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IF you want your set to stand up for years,—YOU NEED STRENGTH!
IF you don't want to have to replace condensers,—YOU NEED STRENGTH!

IF you want ‘‘single-control’” to stay “single-control”,—YOU NEED STRENGTH!
In short—if you are turning out GOOD sets—YOU MUST HAVE STRENGTH!

And in CARDWELL CONDENSERS you have STRENGTH. Specified by Army and Navy
Engineers—used by R. C. A., Westinghouse, General Electric—their STRENGTH and
UNIFORMITY are unequalled.

From the tiny “Balancet’ to the huge Broadcasting Station condensers, there is nothing compar-

able to the CARDWELL CONDENSER.

The Allen D. Cardwell My, Corp.

81 Prospert Street, Bronklyn
New York

wwwW americanradiohistorvy com


www.americanradiohistory.com

LRadia Lugivecring, Octaber, 1927 Page 961

_—
Thea o o e _I:I'
= it

AR

From Copper Rod to ¢ -
Magnet Wire and Coilse /

The Dudlo production cycle is complete, controlling all materials and
processes from rod to coil.

Beginning with the bare copper rod, the drawing, annealing, insulating
and winding is completed in the Dudlo factories, under scientific, pro-
gressive inspection. This system of inspection prevents hidden flaws 5
and insures uniform high quality.

The bare wire is drawn and then insulated with enamel, cotton, silk, or
any combination of the three, to standard specifications or to meet
special requirements for the Coil Winding Department.

Specializing solely in the production of Magnet Wire and Coils—with a
wide variety of experience with wire and coil problems—with every
resource of specially designed machinery and skilled engineers, Dudlo
gains greater efficiency, greater flexibility and thus renders greater service
to the electrical trade.

So urgent is the demand for Dudlo products that the plant, though recently enlarged,
is kept busy day and night.

No coil is any better than the wire in it and no electrical apparatus is any better than
its coil. The real competition is always quality. Manufacturers of electrica! apparatus
stand or fall upon the sustained and uninterrupted service their products give.

It is the part of wisdom, therefore, to use the best Magnet Wire and Coils. The
electrical world increasingly acknowledges Dudlo’s high and dependable quality. |

DL

DUDLO MANUFACTURING CORPORATION, FORT WAYNE, INDIANA

56 EARL STREET 160 NORTII LA SALLE STREET 4153 BINGHAM AVE. 274 BRANNAN ST.
NEWARK, N. J. CIICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIFORNIA

www americanradiohistorvy com


www.americanradiohistory.com

Page 962

Radio Engineering, October, 1927

RADIO ENGINEERING

52 Vanderbilt Avenue, New York, N. Y.

EDITED BY M. L. MUHLEMAN

Associate Editor, John F. Rider

Associate Editor, Harry G. Gi si

OCTOBER, 1927

{HITHTHTGTTS {1

HHIHIVHTIINT

Number 10

MM IR

EDITORIAL

N the Editorial appearing in the July., 1927 issue of
I Rapi0 ENGINEERING, we aired our eonvietions regarding

the present state of the radio industry, espeeially in con-

nection with the existing dounble set of standards. 1t was
pointed out that no good could possibly eome from an
arrangement so obviously an instrument for ereating con-
fusion and that Rapio EXGINEERING was firmly convineed
that the National Eleetrical Manufacturers Assoeiation and
the Radio Manufacturers Association should do everything
in their power to effect some scheme whereby a single set of
standards would serve both organizations.

During the R. M. A. Convention held in Chieago, it was
decided that, though the R. M. A. had a membership of ten
times that of the Radio Seetion of N. E. M. A, it would not
take any steps that would in any way be instrumental toward
bringing about additional confusion in standards. Further-
more, it was openly announeed, pending a meeting of the
excentives of both organizations, that the R. M. A. would
not publish any new standards—ir would simply continue any
necessary committee work. This showing of respect for an
older organization is to be eommended und the directors
of the R. M. A. ave to be congratulated for being true to
their word. Likewise, the Radio Scetion of N. E. M. A, is
to be eommiended on its stand as 1t is true that its set of
standards is so firmly entrenched by the group using them
that any unpremeditated move to abolish immediately or
revise a part or a whole would bring about more eontusion.

Rapro ENGINEERING believes that the most logical way in
whieli to relieve the strain is through the formation of a joint
committee to work in common towards setting up a single
group of standards whieh will be more representative of the
entire industry than of any particular organization. These
Radio Industry Standards would consist of a eode made up
by reviewing the old R. M. A. standards, the N. E. M. A.
standards, and any other acceprable proposals offered. Such
independent radio standards, free of trade assoeciations, would
certainly have a good influence on the entire industry and
would abolish mueh, if not all, of the present confusion.

A vast majority in both the N. E. M. A. and R. M. A.
organizations have been interested in a single set of industry
standards. The Board of Directors of the R. M. A. have
signified their willingness to alter, or drop altogether, the
present R. M. A. standards if something definite in the way
of independent industry standards ean be worked out. The
Board of Governors of the N. E. M. A. are probably as willing
to concede to heneficial alterations.

Rapio EXGINEERING advocates any move, in eonneetion with
the formation of Radio Industry Standards, whieh will abolish
the present eonfusion—M. L. MUHLEMAN, Editor.
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“Batteries
can’t be beat

for
plate power”
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Station 2TL
Port Jervis, N. Y.
Mr. Jos. W. GiBBoxNsS

WHEN vou put on the cans and hear
the buzzes, rattles and jazz of raw
or partly rectified \AC: and when

Jatteries have stood the test of time
on both transmitter and receiver.
The old timers know that "I’ hatteries

in the midst of the racket you sud-
denly comie on a smooth, pure DC
note, strong, steady, sharp, aud
easily readable—that’s the station you start to copy.
How about yourself, OM? Are vou giving the other
fellow the sort of sigs you prefer to read? LEveready
Layerbilt “B” Batteries are putting on the air every
night the prettiest DC notes you can hear. And as for
DX—well, just read this, from Jos. W. Gibbons, 2TL,
Port Jervis, N. Y.: “Short waves travel far on low
power 7PH of Everett, Washington, heard my
signals when using 90 volts of Eveready ‘B’ Battery
for plate power.” 2TL adds: “Having followed up
radio since the old spark days, I find that Eveready

can’'t be beat for plate power for a
good report.”

\s far as we have Dbeen able to dis-
cover, the LEvercady Layerbilt “B” Battery No. 486
is the longest-lasting, most economical “B” battery ever
built, for short wave transmitters and receivers, as well
as for BCL sets.

NATIONAL CARBON COMPANY, INC.

New York San Francisco
Unit of Union Carbide and Carbon Corporation

Tucsday night is Eveready IHour Night—g P. M.,
Eastern Standard Time, through the WEAF network

eVEREADY

Radio Batteries

~they last longer
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THE POWER
CLAROSTAT

A husky variable resistor
for handling real power. In
several turns of knob, it
covers wide range. Handles
up to 40 watts of energy.
Obtainable in three resistance
ranges—0 to 10 ohms for
line-voltage and primary
group voltage control; 25-500
ohms for series-connected fila-
ment control with B-voltage
tap resistances in series; 200-
100,000 ohms for series-con-
nected filament control, with
or without shunted fixed re-
sistance. And there are count-
less other uses. Price $3.50.

281 -287 ANORTH J[fIXTH JSTREET
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POWER!

Listen, You, engineers, production men, tech-
nicians, professional set builders—whether you
are talking short-wave transmission or just good
broadcast reception, you are today talking in
terms of POWER. That's the keynote of radio
progress in all directions. No longer are we
content with mere microwatts or microamperes
in our circuits. And not every variable resistor
in sight will do the bigger job now called for
when it comes to handling honest-to-goodness
energy. As usual, however, your old friend
CLAROSTAT has kept in step with develop-
ments, and here is the answer.

Five years of persistent, concentrated and specialized
effort to develop a satisfactory device that would pro-
vide the convenience of the variable resistor and
the reliability of the fixed resistor, have gone into
the development of the Clarostat design. The
well-known Standard type has found wide ap-
plication in radio B-eliminators, receiving sets,
and in the smaller radio transmitters. And
the same sound design, on a necessarily
larger scale, has made the Power Clarostat
possible! So much tor today. But when
larger variable resistors are required,
Clarostat will be the first to build them.

The fact that others have seen fit to
copy the Clarostat and to offer some-
thing “just as good as the Clarostat”

speaks for itself.

Write for our literature on the use
of the Power and Standard Claro-
stats. Ask your local radio dealer
to show you these improved vari-

able resistors.

Specialists in Variable Resistors

BROOKLYN,

ERS
Wﬁv
%@%ﬂ »

THE STANDARD
CLAROSTAT

Too well known to require
tengthy introduction, this de-
vice has more applications
than ever. It is the ideal
B.voltage tap control, provid-
ing the precise voltage for
each circuit and for any type
of tube. In several turns of
its knob, it offers a univer-
sal resistance range of from
practically 0 to 5.000,000
ohms, with a current-carrying
capacity of 20 watts. The
Clarostat is noiseless, non-
packing. foolproof and inde-
structible wi!gm its working
capacity. Price $2.25.

AMERICAN MECHANICAL LABORATORIES, INC

N. Y.

CLAROSTAT
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DUREZ—molded parts with high dielectric
strength and permanent luster—DUREZ

DureZ molded parts have a rap-
idly inereasing range of applica-
tion in the radio, automotive
and cleetrie appliance industries
wherever a combination of high
dicleetric strength and excellent
appearance are essential. Durcez
is clectrically  non-conductive,
non-inflammable and is resistant
to heat. 1t has a permanent high
luster after molding, and neither
wear, age nor deteriorating agen-
cies affeet its attractiveness. The
surface will not crack or check.

Durez molds with perfect ac-
curacy. It duplicates exactly the
smallest detail of intricate design.

S END O R T B €& I3

OOKLET,

Complex parts can be made rap-
idly in a single opceration, and
the high mechanical strength of
Durez makes thin scetion mold-
ing entirely practieal.

Radio panels of Durez molded
with ornamental inseriptions and
cmbossments present a handsome
appearance. The strength of
Durcz permits the extensive use
of holes, slots and metal inserts
in molding pancls and sub-panels.
Dials, instrument cases and tube
bases are made quickly, durably
and beautifully of Durez.

Durez is speeding the produc-
tion and improving the products

DOI NG

www americanradiohistorvy com

of many industrics. Usc the fa-
cilities of the Durez laboratory
to determine its place in your
process. Counsel and investiga-
tion without obligation.

Molded samples of Durez and
complete data sent on request.
Specify use and color.

GENERAL PLASTICS

INCORPORATED
NORTH TONAWANDA ,NEW YORK
CHICAGO

NEW YORK SAN FRANCISCO

DUREZ"’”’
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Announcing

A. C. Tubes

ALTERNATING CURRENT

IHE new M-26 and N-27 tubes are tubes using raw

A.C. on the Filament or Heater and can be used in
any set specifying these types. The M-26 is used in the
radio and audio frequency stages and has a standard base.
The N-27, of the separate heater type
is used as a detector or amplifier and
has a tive-prong base. These tubes will
give superior results and maximum use-
ful life in any set designed to use A.C.
tubes of this type.

5 drice
List PO

3,6.00

Write for particulars.
C. E. Mfg. Co. Inc., Providence, R. I, U. §. 4.

Largest Plant in the World Making
Radio Tubes Exclusively

EC

RADIO
TUBES

r/’—\\.\]
; @@ |
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The Modern Exponential Horn Type

Loud Speaker

Covering the design requirements of horns and speaker units and the
importance of perfect mechanical and electrical matching

IIE horn type of londspeaker

has been a simple and eflicient

reproducer from the early days

of train anmouncing and phono-
graph reprodueing standpoint up to
the present time. Some of the early
experiments which Comer and others
made with respect to electrical trans-
mission of phonograph music over
wires and then reproducing this music
for domestic use used relatively short
borns of a shape approximating an ex-
ponential contour. It was found in
those days that such a shaped horn
gave considerably better results than
the straight conical one, but in either
case the lower frequencies which, as
is well known, carry the most energy
in speech, were lost.

The actuating unit was one which
used a small diaphragm, a very stiff
resonating system and incerporated
other factors which gave great sensi-
tivity and response to the higher fre-
quencies, but which in turn also lacked
the lower frequencies,

Some of the early forms of radio
reproducers were of this general type
althongh the large one in Fig. 1, is an
exponential horn 72 inches long de-
signed in 1922, The majority of these
horns, however, were relatively short.

The advent of the orthophonic horn,
developed by the Bell Laboratories for
phonograph use, showed conclusively
that it was possible to obtain excellent
results from the reproducing stand-
point by means of a long horn when
used in conjunction with a properly
designed actuating unit.  Although
large horns had been made in labora-
tories for experimental purposes many
veurs ago, simultaneous development
of the unit and horn were necessary
before the long horn type of loud-
speaker reached the commercinl im-
portance it now occupies in the radio
industry. Many forms of this type of
loudspeaker have been developed but
this article will concern itself chiefly
with a long horn speaker of unique de-
sign and which gives excellent results
as a reproducer.

T Chief Engineer, Temple Inc.

By Paul G. Andres*
The Air Column

Four points in connection with the
construction of the air column come
to mind as important in determining
the characteristics of such a device.
(1) The mathematical design of the
rate of expansion of an air colnmn
and limiting dimensions. (b) The
mechanieal construction with respect
to reducing the size of the horn. (c)
The nature of the walls of the air

Fig. 3. A glant exponential

) horn,
in one piece, with an air
column ten feet long.

made

column.
speaker.

{d) The mass inertia of the

(a) Mathematical Design
The mathematics of the horn as a

sound radiator received much atten-
tion many years ago. The late Lord
Raleigh, and more recently, Prof.

Webster, have laid the mathematical
foundation which within recent years
has been elaborated to include the
many special forms of contour a horn
may take. All of these calculations
in general make a number of assump-
tions. One of these assumptions is
that the air column is bounded by :
straightaway horn. The theory shows
that an exponential horn is decidedly
hetter than a conical horn of the
same length and terminal dimensions,
and that further, it appears that it is

www americanradiohistorv com

the hest horn for uniform loading
from the very low to the very high fre-
quencies. As mentioned above, ex-
ponential  horns are mnot new, al-
though they are constantly “invented”
as radio reproducers and heralded
with much eclat.

It is interesting to note that long
horns offer uniform loading to a small
vibrating surface such as a diaphram,
and that further, no undue or pro-
nounced resonances occur when the
length of such a horn is sufficiently
long enough so as to bring the natural
periad of the air column below audible
frequencies, It is well known that a
conical horn has no definite fre-
queney cut-off point while the theo-
retical exponential horn has such a
cut-off point determined by the length
of the horn. final bell area and the
rate of taper.

In practice however, it is found that
sueh a horn does respond to the very
low frequencies. If a horn is de-
signed which has a medinm length,
that is in the neighborhood of 48
inches or more, the cut-off point is
relatively low in the frequency spec-
trum: bhut becanse of the fact that in
many cases the harmeonics in ordinary
musical instruments are practically as
strong as the fundamental, the huinan
car finds much difficulty in discrimi-
nating between the true fundamentals
and the harmonics. This gives an
overall effect of apparently reproduc-
ing lower tones than actually exist, al-
though in a comparison of such a me-
dium length horn and a very long
horn, the presence of the fundamental
is easily detected.

Numerous designs have been worked
ont in order to condense such a long
horn into very small space, resulting
in the well known reflex and coiled up
types. It is apparent that compensa-
tion must be made whenever the horn
deviates from the straightaway course,
innsmuch as reflections occur at the
point of curvature and certain fre-
quencies are greatly modified, depend-
ing on the length along the air column
where such curvatures occur. These
points are receiving much attention in
1aboratories at the present time, not
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Fig. 1. Some early types of horn speakers.

horn 72 inches long,

only from the strictly theoretieal but
also from the experimental standpoint.

(b)
Although the gencral theory shows
that no side air pressure should he ex-
perieneed in a well designed horn, it
is fonud in practice that unless the

Mechanical Construction

horn walls are extremely rigid the
witlls will be set into vibration, The

effect of this vibration canses a num-
ber of changes in the chavacteristic,

The setting up of vibration in the
walls means that energy is heing ab-
sorbedd  which shonld go into sound
Dpressure, hut because of the fact that
these walls vibrate, thisx cnergy is ex-
pended in the form of heat. Then too,
it such @ wall vibrates at a certain
frequency it will have an effect on the
following tones in so far that this vi-
brating snrface will then act as a
source of energy and greatly modify
the response at  the succoeding  fre-
quencies, resulting in distortion,

Ax shown in Fig, 2. long air columus
have been designed in which the en-
tire air chamber is hounded by curved
surfaces  which  have a1 maximum
amonnt of rigidity and because of the
fact that they are entirely enclosed in
a metallic shell, vibration of the horn
surface is eliminated, By means of
a device, to be deseribed in s subse-
quent article, it is possible to deter-
mine the effect of the cquivalent horn
opening or bell, whiel presents a uni-
form wave front resulting in a fairly
uniform distribnted sound field, The
horn walls ave made of a speeial
ceramic matterial which is extremely
dense and in itself gets as a VOrY poor
absorber of sound. This  produces
very hich efliciency with regawl to the
device ax a sound radiator. This type
of construetion incidentally permits of
a maximum length of horn o be
placed in a minimum <pace and when
properly designed mathematieally
gives practically the same results as a
stratightaway hovn,

(¢) Nature of the Walls of the

Air Column

In order that the horn nay et as
a suitable sound radiator it is impera-
tive that the walls of the structure be

The largest one is an exponential
designed in 1922,

extremely  smooth  ad  continnous,
A ordinary  antomoebile mutfler s
nerde with the chamber consisting of

lauy sections followed by sl see-
tions: in other words, it acts as a
sound  absorber, In the case of a

horn, the air column must be true to
the design as laid out by the designer:
that is, no obsteuctions or deviations
from the perfectly smooth contonr can
be allowed if the frequency range is
to  be reproduced acenrately, It is
highly desirable in the case of o see-

Fig. 4. Application of the unit to

the air column. Note that the

back of the speaker unit is open

so that high frequencies are di-
rectly transmitted to the air.

tional long horn that no imperfoctions
ocenr resilting from the joints of the
picees sinee that again acts as a de-
terrent to faithful response,

As shown in Fig, 2 this parvtienlar
horn desigu is <o constructed that the
inside walls are perfectly smooth, and
since the strueture is in one piece, it
ix continnons from the throat to the
bell,  The resudt of this constraetion
shows ft=elt partientarvly in its ability
to respond to the high freguencies,
that s, frequencies in the neighhor-
hood of 4000 and 5000 exeles. Al the
cnergy supplied by the unit is trans-
mitted in its proper intensity through
the horn,

An index of the performanee of a
long air eolumn horn with respect to

www americanradiohistorvy com
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its inside smoothness can easily e
obtained by impressing sneh o high
frequency on the unit and then noting
whether or not the horn aects as a
resotttor or whether the sound energy
ix reduced over that obtainable in the
unit when it is applied to the horn in
question,
(d) Mass Inertia of Loud
Speaker

The  prime object of the lowd-
speaker is to set the surronnding air
into vibration, It mnst set up a cer-
tain radintion  pressurve. It requires
no great streteh of imagination to see

that if the =omnd radinting device isx
extremely light, that it will vibrate
itself justead of vibeating  the  air,

With this in mind experiments have
been made to determine the necessary
mass a londspeaker must have for a
given size. in order that it may trans-
fer the maximum of available energy
to the surrounding aiv,

Experiments prove conelusively that
it ix  necessary  to  incorporate a
definite amount of weight in a speaker
and this was accomplished by mak-
ing the walls of the speaker heavy
and incorporating a detinite weigltt in
the horn. The required weicht reaches
an optimum point for every design
and  type of loudspeaker,  heyvond
which no appreciable gain isx found,

The 10 foot horn shown in Fig, 3
has an approximate weight of 1835 1bs,
The smaller models weigh proportion-
ately less,

There is an added advantage in
such a design, incorporating  weight
in so far that it prevents vibration of
the speaker with a resubting  lesser
tendeney to cause microphonic  feed-
bhack or howling, often cansed by
vibration in the londspeaker being
transfoerred back to the detector tube
in the radio set,

The Unit

The floating  type armature  unit,
oviginally inveuted by Frank L. Capps
in 1890.* has received mueh attention,
parrtientarly within recent years.

In this type of unit o small arma-
ture, surrounded by o coil through
which the audio  frequency  enrrent

flows, ix eaused to move hotween the
pole picces attached to a4 pernruent
magnet,  Inits ideal condition the
armature is intended to tloat hetween
these pole pieces, heing held in posi-
tion generally by the rigidity of tle
diaphragm to which it is attached by
meins of i1 connecting pin,

Thix particular type of unit lends
itself admirably well as g reproducing
unit.  There are many factors, how-
ever, which require cavefnl study and
design in order to make 1his nnit per-

form satisfactovily  throughont the
frequeney  range. Al the  moving
parts, that is, the diaphragm, con-

neeting pin and the armature consti-
tiute  a resonamt  system. It is ap-
parent that thix system will respond

FULN Patent 44139,
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easily to a number of detinite fre-
quencies.  In early meodels, these res-
onant frequencies were placed up
very high in the fregquency range so
ax to coincide with the natural reso-
nances of the horn to which it was
coupled, resulting in great volume anmd
efficiency, but such a speaker did not
cover the musical frequeney range
adequately.

If the permanent magnet is nnule
sufliciently  strong the ficld on the
armatire, when it is moved from its
eentral position, has a tendencey to in-
troduee tlexibility into the system.
And then, if a suitable diaphragm is
used, the natural period of the entire
system can be brought to a lower part
of the frequeney range, When a unit
is connected to an oscibator, which
has a uniform output at all audible
frequencies, it is found that the arma-
ture vibrates and moves through con-
siderable excursions at these resonant
frequencies.  In sxome cases it moves
so far as to hit the pole pieces, cas-
ing a rattle at those particular tones,
On the other hand, at the very high
frequencies,  the wovement is  very
small, This means that in a design
of such o unit, the air gap must be
suflicientty large so as to allow the
armature to move withont hitting the
pole pieces at the low frequencies, and
at the same time it must he small
enoungh to insure good etliciency when
responding to the higher tones,

By the proper correlation of the air
column and the unit, it is possible to
g0 design the combination that the
horn resonances of a medinm length
horn fall on either side of the unit
resonance.  resulting in a  suflicient
lond on the unit, which prevents ex-
cessive movement of the armature and
corresponding elimination of the rattle,

One of the general defeets of the
floating type unit is the faet that be-
cause of the indirect action on the
diaphragm, the very high frequencies.
that is, those between 4000 and 5000
eveles, are oftentimmes not reproduced
at all, The effect of the horn as out-
lined above, also huas n tendeney, un-
less properly construeted. to prevent
transmission of these higher frequen-
cies, The net averall result is that
these higher frequencies, which are so
essentinl to detinition in musie anad
clurity in speech, are fonmd wanting.
Carefnl design in the spiace bhetween
the diaphragm and the horn opening,
as well as attention to the mounting
of the armature and diaphragm. con-
tribute much  toward bringing out
these frequencies,

1t has heen found by experiment
that when the back of sneh a unit ix
covered, that the high frequencies arve
damped ont very materially. A special
design has been developed where the
unit has a ecap  placed  over the
mechanism, which is open at the hack,
allowing the very high frequencies to
be transmitted directly into the bell of
the horn from the back of the dia-
phragm. This is clearly shown in the
illustration of Fig, 4. The size of this

opening  determines  the  neee
modifying effect of the frequencies in
question.

Electrical Characteristies

There are many other factors which
contribute  to the  satistactory  per-
formance of =<ueh a unit, aside trom
the mechanieal details,  One of these
is the electrical winding of the unit
which connects to the outpur tube of
the radio set on which the londspeaker
is used, Because of the fact that spaee
is at a preminm. it has heen found ex-
pedient to wind suweh coils with a very
snuill wire, which is able to carry the
current  from the conventional radio
tnbe. but in doing so there is always
a tendeney to saturate the arnatie
by means of the direet current ot the
plitte cireuit,

Fig. 5. One of the drum shaped
speakers completely mounted.

The output transformer and tilter
cirenits, which have heen devised by a
number of namufacturers obviate this
ditliculty and tend to prodnce better
tone quality because ot the elimination
of the diaphragm to merge with the
speaker winding,  The tilter combina-
tion appears to be preferable from the
standpoint of bheing able to pass the
frequeney band, perhaps better than
the owtput transtormer arrangement,
althoungh the katter entirely separviates
the speaker from the direct conneetion
with the high voltage =B supply in
caxe power tnbes are used,

The Completed Speaker

From the above, it is apparent that
a satisfactory reproducer can only he
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obtained when the air column and the

unit are correlated and so designed
that the characteristies of one sup-
plement  the  characteristics  of  the

other,  PFig. 4 shows the open strue-
ture of the air columm and unit of one
of the designs. The bell of the horn,
as ean be seen, opens np slightly dif-
ferent from  the conventionally de-
signed goose neck horn, bhut has heen
compensated to give o relatively  flat
wive front.  The unit has been placed
slightly to one side of the center of
the opening so as to allow the high
frequencies reproduced from the back
of the diaphragm 1o merge with the
sonnd energy coming from the hell of
the horn.

With this particutar design, it is a
retatively simple matter to put the
foudspenker on an oscillator and deter-
sjous fre-

mine the response at the v
quencies  and - then making snueh
minor changes  as  may  be  neces-
vy in order to produce as close to a
uniform output at all frequencies as
possible,  Changes can be made in the
air colmun or in the unit to aid in
this respect.

In the ease of the lower frequencies,
the air colunm bring up
the efliciency to a very great extent,
while on the ligher frequencies the
from the of the dia-
and  that coming from the
horn bring up the vesponse at that
point  to the proper intensity.  The
net overall vesnlt is that such a com-
bination aetnally  reproduces  sounds
from the very low frequencies up to
S000 eyele that is, it practically
covors the frequency  range of  the
music transmitted by the majority of
broadeasting stations,  While it is true
that the low and high frequencies are
somewhat reduced in iutensity, the
reproduetion  ix o very siatistactory
when compared against other types of
loudspeakers.

Iiz. o shows one of the completed
speakers. There two sizes, The
stmaller of these an air column
length of 34 inches, while the Iarger
has an  effective  length of 75

resonanees

response hack

phragin

are
has

0le
inehes,

Fig. 2. Three types of coiled up exponential horns suitable for cabinet

or external speaker application.
speaker units are attached to the
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These are made in one piece. The
small openings, as shown in Fig. 4.
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Aeroplane Radio Equipment

The design and installation of radio equipment for long distance

acroplane flights

By Bert E. Smith*

Here is the complete tayout of necessary material for a working instaitation.
A, self-adjusting generator head; B, 800-cycle generator; C, fairtead; D, antenna

fish; E, flame-proof key; F. antenna reet; G,

UX-210 tubes; H, transmitter; 1,

receiver; J, "B’ batteries; K, suspension cord; L, contro! box.

INCE the recent Trans-Atlantic
and Trans-Pacitic flights  have
awakened a great deal of public
interest in all things pertaining
to aviation. radio has come in for its
share, and a little expoxition of some
of the requirements for radio equip-
ment on such flights may be of equal
interest to the radio fraternity.
Where every ounce and fraetion of
an ounce is considered. it is, of course,
practically impossible to use standard
radio equipment. as all possible weight
is required for the absolute essentials,
such as gasoline and oil: so extreme
lightness in the radio is of great im-
portance. At the same time, unusual
mechanieal strength is neeessary, in
order that the steady and long con-
tinued vibration caused by the engine
of the plane will not destroy either the
set itself or any conneetions, Every-
thing must be water-proofed with un-
usual thoroughness, for even in most
cabin planes they are not absolutely
weather tight, and the set must he so
made that a more or less continunous
contaet with salt spray will not cause
it to lose effectiveness, Spnce is at a
premimm. requiring the largest pos-
sible amount of power in the trans-
mitter and sensitivity in the receiver
in the very smallest amount of space.
Last, but not least, the installation
must be extremely simple to operate
and thoroughly fool-proof in whatever
adjustments are required. as most
aviators are not x<killed operators; and
as the success of their flight and even
their lives frequently depend wpon the
proper functioning of the radio equip-
ment, every possible nid must be given
them in making its operation of un-
usual simplicity.

Most Desirable Wavelength Bands

The first eonsideration in the design
is the determination of the wavelength

- * Allen D— Cardwell Mfg, Corp.

bands on which the equipment is to
function, as many details in the in-
stallation would be changed with any
variation in this factor, The greatest
number of tniles of communication
per pound of installation are un-
doubtedly secured with short wave in-
stallations, but at least one tremend-
ous drawback promptly presents itself
—skip distance., This phenomena is
familinr to all amateurs who have had
the experience of having their signals
heard with good audibility several
thousand miles away, while anyone
listening for them in the next county
may remain totally unaware that they

A 50.watt transmitter with crystal

This is the set
Byrd took over the
North Pole.

frequency control.
Commander

were operating, For example, a sig-
nal transmitted on 20 meters from a
point in the State of Connecticut will
be absolutely inaudible just west of
the IIudson River. It can be heard
weakly in the extreme western part of
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New York State, and will not be really
of readable strength until the re-
ceiver is located in the vicinity of
Chicago. In the Rocky Mountain ter-
ritory, or on the Pacific Coast, it will
be very strong. and will still be aud-
ible half way ronnd the world.

The comparatively flimsy construc-
tion of airplanes is such that if they
are forced, for any reason, to descend
on the surface of the ocean it is un-
safe to eonsider with any degree of
assurance that they will remain afloat
for more than an hour or twe, and
considering the average speed of
steamers as about 15 miles per hour,
we can readily see that their greatest
hope of succor must come from
steamers not more than a hundred, or
if they are unusually fast, 200 to 300
miles away. Using 20 meters and
radiating our signal from an airplane
a mile or so up we should probably be
inaudible where we were in need of
most  help, and putting a real loud
8. 0, 8. signal into the home of an
amateur 2000 miles away wonld not
be of any great aid. Furthermore,
very few ships are equipped to receive
short wave signals, and therefore onr
chances of getting timely assistance
would be even smaller, if short waves
are to be relied upon,

If, on the other hand, we utilize 600
meters we cannot he heard several
thousand miles away, but there is no
skip distance, and our strong signals
will be heard just where they will do
the most good—within a radius of 300
miles, Furthermore, it is reasonable
to assume that there will alinost al-
ways be a ship within 300 miles and
that its radio operator will be listen-
ing on the 600 meter band, so that the
use of this wavelength makes it al-
most certain that a distress signal, if
it becomes necessary to send one out,
will be responded to without delay.

If the only concern were keeping in
communication with shore stations in
order to send back news of how the
flight was progressing, weather re-
ports, and «imilar messages, there
wonld be much more advantage in the
use of higher frequencies, but as the
equipment is carried to a great extent
as a safety factor, the commercial
wave band hecomes by far the best
for us to use.

Transmitter Circuit

Having determined the wavelength,
the next problem is the selection of a
circuit for the transmitter itself. It
must be absolutely stable, and no other
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adjustments should be necessary to set
it in operation than the turning of the
control switch to the “transmit” posi-
tion. Thercafter it should be possible
to shift wavelengths without any loss
of efficiency by changing no more than
one switch or dial, The maximum
amount of signal power must be se-
cured from the minimum amount of
input power. and there must be abso-
lute freedom from any possibility of
breakdown or spark discharge from
any of the parts, always taking
care to keep the weight to a minimum
and retain suflicient strength to assure
that the vibration will net loosen the
mechanieal assembly or break any of
the electrical connections,

Design of Receiver

In the design of the receiver the
problems are very similar, 1t must be
simple of operation, having the mini-
mum number of tuning controls, 1t
must be sensitive so that the ilot can
receive messages trom shore stations
during the whole time of the flight,
1t must be completely shielded, both
electrically and mechanically, in order
that neither the vibration of the plane
or the ignition system will interfere
sufliciently to preveut the reception of
signals, and above all it must be ex-
tremely economical of curvent  con-
sumption as batteries add weight with
an awesome rapidity.

Much rveseareh along these lines has
been undertaken by the various mili-
tary designers, and by commercial in-
terests  working  independently  and
their results may be divided into two
major  classes—the  transmitter-re-
ceiver, in which the two functions are
combined in a single set of tubes, and
independent  units where ench  piece
of apparatus functions with one pur-
pose only.

In the trans-ceiver line there are a
few drawhacks which have to a great
extont prevented adoption where other
than skilled operators are to work it,
It is not as economieal of power as
the two unit system because in order
to have sutlicient power for the trans-
mitter it is necessary to use tubes
mnch larger than are requived for re-
ceiving, and as the receiver is usually
required to cover a fairty wide band
the danger is great of transmitting
on a wivelength where no one will be
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Front and rear views of a 30-watt aeropiane transmitter weighing about

14 pounds and with a transrznltting range of from 100 to 1,000 miles.
1

Two

0 tubes are used.

listening, The circuits  also become
rather  complicated if  the  greatest
efficiency  is secured, and. therefore,
this method is not very poputar, When
operated s i receiver it is, of course,
dependent upon batteries as pure D.C.
current is required, and to secure this
from the same generator that is used
to supply the power for transmitting
wonld require a rather complicated,
and of a certainty, a very heavy filter
systenn. For this reason most of these
sets are entirely battery operated, and
the weight of the batteries is almost
prohibitive,

A cirenit has been  developed for
transmission alone which is extremely
relinble, putting ont a good strong
signal with a minimum of power inpnt
and weight, and which can be adjusted
as to wavelength, with only one dial,
over a fairly wide band without any
loss of efficiency at any point, 1t re-
quires a minimim number of parts
with consequent eomparatively small
weight, and furthermeore can be entire-
Iy assembled in one unit without any
external accessories other than the
generator, key, and antenna,  For a 30
watt ontfit the transmitter need weigh
less than 20 pounds and for a hun-
dred watt outfit only a few pounds
more,

The Generator

The generator used for these instal-
lations is usually capable of develop-

Interior and exterior views of a simple aeroplane receiver welghing less than

3 pounds.

Note the lack of complicated controls.

www americanradiohictorv com

ing about 200 watts and is mounted
in the slipstream of the propeller on
the outside of the fuselage, or on one
of the wing struts, depeunding on the
construction of the plane. 1t cus-
tomarily furnishes alternating current
varying from five hundred to a thou-
sand eycles at a potential of 120 volts,
which is led direct to the transmitter
which contains two transformers, one
stepping the generator current down
to the proper voltage for the filaments
of the tubes and the other raising it
to the proper plate voltage.

The generator is equipped with a
compensating head which is so built
that n change in the load caused by
pressing the key, which wounld nor-
mally slow down the generator, results
in a change in the pitch of the driv-
ing propeller which automatically
keeps the speed of the generator., and
consequently its output, at the same
fizure regardless of variations in the
load.

In addition to the standard 600
meter working wave the transmitters
are usually arranged also to work on
800 meters, so that ships equipped
with radio compasses can take bear-
ings on the direction of the plane, and
thus determine its approximate posi-
tion. In order to assure the operator
that he is on the proper wavelength
we mount two small wave meters,
ench with a flaghlight bulb indicator,
on the panel, and when changing
wavelengths the  operator  simply
moves his dial until the bulbh labeled
“600” or “S00” reaches its brightest
ilttumination, at which point he knows
he is transmitting exactly on the fre-
quency desired,

Layout of Apparatus

After carefully laying out the ar-
rihgement of parts in the transmitter
unit the panel is planned to have all
parts, to which nothing is attached,
dritled away. A very light frame of
alnminum  channel is bolted to the
panel and a shelf attached, on top
of which sockets and transformers are
mounted, and beneath which the in-
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ductince is suspended, The bases are
removed from the sockets, and once
again absolutely all unnecessary ma-
terial is drilled away, leaving only a

ANTENNA
“ REEL

CONTROL
BO.

TRANSMITTER

Where more sensitivity is required
or direction finding ability is wanted
a four tnbe circuit is utilized, follow-
ing very nearly the constants of the

AUTOMATIC
KEY. .
"8
KEY F

= GENERATOR
“FISH

RECEIVER

A pictoriat diagram of a complete aeroplane installation employing the apparatus
illustrated on page 970.

skeleton of supporting material. No
cises are put on the transformers, but
they are carefully impregnated to
make them water-proof, Wire, with a
heavy covering of live rubber, is util-
ized to make the connections and all
joints after being carefully soldered
are covered with live rubber tape, All
the screws with which the mechanical
assembly is made are locknutted and
soldered down, Such adjustments as
will have to be made in the test flight
are supplied with spring clips, and
after the final adjustment are also tied
fast and soldered. Care is taken that
all leads are supported at least every
three inches along their length to pre-
vent vibration working them loose,

The mechanical construction of the
reeciver ix  somewhat similar and
rheostats and condenser shafts are
set up especially tight to assure that
they will remain in position in spite
of an intensive shaking, As it is our
intention to totally shield this. the
panel is made of alumimun and the
framework is joined to it, The socket
panel is suspended on rubber. The
audio transformers and other perma-
nent parts are removed from their
cases to eliminate all possible weight,
Even the end plates on the conden-
sers are changed from brass to alumi-
num in order to save the few onnces
thus obtainable.

The “B” batteries are mounted in
the bottom of the receiver and the
whole thing is then tied up tightly in
a very light aluminum cabinet.

For eomparatively short distance
operation, or when an  unskilled
operator is at hand. a three tube set
is nsually ntilized, because of its sim-
plicity. Such a one as shown in the
photograph  which has no controls
other than one for wavelength and
one for an oscillation control plus a
filament rheostat, This receiver nses
an ordinary single circuit regenerative
hook-up. and weighs abont two pounds
and a half,

well known  Roberts  receiver, IPro-
vision is made for the use of a loop
mounted in the fuselnge of the plane
or alternate operation  from the
autenna as usual. The receiver, in-
cluding  the “I3” Dbatteries, weighs.
when completed, about thirteen and
three quarter pounds,

Enclosed Key

A Kkey of the usnal type is used ex-
cept that provision is made to enclose
the contacts so that they will be abso-
lutely flame-proof and no possibility
will exist of igniting gasoline fumes
at this point, If the installation is
nuude on an open plane where the
operator will  probably be wearing
heavy mittens, a large cup  shaped
button about three inches in dianmeter
is snbstituted for the ordinary button,
The same circumstances control the
selection of headphones, If a eabin
plane is used ovdinary headphones
with robber caps are provided, but if
the cockpit is open the receivers are
sewed inside of the helmet,

It is, of course, frequently imprac-
tical for the operator to be on watch
at the radio all the time, and a great
deal of the safety factor gained by
carrying radio equipment would be
Tost if the transmitter were not in
operation the majority of the time, A
small automatie deviee has been de-
veloped which, when attached in the
proper way, will repeat the eall letters
of the plane continnously at either
part or full power. This is driven by
air pressure generated through a small
tube projecting from the side of the
fuselage, When a plane is equipped
with one of these antomatie keys. no
attention need be paid to the radio
equipment and still with the assur-
ance that their signals are being heard
regularly. and any unexplaining cessa-
tion will immediately send several ves-
sels seurrying for the point where they
were last heard, can be felt by the
flvers.
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The Control Switch

The control switch is, in its wiring,
perhaps the most complicated piece of
apparatus in the whole iastallation.
Suflicient eontacts are provided, once
again in flame-proof  enclosures, to
miake and break all the cirenits neces-
ry for changing from “off” through
eceive” and “automatic” to “trans-
at each stage grounding all un-
necessary cirenits to prevent any pos-
sibility of their becoming charged
through inductive or capacitative pick
up. A four-throw. twelve pole switch
i usually built as a base, and such
alterations as are necessary can be
miade from this,

An adjustable rair-lead ean be made
from two brass bellmouths and a
length of radiator hose, This ix lashed
in a position projecting through the
under side of the fuselage, and the
lead-in wire is soldered to both the
inner and onter bellmouths, through
which it secures contact with the
antenna wire at least at one place all
the time, Just above the inner bell-
mottth is mounted the antenna reel.
Great care must be utilized in the
selection of antenna wire as it must
combine the virtues of extreme light-
ness and low wind resistance with
unusual flexibility and strength, The
fixh (weights) which are attached to
the free end of the antenna to hold it
down are also earefully streamlined
to reduce the impedance which they
offer to the free passage of air. The
antenna reel should eontain at least
three times as much wire as will be
reqnired at one time,

If for any reaxon the plane ix forced
close to the surfice of the wiater or
xome other obstruction which may
cateh the antenna and break it off
without the operator having a chance
to reel it in, there will be no further
possibility  of communieation, but if
the reel contains enongh wire a spare
fish may be attached to the broken
end, another length let out, and com-
munication recommenced. During one
of the Trans-Pucitic flights the aviators
were forced to descend very close to
the scurface of the water. and before
doing so they sent out a distress mes-
sage stating their position and sayving
that it would be the last call, Provi-
dentially they were able to re-iseend,
but they had to approach so close to
the water that their antenna  was
caught and broken off. T.ess than an
hour Inter a ship was at the point
from which the message was sent and,
of course, found nothing, If addi-
tional antenna wire and spare fish
had Dbeen provided they could have
advised passing vessels of their ability
to stay in the air and could have
sumthoned need again  should they
have required it later in the flight.

Position of Apparatus

The position in which the apparatns
is monnted usually varies with every
installation and ship. In huge planes
like those used by Tyrd everything
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cin be mounted together, either in the
clurt room or the navigator's com-
partment, while in some of the smatler
ones the apparatizs may be seattered
all over the ship. The eontrol box,
key and receiver must, of course. be
convenient  to  the operator. The
antenna reel must be in a readily ace-
cessible position, but it does not have
to be varicd regularly, so it ecan be
put at some distanee, The transmit-
ter requires almost no  adjustment,
and if necessary can be stowed in the
titil or one of the wing spie

Both transmitter and receiver must
be protected thoronghly from vibea-
tion, and this ix wsually aceomplished
by suspending them from the {rime-
work of the fuselage by rubber cords
pulled tight and lashed down, The
wiring with which the apparatus is
connected  is heavily  insulated with
live rubber, and is carefully lashed to
struts at frequent intervals to reduce
the possibility of being shaken loose
or broken aceidentally,

At least one complete set of spare
tubes  should be provided for both
transmitter and receiver, and brief but
very complete instructions for opera-
tion should be in o prominent place
to enable the pilot to send out a dis-
tress signal it anything should pre-
vent the navigiator from operating,

Instend of the regular equipment,
many aviators wish the safety afforded
by o continuous radio signal emanat-
ing from their plane without want-
iz the trouble of operating it, or car-
ing abont receiving messages.  In such

cnses  the geuerator, antomatic  key,
and  transmitter unit atone are in-
statted  with a single switeh to set

them in operation and they function
continnonsly  throughout  the  tlight
without any attention whatever,

<mergency Transmitter

Supplementary to, or sometimes in
place of the full equipment deseribed
above, is a tiny emergency transmitter
which operates  independent of any
ontside agencies and which can  be
taken along in the event of a forced
landing on the water in the collapsible
life boat. This is an entirvely self-
contained spark trausmitter with an
output of about H0 watts, It is com-
pletely water-proofed and will operate
with only an upper inch or so of the
antenna insulator projecting from the
surface of the water, A collapsible
kite is provided with a lifting power
of perhaps twelve pounds and a metal
fish line is used for the kite string and
antenna, The power is secured from
a group of dry cells the size of flaxh-
light batteries. The ground connec-
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tion is, of course. a piece of wire
thrown over the side of the boat, Such
an outfit as this can be built to weigh,
including antenna wire, kite, and all
parts, less than eighteen pounds.

Successful operation; even when all
possible precautions are taken, often
presents  nearly  insuperable  difficul-
ties. Most aviators are not partienlar-
Iy good operators, and the combina-
tion of heavy Q R M with the static
generited by the ignition system, is
enough to daunt the best of “ops™.
Sirs are deafenad almost to the point
of numbness by many hours of drum-
ming by the huge engines and it seems
more or less a miracle that a person
who has spent a score of hours in the
air can hear anything at all.

Transmission is a horse of another
color.  'I'he high, clear tone of the
eighteen hundred evele note will pene-
trate a tremendous amount of inter-
ference, and the probability is that
every operitor who hears it will drop
everyvthing else and spend most of lis
time keeping tuned to the plane's
wave, No particalar skill is required
to hammer out easily readable mes-
siages and the automatic key is defi-
nite assurance that some-one will be
tuned to his wave when he goes on the
air.

Short Wave Transmitter Shows Charac-
teristics of Light Propagation

Five Meter, One Kilowatt Transmitter Is Elevated to Obtain Direct “Line of Vision.”

N their pursuit of knowledge of the
ways and habits of short waves,
radio engineers of the General
Eleetrie Company have developed
a 5 meter transmitter.  Only prelimi-
nary investization of the activity of
this wavelength has been made, but
already unusual phenomena have been
observed and propagation tests will be
condieted on 4 more elaborate scale.
The 5 meter wave has demonstrated
some of the characteristies of light
propagation. The ~ignal follows a
straight and unobstructed line, A
receiver on a distant hill will pick up
a strong signal but the same receiver,
placed on the other side of the hill so
that it is not within the “line of
vision”™ from the transmitter, will get
a barely audible signal. The hill seems
to caxt a “shadow” through which the
signal  penetrates  with  difficulty.
Natural static was absent in the tests
made, but man-made static, such as
that from the ignition systems of auto-
mobiles, was very mnoticeable. Thus
far the five meter signal transmitter
has been tested only thirty miles away.
Engineers are now planning a test
with receivers located on ILebanon
Mountain., near Dittsfield, Mass.,, and
abont forty miles from Schenectady.
The next test will be made between

Schenectady and New York., In this
case the transmitter will be elevated
about 300 feet and the receiver will
he placed on top of the Woolworth
Ruilding in New York., A careful sur-
vey indicates that there is a clear
“line of vision” between the proposed
transmitter location and the Wool-
worth Building.

When dealing with short waves ex-
tremely high frequencies are involved.
A five meter wave represents approxi-
mately 60,000,000 cycles per second.
A four meter wave has a frequency of
5,000,000 cyeles. In the space be-
tween four and five eters, 15,000
eyeles, every radio station now in use,
amateur, naval, broadcasting and com-
mercial, might be operated without in-
terference from overlapping signals.

Elevated Transmitter

Due to the peculiar nature of the
five meter wave propagation the one
kitowatt transmitter is constructed so
that it can be elevated and swung
{rom one of the 300 foot masts at the
transmitter laboratory at South Sche-
nectady. 1Two new-type. four-element
air cooled tubes are used in the special
oscillator circuit, The antenna which
i abont eight feet long, consists of a
half wave radiator voltage fed, con-
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nected directly to the oscillator. A
meter in the middle of the antenna is
used for measuring the antenna cur-
rent and this is read by means of a
surveyor's  transit on the ground.
Tuning of the transmitter at a dis-
tance of 300 feet is made possible by
i special rope drive connected with a
veruier control.  Wires for supplying
power and control are run to the trans-
mitter from the ground,

The portable five meter receiver used
in makinyg observations of the special
transmissions, is in all respects a
miniature “ham’ receiver, consisting of
regenerative detector and one audio
amplifier. The grid tuning coil con-
sixtx of five turns of wire a half inch in
diameter. The tickler coil is a quarter
inch long and a quarter inch in dia-
meter inside of the grid coil. Very
small condensers located close together
are used for tuning and regeneration
control,  Special low capacity tubes
are used. Generally it is unnecessary
to use any antenna, the phone cords
picking up sufficient energy. An
antenna may, however, be used.

Investigation of the propagation of
five meter signals have only begun but
it is possible that the engineer will in
time find some application for the
short wave.
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Report of the Fourth Annual Radio

IIE  Fourth Annual Radio

World's Fair, held in Madison

Square Garden, New York,

during the week of September
19th to 24th, was probably the great-
est radio exhibition ever witnessed. Be
ing the official show of the Radio Man-
ufacturers Association, it held consid-
erably more weight and was far more
successful than it could have been
otherwise.

Though in one sense, identical to the
First RMA Couvention and Trade
Show held in Chicago during the
month of June, it should be recorded
that there was a larger exhibition of
complete radio receivers and acces-
sories as practically every radio manu-
facturer in the United States had his
production program in full sway in
time for the World's Fair while, on
the other hand, many organizations
were unable to exhibit their products
as early as June.

According to reports, the attendance
far exceeded that of last yvear. Un-
doubtedly this was partinlly due to the
interest evidenced by the public in the
new socket power receivers and socket
power equipment which marks the ma-
jor development of the year.

Progress in Design

We are past the point of expect-
ing revolutionary ideas or develop-
ments with the coming of each radio
season. In the earlier stages of the
progress of radio there were SO many
unexplored fields that it was not at all
out of the ordinary to expect new and
unique circuits and apparatus each
month, However, radio has reached
that stage of development where pro-
gress comes rather slowly and it is
reasonable to expect that the near fu-
ture will see nothing more than worthy
improvements on present circuits and
apparatus,

The outfits exhibited this year are
veritable strong boxes built much in
the manner of a battleship. Delicate
instruments are cushioned, extremely
well shielded, and supported by real
steel frame works, With the exception
of a very few cases compactness is the
predominating feature.

The seven tube receiver of yesterday,
which extended its bulk over an ap-
palling amount of space, is now fitted
into a small, well designed cabinet of
about one-quarter the size. The lay-
out of the apparatus, the wiring and
the assembly of these receivers are
made so that there is very little op-
portunity of any trouble developing
and in the event of trouble the ar-
rangement allows for convenient and
rapid testing or servicing. In the case
of receivers employing power ampli-
fiers; as well as the power equipment

World’s Fair

itself, wiring and insulation is in ac-
cordance with the Underwriters' regu-
lations and provides the maximum
safety to the user.

Socket Power Operated Receivers

Battery operated receivers have not
been forgotten in the mad rush for
electrified equipment, yet practically
every manufacfurer of complete sets
is offering this year receivers of both
types. The electritied sets employ any
number of different systems of com-
plete battery elimination, Some of the
receivers achieve this through the use
of A-C tubes, lighted from filament
transformers, while others employ the
standard type storage battery tubes
which nre operated from “A” eliminat-
ors using a large rectifier tube, in
which case the tubes in the receiver
have their filaments connected in
series, or obtain their filament cur-
rent from an eliminator composed of
a dry rectifier used in conjunction with
a filter, or a similar means of rectifi-
cation feeding a storage battery of
low capacity or an electrolytic con-
denser.

Since engineers have been working
on the problem of “A” elimination for
a1 considerable time. it is safe to as-
snme that most of the socket operated
receivers are satisfactory from most
standpoints irrespective of the type
of “A” elimination employed. It seems
that equal progress has been made in
each of the various systems referred
to.

Circuits

As regards cirenits, there is very
little to be said. Practically all of the
receivers are of the tuned radio fre-
quency type using from one to four
stages of shielded. tuned radio fre-
quency amplification, and employ cir-
cuits which are, on the whole, very
similar, with the possible exception of
the stabilization systems employed. We
venture to say that none of these sys-
tems are the product of inspiration but
rather are the result of hard labor on
the part of the engineers. Further-
more, it is probably equally as true
that many of these systems could not
be applied satisfactorily to any receiv-
er deviating to any great extent from
the original design. If ever radio
engineers had to put in real hard work
they certainly had to in designing the
sets which are now on the market.
More than ever, the responsibility is
on the shoulders of the engineers.

For all of the complications in de-
sign, it is astounding how simple most
of the sets are mechanically. If they
are electrical masterpieces they are
certainly mechanical masterpieces as

-well,
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The New Tubes

We find three or four new tubes in
the rectitier class which are capable of
passing from 300 to 400 milliamperes.
These tubes are of the gaseous con-
duction type and were designed prin-
cipally for supplying “A” ecurrent to
receivers employing standard storage
battery tubes with the filaments con-
nected in series. Obviously there is
sufficient current to supply both the
“A” and “B” demands, as well as the
“C” voltage.

Similar rectifier tubes of both the
gaseous conduction and filament types
are being marketed for use in connec-
tion with power amplifiers which use
171 tubes in a push-pull circuit or one
or more 210 power tubes. 'These reti-
fier tubes are rated from 63 to 100
milliamperes.

There are two types of A-C tubes.
One type employes a heater element
aside from the usual filament, while
the other type employes a heavy oxide
coated low voltage fitament. The heat-
er element tubes have five prong bases
with the exception of one make in
which the heater element is connected
directly to one of the filaent legs in-
side of the tube, thus allowing for a
four prong base. The filament of this
particular tube operates at a compara-
tively high potential and low amper-
age, namely, 135 volts at .35 ampere.

XNo new power tubes were exhibited.
though it is believed that there will be
available in a very short time a 171-A
tube and a 112-A tube, bhoth of which
will have characteristics similar to the
present 171 and 112 bhut with 14 am-
pere filnments. The 112-A tube will
be an R. F. and A. F. amplifier. It is
very likely that a new power tube,
similar to the 210, but with a much
lower output resistance, will also be
available in the near future.

A few wmanufacturers are supplying
new tubes designed principally for ra-
dio frequency amplification and all of
them seem to show a greater efficiency,
when used for this purpose. than the
standard 201-A type tube.

Loud Speakers

Loud speakers seem to remain the
bad boys of radio, though great im-
provement is evidenced in many of
the new types exhibited, There are
probably three times as many individu-
al cone speakers as there are air col-
umn speakers, of exponential design or
otherwise,

New Products

Notable among the new products is
an audio frequency transformer em-
ploying a cast core made of A-metal.
Since A-metal is an alloy having an
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extremely high resistance, the usual
eddy current losses, which take place
in the average transformer, are cut to
a minimum, thus making a cast core
permissable. An electrical remote con-
trol for radio receivers was also ex-
hibited and is probably the first one
of its type ever offered to the public.
Through the use of a few relays and
a reversible motor it is possible to tune
a radio receiver, providing it has but
one control, from a remote point, It
might be interesting to note here that
a great deal of work is being done on
remote control systems and one com-
pany which does eonsulting work em-
ployes a novel system of remote con-
trol utilizing a step motor similar to
the one developed by the Sperry Gyro-
scope Co. for the remote control of gun
turrets on battleships. Another sys-
tem of remote control, recently devel-
oped, is in the form of an external
oscillator system and tuning is accom-
plished through the use of the bheat
principle. Another systemn employes a
simple resistance bridge in connection
with a reversible motor.

New in the parts field are many
elaborate drum dials which heretofore
could be enjoyed only by those people
purchasing manufactured sets. The
majority of these dials have a trans-
parent scale behind which is mounted
a small pilot light. The dials are pro-
vided with attractive protective plates
which, when mounted on the front
panel of the reeciver, protect the (ial
fromn possible injury, and also serve
as indicators.

Novel Demonstrations
A demonstration of a fire alarm de-
vice that literally “sees” and responds
to the faintest trace of smoke was a
part of the display exhibited by the
Westinghouse Flectric and Manufac-
turing Co. at the Radio World's Fair.

The agency that operates the alarn
is a combination of a photo-electric
cell and what is practically a standard
vacuum tube—an achievement of Dr.
V. K. Zworykin, physicist on the re-
search staff of the Westinghouse Com-
pany. The tube is so responsive to
light changes that smoke, as faint as
a whiff from a cigarette, is utilized to
turn on a red light.

The Knowles grid-glow relay, a
power-controlling device so sensitive
that the mere wave of a human hand
will operate it, was also demonstrated.

Without even the incantation of
mystic words, a practitioner of the
modern black art of electrical wizardry
passed his hand over a necromancer's
crystal ball and presto! a large motor
was set in motion and electric lghts
illuminated.

This feat is made possible by a tiny
tube, closely resembling a vacuum tube
in size and appearance. a product of
the inventive genius of . D. Knowles,
a 28-year-old research engineer of the
Westinghouse Company. For this in-
vention Mr. Knowles recently was pre-
sented the John Scott Medal and a
$1,000 award in recognition of his
valuable contribution to scientific
knowledge.

The Knowles relay has an amplify-
ing power of about one hundred mil-
lion. The energy requiresd to operate
it is about one-billionth of a watt, or
about one-fortieth of the amount of
energy exerted by a fiy in crawling
vertically upwards one inch in one
second. This infinitesimally small
amount of energy is sufficient to start
a current of as high as 25 milliamyperes
flowing through the tube. This latter
current is suflicient to open or close a
switch handling upwards of 235 am-
peres; and this, in turn, is ample for
controlting almost any operation.
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Frequency Standardization
Work

By W. A. Ford*
T T T e e T e T

REQUENCY in this and most

European countries is deter-

mined by the length of the

sidereal day. A good clock as
a standard of frequency would be ex-
cellent as to accuracy but there
remains, however, the problem of com-
paring the frequency of, say, the
swinging pendulum, with the much
higher frequencies of the alternating
currents as used for radio transmis-
sion.

An alternating current of one cycle
per second could readily be obtained
from the fork, but when this frequency
is multiplied millions of times any
irregularity in the period of successive
cycles due to contacts, ete, would re-

* General Engineering Laboratory, General

Electric Company.

sutt in correspondingly larger errors
in the final measurement.

The simplest way of reducing this
error is to make the primary fre-
quency as high as the demands of the
work require, in this way reducing the
amount of multiplication necessary.

In addition to this a driving force
which is extremely uniform will also
improve the accuracy.

For most of our work frequencies
differing by 1000 cycles are sufficient
for calibration purposes.

A 1000 cycle tuning fork was there-
fore chosen as the primary standard
to be electrically driven by suitable
vacuum tube amplifiers, thus providing
a means of driving which is loosely
coupled to the fork and will have the
minimuum effect upon it This fork
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ix mounted in a temperature controlled
cabinet and suitable meters provided
for holding driving voltages constant.

Determination of Frequency

Now that a primary standard source
of alternating current has been pro-
vided some means of determining its
absolute value is necessary. This is
accomplished as follows

The output of the fork driving am-
plifier is coupled to a power amplifier
which drives a 1000 cycle synchronous
motor which is geared to a counter.
It is now possible to compare the
revolutions of the synchronous motor
and consequently the number of cycles
of the fork to a known interval of time.
This is best done by running the fork
and motor over a period of 10 or 24
hours as measured by comparison with
transmission of time signals from the
U. S. Naval Observatory transmitted
by the radio station at Arlington, Va. A
receiver is set up and the readings of
the connter made at the start and
finish of the test period. The number
of seconds in this period may be com-
puted, then by dividing the number of
revolutions of the motor by the num-
ber of seconds in the test period, the
frequency of the fork is obtained.

By repeated measurements on suc-
cessive days an accurate knowledge of
the constancy from day to qQay is
ohtained

For short periods of time the con-
stancy of the fork has bheen determined
by a chronograph and standard clock.

Having determined the absolute fre-
quency of the 1000 cycle fork means
must be provided for multiplying this
frequency to the magnitude of fre-
quencies used by Radio Stations. This
is done by coupling the output of the
fork to a 1000 eycle oscillator, using
sifficient voltage to synchronize or pull
into step this oscillator. This oscil-
lator is designed to produce rich har-
monies of the 1000 cycle fundamental,
The tenth harmonic or 10.000 cycle
voltage is selected and used to control
a 10,000 cycle harmonic generator
whose tenth harmonic or 100,000 cycle
voltage is used to control a 100,000
cycle harmonic generator and so on, as
far as the requirements demand.

Suitable means is also provided for
the selection and comparison of any
frequency in 1000 cycle steps through-
out this range.

This apparatus consists of a fre-
quency generator (sine wave) which is
variable over the entire frequency
range; a variable tuned circuit selector
and an audio amnplifier with visual or
audible heat indicator.

The sine wave generator is provided
with a straight line frequency vernier
condenser which provides a means of
obtaining frequency steps between the
1000 cycle steps readable to 20 cycles
in the range of broadcasting frequen-
cies. These intermediate frequencies
may also be measured by the Campbell
Audio Frequency Bridge or harmonics
from a 100 cycle electrically driven
fork both of which are provided as
part of the standardizing equipment.
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Little Known Facts About the Well-known
Gaseous Rectifier

A romantic account of the progress made in the development of

gaseous conduction tubes

By Austin C. Lescarboura*

I
e |

IMPLICITY is often deceiving,

Thux the well-known girseous

rectifior. with its lifeless opera-

tion——free fromn bright filiment,
glow or noise, and with only a slight
warmth of the gzlass bulb to indicate
operation—represents one of the most
brilliant advances in the radio art,
and a triumph of intensive research.
Indecd, the development and retine-
ment of this device has involved a re-
view of many riare guses, a deep study
of atomic  structure, and a long
process of reaxoning out the aerobaties
of electrons.  The highly intricate
action taking place in the miniature
miverse of the gas contained in the
gaseous rectitier is. therefore, not at
all in Keeping with the ntter simplieity
of the mechanism and electrieal fea-
tures of the device; yet we must
master the first before we can enjoy
the second,

Not =0 long ago the writer had the
rare pleasure of spending an after-
noon with Charles Grover Smith., or
simply C. G. as he is called, who was

C’ln C(.mmltation, Raytheon Manufacturing
0.
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A bank of test
racks where the
gaseous con -
duction rectifier
tubes are put
through their
paces. A few of
the racks are
used principally
for conducting
life tests.

U AN

that day at work in the laboratory-
or rather one of the xeveral hLibora-
tories dedicitted 1o gaseous reetitiers.
On an immense life rack were num-
erous tubes of all possible shapes and
sfzes and types, some glowing  with
purple and pink and yellow limines-
cence, and others seemingly deid ex-
cept for the heat which they threw
off. By means of an elaborate spectro-
seope,  or device which permits of
chentical analysis by means of the
spectrum or eolor bands produced by
virious elements, C. G. was busily en-
gaged in checking wp the exact mrture
of the gas content of each tube in
turn. In a general way we were in-
formed that a pinkish glow indicated
neon, while a lavender glow indicates
helium. these two wgases being most
commoen in gaseous rectifiers, Fur-
thermore, gaseous rectitiers wear out
through the clean-up or exhaustion of
the gas quite as much as throngh the
deterioration of the anodes, and it is
only through years of experience
backed up by unlimited research that
these problems have been mustered in
the present-day tubes,
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volved from Original “S” Tube

1t seems that the ganseous rectitier
Jadits origin in the =S" tnbe of
“ham™ or radio amatenr fame, 1 co-
operation  with Professor  Vannevar
Jush, who has charge of gruluate re-
seareh in the eleetrical engineering de-
partment of M. 1, T, . G. Smith
evolved  the first practieal gas eon-
diretor tube, which wis ealled the *8©
tube,

Of  course  the possibilities  of
conduction and rectifieation
hid  long been realized.  Much had
been said and even more had been
written on the subject.  Even the idea
of  the short-path  iusulation, which
makes the practical gascous tube a
reality, was long known to technicians,
having been discovered by a German
scientist, It remained for C. G. and
his associates, however, to take the
short-path principle, together with a
better selection of gas, and evelve a
practical guscous rectitier, which be-
citme the 87 tube, intended for recti-
fying high-voltage current for radio
transmizsion purposes,

maseons

The Shori-Path Principle

The short-path principle is one of
those  seientitic  truths  that are
stranger  than  fietion. Brietly, in a
b conducting medium, if we
oppositely  ¢harged  metallie
of sufliciently high potential

have
hodies
difference, the gas between will break

down or jonize, and cenduction will
titke place from one to the other.
However, move these same condue-
tors very close to each other, and the
was  between is no longer ionized,
which is apparent from the fact that
there is no longer a glow present in
the tube. Current ceases to flow from
one to the other. An excellent in-
sulator is now presented by the inter-
vening gas. Why?

The reason is steeped in academic
science, which is usually far bevond
the realm of the lavinan. Fuarther-
more, no one has ever seen atoms or
electrons, henee cold legice steps in to
explain things which man may never
see for himself. Iowever, if we may
be permitted to make a free transla-
tion of C. 's. explunation into lay
language, the story runs ahout like
this:

The Whys and W herefores

The facing charges of electricity are
bound to result in action. Some loose
electron in the gap between the
charged conductors is coaxed toward
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one or the other. aud rapidly aceeler-
atex itx rate of travel until its speed
ix sutheient to smash those atoms ob-
structing itx path,  The collisions re-

sult in ionization, or the hreaking
down of the @as which then becomes

A fair conductor of electricity, or, to
put it aunother way, there is now g
wholesale movement of electrons, 1t
ix evident, then, that the eleetron
needs o running  start, <o to
speak. in order to smash things up in
general.  Failing in i good  running
start. the electron no smashing,
ionization cannot take place, and there
ix no electrical conduction, with the
zas, under <ueh circaemstanees, a good
insulator, Nome require
longer path for fvnization than others,
which is another important considera

woon]

does

HH Bied

tion.  Helium is especially ideal in
this vespect. having an exceptionally

long free path,

The  <hort-paeth principle. then, is
merely 1o prevent electrons from get-
ting o good running start,  Thix prin-
ciple can then be applied in insulaiing
the small ancdes most effectively, sinee
all but the tips can be insulated by the
shmple expedient of a uarrow tilm of

. Thms the anodes are kept
reasonnbly cool. There is no glass or
other =urronnding insulating material
to deteriornte under the terri
tronic  bombardment, The  principle
of short-path jusalation, first applied
in the ®
titier feaxible,
the

- eloe-

T tube, made the gaseons ree-
Helimmn selectod

aseons  conductor for  the
that the helimm atom muast he
sibjected to o more violent impact bhe

was
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A section of the Customers’ Service Laboratorv where research work is done on
“A’" and ‘““B" units designed for gaseous conduction, full wave rectifiers.

fore it relenses its electrons and there-
fore canses iotization, than iu the cise
of any other Known gas,

Construction of Tubes

Now it we open up one of the tithes,
we find the short-path insulation em
Moyed for the anodes or metal rods
coming up thrmugh the shiss <tem and
projecting  «lightly into  the space

T T

Determining the
chemical analy.
sis of the gas in
tubes by means
of a laboratory
spectroscope.

TR

NN
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formed by the arched eap or eathode.
The bottom (isk of the cathode comes
very close aroand the two metal rods
or anodes, and the short path insula-
tion thus provided means the best in-
sulation possible in o gaseous atmos-
phere of this kind. It is intinitely
better than insnlating =leeving, such
as that employed tarther down on the
duode rods or outside the electrical
field.  Any insulating  material, sub-
Jjected  to the  elecirical  and  heat
stresses of glowing electrodes, would
oo break down, With the short-
path construetion. however, the elec-
trodes or anodes are free at their ends,
surronmded by the gaseous  eondue-
tor which Dbecomes an insualator onty
between the rods sod the surrounding
metal plate where the former come
throungh aud protrude into the eathode
cap space,  In action, the entire space
within the eathode cap is glowing with
a0 bright lavender luminescence, bhut
this is not seen in the usnal tube be-
cimse of the encasing cathode which
serves g very detinite purpose  in
assuring maxinmmu lite for the gaseous
rectitier,

Ntmple, isn't it
years of effort went into the harness-
ing of these simple  principles. Al
nnner of gises weve tried, although
oGl from the beginning, when he
engaged in researeh work ac llar-
vard, lud o fond preterence for he-
lhne knowing  of  its exceptionanlly
loug free path or greeater applicability
to the short-path insulating techuigque,

Yet yvears arpon

Today all thix work ix represented
in the practical waseous roctitier tiube
found in hnndreds of  thonsands of
homes, operating  radio  receivers in
plitce of =B batteries. awd, in some
even replacing the A" and
Datteries in addition,

GINEeS,
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The “Super-Hilodyne” Circuit

A new balanced push-pull tuning system and

ROM the beginning of the era

of broadcasting and the recep-

tion of radio programs, the de-

sire of every radio engineer
has been to develop an ideal radio re-
ceiving circuit. True, much has been
done since the days of the old regen-
erative single-circuit tuner, but up to
the present time we have been far
from the much coveted goal, After
many years of constant research work,
the author respectfully submits the
“Super-Hilodyne” circuit to the radio
world as the nearest approach to such
an ideal circuit.

Just what would constitute the ideal
radio receiver? This is a logieal
question which should be answered
before a description of a circuit is
given that will meet these require-
ments. First of all, perfect quality of
reproduction; second, absolute selec-
tivity; third, ample volume; fourth,
nnlimited range; fifth, stability in
operation ; sixth, simplicity in tuning:
and seventh, elimination of undesir-
able interference.

Now in a theoretical resume of the
Super-Hilodyne circuit, it will be
shown the why and how this circuit
will come the nearest to meeting the
requirements of this ideal receiver.

Fig 1 isx a schematic diagram of the
tuner. Only two variable condensers
are required to get perfect selectivity
without any danger of cutting off any
of the side bands. This circuit fune-
tions as a wave trap that completely
cancels all signals except the fre-
quency that is desired to be received,
Due to this fact it is able to work far
below the present static level as only

* Chief Engineer, Algonguin Electric Co.
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frequency amplifier
By Fred A. Jewell*

the static on the particular frequency
that is to be received is passed, the
balance Dbeing ancelled  out. In-
cidentally, it is also able to work
under the towers of the most powerful
broadcasting station without the slight-
est interference and in the most con-
gested districts as well as in locations
where interference from local disturh-
ances are most pronounced.

There is no claim that this circuit
completely eliminates static and all
other interference, but it does confine
such interference to the particular fre-
quency of the wave that is to be re-
ceived by eliminating or cancelling out
the balance, Therefore, this circuit
will work far below the so-called static
level of the conventional radio receiv-
ing circuit of today.

Principle of Operation

We will see just how this is accom-
plished by following the course of a
signal picked up in the antenna and
ground circuit. This signal is trans-
ferred from inductance, I.-1, which is
the primary of the tuned radio fre-
quency transformer L-2; C-1 being the
variable capacity, that is tuned to the
frequency that is to be received. Thix
signal charges the grids of VT-1 and
VT-2 negative and positive alternately
but ax the grids of these two tubes
are connected in opposing potential
relation to each other (push-puil
fashion) it is observed that when the
grid of VT-1 is negative, thereby caus-
ing a drop in the Hlow of plate current
of thix tube, the grid of VT-2 is posi-
tive, causing an increase in the flow
of the plate current of this tube in

2
Ri

VT2

untuned radio

the s:ame proportion as the drop in
current flow of VT-1. Therefore, if
coil, L.-3, is completely short-circuited
by the resistance, R-2, the flow of
current at point X would always be
the same, as the plates of VT-1 and
VT-2 are connected in parallel; just
opposite to the input circuit, Conse-
quently, no matter how powerful the
signal is received in L-2, there would
not be any variation of current at
point X. This circuit is then a perfect
neutralized circuit, balancing out sig-
nals of all frequencies,

Now we have a circuit that cancels
out all xignals and if in some way we
could not pass the frequency of the
signal that is desired to be heard, this
circuit would bhe absolutely worthless,
as it wouid not receive anything,

Ttowever, there is a variation of
current tlow between the plates of the
tubes and point X. By connecting L-3
in series with the plate of VT-1, we
have a variable signal flowing in this
coil, if the resistance, R-2, ix allowed
to be opened,

I is the inductance of the by-pass
circuit that is tuned to the frequency
that is desired to be by-passed by the
viariable condenser, C-2, and is in in-
ductive relation with coil, I.-3. The
signal of the particular frequency to
which I.-4 is tuned ix picked up by
coil, L-5, and is conductively coupled
to the grids of VT-1 and VT-2 through
the coil, I-2, The potential of the cur-
rent flowing in L-3 charges the grids
of the two tubes at like potentials, as
they are in parallel relative to I35,
which is just the opposite to the cur-
rent that is picked up from the
antenna There-

and ground circuit,

:

A- A+B-

~TUNING
CIRCUIT~

~ ALL WAVE
RADIO FREQUENCY AMPLIFIER-

Fig. 1. The fundamental “Super-Hilodyne' principle is represented by the first portion of the diagram, divided off from the

rest by a dotted line.

system, the second part of the circuit shown above. . ) 2
efficiency due to the fact that regeneration, which is automatically controlled, is present at all frequencies.

INTERMEDIATE

A- A+ B+

This scheme can be adapted to various r. f. circuits but is

c-
DET. 4%V

~DETECTOR AND DUAL IMPEDANCE
AUDIO AMPLIFIER CIRCUIT~

O

B8+ C- B+ C~ B+
SOV, V. 135v. 40V 18OV,

ire particularly adaptable to the ‘“Hilograd”
This r.f. amplifier is of the untuned type but has a high degree of

As will be ob-

served, the A. F. amplifier is of the double Impedance type.
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fore, the grid input of VT-1 isx rein-
foreed by the current transterred from
L-3 to L-5 through -4, while the grid
input of V-2 is balanced ont, causing
no tlow of current from the plate to
point X at whittever frequency L-1 is
tuned to, while a greater amount of
current at this frequency tlows to the
plate cirenit of VT-1. Therefore, an
amplitied reinforeed signal at what-
ever frequency is by-passed by I.-1
flows in the primary of the radio fre-
quency transformer. while all other
signals are cancelled out,

The Intermediate Amplifier

The tuning circuit of the Super-
Hilodyne takes care of the seeond,
tifth, sixth and seventh requireuents
of the ideal radio receiver,—let us
pass to the fourth rvequirement which
is range and which is taken care of in
the intermediate radio  frequency
amplitier.

The object of this amplifier is to
amplify any signal that is picked up
by the antenna regardless of low
wenk it s, Just so it iy strong
enough to uactuate the grids of the
tirst input tubes to a point where it
will be reetitied by the deteetor into
i audio frequency cnrrent sufficient-
1y strong so that the audio amplitier
will be allowed to work at maximum
efficiency.

The method of the intermediate
radio frequency amplitier is the un-
tuned Ililograd system of which there
is three stages, The advantage of thix
system of amplification is that there
is no danger of cutting off any of the
side bands, thereby causing distortion,
as it is untuned and each tube is al-
lowed to perform at maximmm efficl-

ency over the entire band of broad-
cast frequencies, The ampliication
factor of these three stages is suf-

ticlently high to give almost unlimited
range mul as stated above, any signal
that ix strong enough to aectuate the
grids of the first tubes will come
throngh in ample volume., Obviousty,
any signal that ix not received with
sufficient intensity to actuate these
grids will not be amplified to a point
that it would be aundible, regardless of
the number of stages of amplitication
that is used ax it is impossible to
amplifty a signal. whieh you do not
get,

Explanation of Hilograd System

Referring to the schematic diagram
RFT-1-2-3 and 4 are uantuned radio
frequency transformers, giving a high
degree of amplification between 220
and 300 meters, Inasmuch as these
transformers are of the same reson-
ance frequencies, if the resistance R-3
was not in seriex with primary of
sanle, this systenr wounld oscillate and
therefore be usele an amplifier.
However, the resistance R-3 is in-
creased to a point just below oscilla-
tion so the amplifier will work at may
imum efficiency between 220 and 300
meters,  As the amplifieation  faetor
begins to drop off ahove 300 meters,

part of the current of the plate cir-
coit is fed back to the grid cirenit
throngh the radio frequency chokes,
REFC-1-2 and 3. Thix current is forced
through these chokes and  condenser
3 to coil T, and to the tilament or
ground as these chokes have a lower
resistance than -3 at the lower fre-
quencies or higher wave lengths,

As it is a0 well known faet that the
istance or reactance of a choke
as  the frequency is lowered,
more enrrent will be fed back to the
grid cirenit in proportion to the drop
in frequency. Now asx coil T is
coupled to the secondary of the radio-
frequency transformers, we have un
automatic eleetrical form of regeneri-
tion that compensates for the drop in
amplitication on  the higher wave
lengths, or the lower frequencies,
which Keeps the amplitication factor
at the highest point of efficiency over
the entire wave band,

t

Let us consider a signal of 250
meters flowing in the primary of REFT.
This signal is induced into the sec-
ondary and is then amplitied ond
passed on to the next radio frequency
transfornler and ax these transformers
are in resonance, the tnbe would
oscillate, but for resistance 1-3 which
is increased to a point below oscilla-
tion at this frequency. Practieally no
current is forced back to the grid
circuit as the resistance of the RFC
chokes ix toe high te allow a  fre-
quency of over a million cyeles to pass
through.

After the resistance R-3 is adjusted
so that the amplitier is stable and is
operiating at peak efficiency no further
adjustment is required.

As the signal of a lower frequeney,

suy 3050 meters, is passed in the same
way ax the 250 meter signal wax, we
tind that some current is forced back
through to the grid by R-3 through the
REC choke as this choke has a low
resistance at this low frequency and
as we go to a still lower freguency,
sy M0 meters, we find that still more
current. is forced back to the grid
circuit as the resistance of the choke
has dropped still lower, giving us an
antomatic form of regeneration at all
frequencies,

Now ax the interstage coupling is
very close, we have a maximum trans-
fer of energy from tube to tube plius
the amplitication factor of the tubes as
well as automatic regeneration.  These
three stiages can be depended upon to
deliver a powerful signal to the de-
tector regardless of how weak it may
be received.

The Audio Amplifier

Ax the detector cirenit is conven-
tional, we will pass on to the audio
amplifier which ix a Dnal Impendance
Rystem,  This will take care of the
first and third requirements of the
ideal radio receiving circuit which is
quality of reproduction and ample
volume, This type of amplitier has
several notable features. One of these
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ix by the eombination of the trans-
former in the first stage where the
signal is the weakest. It will not
overload the transformer and with the
dual impedance stages following, it
will furnish a  greater amount of
amplitication than either of the usual
two stages of transformer coupling or
the usnal three stages of resistance or
impedance.

The low frequencies are amplifled
just as mueh as the high frequencies
for two reasons: first, by the use of
large coupling econdensers and large
impedances, giving the lower frequen-
cies substantially the same amplifica-
tion as the high frequencies; secondly,
as the indnctance of the plates and
grids are staggered, one being very
high and the other much lower, there
is no danger of audio oscillations or
“motor-boating™ even when used with
a power socket supply,

It will he noticed from the sche-
matic dingram that there is a radio
frequency choke RIFC-4 and a by-pass
condenser (-16 in the plate circuit of
the detector tube, Thexe are incor-
porated in the circunit in order to keep
any radio frequency current from en-
tering the primary of the audio fre-
quency transformer AFT. 1In the out-
put cirenit of the last tube of the
amplifier, there is a similar system,
This one is employed to keep the high
voltage necessary for the proper func-
tioning of the power tnbe out of the
windings of the loud speaker,

The volume control is in the tuning
cireuit, which is the variable resist-
ance R-2 and serves to modulite the
signal to the desired volume as well as
to control the balancing of the tuner.
Thisx prevents any overloading of the
radio frequency amplifier and detector
as well ax the andio amplitier,

1u closing, it might be well td say
that the Super-Ililodyne is very simple
in constroetion, requiring no shielding
or delicacy in the placing and arrang-
ing parts or in the balancing of the
eircults,

Errata Notice

Referring to the article A New A-C
Tube” appearing in the September is-
ste of Raplo ENGINEERING, in rewiring
i D= receiver for use of the A-C.
tubes  desceribed, the following points

shonld be born in mind:

All grld returns having  common
bias  should be grounded. The de-
tector grid return  should also  be
grounded when employing the usual
wrid current-grid  condenser, rectifiea-
tion arrangement. Minns 115 volts
shonld be grounded while plus 115

volts ix connected to the cathode post
on some tube (which is the plus post
on D, tubes) along with the B
minus, detector negative C, and power
amplitier positive .

The preferved volume control takes
the form of a zero to 200000 ohin re-
sistor connected across the r. f. sec-
ondary preceding the detector tuhe,
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The Photo-Electric Cell

Uses 1o which a Photo-Electrie Cell can be put

PART 11

N our previons article we took up
the theory of the Photo-Electrie
Cell, and in this one we will ¢con-
sider a few of its over-all char-

acteristies as a <pecial type of vacinm
tuhe,

In Figs.1 aml 2 are scen characteris-
tie curves of the photo cells,

In the nse of photo-clecetrie cells we
have four variables: they arve light
energy, wave length or colov, applied
voltage, and current,  Fig, 1 shows the
retation betweenr current amd  wave-
length,  Curve 1 ix for a light atomice
weight alkali like xodinm or lithinm,
and 11 for a heavier atomic weight ma-
terial steh ax potassimn and rabidinm,
Ao ix in each the long wave length
limit and A s the wave-length at
which maximum current is delivered.
Thix curve isx the result of a nmmber
of phenomena, inchuling the velocities
considerad Iaxt time. and also absor)-
tion coetlicients for the different wave
longths, Value of Aa given by ex
periment on certain cells is ax follows:

Lithinm 4030\
Sodinm 41N
PPotassinm 00N

Rubidinm 4730\
Cacxinm - 23900

For convenience of engineers, letr it
here be explained that one ineh equatls
204 centimeters; one centimeter equal
M millimeters. eqnals 10000, eqnals
MW us, cquals 100 A7 and A° Qs the
symhol for Angstrom.  These are all
u=ed ax mnits of wave-length, Imt there
should be no confusion beepuse they
are atl multiples of ten of the standard
centimeter lengih.

Fig. 2 ix the voltage current rela-
tion. A ix a vaemnn 1ype eell at high
illumination and B ix a vacnum type
cell at abont onc-thivd thisx illumina-
tion.  These  enrves are  =imitar  in
shape. outy ditfering in height over a
ange of at teast 10,000 fold in light
intenxity.,  ¢urves Coand D oare similar
curves for a gas cell: at higher vol-
tages the cell is unstable and likely
o are,

Uses for Photo-electrie Cell

Having =nelh o photo-cleetric cell.
what can it he nsed for?

At the present time is scems as il
the photo-electric cell might prove nse-
ful for the ne things that the hwnan
exves are used, amd many things that
the eyve cannot bhe nsed for,  Many
things have been suggested, bnr the
surface  has liardly been serateled,
Photo-cells are suggested for

1. Connting and timing of passing
objects

2. Transmission of speech and xig-
nals over a beann of Hgeht

By Dr. Robert C. Burt. E.E.

a0 Sunshine detector
4. Sign control and illnmination con-

. Dinrglar alarm
6. Storm deteetor
T Measuring
and spectogranms
S Transmiz<ion of pictares by wire

and wireless picture movies
print to  the

photographic  plates

0. Reading
blind

common

UV-—-Na 2
BURT-CELL |
- &5

*'i armign r08

A high vacuum photo-electric cell
without appreciable fatigue.

10 PPhotometry

11, Pyrometry

12, Registering smoke

15, Measnring < chart

L, Coutrol of lighthonses and light
buoys

15, Ultra violet light honses

16, violet burglar alarms

17. Sorting objects by eolor

IS0 Talking pictures
phonographs,

We will now proceed to take up a
few of these in brief detail:

motion and
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Counting and Timing of Passing
Objects

Sueh for instance as the counting of
antomuobhiles pass<ing through a tunnel
or by a given intersection; or the
counting of a certain type of earton
passing down an endless belt in a
mannfacturer’s pancking room, or the
timing of races from the faxtest to the
slowest, or the measurement of the
muzzle velocity of a projectile; these
are all done in a similar way, A beam
of light ix thrown into the photo-elec-
tric cell eausing the enrrent to tlow,
When an object the light is
interrapted and the interruption of the
cnrrent allows the relay to close which
registers the time of the count,

prisNes,

Transmission of Speech and Sig-
nals Over a Beam of Light

It a shutter ix placed in a =earch-
light beam. and the seareh light is
aimed at a  photo-clectrie  cell, the
shutter may be operated in the form
of telegraphic code. and the photo-
clectric cell will respond to the light
impulses giving electrie impulses which
can be recorded, Phie light from the
searchlight beam can be made invisible
by passing it throngh an ultra violet
tilter.  Speech may be transmitted in
this way by eansing the light from the
searchlight beam to vary in aceordance
with the voice enrrents in a telephone
line.  The resaltant variations picked
up by the photo-cleetric cell are trans-
laled into andio currents,

Sunshine Detector

Thix ix probably the simplest se of
a photo-¢lectric eell. Nothing is ve-
quired bur o seasitive meter and bat-
teries.  When the sun shines brightly
on a photo-cell, the battery  will be

permitted  to send a0 large  current
themtgh the metere When darkness

comes the current throngh the meter
will « Thix can be eaxily applied
to recording instruments, or it may
operate o relay controlling an eleetric
<ign. or an illumination system, =o that
should the amonnt of sunshine drop
helow o certain vatue, the signs or
illmuination would antomatically turn
Ol

Storm Detectors

These ean be made by o =imple ox-
tension of thix bdea. The photo-clee-
tric cell may be placed at the end of

a long, blaek tabe and aimed at that
part of the sky which grows black
when o =torm ix brewing. .\ relay

and hell then given warning of an
approaching  stormn,  or in  localities
where storms come from many diree-
tionx, the black tube aud photo-cell


www.americanradiohistory.com

Radio Engincering, October, 1927

could be monuted on a weather vane
=0 that it wounkd always point to wind-
ward., A simitar application is the
burglar alarm in which an automoble
spot light is placed in one part of the
room and its beam retlected back and
forth by mirrors untit it has traveled
in the form of a lattice across door-
ways and windows, it isx tinally re.
flected by the last mirror into a box
containing a photo-clectric cell.  Light
shining npon this photo-electrie cell
holds a balanced relay from turning in
the alarm: should the light become
stronger or weaker the alarm will re-
spond. I a burglar enters the build-
ing he must pass through at least one
heam of light and that is suflicient to
turn in the alarm.  If he tries to fool
the alarm by putting his flash tight in,
it will set off the alarm, Nimoke from
a smoldering fire will likewise set it
off,  This device may also be made in-

visible by the use of ultra  violet
filters,
Measuring  Photographic  Plates

and Spectograms

This requires only o sensitive record-
ing instrument. a source of light and a
stit. Nueh devices are extremely usetul
beeanse the line charvacteristies in the
spectogram  is translated into an en-
rged curve of density on which the
maxima  and  minima are  casily
located,

Transmission of Pictures by Wire
and Wireless

In this process the photograph s
curled in the form of a exlinder heing
caused to rotate lHke the exlinder in
A exlinder phonogeaph, A stationery
beam of lizht travels over this film
in the form of a spiral the same as
the needle travels over the cylinder
record of a dietaphone, The  light
passing throungh the photograph varies
in intensity ax the light and darkness

Am Am .
i
1 I
Ao Mo
WAVELENGTH
BLUE RED
Fig. 1. Characteristlc curves of a

photo-electric cell, showing the rela-
tion between current and wavelength.

of the photograph itself. The photo-
eleetrie cell responds to thix light and
darkness with varying current whieh
variation is transmitted by wire or
wireless to the receiving station where
it causes a photographie negative to be
exposed as it travels in a synehronous
path before the varying light.
Television ix an extension of this
process, and invelves primarily the
transmission of sixteen such pictures
per second, Many different schemes
are nsed but they are all basiely quite
similar. To consider this briefly, let

us make a fow assumptions, and see
where they lead ns to.

We will assume the following: Hach
pieture to bhe transmitted ix 4 inch
by one inch, sixteen of these are to he
transmitted in one  second, and
revolution of 1/100 of an inch is
desirable,  This means that our indi-
vidual pictures can he  divided into
squares 1/700th of an ineh on each
side. In each picture there will be
then 73 times 100 or 7500 of such
equmres @ sixteen of these a second witl
mean 120000 per second, Now it is quite
obvious that to transmit asx many as
120,000 varintions in one second witl
require very quickly responding clec-
tric circunits, detectors, amplitiers and
lights, if it ix all to be done by one
photo-clectirie cell and one transmission
circuit,  Another scheme would he to
have one hundred photo-electrie cells
ciach transmit one of the 100 squares
across the film: then eaeh one woukd
bave to transmit only 1200 impulses
in each second. but the cost of one
hundred sieh transmitters would he
out of the gquestion, The tinal solution
will probably he a compromise hotween
these  two, There  ix no  difliculty
with a photo-clectric cell because it
will probably respond to fregquencies
att one to sixteen million, it being o
pure  electron  discharge in o high
vacinun tube of extremely low capae-
ity.  Fram this we see that for gnick-
ness of response a1 photo-cleetrie ecll
i faster than the human eye by a
million times,  Ontside of cirenit difli-
enltiex, the wreatest obstacles to tele-
vision isx to get suflicient illnmination
and make it respond to the frequeney.
The gas dircharge lamps will respond
to high frequency bt their ilumination
ix very low, An incandescent filament
ix, of conrse, out of the question, ax it
seareely shows a flicker in 120 vibra-
tions per second. The are lamp will
ouly respond to slightly higher fre-
quency, A possible solution is found
in the polarized light magneto optic
shutter, If space permits T will try
to mention more of thisx at some other
time, giving some numerical data,

Reading Common Print to the
Blind
If light from a written page is

foensed by a lens upon a row of
phioto-cells, and each photo-cell i= eon-
nected to an audio-frequeney oscillat-
ing circnit of a different pitch, then
this arrangement may be drawn across
a printed line of common type. and
ax ench letter isx passed over different

chords will he sounded in  different
orders for each letter «xed over,
The resnlt is that a blind person can

have a4 book read to him by =uch a
device,

Photometry

1’hoto-electric  cells are used for
measuring  the illuminattion in the
calibration of incandexcent lamps. in
measuring the illumination in rooms,
and in picture studios, The equipment
ix similar to that suggested for sun-
light recording,
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Pyrometery ix the measurement of
temperature by visible radiaton and is
accomplished by a similar method as
photometry.

Registering Smoke Passing Up a

Chimney
Thix is accomplished by placing a
constant source of Hight on one xide
of the chimney and recording the

amount of that light which arrives at
the photo-etectrie cell on the opposite
<ide.

VOLTS

Fig. 2. Characteristic curves showing
the voltage current relations.

Control  of  lighthouses and light
bnoys ix simply an adaptation of the

system nsed in controlling signs and
illumination,  In comnection with light-
hios since the photo-electrice cell is

sensitive to Hght which is ontside of
the visible range, it is possible that
uxes may develop in which lghthouses
scnd out invisible light which will
penetrate fog better than visible light
will, and this will he  detected by
photo-clectric cells instead of by eye.

Sorting Objeets by Color

Tu sorting of yarns, cigars and other
thing= by color, a group of photo-
eleetrie cells are used, each with jts
appropriate color filter, The response
of these photo-cells control the sorting
wmechanism,

Talking Motion Pictures and
Photo-electric Phonographs

The record of speech may be re-
corded on the =ame film as that on
which the motion picture is taken by
using a microphone, amplifier and gas
dixelairge tube to expose the photo-
grahic tilm.  When thisx is developed
and printed the result is antomatic
synehironizing of the voice and picture
record. While the picture is being
projected  light passing  through the
voice record into a photo-eleetrie cell
translates it into  electric  current
which amplified will operate a lond
spenker,  The photo-electrie phono-
graph is simply talking film without
the movie, 1t ix obvious that there can
he no needle scrateh when the needle
i a beam of light,

In my next article T will try to give
some  of the eommoen cirenits and
detaits for uxing the photo-electrie cell.


www.americanradiohistory.com

Page 982

Radio Engincering, October, 1927

The Cathode Ray Oscillograph Tube

This tube is a whole laboratory in itself and can be used for

IHERE is  available for the

seientitic service man, a piece

of laboratory equipment which

in itx scope of operation and
tield of utility, ix without a peer.
Thix unit ix the eathode ray oscillo-
graph tube, a hy-product of the Bell
Telephone Laboratories of the Western
Electric Co.

Description of Tube

Before we enter into the tield of
operation of this marvelous laboratory
unit, let ns devote a few minutes to
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Fig. 1. A phantographic view of
the Cathode Ray Oscillograph
Tube. V is the viewing screen;
P-Q and N.O the deflecting plates:
E, the cathode ray; A, the anode;
S, the screen and C, the cathode.

the tube itself, to its construectional
details. The cathode ray oscillograph
tube, as shown in Fig, 1 is a pear
shaped bulb, with the active metal
elements contained in the narrow neck
of the bulb and the fluorescent screen
is located on the wide part of the
bulb. This fluorescent screen is
spread over the inner surfice of the
bulb, The active elements within the
tube consist of a filament, the source
of the electronic beam, a metal shield.
a platinum sleeve, two sets of non
magnetic deflecting plates, a small

conducting all manner of tests

By John F. Rider, Associate Editor

amount  of argon and the tho-
rescent screen. The cathode or tilament
and the shield are located in a small
hottle shaped glass tube, titted in the
neck of which is the platinum tube,
funetioning ax the anode, and through
which the electronic stremn is pro-
jected so as to puss between the de-
Hleeting plates,

After leaving the eathode or fila-
ment and passing through the tubular
anode, the electronic stream passes
between two pairs of non magnetie de-
tlector plates.  Thexe plates are rigidly
fixed to the inber glass tube and
are arranged in parallel pairs, the two
pairs being at right angles to each
other, One plate of each pair is con-
nected to the anode, and is therefore
maintained at a potential governed by
the potential of the anode, The other
plate of each pair ix arranged for
connection to one of the potentials to
be observed.

The function of the argon gas within
the tube ix to focus the eleetronic
stream.  Without thix gas the beam
would spread out and be useless for
observation work., 1n addition, it in-
ereases the sensitivity of the tube, hy
obviating the usxe of a very high
potential, otherwise necessary for the
foceusing of the beam, With the high
potential the tube loses sensitivity,

sras

Operation of the Tube

The electronic stream in passing
through the pairs of deflector plates js
detlected towards the positive plate of
the ftirst pair to an cextent depending
upon the momentary electric field set
up by the potential difference between
the plates of that pair. A second de-
tleetion at right angles to the first will
take place when the beam reaches the
second pair of plates, if a difference
of potential exists between the plates
of thix pair., The final resnlt is thar
at any moment, the end of the elec-
tronic beam occupies a position on the
viewing screen, which is in direction
and distanee from the normal position
of the spot, the result of the deflect-
ing potentials applied to the two sets
of plates, As an illustration of the
effect of the deflector plates npon the
electronie stream, we show in Fig, 2-A
the viewing sereen with the recording
point of the eleetronie heam, Without
any A, C. potentials applied to the
plates other than the regular 300 volts

D. C. required for the operation of
the tube, the image on the screen
would be a small sharp spot, the

sharpness of which is governed by the
cathode or filament current, If we
now apply an A. C. potential to one
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set of plates, the spot will change jts
shape to that <hown in Fig, 2-13. If
we apply this sime potential to the
other set of plates the spot will as-
sume the position shown in Fig, 2-C,
Figs, 2-B and 2-¢' show how the image
on the sereen is changed when one

FIG.2 -C-

A is image on viewing screen with
no applied A.C. potential. B and
C are the images created when an
A.C. potential is applied to one or
the other set of defiecting plates.

potentinl  is  applied alternately to
either set of platex, As the detlecting
tield between the plates of each pair
vary with the phenomenon under obh-
servation, the spot on the screen
varies in aceordanee with the varia-
tions in the phenomenon,

Uses of the Tube

The tield of utility of the eathode
ray tube is very extensive, covering
subjects far heyond the scope of the
average radio service man, but it will
be found of excellent service in the
field of study and of interest to the
scientific service man. The following
is a partial list of the types of investi-
gations possible with this tube.

1. Measurement of waveform of al-
ternating currents,

2. Measurement of phase relations
of alternating ¢urrents,

F1G.4

Suggested layout for housing the
tube and controiling equipment,
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3. Study of current to voltage
tions in electrical apparatus.

4. Characteristies and properties of
electrical oscillation generators. (Vace-
unm tubes,)

A, Measurement  of
along electrical lines,
6, Detection  and

atmospheric statie,

7. Accurate freqneney comparisons.

S, Measurement  of  dielectric  con-
stant,

9. Measurement  of
dielectric strength,

10, Measurement of inductance and
capacity.

11, Measurement of the amplifying
powers of amplifiers,

rela-

coronit  effects

measurement  of

power factor,

1O V.
60~
FIG.6A

POTENTIOMETER

1000 OHMS
1o v. . SBJ
60 ~ 2

3

FIG.68B

Step-down transformer connected

to lighting line to obtaln low volt-

age, and potentiometer circuit for
making comparisons.

12, Measurement of the amplifying
power of tubes, transformers, etc.

13. Measurement of the amplifying
characteristies of all coupling units.

1n all, a tield broad enongh to fully
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v 24000 OHMS +120V.
VWA,
e -
o 24000
OR 112 . OHMS
) -6V.
Circuit diagram ] “J J
of the ti axis
pmducerme con- € +6V.

nected up to
the osclllograph
tube. The fre-
quency and
speed of the
time sweep is
altered by
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= 2MF 4 300v.

G
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changing the
filament tem-
perature of tube

V: which con- Ve

199
TUBE~”

trols the oscilla-
tors V and Vi

] =

224 Vo=
+
Ayt
2 MEG.

justify the installation of the equip-
ment, In this respect I speak from
personal experience, not hearsay. I
have two such units in operation in
my laboratory, and as a laboratory
anit hoth for experimental and ednea-
tional research it is ne plus ultra.”

Installation

Many will doubtless be surpriced to
hear that the installation of the
cathode ray tube for general experi-
mental work is simple and eompara-
tively inexpensive. While it cannor
be put to satisfactory use by the tyro

DEFLECTING

PLATES <2777~ ’D

_-SCREEN .

-,

The oscillograph
tube connected

CATHODE -~
AMMETER-{

PY ﬁL
PROTECTIVE-— - — -

RESISTANCE.
25 OHMS

RHEO.
7 OHMS ™7

POTENTIALS
~-- UNDER_--7
OBSERVATION

up for opera-
tion. With this
permanent lay-
out a great
many tests can
be conducted.
For some tests,
special appara-
tus is required
which is used
in conjunction
with this cir.
cuit, as ex-
plained in the
text.
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radio fan, the average experimentally
inclined radio man, with a fair knowl-
edge of radio phenomena will be ahle
to utilize this tube to good advantage.
The research worker and professional
radio man with an inclination towards
experimental radio will find this tube
to be the greatest aid in his work,
The scientitic service man will tind this
tube of great aid. particntarly in andio
frequency work: in fact he will be in
a position to make observations other-
wise impossible, unless he possessed
other costly equipment,

As to the equipment necessary in
conjunction with this tube, the fol-
lowing is the list of compouent parts.

First the 224\ cathode ray tube. A
source of voltage and current for heat-
ing the cathode or filament, A stor-
age bhattery ix necessary, since the fila-
ment enrrent drain varies from 1.3 to
1.7 amperes at a filament potential of
approximately 2 volts, In view of the
faet that a rheostat is regnired for
the adjustment of the fitunent poten-
tial, it ix best to use a 6 volt storage
battery. thus assuring satisfactory fila-
ment enrrent and voltage. The ad-
justment of the filament eurrent is
critical since the sharpness of the
foens is governed by the filament bril-
lHaney., The filament cireuit consists
of a switch, a 2.5 ohm fixed protective
resistance and a 7 ohm rheostat. The
plate or anode potential is 300 volts
although the tube has been designed
to operate over an anode potentinl
range of from 250 to 400 volts. The
tube loses sensitivity as the plate
voltage is inereased, but the brightness
of the spot increases as the plate volt-
age is inereased above the minimum
vialue. But 400 volts should he the
maximum plate voltage, The source
of anode potential should be either a
bank of “B” batteries or a good reeti-
fier filter system. “B” bhatteries may
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The method of arranging an audio

oscillator to be calibrated against a

known frequency, for the purpose of matching frequencies.

be nsedd, sinece the plate cuvrent Jdrain
varies between 5 oand 1 mil 1f
rectitier-filter system is employel it is
important that the plate voltage source

slimtldd be one which will not have
momentary fluctuations greater than
one per cent, The equipment  neees-

sary for the operation of the tube are
shown aud mentioned in Fig, 3. This
is the wiring diagram of the talwe, The
monnting ot the tube and the control
equipment is shown in Fig. 4, The con
trol  equipment ix mounted on o the
panel on the left and on the base
board joined to this panel. "The tube
itself is contained avithin the chambey
on the right, While the tlnorescent
spot ean he observed in bright daclight
when it isx stationary, observations of
the <pot in motion muist he made in 2
dark room. But if the tube is used
as shown and a cover is placed over
the opening of  the  honsing,  with
proper eye stpertures, all extern:d ghi
will be excluded from the ehamber
when the observer isx operatine, and
observations will he possible in hroad
daylight. The filament ammeter and
the plate millizmnmeter are important,
for reference adjustments, In addi-
tion. the tfilament ammeter serves as a
guide when adjustiment of the filament
ctrrent ix being made,

Using the Tube

If all the equipment necessary for
the operation of the tnbe ix available
and hax been interconnected so that
the tube may be xet into opevation,
the following is the procedure  \d-
just the filament rheostat so that all
the resistanece is “in.”" Close the fila-
ment switeh and adjust the fitament
rheostat <o that about 1 mmpere is
flowing  through the fikunent, Now
apply the plate voltage.

If it ix approximately 300 volts,
plate  current will not be  indicated
on the plate millinmmeter,  Now slowly
increase  the filament  current until
1.3 amperes ix flowing throush the
filament.  The plate  millinmmeter
will now indicite a2 snll valne of
plate current,  Now observe the sharp
ness of the =pot on the screen, Slow
nunipulation of the filament enrrent
control ix important sinee before nnd
after the correct adjustment has been
reached the image will appear diftused.

Nothing is to be gained and everything

is to be fost by applyving more fila-
ment  current than is necessary  to
produce o elear, sharp spot.  Under
G TO
OSCILLOGRAPH

SINE WAVE
INPUT

TO B+

TO
G OSCILLOGRAPH

I—‘—P\
\
\
\
\
e

SINE WAVE
INPUT

L

FIG.7

Clrcuit arrangement for studying

the effect of an overtoaded vacuum

tube in an A.F. amplifier, using an

output transformer or output im-
pedance.

TO B+

normal  conditions, the spot  will he
in the exiaet coenter of the screen, hnt
in some  instances, because of the
earth’s  magnetic field and mixalign-
ment of the deteeting plates, the spot

X0
=

FIG. 9

Some of the ﬁfgur_e: obtainable in fre
of Fig. 8 in conjunction
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will not be in (he exatet center. Tt ean
be bhronght to the exaet center hy
orienting a1 strong perneient magnet

outside the tube nntil the spot is cor-
rectly locitted.  The magnet can then

be pernamently  fastened in position.
In order (o manifest the  smallest
amount of offeet npon the ele¢! ronic

beam, it i fmperative that the t(ube
itself be removed from the fields of
generators, alternators, transtormers,
efe,

The tube is not purely an electro-
statie device, bt certitin
value of impedance, which valie, how-
ever, is high enongh 1o he negligible
in most cases,

The magnitiede of  the  detlecting
potential must in all eases he such as
to give a convenient deflection.  If it
is excessive, and the image is off the
sereen, the deflecting potenting will
have to be redineed with an amntitude
changer. This will he discus<ed later,
When either set of plites is not be-
ing used, the individual plates of that
pair should be connected together, to
precinde any  deflection of the heam
when passing hetween these plafex,

PORSESSes gt

Now. in order to make observations
of waveforn, which tield will be the
greitest for the scientitic service man,
it is necessary to produce a time axis,
that is, st potential varying in o con-
venient manner with respect tn time
IT the potential (wive) 1o he obsorved
is applied to one pair of deflector
plates, the spot will trace a straight
line across the sereen,  Observation
of the waveform of this potential is
therefore impossible nnless the time
is  produced. This time axis
Is out the line variation so that
tion over a tixed period of time
niy be observed.  If the potential is
evelic and the time axis prodnucer is
set to vary at the same time periodie-
ity as the phemonenon to he observed,
the image will become o stationary
pattern upon  the screen. Ience »
time axix producer is nece v, The

wiring diagram for thix unit is shown
in

Fig. 5. This equipment ix neces
Y. and should be constrncred when

the tube control panel is built.  With

F-

quency matching tests, using the circuit
with the oscillograph tube.
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out it, the utility of the tube is rigidly
limited,  Ax o matter of faet, this
time axis unit is imperative for our
work,

Time Axis Producer

There arve various systems whereby
this time axisx ean be produced, bmt
the one shown in Fig, 5 is the sim-
plest and obviates all mechanieal con-
siderations.  The parts required are
mentioned in the drawing.  In this
systen, the two tnhes Voand V1 are
symmetrically couplted by the condens
sers € and €1 and the four resistances,
This eircuit comprises an oseillating
system, amd the (wo condenser< are
alternately and suddenly charaed ny
to full voltage and then gradually dis-
charged through the tilament-plate im-
pedance of tube V2. By varying the
filament temperature of tube V2, the
fiktment-plate impedance is varvied, and
the frequency aml speed of the time
sweep can be changed over a wide
range,

The =ource of filiment supplv for
the two oscillator tubes used in the
tine axis unit ean be the battery sup-
plying the eathode ray  tube. The
same s true of the plate voltage for
the oscillator tubes, A tap at the 130
volt  terminal  of the eathode 1B
supply will be  satisfactory, A
sepiurate A7 supply is, however, neces-
sy for the filament of the tube V2,
Since this ix a low voltage. low enr-
rent tnbe, o set of No, 6 dry cel's will
be satisfactory.

Making Tests

Let ns now pmt the tnbe to use, We
will give several examples of the use
of this tube. Other uses will o dis-
covered by the operator. Suppose we
wish to determine how an audir am-

plifving transformer or any  audio
coupling unit will pass a 60 cycle
note. The easiest way of obtuining

the 60 cyele note is to utilize the regu-
tar G0 cyele house lighting  supply.
But before we ean make any tests
we must ascertain the shape of the
honse supply current, We must de-
termine if it is sine, By observing
the waveform of the potential as ob-
tained from the house supply and com-
paring it with the waveform of the
output of the coupling unit, we can

oo A

2 AMPLIFIER 3

SINE WAVE % IPLIFIE 2
OSCILLATOR Z INDE] I—’;;
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PX

AN AN

FiG. 10

Circuit for measuring magnetic

hysteresis

tosses and obtaining the

hysteresis curve of iron or alloys of similar characteristics.

determine if the coupling unit intro-
duees any harmonies,  This is partice-
nlavly trne it the eoupling nnit is be
ing operated in conjunction with am-
plitying tubes.  In order to give us a
low voltage we will use a step-down
transformer in conjunction with the
11 volt, 6@ eyele supply.  Incidentally
we can compare the wavestape of the

FiG. 10-A

Hysteresis curve of an Iron sample
as it appears on'the viewing screen
of the oscillograph tube.

line snpply with that of the outpnt of
the transtformer. Let us  do  that,
The cathode ray tube and the time
axis units are connected ax shown in
Fig. . The transformer is connectert
to the lighting system as shown in
Fig, 6-\. A 1000 ohm potentiometer,
capatble of earrying 250 mils, is con-
neeted across the 110 volt supply as
in Fig. 6-B. Let us assume that the
step-down transformer is a regular
filaiment lighting transformer supply-
ing 5 volts. We apply the output of
the transformer to the terminals Py
and the eommon anode (the midpoint
connection to the two grid leaks).

PX

OSCILLOGRAPH TUBE -7

FIG. 11 =

=

ANOQDE

Test circuit for determining the power handiling ability of an A.F. amplifier
by observing the phase relation between the Input and output voltages,
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With the ecathode ray tube in opera-
tion and the time axis rubes extin-
wiislted, the spot will trace n straight
line on the seveen.  The length of this
line shoulit be measured with a roler.
The transformer should now he dis-
connected from the oscillograph tube
and the ontput of the potentiometer
connected to the tevminals 1’y aml the
commoent anode, The  potentiometer
should now be varied nntil the line on
the sereen is of the Tength obtained
with the transformer. The potentinl
obtained from the potentiometer unit
is now equatl to the potential obtained
from the transformer  combination,
sinee the length  of the imave is
woverned by the poteatial heing ap-
plied to the plate.  In this respect the
fube ecan be used as a veltmeter for
alternating enrrents,

Now the time constant unit is placed
into operation and the waveform of
the house snpply current will be vis-
ible on the screen. By varyving the
filhment temperature of the tithe V2,
the jmage on the sereen can he stopped
and a study of the waveformm made.
Now the transformer combinatinon can
replace the potentiometer armngement
and the waveform of the voltage out-
put can again be made,

If one dexives to make a study of
the effect of an overloaded vacuum
tube in an audio amplifyving svstem,
the arrangement shown in Fig, 7 ean
be used. Other systems will suggest
themselves as the experimenter he-
comes more familine with the opera-
tion of the eathode ray tube.

Matching Frequencies

Very aecurate frequeney  compari-
sons may be made with the eathode
ray oseillograph tube. This should be
of interest to people who have ocexnsion
fo work with audio frequency oscilla-
tors. In operation, one source of
alternating voltage is connected to one
set of plates and the other source of
alternating  voltage is connected to
the other set of plates, (When mak-
ing frequency comparisons, the time
axis unit is disconnected.) If the two
alternating voltages bear some simple
ratio in frequency the pattern upon
the screen will appear stationary in
the form of a Lissajous figure. When
making frequency comparisons, one
source of alternating potential is of a
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kunown frequency, The method of ar-
ranging an audio oscillator to be cali-
brated against a known frequency of
say 1000 eyeles is shown in Fig. S,
The 1000 cycle note should be sine.
The amplitude changes are conven-
tional potentiometers similar in ar-
rangement to that used in the 110 volt
house ¢urrent test. These amplitude
ehangers are necessary only in case
the applied potential causes an image
which spreads beyond the limits of the
screeir.  Getting back to the audio
oscillator, whose output should also be
=ine, we are ready for the calibration
work. Let us assume that a known
frequeney of 1000 cyeles is applied to
one set of plates. An approximate
setting of the audio oscillator is made
at 200 cycles and close adjustment re-
sults in a stationary image similar to
that of Fig. 9-A or 9-B. The fre-
quency of the audio oscillator is now
raised until the pattern similar to that
of 9-C' is obtained. This shows a 4 to
1 ratio, In other words, if the known

Photographing the Image

A stationary pattern on the screen
can be photographed by the average
camera, 1 used a Graphlex with a 6.3
opening, 10 mimite exposures and ob-
tnined some excellent stills, If de-
sired, a pattern of the image can be
traced on transparent paper, if the
paper is placed upon the tlat end of
the bulb. If this paper is thin graph
paper excellent records can be ob-
tained.

Electric Sensitivity

‘fhe theoretical formula covering
the operation of the tube and the de-
flection Y of the spot and the potential
P between the plates, with the
geometrienl constants of the tube is

P L1 L2
Y- -

2 VD
Here V is the potential between the
filament and the anode. 1> is the
separation between the two deflector

Ve

-A- -B- -c-
FIG.12

Phase relation curves of an audio amplifier.

Curve A shows satisfactory

operation while curves B and C indicate overicading.

frequency is 1000 eyeles. the adjust-
ment of the andio oscillator is 4000
eyeles, The ratio of the two fre-
quencies can be determined when the
pattern is stationary by drawing two
straight lines tangent to two adjoin-
ing sides of the figure. The ratio of
the mnuber of points at which these
lines are tangent to the peaks of the
loops on the two sides is the frequency
ratio of the two voltages. For ex-
ample, in figure 9-C, the ratio of the
loops which touch the tangents is 4 to
1. It will be found possible to cali-
brate in this manner until a ratio of
12 to 15 is reached.

With the known frequency left in-
tact, the figure will assume a different
shape if the unknown frequency is
less than the known. That is, the
Lissajons pattern will still remain but
in a different alignment. For example,
in Fig. 9-D-FE and -F we have ratios of
1 to 2,1 to 3 and 1 to 5. In other
words the frequency of the audio
oscillator under test was 500 cycles,
333 cyeles and 200 cyeles respectively.
A very interesting phenomenon will be
observed when one frequency differs
slightly from that of the other. In
this case theve will be a varying phase
relation, and the Lissajous figure on
the screen will appear to rotate slow-
Iy. The greater the gifference between
the two frequencies, the faster will
thi= image rotate.

plates of one pair, L1 is the length of
the plate in the direetion of the beam
and L2 ix the distance from the center
of the pair of plates 1o the screen.
The wnits are volts and centimeters,
In this oscillograph tube (the 224A)
L1 is 1.27 em L2 ix about 20 em. The
distance between the plates is 473 em.
With the operating potential at 300
volts the potential difference between
the plates needed to produee a de-
fieetion of 1 cm. is about 11 volts,
The capacity between a pair of de-
flector plates is approximately 10
mmfds.

Measuring Magnetic Hysteresis

Fig. 10 shows a method of measur-
ing the hysteresis losses and a method
of obtaining the hysteresis curve. The
same to be tested is placed inside of
a solenoid with one end close to the
side of the tube. (The time axis unit
is not used in this test). An alter-
nating current of the desired fre-
quency and of sufficient magnitude to
produce a magnetizing field of suf-
ficient strength to detlect the beam, is
passed through the solenoid. The
field from the iron deflects the beam
in proportion to the induction, Simul-
taneously a detlection proportional to
the magnetizing field and at right
angles to the field is obtained from the
voltage drop across the potentiometer
P in series with the magnetizing sole-
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noid. This detlection is proportional
to and in phase with the current and
therefore the magnetizing field. The
resultant figure on the screen will be
a curve similar to that shown in Fig.
10-A.  The time axis may be produced
by first opening switch 8 and then
closing the switeh and removing the
solenoid and the iron sample,

Testing an Audio Amplifier

The power handling ability of an
andio amplitier can be tested with the
ciathode ray oscillograph tube by ob-
serving the phase relition between the
input and the output voltages. If the
amplitier is operating satisfactorily
thie enrve showing phase relation will
be a narrow ellipse, but if overload-
ing is occurring in the amplifier, the
tops of the waves will be flattened.
and the image on the screen will
change its shape., The test eircunit is
shown in Fig. 11 and the eurves of
Figs. 12-A and 12-B and 12-C show
satisfactory operation and two in-
stances of overloading. The greater
the overloading in the amplifier the
greater the horizontal portion of the
ends of the curves. In this test it is

important that the input wave Dbe
sine,
Additional information about the

cathode ray oscillograph tube will be
given in the near future.

Radio Holds Attention of 90
Million People

PPROXIMATELY 90,000,000 of
the 1.000,000,000 people living
within the world's constant
radio reception area receive

radio Dbroadeast programs, in  some
form according to a report on potential
markets for receiving sets by Lawrence
D. Batson, Electrical Equipment Divis-
ion, Department of Commerce.

About 18,000,000 receiving sets are
now in use, according to Batson, who
estimates that 200,000,000 sets would
be required to service all of the people
within the constant reception area on
a basis of five members to each family,

Fifty-seven foreign countries now
maintain  regular broadcast service
with Canada. Cuba, Russia, Sweden,
Australia, Germany, United Kingdom,
Argentina, and Mexico ranking first in
order of number of bhroadecasting sta-
tions maintained and regularly ope-
rated.

Radio broadceasting, aecording to
Batson, has attained as great import-
ance in international, national, and

family life abroad as it has in the
United States, all circumstances con-
sidered, and has now been recognized
by all of the principal foreign govern-
ments as an important means of dis-
seminating entertaimmnent, information,
and instruction.

Radio programs have a striking
similarity all over the world and it is
not without some basis of possibility
that programs hroadeast throughout
the whole universe may be expected to
prove more popular than those of local
origin.
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The Use of Measuring Equipment

Utilizing the equipment previously described

PART 111
Measuring Capacities

I'T'H the equipment described.

this is a very simple thing

to do. The bridge is con-

neeted ax in Fig, 1. The
condenser to be measured is connected
across the secondary inductance, The
frequency of the driver cirenit is then
varied until it ix at reaxonance with
the inductance and condenser, at
which point the vacnum tube volt-
meter will show a maximum deflection,
The switch ix them thrown over and
the standard capacity nnit connected
across the inductance, and it is then
varied until a maximum deflection of
the vacnum tube voltmeter is noted.
The capacities than are equal, and the
capacity of the standard condenser will
equal that of the condenser being
measured,

Measurement of Distributed Ca-
pacity of Inductances
A bridge of this type greatly faecil-
tates measuring the distributed capace-
ities of an indnctance,. Thix measure-
ment makes uxse of the eircuit diagram
shown in Fig, 2. This xystem uses a
plot of the wave Ilength squared
against the condenser capacity, Since
A= 1885 VL (C+Co)
N=3453L (C+Co)
Since L. the pure inductance, is a con-
stant, the relation between wave
length squared and € is lineal, and the
plot will be a straight line ax in Fig, 3.

d
The stope of this tine ————

—=3.353 L

¢
deterinines  the pure inductance of
the e¢oil.  The distance from the

origin to the intercepts of the line with
the axis of abscissae determines the
capacity of the coil, for when
N=0; C= — (o, In operation, the
standard capacity condenser is ad-
justed to its maximnm capacity and

* Engineer, Dar-Mac Laboratories,
”
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-FIG. 1-

Circuit arrangement for measuring
unknown capacitles.

By E. W. D’ Arcy*

then connected across the indoctance,
The capacity is then reduced nni-
formly. that is, readings are taken, if
the condenser eapacity is 001 mfd,
maximum, at 0009, 0008, 0007 mfd.
These readings are then marked down
on graph paper and plotted against the
wave length squared, that is, when the
condenser ix xet at 0004 mtd. the
driver circuit isx varied nntil reasxon-
ance ix  indieated by a  maximum
detlection on the vaenum tube volt-
meter,  The frequency of the driver
is then noted and this gives us the
wive length squared.

=
=
z
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- FiG.2-
Circuit employed for measuring

the distributed capacity of in-
ductances.

Measurement of Capacity Between

Primary and Secondary of Audio

and Intermediate Frequency Trans-
formers

Thisx ix a very simple measurement
to make and oftentimes tells ns the
reason for an nnsclective super. In
superheterodyne transformers, where
no attempt is made to reduce the ca-
pacity between primary and secondary,
there is quite likely to be a capacity
conpling effect across the entire am-
plifier system. and if local signals are
sufficiently strong. they witl be recti-

fied in the first detector and then
amplified by the intermediate fre-
quency almpliﬂer as an audio

frequency enrrent,

In measuring the capacity between
primary and secondary of a trans-
former. the same kind of a circuit is
used as in Fig. 1. We have our
known capacity, and at the other
switeh position we have one end of
each inductance connected. The hook-
up is shown in Fig. 4.

In operation, the driver and bridge
are started, the capacity switch arm
is thrown to the off position. a note
ix made of the frequency to which the

inductance alone responds. The
switch arm is then thrown to the
transformer, wWhose primary and

xecondary capacity is being checked.
The driver's frequency is then varied
until maximum response is indicated
in the vacunm tube voltmeter. The
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switch arm is then thrown to the
standard eapacity being used, and it
ix varied until the vacuum tube volt-
meter indicates that this cirenit is at
resonnnee,  The capacity indieated by
the standard eapacity is the primary
to  sccondary capacity of the trans-
former under test,

Measuring Minute Voltages

By  ealibrating the vacunm tube
voltmeter used in the bridge and con-
necting the bridge up in some snch
cirenit as shown in Fig. 5. it is pos-
sible  to measure extremely minute
voltages., A resistance is nxed, and
the principle being employed is that,
knowing the current throngh a cirenit
and the resistance of a cirenit, the
voltage can  be determined at any
point of its resistance, providing it is
1 pure resistance and not a combina-
tion of inductance and capacity.
This system ix used for calibrating
the vacuum tube voltmeter. A very
accurate eatibration can be obtained
this way, and makes possible the de-
termination of minute radio frequency
voltages,

Measuring 4udio Frequency Trans-
former Characteristics

The following changes are necessary
in the Voltage Amplification Bridge
(deseribed  in RXeptember RRabto IN-
i) before  aundio  frequency
transformer  characteristics can  be
determined. 1t is necessary to change
the 002 mfd. Dlocking condenser in
the grid of the vacunm tube voltmeter
to a 2, mfd. condenser, and instead of
using a  galvanometer, a 0 to 1.5
millinmmeter should be nsed. This is
all that is necessary to change over
the bridge circuit, The driver eircuit
explained in  the Augnst issne of
Rapio  ENGINEERING must have an
andio fregqueney oscillator inductance

installed, replacing the radio fre-
quency  oscillator inductanee, A de-
.Az
-Co O c

-FIG.3-

The mathematica! basis for de-

termining the distributed capacity

of an lnguctance. using the circuit
arrangement of Fig. 2.
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Circuit arrangement for
secondary windings of audio and

measuring the capacity between primary and
intermediate freguency transformers.

This circuit is actually the same as that of Fig. 1.

cade capacity block is nsed to vary
the frequency ot the driver cirenit,
The =ame eircuit diagram and instra-
ments are used aside from these minor
clianges,

This system makes possible the ae-
curate determination of the frequencey
response of an audio frequency trans-
former as= the tibes simulate the con-
ditions under which the transtormers
aperate,  Oftentimes the eanse of dis-
tortion in an otherwise perfeet radio
<ot i due to o defective audio fre-
queney transformer and ordinry tests
fail to diselose the trouble in the
receiver, Iy checking over the mindio
frequency  transformer, a2 very good
idea is obtained of the perfectness of
coustruction,  If any turns are short-
ciretited. or a high resistanee across
the transformer. or a high capacity
winding is used in the transformer,
it will all <how up on the curve
drawu of the voltage awmplitication of
thix transforner.

Use of Previously Described Equip-
ment in Broadcasting Stations

It is surprising to the anthor that
in a large munber of the broadeasting
stations he has  visited. where the
cquipment has bheen built at the sta-
tion. no attempt has been made what-
soever to balance this equipment in a
scientitic manner.  Rather the  pro-
prietor or engineer of the station buys
standard parts and adapts them to
use in hix station. This, of course, is
perteetly all right and the output of
the station might be fair. Imt con-
sidering the type of receivers now
bheing used. a station’s output must be
very near tiawless hefore it can put
any feathers in its hat, 'The equip-
ment necessary to do this is so rela-
tively simple and the operation of this
equipment so simple, that it really is
surprising that it has never heen used
oftener as a standard piece of equip-
ment in the broadeasting station.
To illustrate what the author means,
we will explain the tests to be con-
ducted in a theoretical station. To
begin with. we have the microphone
transformer, and as a rule three
stages of ordinary amplifieation. The
audio frequeney driver is connected
up through an impedance matched to
the primary impedance of the trans-

former to which the microphone is
connected, The voltage output of the
driver cirenit is Kept at a constant
level for  all frequencies, and  the
vacnum  tube voltmeter is placed to
measure the ontput of this awmplitier
ten, The voltage being kept con-
nt at all frequencies and noting the
voltage output from the driver on a
picee  of  graph  plotted against fre-
queney, will give us a very good idea
of the amount of distortion present in
the line amplifier,  After this test s
been gone through and if the amplifier
ix defeetive, it is corrected.  Then we
can 2o oon with the tests, As a rule
broadeasting  stations have at least
two  stages  of  power  amplitication
ahead  of  the modulator  tubes, A
vireunm  tube voltmeter is connected
to the ontput of the power amplifier
md the same tests made over again,

Thix in turn discloses whether there
is distortion present in the power
amplifieation stages,  After this test

has been gone throngh, we are ready
to cheek the distortion cmrsed by the
constant  current  choke coil and an
antenna system which is too selective,
For this test a plate  rectification
vacunum tithe voltmeter is used and is
comected aeross a pick-up coil, whieh
ix not tuned to the frequency on whieh
a station is broadeasting, thus destroy-
ing any ervor whieh might ocenr from

a sharp pick-up system,  The trans-
mitter is then started and the same
test  gone  through  with, This  test

checks the total output from a station,
However, the test in itself ix of no
importance nnless it is aseertained by
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A circuit for measuring extremely

minute voltages such as the volt-

ages in successive radio frequency
stages.
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tests on all the equipment up to the
modnliator tubes as 1o the quatity of
the amplifier systews,  After we know
that all of the amplitier systems are
not distorting, and the final check-up
shows  distortion  present. we  know
definitely  that  we  ean look  for
trouble in either the modulator tubes
or the constant choke coil,  While
these tests are rather laborious, at
the same time when they are tinished,
the broadeast station engineer knows
Just exaectly what the ontput of his
station is aetnally like,

Broadeast Stations by Numbers

ENIGNATION, identitication

and tocation on the receiving

set of radio broadeast station

ehannels by the simple method
of giving them numbers, as well as
call letters, is being  studied by a
special  eommittee of  the  National
Eleetrieal Manutaeturers  Association,
and will form one of the mnjor sub-
jeets for dizenssion and consideration
at the meeting of the Radio Division
of the Assoeiation. to be held at Bdge-
water Beach Hotel, Chicago, Novem-
her 25-December 2,

Through a number of technieal pa-
pers by authoritative experts the pro-
gram widl foens on phases of the radio
industry which merit inmnediate atten-
tion from the manufacturer.  The sub-
Jeetsinclinde: growth  and - develop-
ment of the industry, merchandising,
relation of radio to the clectrical in-
dustry,  standardization  of  radio
broadeast program copy. analysis of
tite broadeast =ituation with  respect
to inter-channel  and  same-channel
cross talk and heterodyne interference,
and factors hearving on the design of
radio prodoce uch ax developments
and characteristies of A, O, tubes,
methods  for obtaining  economical
power supply from house Hghting eir-

eunits, and future trends in cabinet
design.,
With reference to numerieal desig-

nation of broadeast channels, Louis B,
F. Rayeroft, Viee President in charge
of the Radio Division, in a statement
today =ay<, "\ striking suggestion by
R. 1. Langley of the Crosley Radio
Corporation, and a member of this
Association, has been made to us
which might eliminate the confusion
which  arises  over designation of
broadeast channels hy kiloeycle and
wavelength,

“These channels as determined by
the Federal Radio Commission, might
instend be  dexignated by arbitrary
numbers, say from one to ninety-six.
as Mr., Langley suggests, This would
<implify  press  program  announce-
ments, simplify radio reeeivers, amd
provide them a convenient and quick
way for calibration of receivers for
both mamiufacturer and user.”

A committee has been appointed by
Mr. Rayeroft to report on the desira-
hility of numbering these channels in
the manner suggested.,
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Methods of Controlling Volume

An outline of the adrantages and disadvantages of the

IMES change.  Neveral yvears
fgo, the main thing was how
to. obtain vohne,  irrespece-
tive of tone quality, Today,

most sets are capable of  producing
more than ample velume, <o that the
main aim is to cut down the volume
when desired, without sacrificing tone
quality,

Let us bear innind at the very start
of our dizenszion on volume control,
that the radio receiver is a colleetion of
delicately-balanced eivenits—or at least
it <hould be so, if the best results are
to he obtained.  The values of induct-
anees  are nsuably quite  eritieal, so
that any change in the induetance of
one cirenit may unbalance the receiv-
or and result in distortion.  For this
reason, therefore, the velume control
should be of the non-induetive type so
that there will be no change in induet-
anee value as the result of a change in
rexistance,

The eardinal prineciple in controtting
lond-speaker volume. aside from the
use of a non-inductive rvesistance, ix
to begin as soon as possible in the re-
ceiving procesx, 1n other words, the
nearer the antenna end that the con-
trol is put inte effeet. the hetter the
resultts aml the simpler the control;
and vice versa, the nearer the loud-
speaker end, the more energy must be
handled by the variable resistance and
the more likelihood of distortion,

;

Control in Antenna Cirenit

The simplest volume control ix a
variable high resistance in the antenna
lead, which serves to ent down the
signal  energy, and is of real value
especially when intercepting powerful
local stations,  Sowe times the var-
iable high vesistanee may be <hunted
aeross the antenna and ground hinding
posts of the set. At any rate. with a
snitable non-induetive variable resistor
a simple amd nndistorted vohiine con-
trol ix obtained for any receiver. The
resistance viange nnist be from pr
tically zero to several million ohms in
the caxe of the resistor placed in the
antenna lead, which appears to he the
better of the two arrangements,

Now if we do not controt the cnergy
at the very entrance to the radio set,
the next best bet ix to contvol it as
soot s possible in the radio-frequency
stages.  1lere the hest practice ix to
place the v ble vesistor in the plas
“BT 90-volt lead, <o as to controb the
plite eurrent of the radio-frequency
tubes and therefore ihe energy passed
on to the detector tibe. o ix also
possible to control okeillation by means
of & varviable high reesistance, bt in
this case o tine adjustment varinble

* American Mechanical Laborvatorirs.

commonly emploved

By Charles Golenpaul*

resisfor—one that has an absolutely

gradnal  adjnstment of  resistance—is
exsential.  The resistance should be
of the order of practieally zero to

some 300,000 ohins, in providing the
necessary wide adjnstment,

Volume and Sensitivity Control

With n velume control in the plate
cirenit of r.f, tubes, it becomes pos-
=ible to employ eoils whicll will nornt-
ally oscillate at 9 volts on the tubes,
with whatever stabilizing method may
be wsed,  Fhen, with variable plate
voltage, the receiver can be worked at
top eflicieney, right on the very verge
of oseillating, as well as brought down
to u very low eflicieney in reducing
lond-speaker  vohune  without  distor-
tion,  We have, therefore, a sensitivity
contrel as well as a volume control,
which is ideal in present-day reception,

Regeneration Control
If the et iz of the regencrative va-
riety, the regenervative nction is the

obvious thing to control, and this may
be readily done withont having to fuss
with the eritienl tuning means which
can be left fixed at the desired point
of maximnm eflicieney,
control may consist in

The volume
thix ease of a
precise variable resistor of at least 0
to 500,000 ohmes resistanee,  shunted
across the terminals of the tickler or
feedback coil. Needless to xay, only
the non-induetive type resistor can be
used.  1f dexired, the set ean be tnned
to futl oxcitllation. with the variable
resistor serving to hy-pass more or
less of the feed-back energy in getting
down bhetow the oscillating point with
razor-<hirp precision,  Phis is a most
poptlar method of controlling regener-
ation, and likewise volwme, especially
in the eritical short-wave receivers,

The  non-oseillating  detector  may
alsp be “cqntrolled by means of a var-
iable high resistor in the plate dead,
expecially if 90 volts is applied to the
detector o s to have plenty of mavgin
in entting down to the desired volnme.
Moxt of the present-day detector tithes,
being of the high-vacnmu type, work
hest  with  higher  voltnge than  the
former =<oft or gissy detector tithes,

No far, we have been denling with
minute eurrents, <o that a light-duty
variable resistor can be employed. pro-
vidked it maintains  its adjnstment
without thietuation to canse noisy re-
ception. There i no reison for cm-
ploying the lirger, heavier and more
costly variable resistors for sueh ap-
pHeations,

Controlling Volume in AF, Circuit
In coing

fiell ot

into the andio-frequency
reception, we begin to en-
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ems most

conuter real power,  Still. the volume
can be controlled at the secondary of
the first transformer, by means of a
varinble resistance shanted across it,
Thix varinble resistance has the fur-
ther advantage of matching up the
characteristies of the two transformers
of the usual amplifier, <o as to obtain
2 more uniform amplifieation curve.
In the eaxe of resistance coupling and
impeditnee conpling, a petentiometer
arrangement is more desirable, as a
rule, but it ix good practice to shunt
a variable resistor across the iunput
to such an amplifier, by-passing more
or less of the energy delivered by the
detector,

The next and Inst plice for controll-
ing the volume of the receiver is to
shunt a substantial varinble resixtor
aeross  the  loud-speaker terminals,
Here again, a nen-inductive variable
resistor must be employved. and since
there ix often conxiderable energy to
handle, @ substantial device must be
employed. Even  the  largest  loud-
speaker, taking the ontput of a push-
putt amplitier using 210 type tubes,
can be readily and safely controlted in
this manner. although once more we
make it plain that a better control can
be had by going back to the rf. end
of the receiver,

The nsual radio power unit is pro-
vided with variable voltage controls,
but these are not intended primarily
for altering the volume of the set.
They are meant to establish a balance
with the eirenits and the tubes of the

recetver.  Onee that balance ix at-
tained, these controls should he left
alone.  Other means of volume control

shoulit e employed in the receiver
itself or at the loud-speaker, as above
ontlined,

Conclusion

From all stawdpoints. the use of a
varinble resistance in series with the
antenna lemd ix probably  the most
satisfactory means  of  controlling
voline, Furthermore,  this  method
controls the sensitivity. as well' ax the
volume awd is of considerable” value in
thix respect <ince it ix pos=ible to pre-
vent the detector tube. from bheing over-
loaded by local, IHghe powep: stations.

Obvionsly, it i<-equally true that one
or more 1hle resistances employed
in the B leads of the tuned radio
frequency amplifiers will altow one to
alter both the voltme and the sensi-
tivi in mueh the same way as a
virriable resistance in the antenna tead.,
but it is hardly as convenient a method
ax the latter unless the variable resist-
dnee or resistunees are to be employed
for the stabilization ot the radio fre-
quency stiges as well,
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The A.C. Operated Shielded Six

The A.C.-operated  Shielded  8ix,
described in the XNovember issue of
Radio Nciwes, comprises three low-re-
sistance, low-loss tuned-R. F, amplitier
stages and # detector: each containing
a space-wonnd radio-frequency  trans-
former, the primary and secondary
windings of which are held on a
molded bakelite form in such fashion
that they are practically air-supported.
The grid eirvcuits of all four trans-
formers are identical, ax are the char-
acteristies of the four maditied-S.L.-¥.
tuning condensers employed with them.
As a result, the tuning adjustments of
the second. third. and detector stages
being identical, all are operated by a
single-control dial simultaneousty ad-
justing the three condensers through
the ageney of a mechanieal link which
is free from back-lash,  Since antenna
charaeteristics  ennmmot  he  detinitely
pre-determnined and  will  vary with
every installation, the antenua stage of
the Six is tuned by a separate control ;
and in order to accommodate varying
tengths  of aerfals, a tap-switech is
provided. allowing the use of part of
whole of the antenna transformer’s
primary coil.

The audio-frequency amplifier con-
sists of two stages employing large
heavy transforiners which provide ex-
cellent low-note reproduction with 2
5,000-cyele ent-off : resulting in  the
elimination to a great extent of hack-
ground noise, heterodyne squenls, and
interference. An output transforner
is employed, not only to protect the

A
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louwd-speaker windings from the high
plate current of the last power tube,
but also to compensite for poor loud-
spenker  performance  at  low  fre-
quencies,

Four CY-327 (heater-type) tubes are
employed in the three R. F. stages and
as a detector,

2 RN AR

IMPORTANT NOTICE

Beginning with this issue, Radio
Engineering will specify the parts
used by the designers of sets re-
viewed in the Constructional De-
velopment Section.

The manufacturers who, by the
employment of competent engi.
neering brains and the mainten-
ance of research and laboratory
facilities, are doing the worth-
while developmental work in the
industry, are entitled to receive
editoriai mention.

LR R TR
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Readers desirous of obtalning the =
names of the manufacturers of the =
parts included in past reviews may =

receive them by sending a request

to the Readers' Service Depart- =
ment, Radio Engineering, Inc.,, 52 =
Vanderbilt Avenue. New York, =
N. Y. =

Editor
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The tirst audio amplitier is o CN-326
raw A, C. tube, which is entirely
snited for first-stage andio work, The
secomd audio stage consists of two (°X-
371 power tubes in a push-pull ampli-

Radio Enginecring, October, 1927
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tier ecirvenit capable of delivering con-
<iderably more undistorted power out-
put than will the average 210 power
pick  employing  only  one amplitier
tube, The CX-371s are not strictly
A.C-type tubex, but are entirely suited
l'or last-stage andio work with direct
AL O, exeitation of the tiliments, The
pu~h pull feature is optional, and the
receiver ax available in kit form is
provided with a <traight 171 power
output  stage  which  delivers ample
volume for the majority of homes.
The set illustrated herewith uses the
push-pull arrangement,

Power for the receiver is obtained
through a power-supply device, which
is essentially a very carefully dexigned
“B” socket-power unit incorporating
automatic voltage regulation by a glow
tube and a special selective tilter cir-
cuit.  This power unnit consists of a
step-up transformer carrying two 250-
volt windings, and an Si-millinmpere
fullwave gaseous reetifying tube. The
output of thisx tube ix filtered through
a single double-section choke coil and
@ xpecial eombination of condensers
providing a selective cirenit resonant
at 120 eyeles—the fundamental ripple
of the reetified ontput. The filter de-
livers to the voltage dividing resistor a
total of 220 volts at approximately 82
millinmperes.  Of this, a portion is
drawn by the glow tube, to be given up
to the receiver under the instantane-
ons demand hmposed by strong signals :
the remainder goes directly to the
plites of the power outpnt tube,

Fitament excitation is obtained from
three sepurate filunent-lighting wind-

A top view of the A.C. Operated Shielded Six, and the speclal ‘A" and B’ power unit to which it Is connected.

he output audio frequency stage

in this receiver
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is push-pull

operated
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The complete schematic diagram of the A.C, Operated Shieided Six. Take special note of the fact that, with the
exception of the A.F., ampliber, A.C. tubes of the heater element type are used throughout. The small diagram in
the lower left hand corner shows the tube termnal markings.
ings carried hy the power transformer, 1 Ni ’olr .\'lu:sllmll No. 636AC sary to disconneet  the  aerial and
1 iy 3
One winding of 2.5 volts lights the four 1 _\-m.','.,.mll\,“’:.,,';"'l" front panet  Eround wires from the receiving set
CX-327 heater tubes: another wind- (brass) 7”7 x 217 proper. and attach them to the two

ing of 1.5 volts lights the CX-326 firsr
audio-stage amplifier: and the hird
winding of 3 volts lights the CX-371
power ontput tubes, “C” potentinl for
the various ecircuits is obtained by
means of four resistors inserted in the
common grid and plate returns; the
voltage drop developed in operation
serves to bias the various tube grids
to the proper value.

1 Silver Marshall steel chassis
127 x 10% 7 x 111"

S1—1 Carter’ S.1.DUT,  antenna
swltch,
§2—1 Carter on off-switch,

1 Kellog connection wire,
Polymet resistor mounting,

R8-—1 Polymet 250,000 ohw fixed
rexistor,

I—1 Nilver Marshall type 329\
power transformer,

C11—1 Silver Marshall type 331
choke coil unit,

CD-—1 Slver Marshall type 511

fitter condeuxer,

(-4
wod 3 1
g' Ch AR
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EE amt m speciBa"l “Ar
I and power
l . unit for the
L = A.C. operated
st R | i Shieided Six.
&3 i V8 is a voltage
] h i regulator tube.
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l set
LIST OF PARTS REQUIRED 2 SNilver Marshall standard
tube sockets,

€2, 3.2

Silver Marshall type 316A
variable coldensers,

C1, C4—2 Rjlver Marshall type 3168
viiriable comdensers,
L1—1 Sitver Marshall type 116A
tuning coil.
L2, L3, L4-—3 Silver Marshall type 1184\
tmatehed) tuoing colls,e
3 Silver Marshall Stage
shields.
. 4 Silver Marshall coil sockets,
V144 Sjlver Marshatt S-proug
R tube sockets,
Vi-7—3  Silver Marshall standard
tube sockets,
T1-—1 Silver Marshall A F, Trans.
former,
T2—1 Silver Marshall Pusk-Pull
input transforuer,
T3—1 Silver Marshall Push-Pull
output transformer,
1 Silver Marshall triple link
for variable condensers,
ChH-—1 Carter 002 mfd, tixed con-
denser,
C6, C7, C8—3 Carter No, 103 fixed con-
densers (5 mfi.),
R1—1 cCarter 11W6000 potentio-
meter,
[.S—2 Carter tlr gnrks.
R2—1 Carter 1600 fixed resistor,
R3. R4—2 Carter II1000 fixed resistors,
R3, R6—2 Frost FTG64 tapped re-
sistors,
R7T—1 Mountford 5,000 ohm fixed
resistor,
2 Martin-Copeland vernier
dials,

R9-—1 Sllver Marshall type G54
tapped rexistor,

1 Nilver Marshall steel hase
P e

(No, G3d) T x 77,
Vi-4—4 Cutadngham CX—326 AC.

tubes,
"3—1 Cunningham CX—327 AC,
tube,
V6, VI-—-2 Cunningham CX—371 tubes,
V81 Q.R,8. full wave reetifler

tirthe,
Vv9—1 Cunningham (NX—374 volt-
age regulator tube,

A Short-Wave Converter

For the radio fan
explore the short-wive band from 15
to 1235 meters, several '] Are pro-
vided. Tlowever, the plans thus far
advanced require changing the con-
nections of the present broadeast re-
ceiver to snit requirements of  the
short-wave set,

Any radio receiving set may be con-
verted instantly, and at will, into 2
short-wave receiver by the nse of the
Short-Wave Converter  designed by
Perry S Graffam. It is only neces-

who wishes to

Wi
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bhinding posts of the Short-Wave Con-
verter. The detector tube of the re-
coiver is placed in the tube socket of
the converter, and the cable plug from
the converter is inserted in the (de-
tector socket of the receiving set. No
other tubes are removed, no battery
wires are disturbed. and the loud-
speaker remains as usual, The tun-
ing controls on the receiving set itself
are not used, The tuning is all done
from the one dial of the converter,
The device in realtity is a short-wave
set, comprising a regenerative detector
and an attachment plug for conmecting
it to the audio end of the present re-
ceiving set and to the battery supply.
This method of connecting the two

nnits  together is novel, It consists
of a five-conductor cable (two leads

not used) and an old vacuum tibe
base for the plug. The glass of the
detector tube is broken off and the
hase cleaned out. Three wires from
the eable are soldered to the terminals
inside the base, cne to the A" jplus,
one to the “A” minus, and one to the
plate terminal,

0-500,000
OHMS R.F.
TICK.; | CHOKE
1 JUY
00025 ME. i
002 MF
P
y ¥
i : ¢
\ SEC. | 20 OHMS A
PRI. A 00025 MF. A=
SHORT WAVE ;
COILS PLUG

Schematic diagram of the Short
Wave Converter,
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00025 MFD.
COND

.00025]
20 OHM MF.
RHEOS e B

T cHoxe '11

Layout of parts and wiring diagram for the Short Wave Converter,
is made from an old vacuum tube base.

connecting plug

Another feature of the short-wive
converter worthy of ntention, abthough
not new, ix it effective regenerative
control. A o—3000,000 ohin variable
resistiaree is uxed  for this pnrpose.
Nt ouly does it =erve as gt =mooth
and continnously  variable control of

great wid in receiving shorc waves,
but it also suaves one luning condenser,
In the cirenir (his rexistanee ix cou-
nected steross the plate or tickler coil,

A condenser of especially tow mini-
i capacity is nsed 1o tune each
secodary coil in the converter, and

with a set of three coils this comdenser
will tune over a wave band extending
frome 15 to 200 meters, A vernier dial
ix o necessity on the timing condenser,
as the tnning will be formd extremety
sharp.

The accompanying layout amd wir-
ing dingram give (e neeessary e
tails of arrangement and wiring.

The choke coil is very hmportant
and nmst not e omitted,  When by
pissed with a 001 mfd, condenser, it
will permit the plate lesd to he of
sutlicient lengith to reach the receiv-
ing set. 11 i@ choke coil cannot be
ssily xecured. one can be made by
winding 100 tirns of No, 26 DUC wire
at random on o woaden spool L, ineh

Cm

PLUG TOFIT
DET.SOCKET IN
RADIO REC. SET.

0~500000 OHMS

The

in diaweter with a wooden
COre,

To

Yy-ineh

operate  the Short-Wave  Con-
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receiver, the plug made from the old
tube base just ax if it were a tube.
When the antenna and ground connec-
tions lhave heen changed to their re-
spective posts on the converter, you
are ready to listen in. To do so, sim-
ply leve the loud-speaker where it is,
or it phones are used, these may be
phgged in as usual in auy stage for
which a jack ix provided on your
partientar set. Tnru the variable re-
sistanece, aeross the tickler coil, until
the receiver oscillates, Tune in a
station and elear up the xignal by a
further adjustment  of  the  variable
rexistance or rheostat, as required,

LINT o1 PARTS REQUIRED
I—20-0lnn rheosiat,
1—. 5 omfi. National  equieycle con-
1 Electrad grid leak.,
] N osbiandard secket,
1 tional type € vel r dial.
T—Aeroy 1 it condenser.
t-——Aeroy condenser,
1—N ro coils,
1 ¢oil, No. 273,
1
& OST R,
1 CU=5,1000, (00
olims=.
1--Hard rubber or bakelite panel (7 x 12

161,

ward 17 x 11 x 1),
amd solder,

A top view of the

Improved Aristocrat Receiver.

Note that the antenna

coupler has a variable primary coif.

verter, remove the detector tnbe from
the  regnlar  broadeast  roce s
aml place it in the tnbe socket of the
converter.  Next =vlect the plug-in eoil
covering the wave bamd in which you
wish to receive, awl plug it into the
coil jacks. Then in=ert in the detector
fube =ocket of the regnlar broadeast

set

A view of the special ] e
This includes a three stage resistance coupled audio frequency amplifier,

deck designed for the

Improved Aristocrat Receiver.
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The Improved Aristocrat

Mr, Arthmr Lyneh has, for a long
tine, insisted that it is possible to
produce the necessary materint for a
more than ordinarily good receiver.
cnploying  real  engineering, so  that
the material necessary tor hnikding it
conbd he purchased at retail—and not

cut prices either  for hetween $25.00
amd XB5.000 The notion was that the
nutter wotld be ot the highest grade
ad =il be available to the man of
lmited finaneial resourees,

A few years ago he dexigned a re-

ceiver  which  was known  as  the
CAristocrat,” It was deseribed in
Radio Broadeast month after month

and becnme one of the most satisfae-

tory receivers ever alescribed in that
nitgazine,  Even though it was  a

mighty fine veceiver aml every effort
Il been made to hold the price down,
it wonld cost a little more than $60.00
to purchase the parts. The problem
was to cut the cost without detracting
from the excellent qualities of the
receiver,
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It was decided to have a mannfue-
turer turn out the sub-panel with all
the parts on it
down and cut the work for the home
constructor down to a minimum,
the same time these advantages were

\%

A

1—Wireless Radio front panel,
dials and mounting brackets.,
4—Dinding posts (Aot Gud, and Output).

including

That cut the cost way l—mrnbadl G-wire battery cable,
: 1—Cevo 1ype K rf. tube,
1— type 11 detector tube,
At e [ tybe G high-mu tubes,
1-—Ceco 1ype I osemi-power tube,
s 3 L.S.
€ B+
J 135V
€ . B+
1L Ll g
Y ) T 2'2.5V.
1 N
—VWW-0 A-C+

it

1

]

o0 A+B-

The schematic diagram of the Improved Aristocrat Receiver,

Although not

indicated, the antenna coupling s varlable.

realized other engincering features of
merit were utilized and the sum total

result is a unit which is ealled a
“deck”.
The “deck” is a sub-panel with

everything neeessary for making a five
tube receiver mounted right on it—
except the tuning elements.  There
are five of the latest type sockets; all
the coupling condensers and resistors
for the latest type resistance amplifier
held in place by a new type of clip
which insures perfect contact,

Iloles are provided in the deck for
ten binding posts. The posts, how-
ever, are not part of the deck equip-
ment hecause some constructors will
wixh to use a cable for the battery
connections,

The new deck may be used with any
one of the whole group of circuits and
will, regardless of the circnit em-
ployed. deliver very much better than
average tone quality because of the
resistance coupled amplifier which it
has been made to include,

As will be seen from the diagram,
the ©hnproved Arvistocrat circuit con-
sixts of one stage of tuned, neutralized
radio frequency amplification, a re-
generative detector and three stages of
resistance coupled audio frequency
amplification. The amplifier is
designed to employ a semi-power tube,
of the 112 type, in the output with
135 volts “B”. 1If desired, the “B”
voltage can be raised to 150 or 180
with a proportionate increase in the
“C” voltage on the semi-power tube,
or a 171 tube can be used withh 180
volts “B" and 40% volts “C.” Dut
in this case, it is necessary to use an
output filter or outpmt transformer to
protect the loud speaker from the
high directed current flow.

LIST OF PARTS REQUIRED.

1—Lynch deck, complete with sockets re-
sistors and fixed condensers,

1—Pair Sickles colls,

1—Cogswell type A variable condenser,

1—Cogswell type B variable condenser,

A Constant Voltage “B” Elim-
inator

One of the most important features
of a “I3" eliminator is the percentage
of fluctuation of the output voltage.
If the voltage from the ecliminator
fluctuates to an appreciable degree,

%

Connections to be used in the Con-

stant Voltage ‘B’ Eliminator when

using a full wave gaseous conduc-
tion rectifier tube.

FILAMENT WINDING
LEFT OPEN

TO
FILTER

_— — —

the utility of that eliminator is very
limited. In the first place, the voltage
flnctuations  will cause very detri-
mental effects when the eliminator
unit is used in conjunction with cer-
tain types of audio amplifiers. Low
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frequeney oscillation crstwhile “motor
boating”™ ix very often due to voltage
fluctuations,

In the design of the “Constant Volt-
age ‘B’ Eliminator,” designed by John
F. Rider, great consideration was ac-
corded the subject of voltage fluctua
tion and every effort was made to re-
duee these fluctuations to a minimum,
1t is for this reason that the design of
this unit incorporated the “Glow” tube,
a tube designed to keep a constant
voltage across two points connected to
it. The operation of this tube, how-
ever, is not limited to the control of
voltage fluetuations occasioned by
momentary changes in line voltage. In
addition this tube keeps the voltage
constant within certain values of cur-
rent drain. In the conventional "B
eliminator, the voltage at any tap is
governed by the drain upon that tap.
If the current drain is increased be-
yond a certain vilue, the voltage avail-
able at that tap will be reduced. But
with the glow tubes this is impossible
within certain limits; limits which are
large enough to cover the average use
of the eliminator unit, By using a
glow tube to control the 90 volt tap
and another tube in series to control
the 180 volt tap, constant voltages are
always available from these two volt-
age terminals,

Another salient feature of the “Con-
stant Voltage “B” Eliminator is the
use of a filter system consisting of a
single-section of tuned filter and a sec-
tion of Dbrute force filter. This
arrangement is far superior to two
stages of brute foree filter because the
filter action is much better., The
tuned stage is tuned to the frequency
of the eharging current in the output
circuit of the rectifying tube, which in
this case is 120 cycles. The brute
force section on the other hand oper-

ates in the elimination of the har-
monies.
The voltage taps are located so

that 45, 90 and 180 volts are available,
The percentage of A. C. component re-
maining in the D. C. output is excep-
tionally small, (This is due to the
use of the tuned section in the filter).

The reason for the design of only a
“1 eliminator rather than a combina-
tion of “B” and “C" is found in the
fact that the cost of the equipment
neeessary for the “C” elimination is in

ﬂB+
18OV,

prLOS

FILTER

Circult diagram of the Constant Voltage
regulator tubes are used at th
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AND REGULATOR SYSTEM

“B"” Elimlnator. Two voltage
e output of the filter.
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-=SHIELDS

Layout of parts for the ‘‘Intertrol
an electrical pickup to be plugged

Five."”

The tip jacks 19 and 20 allow
in so that the A.F. amplifier may be

used for the reproduction of phonograph music

excess of that necessary for the pur-
chase of a “B” battery to be used as
a sourve of grid bias. Furthermore
the A.C. component rewmaining in the
output is, in the case of “C” elimina-
tion fed direetly into the grid of the
output tubes, with the result that this
hnm is amplified,

In the effort to maintain the output
voltages, constant care was exercised
in the selection of the power resist-
ances, These are wire wound units
possessing nil temperatnre coeflicients.

LIST OF PARTS REQUIRED

I—Samson  power transformer, 220 volt
ourput,

1—=Samson unit (tuncd-brute force).

—Amsco sockets,

—(low tubes, U 874,

—TI.X. 213 recti 1z tube.

2—aerovox 4 nfd.,, 4o vott filter con-
densers.

1—Acrovox 2 mfd.,, 400 volt filter con-
denser.

2—Aerovox 1 mfil,, 400 volt filter con-
densers.

1—Electrad 10,000 ohm continnously vari-

able power resistance.

1—AerovoX 1,500 ohm fixed wire power
resistance,

4—Eby binding posts marked —.: 45: 90
and 180.

2_Iloxes of Acine Celatsite hlmkup “’lr
1—\Westinghouse \hvnrlu panel, 10”7
1-—RBaseboard, 10”7 x 117
1—Cutler-Ilammer 'l l)ggll' switch.

127,

The “Intertrol Five”

The “Intertrol Five,” designed by
H. G. Cisin, M. E., has ample selec-
tivity. plenty of volume and excellent
tone quality.

There is one stage of tuned radio
frequency amplification, a regenerative
detector of specinl design, one stage
of transformer coupled audio fre-
quency amplification and two stages
of step-up impedance coupled audio
frequeney  amplification. Both  the
antenna coupler and the interstage
r. f. transformer are of specinl con-
struction. In these coils, the coupling
between the primary and the second-
ary is automatically varied by the
rotation of the associated tuning con-
denser. At short wave lengths. where
the energy transfer would ordinarily
be much greater, (with consequent
lessened selectivity) than at long wave
lengths, the coupling between the
primary and the secondary of each
coil is automatically made less close—
and vice versa for longer wave lengths.
In this way, a constant transfer of

energy  and
kept up.
The regenerative detector provides a
novel amd important feature of this
cireuit, An inspeetion of the schematic
dingram will show that the plate of
the detector tube (16), in addition o
being connected to the primary of the
A. F. transtformer, is also connected
back through the adjustable condenser
(13) to point “I’.” which is one end of

constant selectivity arve
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RADIO ENGINEERING AP
POINTS SECOND ASSOCIATZ
EDITOR

Radio Engineering s pleased to
announce the appointment of
Harry G. Cisin as its second As-
sociate Editor.

Mr. Cisin 18 a graduate M.E. of
Cornell University and also holds a
certificate of Electrical Engi-
neering. He taught Electrical
Engineering at Johns Hopkins
University, and In later years at
Stevens Institute of Technology,
under Prof. Hazeltine of Neutro-
dyne fame.

Mr. Cisin was at one time Engi-
neering Editor of the Electrical
Record and Technical Editor of
Radio Listeners Guide and Call
Book.

Several

works on Marine and
Electrical Engineerlng under Mr.
Cisin’s name are used as text
books in a number of Schools and
Colleges.
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the primary of the auto-couple coil

(8). In this way. regeneration is ob-
tained, since the portion of the
primary, B-I’, acts as a tickler coil,

Since the coupling bhetween the primary
and the secondiry of this coil is varied
as the condenser (12) is rotated, there
is an automatic oscilla<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>