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With huge orders for national defense and private industry
placing a severe strain upon productive capacities, many
engineers, perhaps even you, have become reconciled to
accepting delays that seem unavoidable.

Fortunately, AMPEREX facilities afe restricted solely to the
design and manufacture of Yacuum Transmitting Tubes.

Here you'll find thousands of "bottles" . . . but not a single
engineering or production "bottleneck."

AMPEREX is a transmitting tube manufacturer with no other
interests to divert it from maintaining its rigid standards set.
No promises of greener pastures elsewhere can lure it from
- this concentration of effort.

AMPEREX has met and will confinue to meet all demands
upon its englneerlng and production facilities . . . provided
these demands~are for tubes. ;

AMPEREX REM‘-A'L‘NS YAOUR IMMEDIATE
_AND DEPENDABLE- SOU;RCE‘ OF SUPPLY

More than 100 types of tubes for use in Commercial Broad-
i t to Point Commumca'h::n,’UH'ra High Frequency

o-Medical Appara_fus,.{ngh Yoltage Rectifi-
jal Applicgf-'onsl
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Close-up view of coaxial transmission line connecting transmitter
and antenna at W2XOR, WOR's |-kw f-m installation. Note
meter in foreground which indicates pressure of nitrogen gas
within the transmission line and the short section of coaxial
tubing which acts as a shunt to suppress the second harmonic.
Photo courtesy Western Electric Co.
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-Editorial
Comment-

BEGINNlNG January [, 1941, commercial frequency-

modulation broadcasting became a reality. To
date, some 29 f-m stations have been authorized by
the Federal Communications Commission for full com-
mercial program service. With about 55 applications
scheduled for Commission action, it appears that f-m
broadcasting will "go to town'' in 1941.

While on the subject, it is interesting to note that
specific rules will soon be drafted for high-frequency
{330,000 kc) radio links to transmit programs from
studio to transmitter. Either f-m or a-m signals may
be used.

MUCH interest is being evidenced in the coming
NTSC-FCC hearing on television which will take
place this month. The NTSC has already completed
its report on standards, so that the immediate future
of television is now in the hands of the FCC. It is
sincerely hoped that television will be permitted to
proceed on a full commercial basis.

There has been a great deal of development in tele-
vision of late. Improvement in color television is pro-
ceeding quite well, direct pickup now being possible.
In addition good images can now be sent over wire
lines as was evidenced at a recent IRE demonstration.
In our opinion, these developments should hasten the
commercialization of television rather than hinder it,
since experimental work of this type cannot be carried
on indefinitely without some return on the investments
of time and money.

HE recent IRE Convention was somewhat dis-

appointing from the standpoint of attendance and
number of manufacturers’ exhibits. We wonder if this
gathering was held too soon after the Rochester Fall
Meeting? Perhaps it would be better to hold the
annual IRE Convention in the latter part of March or
early April in order that it will not be too close to
either the Rochester Fall Meeting or the Chicago
Trade Show?
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BROADCAST ENCINEERING CONFERENCE

HE Fourth Broadcast Engineering
i+ Conference has been scheduled for

February 10 to 21, 1941, at Columbus,
Ohio, and is under the direction of Dr.
W. L. Everitt, Professor of Electrical
Engineering in charge of instruction in
communication at Ohio State Uni-
versity.

The Conference will be held under
the auspices of the Ohio State Univer-
sity and will have the official coopera-
tion of the National Association of
Broadcasters.

The Third Conference held in Febru-
ary of last year attracted 248 engineers
from 35 states. The prominence of the
speakers for the Fourth Conference in-
dicates that the steady growth of atten-
dance will continue.

E. K. Jett, Chief Engineer of the
FCC, will address the Conference on the
timely subject “Communication in Na-
tional Defense.”

- A. D. Ring, Assistant Chief Engineer
of the FCC in charge of broadcasting
will again conduct the “General Discus-
sion and Question Box” concerning
broadcast engineering regulation prob-
lems. This was one of the most popular

Ohio State University
February 10-21, 1941

FIRST WEEK—FEBRUARY 10-15

Time 9 AM.to Il AM. 11 AM. to | PM. 2:30 P.M. to 4:30 P.M.
TELEVISION
Mok - SPEECH INPUT SYSTEMS STANDARDS
Feb. 10 C. M. Lewis—RCA SOUND REPRODUC- W. R. G. Baker
J. D. Colvin—RCA TION FROM RECORD- General Electric
INGS Company
F. V. Hunt COLOR TELEVISION
Tuesday Harvard University Peter C. Goldmark
Feb. 11 STUDIO OUSTI Columbia Broadcasting
: ACOUSTICS System
P‘“"h"' W“"_*I’l“’“ THE STATUS OF TELE-
Werdboaky S EEAD VISION
Feb. 12 GENERAL DISCUS.| p_Harry Sadenwater
) SION AND QUESTION | Radie  Corporation - of
i BOX merica
POLYPHASE BROAD- : TELEVISION STATION
And Ring—FCC
Thursday SRS L n:e ri:w S:egb —NAB RIS
Feb. I3 Paul Loyet Y . Y R?berf M. Morris
Central Broadcasting National Broadcasting
~. Company Company
] TELEVISION FIELD
. ROUND TABLE ON PICKUPS
Friday RECEIVERS Harold P. See
Feb. 14 J. Kelly Johnson LOUD SPEAKERS National Broadcasting
Hazeltine Corp. H. F. Olson Company
E. B. Passow Radic Corporation of
Zenith Radio Corp. America
Saturday W. L. Dunn
Feb. 15 Belmont Radio Corp.

SECOND WEEK—FEBRUARY 17:21-

Time 9 AM. to Il AM. 11 AM.1o | PM. 2:30 P.M. to 4:30 P.M.
HEARING, THE DE-
THE STATUS OF FRE- FM ALLOCATION TERMINING FACTOR
Monday QUENCY MODULATION AND COVERAGE FOR HIGH FIDELITY
Feb. 17 Edwin H. Armstrong Stuart Bailey Harvey Fletcher
Columbia University Jansky & Bailey Bell Telephone Labora-
tories
Tuesday FM RECEIVERS
M. L. Levy UHF ANTENNAS AND
ol [ Stromberg-Carlson TRANSMISSION LINES | UHF TRANSMISSION
Kenneth A. Norton
FM FIELD TESTS Andrew Alford -
Wednesday Raymond F. Guy Mackay Radio and Tele- Federa(lzoc:l:gst;::‘cahons
Feb. 19 National Broadcasting graph Company
Company
OPERATING PROBLEMS IN UHF TUBES
Thursday FM TRANSMITTERS ROUND TABLE ON FM E. D. McArthur
Feb. 20 I. R. Weir PROBLEMS General Electric
General Electric Company | £ j ooitent—WOR Company
FM BROADCAST TRANS-| Paul deMars—Yankee
Friday 'MITTER CIRCUIT DESIGN Network
Feb. 21 John F. Morrison Dan Gellerup—WTMJ
Bell Telephone Laboratories

SPECIAL FEATURES

Tuesday, February 11—8 p.m.—Chittenden Hotel—E. K. Jett, "Communication in

National Defense"

Thursday, February 13—6:30 p.m.—Dinner, Ft. Hayes Hotel

Saturday, February 15—Basketball Game—Ohio State vs. Purdue

Tuesday, February 18—8 p.m.—Chittenden Hotel—Homer Dudley, "The Vocoder
or Remaking Speech Electrically"

Thursday, February 20—6:30 p.m.—Banquet, Fi. Hayes Hotel
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sessions last vear. New problems that
have arisen since that time and Mr.
Ring’s interesting method of presenta-
tion promises to make this an outstand-
ing session.

Discussion about frequency modula-
tion has been accompanied by much dis-
cussion on “high fidelity”. Harvey
Fletcher, of the Bell Telephone Labora-
tories, is the leading research worker
on the response of the human ear and
his paper “Hearing, The Determining
Factor for High Fidelity” should serve
to put in quantitative form many of the
conceptions concerning “high fidelity”.

Frequency modulation will occupy a
prominent place on the agenda and the
F-M sessions will be introduced by the
dean of wide-band proponents, Major
Edwin H. Armstrong of Columbia
University.

The National Television Standards
Committee was formed late last summer
with the official cooperation of the FCC
for the purpose of forming television
standards agreeable to the whole indus-
try. Dr. W. R. G. Baker, of the General
Electric Company and Director of
Engineering for the Radio Manufac-
turers Association, is Chairman of the

(Continited on page 18)
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A NEW RECTIFIER WITH A

SENSATIONAL ©
PERFORMANCE

...at a New Low Price!
LONGER LIFE —Assured by radically

improved new filament, dome bulb and
insulated plate cap.

HIGH RATING —10,000 volts, peak
inverse voltage. 1000 ma., peak plate
current.

ENORMOUS EMISSION RESERVE
— Provides ability to withstand high
peak loads. -

RCA BROAOCAST
EQUIPMENT

@\/}\Q
2
L

From microphone
6 antenna

Secret of 866-A/
866 superiority is
another top-notch
RCA engineering
achievement — the
edgewise-wound
ribbon filament
utilizing a new
alloy material which not only.
has tremendous electron-
emitting capabilities but which
holds the key to longer life.

E

Half-Wave
Mercury-Vapor
Rectifier

RCA-866-A /866 Half-Wave Mercury-Vapor Rectifier Tube represents a big forward
step in providing higher voltage at lower initial cost. Equally important is the amazingly
long life achieved by virtue of the new edgewise-wound coated ribbon filament and
other features of design and construction. Judged from any angle, it is far and away
the finest rectifier tube value RCA has ever offered—both a money-saver end a truly
de luxe performer.

This new tube supersedes the 866 and the 866-A and may be used in equipment
designed for these types. It combines the high conductivity of the 866 at low plate
voltages with the ability of the 866-A to withstand a high peak inverse voltage—and,
in addition, gives plus performance all along the line.

RCA-866-A /866’s new edgewise-wound filament has great mechanical streagth and
provides more cathode area for the same filament-power rating.

Important among other features of the tube is the special filament shield which makes
practical the use of a very low starting voltage. A ceramic cap insulator and new dome-
top bulb minimize danger from bulb cracks caused by corona discharge and resultant
electrolysis.

Install 866-A/866’s and forget rectifier tube problems for a long, long time to come!

RATINGS: Filament Voltage (A-C). . ......oovviiiiiiinieeann. 2.5 volts
...... 5.0 amperes
.. 10,000 max. volts $ 5 @

o NET

* Filament Cumrent.covnivniniiiiiiiiiin
Peak Ilnverse Voltage:
Up to 150 cycles per second.
Up to 1,000 cycles per second.
Peak Plate Current. ..o oo vvn e .. 1.0 max. ampere
Average Plate Current. ... oooveviieiiiiiiiiiaaae 0.25 max. ampere
Tube Voltage Drop (approx.). .o cvveviiieienenennas. 15 volts

5,000 max. volts

s

T R i
R COMBANY LIMITED, MORTRE) ]
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The COLONEL'S

LADY and JUDY O’GRADY

Are NOT Sisters Under Their Skins!

1. & glasstube, continuously drawn
with utmost precision to the size of a
small pencil lead, is the beginning
of an IRC Type BT Insulated Resistor.

——

2. The tube with a coating of Metal.
lized type resistance material per-
manently bonded to its outer surface,
and stabilized by a baking process.

3. Special leads for easy soldering
have enclosed, positive contact to
element which cannot open. Inser-
tion ofleadsinside the element tube
aids rapid heat dissipation, drawing
heat out of the resistor.

A finished l-walt unit. Element i

completely sealed by molded insu-

lating phenolic. Moisture cannot

enter. No possibility of grounding.

Leads anchored inside insulation

cannot turn or pull loose. 4
7y

E
x
1
2
S,
=y

S D T

i

RO s D L

4 e COMMUNICATIONS FOR JANUARY 1941

Magnilied cross-sac-
tion offinished zesistor
to show exclusive in-
ner construction.

Flattering and widespread imitation following IRC's
development of the Insulated Resistor with its obvious
advantages as compared with old-style, non-insulated
units has resulted in such uniformity of appearance
thatitis difficult to distinguish one make from another.

- This similarity, however, is only skin deep—only as
deep as the insulation.

What lies beneath is of the utmost importance from the standpoint
of performance. The outside insulation is important only because it
protects the inside resistance element, prevents shorting and facili-
tates rapid and economical assembly. Not this protection but what
it protects is the final determining factor of quality—and itis undez-
neath this insulation that insulated resistor similarity ends.

As an outstanding example, the IRC type BT insulated resistors,
comprising the unique “"Metallized™ filament element and specially
developed insulating phenolic covering, have humidity characteristics
hitherto unobtained. More than 10 cycles of alternate two hour im-
mersions in 100°C. and 0°C. salt solution followed by two hour
loadings at normal rating result in an average change in resistance
value of less than 10%. £

In connection with the present defense programisuchiperformance
is essential for dependable communication equipment but it is also
obviously very important for all commercial applications.

TYPE BT INSULATED

RESISTORS

INTERNATIONAL RESISTANCE CO., 403 N. BROAD ST., PHILA.

www.americanradiohistorv.com


www.americanradiohistory.com
www.americanradiohistory.com

FOR

COMMUNICATIONS

The Reduction of

JANUARY, I 9 4 |

Pickup TRACKING ERROR

Introduetion

RACKING error (or tracking angle)

is defined as the angle between the
tangent to the groove at the needle point
and the vertical projection upon the
disc of the axis of needle vibration.!
This is a general definition, to include
all types of pickup arrangements, as dis-
tinguished from that specifying the pro-

. jection of the needle upon the disc. It

was clearly demonstrated in the paper
referred to that the latter definition
shows zero tracking error for given
conditions in the case of the “needle-
tilt” arrangement, when tracking error
actually exists.

In recording machines, and dicto-
phones or the early cylindrical record
phonographs, the locus of the stylus is
a straight line, and perfect tangency to
the groove is thereby maintained at
every point on the record. In reproduc-
tion by means of a pivoted tone arm,?
the locus of the needle point is the arc
of a circle, and perfect tangency to the
groove is possible at only one or two
points on the record. Hence, tracking
error is the result of a pivoted tone
arm, and it is obviously an inverse func-
tion of the length of the tone arm. It
depends also upon the radius of the
groove under the needle point, the loca-
tion of the pivot with respect to the
spindle, and the type of tone arm used.

The question of the extent to which
tracking error impairs the quality of
reproduction and causes deterioration
of the walls of the grooves, has been in-
vestigated in detail in literature on the
subject.!’ Comprehensive listening tests
have been performed which would in-
dicate that a reasonable amount of
tracking error is not noticeable either
in the quality of reproduction or in the
wear of the disc. Furthermore, the dis-
tortion resulting from tracking error

1Benjamin Olney, “Phonograph Pickup Track-
ing Error”, Electronics, pp. 19-23, Nov., 1937.

2The continued use of the term ‘‘tone arm” is
unfortunate, in that this term was coined in
the days when the member in question served
as a sound chamber as well as the pickup sup-

port.

3Ralph P. Glover, “A Record-Saving Pickup”,
Electronics, pp. 31-32, Feb., 1937.

+H. J. Hasbrouck, “Lateral Disc Recording for
Immediate Playback with Extended Frequency
and Volume Range”, Proc. I.R.E., Vol. 27, pp.
184-187, March, 1939.

By C. EE. MACDONALD

has been determined by means of one
of the methods of wave analysis, and the
results have been found to agree with
the listening tests.!

On the other hand, when the tracking
error is excessive, no question remains
in the mind of a.listener who compares
the quality with that obtaining under
proper tracking conditions. The {fact
that manufacturers are producing equip-
ment®* * designed to reduce tracking er-
ror from amounts termed “normal” for
the conventional tone arm, would indi-
cate that even this amount of fracking
error is not desirable.

If it be assumed that the high-fre-
quency attenuation occasioned by track-
ing error is not noticeable, there still
remains a number of other opportuni-
ties for high-frequency loss within the
system. Among these may be mentioned
high-frequency needle loss, the reactive
drop in the windings of the pickup, and
the various losses in attenuator, ampli-
fier, and loud speaker, or telephone line
in the case of broadcast equipment.
While none of the individual losses may
be noticeable, the resultant loss may be

very appreciable if proper compensation
is not made.

In the design or installation of pho-
nograph or transcription equipment, the
reduction of the average tracking error
to its minimum value is, in many cases,
as convenient as other arrangements
resulting in appreciable tracking errors.
It was with this thought in mind that
formulas have been developed which
make possible the ideal installation of
any of the main types of tone arms.

Dimensions bearing the subscripts
“1” or “2” refer, throughout this pa-
per, to the inner or outer groove, re-
spectively. Further, the term “center
groove” refers to that groove equidis-
tant from the inner and outer grooves.
Tracking error is considered positive
when the tangent to the groove at the
needle point lies in a clockwise direction
from the axis of needle vibration. Thus,
in Fig. 2-A, e. is positive and e, is nega-
tive.

Pickup Arrangements

In Fig. 1 the legend is as follows:
(S) spindle, (P) tone arm pivot, (L)
distance between needle point and pivot,
(1) length of tone arm to point of off
set, (H) length of pickup, (r) radius of
any groove, (T) tangent to groove at
needle point, (e) tracking error (in de-
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grees), (a) off set angle (for arrange-
ment in B), (B) off set angle (for
arrangement in C), (A) axis of needle
vibration, (0) angle between any radius
and L.

In Fig. 1, B and C represent two
methods of reducing tracking error. It
will be observed that C is a special case
of B.

The conventional pickup arrangement,
viz., the straight tone arm, is illustrated
in A. B also represents a straight tone
arm, but one in which the axis of the
pickup has been rotated through the
angle a in the direction shown. C illus-
trates the most common form of pickup
off set. In this case the angle of off set
is 8, rather than «. This type is not as
advisable from a theoretical standpoint
as that illustrated in B, since vertical
motion of the needle produces a turning
moment about the point of off set
through the component of H normal to
1. The torsion thus developed is, how-
ever, usually compensated for, but in
any case it would probably not be seri-
ous inasmuch as H and @ are generally
small.

A special case of C is that of the
curved tone arm, used to some extent in
Europe but seldom met with in this
country.

Modes of Operation

A common “rule-of-thumb” has been
to so locate the pivot of the convention-
al tone arm that the needle point coin-
cides with the center of the spindle, i.e.,
D =L in Fig. 2-A. This method has
been used extensively for phonograph
and broadcast equipment, but, as will
be shown, it results in a large tracking
error for given tone arm and disc di-
mensions.

A better plan that has often been sug-
gested is the visual alignment of the
axis of the tone arm with the tangent to
the center groove of an average disc,
i.e., the point on the disc at a distance

kY

L

£
y
%0
,%

&

Iy re

of units from the center of the

2
spindle. This has led, however, to
the incorrect assumption that the
tracking errors at the inner and
outer grooves will be small and nu-
merically equal. Assuming the possi-
bility of arriving at a tangent to a
groove at a certain point by inspection,
e; and e. are not numerically equal

T 41,
when the error at r = is zero,
2
and conversely, if e; is made equal to e,
Ty 12

the error at r =

cannot be zero.
2
When the tracking error at the center
groove has been made equal to zero,
e, > e, and when e, = e, zero error oc-
curs nearer the inner groove than the
outer. While the above plan is superior
to the former where D = L, it, never-
theless, can be improved considerably.

A fundamental requirement applying
to all types of pickup arrangements is
that the tracking errors at the inner and
outer grooves be numerically equal and
opposite in sign, for minimum error.

The use of any of the off-set type of
pickups reduces the tracking error still
further if the condition e; = e, be ful-
filled. Errors not exceeding 4° or 5° at
any point on the disc are obtainable
with the usual size of transcription
equipment if properly mounted.

The question of the best mode of op-
eration for the off-set type of pickup is
controversial within certain limits, as
will be seen from the following and the
‘tone arm characteristics of Fig. 7.

Two points of zero error exist with
any of the off-set type of pickups, and it
is possible, by proper adjustment of the
variables, to locate these points of zero
error at any of a number of positions
on the disc, including the dual position
of the inner and the outer grooves.
When this position has been obtained, a

COMMUNICATIONS FOR JANUARY 1941
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e, <2 (D=L)

e =¢z (D7L)

€ 7e; (D>0)

1
s
B
=1

5

F'ig.z

The Conventional Tone Arm

mode of operation results, e; = e, = 0,
which is slightly inferior to the general
mode, e, = e, with respect to minimum
tracking error, but superior with respect
to constancy of error throughout the
playable range. The variation in track-
ing error with the mode e, =e, =10
equals the maximum value of the error,
em. Use of the mode, e, = e; # 0 results
in a variation in tracking error from
— e, to + e, or vice versa, which is the
equivalent of a variation of 2e; (or 2e.).

. Investigation shows that en, with the

mode e; = e, = 0, is only slightly greater
than e, or e, with the mode e, = e, # 0.
hence, the variation in error with the
former mode is only one-half that with
the latter, approximately.

It has been stated® that, for minimum
wear of the disc, the variation in track-
ing error throughout the playable range
should be small. This aspect would
favor the mode e, = e; = 0, but whether
it would offset the slight increase in
tracking error of this mode over the
mode e, = e, # 0 would depend entirely
upon the dimensions involved. It may
safely be said that there is very little
choice between the two modes of opera-
tion, and, generally, practical considera-
tions other than minimum tracking er-
ror, or variation in the error, decide the
mode to be used.

The point of importance is that the
specification e, = e, should be the first
consideration in mounting any tone arm.
If the pivot is located such that e, = e,
=0, less variation in tracking error
will result, with a slight increase in the
maximum value of the error.

The following section will verify cer-
tain statements made above, and will
consider the subject in greater detail.

Principles of Operation

The straight tone arm with off-set
pickup is general, and includes all other
pickup arrangements. The case of the
conventional tone arm (« = 0), will,
however, be dealt with first.
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[—The Conventional Tone Arm

The center curve in Fig. 2-B is the
characteristic of the mode illustrated in
Fig. 2-A, where e;=¢e.. The lower
curve is the result of e, > e, and the
upper characteristic is drawn for a con-
dition in which a point of zero error
does not fall between r; and r..

Any movement of the pivot from the
position resulting in e, = e;, where e,
and e. are opposite in sign, decreases
the tracking error at one groove and
increases it at the other. The error at
the latter groove will, therefore, be
greater than it would under the condi-
tion e, = e,. The pivot may, of course,
be rotated about the spindle without
producing any change in e, and e,, pro-
viding that the radius of rotation is un-
altered. Consideration of the off-set
type of pickup will also lead to the con-
clusion that e; = e, represents minimum
error.

From Fig. 2-A,

es = 6,—90°, or

6, = e, + 90°, and

L2 + rf— D
cos &, = —— —=__sine,
AR
e, = 90°— 96, or
6, = 90° —e,, and
L2+ 1_22 D
cos 6, = = 4 sine,.
22300

For the condition that e, = e,,

L2+r12_Da (L2+I‘22—D2)
_( 2Lr, )_— 2Lr,

The solution of this equation for D re-
sults in

D=~L"4+rnr.
which determines the correct position of
the pivot for minimum tracking error.

The triangle of zero error in Fig. 2-A
makes R, =+/D*—1L*. Substituting
L? 4+ r, 1. for D in the above gives the
point on the disc at which the tracking
error is zero; viz.,

R =Vt

The general
error is

L2+r2__ D2
e:sin'l(—),
2L«

where e is positive or negative accord-
ing to definition stated previously, and r
is any radius. By substituting L* 4 rur.
for D? the equation of tracking error
for the condition that e, = e, results.
It is

" —r1ite
e = sin™ ( _ ) ........... (3)
2Lr

The general equation shows that the
error at the spindle (r=0) is zero
when D = L, as would be expected since
the axis of needle vibration would then
coincide with the tangent. However,
(1) shows that D cannot equal L, or be
less than L, for the condition that
e, = e,  Expressed differently, the
needle point of the conventional tone
arm must fall short of the spindle for
minimum tracking error. If D=L an
error exists at the inner groove and a
larger error of the same sign exists at

equation of tracking

[6.233)]

The Offset Pichup

the outer groove since there is no point
of zero error lying between these limits.
If D were to be made less than L the
condition would be still further aggra-
vated.

If the tracking error has been made
equal to zero at the center groove,
L+ 1

would have to equal \/rur, if e
2
is to equal e,. This is impossible, how-
ever, since r;#t1.. Zero error, there-
fore,cannot exist at the center groove
and maintain e, = e,.
Since r,>r1y, r, = nr, where n> 1,
Then

Trasking [Error

A=Canvean
B —Convent

<
D=
E- - OfF det
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(r1 + re)
2 +\/ri 1,

=(l4n)+2/n=a.
For all values” of n>1, a>1, and,

therefore,
L+ 1.
( ) > \/r;l T2
2

Hence the point of zero error for the
condition e; = e; lies nearer the inner
groove than the outer.
By altering the position of the pivot,
P, in Fig. 2-A such that the error at
U S

2
have increased from D = \/L* + rur, to

ntr\’
D:\/L2+( )
2

I + | Y

2
expressions for sine; and sin e, given
previously, and dividing sin e, by sine,,

the radius will be zero, D will

By sub-

stituting 1.* +( ) for D in the

e + 3.1,
the ratio reduces to Then
4 3nr,
sin g
> 1 since r. >y, and, therefore,
sin e,

e > e, That is, the tracking error at
the inner groove is greater than that
at the outer when zero error occurs at
the center groove.

II—The Straight Tone Arm With
Off Set Pickup
(e: =€)

Only the mode e, = e, will be con-
sidered as its advantage has been pre-
viously demonstrated.

Fig. 3 illustrates the relative posi-
tions of the variables for the mode
D < L. The general formula developed
from Fig. 3 will be found to hold also
for the modes D 2 L, as well as for the
case of the conventional tone arm where
o = 0. When a pickup is used in which
the dimension H appears (Fig. 1-C),
the dimensions 8 and 1 may be ex-
pressed in terms of « and L, respec-
tively, and the general formula applied.

The following relationships may be
written down directly from Fig. 3:

e =90°—a—8,

12 L rr—D?
where 6; = cos?{ ———— |} and

2L,
ee==a+6.—90° ............... (5
L2+1'22-—D2
where ©; = cos?{ ——8M8 —— ).
2Lr2

For the condition that e, = e, 0, + 6,

5That a is an increasing function of n for all
values of n > 1 will be seen from the fact that
da/dn = 0 and oo only when n = 1 and 0,
respectively.

= 180° — 2a, or
LQ e 1_12_ D?
cos' {—— J 4+ cos™
2 L Iy
12 + 1_22 . D2
- ) =180°—2x..... (6)
2Lr,

The left member of (6) is of the form

cosh +cost =
cos™ O —/ (T — 1) (T — ) ) .

Combining the left member of (6) as
indicated, and taking the cosine of both
members, results in the form

we— V({1 —=2) (1 —¢’) = —cos 2a,

from which the solution for D? follows.
In order to simplify the final expression
let rar, = a,

i + 1 =c¢, and
2acos2¢ = z. Then
D= {[z(c+2L% + 2cLl?+42a’] =
2asin2a\/4L* (z 4+ ¢)— (1" —r1)*} +
2(z+¢) 7

Since (7) is the solution of a bi-
quadratic equation, four roots result.
Two positive roots result from the =+
signs ahead of the radical, of which the
greater is impractical and is ignored.

When it is desired to determine the
correct location of the pivot of a given

tone arm having an off-set pickup, «-

is known, and (7) would be applied. In
the design of any off set type for given
conditions, a means of arriving at the
optimum angle « would, however, be
desirable. Due to the complexity of
the solution of optimum e, application
would be highly impractical, as a few

8 ® COMMUNICATIONS FOR JANUARY 1941

www americanradiohistorv.com

R N N N R P P R N NN

trial values of « would soon determine
the optimum value.

If « be made zero in (7), the formula
reduces to D* = L* 4 r; 1y, which is the
equation of the conventional tone arm.

The tracking error at any point on
the disc may be readily determined from

e=90°—¢—96=90°—0o—

L2 + 1.2 . D'.’.
cos™ (-—-——)
2Lt

where 1 is the desired radius.
From Fig. 3, ©, = 90° — «, and

D*=124+R:— 2L R,cos9, =
L+ RZE—2LR,sing,

where R, is the radius of the groove at
which the tracking error is zero, (when

e, = e.). Solving for R, gives
R,=Lsinazx=v/D*—L’cos’a ...(9)
Equation (9) indicates that two

points of zero error exist with the off
set type of pickup. When « is of such
value that D = L cos« only one posi-
tion of zero error exists, viz, at
R, = L sin «, and this occurs only when
D <L. Tt is apparent that (9) holds
for all values of « such that DZ L cos «.
It may be mentioned, moreover, that the
formula also holds in practice for all
values of D <'L,, where o> 0. due to
the relative magnitudes of D and L, and
the reducing effect of cos « on L. When
D=L (9) reduces to R, = 2ZLsin«
and R, = 0.

A peculiarity of the condition R, = 0
when D = L will now be observed. A
consideration of the equation of track-
ing error, e = 90° —« —©, leads to a

(Continued on page 22)
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A TEN-CENTIMETER WAVEMETER

HE recent discoveries and develop-

ments in velocity-modulated tubes
have extended the {requencv range of
oscillators thereby causing a need for
the extension of wavemeters for meas-
urements of frequency in this band.

Wavenieters for measurements at
these frequencies have been previously
discussed and built using as the basic
means the modification and application
of transmission-line theory. Several in-
genious ideas using a quarter-wave stub
as the basis of resonance have been pro-
posed. It is true that various applica-
tions of transmission-line theory may
be successfully applied to wavemeter de-
signs operating at this frequency. They
are capable of precise measurements
and their limitations due to multiple
resonance effects are not in general too
serious.

Several experimenters have built
wavemeters of the conventional coil and
condenser type capable of receiving sig-
nals at frequencies less than one thou-
sand megacycles. It is quite possible,
by a proper choice of geometric con-
figuration and precise construction to
extend the range of this type of wave-
meter to the ten-centimeter band. There
is'no reason theoretically why a con-
ventional coil and condenser cannot be
utilized for measurements of other high
frequencies. The limitations of extend-
ing the range to frequencies consider-
ably in excess of three-thousand mega-
cycles, in this simple type of wave-
meter, generally lie in the minute con-
struction required and the difficulties
of maintaining a precise mechanical ar-
rangement. In constructing such a
wavemeter care must be exercised in
the choice of materials, and a good de-
sign with a high circuit “Q,” which
compares favorably with transmission
types of wavemeters, must be utilized.

It is the purpose of this paper to
discuss with some detail some of the
fundamental considerations in the de-
sign of such a wavemeter and the means
and various methods for its calibration.
Because of the limitation of tubes that
will amplifv or detect at these fre-
quencies, the problem of utilizing this
wavemeter once it has been constructed
must be taken into account. It is as-
sumed that interest will be shown in
a wavemeter that will perform other
duties than that of a secondary {fre-

By S. D. LAVOIE

Lavoie Development Labs.

quency standard. Since present work
at centimeter-wave frequencies is con-
fined largely to laboratories in the realm
of experiment and research, the expense
of maintaining a device for identifying
frequency alone is not economical; the
addition of a high-gain amplifier follow-
ing the detector circuit has the advan-
tage of extending the use of this wave-
meter to that of a receiver as well.

If accuracy is to be built into such a
wavemeter for frequency measurements,
it is of paramount importance that the
circuit have as high a “Q” as possible.
This is accomplished by the complete
elimination of all insulating material
and the proper choice of the geometric
design of the tuned circuit, together
with complete shielding. As the circuit
“Q” is increased to large values, trouble
arises in maintaining this value. Ef-
fects of loading must also be taken
into consideration, that is the proper
choice of transmission-line length, as
well as the pick-up loop antenna. As
the frequency of operation of the wave-
meter is increased, the circuit “Q” and
the size of the tuned circuit must nec-
essarily be decreased. Hence the opera-
tion of wavemeters at a very high fre-
quency does not lend itself readily to
as high a circuit “Q” as may be ob-
tained at a lower frequency. The tuned
circuit of the wavemeter shown in Fig.
1 has an inductance of 5,000 micro-
microhenries and a variable capacity of
1 micromicrofarad maximum value.

The frequency coverage that is built
into these ultra-high-frequency wave-
meters is dependent almost entirely
upon the mechanical tuning difficulties.
By proper design it is possible to ob-
tain a frequency coverage of five to one
without the usual change of tuning

Photo showing
the wavemeter
{right), the
Lecher wire
system and the
wave-guide
(center front).

coils as is frequently done in low-fre-
quency tuning systems. The problem
involved in band-spread gear reduction,
accuracy, etc., render such a wavemeter
impractical for general use at this time
unless the sacrifice of accuracy to ob-
tain such a frequency coverage could
be justified. These problems are similar
to those encountered in low-frequency
wavemeter design and need no further
consideration here.

The use of a transmission-line input
has advantage since the wavemeter may

" be set for convenience at a considerable

distance from the {frequency source
under investigation. It may also have
an advantage in the choice of an an-
tenna stub or loop as a pickup source
and probe. It is possible with such an
arrangement to investigate the varia-
tion of polarization and voltage with
position. Various lengths of transmis-
sion line will reflect a wide variation
of impedance to the wavemeter input
circuit. The coupling then must be
made loose to prevent changes in line
impedance from affecting the wave-
meter accuracy.

Ultra-High-Frequency Detector

The choice of a detector for the con-
version or demodulation of energy in
the ten-centimeter range leaves much
to be desired in detector efficiency. It
has been found that the best detector
efficiency may be obtained with a
crystal. Good results may also be ob-
tained with the current acorn variety
of diodes. It is also possible to use a
three-element tube such as the 955 or
957 with fair results. Of greater im-
portance than the detector choice is the
method of applying the centimeter wave
voltage to the detector. It is necessary
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that extreme care be exercised in the
placment of parts, ground, shielding,
etc. ‘

Method of Calibrating Wavemeters

Several miethods for the calibration
of centimeter wavemeters were tried.
In general, these methods used as
standards a quartz crystal or a good
design of a Lecher wire system.

The use of a quartz crystal as a fre-
quency standard has considerable ad-
vantage in many respects. It is possible
to obtain a good crystal for use as a
frequency standard operating at about
ten megacycles. By means of a con-
ventional tripling and doubling ar-
rangement, this frequency can be mul-
tiplied to sixty megacycles. If consid-
erable power is used at sixty megacycles
and the harmonic content increased by
conventional methods, a little energy
will exist at a high order of harmonics.
The tenth harmonic will reach six hun-
dred megacycles and the sixteenth and
seventeenth will give a frequency be-
low and above one thousand megacycles.
This energy at a standard frequency
may be used to calibrate one or more
frequency stabilized oscillators operat-
ing from 800 to 1,100 megacycles. The
harmonic output from these oscillators
may in turn be used to calibrate the
ten-centimeter wavemeter. The method
of comparing the frequency of the ten-
megacycle crystal to that of the fre-
quency stabilized 1,000-megacycle oscil-
lator is accomplished by means of a
superheterodyne receiver. This ultra-
high-frequency superheterodyne has a
twenty megacycle i-f and a high order
of selectivity.

It is quite apparent from this de-
scription that this method is unduly
complicated and makes use of much
special apparatus. Furthermore, the
error in the ten-megacycle standard is
multiplied by 100 in going to 1,000

megacycles and by 300 in going to the
ten-centimeter band. Its chief advan-
tage lies in its use as an independent
check on the Lecher wire system.

The method of applying the Lecher
wire system as a frequency standard
consists of using a frequency-stabilized
oscillator operating above and below
1,000 megacycles and calibrating this
oscillater with specially designed Lecher
wire system. The third harmonic from
the oscillator is used for calibration
purposes. It is necessary to trap the
third harmonic and build up as large a
voltage output from the oscillator at
this frequency as is possible.

The circuit arrangement for the ac-
complishment of this result is shown
in Fig. 1. To produce a third harmonic
voltage at ten centimeters, a wave trap
or high-pass filter is necessary in order
to produce the least interference at the
ten-centimeter detector from the funda-
mental, which is many times stronger
than the harmonic. This is accom-

‘plished by means of the wave guide

shown in Fig. 1. To eliminate the
fundamental and "second harmonic, use
is made of the relationship for critical

frequency of wave guides where
3.68

D >-——), where D is the diameter
2z

of the wave guide and » = 10 cm. To

eliminate the second harmonic and the

fundamental it is necessary to choose
3.68

D so that D < ——2X, where A = 20 cm.
2«

A further increase in voltage at ten cen-
timeters is obtained by tuning the pickup
stub or probe as well as the length of
the wave guide. The best arrangement
of the independent controls is obtain-
ed by retuning each in turn for maxi-

Fig. 1. Circuit of wavemeter.
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mum signals. Once the third harmonic
is tuned to maximum response, the fre-
quency of the fundamental is identified
by means of the Lecher wire or quartz-
crystal standard. By taking measure-
ments of several wavelengths in the
Lecher wire system, the error in meas-
urements of the physical length is re-
duced. Other {requencies above and
below ten centimeters are calibrated in
like manner. In order to make certain
that the wave existing in the wave
guide is the third harmonic, it is meas-
ured directly by placing the probe or
voltage pickup attached to the Lecher
wire system in the wave guide. As the
Lecher wire is varied through multiples
of A/2 the impedance is changed and
shows variations in the output meter.
These variations occur, roughly, for
every multiple 3/2 of the third har-
monic and in this manner a rough
check of the wave length is obtained.
The measurements of wave length
taken in or concerned with the wave
guide cannot be relied upon for ac-
curacy. An analysis of velocities of
waves existing in the guide show differ-
ent phase wvelocities, multiple wave
propagation, and other conditions that
do not lend themselves to accuracy. For
this reason, the wave length measure-
ments in the guide should only be re-
lied upon to identify the harmonic pro-
ducing the voltage existing in the guide.

Accuracy of Lecher Wire System

The accuracy of the Lecher wire
system as a standard is difficult to de-
termine because of the number of vari-
ables that must be controlled and taken
into account. A brief analysis of these
variables and their relationship to the
velocity of the wave existing in the
Lecher wire system shows the extent
upon which these may be relied. It is
the purpose of this analysis to show
how the velocity of propagation along
the Lecher wire system compares with
the velocity of a propagated wave in
free space. The velocity of propaga-
tion of a disturbance along a Lecher
wire system is equated from

()
(1) V=-— Where V = velocity of
B disturbance
w= angular vel-
ocity
B =: retardation
angle per
unit length
The retardation angle expressed in
terms of line constants is given by

R?2
2)* B=oVLCJ1+
412 2

%
9P 605
16L% » ¢

(Continuned on page 24)
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LOOKING AT
1940-41 TRENDS

HAVING just completed a most
successful year, it appears that
the radio industry is destined to be even
more prosperous in 1941. Retail sales
should increase substantially, due to the
fact that the National Defense Program
and foreign orders are creating more
jobs daily. However, in analyzing the
situation one must keep in mind that
the international situation can change
most rapidly. It is well, therefore, to
take all predictions with the reservation
“subject to change without notice.”
With this fact in mind, let us consider
the various fields separately.

National Defense

The National Defense Program is the
subject of greatest interest to all mem-
bers of the radio industry. There would
seem to be two essential problems that
the various organizations in the indus-
try must face .
production. First, there is the problem
of expanding plant facilities to meet na-
tional defense requirements; second,
there must be sufficient production to
meet an increased consumer demand for
normal peace-time products. In some
instances it is likely that the latter type
of production may be temporarily sus-
pended; while in connection with the
former problem, it should be bhorne in
mind that the industry will have to sup-

.. both of which concern -

Jean Rogers, a
Powers model, be-
ing televised in
color at the Co-
lumbia Broadcast-
ing System's
studios.

ply more than equipment, for it must
also contribute the products of its re-
search and development facilities, it
must supply a certain amount of
specialized personnel »to the armed
forces and it must train new men to
replace those called to arms.

It is indeed gratifying to see how
well the radio industry is cooperating
to meet the National Defense Program
requirements. Most organizations are
rapidly expanding their plant facilities
and devoting a large portion of their
time to government orders . . . so much
so that in many instances normal. or-
ders are from three to six months be-
hind schedule,

We have already pointed out how the
radio industry will contribute to na-
tional defense!, so we will not delve
further into the subject here . . . except
to point out that the Defense Commu-
nications Board has had a number of
meetings and completed most of its or-
ganization work.

It should also be mentioned that the
various engineering schools are cooper-

"“Communications Contributes to National De-
fense”, p. 3, Nov., 1940, COMMUNICATIONS.

A new Warner
Swasey turret
tathe in operation
in the P. R. Mallory
plant in Indianap-
olis. Permitting a
high degree of ac-
curacy, it is tools
such as these that
are playing an im-
portant part in our
National Defense
Program.

ating well with this country’s defense
effort. Nearly all of the leading schools

have made plans for establishing
special, intensive training courses in
appropriate fields. No doubt this train-
ing program will be greatly expanded
during 1941.

Broadcasting

Tt now appears that the broadcasting
industry had real reason to celebrate its
twentieth anniversary in 1940. Gross
billings for the four major networks
were 8% to 409, higher than in 1939.
According to one authority,? the bill-
ings up to last November 30 were as
follows: NBC (red), $36,168,421;
NBC (blue), $9,584,706; CBS, $37,-
205,560; MBS, $4,190,071. With the
spreading of the various wars and the
tendency of this country to engage more
forcefully in foreign affairs, there is an
increasing listener interest which will
probably result in even higher billings
during 1941.

In transmitter cesign the trend con-
tinues toward better appearance and
improved mechanical layout to permit
quicker servicing. With improvements
in circuit design, higher efficiency and
better fidelity will be obtained. It is also
likely that certain simplifications will
be made in the design of transmitters as
a result of the development of higher-
powered air-cooled transmitting tubes.
New emphasis will be placed on direc-
tional microphones, acoustical and other
constructional materials due to the
BMI-ASCAP fight. This is especially
true for outdoor broadcasts of sporting
events, and gatherings of various sorts
where the broadcasters have no control
over the type of music that may be used.

During the coming vear frequency
modulation and television will play an
important part in broadcasting. Both
subjects, however, will be dealt with in
later sections of this article.

*Broadcasting, Dec. 15, 1940. p. 46.
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Color television, using ‘a standard
receiver and a two-color revolv-
ing disk was demonstrated. by Dr.
E. F. W, Alexanderson, General

Electric, to members of NTSC.

Viewing demonstration with Dr.

Alexanderson is George Henry
Payne (right)} of the FCC.

A subject that has not received suf-
ficient popular attention during the past
vear is the work of this country’s in-
ternational broadcasting stations. Now
on a commercial basis, these high fre-
quency broadcasters have made definite
contributions towards hemisphere soli-
darity. A number of new stations will
make their appearance during 1941.

Television

The art of television received a se-
vere set-back in 1940. Off to a good
start in February when the FCC ap-
proved limited commercial operation as
of September 1, television was relegated
back to an experimental status in May.
This action by the FCC resulted in the
withdrawal of all merchandising plans
and the loss of much consumer interest.
Shortly afterwards, however, the Radio
Manufacturers Association, in coopera-
tion with the FCC, formed the Na-
tional Television System Committee
(NTSC).® This organization set up the
following panels: (1) System Analysis,
(2) Subjective Aspects, (3) Television
Spectra, (4) Transmitter Power, (5)
Transmitter Characteristics, (6) Trans-
mitter-Receiver Coordination, (7) Pie-
ture Resolution, (8) Synchronization,
and (9) Radiation Polarization. Stand-
ards have been adopted and the NTSC
will submit its report to the FCC on
January 27.

Despite its early setback, television
development has not lagged. Field tests
are still being conducted by all the
major stations established previous to
the above mentioned ruling. In addi-
tion, several systems of color television
have received attention. One system has
been satisfactorily demonstrated using
both film and more recently live sub-

3The NTSC was formed to represent the radio
industry and has representatives from 41 organiza-
tions. The total membership of the NTSC, in-
cluding panels is 137.

jects. It appears that color television
has much to offer and it will undoubt-
edly receive a great deal of attention
during the coming months. From all
indications color adds considerably to
the entertainment value of television
and increases the apparent definition—
this without too much in the way of ad-
ditional cost.

Television relay stations operating
around 150 mc have been shown to be
feasible. Consistently good results can
be obtained for sufficient distances to
make television chain broadcasting
practical. In this connection, however,
it is well to mention that good pro-
grams can now be sent over wire lines
(coaxial) as was evidenced at a recent
demonstration during the annual IRE

convention in New York. No doubt
experimentation will continue along
both lines.

Experimental work will be continued
towards obtaining larger images both
through the development of larger tubes
and by means of projection. It still
seems that the desirable picture size for
home reception should be somewhere
between 18 and 24 inches in width.

An interesting method for produc-
ing large-screen television images has
recently been patented.* This system
makes use of a group of small tubes
each of which automatically takes
its own part of the image. This devel-
opment will probably receive serious
consideration, since it possesses several
advantages . . . one of which would be
a reduction in tube replacement costs.

“Patent No. 2,219,149, “Television System”, is-
sued to A. N. Goldsmith, October 22, 1940.
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Westinghouse Klysiron. Below:
Cross sectional view of the tube.

During the past year considerable
field work was done with portable tele-
vision equipment housed in carrying
cases. Results were reported to be quite
satisfactory. This type of equipment
should find considerable use once com-
mercial operation gets under way.

Frequency Modulation

F-m was off to an early and good
start in 1940. Early in the year there
was organized the F-M Broadcasters,
Inc. (FMBI), to coordinate the activi-
ties of the various parties interested in
f-m broadcasting. The FMBI has done
some excellent work in the interests of
frequency modulation.

After hearings before the FCC, fre-
quency modulation has been placed on
a commercial basis (January 1, 1941).
To date the Commission has granted 29

_construction permits, with 55 applica-

tions still waiting official decisions.

Tt is interesting to note the standard
method that has been adopted for as-
signing call letters to f-m stations. The
first letter is either a W or K, depend-
ing upon whether the station is east or
west of the Mississippi. This is fol-
lowed by two numbers indicating the
frequency assignment in the 40-mc
band. The final letter or letters are used
to designate the city or general lo-
cality of the station. For example,
W63NY might be a New York station
operating on 46.3 mc, while K59D
might be a Denver station on 459 mc.

Jt is also interesting to note that f-m
stations are assigned areas rather than
power. In other words, a station will
use whatever power is necessary, de-
pending upon antenna height and other
limiting factors, to cover a certain spe-
cific area.

So far standards have not been set
up as to the type of polarization to be
used, although it is believed that hori-
zontal polarization is favored. Vertical
polarization, however, has an advantage
which should not be overlooked, in that
a vertical antenna or rod may be used
in place of the directive dipole.
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Broadcast transmitting equipments
are available in 250, 1000, 3000, 10,000
and 30,000 watt ratings. At least five
manufacturers have announced commer-
cial units, the transmitters varying, of
course, in circuit details.

Frequency modulation is finding use
for special emergency purposes, in utili-
ties communications and for police ser-
vice. While some work is being done
in the aircraft field, the main stress is
being placed on police radio where f-m
is gaining ground rapidly, several in-
stallations being under test and at least
one in actual everyday service. One
a-m/f-m transmitter has been an-
nounced and it is quite likely that simi-
lar units will be made available by
other manufacturers . . . the idea being
to permit a gradual changeover from
one type of service to the other.

There is also a possibility that f-m
may be used for the sound and other
portions of television signals. F-m, of
course, is also being tested by the armed
forces of this country.

Receivers

The number of home radio sets in use
in the United States is estimated by the
National Association of Broadcasters
to be 50,100,000. This represents a net
increase of 6,100,000 receivers in use
over the previous year.

Year-end statistics compiled by the
Institute of Radio Engineers show that
11,000,000 radio receivers were pro-
ddced during 1940, a record-breaking
figure. In 1939 approximately 9,000,000

A center for one
of the largest air-
line teletype sys-
tems in the world
established in Day-
ton, Ohio, by
Transcontinental
and Western Air,
to speed up the
transmission of
nearly 3,000,000
words a month.
Eleven employees
and a manager,
R. L. Ritter, have
been assigned to
this center. See
illustration at bot-
tom of page.

model receivers continued to be the
most popular, accounting for 52 per
cent of the total. An important new
trend was the increased popularity of
radio-phonograph console combinations
which comprised over 7 per cent of the
total. In all there were approximately
1000 different models of radio receivers
available. Automobile sets kept pace
with a ftotal production of 2,300,000
receivers.

1940 saw the introduction of a new
type of receiver, the battery-operated
camera-sized portables. These instru-
ments weigh between 4 and 5 pounds,
utilize miniature tubes and parts, and
operate from a special long-life B bat-
tery and a single flashlight cell. Known

A schematic of the TWA teletype

radios,
new sales possibilities.

The past year also saw the incorpo-
rating of home recording in many con-

as personal these sets open up

sole receivers. These units also present
some interesting sales features. During
the coming months efforts will be di-
rected towards improving quality of the
recorder itself as well as records,
needles, etc.

Straight f-m and combination a-m/f-m
receivers have been introduced by most
of the manufacturers. Undoubtedly
more models will be made available this
coming year, especially so since f-m is
now on a commercial basis. While no
sales figures are available, it is believed
that between 9000 and 10,000 f-m re-
ceivers are in the hands of the public.
Since quite a number of f-m stations
will go on the air in 1941, the sale of

sets were produced. In 1940, table network. (Continued on page 28)
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THE DesicN oF A Diobe MILLIVOLTMETER

By CLEDO BRUNETTI & CHARLES W. HARRISON

Ass't Prof., Elect. Eng.
Lehigh University

T NGINEERS concerned with volt-
age measurements find much satis-
faction in the use of one or another of
the various types of diode voltmeters
that have been described in the litera-
ture” **  As one example, many of the
usual difficulties encountered in mea-
surement may be overcome by combin-
ing a diode rectifier circuit with a d-c
electronic voltmeter employing negative
feedback. In this manner one eliminates
the effect of changes in tube constants
on the sensitivity of the device. A high
input impedance may be maintained
over a wide range of frequencies. In
addition there results a linear relation-
ship between input voltage and volt-
meter reading, increased range of opera-
tion for a single tube and the possi-
bility of converting from one scale to
another with ease. A commercial meter
of this type has found wide application.’

If such an instrument is to be used to
meastre low a-c voltages it becomes
necessary to extend the design and to
observe certain factors which influence
the sensitivity and stability of the de-
vice. It is the purpose of this paper to
discuss these factors and to present a
circuit combining some well-known fea-
tures in such a manner as to yield a
stable instrument with a full-scale de-
flection of as low as two millivolts in-
put. Thus voltages lower than one milli-
volt may be measured with good ac-
curacy. On the other hand with the
employment of voltage dividers the in-
strument can be extended to measure
a-c voltages of many hundreds of volts.

The accurate measurements of d-c¢ volt-
ages ranging from one-tenth to over one
hundred volts is also possible.

The complete circuit of the voltmeter,
with the exception of supply voltages, is
shown in Fig. 1. As apparent from the
figure it comprises three parts: a pre-
amplifier with high input impedance
followed by the familiar diode rectifier
(included between the lines a—a’) and
finally the d-c voltmeter. The a-c volt-
age to be measured is fed to the ampli-
fier, the output of which is then im-
pressed across the diode circuit. The
latter produces a d-c voltage across ca-
pacitor C, proportional to the magni-
tude of the voltage to be measured. This
d-c voltage appears on the grid of the
following tube which acts as a stable
d-c voltmeter with an ammeter in the
plate circuit whose deflection is linearly
proportional to the voltage on the grid.

The D-C Electronic Voltmeter

The circuit of the d-c voltmeter is a
modification of that employed in the
“reflex” voltmeter described by Medlam
and Oschwald.! Tt is essentially a sim-
ple triode circuit with a group of de-
generative resistors added in series with
the cathode. The degenerative action is
similar to that taking place in ordinary
amplifiers employing this principle.

Fig. 1. Circuit of complete voltme-
ter. R; = 5000 ohms, R: — 100,000
ohms, R; — 100,000 ohms, R, =
1000 ohms, Rs — 1 meg., R = §
meg., C, = 0.1 mfd. 6H6 or 955
filament voltage — 5 volts. Other
filament volfages normal.

r
HIGH O

SCALE
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Since the operation of the device is lin-
ear, the sensitivity may be determined
quite simply with the aid of Fig. 2.
When R = 0 the change in plate current
(ip) occurring for a given change in
grid voltage (e,) is:

3i,
( ) Y P (1)
Seg €p=constant

where e, = plate voltage of the tube
Gn = mutual  transconductance
of the tube.

For a 6F5 tube the value of G. may
be taken as 1500 micromhos. In order

Fig. 2. Simplified circuit of the
d-c voltmeter.

to produce full-scale deflection on a
100-microampere ammeter placed at A,
a change in grid voltage of 100 X 10/
1500 x 107 or 1/15 volt is required.
This determines the maximum d-c sensi-
tivity available in a device of this sort.

When R#0 the change in plate cur-
rent occurring for a given change in
grid voltage becomes:

V'Aez;

Ai, =
r, + R

rp = plate resistance of the tube

w = amplification factor of the tube

The actual voltage appearing between
grid and cathode is now less than A e,,
the voltage impressed on the grid cir-
cuit, by an amount equal to the drop
across resistor R, so that:

Ael?: Ae,—R (A1)
which inserted in (2) leads to
[Aee—R (A1)]

Aip:Pv y
n+R
or
wAe,
Aij=——————
r+ R (I +w)

Dividing by Ae, we have, in the limit,
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( Si,,) W
3 €o Ep:constn: Tp + R (1 + p‘)

Gﬂl
R
I+ —(1+w)
Tp
.................. (3)
Since u = Gu 1.
For u>>1, (3) becomes
31, G
R
8 eo ep:L’OnS(:’Il\t 1 + R Gm

Comparison of equation (4) with (1)
shows that the introduction of R results
in a decrease in the sensitivity. A
larger change in the impressed grid
voltage is required to produce the same
change in plate current. Equation (4)
may be used to find the required value
of R for any range over which it is de-
sired to have the voltmeter operate. In
particular, if the same 100-microampere
ammeter is used at A (with a 6F5 tube)
and it is desired to obtain a full-scale
deflection for a ten-volt change in e,
equation (4) shows a resistance of
100,000 ohms will accomplish the de-
sired result. Regardless of the range
of variation of the impressed grid volt-
age a value of R may be selected to
limit the maximum change in plate cur-
rent to that corresponding to the orig-
inal {full-scale deflection on ammeter
A. Thus with proper adjustment of the
plate and grid-bias voltages for each
new value of R, the tube is made to
work over the same portion of its
i, — e characteristic for all range set-
tings of the voltmeter. The sensitivity
of the instrument then varies only with
the magnitude of R.

The manipulation of ranges may be
accomplished in a conventional manner
by a two-ganged switch S having five
taps. One of the sections of S inserts
different values of R in series with the
cathode while the other section changes

100
T
<
o
E 80
£
§ -
z /
% 40
5 SCALE 2
5 20
=
[
a
0o
() 2 4 6 8 10
MILLIVOLTS INPUT (RMS)

the grid-bias voltage to restore opera-
tion to the same point on the tube char-
acteristic. Thus, at zero input voltage*
the same plate current flows for all

*See Fig. 1.

values of the cathode resistor R. The
initial current in ammeter A is bal-
anced to zero by adjustment of the
rheostat R,. The diode rectifier circuit
is so arranged that an increase in input
voltage produces a greater negative d-c
voltage on the grid of the following
triode resulting in a decrease in the
plate current of the latter. The am-
meter A is connected into the circuit in
reversed polarity and R, adjusted to
give zero deflection with no input volt-
age. In this manner when an a-c input
voltage is applied, the decreasing plate
current produces a positive deflection on
ammeter A. It is not necessary to em-
ploy a sensitive ammeter at this posi-
tion. A 500-microampere microammeter
will work as well as a 100-microampere
ammeter (although not as sensitive)
provided the tube characteristic is linear
over a plate-current range of 500 micro-
amperes. The more sensitive the am-
meter the smaller the portion of the
tube characteristic employed and the
easier it is to select and maintain a
linear operating range on the charac-
teristic.

The Diode Rectifier

Since this type of circuit has been
amply described in the literature™® the
following discussion will be confined to
the ratio of rectification and stability of
operation. As the result of the rectify-
ing action of the diode, the condenser
C, (Fig. 1) is charged to the peak
value of the a-c voltage impressed on
the rectifier. The presence of resistor
Rs makes it possible for the d-c voltage
appearing across C, to vary in propor-
tion to the peak input voltage.

(a) Ratio of Rectification

In the diode rectifier it is desirable
to obtain a linear relationship between
impressed a-c voltage and output d-c
voltage. This relation holds very close-
ly for large impressed voltages but as
the voltage to be measured becomes
smaller a departure from linearity is
noticed. The ratio of rectification may
be defined as the quotient of the change
in output d-c voltage by the peak value

Fig. 4. (A left; B below) Typical
calibration curves for low scale

input.
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of the sinusoidal voltage impressed on
the rectifier® The change in output
d-c voltage is used since the latter does
not drop to zero when the impressed
a-c voltage is removed. A simple test
will show that the ratio approaches
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Fig. 3. Grid bias on triode of d-¢

voltmeter as function of diode

filament voltage with no input
signal.

unity at large values of impressed volt-
age, but for small voltages drops con-
siderably. With no input voltage on
the voltmeter a small diode current
flows as the result of the initial velocity
of the electrons leaving the filament.
By keeping this current as low as pos-
sible, for example, by using a large
value of R, the ratio of rectification is
increased. Even with this improve-
ment it is difficult to attain a high ratio
at very low input voltages. The result
is a slight curvature near the origin of
the calibration curve of the voltmeter
as seen in Fig. 4. Because of the ease
with which one may shift to a new
scale the presence of the remaining
curvature is not a serious matter.
(b) Stability of Operation

The d-¢ voltage produced across Rs
by the diode current flowing through it
at zero input voltage supplies a nega-
tive bias to the grid of the following
triode which influences the stability of
operation. Fig. 3 shows how this bias
varies as a function of the filament
voltage for a 6H6 tube. With the nor-
mal filament voltage of 6.3 volts an
unstable condition may be observed
which appears as a continuous drift in
the deflection of the ammeter A. The
apparent cause of this is the fluctuation
in magnitude of the d-c bias produced
by the 6H6 tube. Reducing the fila-
ment voltage to 5 volts produces a fair-
ly constant d-c bias across the follow-
ing amplifier resulting in much im-
proved stability. The same type of be-
havior is noticed when the 6H6 tube
is replaced by a tvpe 955 acorn tube.
As in the case of the 6H6 the 355 oper-
ates better with 5 volts on the filament
than the rated 6.3 volts. A further im-
provement in the stability results when
the filament voltage of either tube is
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made lower than 5 volts but the drop in
ratio of rectification which follows low-
ers the overall sensitivity of the device
considerably. For this reason a value
of 5 volts represents a satisfactory me-
dium.

The Pre-Amplifier

A single stage of resistance-coupled
amplification employing a pentode tube
may be used which will be relatively
stable in operation. The output resistor
Rs may be varied to provide adjustable
gain and thus to enable ammeter A to
be set to full-scale deflection for any
desired value of input voltage. While
the diode circuit and the d-c voltmeter
may be designed to be fairly inde-
pendent of frequency the response of
the pre-amplifier will influence the cali-
bration of the complete voltmeter at
high frequencies.

The amplification of the pre-ampli-
fier over a limited range of audio fre-
quencies is given by

o R’s G’m R/3 l"p
o = =
1,/p + R’3 r,p + R,s
—_ Gm RT .......... (5)

where Rr = R/, r,p/<r,v + R%)
and

('m = mutual transconductance of the
6J7 tube = 1185 micromhos

', = plate -resistance of the 6]7 tube
= 1 megohm

R’; = effective plate load resistance
(between plate and ground).

Overall Selectivity

The overall sensitivity of the volt-
meter may be computed by considering
in turn each of the three component
parts. If the ratio of rectification of
the diode rectifier is expressed by B the
overall response is:

3,
—={(GuRe)p—-
Je, 14+ RGn

Fig. 5. Typical calibration curve for
high scale input.
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where: :

e« = voltage impressed at the input ter-
minals of the voltmeter.

i, = current in ammeter A.

Over the normal operating range the

relation between i, and e, is linear, so

that the input voltage required to pro-

duce full-scale deflection on the am-

meter A will be

A+ RGn
e.=———= volts (peak value)

Gmn G'mR:B
e e 7)
where A is the full-scale indication of
the ammeter in amperes.

Maximum sensitivity occurs when
the degenerative resistor R is zero. For
a value of Ry of 100,000 ohms, and 8
equal to 0.4 at full scale (for small in-
put voltages) an input voltage of 0.0014
volt (peak value) will give full-scale
deflection on ‘the 100-microampere am-
meter at A (Fig. 1). Actually, how-
ever, it is not advisable to make R
zero. Because of the difficulty of main-
taining the bias supplied by the rectifier
at zero input Voltage absolutely con-
stant it is best to supply an additional,
though small, self-bias in the cathode
circuit of the 6F5 triode. This tends
to reduce the unstable effect of a slight
fluctuation in the bias supplied-by the
rectifier. A minimum value of R to
supply the proper self-bias for stable
operation is found to be 500 ohms. The
maximum sensitivity then becomes
(0.0014) (1 + 500 x 1500 x 10-*) or
0.0025 volt (peak value) for full:scale
deflection. Other minor factors unac-
counted for in the calculations act to re-
duce this sensitivity to a value slightly
less than 0.0028 volt, peak value, or
0.002 volt, rms valite, for full-scale de-
flection (assuming a sinusoidal input
voltage). It is clear that by employ-
ing a microammeter requiring-less than
100 microamperes for full-scale deflec-

tion the overall sensitivity may be in-

creased further.
Discussion

Figs. 4 and 5 show a set of typical
calibration curves for the completed
voltmeter. A sinusoidal voltage was
used in these measurements. The cali-
bration shown in Fig. 4-a is representa-
tive of the results obtained for the
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three most sensitive ranges. The curves
for scales 1 and 3 (not shown), which
yield full-scale deflections for rms in-
puts of 2 millivolts and 30 millivolts,
respectively, have essentially the same
shapes as that of scale 2. Curve A of
Fig. 6 shows the frequency response of
an instrument designed to operate at
a fixed frequency in the neighbor-

hood of 1000 cycles over a wide
range of input voltages. In this case
the a-c amplifier is operated with

as great a gain as is practical. If it
is desired to provide a sensitive meter
to operate over a large range of fre-
quencies it is necessary to revise the
design slightly. A type 955 acorn tube
acting as a diode may be substituted for
the 6H6 tube. This improves the re-
sponse at the higher f{frequencies.
Checks on the stability and sensitivity
show the former to be unchanged but
the latter to decrease somewhat from
the value obtainable with the 6H6 tube
in the circuit. This apparently is due
to the lower ratio of rectification of the
acorn tube. The decrease in sensitivity
does not, however, appreciably affect
the linearity between the input voltage
and recording meter deflection.

An analysis of the pre-amplifier act-
ing alone may show a frequency re-
sponse which.drops off at both the high
and low values of frequency. This may
be remedied by the introduction ef a
small amount of negative feedback and
by reducing the plate-circuit resistance,
Rs. The negative feedback is obtained
by removing' the by-pass condenser
connected across R,. This also im-
proves the stability of operation. The
lower value of R; appearing in parallel
with and therefore tending to reduce the
effect of the distributed capacity of the
rectifier circuit aids further in bringing
up the response at the high-frequencies.
The result of these ¢hanges is shown by
cirve B of Fig. 6. While the present
design of the instrument has been con-
fined to the audio range the application
may be extended to higher frequencies
if desired, the upper limit being fixed
mdinly by the response of the pre-
amplifier. Additional precatutions will
be necessary suchi’as the use of a pre-

(Continned on 'page 22)
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MIDGET IN SIZE—A GIANT IN OUTwPUT

To Get the Most from
L\ . Your Tube Dollar
P R &7 ol #/ Be Sure to Specify
' : Pry GL-880’s

GL-880 is the largest of the G-E
developed tubes for high-frequency (FM
and television) services. Its background
is more than 28 years of G-E tube ex-
perience.

GL-880’s ingenious ‘‘folded” anode
reduces internal lead lengths by 10 inches
without sacrificing cooling surface. High
efficiency is obtained even at high fre-
quencies.

Three-fifths

actual size

Dual grid leads for separation of excita-
tion and neutralization minimize neutral-
izing problems.

Easy to Drive

With only 1500 watts driving power at
the grids, two GL-880's will deliver an

! FOR H‘GH_POWER easy 50 kw of FM at 50 mc.

Here’s Real Versatility
FM ' Primarily for FM and Television, yes,
oN but GL-880’s have unusual efficiency at
i international and standard broadcast
AND TE‘-EV‘S requencies, and as modulators. A pair
will give a 50-kw plate-modulated carrier
at 25 me!
Be sure toask your near-
by G-E representative
for full information on
the complete line of G-E
transmitting tubes for all
services. There are G-E
offices in 80 principal
cities. General Electric,

Schenectady, New York.

G-E 50,000-watt
® FM broadcast

transmitter
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VETERAN WIRELESS OPERATORS

A

ASSOCIATION NEWS

A

W. J. McGONIGLE, President

RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y.

GEORGE H. CLARK, Secretary

16th Annual
THE Sixteenth Anniversary of our As-
sociation will be celebrated with a
Dinner-Cruise at the Hotel
Tuesday evening, February 11th, 1941. (It
was erroneously stated in the December
page that the date would be the 1st of
February). It's our standard date the
11th of February. The next day, for
many of us at least, is a Holiday—Lin-
coln’s Birthday.

The theme of this Cruise will be “Na-
tional Defense.” Prominent members of
the Defense Communications organization
will be present to outline the details of
the Communications industry’s part in Na-
tional Defense. We extend a cordial invi-
tation to all members of the industry to
take part in this affair.

In order that a maximum number of our
members and friends may take part in this
event the tickets are priced at cost—$3.00
per person. (Really below cost, when you
consider the incidental expenses, etc.) We
urge all to make their purchase of tickets
early so that final plans may be made to
accommodate properly those who attend.

In order to stimulate interest i code
proficiency, our Association will sponsor a
series of events with suitable awards to
the winners. In the near future a contest
will be held to determine the World’s fast-
est operator. This contest will include
conumercial, government service, and ama-
teur operators. A prize will also be given
to the winner of the Army Amateur Radio
System’s annual code proficiency contest
usually conducted about this time of year.
Contests will be initiated among the new
members of the armed forces and prizes
given to those who make the greatest
progress in code proficiency in a given
period. Our Association, consisting en-
tirely of former “Knights of the Wireless
Key” is in a unique position to so recog-
nize the proficiency of present day and “to
be” Wircless operators.

Some of these events may have tran-
spired at the time of our Cruise and if so
the winners will be present to receive their
awards.

There will be many highlights at the
Dinner—awards, entertainment, reminis-
cing and dancing until the wee hours.
May we have the pleasure of greeting you
then?

Tickets may be obtained from us at
Radio City or from any officer or com-
mitteeman.

Marconi Memorial

In pursuance of the policy of our Asso-
ciation of keeping alive the memory of the
founder of our profession, the late Gugli-
elmo Marconi, plans have been formulated
for a suitable monument to be erected in
the ‘“New” Battery Park in New York
City. ’

The present Battery Park will be com-

Astor on.

pletely rebuilt as a result of the Battery-
Brooklyn Tunnel which will be construct-
ed in the very near future. In line with
previous splendid efforts of Park Commis-
sioner Moses of New York City in his
campaign for beautifying the metropolis,
Battery Park will soon be one of the most
beautiful sights in the greater city.

The bas relief of Marconi which formed
the frontispiece of the Italian Building at
the New York World’s Fair has been
obtained by our Association. With a suit-
able background and complemented by the
present Wireless Operators Monument the
bas relief will occupy a most prominent
position in the New Battery Park. The
construction of this tribute to our founder
and to memory of those brave wireless-
men who gave their lives at the post of
duty will be financed by the Marconi Me-
morial Fund which was initiated by our
Association shortly after the decease of
Marconi.

Our Marconi Memorial Fund Commit-
tee is headed by David Sarnoff, President
of the Radio Corporation of America. It
is through his cooperation and negotiations
conducted by George Clark, our Secretary,
with Commissioner Moses and the execu-
tives of the Italian Pavilion that this Me-
morial to a great man will soon be con-
summated.

Personals

Lieut. Carl O. Peterson, a member of
both Byrd Antarctic Expeditions, is now
on active duty aboard the U. S. S. Ranger.
Carl was extremely active in the Naval
Reserve Communications system before
going on active duty. We're sure he’s
doing a fine job. Good luck COP . . .
J. R. “Jack” Poppele, one of .our Directots
and Chief Engineer of the Bamberger
Broadcasting  Service — WOR — recently
gave an interesting talk on frequency mod-
ulation and the part the new system of
broadcasting will play in the future, over

the facilities of the Mutual Broadcasting ,

System. Jack is Chairman of the Engi-
neering Committee of Frequency Modula-
tion Broadcasters, Inc. and he should know
his subject ... To Mr. and Mrs. William
J. McGonigle, a daughter, Jean Marie
born October 31, 1940. Which partially
explains delay in answering correspon-
dence recently . . . George Clark has been
spending much time in Washington re-
cently . . . All those in the New Orleans
area should contact A, F. (Steve) Wallis
re plans for the Annual there on February
11th. He is Mackay Radio Superintendent
there . . . Members of our profession have
taken up all kinds of endeavors since part-
ing from brass pounding. The real estate
agent from whom our prexy rented a house
recently is a former wireless operator.
The new home address—331 Lafayette
Avenue, Brooklyn, N, Y. ... O. B. Han-
son, V-P and Chief Engineer of NBC and
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a Life Member of our Association was
recently commissioned a Captain in the
Signal Corps Reserve . Harold P.
Westman, Secretary of the IRE did his
usual splendid job of handling the recent
IRE Convention in New York City . . .
Glad to hear from George Duvall a real
oldtimer and to learn that he plans to be
at the 16th Annual . .. We'll be glad to
include a Personal about you in this page.
Just communicate with us at the above
address. 73-MC.

BROADCAST CONFERENCE
(Continued from page 2)

Committee and he will discuss the
formulation of standards. It is antici-
pated that the work of the Committee
will be concluded by Conference time.

Of recent interest has been color
television, brought to the foreground by
Dr. Peter Goldmark, who is in charge
of television engineering for the Colum-
bia Broadcasting System. Dr. Goldmark
will describe the color system he has
developed and demonstrated for CBS.

A new feaure of the Fourth Confer-
ence will be laboratory periods during
which the members of the Conference
will have an opportunity to make broad-
cast station measurements with the lat-
est test equipment. Manufacturers will
supply the equipment and instructors.
General Radio Company and the RCA
Manufacturing Company have already
promised cooperation in this new ven-
ture, and several others have signified
their intention to do so.

Dr. Everitt, Director of the Confer-

-ence, is the author of the book ‘“com-

‘munication Engineering” used in some
60 schools. He received his Ph. D. from
Ohio State University in 1933 and he
is a fellow in The Institute of Radio
Engineers and the American Institute
of Electrical Engineers. Dr. Everitt has
been Professor of Electrical Engineering
in charge of instruction in' communica-
tion at Ohio State since 1926.

Those who are interested in the Con-
ference should address” Dr. W. L.
Everitt, Director. of the ' Conference,
Ohio State University, Columbus, Ohio,
and they will. be placed on the mailing
list to receive further details concerning
the Conference.
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Vamable Vottngs

FOR YOUR LABORATORY, YOUR PRODUCT, OR YOUR PRODUCTION LINE
e iing e ey gl

7R

For Controlling: Rectifier output, Motors, Heaters, Lights, Line voltage
METHOD OF OPERATION The UTC Varitran is a simple autotransformer with turns arranged on
one layer so that every exposed turn may be used as .a tap. A special non-fusing contact can be
moved to any position on the winding, permitting the exact voltage desired to be obtained. The

regulation and efficiency are excellent and no distortion of wave form occurs. The output voltage is
independent of load. :

Input Output Max. Net ‘

Type V:l'::ge Vo‘l‘f:;e r Watts Amﬂ;s. Figure Prfece v A R , T R A N R A T , N G S

V-0 115 volts 0-130 230 2 A $7.50 b ) h

V-0-B 230 volis 0-260 230 1 A 9.50 Standard . Varitrans are designed
-Vl 115 volts 0-130 570 5 B 10.00 for 115 or 230 volt service. The re-

V-1-M 115 volts 0-130 570 S @ 15.00 .

V-2 115 volts 0-130 570 5 A 39.00 spective output voltages are 0-130

V-2.B 230 volts 0-260 570 2.5 A 11.50 : ¥

and 0-260 volts. Th -

v 115 volis 0-130 850 7.5 A 14.00 c Fol e Varitran Gy

V-3-B 230 volts 0-260 850 3.75 A 18.00 transformer current and wattage rat-

V4 115 volts 0-130 1250 11 A 20.00 1 p a

V.4.B 230 volts 0-260 1250 5.5 A 25.00 ing is based at 11§ volts. The maxi-

V-5, 115 volts 0-130 19500 | 4l ki 7l A 32.00 mum current can be taken at any
~ V-5-B 230 volts . 0-260 1950 8.5 YA 37.00 1

V-§ 115 volts 0-130 _ 3500 30 K- §0.00 point: from 0 to 20 volts and from 85

V-6-B 230 "°“_5 0-260 ’ 3500 15 A 70.00 to 130 volts. tapering off to 50% of

V-7 115 volts 0-130 5000 44 A 87.00

V-7-B 230 volts 0-260 5000 22 A 95.00 maximum at the 65 volt point.

\ ~

15

| .
0 VARICK S
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CANGED IMPEDANCE BRIDGCE

® A bridge for mea suring the characteristic

impedance of lines at audio frequencies

By D. B. GREEN & PAUL K. HUDSON

CONVENIENT bridge has been

devised for quickly measuring the
characteristic impedance of audio-fre-
quency lines. This bridge shown in the
figure is based on the principle that
when a line is terminated in its charac-
teristic impedance the input impedance
will equal its characteristic impedance,
both in magnitude and in phase angle.

Ziw=2,=72Z,
where Z;, = the input impedance of the
line
Z, =the characteristic impe-

dance of the line
Z. = the impedance terminating
the line

Both ends of the line must be avail-
able. This is almost always the case in
a laboratory, and in actual practice,
there is usually an identical auxiliary
line that can be used as a return line.

Any good bridge resistance-ratio
arms can be used. The authors used a

OVER THE TAPE

PREMAX CATALOG

Premax Antenna Catalog, No. R-41,
covers vertical radiators, horizontals, po-
lice, marine and commercial antennas,
mountings and insulators. Rather com-
plete data is given. Write to Premax
Products, Division Chisholm-Ryder Co.,
Inc, Niagara Falls, N. Y.

FEDERAL BULLETINS

Several new bulletins have been issued
by Federal Telegraph Co., 200 Mt. Pleas-
ant Ave, Newark, N. J. These bulletins
give rather complete specifications and
technical data on the following transmit-
ting tubes: F-131-A, F-131-R, F-110-X,
F-129-R, F-129-B and F-127-A.

WEBSTER-CHICAGO CATALOG

“Sound of Tomorrow” is the title of a
new catalog, No. 440, available from Web-
ster-Chicago Corp., 5622 DBloomingdale
Ave., Chicago. This booklet covers vari-
ous types of amplifiers, remote mixer con-
trols, microphones, recording equipment,
speakers, etc.

EICOR MOVES
Eicor, well-known manufacturers of
dynamotors, small aircraft d-c motors,

power plants, and converters, are now lo-
cated in their larger plant at 1060 'W.
Adams St., Chicago. Greatly increased

Dept. of Electrical Engineering
Ohio University

decade bridge. The input of the line is
connected to the X-arm and the output
end of the line is terminated in a stand-

oscC.

LINE

GANGED IMPEDANCE BRIDGE

ard variable resistor and a standard
variable condenser in series. A similar
condenser and resistor are connected in

facilities have been provided in these new
quarters for design and production to take
care of the company’s growing business.

ASTATIC CATALOG
Catalog No. 40 covering microphones
and pickups is available from the Astatic
Microphone Lab., Inc., Youngstown, Ohio.
Much constructional data and specifica-
tions are given in this 18-page bulletin.
Write to the above organization.

CALLITE APPOINTMENT

The Callite Tungsten Corp., through
Sales Manager D. R. Donovan, announces
the appointment of Harold M. Malm as
Factory Sales Engineer. A former Callite
metallurgist, Mr. Malm returns in this
new capacity after serving some time as
design engineer and metallurgist for the
Lee Spring Co. of New York. He will
work out of the home office at Union City,
New Jersey, concentrating on special alloy
wire applications for the paper, chemical,
machine and other industries.

HARVEY RADIO PLANT

The Harvey Radio Labs., Inc., are just
completing the erection of modern assem-
bly shops adjoining the machine shop
which they have maintained for several
vears at 447 Concord Ave, Cambridge,
Mass. All future correspondence should
be sent to this new address.
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series in the standard arm of the bridge,
and located adjacent to the terminating
units.

The operator balances the bridge by
using one hand on each condenser and
turning them both together keeping the
two units on the same tap. Then using
the same procedure on the two resistors,
a balance is reached when the value of
the units reaches the value of the char-
acteristic impedance. This balance be-
comes very sharp by going from re-
sistors to condensers a few times. The
characteristic impedance 1is then the
value read off the standard units R and
C, that is

j
Zo=R— —
»C

A commercial model of the above
bridge which the writers have called
the ganged impedance bridge might be
made with the standard units ganged so
that two dials only would be necessary.

RCA PROMOTIONS

Promotions of three RCA Manufactur-
ing Company executives at the Harrison,
N. J., plant to positions of increased re-
sponsibility has been announced by E. W.
Ritter, Vice-President in charge of pro-
duction and engineering . activities. Al-
though young in years, all are veterans in
the RCA organization and have a com-
bined service total of 53 years. :

John A. King has been named Harrison
Plant Manager in charge of all operations,
after having served nearly three years as
Manager of Manufacturing. Arlan
Kelley has been appointed Manager of
Manufacturing, stepping up from Assistant
Manager. Dr. G. R. Shaw, Manager of
Research and Engineering, has been named
to assist Mr. King in Engineering Man-
agement.

PIONEER GEN-E-MOTOR EXPANDS

Impetus from national defense program
activities as well as increased demand for
its products from regular non-military
channels has caused the Pioneer Gen-E-
Motor Corporation of Chicago to double
its present plant area, according to a re-
cent announcement by D. E. Bright, Presi-
dent. The company has purchased the
former Grigsby-Grunow big No. 2 Build-
ing situated at 5841 West Dickens Ave.,
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Chicago. The plant, purchased from the
Chicago Title and Trust Company, trustee,
for $75,000 comprises a total of 80,000
square feet, consisting of a one story fac-
tory unit as well as a three story frontage
office section.

INTERNATIONAL STANDARD ELECTRIC
APPOINTMENT

At a meeting of the Board of Directors
of International Standard Electric Corpo-
ration held Tuesday, January 7, Mr. Henry
M. Pease, formerly Vice-President, was
elected President of the Corporation. Col-
onel Sosthenes Behn, who is Chairman of
the Board of International Standard Elec-
tric Corporation has been serving as Presi-
dent. [nternational Standard Electric
Corporation is the subsidiary of the Inter-
national Telephone and Telegraph Corpo-
ration which controls the greater part of
I. T. & T’s. communications manufactur-
ing properties and operations throughout
the world. Colonel Behn is President and
Mr. Pease is a Vice-President of 1. T. & T.

DRAFTED AND ENLISTING WOR EM-
PLOYEES TO RECEIVE DIFFEREN-
TIAL COMPENSATION

WOR employees subject to the draft or
those who enlist in the Army or Navy will
receive a financial differential between
their civil and military salary for varying
lengths of time depending on the term of
their WOR employment. This announce-
ment was made to the station’s staff by
Alfred J. McCosker, President of WOR.

Staff members who have been with
WOR for a year or longer will receive
the difference between their salaries at the
time of leaving and the pay they will re-
ceive for military service for a period of
three months after leaving the station.

Those who have been with WOR for
less than one year will receive the differ-
ence between their WOR salaries and
their military pay for one month.

In addition, Mr. McCosker announced
that full salary will be paid for vacations
which have accrued to an employee at the
time of his leaving for military service.
Also, all privileges determined by length
of service will be considered as accruing
during the period of service.

LEARADIO APPOINTMENT

Henry W. Roberts, for many years the
Radio Editor of Aero Digest magazine,
recently joined the staff of Lear Avia, Inc,
as Director -of Public Relations. He is
now in charge of Learadio press and ad-
vertising matters. Affiliated with aero-
nautics since 1928, Mr. Roberts bega}l
specializing in aircraft radio in 1934. His
work is familiar to thousands of readers,
in this country and abroad, and won for
him the 1940 Harmon Medal, “for literary
contributions to the science of aeronautics
and radio communications.” Mr. Roberts
makes his headquarters at Lear Avia of-
fices at 30 Rockefeller Plaza, New York,
N. VY.

LATHE CATALOG
The South Bend Lathe Works, South
Bend, Indiana, has just issued a new gen-
eral catalog which is said to be one of
the most complete lathe catalogs ever pub-
lished. The catalog has 112 pages and
contains over 240 illustrations. It shows
50 different sizes dand types of South Bend
back-geared, screw cutting lathes for man-
ufacturing, tool room and general shop
work. A copy will be mailed on request.
(Continued on page 26)
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NEW PRESTO 88-A

W ith the development of the new 88-A, 50 watt recording amplifier,
Presto offers you for the first time a completely calibrated instan-
taneous recording system. The frequency response of the 88-A
amplifier is matched to the characteristics of both the Presto 1-C
cutting head and the Presto recording disc. Changes in response
due to varying groove diameter are taken care of by the Presto
160-A automatic equalizer.

Using this complete system you can make Presto instantaneous
recordings which will reproduce a frequency range from 50 to
9,000 cycles, uniformly, from start to finish.

A selector switch on the 88-A control panel pre-emphasizes the
high frequency response to match the NBC Orthacoustic or either
of the two high fidelity lateral reproducing systems now standard-
ized in most broadcasting stations. ... :

The 88-A amplifier has a gain of
85 db providing all the amplification
necessary between your program lines
or preamplifiers and the cutting head.
The power output is 50 watts with 1%
distortion. It mounts on a 14" x 19"
rack panel and has a built-in power
supply. List price is $250.00.

Add the 88-A amplifier and Presto
1-C cutting head to your recording in-
stallation. The results will be a revela-
tion to you. Complete specifications
are given in a new Presto catalog sheet
just issued.

PREST

RECORDING CORPORATION

242 West 55th Street, New York, N. Y.

World’s Largest Manufacturers of Instantaneous Sound Recording Equipment and Discs
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DiOde MﬂliVOlfmefer—coanued from page 16

amplifier tube of extremely low input
capacitance, short leads and small re-
sistance and capacity elements in the
amplifier and rectifier circuits.

An a-c power supply may be em-
ployed if desired. If this is done it will
be necessary to provide some sort of
d-c voltage regulation. This need not
be elaborate since a total plate current
of about five milliamperes is taken. A
circuit described by Bousquet® may be
employed with excellent results. Proper
shielding of the input leads from stray
60-cycle and high frequency pick-up is
desirable at the most sensitive ranges.
With the circuit of Fig. 1 a low-scale
input impedance of approximately 2
megohms may be maintained over most
of the audio range, the value falling to
1.5 megohms at a frequency of 10 ke.

Pickup Tracking Error—continued

conclusion other than R, =0 when
D=L

L2 + 1_2 — D2
0 = cos'l(i) ,
2L~

r
which becomes © — cos™ (— )
2L

when D=L. As r >0 © —>90°

and e - —a, rather than zero as in-
dicated by (9). This may be explained
as follows: as r becomes infinitesimal,
the tangent to the arc at the needle
point approaches D in position. When
r = 0 the former circle of which r was
the radius is now a point, and the posi-
tion of tangency coinciding with D at
this time is only one of an infinite num-
ber of possible positions. Hence the
tangent also coincides with the axis of
needle vibration thereby making the
tracking error zero. While e = 0 when
r = 0, the error approaches « in magni-
tude as r > 0, and the function would
be considered discontinuous at r = 0.

Unlike the conventional tone arm, zero
tracking error can exist at the center

S o
groove (r =
2

set type of pickup when e, = e, This
occurs when D =L, and the value of
o resulting in this mode is

& = sin™ (T1+r2) .
4L

Equation (9) holds also for the spe-
cial case of the conventional tone arm.

) with the off-

The instrument may be calibrated to
read either the peak or rms value of the
input voltage provided the latter is sinu-
soidal. If harmonics are present the
instrument should be calibrated to read
peak values only. Use of the instru-
ment as a wide-range ammeter may
also be had by employing suitable shunt
resistances across the input terminals.
With the arrangement of Fig. 1, ten
operating ranges are possible varying
from a full-scale sine wave input of
0.002 volts rms to a full-scale input of
close to 200 volts rms.

Acknowledgment

The authors wish to acknowledge the
laboratory assistance of Joseph A.
Waldschmitt, Packard Research Fellow
at Lehigh University.

from page 8

If « be made zero, ‘the formula reduces

to R,=+D*—L? which may be
further reduced, as shown previously, to
R, =Vrirs.

Owing to the fact that there are two
positions of zero tracking error for all
values of «, with the exception of

D
o = cos™ ( —) referred to above, there
L

is a point between the two positions of
zero error where the error reaches its
maximum value, providing the function
is continuous between these two points.
The function is continuous when D < L,
and discontinuous when D 2 L. The
solution of de/dr = @ for r, is the
radius at which maximum error occurs.

The derivative of e =90°—a-—9

with respect to r is de/dr = — d9/dr,
L2 + r2 — D2
where © = cos™ (——-)
2Lr
de r*—L* 4 D*
dr B 2Lr°sin©

and when de/dr =0, r* —L* 4 D* = 0,
or

where the position of maximum error is
designated by Rm. The maximum error
is

Rm
€m =9O°—a'—-cos‘1(—) (1D
L

which results from the substitution of
(10) into the equation of error.
In the case of the pickup illustrated
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in Fig. 1-C and Fig. 4 it is usually con-
venient to express D in terms of 1 and
8. The substitution of the following ex-
pressions in (7) makes this possible.

From Fig 4,
=1+ H—

21H cos (180° —8) =
P+ H421HcosB ...(12)

and

H 4+ L —1
o= cos™ (___,_.____) ...... (13)
2HL
Substituting (12) for L® in (13), and

simplifying, results in

H+1cosB )

o = cos™ (
VI 4+ H* 4+ 21H cos B

III.—The Straight Tone Arm with
Off Set Pickup
(er=e,=10)

The advantage of this mode was men-
tioned under “Modes of Operation.”
Moreover, the expression for D is
simpler than in the mode e; = e.#£0,
and a practical solution of optimum a
is possible.

From equations (4) and (5) the re-
quirement that e; = e, = 0 makes ©, =
90° — o = 6,. Hence,

L+ —D L'4r,—D°

2L 1,
from which
D=~L'—nr:

Thus D <L for this mode, which re-
quires that the needle point must ex-
tend beyond the spindle. The similarity

2L,
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existing between (15) and (1) will be
observed. However, in (1) D > L and
the needle point falls short of the spindle
when using the conventional tone arm
for the condition e; = e..

The requirement of zero error at
inner and outer grooves makes L sin « =
VD —1%cos’a equal to 1, or 1y, de-
pending upon the use of the positive or
negative sign, respectively. That is,

Lsina +D*—L’cos’a =15, and
Lsing—\/D*—L’cos’a =r,. The
sum of the two equations is

2Lsine =T 4Ty cooiiiiin... (16)

r+ 1,
o = sin™ —————) ............. (17)
2L

Equation (17) provides a simple means
of predetermining the optimum angle of
off set (a) for given disc and tone arm
dimensions.

Substituting (15) for D in the gen-
eral equation of tracking error results in

S R
e = 90°—a——cos"( —).(18)
2Lr

in which e is the error at any radius r.
Equations giving the radius (Ra) at
which maximum error (ew) exists, and
the value of the maximum error are de-
veloped in the following:
As previously shown
de/dr = — d0/dr
From (18),
d6e

dr 2Lrsine
—d9/dr =0, R = /1112
Substituting (19) for r in (18) gives

2
r—r 1,

LT,
em = 90° — e —cos™ ) ... (20)
LRa .

It is of interest to note that, in the
case of the conventional tone arm,

V1. gives the location of zero error
for the condition e = e, while the same
expression gives the location of maxi-
mum error with the off set pickup oper-
ating under the mode e, = e, = 0.

In the case of a tone arm containing
the dimension H (Fig. 1-C and Fig. 4),
a is expressed in terms of B by means

of the following transformation. Sub-
stitute  (14) for cosa in sina =
V1—cos’a and reduce to sina =
1 sin 8.
L
Substitute this in (7) for sin a giving
1.
8= sin"(——) ............. (21
21

Summary of Formulas

The formulas listed below make pos-
sible the optimum location of the pivots
of the main types of tone arms. Those

= 3
i e

ATTENUATION NETWORKS

Studio and other wide
_sound system rgeusuregients?.

o G

 Ideally suited to' F

i

Series 690 and 692

for Transmission-Efficiency, Power-Level Measurements, Impedance Adjust-

ments, Gain or Loss Measurements on Amplifiers, Filters, Pads . . .

The Series 690 network consists of plug-in input and output
adjusting networks, and a Units and Tens attenuation con-
trols. The Series 692 network is essentially the same as the
690 with the exception that a Tenths, a Units and a Tens
attenuation controls are provided. Both types, 690 and 692,
are offered in either "T" or ""Balanced H" networks.

The attenuation controls are constant impedance, zero insertion loss
networks each having 10 steps of attenuation. The Daven Series 6900
Impedance Matching Networks (“plug-in" units) may be obtained in

a wide range of impedance and loss.

TYPE Z RANGE CIRCUIT
T-690-A 500 0-110 Db. in step of 1 Db. B g
H-690-B 500 0-110 Db. in step of 1 Db.  “BH”
T-690-C 600 0-110 Db. in step of 1 Db. “T”
H-690-D 600 0-110 Db. in step of 1 Db.  “BH"
T-692 500 0-111 Db.in steps of 0.1Db.  “T”
H-692 500 0-111 Db. in steps of 0.1Db. “BH”
T-693 600 0-111 Db. in steps of 0.1Db.  “T”
H-693 600 0-111 Db. in steps of 0.1Db. “BH"

SIZE

10” L., 5" W., 5" H.
107 L., 5”7 W,, 5" H.
107 L., 57 W., 5” H.
10 L., 5 W., 5 H.
11%” L., 6" W., 5" H.
11147 L., 6" W.,5"H.
11%7L.,6” W., 5" H.
11%7 L., 6" W.,5"H.

WEIGHT

3 lbs.
4 1bs.
3 Ibs.
4 Ibs.
4 1bs.
5 Ibs.
4 1bs.
5 Ibs.

12 ozs.
10 ozs.
12 ozs.
10 ozs.
13 ozs.
12 ozs.
13 ozs.

12 ozs.

PRICE

$60.
80.
60.
80.
80.
100.
80.
100.

Supplied complete with one set of 6900 networks.

be 500 ohms or 600 ohms, zero loss networks.
600 ohms available upon request.

THE DAVEN COMPANY

158 SUMMIT STREET -«

Unless otherwise specified, these will

Base impedances other than 500 ohms or

NEWARK, NEW JERSEY
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giving the locations of zero and maxi-
mum errors, and the magnitudes of the
latter, aid in the design of new equip-
ment, and give desirable information
concerning new installations more read-
ily and accurately than would curves
of “tracking error—to—radius.”

I—The Conwventional Tone Arm
D=~L+r1;re
Ro=VTiTs terniiniiiainn .. (2)

¥ —r 1.
e = sin™ ~ ) (3)
2Ly

II—The Off Set Pickup (e, = e.)
D*={[z(c+2L%) +2cL*+ 42a°]
+2asin2a\/4 L’ (z +c) — (rF —1)%}

+2(z4c¢c) ....... . (7)
where a = r; 1y,
c=r 4+ rs, and
z=2acos2x.
(Le + 1'2—.— Dz)
e = 90° — & —cos™ —
2L r"
........................ (8)
R, = Lsina =/D*—L°cos’ 2 ...(9)
R,.=VL*—D* ............... (10)

Waveme+er —continued from page [0

For the condition

RZ
<<1
8 w’L?
1
@) V=—
VLC

where L is the inductance per unit
length of line

And C is the capacity per unit
length of line

Equating L, C, and V in the same
set of units we have

d
4 N Loge
B
L= henrys per cm
10° length
K109
C= farads per loop
d cm
4 C2 LOgE —

T

where K = dielectric constant of
dium between wires

me-

*For derivation of 1 and 2 the reader is referred
to Pierce, “Elec. Oscillation & Waves.”

Transformations for Fig. 1-C:
L'=F+H+21HcosB

H+lcosB
@ = cos™ )
(\/12 + H* + 21H cos 8
........ (14)
II[—The Off Set Pickup
(ex= e, = 0)
D=VL0L —nrr eviiiiiiiii (15)
I+ T
e = sin™ o (17)
2L
' HE 2R o8 ¢
e = 90° — a—cos” .. (18)
2L~
Ro=Vrr oot (19)
T Te
ew = 90° — 2 -—cos™ -(20)
LR
Transformation for Fig. 1-C:
r;+ 12 )
B=sin"{ — }....... e (21)
21

Practical Examples

The curves in Fig. 5 and Fig. 6 il-
lustrate the reduction in tracking error
that can be obtained from the use of an
off set pickup. The characteristics in
Fig. 5 have been drawn for a conven-
tional tone arm, and a tone arm of the
type illustrated in Fig. 1-C, for an aver-

N = magnetic permeability of me-
dium between wires
C = ratio of electromagnetic units
of quantity to electrostatic
= 3 x 10% cm/sec
replacing these values in 3 we have

C

(4 V= for K=1,N=1V=C

V Ky

all the necessary conditions to effectual-
ly produce a velocity of electrical dis-
turbance along a Lecher wire system
equal to the velocity propagated in free
space are given in these simple relation-
ships. It is necessary then that the
Lecher wire line be so constructed as
to fulfill these conditions.

The condition imposed by (4) may
be met by making the parallel lines self
supporting along the path that the regu-
lar recurring impedance variation is to
be measured. The number of wave
lengths over which successive maxi-
mum impedance may be measured is
limited by the length of line that may
be unsupported by insulation.

The conditions imposed by (2)

R?

<< 1 may be directly calculated
8 w’L?
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age transcription disc. Fig. 6 gives the
characteristics for 10-inch conventional
and off-set types when used with the
standard 12-inch record.

It will be observed from Fig. 7 that e,
and e, decrease with increasing x until
they become zero. Further increase in
2 causes the tracking errors to change
sign and increase. Small values of
o make D > L, and the tone arm oper-
ates in the same mode as the conven-
tional tone arm but with slightly de-
creased error. The larger values of «
make D <L, which is the more usual
mode for the off-set pickup. The mode
D = L may result in very satisfactory
operation for the off-set pickup, whereas
this mode, when applied to the conven-
tional tone arm, results in a very appre-
ciable tracking error at the outer
groove, particularly when using a short
tone arm and/or a large disc. The
small variation in tracking error and
the small value of the maximum error
for the mode e; = e, = 0 are illustrated
by curves “D” in Fig. 5 and Fig. 6.
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irom the physical constants of the line.

This may be restated in another way
8 w’L?

>>1 or 802>>1 where

R2
0=
R

Assuming an accuracy of one part in
a thousand .is desired, it is possible to
estimate from this relation the neces-
sary “Q” to make this accuracy hold.

In order to reduce the possibility of
having the Lecher wire system pick up
stray voltages and in order to reduce
the effect exerted by other objects in
the immediate vicinity on the resistance
of the line, it is necessary to shield the
Lecher wire system. It is important
that the diameter be kept considerably
less than a half wave length of the
smallest wave to be measured in order
to preclude the possibility of setting
up waves inside the shielding. If an
accuracy greater than one part in one
thousand is desired, the mechanical
structural effects of temperature, con-
dition of wires must be taken into ac-
count. In this case, the mechanical
problem may be found more difficult
than the electrical problem.
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BLILEY ELECTRIC COMPANY

UNION STATION BUILDING ERIE, PA.

if it can penetrate the protective surface of
a resistor. A microscopic examination of the
surface of a Ward Leonard Vitreous Enamel
Resistor will show why this Resistor is able
to give satisfactory service under all climatic conditions.
Its ireedom from even minute enamel crazes or cracks is
unique. With such complete protection of the wire,
moisture is effectively excluded. The Vitreous Enamel of
Ward Leonard Resistors is processed at a temperature
above 1400° F, Thus all elements of the enamel are per-
fectly fused and envelop the wire in a sealed, protective,
glass-like enclosure. Send for bulletins.

WARD LEONARD
ELECTRIC COMPANY

36 SOUTH STREET MOUNT VERNON, N. Y.
ELECTRIC CONTROL DEVICES SINCE 1892

CEIVER

o
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Here is one of the many reasons for Hallicrafters
supremacy in the amateur communications field.
The new 1941 SX-28 gives you top quality per-
formance plus the finest precision craftsmanship
obtainable.

Check all these improved features: 15 tubes —
6 bands — Frequency range 550 kc. to 42 mc.
— Two stages preselection — Electrical bandspread
on ALL BANDS including international short
wave band — Calibrated bandspread inertia con-
trolled — Micrometer scale tuning inertia controlled
— Tone and AC On-Off —Beat Frequency
Oscillator — AF Gain — RF Gain — Crystal phas-
ing — Adjustable
switch — 80, 40, 20 and 10 meter amateur bands
calibrated — Wide angle “S” meter — Band pass
audio filter — Improved signal to image and noise
ratio — Push-pull high fidelity, audio output — 6
step wide range variable selectivity — Phone jack
— Improved headphone output. Dimensions 20%4”
x 10”7 x 143%,". Model SX-28 with crystal and
tubes. $159.50.

noise limiter — Send-receive

-

o (.s Ay E
halli e ey s
the hallicrarters inc.
e - CHICAGO, U.S.A.
wobm :
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Reproduction

FIDELITONE

e

@® Specify_ Permo

s e e

Phonograph Needles in all your record =
i playini units, Permo FIDELITONE .
| Needles are made by expert metal- e
i lurgists and only Permo’s metallurgists
e know how—for the Permo Metal point [
o is an exclusive Permo feature. ,,gmﬁ
g Permo Metals are used for expensive 0.
° life-time founain pen points and for ..
i exacting meter bearings and pivots. afx@'gas
Poermo is the oldest maker of fine, ;g% -
long-life phonograph needles. L

Write for life test samples, Compare
Permo FIDELITONE Needles in 2
Yecord damage test against any needle.
The only complete line of long-life
needles engineered and designed to
give the frequence response best suited
to your eguipment.

Write us
=your

require-
ments

Nationally
Advertised

- PERMO PRODUCTS CORP.
s Manufacturing
i Metallurgists
6415 RAVENSWOOD AVE.
St CHICAGO, ILLINOIS
U. 8. A,

PERMO
-

|ponT}

OVER THE TAPE
(Continued from page 21)

MICO INSTRUMENT BULLETIN

The Mico Instrument Co., 10 Arrow St.,
Cambridge, Mass, have issued a bulletin
describing the mico engraver, a panto-
graph machine adaptable to lettering tasks
associated with experimental work as well
as the routine production of panels, name-
plates, etc. Rather:complete information
is given. = .

X
ASTATIC BULLETIN

A new Astatic bulletin describes their
latest model low-pressure, permanent-stylus
crystal pickup. A copy may be obtained by
writing to the Astatic Microphone Lab.,
Youngstown, Ohio.

HYGRADE SYLVANIA POLICY—MILITARY
TRAINING AND SERVICE

Hygrade Sylvania Corporation has taken
its place among the manufacturing com-
panies who will grant pay allowances to
military draftees, according to a statement
of policy on military training and service
issued by the company. The company will
grant one month’s pay at current earnings
at the time called to all employees who en-
list for military training and service and
who have six months of service to their
credit with the company. Also, one month’s
pay at current earnings will be given to
men who enlist for 3 or 6 years regular
Army or Navy services. The complete
policy, to be in effect up to' September 16,
1941, is as follows:

Employees who are called, or who vol-
untarily enlist, for a twelve-month period,
will be granted a twelve-month leave of
absence, plus forty days allowed for re-
employment application.

When an employee returns from training
and service, he will either be restored to
his former position “or to one of equal
status and pay, provided that:

(1) The employee has received a certifi-
cate of satisfactory completion of military
training and service.

(2) He is qualified to perform the duties
of the job.

(3) He makes aplication for re-employ-
ment within forty days after he is relieved
from training and service.

(4) Circumstances are such that it is
not impossible to restore the employee to
his old job or one of equal status and pay.

Group life insurance will be continued
for all employees who have policies in ef-
fect at the time they are called for a year’s

%4’ wide by [3/32 high.
2 to 21 terminals.
5.40 by 3/16"" screws.

wires at terminals.
numbers or designations in white.
applications. Write for prices.

15’ wide by 2" high.
2 to 20 terminals.
6-32 by 4"’ screws.

Barrier strip not only makes long leakage path but prevents direct shorts from frayed
Molded bakelite insulation. Ample space on cides for engraving
Three sizes as shown.

HOWARD B. JONES

TERMINAL STRIPS

142 -

it
1-5/16”” wide by %’’ high.
2 to 17 terminals.
8-32 by 5/16"" screws.

A handy terminal with many

2300 WABANSIA
CHICAGO,

AVENUE
JLL.
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You and your associates
can obtain a year's subscrip-
tion to COMMUNICATIONS
(12 issues) for only $1.00 each
by using the Group Subscrip-
tion Plan.

A regular yearly subscription to COM-
MUNICATIONS costs $2.00 — but
when four or more men sign up at one
time, each one is entitled to the half-
price rate. (Foreign subscribers on the
YG-S-P" only pay $2.00 each).

COMMUNICATIONS
19 E. 47th St,, N. Y. C.

Please enter annual subscriptions (12
issues) for each of the undersigned for
which payment is enclosed at the rate
of $1.00 each. (This rate applies only
on 4 or more subscriptions when oc-
cupations are given.) Foreign Sub-
scriptions are $2.00 each.

—— — A St S vt Uit Sutas Subkts  StP

Name ...........cccceviienennnnns 0000000000
Streot oottt i l
City-State ................... I
Occupation or title.........coovvvneinennen 000 l
Employed by.................c0e... 0000000
Nature of business........... 0000000 o . .......
(State It M or, Br Statl ote.)
Product ................ 000000000000008000000

City-State ..................

Occupation or title
Employed by.......cov0vvennnn.. 00000000 50000

Nature of business......... 000000000 000050000
(State If Manufacturer, Broadeast Statlon, ste.)

Produet ............... 0000000000000 000000000
Name ........ 000000a000000000000000000000000 |
Street «......iiiinnnn. |
City-State ............. |
Occupation or title :
Employed by........ccoviiiiiiiiiniiiennnnnn, '
Nature of business.......... 0000000 000000000 1
(8tate If Manufacturer, Broadeast Statlon. ots.) |
Product ......... ..o iiiiiiiiiirnninnns veenn |
I
|
}
Name ......coiiiiiiiiiiiiieneniianeinnas -~ I
333 caoo000000000000000000006000000000000 |
City-State ...........coivinniniiiniiniiiin.n, |
Occupation or title............viviievininnnn :
Employed by......... 6000000000 5000000000000 ]
Natore of business...........cco.vvueeenennn. 1
" (State It M or, Br 8t ) |
Producs ................ 0000OO000000C000aa0an U


www.americanradiohistory.com
www.americanradiohistory.com

training, the company paying the cost of
premiums. This coverage will be main-
tained as long as the service is on a one-
year, peace-time basis, or until the Govern-
ment provides War Risk or similar instr-
ance coverage.

Time spent on active training duty by
employees who are called and who volun-
tarily enlist for a twelve-month period will
be counted as company service, the em-
ployee being considered on leave of ab-
sence. Training service time will be con-
strued the same as active company service
in determining eligibility for vacation pay-
ment.

UNIVERSAL MICROPHONE DEFENSE
CONTRACT

Universal Microphone Co. has been
awarded a contract under the defense pro-
gram by the U. S. Army Signal Corps
for a large quantity of carbon-type micro-
phones to be used for various communica-
tion activities.

The west coast factory is being reorgan-
ized, and new equipment added to assem-
bly lines with increased personnel, in order
to maintain a constant production of 300
microphones a day on the special govern-
ment contract starting Feb. 1.

Procurement officials for the Navy Dept.
have also asked for reservation on fifty
percent of the Universal output facilities
within a short time.

Every effort will be made, however, to
contintte production for the usual jobber-
dealer channels, according to James R.
Fouch, president and general manager.
The cooperation of the trade will be asked,
he says, in stipulating orders well in ad-
vance so as not to interfere with the as-
sembly activities for the defense program.

Every square foot of Universal’s three
story lnglewood factory is being utilized
at the present time with employees work-
ing double shift.

Shown below is an engineer
at work in the shielded test
booth in the Cornell-Dubilier
laboratory where studies of
line noises and their elimina-
tion are constantly carried on.
The results of these investiga-
tions are among the data

presented in a series of ar-
ticles now running in the "C-D
Capacitor."

"« CENTIMETER RANGE -
MULTI-PURPOSE

- WAVEMETERS -

L
P

i

SILVER
Write for

k‘

ALL PARTS OF WAVEMETER CIRCUIT

LAVOIE LABORATORIES

2534 FAIRMONT AVENUE, DAYTON, OHIO

Models 105-125.

Range 100 cm. to 7 cm.
Accuracy .| of 1.

Linear frequency calibration.
Transmission line input.
Completely shielded.

Complete with batteries and
tubes.

Ready to operate.
Calibration chart supplied.

PLATED

detailed information.

—MICO—
ENGRAVER

For lettering panels of steel, aluminum.
brass, or bakelite, or for marking fin-
ished apparatus.

Attachments adapt it to small or large
work on flat or curved surfaces.

Excellent engraving can be produced
by an inexperienced operator.

Widely used for production as well as
occasional engraving.

Samples of work and catalogues
on request,

Price with Type—$113.50

Mico Instrument Co.
18 ARROW STREET
CAMBRIDGE, MASS.

“MNar yrl'd <

made only by

WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY @
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these units should go up quite rapidly.

There has been considerable engi-
neering advance in the design of auto
radios incorporating short-wave bands.
The use of band spread for easy tuning,
and improved limiter circuits for reduc-
ing ignition interference have made
short-wave auto radio reception quite
satisfactory. Perhaps some of the auto
radios announced in 1941 will also in-
clude f-m.

In communication receivers there is a
trend towards the incorporation of
higher frequency bands. Better circuit
design, careful mechanical layout, im-
proved testing methods have all con-
tributed to better quality sets. One
a-m/f-m communications type receiver
was introduced in 1940.

Tubes

As usual, there has been much activ-
ity in this fundamental field. Special
emphasis is now being placed on the
development of tubes for ultra-high-
frequency service.

In this respect, the Klystron offers
some interesting possibilities as a u-h-f
generator as it is adaptable to frequen-
- cies between 600 and 30,000 mec. It is
believed that this tube is of sufficient
interest to include a brief description
of it here.

In Fig. 1 is shown a diagram of a
Klystron reduced to its essential ele-
ments, while Fig. 2 shows a cross sec-
tion drawing of the tube. Electrons
from the oxide-coated cathode drift
toward grid 1, a small r-f voltage is
impressed between grids 1 and 2 by a
circuit A, As this voltage varies from
positive to negative it accelerates and
retards the electrons at different rates.
Between grids 2 and 3 no additional
stimulus is provided to the electrons.
However, the electrons arrive at grid 3
in large bunches due to the difference
in velocities and induce a voltage be-
tween grids 3 and 4. This induced voltage
has a large amplitude compared with the
exciting voltage, its frequency depending
upon the frequency of the exciting volt-
age and the distance between grids 2
and 3. At 40 cm an output of 150 watts
can be obtained.

Since the first air-cooled 5-kw trans-
mitter was announced several years
ago, continued research has permitted
the extension of air cooling to tubes in
the highest power class. No doubt even
better cooling means and more efficient
tube operation will result from addi-
tional research along these lines.

The development of miniature receiv-
ing tubes has permitted the construction
of the “personal” type of radio. It is
likely that scientific work will continue
along these lines tqward the design of
more efficient miniature tubes and per-
haps even smaller ofies.

Another interesting trend in receiv-
ing tubes is the tendency towards stand-
ardization and the Hroduction of fewer
tube types. The preferred tube program
has met with considerable success and
may partially account for the fact that
there has been fewer tubes types an-
nounced this year. So far as we can
see, however, the program has had no
detrimental effect on development work.

Aeronautical Radio

The general trend in this field is to-
wards more compact and lighter unit
design. During the coming year there
is likely to be some unique develop-
ments in radio compasses, and new uses
found for terrain clearance indicators.
A new system of fluorescent panel light-
ing has been announced and will proba-
bly find considerable use. Radio-con-
trolled sea-drome lights should also find
considerable use.

A great deal of stress will be placed
on the production of aeronautical radio
equipment. This will probably lead to
the development of new and better
equipments for final testing at the end
of the production line.

The development of larger and larger
planes will permit of more complex and
accurate radio devices, since power sup-
ply requirements can be increased.

Police Radio

Undoubtedly the outstanding achieve-
ment in this field was the installation
and field tests of frequency-modulation
systems. Results of these tests were
quite satisfactory and f-m is likely to
expand in this field.

Police departments will have to play
an active and cooperative part in the
National Defense setup. In this connec-
tion the APCO will probably act a
feature role. This organization de-
deserves much credit for coordinating
the police communications setup.

Recording

This seems to be an almost limitless
field. New uses and better equipment
are coming to the front almost daily.
There has been considerable improve-
ment in recording methods and equip-
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ments during the past year. Excellent
quality can now be put on records, suf-
ficient to justify their use in wide-band
frequency modulation  broadcasting.
Work continues on both tape and mag-
netic recording methods. Several de-
velopments can be expected along these
lines in coming months.

Materials

Materials will play an all important
part in our national defense effort.
While it is possible that shortages will
develop in specific materials, this does
not appear to be a too serious problem
at the moment. In certain cases, how-
ever, materials may be restricted to
meet defense needs.

While the developments in this field
are too numerous to mention here, they
take the form of improved quality of
insulating materials, ceramics, plastics,
etc., better methods of moulding, ma-
chining and the like.

FANTASOUND

THE first public showing of Walt Dis-
ney’s Fantasia, at the Broadway Thea-
tre, New York City, unveils an entirely
new type of motion picture sound record-
ing and reproduction, called Fantasound,
which projects a third-dimensional effect
of sound and music. It is expected that
within a few years leading theatres, in
order to show this new type of screen en-
tertainment, will have to be equipped with
this type of sound equipment.

Fantasound causes sound actually to
move with all action on the screen. The
realism in sound is accomplished by the
use of a number of loudspeakers placed at
different points behind the motion picture
screen. If a bee buzzes into the scene, for
instance, to circle around the screen and
off again, loudspeakers are automatically
cut on and off to follow its progress. This
drone can also be heard traveling all
around the theatre.

For every group of loudspeakers used in
the theatre, there has to be a separate
source of synchronized sound. So when
Mickey Mouse appears on the right, a con-
trol mechanism switches on the loud-
speaker directly behind him and veers the
sound to another speaker when he moves.

In recording the orchestra was divided
into five sections—strings, basses, wood-
winds, brasses and percussions. Each sec-
tion was covered by three microphones, and
recorded on a separate track. Also, there
were three additional straight recordings,
two on film, one on records, and a beat
track giving the beat, entrance cues, etc.,
which the cartoonists used to synchronize
the action to the music. Each of these
tracks could be blended in any way with
any other track or combination of tracks,
so that actually any single instrument, sec-
tion or the whole orchestra could be heard
comng irom any one point on‘the screen.
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riE MARKET PLACE

NEW PRODUCTS FOR THE COMMUNICATIONS FIELD

SELECTIVE CALLING DEVICE

A new control device for mobile radio
systems, by means of which any one car
or group of cars can be called without dis-
turbing the other receivers in the same
system, has been developed by the Emer-
gency Communication Section of the RCA

Manufacturing Co., Camden, N. J. Known
as the RCA selective calling equipment, it
may be applied to any new or existing
radio system. The equipment consists of
a transmitter coding unit assembled on a
standard speech-input rack, and receiver
decoding units similar in size and appear-
ance to ordinary mobile receivers. The
control panel of the transmitter coding
unit has two rows of eight buttons, from
which as many as 200 different combina-
tions of numbers can be used.

Selection of one receiver out of the sys-
tem of receivers is accomplished by means
of timed impulses of audio tone transmitted
over the radio carrier to the receiver. The
transmitter coding unit output is connected
to the audio input of standard radio tele-
phone transmitters. The decoding unit at
the receiver responds or does not, depend-
ing upon the combination of pulses trans-
mitted.

When the proper combination is re-
ceived, a relay is tripped which in turn can
be used to actuate any desired signalling
device, such as a light, buzzer, bell or
wigwag signal, to call the field crew’s
attention. The decoding unit may be set
up to respond to two separate coded sig-
nals, making it possible to call one car, one
group of cars, or all the cars at once.

To illustrate: with one hundred re-
ceivers the following combinations would
he possible. (1) Each car set up for in-
dividual call, utilizing 100 of the possible
combinations. One additional combination
can be set up to which all of the 100 re-
ceivers will respond, providing a general
call. (2) Each car set up for individual
call. In addition, the cars can be divided
into groups (a supervisor and several ser-
vice cars, for example), with each group
assigned a separate combination. Thus,
calls could be made to each car alone, or
to any of the groups.

TIME STANDARD

A tuning-fork controlled time standard
is shown in the accompanying illustration.
This instrument consists essentially of an
electronically driven 500-cycle tuning fork
and an electrically isolated pickup and

power amplifier as the source of the out-
put power. The fork is free of all me-
chanical connections. It is suitable for
the following uses: (1) driving galva-
nometers for oscillographs, oscillograph
cameras, etc.,, (2) driving synchro-chrono-
graphs, (3) a time standard for adjust-
ing watches, clocks, motors, generators,
etc., (4) A source of modulating current
for signal generators and radio beacons,
(5) a source of constant frequency sine
wave voltage for all types of a-c bridge
circuits, (6) Geophysical and structural
explorations. For further information
write to the American Instrument Co,
8010-8020 Georgia Ave., Silver Springs,
Md. -

"DISPATCHER" MIKE

Universal Microphone Co., Inglewood,
Calif.,, this month started to distribute
through the usual trade channels its new-
est item known as the dynamic ‘“Dis-

patcher” model, designed especially for
operators of wired music systems. The
breastplate type of microphone will leave
the operator’s hands free to place the pho-
nograph disc on the turntable at the central
operating and control room.

INTERFERENCE LOCATOR
The Sprague Model IL-2 interference
locator is a new device, designed in cooper-
ation with public utility engineers and radio

interference specialists to provide an inex-
pensive, sensitive and rugged portable de-
vice for the location of radio interference.
The locator operates either from self-con-
tained batteries for portable operation, or
directly from 115-volt a-c or d-c lines. [t is
equipped with directional loop antenna
mounted on top of the cabinet when in
use. An adjustable pole antenna is also
provided as standard equipment. Sprague
Products Co., North Adams, Mass.

RCA TUBES

The RCA Radiotron Division, RCA
Manufacturing Co., Inc., Harrison, N. J.,
have made available the following new
tubes :

RCA—1629 electron-ray tube (indicator

type)

RCA—B8000 oscillator, r-f power amplifier
modulator.

The 1629 is a high-vacuum, heater-
cathode type of tube designed to indicate
visually, by means of a fluorescent target,
the effects of a change in the controlling
voltage. The tube, therefore, is essentially
a voltage indicator and as such is useful as
a convenient and non-mechanical means of
indicating adjustment of a circuit to the
desired conditions. Because of its 12.6-
volt heater and its 7-pin base, the 1629 is
suitable for service in aircraft radio equip-
ment. In this equipment and other equip-
ment subject to vibration and shock, the
7-pin base provides ample friction to hold
the base in its socket.

The 8000 is a transmitting triode having
a maximum plate dissipation of 150 watts
under ICAS conditions. In self-rectifying
oscillator circuits, such as are often used
in therapeutic applications, two 8000’s are
capable of delivering a useful power output
(at 85% circuit efficiency) of 550 watts.
The 8000 is rated for operation with full
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DELAYED ACTION
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MULTIPLE CONTACT

GOVERNMENT SPECIFIED
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STEPPING RELAYS
gOLENOIDS

m\\\\\\ﬁ\ AlRPLANF: CONTROLS
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CKING CONTROLS

hat’-Your Control Jdob..?

or otherwise . .
It's one you never met before . . .
day . . . a week . . . even months until solved.

. you were confronted with a

RIBL WS by cuarpian

Many extraordinary control problems are quite familiar to GUARDIAN
. and even things that have never been done before often yield

surprisingly quick to the experience of Guardian
combination of our stock items (more than

assembled into a control unit, relay, solenoid or automatic switch, will

turn the trick for you.

Is Yours A Specific Contro

Guardian offers a specific solution. Send sketch or blue prints if avail-
recommendations of Guardian’s

able. Consultation, anaylses and

* Before you went very far on your latest contract . . .

defense
CONTROL PROBLEM.

%)

it STOPS you . . » perhaps for a

engineers, Usually a
7,000) economically

1 Problem?

Series BK—16 Relay, Built to
minimum tolerances and the
most exacting requirements in
production quantities for the

engineering staff are yours to command without cost or obligation. U.S. Signa! Corps.

GUARDIAN ELECTRIC

Pincor small motors.
are especially well
adapted for band
switching, remote
control, etc, for gir-
craft vse or wher-
ever a small, light
weight motor is re-
quired to give un-
failing service. They
are avoilable in ca-
pocities to meet
every requirement,
Consult our engi-
neers about your
small motor .needs.

\PINCOR
PRODUCTS

Pincor lineincludes:
Dynamofors, Gen-
erators, Convert-
. ers, Power Plants,
. Motor-Generator
Sets, Pumps. Wite
for literatyre.

PIONEER GEN-E-MOTOR CORPORATION

Dept. R-5, 466 W. SUPERIOR ST., Chicago, Ii.
Export Address: 25 WARREN ST, N. Y, N. Y,
Cable: SIMONTRICE, New York

TOOLS < DIES
STAMPINGS

HEAT
TREATING

Transformers
of highest
permeability

Audio, Choke,
Output and Power
Transformers in

(cast or sintered)
Cobalt, Chrome or
Tungsten, cast, formed
or stamped. Engineering co-
operation backed by 39 years ex-
perience insures quality, dependability
and service.

Thomas & Skinner

Steel Products Co.
1113 E. 23rd St.

Indianapolis, Ind.
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input at frequencies up to 30 megacycles,
but it may be used with reduced plate
voltage and input at higher frequencies up
to 100 megacycles.

RADIO TRANSMITTER

In the accompanying illustration
shown the Communications Company
Model 60 radio transmitter. This trans-
mitter is a 150-watt, four-channel unit
designed especially for aeronautical ground
stations, general point-to-point communica-
tion and for marine telephone use aboard
vessels. Frequency selection is by means

is

of relays and the transmitter may be comi-
pletely remote controlled. Complete in-
formation may be secured by writing to
Communications Co., Inc., 2700 Ponce de
Leon Blvd., Coral Gables, Florida.

AUDIO OSCILLATOR

Jackson Model 652 audio oscillator pro-
vides an audio frequency voltage developed
at its fundamental frequency. The basic
design of the instrument is entirely differ-
ent from the beat frequency type of audio

oscillator. For complete information and
for the special features of this unit, write
The Jackson Electrical Instrument Co.,
122 Wayne Ave., Dayton, Ohio.

AIRCRAFT RECEIVER

A new aircraft radio receiver, especial-
ly designed for use in light aircraft, has
just been placed on the market by Harvey-
Wells Communications Inc. of South-
bridge, Mass. Designated as Type AR-
2-A, this four-tube receiver weighs only
nine pounds complete with heavy duty
batteries, battery case, cables, and head-
phones, The receiver cabinet measures
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only 6 inches wide by 434 inches high by
4 inches deep, yet all parts are easily ac-
cessible. The superheterodyne circuit em-
ploys a stage of r-f amplification and has
ample audio output to over-ride cockpit
and imotor noises. The tuning range is
continuously variable from 198 to 405 kc.
The receiver also has a front panel “Tune-
Tower” switch which selects either a sep-
arate pretuned control tower channel or
variable tuning.

LUBRICATING OIL

Davenoil announces a new lubricating
oil prepared for laboratory test equip-
ment, watches, cameras, microscopes, etc.

. Furnished with metallic applicator.
Additional information from The Davenoil
Co., 158 Summit St., Newark, N. J.

AUDIOPOQINTS

Audio Devices have announced a new
and improved line of cutting styli. Careful
inspection and a new manufacturing proc-
ess is said to have produced a stylus with
a reduced noise level. In addition the
high-frequency -response is said to also
be improved. Further data on these new
styli may be obtained by writing to Audio
Devices, Inc., 1600 Broadway, New York
City.

G-E TUBE

A new mercury-vapor rectifier, bearing
the type number GL-866A/866, has been
added to the General Electric tube line for
amateur and commercial service. Com-
pletely interchangeable with present-type
GL-866 and GL-866A rectifiers, the new
tube makes possible the higher rating of
the GL-866A at the price of the GL-866.

The GL-866A/866 has a spiral edgewise-
wound cathode with its axis vertical and
surrounded by a heat-conserving shield
which is at cathode potential. The glass
envelope is of the dome type with the
anode placed at the lower end of the small

portion of the dome. Thus there is a very
small space between the edge of the anode
and the glass, minimizing ionization at the
back of the anode and near the anode lead.
The anode lead is also enclosed in a glass
“pantleg.” The tube has a standard me-
dium four-pin base, and is of unusually
sturdy construction.

The rating of the new tube is: filament
voltage, 2.5 volts; filament current, 5 am-
peres; maximum inverse peak plate volt-
age, 10,000 volts; average plate current,
0.25 ampere ; maximum instantaneous plate
current, 1.0 ampere.

Further information may be secured
from the General Electric Co., Schenec-
tady, N. Y

Solves any Ohm's Law problem with one setting of the slide

Stock Unit selector—a setting of
the slide tells the stock number of
the resistor or rheostat you need.
Size 413" x 9”. Specially designed
by Ohmite Engineers. Available
for only 10c to cover handling cost.
Send coupon or write on company
letterhead today.

Handiest Ohm’s Law Calculator
ever devised. Requires no slide
rule knowledge. All values are
direct reading. Scales on both sides
cover the range of currents, resist-
ances, voltages 'and wattages com-
monly used in Radio, Electronic,
and Industrial fields. Convenient

s
0, S5t s
o

OHMITE MANUFACTURING COMPANY
4869 Flournoy Street, Chicage, U. S. A.
10¢ in Coin enclosed. Send Ohm's Law
Caleutator. (Please Print Clearly.)

Name

Firm Name

Position

52 Kight with OHMITE

RHNEDSTATS » RESISTORS « TAP SWITCHNES,

CLEAN UP-Prevent
Electrical Troubles!

COMPOUNDS

INSULATION and WATERPROOFING

of ELECTRICAL and RADIO
COMPONENTS

|

1)\ “3-in-17 JUMBO
ELECTRIC CLEANER

Blows—Vacuums—Sprays
Hundreds of broadcasting and commu-
nication stations have standardized on

IDEAL Cleaners Because—
® Super-powered—Full 1 H.P. Universal,

. such as transformers, coils,
power packs, pot heads, sockets,
wiring devices, wet and dry bat-
teries, etc. Also WAX SATU-

ball RATORS for braided wire and

bearing motor. .
® Cleans dirt, dust from transmitting equipment, tape and WAXES for radio

instruments, panels, ete. a

Safe—low pressure, air prevents damage to parts.  The facilities of our

delicate electrical 1nstruments
Blows dry air-—won’t rot insulation.
Air velocity, 24,200 ft. per min.
Many attachments available to meet your in-
dividual requirements.
Ask for Free Demonstration

IDEAL COMMUTATOR DRESSER CO.

1062 Park Avenue Sycamore, lllinois
“SALES OFFICES IN PRINCIPAL CITIES”
In Canada: Irving Smith, Ltd., Monireal, Quebee

laboratories are at your disposal
to help solve your problems.

FOUNDED 1846

MILLS Inc.

120 -26th ST., BROOKLYN, N. Y.
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CLARE TYPE “F”

Micro-switch ® Snap-action Contact
RELAY

Operates on a few milliamperes—

contacts carry 10 amperes 110 V. a.c.

Particularly adapted for machine con-
trol, motor and lamp loads, photo
electric and similar applications.

C.P.CLARE s CO.

LAWRENCE & LAMON AVES. « - CHICAGD
1% EAST 2BTH STREET. NEW YORK CITY

CLARE TYPE “"FM”
RELAY

For slightly heavier loads——contacts

rated 15 amperes 110 V. a.c. Oper-

ates on low coil current and adaptable
to similar applications.

Write for
Clare Data
Book and
Catalog
today

The Challenge
of CHANGE...

Change, with all its problems,
offers Opportfunities, as well.

Men in every branch of Radio face
changes so rapid and drastic that last
year’s outlook is this vear’s history.

Through the years our policy has
been directed toward helping men IN
radio become better radiomen in better
jobs . . . with modern advanced tech-
nical training. The fact that men in
over 350 broadcasting stations are CREI
students or graduates is evidence that
our training is bringing results.

Your own radio experience backed by CREI
advanced technical training will prepare you to
step inte the better salaried positions that
await trained men. CREI home-study courses
in practical radio engineering are prepared for
experienced radiomen who realize the value
and snecessity of TRAINING FOR and not
merely hoping for a better job!

WRITE FOR FACTS

TODAY
Send for free booklet and per-
sonal recommendations. In

your inquiry, please state
briefly vour experience, pres- &
ent position and education.

CAPITOL RADIO
ENGINEERING INSTITUTE

Dept. CO-1, 3224-16th St. N.W., Wash., D. C. ‘

MOBILE AMPLIFIER

Thordarson has just announced an 18-
watt mobile amplifier. This unit operates
from either 6 volts d-c or 115 volts a-c.
The amplifier includes an electric phono
motor and pickup. Constant motor speed
is said to be assured from either battery
or a-c operation. Ten or twelve-inch rec-
ords may be played. Further information
may be secured from Thordarson Electric
Mifg. Co., 500 W. Huron St., Chicago.

PICKUP

In the accompanying illustration is shown
a new model of Audak’s “Relayed-Flux”
Microdyne pickup. The frequency response
of this unit is said to be flat within plus
or minus 1% db to over 10,000 cycles.

Several other features are also claimed for
this unit. Complete information may be se-
cured by writing to the Audak Co., 500
Fifth Ave, New York City.

PUSH-PULL VIBRATORS

The Turner Co. Cedar Rapids, Iowa,
have added a new product to their line . . .
push-pull vibrators. These units are des-
ignated as “push-pull” since they employ
an equal amount of magnetic power to push
and then pull the reed and its contacts.

The manufacturer claims some ten advan-
tages for these vibrators. A free manual
may be secured by writing direct to the
Turner Co.

STANDARD SIGNAL GENERATOR
A new laboratory standard signal gen-
erator, Model 65-B, has been made avail-
able by Measurements Corp., Boonton, N.
J. This unit covers a frequency range
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Equalizer
Design
Simplified!
USETHE

McProw GUADGET

A device intended to simplify
the design of constant impe-
dance equalizers, specifically for
500 ohm circuits. However, it is
possible to adapt the values
given to circuits of any other im-
pedance. Also indicates specifi-
cations for high and low fre-
quency ''Shelf Suppressors.”
&
QUADGET is an indispensable aid to

every radio, electronic engineer and
technician. Easier to use than a slide

rule.
rrice $1.50

Complefe with carrier envelope
and instructions. Money refunded
without question if not entirely
satisfied.

NORMARN B. MEELY

1656 N. Serrano St., Los Angeles, Cal.

YOU WILL WANT

“MYSTERIES
of TELEVISION™

ARTHUR S. VAN DYCK

Executive Engineer R.C.A. License Lab.

CONTENTS:

The Start of Television—The Iconoscope—
The Receiver—The Kinescope-—Propaga-
tion Through Space—Network Operation—
Effects of Television—The Future—Fac-
similé—Electron Optics—Television Stu-
dios and Programs—Television Personal—
Questions About Television—Dictionary of
Television Terms.

Told from a pepular standpoint, the reader
is given an understanding of how this new-
est branch of Radia works.

Mr. Van Dyck has served with the Mar-
coni, Westmghouse, and General Electric
Companies and is experienced in all aspects
of radio-research, development, design,
manufacturing and operating. He hss
taught electrical engineering at Carnegie
Institute. He is a member of the Technical
Advisory Board of RCA Institutes.

$1.00
for postpaid delivery
BRYAN DAVIS PUB. CO.

Dept. C
19 East 47th St., New York, N. Y.

Send
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from 75 ke to 30 mc in six push-button
selected ranges. Modulation is continuous-
ly variable from zero to 100% of either
400 or 1000 cycles or external source. A
low-distortion modulating amplifier is built
into the unit. Output voltage is continu-
ously variable from .1 microvolt to 2.2
volts. Literature is available from the
above organization.

CRYSTAL LAPPING EQUIPMENT

The Precision Crystal Labs., 1211 Lib-
erty St., Springfield, Mass., have designed
and developed special machines for cuttting
and grinding raw quartz into accurate fin-
ished crystals. Their latest development
is a final lapping device which is said to
produce crystals uniformly flat and par-
allel. Data on Precision products may be
secured by writing to the above organiza-
tion.

MICROTUBES

In the accompanying illustration is
shown several of the new Microtubes re-
cently placed on the market. Suitable for
hearing aid requirements, these new tubes
are said to have a life expectancy in ex-
cess of 7000 hours. The two voltage am-

* This new Turnstile FM Radiator is
newer than FM itself. Results of tests
indicate it to be a revolutionary devel-
opment important to every station plan-
ning FM transmission. Already proven,
production is under way, and the tech-
nical facts are available today. Write
or wire at once to JOHN E. LINGO
& SON, Inc. Dept. C-1, Camden, New
Jersey. (Please indicate proposed FM
frequency and power in inquiry.)

SPECIAL
SorAr CAPACITORS

plifier tubes have 20 mil filaments each,
while the output tetrode has a 40 mil
filament. A series-parallel connection per-
mits operation direct from a 1.4 volt cell.
Curves and technical information may be
secured by writing to Microtube Labs.,
2414 Lawrence Ave., Chicago.

POLY-DIRECTIONAL MICROPHONE

The new Cardak (model 725) features a
variable sound pick-up pattern. A control
(screw driver slot) allows the microphone
to function as a true cardioid for elimina-
tion of sound striking it from the rear or
(in extreme opposite position) as a bi-
directional for elimination of sidewall re-

Specialization in fixed condensers has enabled us
to solve many difficult problems involving ex-

flected sound. It is adjustable for various J T x ce A
combinations of reflected sound, thereby acting applications. Your inquiries are solicited.

correcting feedback or reverberation con-
ditions. The response is substantially flat HIGH AND LOW VOLTAGE MICA AND PAPER

from 30 to 10,000 cycles, it is said. Liter- CAPACITORS » ELECTROLYTICS s Elim-0-Stats
ature from manufacturer, Electro-Voice

Mig. %o., Inc., 1239 South Bend Ave, SOLAR MANUFACTURING CORP., Bayonne,
South Bend, Indiana.
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MEDIUM FREQUENCY |
150-WATT FOUR CHANNEL
TELEPHONE TRANSMITTE

Frequency range 2 to 15 mc *
&@ 5S

AIRCRAFT, BROADCAST, MARINE, POLICE,
PRECISION CRYSTAL UNITS

Manufacturers of high quality general communica-
tions crystals at reasonable prices since 1931,

, Our- modern facilities and back-ground in this field
is your assurance of reliable service.

Absolute Satisfaction Guaranteed.
Literature and Quotations on request.

PRECISION CRYSTAL LABORATORIES
SPRINGFIELD AIRPORT SPRINGFIELD, MASS. |

We manufacture a complete line of equip-
ment. Spot Welders, electric, Y5 to 500
KVA. Standard and Special Transformers.
Incandescent lamp and radio tube manufac- Je=
turing equipment. Glass cutting, slicing,
and glass working equipment. College |
laboratory unmits, vacuum pumps, and fieon
sign manufacturing equipment. Wire Butt
Welders. A.C. Arc Welders from (00 to
400 Amps. CHAS. EISLER, PRES.

Eisler Engineering Company

741 S. 13th St. (Avon Ave.), Newark, N.J. .

CRYSTALS by Kl IPOWIBIR

The Hipower Crystal Company, cne of America's oldest and largest
maonufacturers of precision crystal units, is able to offer the broadcaster
and memufacturer attractive prices because of their large production
and the exclusive Hipower grinding process. Whatever your crystal
need may be, Hipower can supply it. Write today for full information.

HIPOWER CRYSTAL CO.

Sales Division—205 W. Wacker Drive, Chicago
Factory—2035 Charleston Street, Chicago, Iil.

3

*

i b gy Yt
MODEL 60

Relay Frequency Selection of Pretuned Circuits ® Complete
Remote Control ® Designed especially for Airlines, Police,
General Point-to-Point and Marine Telephone ® Economical
operation and maintenance are outstanding features ® Chassis
are hinged on Front Channels so that Transmitter can be
serviced from either Front or Rear. Write for complete in-
formation.

COMMUNICATIONS CO., Inc.

2700 Ponce De Leon Blvd., CORAL GABLES, FLORIDA

WEIGHT SCALE FOR RECORDERS

Engineers, Servicemen, ete. Size of ordi-

For recording
nary fountain pen. Attractively finished in black, white or
color combinations of bakelite. Chrome Dickup hook. Instantly
determines weight on playback needle or cutting stylus.

Indispensable because various recorder manufacturers recom- [
mend their own weight limitations on pickups and cuiting
. heads. Proper weight vital. Eliminates guesswork. Controls
depth of cul. Prevents too shallow or too deep grooves.

UNIVERSAL MICROPHONE CO. LTD.
INGLEWOOD, CALIF., U. S. A.

VULCANIZED FIBRE
PHENOL FIBRE

INSULATION

TAYLOR

TAYLOR
TAYLOR FIBRE CO., Norristown, Pa.

110 |
to

IEZO Electric Grystals Exclusively

® Quality crystals for all practical frequencies sup-
plied SINCE 1925. Prices quoted upon receipt
of your specifications.

Our Pledge: QUALITY FIRST
SCIENTIFIC RADIO SERVICE

UNIVERSITY PARK HYATTSVILLE, MD.

When You Renew Your Subscription

COMMUNICATIONS

Remember the Group Rate —$1.00 a year for
four or more subscriptions.
Regular Rate—$2.00 a year in U. S. A.—$3.00 in foreign countries

dio Power Supply Division from the
American Bosch Corporation of Spring-
field, Mass. All patents covering per-

"STEADI-VOLT"
UTC announces a new type of voltage

struments, etc. The input voltage may
vary from 95 to 130 volts. The output
voltage is maintained within one per cent

regulator for maintaining constant voltage
for laboratory apparatus, production test-
ing and heating equipment, electronic in-

¥

S RS

accuracy. There is a negligible variation
in output voltage from no load to full load,
permitting the use of the device at any
rating up to its maximum value, it is said.
In addition, a triple output receptacle is
provided affording 110, 115, ot 120 volts
output. Further information may be se-
cured from the United Transformer Corp.,
150 Varick St, New York City.

MAGMOTOR

The Carter Motor Co., 1608 Milwaukee
Ave., Chicago, makers of dynamotors and
converters for aircraft, police, marine
radio, and general use since 1932, announce
the purchase of the Magmotor Police Ra-
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manent-magnet dynamotors together with
tools, dies, patterns and trade marks, be-
come the property of the Carter Motor
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Co. who will maintain full service for all
former American Bosch customers.

The magmotor is unique in principle;
no field coils are used. Alnico permanent
magnets take their place, increasing ef-
ficiency, reducing size and weight, and
eliminating heat, it is said. Magmotors
will run continuously for more than 5000
hours before brushes require changing.
They are suitable for power supply for
frequency-modulation police radio.

COMMUNICATION RECEIVERS

Howard announces a new line of com-
munication receivers, tuning from 550 kc
to 43 mc (545 to 7). All models have a
stage of tuned-radio-frequency on all
bands. Tllustrated is Model “435-A”
which has seven tubes (including rectifier)
and a built-in Howard-Jensen speaker.
The seven tube model is designed so that

S5

it can be returned to the factory at any
time and changed into an eight or nine
tube model. Accessories, including a two-
stage preamplifier, monitor and carrier-
level meter, are available and can be added
at any time. Write to Howard Radio
Co., 1731 Belmont Ave., Chicago, for Bul-
letin 102 for further details.

RADEX TEST EQUIPMENT

The Radex Corp., after moving into
larger quarters early last year, are now
branching out into the radio test equip-
ment field. Two new signal tracers have
been made available. One model operates
from a-c; the other is battery operated.
Complete information may be obtained by
writing to the above organization at 1733
Milwaukee Ave., Chicago.

WIRE STRIPPER

A new type of wire stripper is an-
nounced by the Ideal Commutator Dresser
Co., 4035 Park Ave., Sycamore, Illinois.
This device is suited for stripping cotton,
sitk and rubber coverings from fine stranded

= if o WHEIew e

e
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or solid wires. There’s no possibility of
cutting strands, nicking, scraping or in-
juring the wire in any way for the blunt
blade cannot harm the finest wires, it is
said. Literature is available.

TIMERS

The Industrial Timer Corp., of 101 Edi-
son Place, Newark, N. J., announce the
addition of a new buzzing timer to their
family of synchronous motor-driven elec-
trical instruments. Six standard models
are available:

BHR 1M— 1 to 55 seconds

BHR 3M— 5 seconds to 2 minutes 45
seconds

BHR 6M—I15 seconds to 5 minutes 30
seconds

BHR 15M— 1 minute to 14 minutes

BHR 30M— 1 minute to 28 minutes

BHR 1H— 1 minute to 55 minutes

Custom built instruments can be built

quickly for time controlled operations up

to 60 hours. Further information may be

secured from the manufacturer.

PLUG-IN FILTER

In the accompanying illustration is
shown the new Sprague multi-section
plug-in filter for reducing radio inter-

ference. It is designed for installation at

the power outlet to which the interfering
device is connected. The unit measures
214" by 134" by 17/16". It is for use on
115 volt a-c and d-c lines only. Sprague
Products Co., North Adams, Mass.

*Reg. U.S.
Pat. Off.

FERRIS

—NEW ULTRA HIGH

INSTRUMENT CORPORATION

FREQUENCY=—=
MICROVOLTER*

® Frequency range 5 to |75 mega-
cycles
® Low Resistance Attenuator
Terminated Transmission Line
Output .2 to 100,000 microvolts
Panel Jack for 2 volts output
400-1000 cycles and External Modu-
lation

Write for catalog C1, giving details
of instruments of our manufacture

Boonton,
New Jersey

et TR AL g

DuMont

TYPE 208
CATHODE-RAY
OSCILLOGRAPH

* Out of the closest cooperation with elec-
trical engineers and laboratory workers, re-
sulting in a detailed study of their require-
ments, has come this new DuMont Oscillo-
graph. Replete with features which will make
your work easier and more pleasant, it de-
serves urgent consideration as a "must" in-
strument. Note particularly . . .
Constant-impedance, continuously-variable in-
put attenuator—zero frequency discrimina-
tion.

Symmetrical deflection of both axes for fine
focus and no distortion.

Flat from 2 to 100,000 sinusoidal cycles per
second. . Sweep frequencies from 2 to 50,000
cycles. Undistorted four-cycle square-wave
amplifier response.

Instantaneous position circuits. Spot may
be immediately positioned to any point on
screen without lag. Convenient beam switch.

Regulated power supplies. No pattern drift

or jump.

Nearly 15 time base, with 215 times full
scale deflection.

New functionally-designed front panel. Con-
trols properly grouped according to circuit
arrangements and general functions.

Balanced electrical and mechanical design.
Easy to carry. “Built like a battleship.”
14”7 h.; 8-13/16"" w.; 1915”7 d. Weight:
54 1bs.

e
XDATA:Deui e oo,

with you in the application of cathode-ray
instruments to your studies.
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“RELAYED-FLUX*
 Microdyne

“The Standard by
Which Others Are
Judged and Valued”

The “RELAYED-FLUX”
principle makes possible a
moving system far beyond
anything yet devised . .. a
.system that approaches the
theoretical ideal of zero
mass.

® Flat within = 1% db to over
10,000 cycles.

® Sharp, clean-cut definition of
the finest Moving-Inductor
system.

Vibratory -Momentum near
vanishing point.

Absence of distortion.
Free-floating stylus.

Equipped with Jewel-Point.
Point-pressure about 18 grams.
Immune to climatic changes.
Complete with arm.

With Our Compliments

‘A revised copy of
“PICKUP FACTS” is
yours for the asking. It
answers many of the
questions you want to
know on record repro-
duction. - '

Also write for details on the NEW
AUDAX HIGH FIDELITY CUT-
TERS.

Microdyne models for every
purpose.

Audak Company
500 Fifth Avenue New York City

“Creators. of High Grade Electrical
and Acoustical Apparatus Since 1915”
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EVERAL years ago General Radio assigned
an engineer to investigate the design of small
fixed condensers having sufficient stability and
low losses for use in precision circuits, such as
beat-frequency oscillators, bridges and standard-
signal generators.

The available condensers had several serious
shortcomings including very poor stability with
time, inexact accuracy of adjustment, high and
variable power factor.

After a number of months of research, the
Type 505 and Type 509 Condensers were devel-
oped. While designed primarily for use in G-R
instruments, hundreds of these condensers have
been sold separately for precision circuits and
apparatus.

In the Types 505 and 509 Condensers selected
India mica is used, each piece being carefully
inspected for scratches and other mechanical
defects which cause high dielectric losses. Mica,
despite its excellent dielectric properties, is fairly

{IPPARATUS

A ceL ©
HarmNOE!

high in its moisture absorption characteristics, a
property which adversely affects its power fac-
tor. In these condensers the mica and its asso-
ciated tin foil are kept at a temperature of 300
degrees ¥ for a considerable time before the con-
densers are assembled, during assembly, and
thereafter until sealed.

To keep the condensers dry after assembly,
they are placed in a bakelite case with a mixture
of silica gel and ground cork and are then sealed
with an Ozite compound. The amount of desic-
cant sealed in is such that there can be 2,000
complete changes of air due to leakage before the
desiccant will be used up.

Changes in pressure can cause appreciable
changes in capacitance. In these condensers the
stack is heavily loaded with a stiff spring under
considerable tension to a point where the change
in capacitance with pressure is very small. Dur-
ing assembly, each unit is carefully aged through
a number of heat cycles to increase stability.

The resulting characteristics are such that
these condensers make admirable secondary
standards of capacitance and are of such physical
form that they are readily adapted to use in pre-
cision measuring instruments. All Type 505
units are adjusted within 1% or 10 upf whichever
is larger, and Type 309 units within 34%; the
temperature coefficient of capacitance is less
than +0.019, per degree C between 10 degrees
and 50 degrees; the power factor of almost all of
the units at 1,000 cycles and 25 degrees C is less
than 0.05%; the leakage resistance in most of
the units is greater than 100,000 megohms.
These condensers are available in standard
capacitances from 100 uuf to 1 pf at prices be-
tween $3.50 and #48.00.

GENERAL RADIO COMPANY

Cambridge, Massachusetts
BRANCHES iN NEW YORK AND LOS ANGELES

Since 1915 Manufacturers of Precision Electrical Labowztory Apparatus
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“The two continuously variable
1000 mmf Lapp gas-filled con-
densers were originallyordered B , ' ,
as part of a plan to change over A 1 2 L ‘ Y
our 50 kilowatt transmitter tc ;
a modern high-efficiency type
of circuit. Plans did not call for
an immediate changeover, so they were installed
in the regular circuit to replace the solid di-
electric condensers in use. For this temporary
installation the varfable capacitance feature was
used only to adjust the unit to a fixed value with
a radio frequency bridge; minor changes were
made in the neutralizing circuits and the Lapp
units inserted in the same postion as the old
bank of twelve mica capacitors.

L. W. STINSON

“Wehadnotanticipated

that the increase of ef-

ficiency due to the gas-

filled units would neces- .o - .

sitate re-adjustment of . 3 : .
the final amplifier coup-

ling circuits but such

was the case, as the in-

creased impedance pre--

sented to the tube anodes raised the efficiency above optimum linear amplifier
operating conditions. This of course, is a testimonial to the Lapp claim of
‘low loss’ features, and permitted us to transfer just that much more power | i
to the antenna and to discard the air blower which had been found nec-

essary to hold the temperature rise of the mica units to a safe value. As best

we can determine, the gas-filled units operate at the ambient temperature.

“Our condensers, received in February, 1939, were filled to 200 pounds
nitrogen shortly after arrival. Since then they have required absolutely no ' i
service of any kind.” |

Descriptive Iiterature and list of 54 models in three voltage ratings available
on request.
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