast Equipment
Available for Ordering

Cat. No.
250 Watt FM Broadcast
Transmitter . ......... 549 A-DL
3000 Watt FM Broadcast
Transmitter ......... 519 A-DL
10,000 Watt FM Broadcast
Transmitter .......... 520 A-DL

Speech Equipment

Cat 603—Studio Speech Console, Table
Type, 6 position.

Cat 604—Stat|on Speech Console, Table
Type, combined with Cat. 600. Monitor
and transmitter desk control.

Monitoring Equipment . =

Cat. 600—FM Station Frequency and Mod- , ' T~
ulation Monitor.

SIMPLE,
STABLE,
EFFICIENT
PERFORMANCE

PIONEER MANUFACTURER
OF FM  TRANSMITTERS
EMPLOYING ARMSTRONG
PHASE - SHIFT MODULA-

‘TION,

Sales Representatives

® SOUTHEAST °
JOHN F. BIVINS
1008 Wellington Road
Highpoint, North Carolina

ELECTRONIC SUPPLY CO.
112 North Maine
-Anderson, South Carolina

* MICHIGAN ¢

M. N. DUFFY & CO., INC.
2040 Grand River Ave nuc W,
Detroit, Michigan

® MIDWEST ¢

REL EQUIPMENT SALES, INC.
612 North Michigan Boulevard
Chicago, lllinois

® PACIFIC COAST ®

NORMAN B. NEELY ENTERPRISES
7422 Melrose Avenue
Hollywood 46, California

RADIO ENGINEERING LABS., INC.
Long faband CZg , NN,

February, 1946 294
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 hallicrafters w2 $-40

New beauty and per-
- fect ventilation in the
perforated steel top

LT (79

Separate electrical
bandspread with in<
ertia flywheel tuning:

Tuning range from
540 ke to 42 Mc con-
- tinvous in four bands

Self-contained, shock
mounted, permanent
magnet dynamic
speaker -

All controls logically -
grouped for easiest
operation. Normal
position for broad-
cast reception -

marked in red, mak-

ing possible general Automatic noise 3-position tone S'uﬁdby receive Phone jack
use by whole family. - limiter control switch

o e ' ; {APPROXIMATELY)

s Nevg design, new ufility in a great $7950

i
s

new communications receiver. . .

Here is Hallicrafters new Model S-40. With this great communications receiver, handsomely designed,
expertly engineered, Hallicrafters points the way to exciting new developments in amateur radio. Read
those specifications . . . it's tailor-made for hams. Look at the sheer beauty of the S-40 . . . nothing like it
to be seen in the communications field. Listen to the amazing performance . . . excels anything in its price
class. See your local distributor about when you can get an $-40.

INSIDE STUFF: Beneath the sleek exterior of the S-40 is a beautifully en-
gineered chassis, One stage of tuned radio frequency amplification, the
S-40 uses a type 65SA7 tube as converter mixer for best signal to noise
ratio. RF coils are of the permeability adjusted “micro-set” type identical
with those used in the most expensive Hallicrafters receivers. The high
frequency oscillator is temperature compensated for maximum stability.

From every angle the 5-40 is an ideal receiver for all high frequency
applications.

hallicrafters ranio

£ : THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. 5. A.
Sole Hallicrafters Representatives in Canada: Rogers Majestic Limited, Toronto - Montreal
30A Proceedings of the I.R.E. February, 1946
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VARIABLE INDUCTORS

ELECTRONIC HEATING-—Designed for high current, the variable inductor shown
above is especially adaptable for electronic heating installations. Available in single
and dual models, with or without coupling links, the series 227 inductors are engineered
to meet the rigid requirements of electronic heating circuits. Wound with heavy copper
ribbon, conductor and contact surfaces may be heavily silver plated for minimum R.F.
resistance. The dual model features counter-rotating coils, providing automatic balancing
for push-pull circuits. Machined Mycalex is used for end frames and supporting bars.
For lower power electronic heating applications the Johnson series 212 variable inductor,
shown at left, is designed to give maximum efficiency. Conductor surfaces are of edge-

wound copper strip, frames and supporting bars are of machined Mycalex.

TRANSMITTERS—The series 227 variable inductor shown above, is also engineered
to meet demands of high-power transmitter tank designs, while the series 212 is
recommended for applications at lower frequencies in medium power transmitters.
The Johnson series 226 variable inductor is applicable for high-frequencies and for a
wide frequency range by means of its variable pitch design. The Johnson series 204
inductor is widely used for tank coupling and other transmitter applications and can
be supplied with either a variable coﬁpling rotor or as a variometer.

VARIABLE INDUCTORS—Offer many important advantages to the electronic engineer
and manufacturer. They provide close control and adjustment of fixed and limited
frequency range circuits and allow the use of smaller, lower-cost, fixed capacitors.
In series filters or networks where it is desired to simulate high-capacity, low-impedance
conditions variable inductors again serve as desirable means of control.

Whether you need inductors for electronic heating equipment or transmitters, you
will find Johnson's engineering and production facilities ready to meet your needs.
Johnson fixed and variable inductors range in size from small, wire-wound units for
oscillator and low-power stages to the large, high-power models where copper tubing
acts as the conductor for both radio-frequency current and liquid for cooling.

Write for Specific Information J 0 " N S 0 N

a éamoas name in Radio

E. F. JOHNSON COMPANY o WASECA . MINNESOTA

Proceedings of the I.R.E. February, 1946 31A




OUTSTANDING

RCA POWER TUBES

" for service above 100 Mc

Ideally suited to compact transmitter designs for emergency,
aeronavutical, and other upper-frequency applications

TWIN BEAM-POWER TYPES: The RCA 815,
829-B and 832-A push-pull beam-
power tubes offer unusual compact-
ness, combining high-power sensi-
tivity with low plate-voltage require-
ments. Neutralization is seldom
necessary.

SINGLE BEAM-POWER TYPES: The new
RCA 2E24 is a quick-heating type
for emergency stand-by service. Its
sturdy coated-type filament reaches
operating temperature in less than
two seconds. The new RCA 2E26
is a slow-heating type particularly
adaptable to FM transmitter designs.

POWER TRIODES: The RCA 826 and
8025-A triodes can be operated with
unusual plate efficiency at frequen-
cies as high as 250 and 500 Mg, re-
spectively. Both tubes have a double-
helical, center-tapped filament to
minimize the effect of filament-lead

32a

inductance. The 8025-A has double
grid and plate connections that can
be paralleled to reduce lead induct-
ance. The new RCA-6C24 high-
power triode employs forced-air
cooling. Its relatively small size,
center-tapped filament, and low in-
ter-electrode capacitances account
for its exceptional high-frequency
performance.

RCA tube application engineers are
ready to consult with you on any de-
sign problems you may have involv-
ing these or other RCA Electron
Tubes. If you wish their services, br
additional technical data on these
tube types, write to RCA, Commer-
cial Engineering Department, Sec-
tion D-18L , Harrison, N. J.

COMPARATIVE TECHNICAL DATA
(Plate-Modulated Class € Telephony)

Tube

Plate

Driving

Maxt.

Type | Inputl Power| Rating f,':l": "'r';'.

No. | Watts| at Tube| Freq. Mc
2e24 | '35 02| 125 | s00)s3.50
226 | 'S3° 02| 125 | so0| 320
6c2a | S 750 160 [zsoo 45.00
815 |25 02| 125 400 450
826 | | 6.5 250 | 800 12.00
829.8 | S| 1.0| 200 | 425 17.00
832-a | S| 0.2 200 | 42513.00
8025-a '53°| 1.5 | s00 | s00|11.00

The Fountainhead of Modern Tube Development is RCA

TUBE DIVISION

RADIO CORPORATION of AMERICA

HARRISON. N. J.

Proceedings of the I.R.E.
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Like other human institutions, engineering is in a process of continuous
evolution. One fundamentally important brecadening of the scope, opportuni-
ties, and obligations of the engineer is forcefully presented in the following
editorial by the Secretary of the Institute (who, it may be mentioned, is himself
an outstanding instance of the successful blending and performance in an in-
dividual of the functions of the technologist and the industrialist).—T'he Editor.

Society’s Hopes for the Engineer
HARADEN PRATT

Never before have business and industry been so alerted to the importance of technical
research and development. This consciousness now even extends into the body politic
generally. The daily papers and most popular magazines found in every home have taken
up the theme and dwell upon the wondrous achievements recently made in weapons, ma-
chines, and basic science applications. We read about the coming industrial revolution and
the effects that it will have on the methods of living with its new materials, advanced
manufacturing processes, easy communications, and spectacular means of transport.

All of this rehearsing and speculation is conditioning the people to the realization that
we must advance technically or be left behind in the future world. They are being taught
that a nation not adequately sponsoring basic research and technical development will
become a back number and eventually be at the mercy of the others. But to be successful
such a nation must maintain an adequate educational system whereby it can produce the
trained people required, a free and encouraging atmosphere in which they can work, a
universal exchange of technical information, suitable incentives without which best effort
cannot be achieved, and a broadened point of view, both by and towards the engineer.

An industry, just as a nation, can no longer blunder ahead successfully leaving the tech-
nological aspects to chance. It must plan carefully. It cannot proceed far with such plans
without expert technical guidance. Forward-looking business administrators will be driven
to seek out technically informed persons to become active if not leading elements of their
directing organizations.

The new awareness of the indispensability of the technical man featuring this postwar
era and the now generally prevalent public enthusiasm of expectation create a serious
challenge to our engineering profession because it will be the engineer who must become
acquainted with the reservoir of scientific knowledge, appraise it in the light of the needs
of the life of the people, and then, by judicious interpretation, develop the useful applica-
tions, The engineer must better fit himself to meet this obligation and it is to this new
opportunity and its problems that I wish to call particular attention.

The experience of the technically trained man gained in the molding together of the
tangible and intangible provides him with a unique point of view which is urgently needed
to complement the thinking of legislators and the pioneers of enterprises. Too few engi-
neers realize this broadened role into which they must expand. They must themselves take
advantage of the occasion to reorient their objectives and recognize that the highest at-
tainment in their profession is to become masters of the fundamentals and facts of science
and at the same time to discern the cry of the people and minister to their wants. They
must themselves take the lead in enlarging the engineer’s scope and educate themselves
to fit it, thereby not only contributing to their own success but ensuring the better fulfill-
ment of their proper function in the society of today and tomorrow.
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T'ransmission of Television Sound on the

Picture Carrier®

GORDON L. FREDENDALLTY, associate, Lr.E., KURT SCHLESINGER{, ASSOCIATE, I.R.E.,
AND A. C. SCHROEDERY, ASSOCIATE, LR.E.

Summary—Several pulse methods for the transmission of tele-
vision sound on the picture carrier during the line-blanking intervals
are analyzed from the points of view of signal-to-noise ratio, audio
fidelity, and transmitter and receiver design.

The advantages of duplex transmission are: (1) elimination of a
separate sound transmitter; (2) elimination of the ambiguity and
difficulty which may occur when a standard frequency-modulated
sound signal is tuned in; (3) freedom of the audio output from the
type of distortion which occurs in frequency-modulated receivers as
a consequence of excessive drift of the frequency of the local oscil-
lator; and (4) improvement of the phase characteristic of the picture
intermediate-frequency amplifier resulting from elimination of trap
circuits.

The highest audio-modulation frequency in duplex systems must
not exceed one half of the line-scanning frequency. This is a disad-
vantage under the present television standards which specify a line
frequency of 15,750 cycles per second.

With the exception of pulsed frequency modulation, the signal-
to-noise ratios of sound in duplex systems are not so great as the
ratio offered by the transmission of a standard frequency-modulated
carrier. The comparison is subject to the condition that the amplitude
of the frequency-modulated carrier is 0.7 of the peak amplitude of
the duplex carrier. The signal-to-noise ratio of a pulsed frequency-
modulated signal may equal the ratio of a standard frequency-
modulated signal up to a critical distance from the transmitter, but is
less at greater distance.

INTRODUCTION

RON TIME to time, proposals have been made
F that the sound accompaniment for television may

be transmitted by a modulation of the picture car-
rier during the line-blanking intervals when no picture
detail is transmitted. Improved reception of picture and
sound, decreased investment in receivers and transmit-
ters, and greater channel width for the picture signal
are mentioned as possibilities of a “duplex” transmission
of picture and sound. The purpose of this paper is to
assist engineers in their evaluation of duplex transmis-
sion as a practicable system by offering an analysis of
several methods of duplexing.

A review of the method of sound transmission and
reception in use is helpful as a setting for the discussion.
In the present arrangement, sound is transmitted by a
frequency-modulated sound transmitter operating on a
carrier frequency which is 4.5 megacycles above the
picture carrier. At the position of the sound carrier, the
recommended standards! state that the field strength of

* Decimal classification: RS583. Original manuscript received
by the Institute, July 3, 1945,

1 RCA Laboratories, Princeton, N. J.

1 Columbia Broadcasting System, New York, N. Y. Work cov-
ered in this paper was done while the author was a member of RCA
Laboratories, Purdue University, Lafavette, Ind.

! Final report of the Radio Technical Planning Board.

1946

Proceedings of the I.R.E.

the picture sidebands shall not exceed 0.0005 of the
picture carrier. There is essentially nothing at the
transmitting point to distinguish a television sound
transmitter from a conventional frequency-modulation
transmitter designed for operation in the frequency-
modulation band. The sound receiver is likewise con-
ventional and may share only the same heterodyne oscil-
lator with the picture receiver.?

The picture transmitter is amplitude-modulated and
radiates a wave form illustrated by Fig. 1. Picture con-
tent is transmitted during about 85 per cent of the total
“time on the air.” No picture detail is transmitted dur-
ing the blanking intervals of the scanning tubes in the
transmitter and receiver. Such “idle” intervals amount
to about 15 per cent of the total time.

Proposals®* for duplexing have been directed, there-
fore, toward the utilization of some part of the blanking
interval for sound transmission. Thus the television
transmitter would be converted into a picture-sound
duplex transmitter which radiates picture intelligence
during 85 per cent of the time and sound intelligence

“during some part of the remaining 15 per cent, using

only one antenna and one radio-frequency power am-
plifier. There would be a synchronized electronic switch
in the receiver for the opening of the sound channel to
the video signal sometime during the blanking interval.

Factors which are involved in a comparison of duplex
methods and the present method of continuous trans-
mission of sound are the following: (1) audio fidelity;
(2) signal-to-noise ratio; (3) amount of interaction
between video and audio signals; (4) permanency of
receiver alignment; (5) picture quality; (6) ease of re-
ceiver tuning; (7) cost of recciver; (8) cost of trans-
mitter.

Certain advantages and disadvantages of a duplex
system may be predicted in advance of a theoretical and
experimental analysis. First, there is no separate sound
transmitter and antenna. This economic advantage can
not be accorded much weight unless there is a resultant
economy in the television receiver because the ratio of
receivers to transmitters is so great that the economics

? In some designs, the sound and picture signals are amplified at
intermediate frequency in one or more common stages before branch-
ing off into separate intermediate-frequency amplifiers occurs.

3 H. E. Kallman, “Audio and video on a single carrier,” Elec-
tronics, vol. 14, pp. 39-42; May, 1941.

¢ Numerous patents including: U. S. patents, No. 1,655,543, R. A.
Heising; No. 1,887,237, J. L. Finch; No. 2,061,734, R. D. Kell; No.
2,083,245, H. Shore and J. N. Whittaker; No. 2,086,918, D. G. C.
Luck; No. 2,089,639, A. V. Bedford; No. 2,227,108, H. A. Rosen-
stein; No. 2,257,562, H. Branson; No. 20,153, E. F. W, Alexanderson
(reissue).
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of the receiver is the controlling factor.

A significant advantage of a duplex receiver is the
freedom of the audio output from the type of distortion
which occurs in frequency-modulation receivers as a
consequence of excessive drift of the frequency of the
local oscillator. Audio modulation is conveyed in a

EQUALIZING VERT SYNC. EQUALIZING
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It may be anticipated that the signal-to-noise ratio
with duplex sound would be unfavorable as a conse-
quence of the reduced time for transmission of sound.
This is a serious obstacle in some duplex systems. A
further limitation is the imposition of a maximum audio
frequency that may be transmitted without the intro-
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Fig. 1—Television synchronizing wave form.

duplex system by the envelope of a radio-frequency car-
rier and is relatively unaffected by instability of the
local oscillator.

Sound-rejector circuits in the picture intermediate-
frequency amplifier can be removed with a resulting
reduction in phase distortion and some improvement in
picture quality.

The ambiguity involved in tuning-in a conventional
frequency-modulation signal is removed. In the present
system a choice must be made of tuning for minimum
interference in the picture or minimum noise in the
sound in receivers which are somewhat misaligned.

There is also available a small extension of the video
band into the space now assigned as a guard band for
the sound; this amounts to about one quarter of a mega-

cycle.

duction of spurious frequencies into the audio spectrum.
This restriction has been noted before in pulse transmis-
sion of sound. Finally, there is the complication of syn-
chronizing the electronic sound selector in the receiver
with the line-scanning frequency.

DurLEX METHODS
1. Amplitude- Modulated Pulses

One of the most obvious duplex systems is the modu-
lation of the amplitude of a rectangular pulse wave in
accordance with the audio signal and the insertion of the
modulated pulses in the line-blanking interval of the
video signal. Fig. 2 illustrates the successive steps at the
transmitter. The pulse wave form shown in (A) of Fig. 2

_is amplitude modulated by the audio signal M(?), as




1946

illustrated in (B). In (C) the modulated pulses have been
inserted in the part of the blanking interval following
the synchronizing pulse. Such a composite wave would
be applied as modulation of the picture carrier.

@ ] 1 I

Fig. 2—Amplitude-modulated duplex wave forms,

(A) pulse carrier
(B) audio wave form A (¢) and amplitude-modulated pulse carrier
(C) amplitude-modulated pulses combined with television wave form

e

Vo Ifitis granted that the synchronized electronic switch
in the receiver is able to sclect the pulses from blanking
so that the pulse wave in Fig. 2(B) is recovered, the
audio fidelity of the duplex system can be found from
the solution for the frequency components of (B). An
analysis shows that the spectrum consists of the applied
audio-modulation frequency f, and a large number of
sidebands  (fetfo), (2fexfo)(3fctfo) - - - (nfetfo) in
which f. is the fundamental frequency (line frequency)
of the pulse wave.® The amplitude of each group obeys
the damped sine-wave law sin nr7/n where # is the order
of the sideband and 7 is the ratio of the width of the
pulse to the fundamental period. In a television ap-
plication, 7 could not exceed about 0.06 and hence the
amplitude factor, sin nrr/n changes slowly. When f; ex-
ceeds 1/2 f., there is overlapping of the first-order lower
sideband and the audio-frequency component, as well
as general overlapping of adjacent sidebands of higher
order. We do not have knowledge of any detector
whereby an undistorted audio signal can be recovered
from this multiplicity of overlapping sidebands. How-
ever, if the frequency of the audio modulation is re-
stricted by a low-pass filter at the transmitter to less
than one half the fundamental pulse frequency, this
confusion is avoided. A similar filter must be installed
in the receiver for the rejection of frequencies above f,/2.
Such a low-pass filter in the receiver functions as a dis-
tortionless detector of the audio modulation. Therefore,
the theoretical upper limit of the audio bandwidth is
equal to one half of line frequency, or 7875 cycles with
the present standards.
= Vertically scanna'gictures would allow a greater
maximum audio frequency of 4/3X7875, or 10,500
cycles.® However, it has been observed in laboratory
tests that moving subjects scanned vertically with an
interlaced pattern do not, in genecral, reproduce with as

5 Appendix I.

¢ The line frequency in a vertical scanning system is 4/3 the line
frequency of the standard horizontal scanning system with an aspect
ratio of 4 to 3.
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much detail as horizontally scanned subjects. This is
due, probably, to the predominance of horizontal motion
in average subject matter. Hence, it appears that verti-
cal scanning must be rejected as a means of increasing
the maximum audio frequency.

The most promising way of increasing the upper audio
limit in a monochrome system is an increase in the video
bandwidth. The two quantities are related by the for-
mula’

fa= Kl fv (1)

in which
fa=maximum audio frequency
f»=video bandwidth
K,=a constant.

Fig. 3 shows the correlation between sound band,
video band, and number of lines for monochrome and
color transmissions. The latter is assumed to be a se-
quential tricolor system with an interlace ratio of 2:1
and a color-field frequency of 120 cycles.® For a given
video bandwidth, the quality of duplex sound in terms
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Fig. 3—Maximum audio frequency versus video bandwidth
and number of lines,

of audio bandwidth may be made 1.4 times better for
color than for monochrome television. Thus, high-fidel-
ity sound (11,000 cycles) may be duplexed along with a
color picture of about 360 lines over a video channel of
4 megacycles, while a monochrome picture of 525 lines,
which occupies the same video band, accommodates
only about 7800 cycles. A maximum audio frequency
of 11,000 cycles would require over 700 lines in a mono-
chrome system.

The corresponding radio-frequency channel in all
cases is approximately 30 per cent greater than the video
bandwidth as a consequence of the additional space re-
quired by the vestigial sideband.

A proposal for sound transmission has been disclosed
which removes the limitation on the maximum audio
frequency of one-half line frequency.? In effect, the

7 Appendix II.

8 P. C. Goldmark, J. N. Dyer, E. R. Piore, and J. M. Hollywood,
“Color television,” Proc. I.R.E., vol. 30, pp. 162-182; April, 1942,

¢ A. V. Bedford, U. S. Patent No. 2,089,639.
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system provides for the modulation of a rectangular
pulse carrier of two times line frequency and the subse-
quent delay of alternate pulses to a time position which
permits transmission of pairs of pulses during horizontal
blanking time. At the receiving point, the previously
undelayed pulses are delayed before detection, thus re-
storing the modulated pulse signal to its original form
as a wave of double line frequency. The maximum audio
frequency has thereby been increased to line frequency.
This system, however, does not appear to be economi-
cally feasible from the point of view of receiver design
at the present time.

Success or failure of a method of transmission often
rests on the degree of immunity to noise. The signal-to-
noise ratios appearing in Table I provide a direct com-

TaBLE 1
SIGNAL-TO-NOISE RATIOS (root-mean-square)

(1) (2) 3) (4) 5
Method of . B . A A
ol Signal-to- Signal-to- Signal-to- | Signal-to-| Signal-to-
Transmission Noise Noise Noise Noise Noise
(Critical) P/N =K /d? |P/N =K /d*(Critical)
Standard 2P 2 K K
Amplitude = None _— — 0.023 — None
Modulation via N Vfa d? dz?
fa=150 | fg=150
_ _ kilocycles| kilocycles
Standard V3fs P _ fa\¥2 v3fi K K
Frequency —_ Vb | — —_— 0.417 — 217
Modulation fi't N fa AL 42
Amplitude- 3J2Nr P 32T K K
Modulated — — None — — | 0.003 — None
Pulses 4+fa N 4/ Nfa a2 d?
Symmetrical 3w P 4w 3w K K
‘Width-Modu- —_— — — | 0.012 — 62
lated Pulses UV N s 2Us Ny dz @
Dissymetrical 3w P 42w 3w K K
Width-Modu- — — — — —| 0.016 — 87
lated Pulses 2ts Nfy N ts V2t Vo a2 a:
fa=150 | fa=150
N _ kilocycles| kilocycles
Pulses of 3V6VTfa P _ _ [fa\""3V6vrfs K 3
Frequency —— —| JO N | — ———— —| 0.052 — 107
Modulation 8f, 42 N fa 81,32 d? d?
fa=1200 | fa4 =1200
. J, - kilocycles| kilocycles
Pulses of 3V6Vrfa P| _ _ [fa\YY3V6vrfs K K
Frequency ——— —| VO Vr { — —_— —| 0.417 — 2420
Modulation 8f,82 N & 8f,3/2 d? dr

The signal-to-noise formulas in columns (1), (3), and (4) of the table for standard
frequency modulation, width-modulated pulses, and pulses of frequency modulation
during postblanking, are valid only for ratios higher than the critical ratio since the
formulas are derived with the assumption that noise limiting is effective. Thusit
may appear, with only a casual reading of the table, that the ratio is always the
same for standard frequency modulation and pulses of frequency modulation
fa=1200 kilocycles. The fact is that the two types of transmission yield equal signal-
to-noise ratios only when the critical ratio for pulses of frequency modulation is
exceeded. At greater distances from the transmitter standard frequency modulation
is superior,

Values of constants: fo =7500 cycles per second; r =0.06; w/t, =15.4; fy =4 X108
cycles per second.

parison of amplitude-modulation pulse transmission and
other systems. Comments on the significance of the
ratios, and the bearing on modulated pulses as an audio
service for television are made later. It is clear that the
amplitude-modulation pulses suffer a disadvantage in
that superimposed noise cannot be reduced by ampli-
tude limiting to the extent possible in certain other sys-
tems.

2. Width-Modulated Rectangular Pulses

A more promising form of pulse modulation, from the,

Proceedings of the I.R.E.

February

standpoint of signal-to-noise ratio, is a constant-ampli-
tude pulse system wherein the width of a pulse is pro-
portional to the amplitude of the audio signal. Two ex-
amples of width-modulated signals are illustrated in
Fig. 4(B) and (C). In type (1), a dissymmetrical modu-
lation, the leading edges of the pulses occur periodically,
but the widths are proportional to the instantaneous

M (t)

® ’\r—//r_\.
: S
(
|
|
|
TYPE(2) ” ”
[ !

o[

Fig. 4—Width-modulated duplex wave forms.

(A) audio modulation M(¢)

(B) pulse( carrier dissymmetrically width-modulated by M()—
type (1)

(C) pulse carrier symmetrically width-modulated by M(f)—type (2)

(D) combination of type (2) and television wave form

(B}

t
|
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i
}

1

© |
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amplitude of the audio signal M (¢) at the instant of the
leading edge- that is, only the trailing edge is “modu-
lated.” Type (2) is a symmetrical modulation, the width
of a pulse being proportional to the instantaneous ampli-
tude at the instant corresponding to the center line of
the unmodulated pulse. The center lines are periodically
spaced; thus, both leading and trailing edges of type (2)
are modulated. Such pulse waves may be inverted in
polarity and combined with the standard television
wave form as shown in Fig. 4(D) for type (2) modula-
tion. Any amplitude variation of the pulse due to noise
may be removed by limiting in the receiver following
separation of the pulse from the video signal if the peak
noise does not exceed one half of the pulse amplitude.

Equation (28) in Appendix III is the expression for a
pulse wave width-modulated in the symmetrical manner
(type 2) by a sine wave. The similarity to standard
frequency modulation is noticeable in the sequence of
sidebands which are generated. Thus when a pulse car-
rier of fundamental frequency f, is width-modulated at
a rate of fo cycles per second, the resultant wave con-
tains component frequencies f,, (fs+fo), (fo —fo), (fo+2f0),
(fe—2fo), etc., as well as corresponding sidebands for
each harmonic of the fundamental f,; namely 2f.,
(2f0+f0)1 (ch _fo)r (2f0+2f0)1 (ch_zfo)y etc. In addition,
the frequency terms containing only the modulating fre-
quency fo and its harmonics 2fy, 3fs, etc. appear. The
general term is (Mf,+ Nfo) where A and N are positive
integers or zero.

Since overlapping of f, and the sideband (f; —f¢) must
be prevented, the modulating frequency should not ex-
ceed f./2. At the receiving end, the modulated pulse-
signal may be applied to a low-pass filter which rejects
all sidebands and harmonics exceeding one half the
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frequency of the fundamental f,. However, all distortion
terms are not thereby excluded; harmonics of f, and
the sidebands of higher order (f. — 2fo), (f. — 3fo), may fall
within the pass band. The magnitudes of the most im-
portant distortion terms in (28) have been plotted in
Fig. 5. The modulation constant a was taken equal to 1,
the value corresponding to maximum modulation. A
value of 3 per cent was assigned to w, the unmodulated
pulse width. Therefore, the widths of the pulses in the
modulated wave vary from 0 to 6 per cent of the period
of the carrier. This is substantially the maximum varia-

_ (TYPES (1) AND(2) (fc-fo)

~ —
~| -
-~ -

%m TYPE (1) (fe-2+0)

~-TYPE(2) 20

gl

TYPE (2) 3fo
P - -
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AMPLITUDE OF COMPONENT/AMPLITUDE OF fo

ok TYPE(2) (fc -3fo)

TYPE (2) 4fo
N -

1
0.2 0.4 0.6

fc/fo

Fig 5—Frequency components resulting from width modulation of a
pulse carrier wave by a sine wave.

Type (1) =dissymmetrical modulation
Type (2) =symmetrical modulation
fe=pulse frequency

fo=modulating frequency

tion under the specifications given for the television syn-
chronizing wave form (Fig. 1). The broken-line portion
of a curve indicates the range of the component which
is suppressed by the low-pass filter in the receiver. Thus
the component (f.—2fo) is suppressed for the range
fo<fe/4 but is transmitted when fo>f./4. In a reverse
manner the component 2f, is transmitted when f, <f./4
and suppressed when fo>f./4. The maximum value at-
tained by either component is approximately 0.05 per
cent of the amplitude of the audio component fo.

An analysis of a dissymmetrical width-modulated
pulse wave (Appendix III, equation (31)) displays the
same general characteristics as the symmetrical modula-
tion. Harmonics of the audio frequency, as well as nu-
merous sidebands, are present, but the magnitudes
shown in Fig. 5 are greater than in type (2) modulation.
The largest contribution of any distortion term is 2.5 per
cent.

Signal-to-noise ratios calculated according to the de-
rivations in Appendix IV appear in Table I and Fig. 15.

Fig. 6(A) illustrates one method for the production of
dissymmetrical width-modulated pulses. The starting

Fredendall, Schlesinger, and Schroeder: Television-Sound Transmission
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point is a wave of narrow triangular pulses (Fig. 6(B))
which is derived from driving pulses at line frequency
normally generated by the synchronizing generator. To
the triangular pulses is added the audio signal from
which the frequency components higher than one half
the line frequency have been removed by a low-pass
filter. Limiter No. 1 removes the audio wave below the
base line as shown in Fig. 6(B). The residue is greatly
amplified and then acted upon by limiter No. 2, with
the result that width-modulated pulses of substantially
rectangular shape are produced. These are inserted in
the line-blanking interval following the synchronizing
pulse (postblanking). The standard field synchronizing
pulse must be slotted down to black level during the
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Fig 6—Width-modulated duplex-system transmitter,

line pulses, as shown in Fig. 6(B), in order that the
width-modulated pulses when applied may extend to
white level. The combined video signal is applied to the
picture transmitter in the customary manner.

Fig. 7(A) illustrates the functional arrangement of the
receiver. The selection of the width-modulated pulses
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Fig 7—Width-modulated duplex system. Type (1) receiver.

from the video signal and rejection of picture compo-
nents is performed by an electronic switch, usually a
vacuum tube having two control grids. A keying pulse
originating in a multivibrator which is synchronized by
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the line-scanning circuit is impressed on grid 1 of the
switch. The width and timing of the pulse is critical for
the most favorable signal-to-noise ratio. The duplex
video applied to grid 3 causes plate current to flow only
when the tube is keyed on. In this way the width-modu-
lated pulses are isolated.

Amplitude noise is removed by limiting if the peak
noise does not exceed one half of the pulse amplitude
but the variation of the pulse width due to noise is not
removable. Such variation constitutes a width modula-
tion and is reproduced as audible noise. When the syn-
chronization of the receiver is impaired by noise, the
timing of the switch is likewise affected, and parts of
blanking and picture may be admitted into the audio
amnplifier and appear as noisc in the loud speaker. There
is a marked increase in the immunity of the system to
noise if the receiver is synchronized by automatic fre-
quency control.1?

Audio components in excess of one-half line frequency
are removed by a low-pass filter.

Additional kinescope blanking must be provided in
the receiver since the duplex signal extends to white
level during the sound pulse. In Fig. 7(A) blanking is
derived from the multivibrator simultaneously with the
keying pulses.

Means for excluding signal from the audio circuits
when the receiver is not in synchronism is very desir-
able. Without such a device, video components are ad-
mitted to the audio system with an annoying audible
result. A circuit may be devised which is sensitive to the
changed character of the signal passed by the electronic
switch during intervals of missynchronization and ap-
plics a bias beyond cutoff to the audio amplifier.

In September, 1943, television signals containing
width-modulated pulses of the dissymmetrical type were
transmitted by television station WNBT, and success-
fully received in Princeton, New Jersey, using the sys-
tem outlined above.

3. Pulse Time Modulation

Another form of modulation known as “pulse time
modulation” is related to width modulation.!' In pulse
time modulation the pulse amplitude and width remain
constant, but the time interval between successive
pulses is varied in accordance with the instantaneous
amplitude of the audio signal and the rate of this varia-
tion corresponds to the instantaneous frequency of the
signal. Such a pulse wave may be regarded as the sum
of two width-modulated pulse waves of the dissym-
metrical type of opposite polarities as illustrated in
Fig. 17. The frequency components of the pulse time
wave are therefore solvable from (31).

10 K. R. Wendt and G. L. Fredendall, “Automatic frequency and
phase control of synchronization in television receivers,” Proc.
I.R.E., vol. 31, pp. 7-15; January, 1943.

1 E. M. Deloraine and Emil Labin, “Pulse time modulation,”
Elec. Commun., vol. 22, pp. 91-98; 1944,
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4. Pulsed Frequency Modulation

In contrast with the foregoing duplex methods involv-
ing rectangular pulses for the transmission of sound dur-
ing the line-blanking interval, there is a method which
may be called “pulsed frequency modulation,” that em-
ploys wave bursts of a frequency-modulated subcarrier
for the same purpose. The bursts are generated at the
transmitter by a sine-wave oscillator which is operative
only during line blanking and is frequency modulated
by the audio signal during this interval. The center fre-
quency and deviation are chosen so that the essential
sidebands lie within the video band. These subcarrier
bursts are combined with the video wave form as modu-
lation of cither the line synchronizing pulses or the post-
blanking (Fig. 8). From the point of view of signal-to-
noise ratio, Fig. 8(B) is preferable. In either case, the
composite signal is applied as amplitude modulation of
the radio-frequency carrier.

Fig. 8—Pulsed frequency-modulation duplex wave forms.

(A) in synchronizing pulse
(B) in post blanking

In the receiver, the bursts are first isolated at the
video level from the picture part of the composite wave,
then amplitude limited for removal of noise, and finally
applied to a conventional balanced frequency-modula-
tion discriminator centered at the frequency of the sub-
carrier. The output of the discriminator is an amplitude-
modulated pulse wave. The audio signal is derived from
the pulse output of the discriminator by removing all
components in excess of one-half line frequency with a
low-pass filter.

As the result of experimental and theoretical work
with pulsed frequency modulation, certain features of
the technique were discovered which could escape a
casual study. Such matters are treated in the following
discussion.

A. Transient response of pulsed frequency-modulated
circuits: If a pulsed frequency-modulated system is to
function properly, the peak value of the detected pulses
should depend solely on the instantaneous frequency of
the subcarrier. This means that the various tuned cir-
cuits involved should complete their transients in a time
which is short compared with the total duration of the
wave burst. Fig. 9 shows the response of a simple tuned
circuit to a wave burst of constant amplitude that starts
and stops with zero phase and lasts T, seconds. The
circuit has a build-up time 7, which may be adjusted
by the damping resistor R and is correlated with the
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bandwidth & in the form
r = 2RC = 1/uh.« @)

The minimum bandwidth is determined by the time al-
lowed for the transients. If these are to be complete
within p percent of the pulse time,

100
> .
mpTy

)

The total number n of cycles per pulse, as well as the
number A#n occurring before the steady state is attained,
are

n= Tpfs 4)
An = f,. (5)

Equation (5) holds regardless of the subcarrier fre-
quency f,. The following set of constants is representa-
tive of a typical circuit designed for pulsed frequency-
modulation operation:

5 microseconds

0.5 microsecond

25 micromicrofarads
10,000 ohms

400 kilocycles

4 megacycles

Pulse time T

Time of build-up 7
Circuit capacitance C
Circuit resistance R
Bandwidth b
Subcarrier frequency f,

Q factor 10
Cycles per pulse n 20
An 2 cycles

w |i| |

o

i !
- =&

WAVE BURST

T/

i

Fig. 9—Response of a tuned circuit to a pulse of
frequency modulation.

B. Generation of phasing of the subcarrier at the
transmitter: According to the calculation above, a total
variation of no more than 2 subcarrier cycles is suffi-
cient to produce peak modulation in the receiver. Hence
it follows that the instantaneous wave forms of the sub-
carrier bursts must be closely similar at the beginning.
Unless the initial phase of each burst is repeated with
extreme accuracy, the otherwise random initial phases
may introduce audible beat notes and noise in the de-
tected signal.

In this connection, the keying of the subcarrier for
part-time modulation presents a major problem. If an
independent subcarrier oscillator supplying a continu-
ous frequency-modulated wave is used, an electronic on-
off switch controlled by the main synchronizing gen-
erator must be provided. This switch cuts into the
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subcarrier and admits sections of its wave train for
modulation of the synchronizing pulses (or blanking).
It is obvious that the timing of this switch would have
to be accurate within small fractions of one subcarrier
cycle, or about 0.1 microsecond, in order that the initial
phases of all pulses be substantially equal. The noise
susceptibility of this method is high, because the sub-
carrier modulation is keyed on and off at full amplitude.

START- 3TOP REACTANCE
OSCILLATOR Tustk
——r—
m
® |® )
SYNC- = H + |\ QUTPUT
GENERATOR L TRIPLER {AMPL. [
. ® @ |-
MICRO- FILTER
PHONE [—| AMPLIFIERL {10
®
PFM DUPLEX
MIXER
CAMERA e o SIGNAL To
® TRANSMITTER

Fig. 10—Transmitter for pulsed frequency modulation.

The problem of precise keying is further aggravated
by the fact that the repetition frequency of television
pulses is not constant. In all practical television syn-
chronizing generators, the line frequency is subjected to
continuous frequency control so that it constitutes, at
any instant, a definite multiple of the field frequency.
The field frequency is synchronized with a 60-cycle
power supply which is inherently variable around a well-
defined average. As a result, beat notes of variable pitch
are bound to occur if a subcarrier source with continuous
frequency modulation and constant center frequency is
subjected to keying from a synchronizing generator un-
less special precautions are taken.

In the system described below, such spurious signals
have been effectively climinated. A continuous subcar-
rier generator is not used; instead, the bursts are sup-
plied from a start-stop oscillator which is switched on
and off by the line blanking pulses. The start-stop sub-
carrier oscillator shown at (4) in Fig. 10 is active only
when plate voltage is applied in the form of a pulse from
the control tube (3). Pulses of appropriate wave shape
at line frequency are derived directly from the synchro-
nizing generator and impressed on the grid of the control
tube. Hence throughout the line-scanning interval the
subcarrier oscillator is inoperative, but at the end of
each line it receives a plate-voltage pulse. As a result,
subcarrier oscillations are built up with exactly the same
initial phase conditions each time. Since the plate-power
pulse is derived from the line-blanking pulse, it partici-
pates automatically in any variations of the line fre-
quency. The power pulses may also be preshaped in such
a manner that the plate supply ceases in time to allow
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the subcarrier oscillations to decay within the allotted
duration of sound transmission.

Fig. 11 illustrates the subcarrier burst without and
with frequency modulation.

In Fig. 11(B), which shows a large number of fre-
quency-modulated pulses in superposition, the first half
of the wave burst is sharp while the wave trace appears
increasingly blurred toward the end. This verifies the
fact that the initial phase is substantially identical for
all bursts regardless of the frequency modulation: that
is, the pulse fronts are “coherent.”

C. Pulsed frequency-modulation transmitter: Fig. 10
shows a possible arrangement of components in a pulsed
frequency-modulation transmitter. The start-stop oscil-
lator is coupled to a reactance tube (5) which is con-
trolled continuously by the audio signal. A low-pass
filter (10) with a cutoff at one half of the line frequency
prevents the generation of overlapping sidebands of the

B)

Fig. 11—(A) subcarrier burst
(B) subcarrier burst, frequency-modulated

subcarrier that would interfere with audio fidelity. In
an experimental transmitter, the master oscillator gen-
erated about 10 cycles at a frequency of 2 megacycles
during each burst with a deviation of £100 kilocycles.
At the output of the doubler stage (6) the center fre-
quency becomes 4 megacycles and the deviation +200
kilocycles. The subcarrier burst is amplified and com-
bined with the video signal at (13).

From the point of view of pulsed frequency modula-
tion the field synchronizing pulse and the equalizing
pulses interfere with the regular sequence of horizontal
synchronizing pulses. Some modification of the standard
television wave form (Fig. 1) is necessary to allow- the
transmission of wave bursts of constant duration. Inter-
ruptions in the sequence result in the generation of a
narrow 60-cycle pulse that contains harmonics of 60
cycles extending throughout the audible spectrum.

If the bursts occur during postblanking (Fig. 8(B))
the field-synchronizing pulse may be slotted as in Fig,
6(B), but if the line-synchronizing pulses are modulated
by the bursts, the modification shown in Fig. 12 is de-
sirable. Here the slots S, isolate the subcarrier bursts
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from the field signal so that separation of the sound may
take place in the receiver. The slots S, act as equalizers
for maintenance of interlacing. Fig. 13 shows the modi-
fied television wave form carrying pulsed frequency-
modulation duplex on the line synchronizing.

PULSED FREQUENCY
MODULATION

Fig. 12—Modification of television wave form for pulsed frequency
modulation on line-synchronizing pulses,

D. Pulsed frequency-modulation receiver: A complete
pulsed frequency-modulation receiver is shown in Fig. 14.
Isolation of the frequency-modulation bursts (whether

Fig. 13—Combined video signal and pulsed frequency modulation
of line-synchronizing pulses.

in line-synchronizing pulses as in Fig. 8(A) or in post-
blanking, as in Fig. 8(B)) is performed by a selector
such as a tube with two control grids. The selector is
biased off by a suitable pulse signal generated by a
multivibrator which is synchronized from the line-

Fig. 14—Pulsed frequency-modulation recejver.

deflection generator or the line-synchronizing circuits of
the video receiver. A limiter removes the amplitude
noise to substantially the same extent as in conventional
frequency-modulation systems. Demodulation of the
bursts is accomplished in a conventional discriminator
circuit centered at the subcarrier frequency. All audio
components above a frequency of one-half line frequency
are removed by a low-pass filter as in the other duplex
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systems mentioned above. A locally generated blanking
signal is required for biasing off the kinescope when the
wave form of Fig. 8(B) is used.

S1GNAL-TO-NOISE RATIOS OF DUPLEX AND
STANDARD SYSTEMS

Formulas for the signal-to-noise ratios of duplex and
standard systems are derived in Appendix IV. A com-
parison of the various ratios requires the assumption of
a numerical relationship between the amplitudes of the
respective carriers.

The usual practice in television installations is to es-
tablish the amplitude S of the standard frequency-
modulated sound carrier at about 0.7 of the peak am-
plitude P of the picture carrier. For convenience the
ratio S/P will be taken as 1/4/2. When amplitude
modulation was standard for sound transmission prior
to the adoption of frequency modulation, the same ratio
1/4/2 was customary.

The amplitudes in duplex transmission are fixed by
the amplitude of the picture carrier.

1o

= SIGNAL-TO-NOISE &
RATI0 (RMS) 4
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Fig. 15—Signal-to-noise ratios for sound transmission.

A =amplitude-modulated pulses

B =width-modulated pulses (symmetrical)

C=width-modulated pulses (dissymmetrical)

D =standard amplitude modulation

E=pulsed frequency modulation (fs=150 kilocycles)

F=pulsed frequency modulation (f4=1200 kilocycles)

G =standard frequency modulation (fs=150 kilocycles)

H=standard frequency modulation (fa=>50 kilocycles; band-
width=150 kilocycles).

The unmodulated amplitude % of the amplitude-
modulated pulse carrier is one half the amplitude of
blanking. In the standard wave form (Fig. 1) blanking
is three fourths of the peak amplitude of the picture
carrier. Hence  may be taken as 3P/8. The amplitude
of the pulsed frequency-modulation signal during post-
blanking is also 3P/8. The amplitude I of width-modu-
lated pulses is equal to the full amplitude of blanking
or 3P/4.

Column (1) of Table 1 lists the audio signal-to-noise
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ratios for the various methods of transmission of sound
in terms of P/N and other dimensions which are associ-
ated with a particular method. P is the amplitude of the
picture carrier and N is the noise factor.

Column (2) lists the critical signal-to-noise ratios be-
low which the formulas are no longer valid. This limit
exists in the case of width-modulated pulses when the
peak noise is higher than one half the pulse amplitude.
There is no limit in standard amplitude modulation and
amplitude-modulated pulses since limiting is not ap-
plied. The limit occurs in standard frequency modula-
tion and pulsed frequency modulation when the peak
amplitudes of noise and signal are equal.

If the noise is assumed to remain constant, the signal,
and therefore the signal-to-noise ratio, varies with dis-
tance from the transmitter according to the law for the
propagation of television signals. Hence P/N may be
replaced by K/d? as shown in column (3) where d is the
distance from the transmitter and K is a proportionality
constant. If the distance d exceeds the line-of-sight dis-
tance, a somewhat higher power of d would be appro-
priate.

Columns (4) and (5) show the forms taken by (2) and
(3) when values are substituted.

Fig. 15 illustrates the variation of the signal-to-noise
ratios with distance from the transmitter. Comparisons
made of the various methods of sound transmission from
Fig. 15 are necessarily on a relative basis since the unit
of distance is d/+/K.

Standard frequency modulation with a deviation of
150 kilocycles yields the most favorable signal-to-noise
ratio within 0.044 units of distance. An equal ratio may
be obtained over a more limited distance of 0.013 units
with pulsed frequency modulation during postblanking
if the maximum deviation is of the order of 1.2 mega-
cycles. A greater deviation is required in pulsed fre-
quency modulation for equality, because the audio
signal which may be recovered from a pulsed-frequency-
modulation wave is proportional to the pulse width,
whereas the audio noise is proportional to the square
root of the width.!? The maximum distance from the
transmitter at which limiting of a pulsed frequency-
modulation signal is effective in removing noise (that
is, the critical distance) is necessarily less because the
noise voltage admitted to the receiver is greater as a
consequence of the greater deviation.

Pulsed frequency modulation during postblanking
with the customary deviation of 150 kilocycles is inter-
mediate between standard amplitude modulation and
standard frequency modulation.

Width-modulated pulses are intermediate between
amplitude-modulation pulses and standard amplitude
modulation.

Amplitude-modulated pulses rank lowest, largely as
a consequence of not being susceptible to limiting.

12 Appendix IV, equation (43).
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-OTHER RECEIVER CONSIDERATIONS

A duplex receiver is “no better” than its sound pulse
selector. Audible noise can be introduced into the audio
system of a duplex receiver when portions of the video
signal, representing picture, are sclected along with the
desired sound signal. This occurs when the accuracy of
synchronization of the selector is reduced sufficiently by
noise and interference. In this respect, the automatic fre-
quency control of synchronization was found to be defi-
nitely superior to conventional triggered synchroniza-
tion.!® The flywheel effect of the automatic-frequency-
control circuit tends to minimize the disturbing effect of
noise on synchronization.

It appears that with automatic-frequency-control
synchronization the major part of the total audible
noise in a well-designed duplex system may be attrib-
uted to the inherent noise characteristics discussed in
Appendix IV rather than to inaccurate selection of the
sound signal.

The stability of duplex circuits was not studied, but
it is clear that drifts in the values of circuit elements
that affect the accuracy of sound selection would be det-
rimental.

An exhaustive study of the relative costs of a televi-
sion receiver designed for duplex sound on a conven-
tional recciver intended for reception of standard
frequency modulation was not included in the scope
of this project. However, an analysis of two experimen-
tal receivers constructed according to the arrangements
in Figs. 7(A) and 14 indicates that the cost of a com-
mercial duplex receiver is not likely to exceed that of a
standard receiver.

ArprENDIX [

A rectangular-pulse wave of unit amplitude may be
expressed as a cosine series

sin 2mr

2
ed) =r+ ——{sin w7 COS wl + cos 2wt + -+ - -
™

sin nwr

CcoS nw.t + - - }

n

{wg = 2xf, @

r = pulse width per pulse period.

Modulation of e(f) by an audio signal 3£(¢) has the result
f@&) = [1 4 M(2)]e(d)

original audio signal . .
<unmodu1ated>< diminished sidebands of carrier

e —— by 7 and its harmonics

sin nwr

® 2
=e(®) + M@ + 2 M@

n=1 T n

cos nw.t. (7)
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APPENDIX Il

A well-known formula® expressing the video band-
width required for equal horizontal and vertical resolu-
tion is

f, = 1KL2Na (8)

in which

f»=video bandwidth

L =number of scanning lines

N =frame repetition rate

"a =aspect ratio

K =experimental factor often taken equal to 0.6.
Since the maximum audio frequency f, which may be
transmitted by a pulse carrier is LN/2, the combination
of this formula and (8) gives

_JTE

fe 2K,

= K7 9)

Equation (9) should be regarded chiefly as an expression
of proportionality between the quantities because the
value of K depends upon the criterion for equal resolu-
tions, which is not a precise concept.

ArrENnDIX III

FREQUENCY COMPONENTS RESULTING FROM
SYMMETRICAL WIDTH MODULATION OF A RECTANGULAR-
PuLse CARRIER BY A SINE WAVE

The problem is the calculation of the amplitude and
frequency of each component in a rectangular-pulse
carrier Whichtis width-modulated in a symmetrical man-
ner by a sine wave. The width of a pulse is proportional
to the amplitude of the modulating wave at the instant
corresponding to the center line of the pulse. Hence, the
width a, of the pth pulse is

T.
ay = w<1 — x cos 2wp F) (10)

0
in which
w=width of unmodulated pulse
T.=1/f.=period of pulse wave
T,=1/fo=period of modulating wave
« =modulation factor.

In the general case, the modulated carrier wave will
not repeat precisely at the end of each audio cycle, but
after some time greater than the period 7' there will be
repetition. Let this time be called 7" and the correspond-
ing frequency, f. The equation of the modulated pulse
wave may be deduced by regarding the wave as the
summation of a large number of pulse waves of equal
period T'. Each component wave will be characterized
by a certain pulse width which is constant for the par-
ticular component. Thus there is a wave starting at the
origin and characterized by a pulse width a¢, a wave of

13 R. D. Kell, A. V. Bedford, and M. A. Trainer, “An experimental

television system, Part I1. The transmitter,” Proc. L.R.E., vol. 22,
pp. 1246-1266; November, 1934,
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width a; and phase T., a wave of width a; and phase
2T,, etc.

The pth wave has a width a, and phase pT.. There
are (f.T —1) waves to sum. The equation of the pth
wave Is

v [T ii

T n=1 i

sin nwa,f

————cos 2mnf(t — pTC):|. (11)

A summation over p yields the equation of the modu-
lated pulse wave.

feT=1 4 2 [Tl = sin mwa,,
= > 24— 3 _I—f cos 2mnf(t—pTe)
p=0 T T p=0 =n=1 [

(12)

Since the direct-current component is not of interest, it
need not be considered further. If a certain frequency
component of e is sought, the contributions of each of
the p waves must be summed in the form

=eq..te.

2 ST sin wwayf

T p=0 14

cos 2nfult — pTc). (13)

The amplitude of the component (fx) is V4 12+B—12 in
which
fe

<! sin uurapf)

4, = cos 2rfupT. (14)

2
T p

n

2 STl gin (nwa,f)

By = sin 2xfupT.. (135)

T p=0 1

The remainder of the derivation is devoted to an cx-
amination of 4; and By. It is expected that only certain
values of n will lead to nonzero values for 4 and B,.
Before summation, the expression for a, is inserted in

A. and Bj. There results
2 foT—1
Ay =— 5 —sin [2unfe(l — « cos 2xT.fop)]
T pmo
P=0 cos 2mfupl.  (16)
9 fr-1
By=— 3. —sin [2unfe(l — = cos 2rT.fop)]
— R
o sin 2xfupT.. (17)

Expansion of 4,, in terms of Bessel functions, yields

+ Jo(B) + cos Rp cos-.d

2 feT—1 1 ©
=Tz _[C"SRPsin > 2(— 1)*72(B) cos sCy
T p=0 n 8 (even)=2
and
2 feT—1 1 ©

2

s(even)=2

— ‘:sin Rpsin -

T p=0 [
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in which

THfw

A 20 Tefe = C

(20)
=B 2rful, = R.

nrw < f

involving the summation over s is

4(_ 1)3/2 feT~1
— J,sinA 2 cos Rp cos sCp. (21)
™™ p=0
The expression
feT—1
>~ cos Rp cos sCp (22)
p=0

is a finite trigonometric sum which is known to have the
value

1 cos [(f.T—1)(R—sC)/2] sin [f.T(R—5C)/2]

2 sin [(R—sC)/2]
1 cos [(f.T—1)(R+sC)/2] sin [fe T(R+sC)/2] o5
7 sin [(R+sC)/2] )
The above sum may be abbreviated
== (24)

If the expressions for R and C in (20) are introduced,
S, in (24) becomes

cosw|sTofo—nTf+n—sTfo]sinw|n—sT
5 _cosalsT g nTn=stplsinlisth] o
nsin w(nTef —sTfo)

If S, is to have a nonzero solution, the denominator must
be zero at least for some values of #. This follows from
the observation that sin w(n —s7fy) is always zero. From
inspection, it is scen that the denominator of (25) is
zero when

n=+ MTf. + sTfo (26)

in which A/ is the positive integer. When (26) is inserted
in (25), the indeterminancy may be reduced to

1

S = ———
sTefo £ M

(27)

Similar reasoning leads to explicit forms for 4, and B, in

£

2

r(odd)=1

2(— 1)C+DI2] (B) cos vcp} (18).

| a9

v (odd)=1
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(14) and (15). Finally, (12), for the modulated wave,
may be written in the form
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c=i i I: i {J|v|[7rw°‘(Mfc+Vf0)”

y==—o0

FREQUENCY COMPONENTS RESULTING FROM
D1ssyMMETRICAL WIDTH MODULATION
OF A RECTANGULAR-PULSE CARRIER
BY A SINE WAVE

When each pulse of a symmetrically-modulated pulse
carrier is translated to the right (or left) on the time
axis by an amount equal to one half the width of the
modulated pulse, the carrier becomes unsymmetrically
modulated. Therefore (12) may be modified to read

February
N+/f,=peak amplitude of noise
(=4 Xroot-mean-square noise)*
sin |wrw(Mf. + vfo) — | » 2
[rwfe + o) — | [r/)cos zr(Mfc+Vfo)t] (28)
M+ vfo/f
Crosby® and others have shown that
signal V3 signal
<5 >= f(? ) (33)
noise / 2fa \ noise /an

in which fq is 2 times frequency deviation. The ampli-
tude of uoise is assumed to be below the threshold value.
Fron (32) and (33),

11, 2SI = sin uma,, ,
¢ = 3 Gy 2 > Sm’Lfcos 2rnf I:t — pT, — f‘_] (29)
p=0 T in p=0 n=1 7 2
in which
ap, = w(l — o cos 2mpT.fo). (30)
A mathematical process similar to that outlined in Ap-
pendix II yields the result '
o 1 Jo[27w < (Mf, + vfo)]
- — (= 1) etDy2 cos 2w [(Mf, + t—
€ v(m.Z:):l - (=1 ET 08 2w [(Mfe + 9fo)(t — w)]
= 1 Jo[27w o« (Mf, — vfo)]
+ — (— 1)tDr2 cos 2x | (Mf, — vfo)(t —
m%:):l - (= 1) M= oo/, T[(Mf, fo)(t — w)|
2 2 Tolrw =« (Mf. + £fo)Js[2me « (M + £f)]
- — 1) {(pt+8-2)/2 2 Mf, + t — 31
+r§< ) TV sin 2¢ [((Mfe + £f0)(t — w) (31
i Mf{, 2nfM(t — 2 _ - -
+1 ~ o (m M fow) cos 2mfM(t — w/2) <signal> _\/()S\/fd Ja (34)
E=0+h8), =8, (—p+8), (—p—8) noise /rm Nfa fa

p and g are odd positive integers.
Other symbols have the same significance previously
assigned.
APPENDIX [V
Si1GNAL-TO-NoisiE RaTios
1. Standard Amplitude Modulation and Standard Fre-
quency Modulation

The root-mean-square signal-to-noise ratio for 100 per
cent amplitude modulation is

(32)

in which
S=unmodulated amplitude of carrier
fa=highest audio frequency

2. Amplitude- Modulated Pulses

In a 100 pér cent amplitude-modulated pulse system
the root-mean-square value of the audio signal detected
by means of a low-pass filter in the recciver (see Ap-
pendix I) is

rh

V3 (35)

in which

h=unmodulated height of the pulse

r =ratio of pulse width to period of pulse carrier.
If the assumption is made that the pulse wave is applied
to the detector (low-pass filter) only during the time of

¥ Vernon D. Landon, “The distribution of amplitude with time in
fluctuation noise,” Proc. 1.R.E., vol. 29, pp. 50-55; February, 1941,

1% Murray G. Crosby, “Frequency-modulation noise characteris-
tics,” Proc. I.R.E., vol. 25, pp. 472-517; April, 1937,
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the pulses, the root-mean-square noise is

_NV7e
\r Je

( signal >
nOise AM pulses

3. Width-Modulated Pulses

Before detection, the noisy signal is clipped, or
limited, top and bottom so that only a comparatively
narrow section near the center of each pulse is selected.
Hence, it is assumed that noise effects are introduced
into width-modulated pulses chiefly by the random dis-

(36)

Hence
N7
NV7a

2V2

£
I3

Fig. 16—Wid th-modulated pulses.

placement of the sides of the pulses. The following de-
rivation applies when the peak noise is less than one
half of the amplitude of the pulses. In Fig. 16, let

w =unmodulated width of pulse

H =height of pulse

t, =time of rise of pulse side

b =displacement of side in seconds due to a root-

mean-square noise voltage

f.=video-frequency bandwidth.

Then the slope of the side of a pulse is

I N\f.
gD / b (37)
ts 4
from which
N Te ts
p= Jo b (38)
4 Vi

‘The audio signal recovered from the pulsc wave, whether
symmetrically or dissymmetrically modulated, is

Cwll’

— (39)

Fredendail, Schlesinger, and Schroeder : Television-Sound Transmission
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In this expression, C is a proportional constant. II' is
the new height of the pulse after the center section of the
pulse has been selected out and the remainder rejected
(as shown in Fig. 16). Amplitude due to the random dis-
placement of one side of a pulse in dissymmetrical modu-
lation is

Cbll’. (40)
Hence the signal-to-noise ratio is
Cwll’ 22 wll
___/CbH’ = - (41
2 ts.V\/fv

In symmetrical modulation, both sides of a pulse are
subject to random displacement due to noise. The noise
voltage given in (40) must therefore be multiplied by
v/2. The signal-to-noise ratio for symmetrical modula-
tion is therefore

2wH
= (42)
LNV [y
"’I‘: UNMODULATED WIDTH w; = Y52
(0] Emm MODULATION FACTOReC = YW2b
il
PR a1
MODULATED WIDTH W, = %8
ol i MODULATION FACTOR® =1
@
AJ

Fig. 17—Decomposition of a pulse time wave into width-modulated
pulses (1) and (2) of the dissymmetrical type. Shaded lines in-
tended to simulate an oscillogram.

4. Pulses of Frequency Modulation

The audio signal which may be recovered from a
keved frequency-modulated wave by means of a dis-
criminator followed by a low-pass flter (Fig. 14) is
proportional to the pulse width. However, the noise ap-
pearing in the audio output is proportional to the square
root of the width. Ilence

signal signal
() )
noise P—F-) noise standard F—M




Radio-Frequency Resistors as Uniform
Transmission Lines’

D. ROGERS CROSBYY, ASSOCIATE, I.R.E., AND CAROL H. PENNYPACKER®

Summary—A theoretical study is made of the behavior of re-
sistors, particularly the type where the resistance element is in the
form of a film so there is negligible skin effect. When the electrical
length of the resistor is a small fraction of a wavelength, it is shown
that certain optimum proportions of the resistor exist in order best
to terminate a radio-frequency transmission line.

INTRODUCTION

HE THEORETICAL and experimental behavior
Tof resistors employed as transmission lines has

been discussed frequently.!? The material pre-
sented here is largely in the form of curves intended to
give an easily grasped perspective of the subject. These
curves are also suitable for design purposes. The dimen-
sionless parameters used in plotting these curves are
thought to be particularly convenient for engincerng
use. The existence of certain optimum values of the
parameters is shown.

This paper is an analysis of the classical transmission-
line equations.We thus assume that the resistors em-
ployed as transmission lines are long compared to the
diameter of the shiclds surrounding them, so that the
current flowing in the short circuit at the far end has an
clectromagnetic field which is small compared to the
total electromagnetic field surrounding the resistor. It
is further assumed that the resistance per unit length is
independent of frequency. This is substantially true in
the film-type resistors used at radio frequencies, since the
current penetration through the film is substantially
complete for the usual resistance values. Particular
attention has been given to the case where the resistor
is intended to terminate or “match” a coaxial transmis-
sion line. A family of curves showing standing-wave
ratio for various values of line resistance, as a function
of frequency, has been plotted.

Consider the most common radio-frequency trans.
mission line, made of copper. As the frequency of such a
short-circuited line is raised from zero, the input resist-
ance rises, reaching a maximum when the line is about a
quarter wave long. For higher frequencies, the resistance

* Decimal classification: R383 XR144. Original manuscript re-
ceived by the Institute, May 1, 1945; revised manuscript received,
August 10, 1945,

T RCA Victor Division, Radio Corporation of America, Camden,
N. ]J.
iIG. H. Brown and J. W. Conklin, “Water-cooled resistors for
ultra-high frequencies,” Electronics, vol. 14, pp. 24-28: April, 1941,

2 J. A. Fleming, “The Propagation of Electric Currents in Tele-
phone and Telegraph Conductors,” D. Van Nostrand Co., Inc., New
York, N. Y., 1911 Chap. 111, Eq. (51).
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oscillates with maxima slowly decreasing in amplitude.
When the transmission-line conductor consists of a re-
sistance that is not negligible compared to the charac-
teristic impedance of the transmission line, the above
impedance function is not obtained, since, as the fre-
quency increases from zero, the input resistance may
increase or decrease from the direct-current value. For
frequencies a few times greater than the first resonant
frequency, the input resistance may have a negligible
amount of oscillation.

Consider a resistance employed as a transmission line
and short-circuited at the far end (Fig. 1).

Zc = Rs+sz

PE—

fa|o

l 2
|

Fig. 1—Resistance employed as a transmission line. Far end
is short-circuited.

I=Ilength of line in inches
D =diameter of inside of outer conductor in inches
d=diameter of resistor in inches
Zs=input impedance to line in ohms
Zo=characteristic impedance of line in ohms when R
is zero
R =total value of scries resistance of line in ohms
L=inductance of line in henries
C=capacitance of line in farads
fme=operating frequency in megacycles
A =free-space wavelength in inches
W=27f =27f1n. X 106

From the classical theory

D
Z[] = 138 IOgm; (1)
2= 4/ :
0 c (2)
l 1
C=—X 3)
A Zy X f
p ! . Zy A
TN @
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Fig. 2—Impedance of short-circuited transmission line. R/Zy=0.5.
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Fig. 3—Impedance of short-circuited transmission line. R/Z =1.0.
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Fig. S—Impedance of short-circuited transmission line. R/Zy=1.6.
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l I X fme
— - ()
A 11,800

/R F joL
Z, = _ h R iwI) (G iwC). (6
G+ jaC tanh /(R + jwL)(G + jwC). (6)

We consider only the case where G is negligibly small.
From the above equations, we obtain

Z, R 1
Zy Zy 2w(l/N)

h1/ 42<l>2+ 2 PR (7
-tan — = = ==a /
N/ TN 7,

Two independent parameters are now involved, R/Z,
and I/X\. The term R/Z, is independent of frequency,
and is fixed by the proportion of the resistor to the jacket
diameter. The term /X is proportional to frequency, so
the plot of the impedance versus this term gives the fre-
quency characteristic of the resistor.

The plot of (7) is given in Figs. 2, 3, 4, 5, 6, 7, 8, 9,
and 10, and shows:

1. For values of R/Z, appreciably less than unity,
both the resistance and reactance oscillate over a wide
range of values.

2. For values of R/Zy much greater than unity, the
oscillations are of minor amplitude.

3. For large values of R/Z,, the reactance is always
negative. For some short resistors, the reactance is posi-
tive, and for others it is negative.

Three special values of I/\ are of interest:

I/\ very small
I/\ very large
N = 1/4.

SMALL VALUES OF I/\
Expanding (7) in powers of 27l/A we obtain
B R Gu((R)2 - 2(5))
Zo Zy Zo/ 3 15\ 2,

+ Qrl/MNAC) + - -

_2‘% - (27r1/x)<1 - (%)%)

+ e/ + -

(8)

If the nth derivative of a function expressed in a
power series is zero when the variable is zero, the coeffi-
cient of the nth term in the series must be zero.

Since in the expression for R,/Z,, the term involving
({/N\) to the first power is missing, we conclude that the
slope of all the resistance curves will be zero at I/A=0.
Figs. 2, 3,4,5,6,7, 8,9, 10, and 11 illustrate this. For
R/Zy=1/5, the coefficient of the second term in the
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expression for R,/Z, vanishes. Thus for this value the
curvature of the resistance characteristic will be zero at
I/A=0.

Since in the expression for X,/Z,, the term involving
I/X to the second power is missing, we conclude that the
curvature of all the reactance curves (Fig. 12) will be
zero at I/A=0. For R/Zy=+/3, the cocfficient of the
first term in the expression for R,/Z, vanishes. Thus, for
this value, the slope of the reactance curve will be zero
at I/A=0.

When resistors are used for terminating transmission
lines, the principal cause of standing waves is the pres-
ence of reactance. Thus the derived relation R/Zo=+/3
gives the widest frequency response for a fixed minimum
standing-wave ratio. The RCA patent office called to
our attention U. S. patent No. 2,273,547 filed in 1939 by
Radinger of Berlin, Germany, which also gives the /3
ratio as being optimum. Radinger refers to German
patent No. 618,678 filed in 1932 by Roosenstein.
Roosenstein discloses the method of finding the opti-
mum value. Due to an error in an expansion, he arrived
at v/2 instead of v/3.

A plot has been made in Fig. 13 to show how the
standing-wave ratio varies with frequency when a co-
axial line is terminated with a resistor. The value of R
is taken equal to the characteristic impedance of the
line to be terminated. This insures that the line will be
matched at low frequencies.

The value of R/Zy is determined by the ratio of the
resistor diameter to the diameter of the transmission-
line jacket in which the resistor is mounted. Thus the
value of Zo is independent of the characteristic imped-
ance of the line to be terminated. From Fig. 13 it can

Y 5 O 6 TELLITETT BT T I RS
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2N I W E : E3 _HQLDER]
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Fig. 6—Impedance of short-circuited transmission line. R/Z,=2.0.

be seen that the standing-wave ratio nearest unity oc-
curs for R/Zo=/3.

Suppose we have a resistor 12 inches long and plan
to use it up to 100 megacycles. Using (5) we obtain

I/x = 0.1.

From the curves of Fig. 13, we see that if the jacket is
chosen so R/Zy,=4/3, the standing-wave ratio at 100
megacycles will be 0.9.

From this plot, we see that with the proper jacket, the
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Fig. 11—Resistance of short-circuited transmission line. All slopes are
zero at [/A=0. For R/Zy=+/5, curvature is zcro at I/x=0.
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Fig. 12—Reactance of short-circuited transmission line.
For R/Zy=+/3, slope is zero at I/x=0.
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Fig. 13—Standing-wave ratio versus R/Z, for constant I/\. Note as
I/ increases, the standing-wave ratio is minimum for R/Zo¢=+/3.
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standing-wave ratio will be 0.97 for //A=0.05. Putting
this value in (5)

l X nce
05 = (XS )
11,800
or approximately
fﬂlC 6—()()
!

This rounded constant 600 is convenient for quick de-
sign. Thus a resistor 1 inch long can have good charac-
teristics up to 600 megacycles, and a resistor 12 inches
long up to 50 megacycles.

The curves of Fig. 13 were computed using the formu-
las

standing-wave ratio = TR K = (10}

where K is the reflection coefficient.

That the resistance may either increase or decrcase
as the frequency is raised from zero can also be shown
from an equivalent lumped circuit of the resistor.?* The
equivalent circuit of the resistor is shown in Fig. 14,
where Zy=+/L/C and Q= Z,/R.

eg
Xc R

o——

Fig. 14—Equivalent lumped circuit of resistor.

It can be shown that the reactance slope for the above
circuit is zero at zero frequency for

R
==

Zo

The condition at which the resistance begins to de-

crease as the frequency is raised is

R —
— =2
Zo
The corresponding two values from the transmission-
line analysis are /3 and /5. Thus the lumped-circuit
analysis gives only an approximate answer.
When resistors of the order of 10,000 ohms or higher

3 D. B. Sinclair, “The type 663 resistor—a standard for use at
high frequencies,” Gen. Rad. Exper., vol. 13, pp. 6-11; January, 1939,

4+ R. G. Anthes, “Behavior of resistors at radio frequencies,”
Electronic Industries, vol. 3, pp. 86—88; September, 1944.
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are employed, it is not practical to mount them so that
the Z of the circuit is near the optimum value of

~ =3
Zo\/

When such resistors are mounted near a ground plane,
R/Z,is usually several hundred. When such resistors are
mounted well above a ground plane, the connecting
leads to the resistor violate the assumption of this analy-
sis.

LARGE VALUES oF I/

To study the impedance characteristic for large values
of I/, it is convenient to consider separately the two
terms in our exact equation (7). The first term ap-
proaches a limit as //\ becomes large.

RCE

This term gives the normalized characteristic impedance
of the line, and approaches unity in the limit as /A in-
creases. Since the total resistance of the line is held
constant, we should expect from physical reasoning that
the impedance angle of the characteristic impedance
would approach zero as the line length increases.

The second term of (7) does not approach a limit as
I/N\ increases, but oscillates between values dependent
on R/Z,. For I/\ large,

! R
tanh1/— /
N Zg

(11)

4r¥(I/N)? + j27r — —

R
tanh — + 7 tan 2r —
2Z, (12)
) 1 + 7 tanh K 2 !
tanh — tan —
Y N

As I/N\ increases, the real part of this expression oscil-
lates between tanh R/2Z, and the reciprocal,

1

tanh —
0

Proceedings of the I.R.E.

The amplitude of the oscillation of the j part is much
smaller, being

0

This behavior is in contrast to the common case in
which the frequency is held constant and the line length
is increased. The total line resistance then increases in-
definitely, and the input impedance of the line ap-
proaches a limit, which is the characteristic impedance
of the line.

Consider the example plotted in Fig. 6.

R
tanh — = (.762.
Zy 27,

The normalized resistance oscillates for large I/\ be-
tween 0.76 and 1.31 while the reactance oscillates
between £0.28. These values are obtained by sub-
stituting in the above expressions. The plot in Fig. 6
shows how the oscillation approaches a finite limit for
its amplitude.

The oscillations of the plot of Fig. 10 are negligible
since R/Zy=10 and tanh R/2Z,=0.9999.

DiscussioN oF I/A=1/4

For small value of R/Z,, the resistance maximizes
near [/A=1/4,
The value of this maximum resustance is approxi-

mately
(R > 27,
ZO max - R

In Fig. 2, R/Zy=0.5 and the first maximum is approxi-
mately 4, as the plot shovss This situation has been dis-
cussed by Terman.5

8F. E. Terman, “Resonant lines in radio circuits,” Flec. Eng.,
vol. 53, pp. 1046-1053; July, 1934,



An Analysis of Three Self-Balancing Phase Inverters’

MYRON S. WHEELERT, ASSOCIATE, IL.R.E.

Summary—A self-balancing phase inverter is a circuit converting
one driving voltage to two output voltages of opposite phase but of
essentially equal magnitude by an inherent characteristic of the de-
vice and not by virtue of any critical adjustment. The algebraic solu-
tion of three self-balancing phase inverters is given, assuming all
circuit elements are linear. Included in the solution are the conditions
for self-balance, the balance ratio, and the voltage gain. From this
information, the type of inverter for a particular service may be se-
lected and designed.

INTRODUCTION
THE DESIGN of audio and video amplifiers fre-

quently requires the conversion from a single-

ended to a double-ended (or push-pull) channe].
Two familiar examples of this type of amplifier are the
driving of cathode-ray-tube plates in push-pull from an
amplifier that must be, for convenience, single ended at
its input; and the driving of audio power amplifiers in
push-pull where it is again convenient to use single-
ended voltage-amplifier stages and input.

This conversion requires a network with two output
voltages, equal in magnitude but opposite in phase, and
proportional to its driving voltage. While a transformer
fulfills these requirements, it is frequently morc eco-
nomical and more uniform in frequency response to use
a tube to invert the phase in a ¢ircuit that automatically
equalizes the two output signals.!+?

Three self-balancing phase-inverting circuits will be
analyzed: the common-plate-impedance inverter, the
common-cathode-impedance inverter, and the cathode-
and plate-loaded inverter. The only assumption made
in the analysis is that all circuit elements (and in par-
ticular, the tube parameters) are linear. This assumption
is well justified, as this type of amplifier is generally
designed for linear operation. And, although the solu-
tions are given for such a frequency range that the load
impedances are resistive, the solution could be extended
to any frequency by the substitution of their complex
impedances. The circuits in Figs. 1, 2, 3, 4, 5, and 6 are
all equivalent signal-voltage circuits, as there is no loss
in generality by omitting the direct-current components.

COMMON- PLATE-IMPEDANCE SELF-BALANCING
INVERTER

Referring to Figs. 1 and 2, the following tube parame-
ters are defined as:

* Decimal classification: R139. Original manuscript received
by the Institute, July 6, 1945; revised manuscript received, October 2,
1945.

1 Westinghouse Electric Corporation, Bloomfield, N. J.

1 J. G. Brainerd, “Ultra-High-Frequency Techniques,” D. Van
Nostrand Co., Inc., New York, N. Y., 1942, pp. 100-101.

2 M.I.T. Staff, “Applied Electronics,” John Wiley and Sons, New
York, N. Y., 1943, pp. 489-490.
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3E,, IF,,
= S s,
IE,, 0K,
= A

Then, adding the voltages around three closed circuits,
7:171 - (11 - 7:2)R0 = 0

tore + (41 — i9)Ry = 0

€0 — (il - iz)Ro =0

1€y — Ulpy —

M2€o — f27p2 -

and as

Es = tar2 — €
and

E{ = iir1 + eo.
Solving for Es/FE,
E. _ paRore — 75,Ro

E, B weRory + r17e + Y17 py 4+ Ryri + Rors + Ro”pz

- (D

In (1) the terms pgRor; and pe2Rory are much greater
than the rest, and it can be scen that, if the others were

le| E
1]
_fo__
‘ Ro
1 AAAN 1
o\ I
— €2 E
Epz Vv r 2
WAM 2
i2

Fig. 1—Equivalent signal-voltage circuit of common-plate-impedance
self-balancing inverter.

negligible compared with these two, the condition for

balance (equal output voltages) would be
peRors = weRery or ry = r1.

The circuit could be brought to balance, however, in
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any event by adjusting 7, and r; so that

E,
E,
but we are more interested in the degree of unbalance
resulting when 7, = r;, which we shall call 7; then
E; peRor — 75,Ro

E, - ueRor + % 4 rr,, + 2Ror + Rorp,

(2)

In order to minimize the unbalance, Ry should be se-
lected as great as possible, as it can be seen from (2) that
Mot — Ty,

E pr 4+ 2r 41,

lim Ry —

E,
—

3)

which is the closest E,/E, comes to 1 as R, varies from
0 to «. Practical limits, however, set the maximum

—AAA
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@ ‘ ’l 9| EI
i -ig
R
Lo 4
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-
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m
[\

"p2

AAN
i2

Fig. 2—Equivalent linear-tube-parameter circuit of common-plate-
impedance self-balancing inverter.

value of Rq nearr. As a basis of comparison of this type
of phase inverter with some others, let Ry=r. Then

E2 Mo? — 7oy

e )
E1 Mot + 3r + 21’,,2

To simplify this expression further, if we define the
gain of the inverter tube 7% as IV, and omit intermediate
algebraic steps

_ E, _ Mafz — 7y,

N (5)
€ Tpe T+ 12
then with 7;=r,=7 as above from (2)
E, NR,
i ©)

Ei 7+ Ro(N +2)

and with Ry=r asin (4)
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Es
E. N+3

(exactly) (7

where N, the gain of the inverter tube 1%, is defined ex-
actly by (5). It is essentially, however, the gain of T,
as a normal plate-loaded voltage amplifier.

| 3 Ez
Ro €o
{ |

Fig. 3—Equivalent signal-voltage circuit of common-cathode-
impedance self-balancing inverter,

That is

Mat2
Tp, + 72

as can be scen from (5), because generally

N == normal plate-loaded gain =

Marg 2> 7 p,.

Let us stop to interpret these equations. We find from
(7) that the balance of the inverter depends upon the
gain of T, provided R, is sufficiently great as shown in
(3), where the gain of 1 is defined by (5). The balance
also requires that the plate-load resistors of the two
stages be equal as seen in (1), but the two tubes need
not be the same. The tube T3, then, acting only as a
voltage amplifier has a gain

E1_ pipeRor1 Fui(riretr17 5, +71Ro+ Rore+ Ror )
e (rntrp)(ratro)+Ro(ritrp) (14p2) + Ro(ra+7,,)

(8)

The only purpose of writing (8) was to show approxi-
mately that the gain of 7', is the same as a normal plate-
loaded amplifier with a load resistance of r,, if

>1
for then
E1~ Ml#zRoh M171

e, (et D+ 7R (ri+7,)

CoMMON-CATHODE-IMPEDANCE
SELF-BALANCING INVERTER

Using the same symbols as in the previous analysis,
it can be seen from Fig. 3 that
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en = € — (i1 + i) Ry
(i1 — 19)R,.

€9y
Adding the voltages around two closed paths in Fig. 4
(i, — i) Ro — wile — (41 — i2)Ro| + ix(ra + 75) = 0
(i1 — 1) Ro 4 pe(is — 12) Ro — iz(fpz + r2) = 0.
Then solving for Ey/E,

E, _ Ro(,uz + 1)’2

=2 . (10)
E, Ro(,uz -+ 1)7’1 -+ (7’1)2 -+ 7’2)7’1

As in the previous solution, let
ry = rg = 7.

R, should again be as great as practical limitations
permit to obtain the best balance. In general this is near
the value of 7, and to compare this inverter with the
previous type, let

Ry=ri=ry=r.
Then
E, per ~+ 7

. (11)
Ey por + 2r + 1y,

This expression may also be simplified in the same
manner as the previous case.
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The common-cathode-impedance phase inverter, it
has been seen, is quite analogous to the common-plate-

"p p2
D S
1
(i,_iz)l Ro To E,
—

Fig.4—Equivalent lincar-tube-parameter circuit of common-cathode-
' impedance self-balancing inverter.

impedance phase inverter. Good balance depends upon
equal load resistors, high gain in 7%, and a common
cathode resistor as large as practicable. The degree of
balance is a little better than the common-plate-imped-
ance type, but the voltage amplification of 7' is found
to be about half, for

£1 _ ,U-1(1 + #2)Rof1+ ,ul(”pz ol 7’2)”1 ) (15)
¢ (ue + 1)(r1 + 750 Ro + (w1 + D(r2 + rp) Ro + (11 + 7p0)(re + 75,) ’
Define the gain of 75 as To simplify the equation consider
e Ly (et Dra (12) ritrp, =12t 1
€o 7oy T 72 and
Then M1 = j2
E, RyN where
Ei RN + 7 (1%)
. ug > 1.,
and with Then
Ro=r E, M7y .
EZ = (exactly) (14) e - 2(r1 + 751 ) (16)
E, N+1

where N is again essentially the gain of 7% as a normal
plate-loaded voltage amplifier.
That is,

. Mare
=~ normal plate-loaded gain =
Tpy T+ 72

as it can be seen from (10), because generally

we > L.

Again the only purpose of writing (15) was to show
approximately the gain of 17, which is roughly one half
of the gain of the normal plate-loaded amplifier with a
load resistance of 1.

CATHODE- AND PLATE-LOADED INVERTER

Again using the same tube parameters, it can be seen
from Fig. 5 that

e‘,=e——E2
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and from Fig. 6

. Hey
iy = 7 .
Ty T rit 1,
Then solving for E./E,
E2 73
E1 71

and perfect balance is obtained when

Yo = 7y,

Ip-——
AMAA Te
! AN
] —
P
Cq
\_ o

(V]
T2
L}
Ez

——J_

Fig. 5—Equivalent signal-voltage circuit of cathode- and
plate-loaded inverter.

Define

and making

Yo =11 =17

wr
N=— . a7
ry + 2r 4+ ur
The gain is essentially unity as scen from (17) since
generally

ur > > r, + 2r.

The conditions for balance are less rigid in this type
of inverter, the only requirement being that the load
resistors be equal. To compare the voltage gain of this
single-tube circuit with the previous types, let us con-
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sider a voltage amplifier before the inverter as part of
the voltage gain. This tube would have a gain

E ur

e ry, +r

The inverter, having an approximate gain of unity per
phase, will give an over-all gain, to a first approximation,
equal to the gain of the first tube. This is also approxi-
mately the gain obtainable with the common-plate-
loaded inverter, the exact ratios of the gains being easily
obtainable but of little interest.

(18)

T, (ip

|
% |
|

=

Fig. 6-—Equivalent linear-tube-parameter circuit of cathode- and
plate-loaded inverter.

Table I summarizes this data so that the three phase
inverters may be compared.

TasLE 1
R Approximate
Balance g:age Exact A%);;)m- Relative
Type Depends f Inverter Il]verfer Over-All
Upon Balance Gain Gain V&l;?nge
Common ri=ry=r N Y2 —7rp, uoro
Plate Load Ro=r = V o 1
N>>3 N+3 rpz-{—rg rp,tre
Common ri=re=r N (w2 +1)re uare 1
Cathode Ro=r N = N —
Load N>>1 N+1 7py+r2 rpatr 2
Plate-Loaded B
Cathode- ry=ro=vr 1 N=———— N ~1 1
Loaded rp+2r dur




Pulse Response of Thyratron Grid-Control Circuits’
C. HERBERT GLEASONY, ASSOCIATE, I.R.E., AND CARL BECKMANT, ASSOCIATE, LR.E.

Summary—For applications in which a thyratron must function
as an accurately controlling device, rather precise grid control is
required. Frequently, the desired precision of firing is obtained by
applying peaked voltage pulses to the grid of the thyratron. Satisfac-
tory operation of the thyratron and its associated grid-control circuit
usually requires an external grid-cathode capacitance and a current-
limiting grid resistance. For a given pulse shape supplied by the grid
signal generator, the grid resistance and capacitance can alter ma-
terially the wave form of the voltage which appears on the grid. This
paper presents, in the form of curves, an analysis of the influence of
the grid-circuit components upon the grid response for several com-
monly used grid signal pulses. Advantages of peaked wave-form grid
control are discussed, and an example is worked out to illustrate the
use of the curves in evaluating the grid response to a typical signal
pulse.

[. INTRODUCTION
THE LAST FEW years have scen a gradual in-

crease in the use of peaked wave-form grid

signals for thyratron control. Several of the ad-
vantages of peaked-grid-signal control can be scen by
reference to Figs. 1 and 2. The various grid-control
curves shown in Fig. 1 may differ from cach other for
several reasons: (1) the control characteristics corre-
sponding to different condensed-mercury temperatures
for a mercury-vapor tube; (2) random variation in con-
trol characteristic from tube to tube of the same type;
(3) control curves corresponding to different types of
tubes, interchangcable, except for grid characteristics.
In Fig. 2 the control curves of Fig. 1 have been trans-
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Fig. 1—Typical grid-control curves for a thyratron.
lated in the conventional manner for a sinusoidal anode

voltage applied to the tube. Thus, for the positive half
cycle of anode voltage shown in Fig. 2, the correspond-

* Decimal classification: 621.375.1. Original manuscript received
by the Institute, May 14, 1945.
t Westinghouse Electric Corporation, Bloomfield, N. J.
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ing time variation of the critical grid potential is deter-
mined by the various curves of Fig. 1.

Now, by applying a grid signal with a very high rate
of rise we can “sweep” through the various grid-control

ANODE
< voLTace

CONTROL
! CHARACTERISTICS

‘ grD
VOLTAGE

Fig. 2—Grid-control curves of Fig. 1 for a sinusoidal anode voltage.

characteristics very rapidly. The intersections of this
steep-wave-front signal with the characteristic curves
determine the instants of time at which the thyratron
might fire, depending, of course, upon the particular
grid characteristic the tube might have. By increasing
the grid-signal rate of rise, it is possible to confine these
intersections, or firing points, to a very narrow time in-
terval. In this manner very precise firing can be ob-
tained in spite of considerable variations in control char-
acteristic.

To obtain a comparable rate of rise (and hence the
same precision of firing) by means of an ordinary alter-
nating-current grid signal would requirc an extremely
large amplitude, which in most cases would be consider-
ably in excess of the maximum allowable grid voltage
specified by the tube manufacturer. Furthermore, over
a portion of the range of phasc control, an alternating-
current signal will drive the grid positive during the
inverse cycle of anode voltage. Such a condition of posi-
tive grid potential while the anode is negative is thought
to increase materially the probability of an arc back;
that is, failure of the tube to stand inverse voltage.
There is also some evidence to indicate that this condi-
tion may incrcase the rate of “clcanup” in tubes filled
with inert gasses. These difficulties are casily avoided by
the use of a narrow peaked wave for the grid signal.

A gencral discussion of peaked-wave-form grid con-
trol, including several other advantages such as short
ionization and deionization times, has been given by
Morack.!

A considerable amount of material on pulse-forming
circuits may be found in the literature.??® Several of
these have been adapted to thyratron-control applica-
tions by incorporating with them a phase-shifting

1 M. M. Morack, “Voltage impulses for thyratron grid control,”
Gen. Elec. Rev., vol. 37, pp. 288-295; June, 1934.

2 Q. Kiltie, “Transformers with peaked waves,” Elec. Eng., vol.
51, pp. 802-804; November, 1932.

3 J. G. Brainerd, Glenn Koehler, Herbert J. Reich, and L. F.

Woodruff, “Ultra-High-Frequency Techniques,” D. Van Nostrand
Co., Inc. New York, N. Y., 1942, Chapter 4.
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network, enabling the peak of the grid pulse to be shifted
in time with respect to the thyratron’s anode voltage.

II. Grip-CirculT RESPONSE TO PEAKED-WAVE-FORM
GRID SIGNALS

The grid-control circuits used in the majority of
thyratron applications can be simplified for this analy-
sis into the circuit of Fig. 3. The bias battery prevents
firing of the thyratron until a definite grid signal is ap-
plied. In practical circuits, the bias battery is.usually

Fig. 3—Typical grid-control circuit for a thyratron.

replaced by a dry-type rectifier, tube rectifier, or an
alternating-current voltage. The grid resistance limits
the current which may be drawn from the grid-voltage
supply. The grid capacitance C is the equivalent capaci-
tance of the grid-cathode tube capacitance, combined
with the external capacitance. This external capacitance
is usually added in conjunction with the grid resistance
to minimize undesirable fluctuations in grid potential
resulting from disturbances coming in from the anode
through the electrostatic coupling between grid and
anode, or disturbances coming in through the grid cir-
cuit itself,

For most applications, the grid resistance R varies
from 1000 ohms to several megohms and the capacitance
C ranges from a few micromicrofarads to several hun-
dredths of a microfarad. The grid-cathode capacitance
of the thyratron is almost always very much less than
the capacitance added externally, so it can usually be
neglected. If preconduction grid currents are ignored,
the influence of the tube on its grid potential is negligible
until the initiation of the discharge between cathode and
anode. (This assumption will be discussed later.)

However, the grid resistance and capacitance can
affect very materially the wave form and magnitude
of the potential which appears on the grid for a given
wave form from the grid signal generator. The alteration
in the grid-potential wave form is, of course, more seri-
ous the steeper the wave front of the signal applied to
the circuit. Since this distortion in wave form can be
very appreciable, it seems of interest to examine the
response of the grid circuit for several types of signal
impulses commonly used. For simplicity it will be as-
sumed that the internal impedance of the signal genera-
tor is small compared to the impedance of the grid cir-
cuit, so that the generator’s wave form is not influenced

appreciably by the loading imposed by R and C. This -

assumption is a fairly reasonable one for the signal gen-
erators usually employed in this type of application and
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for the ranges of R and C required for satisfactory tube
operation.

The response to three types of pulses has been
analyzed. These are the triangular, square, and expo-
nential pulses shown in Fig. 4. Only the results are
presented in the main body of the paper. The essential
details of the analysis for each type of pulse may be

eglt)

€sm

{b)

Al

eslt)=Cgm€

€s(T)= eﬂ1
T

(c)
Fig. 4—Grid-signal pulses,

found in the mathematical appendix. For generality the
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