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The Amperex 232-C. because of iis many superior design
teatures, more nearly approaches the ideal for the hard
usage imposed upon it in 50 E.W. service.

Its heavy and rugged filament has greater emission capa-
bilities and it is physically so proportioned that it easily
withstands the electrostatic strains which it is subjected to.

The Grid is so constructed that primary and secondary
emission effects are reduced to a minimum. The support-
ing wires are notched and the fine cross wires mechanically
swadged into the notches. No spot welding is employed.
Therefore the brittleness and oxidation of the grid wires
is entirely eliminated.

The entire grid structure is solidly bolted to a copper cup
which, in turn, is sealed to a glass supporting stem.

The grid seal, as well as the anode seal, is shielded against
electrostatic strain.

Rigid alignment of the elements, unvarying characteristics
through life, and trouble-proof operation are the results of
these structural refinementd and design improvements.

Price $480.00

(D) [o

57=3
The Amperex 857-B is a mer-
cury vapor rectifier with a fila-

ment of high emission effi-
ciency.

A special core material permits
the employmen! of greater
areas and the operatioh of the
filament at lower than usual
temperatures and consequently
at lower current densities per
unit area.

This results in a tube of un-
usual efficiency -and extraor-
dinary long life.

Price $240.00

AMPEREX ELECTRONIC PRODUCTS, Inc.

79 WASHINGTON STREET BROOKLYN, NEW YORK
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Radio engineers who are forging ahead . . those who
demand more and ever more from a vacuum tube . . . almost
always choose Eimac. An inventory of the NEW develop-
ments in radio communications and practically all other
fields will find Eimac tubes consistently in favor. Certainly
this truth is significant; obviously proof that Eimac tubes
exceed in actual performance capabilities and stamina.

ALL of the better known radio engineers “can’t be wrong”.

Your post card will bring further explanation.
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to advance the inlerests
of the industry

The designing of IRC Resistors does not end with the
development of dependable units.

They are likewise designed for ease of installation and
elimination of unnecessary operations in your produc-
tion line. A change of terminals that does away with a
soldering operation or two; a novel bracket for quicker
mounting: the adaptation of a standard IRC unit to an
out-of-the-ordinary application: the combining of several
resistances into a single unit . . .

Such are but a few of the money-saving possibilities
in the wide variety of resistor types, sizes and shapes
produced by IRC. The exceptionally broad experience of
IRC engineers in adapting them for more efficient, more
economical use in thousands of industrial, electronics and
radio applications is at your disposal.

e A e e

This standard 50-ohm
IRC BW Insulated
Wire Wound Resistor
was equipped -with

Imhahve - Resourcefulness Cmperallon

‘‘fuse clip’’ ends. It

saved space — and This .standard 20-watt wire wound
almost lec per resistor has msplated leads applied during
L processing. also special brackets,

thus eliminating soldering and
mounting on the pYroduction line.

" The specially developed coating
.on this unit extended the useful
life of equipment in hot, humid
Souta America three years.

_ =

IRC engineers showed how

this BTl Insulated Moetallized

Resistor could be used with «

condenser to reduce temperature

50% across a vibrating contact,

Through its all-
metal construc- N
tion. this IRC 25-watt rheo-
stat reduced temperature rise
50%

INTERNATIONAL RESISTANCE COMPANY

403 NORTH BROAD STREET. PHILADELPHIA, PA

MAKERS OF RESISTANCE UNITS OF MORE TYPES,

In Canada, 187 Duchess Street,

Toronto, Ontario

IN MORE SHAPES. FOR
MORE APPLICATIONS THAN ANY OTHER MANUFACTURER .IN THE WORLD
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BIG ENOUGH o meer -
YOUR SPECIALIZED CONTROL
REQUIREMENTS . . . . ANY
QUANTITY . . . AS YOU WANT
THEM. WHEN YOU WANT THEM

Engineering Laboratory—devoted solely to the design of electrical control
units from simple to most intricate combinations . . . uniform in size .
space-saving . . . simple, better and more economical.

Above—Guardian Electric's production lines where innumerable types of
control units arrive from other departments for final assembly. These may
comprise relays, discs, contact combinations, stepping switches, solenoids,
springs, auxiliary time delay, muting and holding relays, metal housings and
brackets, and other special parts. All these flow together smoothly in the
hands of competent, trained electrical workers . . . and every part is de-
signed, fabricated, tested, and assembled in one plant . . . Guardian's!

Ask Us To Make Specific Recommendations To Fit Your Special

STEPPTILE-zsLAY Requirements. Write For Catalog E Today!
GUARDIAN@ELECTRIC
1625 W. WALNUT STREET CHICAGO, ILLINOCIS
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NOW!

A TROUBLE-FREE
GAS-FILLED CONDENSER

\ g - En ol

® TO PRODUCE a condenser which we were willing b R 7
| (ol
E el

to sponsor as ‘“failure-proof” we found it necessary to & ¥
adopt a totally new type of design and construction. . (-

But Lapp engineers, working in close co-operation
with leading radio engineers, have produced such a
unit, a condenser which, besides giving you trouble-
free operation, offers the great advantages of maximum
capacity for given external dimensions (the unit
shown above will replace a whole bank of old-type solid &
dielectric condensers in series parallel), practically
-
zero loss, zero change in capacitance with change in

temperature, and a range of sizes that makes this

superior new type of unit available for a wide range of

applications in your transmitter. For a complete

description and technical data, send the coupon below.

s ‘ LAPP INSULATOR CO., INC. E
i LeRoy, N. Y., U. S. A.
: I want all the facts on the new line of Lapp
! ) i _ zas-filled condensers.
| INSULATOR CO... Name

Stauon Street

City__ State

LE ROY, NEW YORK, U.S.A. -

WWW.americanradiohistorv.com



Vibrators

are Original Equipment in Auto Radio Reccivers built for:

BUICK CHEVROLET FORD HUDSON
NASH OLDSMOBILE PONTIAC
SEARS-ROEBUCK WESTERN AUTO FIRESTONE

and in Receivers made by:

Canadian Marconi Gilfillan RCA Stewart Warner-Alemite
Colonial Mission Bell RCA-Victor, Ltd. (Canada)
Crosley Noblitt Sparks (Arvin) (Canada) Stromberg-Carlson
Detrola Northern Electrie Radio Products (U. S. and Canada)
Delco (Kokomo) (Canada) Rogers-Majestic, Lud. Zenith

Fairbanks - Morse Packard Bell Sparton (Canada) Western Electric

Galvin (Motorola) Pilot Stewart Warner (Vibrapack)

AN of these users enjoy the advantage of having their sets operate
at full efheieney for exc eptionally long periods of time, because:

MALLORY VIBRATORS have the outstanding characteristic of maintaining
the ““B* voltage at its initial value throughout practically their entire life span!

280

T O T T — T T '
o {MAX. (WITH COMPONENTS HOT)
260 © T
1 = =
MIN

I PLOT OF CUSTOMER’S LIFE TEST OF 10 MALLORY VIBRATORS

(Type 650, tube-type, 4-Contact)

ILLUSTRATING THE COMPARATIVE CONSTANCY OF “B"” VOLTAGE AND OF
| ! | STARTING-VOLTAGE THROUGHOUT FIRST 1000 HOURS OF RUNNING TIME

“B’” OUTPUT CHECK IN voLTS
ATRECT. CATHODE WITH 6.0 VOLTS AT TRANS. C 1
=3

160 |
| DURING DURING |
CONDITIONS RUN CHECK
} 1303 A’ voltage af transtormer center tap 7.5 volts 6.0 volts _
| (x_) I A" current through vibrator, initial average 5.68amps. 4.54 amps
T 120§ B” voltage at rectifier cathode, initial average 334 volts 267 volts __J
12
{ : E ! B current, initial average 8l.5MA 65.2MA
2 E- ; | _ No. of idle (cooling) periods per 100 hours of running time 6 AVG.
0] )
= é Extent of reversol of transformer primary oscillographic volt-
|
g & g0 | age wave-form during off.contact interval, initial average 5]%
VY e 1
Q5 o | | ‘ | ||l MALLORY
;.;v 60 | } =l | ] TYPE 650
@ 6! | !
N - fMax ToLERABLE | | [JYIBRATOR
- | | |
Vgt o { MAX. (WITH COMPONENTS HOT) {
@, 4 ) I ==l [ o~ Jave
ox - 1 ;s (I YTV | |
28 20 8 4 oy i T AVG. (WITH COMPONENTS AT ROOM tsmrmn‘uns)
| x|z 2 | ] I 1 |
| w = | | |
> ‘L | | | [ l_ | | PR M Co. 8-29-38
700 200 300 400 500 600 700 800 900 000 -
RUNNING TIME, IN HOURS
PR MALLORY & CO.inc R P. R. MALLORY & CO., Inc.

A L LO R INDIANAPOLIS, INDIANA
I ) Cable Address—PELMALLO
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» TELEVISION . . . Paramount, buy-
ing into DuMont, states that it will
pipe programs (presumably by distrib-
uting film) from Hollywood into Amer-
ican homes by Christmas, or some such
date. As in many things, “seeing is be-
lieving” and until at least the first of
the year, our fingers are erossed.

Misguided dealers and manufacturers
are offering radio receivers on the basis
that they will receive, directly, the
sound associated with television signals
when they are available. These receiv-
ers must tune to frequencies at least
as high as 50 megacycles; there are
few, if any, receivers sold today whicn
tune to any such frequency.

Therefore, if anyone wants to receive
the sound channel of television only,
it will be necessary to purchase a con-
verter which will change the 50-odd Me
to the frequency accepted by the exist-
ing sound receiver. Any ‘vision only”
receivier sold, however, will have a con-
verter as an integral part. This con-
verter will not only deliver the picture
if. but will (or should) deliver the
sound i.f. (8 Mc) which ean be utilized
by any existing sound receiver which
will tune to 8 Mec.

There is always talk about television
receivers becoming obsolete by the de-
velopment of some—as yet unseen—
radically new method of transmission
and reception. All present thinking is
to make the present standards do; and
not to anticipate violent changes in
basic principle. Within the structure
of the present standards there is much
opportunity for improved service which
may tend to make the early receiver
not so good as later models—but this
is no different from the present sound
system. Sets of 5 years ago still “play”
but they don’t have push buttons, short-
wave, high selectivity or any of the
other recent important improvements.

International Television Radio Corp.,

Crosstalk

(a Delaware Corporation) offers one
million shares of stock at $1.60 making
3,479,990 share outstanding. This com-
pany plans to build television centers
consisting of a transmitter and sets for
dealers; to develop infra-red fog pierec-
ing navigation equipment; and aircraft
development. The Priess seanning mir-
ror, vibrating in two planes, is the
heart of the television system.

> WELL MET . . By one of those
happy circumstances which occasionally
take place, Ken Andrews and F. J.
Perillo, both interested in electronics,
met each other in a restaurant—getting
together because one was reading a
copy of Electronics. The firm of An-
drews and Perillo resulted. Animating
displays for large industrial companies
for such affairs as world’s fairs is their
forte; but they do a lot of electronic
work too. Now John F. Dreyer, radio
engineer with Atwater Kent and RCA
Radiotron background joins the associ-
ation—and his forte is electronics. Thus,
three good fellows with good technical
equipment join forces.

» CONTRAST . . . FCC spends a bar-
rel of money investigating monopoly
in communications; produces material
which will be forgotten in a year or so;
raises big rumpus, gets in the papers,
ete., etc. The engineering work of the
Commission, however, is largely buried,
unappreciated, disregarded by politi-
cians. Who knows of the long serious
study of receiving conditions on ship-
board where radio is of vital import-
ance; of the investigation of tropical
noise, static, engine room disturbances,
all endeavoring for the first time to
make a real approach to the problem of
how much power a ship transmitter
ought to have and of what signal
strength it ought to receive? This
work is of lasting benefit, and its effect

WWWwW.americanradiohistorv.com

KEITH HENNEY
Editor

will be felt long after the fuss and fury
of the non-technical investigations have
been forgotten.

» RESEARCH . In five parts of
the country, Electronics has research
men talking to subsecribers, finding out
their reading habits, what they like,
what they read, what they don’t like-

in fact trying to discover at first hand
the answer to all the questions an
editor has about his readers. These
editorial research men have nothing to
sell, no axe to grind. They want facts;
and it is to the advantage of the reader
not to throw these fellows out when
they appear. A successful technical
paper must be a cooperative effort be-
tween publishers, editors and readers.

» SORRY . . In the November is-
sue, page 14, the statement was made
that “the ratings of many transmitting
tubes have been pushed to the limit,
and beyond, under the false standard
of ‘more watts per dollar’ whereas
more watthours per dollar would indi-
cate the true economics of the situation.

We take this opportunity to state that
it was not our intention to impugn the
motives of anyone using the above
slogan or to imply that the use of the
slogan indicates any unfair, dishonest
or improper trade practices. Rather,
it was the purpose of our statement to
point out that in our opinion the life
of a tube is more important than the
amount of power that the tube could
handle at any particular time.

» REFUGEES America gains
through the constant inpouring of
highly trained men from Germany and
Austria. Several have been in the
editorial office recently, hunting jobs;
their names and qualifications are on
file. Physicists, mathematicians, chem-
ists, engineers.



ELEVISION advancement was

the main item of interest at the
IRE-RMA Rochester Fall Meeting,
where several hundred engineers and
about two dozen exhibitors congre-
gated on November 14th to 16th for
an informal discussion of engineering
problems, to display new equipment,
and to hold technical committee meet-
ings. Papers were fewer in number
than in past years, and a longer time
was voted to the presentation of each
paper. As usual, all papers were of
high caliber. Never-
theless, special
mention must be
made of papers pre-
sented by Philo T.

; Co//ec or

S,

and making use of
electronic princi-
ples which, up to
now, had not been
applied to this type
of tube; by Harold
Wheeler of Hazeltine for his contri-
bution to electric circuit theory in
his discussion of “Interpretation of
Amplitude and Phase Distortion in
Terms of Paired Echoes” ; and by See-
ley and Foster for their demonstra-
tion of “Principles and Methods in
Television Laboratory Practice”.

J/

Farnsworth who 2
described a4  new ?
image tube of im- 2
L v

proved sensitivity L
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Standardized Intermediate
Frequency

J. E. Brown of the Zenith Radio
Corporation opened the technical ses-
sions by delivering a paper on “Stand-
ardized Intermediate Frequency”
which reviewed the past practice of
manufacturers with respect to the se-
lection of the difference beat or inter-
mediate frequency for use in super-
heterodyne receivers. Requirements
for suitable intermediate frequency
are that: (1) the i-f pick-up should
be a minimum, (2) interference from
harmonics should be 4 minimum, and
(3) the i-f selected should be such as
will not result in interference from

o

Tr‘ansparenf anode
- e/ecfr'on mu/f/p//er'

44 /
Phofo electric’]

emission =~ 34

- Multiplier
terminals

ROCHESTER

19

3 8

any radio services already assigned.

The extensive use of the band be-
tween 450 and 470 k¢ made it advis-
able to select a frequency in this
range if possible. By considering
the frequency assignments in this
band, together with the three re-
quirements given above, it became
evident that 455 k¢ was the best
possible frequency for use for super-
heteredyne purposes. The RMA re-

Four stage annular

Photo-island
-~~~ grid mesh

AN
YAnode wall coating

The Farnsworth storage-type image-dissector tube, which displays no
shading signal and has ten times the sensitivity of the ordinary

iconoscope

quested that the channel between 450
and 460 ke be assigned exclusively
for intermediate frequency use.

Farnsworth’s New Tube

“Image Amplifier Pick-up Tubes”
were revealed for the first time by
P. T. Farnsworth in a paper of that
name written by Mr. Farnsworth and
B. C. Gardner. The new tubes com-
bine several important features of
the iconoscope and image-dissector,
and in addition utilize the principle
of a control grid, tor amplifyving the
picture signal before the image is
scanned, rather than after it is
scanned as in all prior pick-up de-
vices. The resulting tubes are free
from the spurious “shading’” signal,
and one form has a sensitivity about
10 times as great as the conventional
iconoscope.

The presentation of the paper fol-
lowed the evolution of the new tube
over a period of 12 years and many
different forms of tube, embodying

December 1938
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the same basic principle, were shown.
All the tubes had the following in
common: First a steady source of
free electrons from a plane cathode
surface or its equivalent. Second a
plane grid structure, mounted paral-
lel to and just in front of the cathode.
This grid structure is made of a flat
metal plate, perforated with fine
holes to the extent of about 160,000
holes per square inch. The front sur-
face of this plate is
insulated with bar-
ium fluoride and
coated with a sput-
tered silver-cesium-
oxide layer on
which the optical
image is focussed.
This grid, called by
Mr. Farnsworth a
“photo-island” grid
is roughly analo-
gous to the mosaic
in the iconoscope.
When the optical
image is focussed upon it, it assumes
a distribution of potential which has
the same form as the distribution of
light in the image, and the amplitude
of the potential increases the longer
the light is allowed to fall on it. The
distribution of potential on this grid
structure acts as the control potential
over the electrons flowing from the
cathode behind it. Consequently these
electrons form an electron image
which passes through the meshes of

structure used in

The “photo-island’’
the Farnsworth tube

ELECTRONICS




Digest of technical papers delivered at the Rochester Fall Meeting, where an attendance

of 500 gave evidence of an improved business outlook. and which proved once again that

the laboratories have not been idle, business or no business

the grid, to be collected by an anode
and conducted to the external signal
circuit. In this case the scanning of
the signal is obtained by moving the
electron image, after passage through
the control grid, bodily past a small
aperture in the collecting anode,
using magnetic deflection similar to
that employed in the conventional
image-dissector.

The most modern form of tube does
not employ a plane cathode, but uses
a beam of electrons from a gun, mag-
retically focussed and deflected. The
electrons from this beam are directed,
in the usual scanning motion, toward
the back surface of the ‘“photo-island”
grid, which emits secondary elec-
trons under the influence of the beam.
These secondary electrons are drawn
through the interstices of the con-
trol grid in an amount depending
upon the potential existing at the
point then scanned, the potential be-
ing determined by the degree cf illu-
mination at that point. The secondary
electrons, after passing through the
grid, are collected by an electron
multiplier structure, built in the form
of an annular ring, located at the
circumference of the tube face and
containing four stages. The output
of this amplifier is conducted to an
external coupling resistor of about
2000 ohms; and thence to the conven-
ticnal video head amplifier. A signal
of at least 10 volts is required to
overcome the noise, in this arrange-
ment. Actually under.eptimum- con-
ditions, the signal output is approxi-
mately 0.01 volt.

It was pointed out in the paper that
the charge accumulation on the grid
may be allowed to continue for very
long periods, since the only paths for
discharge are leakage and grid cur-
rent resulting from the collection of
primary or secondary electrons by
the grid. Storage times of as long
as 15 minutes have been observed.
Obviously this is far too long a
storage time if moving objects are to

be televised. The ordinary storage
interval employed in the iconoscope
is the frame interval time of 1/30th
of a second. Mr. Farnsworth states
that storage times as long as 1/5th
of a second might be tolerated, but
that in any event, additional sensi-
tivity may be obtained by employed
storage at least as long as 1,15th of

Ana yZer

Substitution of a voltage regulator
{ube fo: a filler capacitor (Acheson)

g _!-stage
. multiplier

; A Y
Photosensitive
cathode

Non-storage image dissector used
for television film pick-up

a second. The difficulty at present in
the new tube is to limit the storage
time to this amount.

Since secondary electrons are gen-
erated, it was to be expected that
these electrons might be redistributed
on the control grid in such a way that
a spurious shading signal would be
generated, as in the case of the
iconoscope. However, no such signal
is observed, and the conclusion is that
the secondary electrons are forced to
proceed directly through the grid in-
terstices by the high value of space
charge existing at the back surface.

After Detail, What?

In the paper “Gamma and Range
in Television” I. G. Maloff of RCA
Victor pointed out that up to the

ELECTRONICS — December 1938

present the attention of television
engineers has been directed almost
exclusively to the problem of obtain-
ing adequate detail in the reproduced
image. This problem has become
correspondingly well understood, and
the necessity of proper phase and
frequency response is appreciated.
However in picture reproduction
three other factors are also of great
importance: the average brightness
of the scene, the range of brightness
between the highlights and the shad-
ows, and the linearity of reproduc-
tion between differences in bright-
ness in the reproduced image. The
purpose of Mr. Maloff’s paper was
primarily to draw attention to the
latter two factors, which can be de-
scribed in the corresponding photo-
graphic terms of range and gamma.
Rough electrical analogs of these
quantities are the usable gain and
the harmonic distortion of the am-
plifiers or other transducers in the
system. Unlike sound transmissions,
television pictures may be improved
Ly harmonie distortion.

The gamma of the television sys-
tem may be described as the expo-
nent of the curve (assumed loga-
rithmic in form) relating the light
level in the studio and the corre-
sponding light level in the repro-
duced image. If the relationship
between these quantities is linear,
the exponent of the curve between
them is unity, that is, the gamma of
the system is unity and distinctions
in brightness in the televised object
are reproduced accurately in the re-
produced image. That an overall
gamma of unity is desirable seems
likely, but it is true that the re-
sponse curves of intermediate trans-
ducers may be far from linear, pro-
viding that there are compensating
departures from linearity, so that
the overall effect is linear. It is
suggested, for example, that the re-
sponse of the transmitter have a
compressive characteristic corre-

9
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The electrode structure of the new single-ended pentaqrid converter
employs some of the principles of the beam power tube in obtaining
better performance with one less terminal

sponding to 4 gamma less than unity,
and that the receiver have an expan-

sion characteristic (gamma above
unity), the product of the two
gammas being equal to one. Such

compression in the transmitter would
allow more efficient use of the icono-
scope, and could be used to empha-
size the picture information rela-
tive to the noise.

Feedback Applied to
Loudspeakers

Hugh Knowles of the Jensen Com-
pany presented an analysis of the
application of inverse feedback to
loudspeakers. By including the elec-
tro-acoustical system in the feedback
path, distortion generated in this
system is reduced by the feedback
action. A very simple and direct
method of accomplishing this result
is to set up a microphone before the
speaker and to feed the microphone
voltage to the input of one of the
amplifier stages. The difficulty here
is that the phase velocity of the sound
is so low, relative to the electrical
propogation of the signal, that the
phase relations cannot be accurately
maintained and so the system be-
comes unstable.

A more practical solution consists
In mounting a voltage pick-up coil
on the voice-coil of the speaker, with
its own magnetic field, and feeding
the voltage generated in this coil
back to the input of one of the ampli-
fier stages. Any non-linearity in the
mechanical system, but not that in
the sound field itself, is thereby cor-
rected to some degree.

The impedance looking into the

10

speaker terminals changes with fre-
quency and this effect must be taken
into account if instability is to be
avoided at the frequencies where the
phase shift is great. One method is
to derive the feedback voltage from
a lumped-impedance network, in se-
ries with the speaker terminals hav-
ing approximately the same imped-
ance variation as the speaker itself.
In addition the
transfer charac-
teristics inserted
in the feedback
path must be
such that the
proper phase and
amplitude rela-
tions, required
for stability, are
Ppreserved
throughout the frequency range. Un-
der these conditions it is possible to
deliver power to the speaker in
direct proportion to the square of the
voltage input to the amplifier, which
implies a linear system throughout.

Pentagrid Converter

A paper by W. A. Harris, of the
RCA Mfyg. Co., Harrison, dealt with
“A Single Ended Pentagrid Con-
verter” in which were discussed cir-
cuits suitable for use with recently
designed pentagrid converters in
which the pins are all collected at
one end of the tube.

Because of the large number of
elements in a pentagrid converter,
the octal base would not provide a
separate pin for each element. Ac-
cordingly, if single ended construc-
tion was to be maintained, modifica-
tion of the electrode leads was neces-
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Oscillator circuit for use with the
6SA7: no oscillator anode terminal
is required

sary. Accordingly, an examination
was made of the use to which the
various base pins were put and it
was found that by not providing a
separate pin for the plate of the
oscillator section, the tube could be
made a single ended device using a
standard octal base. However, this
change required the development of
new and unusual oscillator circuits.
A large portion of the paper was
devoted to the development of new
oscillator circuits, for use with this
new tube, and the operating charac-
teristics of the tube with the recom-
mended circuits were given.

Single-Side Band Television

It became apparent at the conven-
tion that single side-band transmis-
sion of television images is to be
the rule in this country, due to
progress made in transmitting meth-
ods, and that as a result a band-
width of about 4 Mc (as against
about 2 Mc in double-sideband) is
available for picture signal. That
this doubling of the available picture
frequency band would result in a
corresponding doubling of the hori-
zontal picture
detail is certain-
ly to be expected,
but theoretical
confirmation was
not forthcoming
until the presen-
tation by Dr.
Stanford Gold-
man of G.E. in
Bridgeport, of
the paper “Television Detail and
Selective Sideband Transmission”.

Dr. Goldman’s paper assumed a
type of picture detail represented by
two square-wave pulses separated by
a space of equal width. These pulses
are used as the modulating envelope
of a high frequency carrier, and this
carrier and sidebands applied to a
transmigsion system have a flat re-
sponse over approximately 4 Mc with
a linearly sloping cutoff at each end
of this range. First the carrier fre-
quency was placed in the middle of
this range, corresponding to double
sideband transmission with 2 Me
sidebands, and then the carrier was
moved in succession to five other
points in the pass band, closer and
closer to the edge, the last two being
on the cutoff slope itself. One of
these positions, half way down the
cutoff slope, corresponds to the tenta-

I-f
output
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tive standard for the position of the
carrier in single-sideband transmis-
sion, as recommended by the RMA.
The investigation was carried out by
means of the Fourier integral and
involved much laborious calculation.
The conclusion is that two square-top
pulses are resolved in the double-side-
band case only if their separation in
time is twice as great as is required
for resolution in the single-sideband
case, which confirms the off-hand con-
clusion drawn from the fact that the
frequency band is then twice as great.
However in the case of a sudden rise
in signal (so-called “unit function”
impulse) not followed quickly by a
corresponding fall, then the single-
gideband transmission offers very
little improvement over the double-
sideband case. It appears, in other
words, that single-sideband transmis-
sion does not aid in reproducing
sharply the edge of an extended dark
region on a white field (or bright
region on a dark field) but that it
does aid in the more important case
of distinguishing edges between
separate small details, such as iso-
lated picture elements.

root of the bandwidth, and that the
wide band width of the television sys-
tem imposes interference roughly
20 to 30 times as great as those en-
countered in sound reception.

The arguments for and against au-
tomatic gain control in television re-
ceivers were reviewed. On the one
hand fading is usually not severe on
the ultrahigh frequencies, but
changes in gain due to line voltage
changes, etc., and the differences in
signal strength in tuning from one
stage to another are sufficient to re-
quire automatic compensation, espe-
cially since the eye is very sensitive
to small changes in contrast.’

The demonstration employed a tele-
vision projection tube, and a screen
about 4 by 6 feet in size. The projec-
tion tube was fed from a receiver, on
which was impressed a standard
RMA-type television signal, gener-
ated in an iconoscope located several
floors below. An artificial transmis-
sion line, consisting of small lumped
inductances and capacitances was in-
serted in the receiver circuit to show
the effect of single and multiple re-
flections, and in addition phase dis-

Frequency of Component

Frequency spectrum of a frequency modulated wave whose deviation
frequency is 24 times the audio modulating frequency. Note the low
amplitude of the carrier

The Seeley-Foster
Television Demonstration

A very impressive demonstration
of the several important faults in
television images was given by engi-
neers of RCA in connection with the
paper “Principles and Methods in
Television Laboratory Technique” by
Messrs Seeley and Foster. The pre-
liminary part of the paper discussed
gsome of the similarities between au-
dio and video engineering, as well as
the differences. Mr. Seeley pointed
out that many interfering effects,
such as hiss, increase as the square

tortion of the type which produces a
white margin at the trailing edge of
each black portion. The effect of re-
ducing the picture bandwidth from
3 to 1.5 Mc was also shown. The
above defects were shown on a stand-
ard pattern. Later the iconoscope was
turned on L.C.F, Horle, Virgil Gra-
ham, and an unnamed member of the
fair sex, as well as on the street
scene below the hotel window. This
was the first demonstration of
moving projected television images in
this country, to the best of the edi-
tor’s knowledge. The paper was very
well received by a capacity audience.
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Frequency Modulation

C. B. Fisher of the Northern Elec-
tric Company, whose reputation for
presenting valuable summaries of
radio advancement began at the 1937
Meeting when he presented a paper
on negative feedback, gave the con-
vention this year a similar treat-
ment of the subject of frequency
modulation. He began by pointing
out that the frequency band occupied
by a frequency modulated signal ex-
tends well beyond the limits of the
frequency swing employed, and that
the band width occupied depends on
the ratio of the deviation (swing)
frequency to the audio modulating
frequency.

One very simple method of gener-
ating a frequency-modulated signal,
described by Mr. Fisher, is based on
the fundamental automatic fre-
quency control circuit of Travis.

A Colpitts oscillator circuit, con-
taining a small resistor in the tuned
circuit, is connected to a source of
audio voltage which is impressed
across the resistance. The frequency
of the oscillator is thereby varied by
an amount directly proportional to
the audio voltage. A similarly simple
frequency-modulation detector cir-
cuit was described, employing a se-
ries resonant circuit, fed from a high
impedance source. The circuit is
tuned near the unmodulated carrier
frequency. The diode detector is con-
nected across the capacitance of the
tuned circuit. A rectified output volt-
age of about 0.2 volt is obtained
from a frequency swing of 100 ke
when the input amplitude is 2 volts.
The necessity of eliminating the re-
sponse of the receiver to amplitude
changes was emphasized.

Dissector Tubes for
Motion Pictures

A second paper from the Farns-
worth Laboratories was presented by
C. Larson and B. C. Gardner on
“Production of Image - Dissector
Tubes for Motion Picture Pick-up”.
A typical tube of this type is shown
in the accompanying illustration. It
consists of a cylindrical glass envel-
ope containing a flat metal photo-
sensitive plate. The optical image,
entering the envelope through a flat
window at the opposite end of the
tube, creates a corresponding electron
image which is drawn from the
cathode surface down the tube by the
positive potential applied to the wall
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coating. Magnetic focussing coils are
employed to bring the electron image
into focus in the plane of the scan-
ning aperture. Beyond the aperture,
an eleven-stage electron multiplier of
the d-c variety amplifies the signal
current. Under ordinary conditions
of illumination, the signal obtainable
from the tube is too small, relative
to the noise, to produce an acceptable
picture. However, if the tube is em-
ploved for mo-
tion picture pro-
jection, wher
the light may be
highly concen-
trated, signal-to-
noise ratios of
30-to-1 or 40-to-1
may be obtained
readily.

Since the tube
18 not a storage
device, it is necessary to employ a
continuous film projector. The mech-
anism of such a film projector devel-
oped especially for this purpose has
recently been described in Electron-
tes, in the July 1938 issue, page 25.

Impedance

Input Circuits for
Television Receivers

The important, and thus far
rather neglected, subject ot r-f input
circuits for television receivers was
discussed by H. T. Lymaun of General
Electric. It was pointed out that
selectivity in the input circuits, in
the r-f and converter sections is
necessary to reduce image response
and interchannel interference, as well
as direct pick-up at frequencies
within the i-f bandpass region. The
effects of such interference, while in-
audible in the audio channel, have a
very serious effect on the reproduced
picture. The problem is complicated
both by the wide band to be accepted
for each station (roughlv 5.5 Mec
assuming single-sideband reception)
and by the extreme range of the tele-
vision spectrum, from 44 Mec to 105
Mec. It was shown that an ordinary
doublet antenna is capable of cover-
ing this range if tuned to the geo-
metric center of the range (about
70 Mc) but that the response of such
an antenna at 47 Mc would be roughly
60 per cent of the response at 70 Mec,
and about 50 per cent at 105 Me.

Tuning of the input and converter
circuits, for maximum gain, should
by accomplished by variable induc-

12

transtormer
employing high g.. tube

tance. with fixed (and minimum)
capacitance. In view of the need for
simple controls (“push a button and
there’s your picture”) switching is
accomplished most readily by a push-
button switch.

The relative merit of various tubes
available for use in the input circuits
wus investigated, with the conclusion
that the 1853 tube was best for the
r- stage, an 1852 for the converter,
and a 6J5 for the
oscillator (in the
latter case a 955
would be pre-
ferred were it
not for its high-
er price). The
effect of tube
noise was also
investigated in
the r-f stage,
using an 1853
as the basis of computation. The
signal-to-noise ratio in the plate cir-
cuit of this tube was calculated to be
57.2-to-1, on the basis of 4 4 Mc band-
width, with a signal field strength of
1000 microvolts per meter. Assum-
ing that a signal-to-noise ratio of
20-to-1 is the minimum acceptable,
this meuns that a satisfactory picture
can be derived from a field strength
of 350 microvolts per meter or higher.

Effective-
Output Impedance-
110 Oh

circuit

High g., U-H-F Tubes

The design, construction, and char-
acteristics of the 1851, 1852, and 1853
tubes developed for television use
where discussed by A. P. Kauzmann
in a paper, “New High Transcon-
ductance Ultra High Frequency
Tubes”.

The low loads required for the con-
struction of wide band amplifiers
which are required in television serv-
ice behave in such a way that little
or no gain is obtainable from stand-
ard radio tubes, and new tube struc-
tures were required for television
use. An analysis of the circuit re-
quirements showed that suitable
tubes might be made by increasing
the transconductance or by decreas-
ing the interelectrode capacitances of
the tube. Further analysis showed
that the first of these two alterna-
tives was the more desirable.

Reduction of interelectrode dimen-
sions and spacings resulted in a num-
ber of manufacturing difficulties
which had to be overcome. In order
to produce a fairly uniform field at

the cathode as a result of potential
on the grid and obtain high transcon-
ductance at the same time, it was
found that the grid-cathode spacing
would be of the order of 0.005 inch,
the grid pitch would be 250 turns per
inch and the grid wires would have
to be 0.0015 inch in diameter. Be-
cause of manufacturing difficulties,
grid 0.002 inch in diameter with a
pitch of 140 to 150 turns per inch
were used and proved satisfactory.
I'lat, rather than cylindrical grids
were employed to produce stable grid
structures. The screen grid was re-
moved as far from the cathode as
practical and was operated at high
screen voltage. Since the tube di-
rected the electron stream into a
beam, certain sections of the plate
were not used to collect the electron
stream. Accordingly these unused
sections were cut away to reduce in-
terelectrode capacitance. With this
construction, emission from the grid
became serious, but this difficulty was
remedied by conducting the heat
away from the grid by means of large
side rods. The final design employed
the single ended tube construction
mentioned on page 26 of Electronics
for September, 1938,

Overvoltage Timer

For purposes of making quick
analyses of voltage variations, graph-
ical recordings are unsatisfactory

185

Oscillator

Two channels of the 7-channel television
r-f switching system (Lyman)

because they are too complicated and
require so much time to analyze that
the tape usually accumulates more
rapidly than it can be analyzed. It
is frequently satisfactory to know
only for what percentage of time
voltage fluctuations exceed some pre-
determined value. A paper by C. M.
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Burrill and E. T. Dickey, and pre-
sented by the first author, described
an instrument which measures the
percentage of time for which a volt-
age exceed a certain value of specified
magnitude. Essentially this over-
voltage timer consists of a rectifier
and two stage d-c amplifier which
feeds a slow acting d-c d’Arsonval
movement. A quiescent voltage which
may be applied to the rectifier deter-
mines the voltage magnitude for
which the rectifier becomes conduc-
tive, and therefore determines the
reference voltage beyond which the
instrument registers. The slow act-
ing d-c meter integrates the rectified
and amplified pulses.

The particular instrument de-
scribed is arbitrarily calibrated to
indicate those voltages which are ex-
ceeded 85%, 509%, and 5% of the
time. While these quasi-minimum,
median, and quasi-maximum values
are arbitrarily selected by the au-
thors, they have been found to be
useful in providing quick and rough
specifications of voltage fluctuations,
such as might be encountered in
making noise measurements. While
the authors do not recommend the
instrument as a ‘noise meter” they
feel that because it provides a sim-
ple, quick, and quantitative meas-
urement of voltage fluctuations, the
instrument would be useful in noise
measurements. Familiarity with the
instrument and its use are required
to obtain greatest use from the
device.

Engineers Discuss
Economics of Television

An important extemporaneous talk
by W. R. G. Baker directed the at-
tention of engineers to the eco-
nomic and business aspects of tele-
vision. As head of the Engineering
Department of the RMA, Mr. Baker
spoke on recent RMA policies in or-
der better to acquaint engineers with
policies and trends of the manufac-
turing organization. While some of
the points brought up were personal
opinions of Mr. Baker, they are
also being given consideration by
various RMA boards and committees.

The desirability of having all radio
receivers bear the approval of the
Underwriters’ Laboratories was dis-
cussed. It was pointed out that
whereag practically all a-c receivers
selling at more than $20, had the
approval of the Laboratories, very

few sets gelling at less than this fig-
ure, and practically none of the
a-c¢/d-c receivers had such approval.

It was realized that the inaugura-
tion of a new television industry
next spring would bring about many
new and unanticipated problems
which would 1require engineering
analysis. By thinking as much as
possible about these problems, by
aiming at an engineering approach
to their solution, and by deferring
immediate gains, if necessary, in
order to build up a sound substantial
industry, it was hoped that the tele-
vision industry might avoid much
of the prostitution which has oec-
curred in the radio manufacturing

industry. Accordingly engineers
were urged to take active participa-
tion, together

pense of cutting the corners off of
the picture.

The fourth question dealt with the
operation of the receiver, and it was
recommended that the operation of
television receivers be reduced to the
minimum number of controls. Ques-
tions as to whether or not the man-
ufacturer should guarantee the op-
eration of the receiver, and if so,
for how long a time were brought
up. Who should service receivers,
and how should service men be
trained to service television receiv-
ers were also placed before the engi-
neers for their consideration.

The installation of television sets
was briefly discussed as the fifth
point. Should the set be installed com-
plete with the antenna? If so, who

should erect the

with their execu- antenna and
tives, in provid- § bring in the an-
ing solutions to s tenna leads?
many of the = T[s Should the loca-
problems of the rZ 4 ‘ . £ tion in which a
incipient indus- %‘j [ 5 television receiv-
try. & 4@‘:‘“”5"'50’ er is to be used

Among the SRR be surveyed in

. 6V battery

problems which order to ascer-
will face the tele- Overvoltage timer circuit useful in tain that ade-
vision industry, noise measurements quate signal
Mr. Baker enu- strength will be

merated six of the most impor-
tant. The first of these had to
do with a standardized term for
a picture tube. At present these
are called kinescopes, cathode ray
television tubes, picture tubes, and
a variety of other names. Standard-
ization of one recognized term would
eliminate many difficulties and mis-
understandings.

Along with the standardization
of the term for a picture tube is one
of the standardization of the tube
itself. Tubes of several sizes and
characteristics may be required to
meet the various demands, but it is
felt that it is highly desirable that
the types of tubes be kept to some
fairly small number.

The third item which was men-
tioned is one of standardization of
the size of the picture. Undoubtedly
various picture sizes will be avail-
able, depending upon the size of the
tube employed. But for each size
tube it might be possible to specify
a definite, maximum picture size
which could be used for advertising
receivers. Such standardization
would tend to prevent “gyp” adver-
tising by which the size of the im-
age might be increased at the ex-
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obtained? Who should conduct such a
survey? If the survey indicates in-
adequacy of signal strength, what
should be the policy toward selling a
television receiver?

Finally, the desirability of defining
a television receiver was stressed. Is
a television receiver one providing
only visible images, or pictures to-
gether with sound? What are we to
call those sets which provide only
sight or sound channels? What are
we to call those receivers which bring
in the normal broadcast stations as
well as the audio and video channels
of television systems? What shall
we call all wave sets which include
television services? What does the
industry expect to do about attach-
ments, such as a separate video and
picture system for a radio set capable
of picking up the audio channel?

Distortion Analyzed by
“Paired Echoes”

One of the most significant papers
of the convention was that presented
by H. A. Wheeler of Hazeltine on
“The Interpretation of Amplitude
and Phase Distortion in Terms of

(Continued on page 33)
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HEN Globe Wireless went into

remote reception of telegraph
signals, control of the fine tuning of
distant receivers was required for
telegraph operators located in the
city offices. Audio signals were run
into the city oflice from the receiving
station on standard telephone pairs
in cable, and for reasons of line econ-
omy it was not desired to use any
channels for tuning which could by
the ordinary devices of telephone line
practice be made available for any
other purpose. “Simplex” or phan-
tom circuits are thereby eliminated
as well as super-audio fre quencies,
the latter because the telephone lines
cut off at about 2500 cycles. There
remained for tuning control only the
use of frequencies distinetly within
the audible spectrum.

60 cycle energy taken from the city
office lighting mains was accordingly
adopted as a source of energy for
receiver tuning signal control. This
is reduced to a suitable voltage and
applied to the telephone pair on which
the signals come in. Now the incom-
ing signal must still be audible dur-
ing the tuning operation and as dur-
ing corrective tuning the signal is
likely to be weak, the amount of
interference must be even less than
that which can be tolerated during
normal reception. Conventional hy-
tell-tale wiring)

Diagram {minus

Remote Tuning of

brid networks are used at each end
of the line to give a directional dis-
crimination as between incoming
telegraph signal and outgoing tuning
control. Such networks are not per-
fect over a range of frequencies, and
some further precautions are taken
against side-tone. The harmonics
of the 60 cycle tuning energy are
first filtered out by a series resonant
circuit before the energy is applied
to the hybrid network. The small
amount of purified 60 cycles which
leaks through the hybrid network is
then blocked off by a similar 60 cycle
filter between the stages of the final
amplifier, which results in practically
silent tuning.

The arrangement so far described
gives a single-sense control for oper-
ating tuning relays at the receiving
station, and can be converted into a
double-sense control for operating
the motor forwards and backwards
by the use of a second circuit for
phase comparison. Such a second
circuit is actually available in the
form of the public power supply com-
mon to the two stations. Phase com-
parison, amplifying, and rectifying
are all accomplished at the receiving
station in a device called the syndec
(synchronous detector.) The syndec
employs two 6A6 duplex triodes of
which the plate voltage is sup-

of the

remote tuning system.

Polarity marks indicate instantaneous

plied at 60 cycles from the power
maing and the grid voltage from
the tone channel through the hy-
brid network. The four plates
and grids are cross-connected rela-
tively to each other in such a way
that when 60 cycle energy is sent out
from the controlling station the plate
and grid voltages in one tube will be
in phase and current will flow each
positive half-cycle, while those in the
other tube will be out of phase and
the tube continuously blocked. Turn-
ing the phase over at the control sta-
tion reverses the grid phase and
leaves the plate unchanged, shifting
the rectified output to the other tube.
The d-¢c component of. the cathode
currents is put through the two coils
of a differential polar relay which
makes no contact in the balanced
state, but when unbalanced operates
the contactors of the tuning motor
for right-handed or left-handed rota-
tion as desired.

In the typical case the band covered
by remote tuning is narrow, but a
very close control is called for. The
initial stages of the receiver are ac-
cordingly set up by an attendant at
the receiving station and only the
detector-oscillator stage is tuned
from the control point. As is well
known, the use of a small condenser
for fine tuning directly in parallel

values

during half-cycle while reversing cam key is held to the left and upper tube draws current

TRANSCRIBING STATION ————— =

RECEIVING STATION

OIFFERENTIAL
PILOT RELAY

THIS CHANNEL RESERVED
FOR EXTRANEOUS PURPOSES
AND NOT AVAILABLE FOR
TUNING.

| OVER TUNING
e

TELEPHONE ™%
RECEIVER TELEPHONE
PAIR CONNECT-
ING - THE  STAT-
IONS.

80 CYCLE
REJECTION CIRCUIT REVERSING
CAM KEY REMOTE:
CONTROL
CONDENSER

{LARGE)

REMOTE— |-
CONTROL
COUPLING
CONOENSER

_—J (SMALL)

MAIN
TUNING .
E CONDENSER

¥
=] RADIO
—-_— RECEIVER
RECEIVER OQUTPUT

A.C. POWER SYSTEM COMMON- TO BOTH STATIONS
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Communication

By

By HANS OTTO STORM

Globe Wireless, Lid.

Fig. 1

The Syndec, or synchronous detector

Fig. 2

The tuning unit on its relay rack mount

Fig. 3

The tell-tale enabling receiving operator
to see as well as hear the remote tuning

with a larger one introduces fixed
capacitance which lessens the overall
tuning range; for this reason a spe-
cial arrangement was adopted. An
extremely small trimming condenser
is connected in parallel with the main
tuning condenser but the low voltage
gide of this trimmer, instead of being

returned in the usual way is joined
by a connecting wire to a relatively
very large condenser turned by the
tuning motor. The connecting wire,
being at nearly ground potential for
radio frequencies, does not constitute
an undesired encumbrance on the
main tuning condenser, with the re-
sult that the motor-driven condenser
can be put as far as 18 inches away
from the receiver even with the high-
est radio frequencies used. Prob-
lems of motor noise, microphonics,
and conversion of existing receivers
are thereby simplified. By varying
the capacitance of the small coupling

ELECTRONICS — December 1938

Receilvers

trimmer, the band over which the
remote tuning condenser swings the
signal, can furthermore be made
wider or narrower as desired.

The motors used are synchronous
self-starting induction motors with
900/1 reduction gears built in, and
run the tuning condenser through a
2/1 brass-to-rubber friction drive,
moving the condenser at 1 rpm, or
30 seconds from end to end of the
180 degree tuning range. An electric
brake is provided so that-after the
signal is tuned in* and the control
switch released, the motor does not
coast. When the condenser comes to
the end of its travel in either direc-
tion, a cam on the condenser shaft

(Oontinued on page 32)

15



sjuawW([p}sul

burpeseid ey} ur ueald swoibplp [PUOHDIeS

oYl YHM puodssiiod o} po[eqp] ‘I8Aledel ey} Jo wWDIBDIP NN ejeidwon—1 ‘Br

(adoosauiy

~ 7000002 " 000°0§

(=)

w:ouc_._.ow_ww_o
|04UOZ 140K

Mo L

Bowzo Twoons,

P
P!

0081 dAy)
aqn}

£

[Tajosy AgY

Rod-apoy}o)

w000'SL

P IECITEH)

14
‘TN pH9

000051

00000}

-'|0‘°:B 3414

4 ®POUD PUODDG

wyobaw go'y

'AOOS:!

t—3

70,

¢

S
S

i

—

INTENEE |

S0
Jo40]1950 Buiyoiq

(d)Aszl+ .>mamv~+

B

V000001 V00001

404040das
apni|dwy

g% voooz
A

(9)70SZ+ 70SZHO)

el

m>_+uw+oua

laago)

1o|NSu)
=— M0SL =
13
AGL
8LS
8dAyL
A

f

y

“ad A gz}
Jawuossuba} 8604[0A Y

4040940p
puz oapla
1y 2H9
100" =

295 A oouw _‘_\._\

vo002s
JO44u02 won--u § By
00001

(V)4 00€+

@ nor -

49WII0SUBIS-04NY

5

~09°AGIL

)

faino Butobyng)

~09-°A0C1-0

98N/ yojims

20
nv_2c__ 4J0-U0

~09'0¢ A9

V0000 ~-2
(O)n0G2+
(PAS2Ito

3)0

PLUOZIIOYO,

(@) No-3=
(punoub)p
V00005 ->
QyA0ST+

104043uaB) [1o40a3udb
)

Jo314,

J9A O

pdigg PN00L

dwp1 joiid

Bu

1084n0

1]
Kiddns

Jomod

$3i4no

BIIUIETE

o=

~09'PL'AGZ 42403y adodsauiy 0]
-

\
Yopims
430-UD

Buluupoog

3%oyD

Buiyioowg buibuims

Yzl

w0000}

oYy

~000'0}

oy'AgY
oW 06T $O°A0SL
YyszsS 4BWIU04SUDUY JIMOH

_

L
T

v'
00005 poo0sz odbos

o000 Pauz

(=]

LS9

v

3T 01gnV ang
(W) A00S+

dwoy jojid

$314no buiobinp

.

Yopms

S0,

330-4o

03pIA-0IpNY

‘Bawgg
12}

i

|2uuby> o1pno o._.\\

(VyAQ0S+

A.5.> 00£+

| o Ly<
A, R o)
095 uﬂu_I

==

<
p-

1581,
YILAIANOD

(¥)YAQ0E+

=3100°0
gL

405
gL

.

't 5
et

45

,,.'\r 0

oM} 2 405y

Y G-
B)

-
-

= L000A

u:cu_,,..u ajodig




A Laboratory Television

Receiver—VI

Adjustment of circuits for selective side-band transmissions, antenna installation. complete

circuit diagram, cost estimates, and examples of received images make up the concluding

installment of this series

N the latter stages of the con-
I struction of Electronics’ receiver it
became apparent that double-gide-
band transmissions were rapidly be-
coming things of the past. Experi-
ments with the NBC transmitter, and
in other inatances, have demonstrated
that selective side-band transmisaions
are entirely feasible. At the Roches-
ter Fall Meeting the R.M.A. Tele-
visgion Committee tentatively adopted
selective-sideband transmissions as a
recommended standard. According to

Fig. 1
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this standard, the audio carrier re-
mains at a position 0.25 Mec. below
the upper limit of each 6 Mc. channel
at 49.75 Mc for the 44-50 Mc chan-
nel, for example). The vision carrier
is placed 4.5 Mc lower in frequency
than the sound carrier, that is 4.75
Mc below the upper limit of the chan-
nel, or 1.25 Mc above the lower fre-
quency limit. This means, in the
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44-50 Mc channel for example, that
the vision carrier is located at 45.25
Mec.

In the present receiver, the oscil-
lator frequency is 13 Mc higher than
the vision carrier, that is, 45.25 + 13

58.25 Mc. The audio carrier of
49.75 Mec, beating with this oscillator
frequency, produces an intermediate
frequency of 58.25 — 49.75 = 8.5 Mec.
Consequently, the audio channel must
be adjusted to receive an 8.5 Mc sig-
nal. Fortunately the component parts

fmage of test pattern. actual sifie; as recelved from Empire State transmitter using complete receiver shown in Fig. 1
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in the audio channel (shown in Fig.
4, Part 1V, page 19, October issue

have sufficient range to make this
change. In lining up the receiver for
selective side-band reception, there.
fore, the instructions in Part IV may
be followed, except that the oscillator
frequency must be changed from
59.5 Mc to 5825 Mec. 'The oscillator
frequencies for the other channels
must be reduced 1.25 Mec in each case.
The audio channel is tuned to aceept
a signal of 8.5 Mc and this adjust-
ment holds for all channels.

The bandpass of the video i-f am-
plifier must of course remain at the
2.5 Mc bandwidth for which the i-f
coupling units were originally de-
signed. The transmitter in the se-
lective sideband system actually em-
ploys a modulating signal having
components from 0 to 4 Me, hence
the receiver in its present form can-
not make use of all the information
transmitted. The remedy in this
case is a complete redesign of the
video i-f coupling units. While such
a redesign is desirable, the fact re-
mains that very acceptable perform-
ance may be obtlained with the re-
ceiver limited to 2.5 Me bandwidth,
and that substantially equal picture
resolution in the vertical and hori
zontal directions (see Fig. 2) is ob-
tained. Increasing the bandwidth
decreases the i-f amplifier gain, all
other factors being equal, and lowers
the signal-to-noise ratio. In view of
these factors, the writer does not
hesitate to recommend constructing
the video amplifier on the basis of
the 25 Mc bandwidth, as outlined
in Part V, November issue. When
satisfactory performance is obtained
on the basis of this relatively simple
requirement, new i-f coupling units,
designed for 4 Me bandwidth, may
be inserted without major construc-
tional or electrical changes.

The complete circuit dicgram

In Fig. 1 is given the complete
circuit diagram of the receiver, in-
cluding 25 tubes, the cathode-ray
tube, and all components for power
supplies, sync separators, scanning
generators, and video-audio super-
heterodyne. The labels of the parts
have been made to correspond with
the symbols used in the text, in the
preceding installments, to describe
each portion of the receiver. Cer-
tain slight changes have been made
in the design, principally involving
changes in the sizes of some fixed
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Fig. 3 Antenna
system. Two 4-foot
brass rods insu.
lated at the center
feed a 50-foot twist.
ed.pair transmis-
sion line. Reflec-
tions are minimized
by placing antenna
in middle of roof.
Sandbags prevent
structure from blow-
ing over

resistors. The diagram in Fig. 1
shows the final values in each case.

A word of caution should be given
concerning the sizes of the coils in
the u-h-f portion of the receiver. It
is extremely difficult to design such
circuits for reception above 70 Mc
without a good source of signal en-
ergy. In the present instance, har-
monics of a signal generator were
the only source, and this fact, coupled
with the double-conversion process
used in the sound channel, produced
a large number of spurious responses.
Present indications are that the in-
ductance values given in the preced-
ing installments are somewhat too
large for reception on the highest of
the three frequency channels. The
reader may find it necessary to re-
duce the inductance. The values
stated give excellent results on the
highest channel, that from 44-50 Me,
which is the only one on which a
video signal is now available in the
New York area, As further infor-
mation on the higher channels is ob-
tained, it will be published.

Fig. 4-—"Ordinary
subject matter”.
During the recent
Auto Show, NBC
broadcast. This
image, received on
the receiver as
shown in Fiqg. 1, is
a small model of
the new Nash. The
exposure was
1/10th second on
panchro press film:
chromium intensiti-
cation of the nega-
tive before printing

When the circuits have been lined
up by signal generator as outlined
above, slight residual adjustments
must usually be made to bring the
receiver into operating condition. The
most critical adjustment is the tun-
ing capacitor of the oscillator cir-
cuit. A slight readjustment will us-
ually improve the definition of the
received picture. It is necessary to
make a corresponding change in the
tuning of the audio channel to bring
the audio circuits into tune with the
8.5 Mc intermediate frequency.

When the signal is tuned in, the
scanning generators will in general
be out of synchronism. First adjust
the horizontal scanning generator fre-
quency control (R;), with the horizon-
tal syn¢ amplitude control (R,,) at the
middle of its range. Synchronism
will be readily apparent by the ap-
pearance of detail in the image. Two

synchronized positions can usually be
found, representing ‘“free” scanning
frequencies slightly above and below
the sync frequency. In one case (the
desired setting) the picture will be
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properly centered. In the other, the
picture will be divided in the middle
by the horizontal blanking pulses.
When proper horizontal synchron-
ization has been obtained, the ver-
tical synchronization must be ad-
justed. Lack of vertical synchron-
ization will produce a rapid upward
or downward motion of the frames in
the picture, but this is readily cor-
rected by adjustment of the vertical
scanning frequency control (R,,) and
the vertical sync amplitude (R.).
When vertical synchronization is
achieved, attention must be paid to
the degree of interlace. To insure
good interlace performance an ad-
justment of R, and R, should be
made with the vertical scanning am-
plitude control (R.,) set at maximum,
so that the lines in the image are
spread well apart. Proper interlace
is readily apparent by the evenly-
spaced appearance of the lines. Us-
ually it will be found that a fairly
high setting of R, is required.
When synchronism is established,
attention must be paid to the focus,
brightness, contrast, and picture am-
plitude (width and height) controls.
The spot size and fineness of focus
depend on the overall brightness set-
ting. In general it is desirable to
set the brightness at as low a setting
as the room illumination will allow,
adjust for maximum sharpness of
focus, and adjust the contrast con-
trol until the most pleasing effect is
obtained. If a test pattern is being
televised, the contrast control should
be adjusted until the center shaded
circles appear to have approximately
equal differences in tone (see Fig. 2).
There is no real solution to the prob-
lem of circuit adjustment except prac-
tice. All circuit adjustments, except

those made by means of knobs on the
front panel, should be made with the
high voltage supply off and discon-
nected.

A typical pattern received by the
receiver is shown in Fig., 2. This
pattern was received with the con-
nections exactly as shown in Fig. 1.
The pattern has several defects: spot
defocussing at the edges of the pat-
tern, slight pairing of the interlace,
some white edges due to phase distor-
tion, several faint ghost images prob-
ably arising\in the transmission line,
two slight tears due to faulty line
sync, and a slight non-linearity of
vertical scanning. Nearly all these
defects can be improved by adjust-
ment of the circuits, but no oppor-
tunity to correct them has been
available, because the NBC transmit-
ter has been on the air very infre-
quently since the receiver was com-
pleted. The degree of vertical and
horizontal detail is very nearly the
same, about 300 lines vertically and
nearly 300 horizontally, the latter
figure corresponding to the 2.5 Mec.
bandwidth for which the video chan-
nel was designed. The pattern is a
very critical test of the receiver per-
formance. Viewed on ordinary sub-
ject matter (see Figs. 4 and 5) the
defects are almost completely unde-
tectable.

Cost Estimates for Various Sections
of the Receiver

A complete cost record has been
kept of the component parts of the
receiver. The total cost of the com-
plete receiver, including all parts,
tubes, mountings is $324.27, at the
usual mail-order house prices. Af
list prices the cost would be roughly

5—"Extraordi-
subject mat-
ter.”” One of the
young lady an-
nouncers during the
auto show broad-
cast. The superim-
posed ‘‘veil” pat-
tern is caused by
interference from a
press code station,
WHD, which oper-
ates within two
blocks of the re-
ceiver on a fre-
quency in the video
i-f pass band

Fig.
nary
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The cost is divided into the
following sections: High voltage
power supply, including tubes,
$57.60; video-audio power supply,
$15.88; scanning generator power
supply, $19.41; cathode ray tube and
mount, including the scanning gen-
erator circuits, bleeder controls, etc.,
$128.87; audio-video superheterodyne
including all tubes, $91.81; panel rack,
$10.70. The cost of tubes alone, includ-
ing cathode-ray tube, is $87.88. The
cost of tubes and components shown
in Fig. 1, including no mounting
parts except tube sockets, is $262.04.

The remaining problems are three:
eliminating acoustic feedback from
the loudspeaker to the 6J5 oscillator
tube and its associated tuned cir-
cuit; reducing the interaction be-
tween the 6J5 oscillator tuning and
the 1852 converter tuning; and
ghielding the video i-f circuits from
direct pick-up from nearby code sta-
tions within the 10.5 to 13 Mc pass-
band. None of these are difficult
problems, but they do require time.

Signal generator tests indicate
that any signal from 1 volt down to
1 millivolt, at the antenna terminals,
will provide adequate performance
with the contrast control (R,) set
well below maximum gain. A recog-
nizable signal of nearly full ampli-
tude can be obtained with about 50
microvolts, with the contrast control
wide open, but the noise and tendency
of the circuits to oscillate at this
limit produce rather bad interfer-
ence. Likewise the video i-f response
characteristics under this condition
are degraded by the change in tube
input capacitance (Miller effect) with
plate current in the 1852 i-f amplifier
tubes. For signals within the design
limits, 1 millivolt or higher, an ac-
ceptable picture may be obtained in
any noise-free location.

The author wishes to acknowledge
with gratitude the assistance ren-
dered by the General Radio Company,
the Allen B. DuMont Laboratories,
and the RCA Victor Division for the
loan of indispensable test equipment,
to C. C. Shumard and Philip Richards
of the RCA Radiotron Division for
their invaluable help in the video i-f
coupling-unit problem, to C. A. Nue-
bling, Technical Editor of Radio Re-
tailing for advice and help on the
u-h-f portions of the receiver, and to
Beverly Dudley, of Electronics, for
his untiring assistance in photo-
graphing the equipment and the re-
ceived images.

$500.
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Electronic
D-C Motors

By J. D. RYDER

Bailey Meter Co.
Cleveland, Ohig

A(JII{CUIT for obtaining reversal

and speed control of § or % hp
motors  directly from thyratron
tubes, without intervening relays,

18 sometimes of interest to engineers.
This paper describes simple circuits
which were developed by the writer.
In one of these circuits tor motor
reversing service, a very efficient and
simple method of “plugging” or brak-
ing a motor is used.

Figure 1 shows a circuit for ob-
taining reversed rotation of a d-c
motor by the now more or less fa-
miliar scheme of connecting two thy-
ratrons “back to back” in series with
a separately excited d-¢c motor. Due
to the rectifying action of the thy-
ratron tubes and their reversed con-
nection, one tube will pass half waves
of current of one polarity and the
other tube, when conducting, will pass
half  waves of opposite polarity
through the motor armature. This
pulsating d-¢ will cause the motor
to rotate in one direction if thyra-
tron A is conducting, and in the op-
posite direction if thyratron B is
conducting. The two resistors con-
nected in series across the thyratrons
provide a point at which the voltage
is positive with respect to either
thyratron cathode on the half cycle
in which its plate is positive. By
means of the contacts at X this posi-
tive voltuge may be applied to the
grid of either thyratron, causing it
to conduct and produce rotation of
the motor in the desired direction.

FG-33 or similar positive grid
tubes are used simply because it is
not then necessary to provide a source
of negatve grid voltage to cut off the
tube. Any failure of grid voltage
or an open in the grid circuit will
not cause rotation of the motor and
will consequently be a “safe failure”
in applications where safety is a
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Control Circuits for

1—Circuit for

Fiq.
versal and speed control of motors
from thyratron tubes

obtaining re-

factor. In many types of control,
it is highly important that every-
thing should be at a standstill in case
of such a failure, rather than that a
failure should run the motor to one
extreme or the other.

The d-c¢ field voltage can be sup-
plied from a d-c line or by means of a
small rectifier as field requirements
of shunt wound % or 4 hp motors are
not large. The a-c voltage supplied
to the circuit should be twice the
rated voltage of the motor since due
to the half wave rectification only
45 per cent of the voltage is effective.
The voltage rating of the motor must
also be high enough to limit the cur-
rent requirements to the tube ratings
if 3 hp motors are used. A 1 hp
motor rated at 120 volts d-c can be
nicely operated from an a-c circuit of
220 volts with FG-33 tubes.

In the circuit of Fig. 1, the con-
tacts at X are both shown normally
open, and the tubes non-conducting.
A very interesting result is obtained
if these contacts are adjusted to be
normally closed, that is both tubes
normally conducting. In this state,
the motor will be at a standstill since
full wave a-c¢ will be flowing through
the armature and the inertia of the
rotor is too great to allow any oscil-
lation due to the successively re-
versed torques applied. If one con-
tact at X is opened, one thyratron
will stop conducting, only pulsating
d-c will be applied to the motor and
the motor will rotate in a direction

Fig. 2—Motor reversal and speed
control of d-c motors are possible
with this circuit

determined by the closed contact.
Now if the opened contact is closed,
the motor will be plugged or almost
instantaneously stopped due to con-
nection of the armature across the
a-c circuit. The plugging action ob-
tained is as good as is normally ob-
tained in conventional circuits.

To avoid heating of the motor
armature by the alternating current
flow during standstill periods, the
choke coil CH is used in series with
the motor. This is made with a
closed core and should have sufficient
inductance, usually a henry or so,
that the standstill alternating cur-
rent will be limited so as not to heat
the motor seriously. When one con-
tact X is opened and the motor ro-
tates on the resulting pulsating d-c
the core of the choke being without
an airgap quickly saturates and has
no effect on operation other than to
produce a small voltage drop.

Life tests of a 1 hp motor and
FG-33 tubes were run to over 5,000,-
000 reversals without failures except
for brush replacements on the motor
which are to be expected in any re-
versing and plugging service. The
transient currents existing at the
instant of motor stoppage are con-
siderably limited by the choke and
do not appear to have any bad effects
either to motor or thyratrons.

This circuit has lead to consider-
able simplification in applications
where accurate stopping of motors
is of importance, since starting and
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plugging of the motor is handled by
opening and closing a single grid
circuit contact, with only very small
currents on the contacts. No com-
plicated switching is required, open-
ing a contact starts the motor and
closing of the same small contacts
plugs the motor to a standstill.

Operation by Phase Shift

Figure 2 illustrates an adapta-
tion of this circuit to provide rota-
tion in either direction with control
of motor speed. S may be any vari-
able inductance, such as a standard
movable core solenoid, or a clapper
type solenoid. This solenoid produces
a phase shift of thyratron grid volt-
age sufficient to stop conduction in
the thyratron. The contacts X oper-
ate as before and then by decreasing
the inductance of S by moving the
core from the maximum inductance

o
1 S
3
-
o
+
o
=

I 14 12 1%
Movement of Solenoid Core — Inches

Fig. 3—Speed curves obtained with
movable core solenoid and grid
resistances shown in Fig. 2

position, the grid voltage is brought
more in phase with the plate voltage
to allow the thyratron to conduct
over longer periods and the speed of
the motor may be brought up grad-
ually and held at any point by lock-
ing the core in position. Adjustment
of the grid resistance R varies the
speed range obtainable with any par-
ticular solenoid S. Figure 8 shows
typical speed curves obtained with
a movable core solenoid and several
grid resistances R. Considerable
speed range is shown by these curves
as well as the variation in solenoid
operating position by changes in re-
sistance R.

At times it is not feasible to have
the controlling devices provide torque
enough to move a solenoid core in
which case Fig. 4 using a phototube
is of particular interest. The cir-
cuit is essentially that of Fig. 2 ex-
cept that the value of the inductance

S is controlled by the light intensity
striking a photocell. Once the di-
rection of rotation is selected by
switch X, and this may be a switch
requiring a very small torque, then
the motor speed is controlled by the
amount of light reaching the photo-
cell. S is now a small medium-ratio
transformer having low primary
magnetizing current, similar in char-
acteristics and design to some previ-
ously deseribed. When the contact
at X 1is closed and there is no light
on the phototube only the magnetiz-
ing current of the transformer flows
through the primary winding, induc-
ing a secondary voltage which serves
as a plate voltage for the vacuum
tube 7. The primary inductance
of the transformer is great enough
to provide sufficient grid voltage
phase shift to prevent conduction of
a thyratron and no motor rotation
or to cause only a very slow rota-
tion, dependent on the value of the
associated resistance K. As more
light reaches the phototube, the tube
T starts to conduct, drawing cur-
rent through the transformer S, re-
ducing the effective primary imped-
ance and inductance and changing
the phase of the voltage supplied
to the thyratron grid, allowing the
thyratron to pass more current and

Fig. 4—Use of phototube to control
value of inductance for speed con-
trol using circuit of Fig. 2

bringing up the motor to full speed.

Figure 5 curve A shows the rela-
tion obtained between motor speed
and position of a vane being rotated
in a beam of light, to allow more or
less light to reach the phototube.
This curve is linear over only a
portion of the vane travel and is
therefore not satisfactory for some
applications. However, by proper
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shaping of the opening through which
the light passes to the phototube,
thereby changing the light vs. motion
of vane characteristics, it is pos-
sible to smooth out curve A to that
of curve B, which is quile desirably
linear, or to any other desired curve.
The same flexibility can be obtained
to some extent by shaping of the
core used in the solenoid of Fig.

1t is of importance only where some
definite relationship is desired be-
tween the device producing the mo-
tion of the solenoid core or the vane
or mirror, and the speed of the mo-
tor, as controlled by the thyratron
current.

By duplicating the vacuum tube,
transformer and phototube arrange-
ment, and connecting the transformer
primaries in place of the contacts.
the contacts X can be eliminated and
variable speed motor rotation secured
in either direction as a funection of
the differential intensity of light on
the two photocells. By adjustment
of resistors R, it is possible to secure
very smooth transfer of rotation
from one direction to another and
with uniform speed characteristics in
each direction.

These circuits have all been used
in automatic control equipment and
have been found to be very adaptable

0 002 004 006 008-0I0 0J2 04 06 018 020
“"Relative Movement of Vane

Fig. 5—Relation between motor
speed and position of vane inter-
rupting light beam

to special applications. The number
of parts used is just about reduced
to a minimum and the cost is low.
Using standard % hp and # hp mo-
tors reasonable tube and motor life
has been secured combined with ex-
treme simplicity of operation.

1 Electronic Control of Small A.C. Motors,
J. D. Ryder—A\pril, 1936—FElectronics
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Thermionic Emission in

Transmitting Tubes

on

Oporating
Ronge

Activat

“PER CENT OF
1 FILAMENT SURFACE -
COVERED WITH
ORIU

2000 2500 - 3000 3500
Deg. K

1000 1500

Fig. 1—Graphical plot showing re-
lation between temperature and
emission of a thoriated tungsten
filament, together with the percent-
age of surface covered by thorium

O THE general user of vacuum

tubes of the receiving type, the
emission life of a tube is not usually
an important factor, as this class of
tubes is generously supplied with the
requisites for long emission life and
the ratings are quite conservative.
Even in those few cases, where con-
tinuity of operation is imperative and
assumes a vital, economic aspect, the
replacement of tubes after a life
period known to be conservative, is
the logical economic solution. How-
ever, consumers of transmitting
tubes have a prime interest in emis-
sion life because of the cost involved.
If a very small broadcast station ob-
tained only the guaranteed life on
its tube investment, the tube cost
would be the equivalent of buying a
pack of cigarettes every operating
hour. It is safe to say that this
would put a crimp in the majority of
personal budgets. On the other hand,
when this same station obtains 4000
to 8000 hrs. tube life by observation
of a few rules, the above figure then
becomes the more nominal one of
two or even one pack a day.

The manufacturers of this type
of tube are of necessity interested
in a quality product for this is their
main sales argument. Further, one
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of the biggest bulk consumers of
their product is the U. S. Govern-
ment who are extremely explicit
about what they consider a good
tube.

Therefore it is safe to assume that
the real meaning behind that 1000
hr. guarantee is to protect the con-
sumer from those few duds that may
go wrong due to no lack of engineer-
ing foresight. Moreover, one should
safely assume that he has bought
3000 hrs. of useful tube life, and
with care, perchance three to four
times that figure.

Now in this class of tubes, we are
interested primarily in thoriated
tungsten filament emission, second-
arily in oxide-coated filaments in

their application in mercury-vapor
rectifiers and perhaps thirdly in pure
tungsten emission as found in water-
However, there are two

cooled tubes.

other forms of emission which have
an important bearing on the filament
emission, namely the primary and
secondary emission from the other
elements of the tube and especially
the grid.

In the case of pure tungsten emis-
sion, this is the simplest example of
emission, i.e., from a pure uncontam-
inated hot metal surface. These fila-
ments may be operated at or near
their saturation or total emission
current without harm to the filament
or its life. Indeed, it is permissible
to lower the filament voltage and
therefore temperature if the tube is
being operated under such conditions
as do not require the full available
emission. This reduction in filament
temperature increases the useful life
several fold. Also, little harm can
come to the filament or its emission
during operation with the exception

Fig. 2—Cross sectional diagram of carburized thoriated fungsten fila-

ment which has been partly decarburized.

Magnification, approxi-

mately 300X
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Fig. 3—Characteristics of suitable
anode materials for electron power
tubes

of a gaseous discharge. In severe
cases such a discharge may pit the
filament causing a local decrease in
cross-section and resulting in a hot
spot and ultimate burn out at this
point before the useful life of the
tube has been attained. However,
small amounts of gas in these tubes
have slight or no effect on emission
and are quickly cleaned up.

In the case of thoriated tungsten
emission we have a much more deli-
cate mechanism of emission. In the
first place, we must keep to a mini-
mum the evaporation of the thorium
from the hot tungsten filament and
maintain, ag nearly as possible, a uni-
form and complete coverage of the
filament surface by the thorium. Sec-
ondly, we must operate the filament
at a sufficiently high temperature to
generate new thorium atoms to re-
place those lost by evaporation or
ionic (gaseous) bombardment. The
relation between temperature and
emission of a thoriated tungsten fila-
ment together with the percentage
coverage of the surface of the fila-
ment by thorium, is shown very com-
pletely in Fig. 1. The top curve
represents the emission curve of a
tungsten filament completely covered
with thorium while the bottom curve
represents pure tungsten and con-
necting the two is the emission of
thorium coverages of various percen-
tages. It is interesting to note that
a pure thorium wire assumes an in-
termediate position between the two.’

After being mounted in its struc-
ture, the filament is carburized by

heating it in an atmosphere of acet-
vlene or benzene at reduced or at-
mospheric pressures. The carbon
from these compounds combines
chemically with the tungsten to pro-
duce tungsten carbide, W.C. We now
have a new surface of carbide rather
than tungsten on the filament. This
carbide layer has the very desirable
property of retarding the evapora-
tion of thorium by a factor of at least
gix-fold and also chemically aiding
in the regeneration of the thorium
supply. This layer might well be
called the priceless ingredient, for
when it has disappeared, so has the
life of the tube. The simplest meas-
ure of its presence is the filament
current at rated voltage for when
this has increased 29, one may as-
sume that about 609 of its useful
life has been reached, and at 49;, the

worked crystals are on the surface,
this part becomes decarburized first
especially at the hot center portions
of the filament, and this new tung-
sten surface permits increased evap-
oration of thorium though seemingly
not to the high degree that the orig-
inal uncarburized tungsten surface
would have permitted it. In Fig. 2
there is shown a cross-section of a
carburized thoriated tungsten fila-
ment which thru misuse was partially
decarburized. This is shown in the
photomicrograph as the outer ring of
finely crystallized pure tungsten, and
inside this ring are the ecrystals of
carbide which are still remaining.
The original structure of the wire is
gshown as the main or inner part of
the figure.

For these reasons, the thoriated
filament is always rated at about half

TABLE I—Plate Materials
|
| MOLYB-
| GRAPHITE DENUM TANTALUM
Melting-Point °K ... ....... ... .. .. | 3947+ 2893 3123
Temperature of Operation Average °K.| 600 750 900
Ease of Fabrication.............. ... | Medium Difficult Readily
Cost of Finished Anode.......... | Lowest High As high or
| slightly higher
Thermal Radiation Constant at 900 °K| ‘
in 0o Efficiency. .. .............. 94 8.3 8.8
Rigidity — Maintenance of Inter- |
electrode Spacing................| Excellent | Both good depending on
' degree of reinforcement
Tendency to warp with heat due to — = -
crystal strains.. .. ... ... ... .. .. il None Slight Little if any
Ease of Legasification ............ Difficult | Hard | Slightly harder
Temperature of Degasification °K. . . .. 1050 | 1200-1500 2000-2600
Gettering Action. ... ........... ... Possibly some None Fairly good
Vapor Pressure at a given temperature. | Very low or nil |  Medium Low
* Temperature of Sublimation.
1 Attempted weighted averages which take into account the requirements of equip-
ment, time and skill.

life expectancy is but an additional
109,.

Now while this carbide layer has
given us some very beneficial results,
it has difficulties of a minor impor-
tance of its own. First of all as it
chemically reacts with the thorium
oxide, it is naturally consumed by
this process. Further, due to differ-
ent orientations of its crystals in the
surface layer of the filament, some
of these crystals are more active than
others. The result is that these spe-
cific crystals are overworked to pro-
duce thorium for their neighbors and
are reduced to pure tungsten crystals
sooner. Lastly, as the most over-

" 1Bruche & Mahl—Zeit. f. Tech. Phys. 17
(1936), 8, p. 81
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its saturated emission value, and
while it may be possible to carry a
peak current above its rated plate
value, it is not wise and may be disas-
trous to do so. Also, it is very cri-
tical of its operating temperature so
that it 1s necessary to maintain the
filament voltage at the rated voltage,
otherwise the emission that you
should expect to have available, will
not be there. It might be mentioned
that as this thorium layer rarely as-
sumes a thickness of more than one
molecule, the removal of those mole-
cules is synonymous with the remov-
al of emission. Thus while the rate
of diffusion of the thorium to and
over the surface of the filament is

23



rapid, it is not instantaneous. In
summary, this extremely thin film
emitting material is subject to the
attacks of evaporation, ionic bom-
bardment and even occasionally chem-
ical attack on itself or rather on its
subsurface.

With regard to oxide-coated fila-
ments, particularly in mereury-vapor
rectitiers, the barium metal film is
the electron-emitting agent. This
metal film is diffused thru the oxide
coating and thus is not as vulnerable
nor as sensitive to attack as the
thorium layer. Nevertheless, it is
susceptible to the same destructive
forces and the maintenance of its fila-
ment voltage and therefore tempera-
ture is a matter of importance. Sim-
ilarly, it is rated at less than 509,
of its saturation current, and is thus
capable of emitting much larger cur-
rents. However, if the emission is
not there at the instant, and the volt-
age drop across the tube increases us
a resulf, there is sure to be some gas
available and ready to be ionized,
which will result in the ‘“hen-feet”
marks that may be seen on these fila-
ments. One other item of importance
as regards filament temperature
maintenance, is that most of these
filaments are made with an alloy con-
taining an element such as titanium,
aluminum, silicon, etc. The purpose
of this additional element (amount-
ing usually to less than 19, and in
some cases less than 0.059) is to
ald chemically in the formation of
metallic barium. Now this percen-
tage and the temperature of the fila-
ment are so regulated by the manu-
facturer, that a normal supply of
barium is available in the filament
and the evaporation of this element
is not excessive.

In passing it is interesting to note
that while the thermionic etliciencies
of these emitters in millamperes plate
current per watt of filament heating
energy is 4 maximum for the oxide
emitter, the applied plate voltage
may actually reverse the order. Thus
oxide emitters are limited to appli-
cations where the forward or positive
peak voltage is less than 1000 volts
because above this figure, it is neces-
sary to decrease the maximum plate
current and therefore the efficiency,
in order to maintain an electron
space charge adjacent to the filament
which will be sufficient to neutralize
any ions that may be formed and
thus protect the emitting surface.
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Likewise the thoriated tungsten
emitter, though more resistant than
the former, is limited to voltages of
less than 4000 volts, and above this
figure the practical thermionic effi-
ciency shows that the pure tungsten
emitter is not only more satisfactory
but more efficient. Thus each emit-
ter has a definite range of applica-
tions of its own.

There is one other important part
of the tube from which emission
plays an important part, and that is
the grid or grids. Of course, in this
case, the emission is not desirable
but nevertheless, it tends to be en-
tirely too prominent. In fact, it may
be safely said that the problem of
grid emission is secondary only to
gas as a manufacturing problem and

TABLE II
Amplifier Typical Max.
Operation Value of = Value of
I{Ik '(Ic 'pk 'dc
Class B-AF or
Unmodulated 3.14 3.14
RF
Class B-RF
Modulated 6.28 6.28
100%
Class C-RF 5 .
Unmodulated
Class C-RF
Modulated 8 5
100%

Relations between Peak and Direct Plate
Current for Various Classes of Tube
Operation
* Refer to Fig. 2, showing lpx/lac
versus Operating Angle

indeed it may not even be second.
There are two forms of this emis-
sion known as primary and secondary
emission. The former is quite sim-
ilar in action to that of thoriated
tungsten emission as it is essentially
due to films of electron-emitting
metals (as thorium, barium, alkalies,
ete. from the filament, getter, ete.)
being deposited on the grid wires.
Further, the emission increases with
temperature, and is subject to de-
struction by ionic bombardment and
evaporation. It should be remem-
bered that the temperature of the
grid under operating conditions ap-
proaches that of the plate. Thus if
we are running a molybdenum plate
tube at a dull red, the grid is almost
as hot, and may indeed be hotter

than the cathode of some of the 2
volt line of receiving tubes.

The other variety of grid emission,
namely secondary emission, is caused
by the grid surface becoming sensi-
tized, usually by the formation of
oxides, which are capable of emitting
electrons when bombarded by elec-
trons and in extreme cases as many
as ten electrons may be emitted for
every bombarding one though usu-
ally the ratio is in the reverse order.
The electron multiplier is a practical
application of this effect. Tempera-
ture has little or no effect on the
emission efficiency of the surface ex-
cept by changing its constitution.
The most important factor is the
energy of the impinging electrons,
the emission increasing as this en-
ergy increases from about 10 volts to
a maximum at about 500 volts.

Of course, secondary emission is a
characteristic of even pure metal sur-
faces although it is amplified by
sensitizing the surface with gas and
evaporated metals. Further, the ef-
fect apparently decreases with in-
crease in atomic number, thus tanta-
lum proves better than molybdenum.?

In both of these cases of grid emis-
sion, the cause is contamination of
the grid surface by evaporated metal
and gases. The supplier furnishes
a tube in which both of these effects
together with the gas current is only
4 few microamperes with the tube
operating at higher than normal
plate dissipation. He has accomp-
lished this by bombardment of the
grid at the end of his exhaust treat-
ment, followed by proper seasoning
treatment. However, while he has
eliminated the effect, he cannot elim-
inate the possibility of these condi-
tions appearing again, as all that is
required is some evaporated metal
and some gas. The origin of the
former has been mentioned.

In addition, it may be mentioned
that in high-power and multigrid
tubes, the effect of secondary emis-
sion is ever present and even neces-
sary and must be taken into account
in the manufacture and utilization
of these tubes.

Every part of a vacuum tube is a
potential source of gas. This should
not be understood as a theoretical
or even a hypothetical statement.
The filament is a constant producer
of gas by the chemical reaction of

2 R. Warneke—J. de Physique, No. 6, 1936,
p. 270.
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thorium oxide and tungsten carbide.
The grid, perhaps the least offender,
is rather difficult to raise to a suffi-
ciently high temperature to insure
proper degasification due to its small
wire size. The plate, no matter what
material, cannot be degasified suffi-
ciently so that an excessive peak
will not free some gas. The insulat-
ing supports, and the glass envelope
itself due to electron bombardment
and high-frequency losses may evolve
gas very readily as local heating sets
in and may readily heat the part to a
higher temperature than it has ever
reached since it has been in vacuum.
This is especially so i1f secondary
emisgion sets in at the same time.
This gas, when evolved, attacks the
filament to decrease emission, and
the grid to increase its forms of
emission.

Naturally, the plate is the most po-
tential source of gas. For materials
of construction, the manufacturer is
limited to (a) carbonized or oxidized
nickel, (b) graphite, (¢) molybdenum
or (d) tantalum. These materials
are arranged in the order of decreas-
ing potential gas content and their
thermal emissivities are shown in
Fig. 3. With the exception of nickel,
which is limited to low power tubes
due to its melting point, these ma-
terials are interchangeable in their
use as anode materials. However,
each has its merits and demerits as
shown in Table I.

In the use of these various mate-
rials, it should be remembered that
while a graphite plate cannot be
harmed by peaks or over-wattage,
there may be a molybdenum grid
inside it which is more susceptible,
and vulnerable. On the other hand,
due to its high thermal emissivity,
instantaneous peaks are easily dissi-
pated and only continued operation
above ratings will permit the tem-
perature of the elements to reach a
harmful point. Color in the plate
is a definite indication of over-watt-
age, except in some high-power, air-
cooled tubes in which the manufac-
turer has definitely designed the
tube to operate with color-tempera-
ture on the plate. In any case, when
the plates show color, it is an indica-
tion that the limit is being ap-
proached and circuit constants should
be checked if it is not definitely
known that the tube is designed to
operate with temperatures high
enough to show color.

Molybdenum plates are and may

be operated at color temperature
without harm but the plate may be
harmed by high peaks as a change
in crystal structure may cause warp-
ing. To date the tantalum plate,
due to its cost, is confined to use in
tubes of low interelectrode capacity
which usually means large interelec-
trode spacings and therefore grid
temperature is considerably under
plate temperature. Because of its
high melting-point, tantalum is very
rarely harmed by hot-spots or over
temperature. Tantalum also has an
active gettering action up to per-
haps 1000° C but above this tem-
perature, it begins to liberate this
absorbed gas, slowly but surely. The
high temperature of degasification
given in the table is an indication of

0 120
Eiectrical Degrees (©)

Fig. 4—Relation between peak and

averaged d-c components of plate

current for Class B or Class C
operation

this fact. On the other hand, the
author has observed a tantalum plate
tube on test showing more than one
milliampere of gas current; ten sec-
onds later, this was reduced to sev-
eral microamperes.

Operating Factors Affecting Emission

1. Filament voltage.

As voltage and temperature of op-
eration of the filament are practi-
cally synonymous terms, the filament
voltage should be maintained at its
proper value. Voltage fluctuations, if
not prolonged, have no effect on oper-
ation. Where the tube is operated
under ratings, the filament tempera-
ture might be below normal but in
no case is it desirable to operate
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the filament more than one or two
per cent above its rated voltage.

2. Maximum D-C Plate Current.

The maximum d-c¢ plate current is
a limit established by the manufac-
turer to insure that the filament will
have available at all times an emis-
sion sufficient to provide the peak
currents required by the particular
operation. This is especially true in
the case of thoriated tungsten and
oxide-coated filaments. A glance at
Table 11 shows the relation between
d-c and peak values of plate current.
This relationship depends upon the
operating angle (usually expressed in
electrical degrees) or portion of the
cycle during which plate current
flows. In Class B service, the angle
is fixed for all cases at approximately
180 electrical degrees but in Class C
operation, it may vary from this
value to only a few degrees in width.
The curve in Fig. 4 shows the rela-
tion between peak conducted current
and average d-c plate current for
reference in analysis in Class B or
C tube applications.

3. Maximum Plate Dissipation.

The maximum permissible operat-
ing temperature of the plate and
other elements determines the maxi-
mum plate power dissipation. In cal-
culating the value for a given condi-
tion, due consideration of the peak
current and voltage values should be
taken into account.

4. Maximum Plate Voltage.

This factor has little to do with
the emissions in the tube except that
it is a factor in plate dissipation.
It is, however, a limit imposed by
the design and the insulation of the
tube. It might be well to mention
that in multi-grid tubes, the peak
voltage of the screen grid has much
to do with its secondary emission
characteristics.

5. Maximum D-C Grid Current.
The maximum d-c grid current es-
tablishes a limit on the grid dissipa-
tion, for grids are designed mainly
from the point of view of the elec-
trostatic fields they will produce and
not as thermal radiators. The pos-
sibility of radiating any heat, ex-
cept up or down, is nil, as the grid
is necessarily interposed between
the very hot filament and a plate
which may be almost as hot. In this
connection, therefore it must be re-
(Continued on page 32)
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Fig. 2—Tanks partially disassembled
I D« 10 ecm D: 13 om f 1.
II D« 58 cm Dr 9.75 cm f 1

Fig. 1—A single tube spherical tank
oscillator

By H. E. HOLLMAN

Berlin, Germany

HE axially symmetrical tank cir-
cuit developed by Kolster is one
of the outstanding methods of obtain-
ing both a high Q resonant cireuit and
a suitable impedance match with the
internal resistance of an oscillator
tube even at ultra high frequencies.
This tank circuit, the Kolster toroid’,
consists of two flanged metallic shells
mounted on a common axial tube.
The tube and the two shells provide
the inductance while the spaced
flanges form the tapacitance. It has
been shown that the high Q is due
less to the L/C ratio than to the
extraordinarily low damping resist-
ance provided by the large metallic
surfaces of the tube and the flanged
shells. In addition, such tank cir-
cuits show a high degree of frequency
stability because the thermal expan-
sion of the tube which tends to sep-
arate the flanges is partially neutral-
ized by the expansion of the shells.
Besides these advantages over
other resonance systems, a third fa-
vorable property of this tank circuit
is worthy of mention, namely the
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SPHERICAL TANK

possibility of exciting it with a large
number of tubes distributed around
its circumference; in this way many
tubes can be operated in parallel
without requiring special connecting
leads. This paper is devoted to a
consideration of the practical con-
struction of such multi-tube oscilla-
tors.

A spherical tank, that is, a tank
circuit of the Kolster type with hemi-
spherical metallic shells, will be con-
sidered first, and from this the multi-
tube oscillators will be developed.
In Fig. 1 the oscillatory system con-
sists of an axial metallic tube R’R”
of diameter d on which are mounted
two hemispherical shells S’ and S”
of diameter D,. Both shells are pro-
vided with equatorial capacity flanges
F’” and F” of inner diameters D, and
of outside diameters of D;. The
flanges are separated by a distance
a which can be adjusted by moving
the shells on the central tube. The
oscillating condition of the circuit
is such that a potential node and a
current anti-node are formed in the
center while potential anti-nodes are
formed on the flanges. These are
consequently connected to grid and
anode of the exciting tube R which
excites the spherical tank as a sim-
ple Hartley circuit. To separate the
grid and anode potentials, the axial
tube has two central flanges F’; and
F”; between which is placed a sheet
of mica. The anode potential is con-

Fig. 3a—Single tube transmitter
with RCA 834

nected to R’ through choke D, while
the grid is connected to R” through
choke D,y and high resistance W. Fig-
ure 2 is a photograph of several such
spherical tanks while Figs. 3a and
3b show two practical constructions
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Fig. 3b—Single tube transmitter using an
RCA 935 Acorn tube

Fig. 4—Schematic circuit with two
internally mounted tubes

of single tube transmitters. The
larger transmitter is equipped with
an RCA 834 and has a power output
of about 25 watts at 1.5 meters. The
smaller spherical tank oscillator is
excited by an acorn tube (RCA 955)
in the region of 75-85 cms. An ex-
tension of the grid side of the central
tube provides an antenna.

When the separation of the flanges
a is sufficiently small compared to the
sphere diameter Dy, the wave length
may be calculated from the following
formula.?

J}\cm = 5.7 Dk

0.0625 Dzk‘/ (ﬁa_—l) 4055 Dy + G

where f denotes the ratio of flange
to sphere diameter, i.e., f= D;/D:

Fig. 5—Transmitter with three internal Acorn tubes. Above, (a)
the internal arrangement. Right, (b) the external view

and C, represents the tube capacity.
For wide flanges having very small
separation, resulting in a large flange
capacitance, the last two terms un-
der the root can be neglected and the
formula simplified to

N = 1.425 Dzk‘/'f —1)

a

Experiment has shown that the
greatest part of the tank inductance
is in the axial tube. Consequently,
to obtain the shortest possible wave
lengths, without making the sphere
dimensions excessively small, the use
of a short central tube with spher-
ical segments may be advantageously
employed under certain circum-
stances.
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In the excitation of an u.h.f. cir-
cuit, difficulty is usually encountered
in making the cathode potential the
same as that of the nodal point, i.e.,
to ground the cathode to r.f. because
the inductance of a connecting lead
cannot be neglected at these fre-
quencies. Of course r-f chokes can
be inserted or by-pass condensers em-
ployed. However, it is very difficult
to wind a choke suitable for a wide
frequency band in this region. More-
over, by-pass condensers are effective
only when the potentials being by-
passed lie between two points closely
gpaced, otherwise the inductance of
the connecting leads becomes appre-
ciable,.

Of special interest, therefore, is
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Fig. 6 Schematic circuit of oscil-
lator with external tube

7--Spherical tank transmitter
with 6 external tubes

Fig.

8—Push-pull oscillator
RCA 834 tubes

Fig. using
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the possibility of connecting the tube
electrodes directly to the optimum
points of the tank circuit and thus
eliminating all special h-f leads. This
may be achieved by mounting the
tube inside of the sphere. Grid and
anode then may be connected directly
to the potential antinodes and the
cathode to the node point. This is
shown schematically in Fig. 4. Two
additional insulated flanges F”. and
F’;; are provided in the central block-
ing condenser, which are connected
to the heating battery. The filament
leads are connected directly to these
while the grid and anode leads are
tied directly to the external flanges.
Acorn tubes are particularly suited
to this construction not only because
of their small overall dimensions but
also by virtue of the favorable dispo-
sition of the leads. Since it is en-
tirely immaterial at which point of
the circumference the tube is con-
nected, the possibility arises of using
several tubes, indeed as many as can
be fitted into the tank and thus to
operate the tubes in parallel with a
minimum of connecting leads. Fig-
ure ba shows the construction of such
an oscillator with three internally
mounted across tubes in a sphere 10
c¢m in diameter having a wavelength
of around two meters and Fig. 5b
shows the completed transmitter. The
grids are connected to the screws
S’S” which pass through correspond-
ing holes in the flange of the upper
hemisphere, thus permitting the re-
moval of the latter for inserting or
replacing of tubes., The axial tube is
extended upwards as an antenna
wire.

Internal mounting, of course, is
only possible with sufficiently large
spheres, and therefore at relatively
long waves or with correspondingly
small tubes, which means low power.
These limitations can be overcome
with external excitation, several
tubes being distributed uniformly
around the circumference. For this
purpose the central sheets F'; and
F”, of Fig. 4 are extended beyond
the flanges and thus one or several
tubes can be externally mounted as
shown in Fig. 6.

All of the described circuits with
one or more tubes, whether inter-
nally or externally mounted, have the
disadvantage of being highly unsym-
metrical because one hemisphere is
loaded by the grid-anode capacity
while the other is loaded by the anode
capacity. The ditference in magni-

tude between the capacities causes
the potential node to be displaced
from the center towards the anode
side. This is also checked by the
fact that the r-f potential is greatest
on the grid side because an antenna
connected to it gives the best effi-
ciency. Two methods of obtaining
circuit symmetry, ie., to excite the
circuit so that the energy is equally
distributed between the two hemi-
spheres, are first to equalize the tube
capacities by additional condensers
in parallel and secondly by push-pull
operation of two tubes or groups of
tubes. The first method may be ac-
complished by suitably adjusting the
central extended flange separations
a’ and o” (Fig. 6) to equalize the
anode-cathode and the anode-grid ca-
pacities.

While circuit symmetry must be
attained by special adjustment in this
arrangement, the push-pull operation
of two or more tubes provides inher-
ent circuit symmetry. By connecting
each flange to the grid of a tube or
group of tubes and simultaneously
to the anodes of the other tubes or
groups of tubes, each hemisphere is
loaded with the same total capacity.
Naturally, grid and anode potentials
must be separated,, but stopping con-
densers may readily be incorporated
with the external flange.

If both of the flanges are connected
to the grids of the tube groups, the
entire sphere is at grid potential and
the axial stopping condenser becomes
unnecessary. In this arrangement,
the tubes are push-pull operated, in
contrast to the parallel operation in
all the previous circuits. A sym-
metrical transmitter of this type
equipped with two RCA 834 tubes is
shown in Fig. 8 This photograph
also shows a Lecher wire system con-
nected to the axial tube. If need be,
the Lecher wires can be coupled
through small variable condensers.
Spherical segment shells placed over
the spheres may be employed to pro-
vide such coupling condensers.

In conclusion it may be mentioned
that the described circuits may ad-
vantageously be utilized also for
multi-tube transmitters with “re-
tarding-field tubes” and magnetrons.

1 Kolster, F. A.—Proe¢. Inst. Radio Engi-
neers—22, p. 1335, 1934

2 Hochfreq. w. Blektroak. Vol. 50, .. 109
Oct. 1937.
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RELAY CONTACTS ....their ailments

HE increasing attention being

given to relavs in electronics
prompts the writer to offer points
concerning telephone and moving coil
relays, the results of experiences
over thirty years.

Contacts are the most vital part of
relays. Their performance depends
upon the material used, the shape,
pressure, voltage, current, atmos-
pheric and circuit conditions, main-
tenance methods.

Of primary interest is the pressure
of a contact-—or rather, two pres-
sures, mechanical and electrical. A
deficiency in one can be compensated
by an increase in the other. The
pressure serves mainly to penetrate
film upon the contaet surface and is
also used to prevent microphonic ac-
tion (chattering) and to adjust the
relay.

Metals will form films due to chem-
ical combination with gas (oxygen
in the air being most common), but
with the usual “contact metals” such
films are easily- penetrated by low
voltages, under two. Platinum is out-
standingly superior for minimum
film formation, and is followed by
gold and silver. Poor metals such as
brass, tungsten, phosphor-bronze and
as an extreme, lead, require higher
voltages or mechanical pressure for
penetration.

Films of the greatest seriousness
are formed by deposits of grease
from the atmosphere and by handling
the contacts with files or in other
manners. It may be said that over
90 per cent of contact troubles are
due to grease. The metal used be-
comes a minor matter in view of the
comparatively high pressure (elec-
trical or mechanical) required to
penetrate the grease.

Carbon is the next in order of con-
tact surface troubles. It is the resi-
due of burnt air and grease and
forms in small rings about the actual
point of contact, building up until the
rings hold the contacts open. It is
very instructive to examine contacts
under a microscope of twenty or so
diameters. A good contact pressure
will aid in erushing the rings, keep-
ing the contact usable.

RELAYS go hand
in hand with the vacuum
tube in the application of
electronics to industrial or
other control problems.
Relay contacts are, at
times, temperamental,

they must be treated with

respect lest they rebel

By A. W. CLEMENT

Chicago, 111

Another surface condition is that
of ‘“cone and cratering”, where the
metal of one contact is transferred
over to the other, leaving a hole or
crater in one and a point or cone
upon the other. The crater event-
ually clogs with carbon and is diffi-
cult to clean out. In some cases, with
springs of light tension (10 grams or
so0) the cones can stick in the craters
preventing natural opening. Oc-
casional reversal of current will pre-
vent this surface trouble. In some
telephone plants using vibrator ring-
ing generators clocks have been in-
stalled to reverse the driving current
every half-hour: daily or more fre-
quent contact cleaning became a mat-
ter of once a week or more.

Again, there is damage caused by
the contact of two different metals
due to the “‘contact potentials” of the
particular metals used. This also
forms a cone and crater effect. Dif-
ferent metals should never be used.
A number of years ago a large num-
ber of strips of break-jacks were re-
placed throughout the country by a
manufacturer whose assembly de-
partment had slipped up and used
platinum and silver in the opposed
springs.

For telephone relays the contact
mechanical pressures may be rated as
medium when between 20 and 40
grams. When under 15 grams they
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tend to be “microphonic”, easily dis-
turbed by jars from adjacent relays,
ete. At low pressures they might also
“gsizzle’” when currents of a few hun-
dred milliamperes are passed.

Moving coil relays have almost zero
mechanical pressure but they operate
with reasonably high voltages and
are almost always associated with
telephone relays so the microphonic
and sizzling effects are less disturb-
ing.

Voltage pressures used with med-
jum mechanical pressures and aver-
age “contact metals” ought to be over
20 volts for ordinary operations but
for rapid and frequent use 40 or more
volts is highly desirable. Manual tele-
phone plants use 22 volts (called 24)
where simple relay operations are in-
volved, but automatic plants have
used 48 volts for years.

Average good contact metals re-
quire only a couple of volts to pene-
trate their natural films or tarnish
but grease will soon appear and de-
mand the higher voltages mentioned,
so actually the kind of metal used is
a minor matter if it is not subject
to heavy tarnish. Phosphor-bronze,
for example, is a poor metal that
needs about 28 volts to penetrate its
tarnish (with almost zero mechanical
pressure), though with over 32 volts
or so it serves very well, with medium
mechanical pressures. Tungsten is
another poor metal, worked best with
around 50 volts for medium pres-
sures, though at high pressures, 100
grams or more, it can operate with
only 3 volts or so.

What of Contact Shapes?

And now for contact shapes. They
should be ball-faced and as small as
practical alignment and reserve ma-
terial for wear permits. Large con-
tacts will not carry more current
than small ones.

Two plane surfaces free to align
with each other can only touch at
three points unless there is sufficient
pressure to distort the surfaces. If
the surfaces are not free for align-
ment then they can touch at only one
point—one molecule. Practical pres-
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sures encountered actually erush the
molecules out of position slightly so
several will be in contact, but this is
still only a microscopic portion of the
entire contaect face. Therefore a ball
contact can function as well as a flat
one so far as the amount of metal in
contact is concerned, the maximum
current capacity being about one
amp. at medium pressures: more cur-
rent can be carried, at greatly less
reliability, up to about two amps.
Moving coil relays can carry about
.25 amp. a8 a maximum and .10 amp.
is safer.

The chance for dust to lodge be-
tween contacts is far greater for flat
than for ball faces: also, a greater
area of film is presented requiring
more mechanical pressure for punec-
ture.

Some contact pairs consist of a
point and a flat: this type only half-
way approaches the ideal with a dis-
advantage that craters develop in
the flats.

Smooth, polished contuacts are poor,
there being less points to pierce the
grease film and actually effect con-
tact. A rough contact is essentially
a multiple contact by virtue of the
greater number of points crushed to-
gether. As a test, two sheets were
chromium plated: one was highly
polished, the other left with its na-
tural granular surface. With about
5 grams pressure a blunt pointed
copper contact upon the sheets
showed the polished plate as having
eight times the contact resistance
of the granular plate.

Vertical or Horizontal Contacts?

The writer believes this to be im-
material. Theoretically, normally
closed vertical contacts can form a
rest for floating dust which might
settle between the contacts when they
open preventing their closing when
released. With horizontal contacts
the upper spring would catch the
dust, sprinkling it over the sides by
vibration as the relay operates. How-
ever, Brownian movements shoot
dust in all directions and potential
differences make attractive traps re-
gardless of position. It is a different
case with stepping switch bank con-
tacts where the horizontal types are
markedly worse.

Freely floating dust is of no con-
gequence in relays. Blowers or vac-
uum cleaners are positively ruinous,
forcing large chunks of dirt into con-
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tacts they could never reach by nat-
ural air currents. In the dust plagued
industrial belt of India, from damp
Bengal to hot and dry Punjab, the
writer installed a number of all-relay
automatic exchanges, each being en~
tirely without dust protection from
the moment of unpacking to several
weeks after starting service. They
were positively filthy yet gave no
trouble from dust. On the other hand,
one plant in the Jherria Coal Fields
(surface mining largely) had abnor-
mal grease trouble. A day would be
bright and quiet when suddenly, in
five minutes time, the whole plant
would go bad from a gas wave. Fil-
tering the air to this plant was of
small benefit and it was left up to
the maintenance men to do fast
washing.

An interesting test was made con-
cerning grease. A bay of 100 re-
lays having three sets of break con-
tacts and a like number of relays with
three makes was unpacked, after
about two years storage in Bombay.
All contacts were ball shaped gold
alloy with tensions of about 80 grams
and worked with 40 volts. One would
suppose the normally closed contacts
to perform better than the open ones
but they were worse. Grease had
forced apart the normally closed con-
tacts so the applied voltage could not
penetrate. Of course there was grease
upon the open contacts, but the me-
chanical force of operation aided the
penetration. Further, while the closed
contacts' that failed would break
through if flipped electrically, and re-
peat properly, yet after being idle
for a day would be bad again—the
grease had time to creep back.

Inductive Circuit Hints

Associated circuits have important
effects upon contacts. It is highly de-
sirable that contacts spark a little
when opening as this burns the
grease away quite well, the resulting
carbon not being as troublesome.
Thus inductive eircuits are markedly
better than non-inductive, up to the
point where excessive sparking causes
too much carbon. Useful sparks are
such as can be fairly easily seen but
not near a “spitting” condition.

Non-inductive circuits (slow re-
lays and particularly lamps) are bad
for contacts. Any contact will vibrate
or chatter every time it closes, re-
gardless of tension, and each vibra-

tion is a current interruption. In an
inductive circuit the average trans-
ient current is low during the period
of vibration whereas in a non-induc-
tive circuit the current is practically
full value for the entire period.
There are several effects; the carbon-
forming sparks are less but their
grease burning is also less, so failures
increase.

When any contacts carry current
they are welded together—very mi-
nutely as a rule: in fact, no weld,
no current. The non-inductive cur-
rent welds at each vibration of the
contacts, rapidly destroying the con-
tacts. In one case observed, certain
relays, operating almost continu-
ously through the day, had two sets
of make contacts—one driving a
switch magnet, the other a lamp
taking about one-fourth the current.
The magnet contacts lasted over two
yvears but the lamp contacts had to
be replaced once about every three
months.

Condensers when shunted directly
across contacts are terrible, ruining
the contacts quickly by excess weld-
ing. In some cases the weld prevents
the contacts from opening. Assume
that a condenser of any size is
charged to 50 volts: a dead short upon
it will produce an initial current
limited by the resistance of the short.
Assuming the short resistance is .02
ohm then there would be 2500 amps.
at the first instant of closing. Just
imagine the welding effect. A re-
sistance should always be in series
with the condenser and have a value
of about one ohm per volt of power
supply, limiting the maximum cur-
rent to one ampere. For moving coil
relays about 20 times this resistance
is better.

A particular use of this welding
was made in the case of about 75
valves used with pneumatic ticket
carriers. Tickets and “cleaners”
(dipped in powder) shot between the
two German silver contact springs,
opening a circuit supposed to close
when the ticket was removed. A small
narrow slot in one spring, aligned
with a semi-penetrative embosure
upon the other spring helped, but
adding a 2.0 pfd condenser without
resistance positively cured all contact
troubles. The system operated with
22 volts. Of course, the weld was too
small to interfere with ticket entries
but it held the contacts electrically.

In many cases spark-killing can be

(Continued on page 54)
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Characteristics of Phosphors
for Cathode Ray Tubes

Characteristics of screen materials commonly used in cathode ray tubes summarized in

convenient form. Spectral curves given for the most commonly used screen materials

HE TABLE below, as well as == .

the set of curves at the right
summarizes the more important
characteristics of phosphors used as
screen materials in cathode ray tubes
for oscillography and television. All
data applies to bombardment of the
fluorescent screen by means of an
electron beam.

For photographic purposes, the
spectral distribution of screen im-
ages and the persistence of image
are of considerable importance. Data
on these characteristics are given
graphically at the right and in tabu-
lar form below. The Reference Sheet
in the April 1938 issue of Electronics
may be used in conjunction with this
one as an aid in determining the
most suitable type of film for cathode
ray tube photography.

The data given below was com-
piled by Dr. L. B. Headrick, of the
RCA Mfg. Co., Harrison, N. J.

Diagram at the right shows spectral
distribution of relative energy for
various phosphors (left ordinates)

and sensitivity response of the hu-
man eye (right ordinates)

Py = Zinc silicate -~ manganese
Pa = Zing sulphide ~ copper
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DATA ON PHOSPHORS IN GENERAL USE
ELECTRON BOMBARDMENT
. Persistence Time in
Efficiency | .
. | Spectal | CPWar | S palmn
Material : Formula | Color | Maximum k:k::o?ts ch'ion\slof its Initial Principal Uses
x 2 alue
, 1 pa/cm _1_0:70 _1% B 0'1% )
A 0
Zinc sulphide ZnS light blue 470 1t3 *10-3 Television
Zinc sulphide-silver ZnS-Ag bluz violet | 4500 to 4700 1to3 — *108  — Television
Zinc sulphide-copper ZnS-Cu blue green | 4700 to 5250 | 0.5t0 5 | 10 5x10-2 5x10-! Oscillograph
Zinc cadmium sulphide-silver | ZnS,CdS-Ag blue to red | 4600 to 7500 1to5 | — *10-3 Television
1
;'Teleyision,
Zinc silicate-maganese ZnO+SiO:-Mn green 5230 1t03 | 2x10-2  5x10-2 10-! ! < Ej?ﬂ&grr:zg
lumination
Zinc beryllium silicate- ZnO+BeO green to | 5250 to 6000 | 0.5t0o 3 | 2x10-2 5x10-? 101 | [ Television and
manganese +-SiO:-Mn orange 1 Illumination
Magnesium tungstate MgWO, light blue 4800 less than 1 ! _ *10-5 - Illumination
Calcium tungstate CaWO, violet 4100 less than 1 | —— *10-° Oscillograph
Cadmijum tungstate CdwO, blue white 4900 less than 1 | —_ *10-5 Television
* Rough approximate values of persistence.
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Remote Control

(Continued rrom page 15)

introduces a characteristic tone from
4 local oscillator into the signal wires
to advise the controlling operator of
the condition. Lamps on the receiver
tuning unit advise the receiver at-
tendant when the motor is running
during tuning operations and when
the condenser has been tuned out of
bounds. An indicating djal is at-
tached to the condenser shaft which
shows the condenser position from
the front of the panel. A c¢am key
on the tuning unit permits the con-
denser to be rotated for line-up pur-
poses from the receiver position, tak-
Ing control away from the remote
station during this operation.

To enable the control operator to
“see” the tuning operation as well
as hear it, a telltale device js provided
at the control position. This iIs a
dial with a pointer geared to a syn-
chronous motor in the same way as
the tuning condenser. While not ab-
solutely necessary it is found to make
the tuning more convenient, espe-
cially in cases where several signals
in the same band are to be found one
after the other and it is necessary
to turn back quickly to a known re-
ceiver setting. ’

Although there is nothing to pull
the telltale and the tuning condenser
into a fixed angular relation, the two
do in fact track together over long
periods.  Both motors are alike and
both have electric brakes. They start
and stop almost instantly, and while
running they both turn at the same
speed. Where absolutely positive an-
gular relation is desired it can be
insured as often as necessary by sim-
ply tuning past the end position.
When this is done both telltale
pointer and tuning condenser rest
against their limit stops and the mo-
tors continue turning against the
slippage of the connecting drives.

Emission

(Continued from page 25)

membered that the emissions of the
grid are nearly as important as that
of the filament and care must be
taken to control them.

6. Maximum R-F Grid Current.
This value is limited mainly by the
current carrying capacity of the grid
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lead, or I'R loss in the lead itself.
However, this lead cannot be de-
gassed during manufacture above
temperatures which the glass will
stand (about 450°C) and so if heated
during operation, the lead will evolve
gas or crack the glass at its seal.

7. High Frequency Troubles.

Numerous observations have been
made by tube engineers of r-f losses
on the glass envelope and the in-
sulators in the tube, in which the
material was raised to a sufficient
temperature to show color, or to ac-
tually suck in the bulbs. When the
bulb becomes so hot as to soften,
secondary emission from the glass
usually occurs. In thesge cases, the
output of the tube falls off undoubt-
edly due to increasing losses in the
tube. Shortly thereafter the emission
of the filament will be found to have
decreased or disappeared.

The user should seldom observe
such cases, for through careful de-
sign, they have been eliminated in
the tubes designed for high fre-
quency operation. The important
thing therefore in the use of tubes
at very high frequencies is to locate
high-voltage leads, and the apparatus,
so that the fields generated by these
cannot have detrimental effects on
the operation of the tube. For in-

stance, in a two-tube 6 meter therapy
outfit, it was found that continuous
failure of the tubes resulted due to
the proximity of the plate lead and
the tubes. By relocating this lead,
everything was satisfactory. Usually
a discolored (brownish) spot will ap-
pear on the bulb showing the location
of the effect.

It may be mentioned with regard
te Class C operation, that in those
cases where the d-c resgistance of the
grid circuit is low, the effect of pri-
mary emission from the grid is mini-
mized as a current of a few micro-
amperes can result in only a slight
change in grid voltage.

8. Mercury Vapor Rectifiers.

There are really but two limiting
items in the operation of mercury
vapor tubes; namely, peak inverse
plate voltage and peak current. The
best indicators of the available life
in the tubes are the d-c¢ voltage drop
across the tube and the color and
volume of the glow. The smaller the
volume of the glow for a given plate
current and the deeper the blue color,
the better the tube. One other cau-
tion to observe is to prevent the
high-voltage leads from resting on
the glass. An easily measurable cur-
rent passes thru the glass on the in-
verse peak and may be destructive.

ACCURACY PLUS

Focus of electron beams in X-ray tubes depends upon placement o.l fila-
ment in slot in focussing cup. In these Westinghouse units the accurdcy of
measurement is one ten thousandth of an inch
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Rochester 1938

(Continued from page 13)

Paired Echoes”. Essentially the
method consists of separating the
effects of phase and amplitude dis-
tortion by considering each signal
component to be accompanied by a
pair of “echoes”, that is two small
signals separated in time from the
main signal by the same interval.
In television transmission it often
happens, for example, that the main
image is accompanied by a ghost
image, resulting from a signal which
traveled from transmitter to receiver
by a path longer or shorter than
that taken by the main signal. Con-
sider first the main signal accom-
panied by one such echo signal which
lags it by a definite phase angle.
The two signals, considered as vec-
tors, may be combined with each
other vectorially in polar coordinates.
The resultant vector is the distorted
version of the main signal. The am-
plitude distortion is the difference in
amplitude between main signal and
the resultant, while the phase dis-
tortion is the phase separation be-
tween the two. Now if another echo
be added to the resultant, at the
origin of the coordinates, such that
it is equal in amplitude to the first
echo but leads the main signal by
the same phase angle then the phase
distortion is cancelled, but the dm-
plitude distortion remains. Similarly
if the added echo signal is equal
and opposite in amplitude to the
original echo but leads the main
signal by the same angle, then the
amplitude distortion is removed,
while the phase distortion remains.
Thus by adding echo signals, the
effects of phase and amplitude may
be separated.

The addition of the echo signals
may be conveniently made in a volt-
age vs time plot, and this representa-
tion is especially convenient in vis-
ualizing the effect of the distortion
on a television image. Mr. Wheeler
proceeded to illustrate the use of the
method by assuming different types
of amplitude response curves with
variously placed cutoffs and corre-
sponding distortion characteristics,
the departure of the distortion char-
acteristic from a straight line being
limited to small amounts. For each
amplitude curve, a paired echo is
added above the time axis and spaced

from the main signal on the opposite
side by an amount equal to the spac-
ing of the echo representing the
original distortion. A response curve
is then erected on each of these sig-
nal lines in the proper proportion,
and the addition of curves gives the
overall response. Ior each phase
distortion an echo is added below
the time axis, spaced equally from
the main signal, and a similar addi-
tion of the response curves for all
components performed.

Noise Measurements

In discussing the measurement of
radio noise interference, C. J. Franks,
of the TFerris Instrument Corp.,
pointed out that two important

Vector addition of main signal (one)
and echo (e) to show effects of

amplitude and phase distortion

(Wheeler)

factors must be considered in de-
termining the psychological factors
irvolved in receiver noise. The first
point is that no device whose indica-
tions are proportional to the noise
energy output can give true readings
of the ability of any radio frequency
disturbance to cause interference
with radio reception. The second
point is that the characteristics of
the radio receiving equipment should
be carefully standardized and main-
tained in order that consistent and
correct results may be obtained by
different observers who, most prob-
ably, are werking under widely dif-
ferent conditions.

In the design of an instrument
which would give indications propor-
tional to the psychological effect of
radio interference it was decided to
reduce the measuring equipment to
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three units: (a) the radio receiver
for which the interference is to be
determined, (b) a weighting network
which operates on the output of the
receiver in such a manner as to pro-
duce an output which is more or less
proportional to the disturbing eflect
as judged by human observation, and
(¢) a meter for giving visual indica-
tions of the output of the weighting
network. While such a system is sim
ple in operation, a major difticulty is
encountered in the design of a4 proper
weighting network. Ideally, such a
network should be “the equivalent
circuit of a human being”, but data
and measurements which are avail-
able at present are not sufliciently
extensive to assure the attainment
of this ideal.

Complete specifications for instru-
ments used in the measurement of
noise have been established by the
Special International Committee on
Radio Disturbances and other stand-
ardizing bodies. It is recommended
that the recording instrument be of
the quasipeak reading variety, and
the constants are so chosen that the
peaks must be maintained for a
specified length of time before an in-
dication is obtained on the meter. A
commercial noise meter has been
built in which the weighting network
and indicating meter have been con-
structed in accordance with the gpeci-
fications of the C.I.S.P.R.

Cold Cathode Discharge Tubes

Mr. M. A. Acheson delivered “A
Discussion of Cold Cathode Gas Dis-
charge Tubes” in which was reviewed
the essential general characteristics
of tubes of this classification, and the
detailed characteristic of several com-
mercial and experimental tubes were
given. The equivalent circuit for sev-
eral types of gas tubes were derived,
and by considering the equivalent cir-
cuit, various interesting applications
of such tubes were developed.

It was shown that gas discharge
tubes might be used not only as vol-
tage regulators, but that, because of
capacitive reactive effects occurring
within the tube, such a voltage regu-
lation tube would also serve as a
smoothing condenser in filters for
power packs. Calculations and mea-
surements showed that commercial
gas tubes were the equivalent, in
their reduction of ripple voltage, to
an 8 puf condenser when used as the
second section of the filter.
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TUBES AT WORK

AI’I’LICATION of a practical voltage
regulator, mercury-vapor detection,
single-resistor attenuator sections, a mercury
rectifier operating at 100 kilovolts, a 30,375
rpm motor for mechanical television, and a
pin-hole detector—all contribute to the
advance of electronic technique

The Voltage Regulator
Applied to an Amplifier

By W. W, WavLrz

READERS OF Electronics may be inter-
ested in an application, which has been
made of the voltage regulator as de-
scribed by A. G. Bousquet in the July
1938 issue. With the few minor excep-
tions, noted on the accompanying draw-
ing, the regulator is essentially as
deseribed originally. The load require-
ments (179 milliamperes at 825 volts)
were largely responsible for the
changes.

Two reasons dictated the use of a
regulator—poor line-voltage regulation,
and excessive hum, this latter being
traceable entirely to the amplifier plate
supply. Reports of earlier experiences
with voltage regulators had indicated
a possible improvement in hum condi-
tions which might reduce the aggrava-
tion in this particular amplifier to be-
low audibility. Such was found actu-
ally to be the case.

Of practical interest is the problem
of mounting the i-watt neon bulbs so
that good contaet will be obtained.
These bulbs are available generally in
the ecandelabra-base type, but these
must be changed somewhat before use
in this circuit. As purchased, these
bulbs have a resistor of about 27,000
ohms mounted inside the base; this re-
sistor must be removed. However, on
special order, these bulbs may be ob-
tained without the resistor’; they are
then furnished with a double-contact
candelabra base (best known as the
auto-type bulb). Sockets to hold these
lamps were found to be unreliable, so
the only solution was to solder leads
directly to the contacts of the base it-
self. The sockets were cut down so that
only the metal shell with the bayonet
lock remained; these serve to hold the
lamp, but, as mentioned, contact is
made by soldering.

The changes shown in the cirecuit
drawing are, with few exceptions, in
accordance with data in the original
article. That is, the number of neon
lamps in the voltage-divider circuit was
increased to four because of the higher
output voltage desired; a variable re-

1 From QGeneral Electric Vapor Lamp Co.,
Hoboken, N. J (Their code number, 2005-
Cl.) Westinghouse also makes this type of
lamp.
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Diagram of voltage regulator based on
Bousquet’s design

sistance was placed in series with the
voltage divider to provide exact ad-
justment of the output voltage; and the
I-megohm resistance was shunted across
the neon lamp in the cathode circuit of
the 6F5. This last was a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>