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Long Distance Reception %
\ Guaranteed °

You want DX—the more DX
the merrier! But why take any
chances? We positively guar-
antee that the Balkite Neutro-
dyne, made by Gilfillan, will
get you all the DX you could

Three stages of tuned RF, neutralized,
so there’s no squealing; easy tuning;
operation on short piece of wire indoors
perfectly satisfactory; no repeat tuning
points; no hum; phonograph pickup
jack built in; excellent tone quality;
good selectivity. These are outstanding
points of the receiver, ONE OF THE
MOST SENSITIVE BROADCAST

desire! Try the set for five RECEIVERS EVER DEVELOPED. Xhe
days. If not completely satis- receiver alone lists for $135. Here you
fied, return it in that time get the set, speaker and tubes at $9.50

Tne Balkite A5 neutrodyne, in real walnut tahie modet cablnet by

for prompt refund of purchase less than half the

price!

8-Tube Push-Pulil AC Balkite Neutrcdyne
with Matched Speaker and All
Tubes, Complete . c c . e e 0 oo $57°5@

A good many bargains in radio_receivers are available today, because set manufacturers over-
produced, and had to let their stock go at sacrifice prices. It does not follow that all sacrificed
receivers are worth even the cut price. We turned down many ‘‘opportunities’” to obtain large
quantities of *“sacrificed” receivers.  When the Balkite was offered to us we tested its performance
for five days and were delighted. We took the set apart completely to see what calibre of parts
was used and how the wiring was done. When we tell you all the parts were ace-high and the
wiring the best we've seen, vou will know this is an extraordinary receiver. e tubes used are
five 227, two 112A and one 280. The undistorted maximum power output is 780 milliwatts.

The line input must be 50-60 cycles, 105 to 120 volts. There is a voltage adjuster built in.
The magnetic speaker has a matched impedance for the output of the receiver, and is itself housed
in a real walnut cabinet with marqueterie inlay.

Berkey & Gay. Volume control at left. AC switch at right, drum dial list price of the

at center, with space to mark In call lettors.

receiver alone!

Receiver, in cabinet, less tubes and speaker, $46.00

FIVE-DAY MONEY-BACK GUARANTEE ON RECEIVER, TUBES AND SPEAKER! The spesker Is of hand-rubbed genuine wainut

and Its list alone Is $35.00.

Guaranty Radio Goods Co., 143 West 45th Street, New York, N. Y.

NEW DRAKE’S ENCYCLOPEDIA

1,680 Alphabetical Headings from A-
battery to Zero Beat; 1,025 Illustrations,
920 Pages, 240 Combinations for Receiver
Layouts. Price, $6.00. Radio World, 145
W. 45th St., N. Y C

LOOK AT YOUR WRAPPER
You will see by the date thereon when
your subscription for Radio World ex-
pires. If the subscription is about to run
out, please send us renewal so that you

will not miss any copies. Subscription
Department, RADIO WORLD, 145 West

FARRAND
INDUCTOR

45th St, N. Y. City.

MICROPHONE LIGHTERS

For cigars or cigarettes, with button
switch at top. Press switch, and lighter
acts instantaneously. $1.00. Model B
lighter on tray, $1.50. Radio World, 145
W. 45th St, N. Y. C. 145 W, 45th St., N. Y. City.

for the

TWO price of One |

Get a FREE one-year subscripion for any ONE of these magazines: I

O CITIZENS RADIO CALL BOOK AND SCIENTIFIC DIGEST (quarterly, four issues).

O RADIO (monthly, 12 issues; exclusively trade magazine).

8 RADIO ENGINEERING (monthly, 12 issues; technical and trade magazine). |
RADIO INDEX ((monthly, 12 issues) Stations, programs, etc.

DSCIC}.;‘NCE & INVENTION (monthly, 12 issues; scientific magazine, with some radio technical ‘
articles).

0O AMERICAN BOY—YOUTH’S COMPANION (monthly, 12 issues; popular magazine).

O BOYS' LIFE (monthly, 12 issues; popular magazine).

Select any one of these magazines and get it FREE for an entire year by sending in a year's sub

scription for RADIO WORLD at the regular price, $6.00. Cash in now on_ this opportunity to get

RADIO WORLD WEEKLY, 52 weeks, at the standard price for such subscription, plus a full year’s

Put a cross in the square next

TWO FOR PRICE OF ONE!

Radio World, 52 issues, and Radio
News, 12 issues, in combination for spe-
cial $7 subscription price. Radio World,

EQUIRING no source of voltage except

that furnished by the receiver itself, |

the Farrand Inductor gives true dynamic
performance. It is one of the most sensitive
loudspeakers.

subscription for any ONE of the other enumerated magazines FREE!

4 A d 5 Model 10-G for 171, 1714, 245, 210 or 230
to the magazine of your choice, in the above list, fill out the cou low, and mail $6 check, i i 5 ' "
single output tube, or any of these tubes
wmouey order or stamps to RADIO WORLD, 145 West 45th Street, New York, N. Y. (Just East of | |  SUElS obul e or uhs of iiews ‘uibe: \
Broadway). push-pull output transformer........ . ...... $11.50
l Model 10-G-CA for 171. 171A, or 245 push:
]tJ'ull,dr?qu(i]rmg not%utgut transformer, but
| ippe eads connected direct to plates, vel-
Your Name .. ... i e DOUBLE low center TAP lead to B . ... . ... " . 12.50
| Modellg-g (slightly smaller, otherwise same
as GO e 8.00
Your Street AdAress ..............oiiiiiiiii | MOde; 6-G-CT (slightly smaller than 10-G-
.................................... i1.00
Model 6-R for 112 or 1124 single output or
2 . i -
QU ooereee oo State. 1o eenr VALUE! || “ies sl e Tt "Gl |
. Model 6-R-CT for 112A push-pull, requiring
O If renewing an existing or expiring subscription for RADIO WORLD, please put a cross in aquare no outpul fikter.......... o 11.00 |

at beginning of this sentence.
O If renewing an existing or expiring subscription for other magazine, please put a cross in square
at the beginning of this sentence.

RADIO WORLD, 145 West 45th Street, New York, N. Y. (Just East of Broadway)

GUARANTY RADIO GOODS CO.
143 West 45th St. (Just E. of B’way) |
New York City
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Latest Circuits and News
Technical Accuracy Second to None
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Radio Publications Corporation, from
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hat Selectivity Is Not

Dial Indication a Poor Criterion of Discrimination

By Percy Warren

N the operation of a hroadcast receiver all that is required, as
I to selectivity, is that the set tune in the desired station to the
exclusion oi all other stations. This exclusion relers particu-
larly to stations on channels near the one desired and also to very
poweriul locals that mmay be several hundred kilocycles removed.
When both these requirements are satisfied the listener is satisfied.
for he does not suffer intcrference. However, both requirements
are in fact the same requirement. There is no difference between
the ability to put an effective damper on a station 300 kilocycles off
resonance, that has an enormous field strength about the receiving
antenna, and to tune out a station of small field strength that is
only 10 ke off resonance.
The usual method used by listeners at large to determine whether
a set is selective is to turn the dial. In these days of single dial
sets the test secms easy. Tune in, turn and watch how manv
degrees arc required to tune out a strong local and restore silence.
Even two receivers are compared in this way, as to their selectivity.

Without Benefit of These

While the method has its uses, in that it affords some indication
under proper conditions, without resort to measuring devices both
costly to obtain and inconvenient to carry, its weakness lies in
the fact that the test is made without regard to the field strengh
of the station used as test, or the amplification property of the
receiver.

If a given field strength were used in ecach instance, and the
same amplification prevailed in all receivers tested, the visual
method would be acceptable, provided one were assured that the
tuned circuits were properly equalized. A very superior receiver
that had one of its capacity compensators knocked out of adjust-
ment in shipment would make a poor showing indeed when com-
pared to an inferior receiver that had the benefit of original line
adjustment being retained.

As a visual indication, as obtained in general practice, has little
or no real value, so the statement that a receiver has a degree of
selectivity, expressed as “very high” or “great” selectivity, has liftle
or no significance. ITow high? IlTow great? Selectivity can not
he expressed verbally in height or greatness. It i1s most conven-
iently shown by a curve, and comparisons hetween receivers effected
by superimposing the curves ior the same input.

One method of stating selectivity in relative values i1s to divide
the inductive reactance by the resistance, but who will know off-
hand what the inductive reactance is, much less the R.I". resistance?
Therefore selectivity can not be simply told in words, only in dia-
gram. We have to discuss in words a subject that does not lend
itself very well to that treatment.

Some Sidelights on Selectivity

Selectivity is not only the ability of a receiver to receive anvone
particular frequency to the exclusion of all other frequencies. for
if that were true the selectivity of most receivers would be nearly
zero.

Operate a receiver on the peak of a mountain, 500 miles from the
nearest broadcast station, and enjoy what is termed 10 kc. separa-
tion, for indeed all stations are separated. even those 10 kc. apart,
without a trace of interference. The receiver has some selectivity,
to be sure, but it does not have to meet the burden of large differ-
ences, with high maxima. in the energv delivered to it bv the
antenna-ground system. The field strength of all received stations
is tiny indced, and the receiver can reach out to almost incredible
distances if it is fairly sensitive, e.g.,

10 microvolts ywww americanradiohistory comnimd

Move this receiver to a location twenty miles outside of New
York City. At once WOR, formerly tuned in and out within one
division of the dial, overrides ten divisions, and WABC does like-
wise, so that one station about three-quarters of the way up on the
dial, and another half way up, blanket distant stations ior as much
as 200 ke. apiece, at the extreme, and the receiver seems to have
suffered greatly from the rigors of the journey. Yet the rcceiver
has not changed at all. It used to have “10 kc. selectivity” and
now it has only “50 kc. selectivity,” the owner may tell you, but
if he makes such a statement he is drawing on his imagination and
psychology to cover up a lack of understanding of the real situation.

Down to “O kc Selectivity!”

Now move the receiver to the same building in which one of the
large metropolitan stations has its antenna. Lo and behold! The
station with its aerial on the roof comes in literally all over the
dial, and when that station is on the air, no other station can be
received! The former “10 ke. selectivity” seems to have become
“0 ke. sclectivity,” and yet the receiver is just as selective in one
place as in another, and nothing has been changed in any particular
whatsoever except the input as derived from the aerial.

In the example of “0 ke. selectivity” the vicious condition of the
station on the roof coming in all over the dial may prevail even
when no antenna or ground is used, but of course the coils of the
receiver and the wire used to make the connections from part to
part act as loops and capacity aerials, so there has heen a mere
substitution of the form of pickup that produces the ultimate
response.

The receiver may be compared to a person who is far-sighted.
Put a test chart 10 feet away from him and he may not be able to
read the smallest letters, but move the chart 20 feet farther away
and his vision will separate the smallest letters. The smallest letters
have too strong a field of energy for his eyes to be able to select
letter from letter to constitute a readable sequence. Move the
chart farther away, and the input is lessened, whercupon his selec-
tivity in vision becomes effective. He ceases to be subject to \isual
blanketing.

Relationship of Sensitivity

So when we are told that a receiver has a certain selectivity
rating, we must be told the energy input, otherwise the rating lacks
significance, or where comparisons are made, they must be for the
same input, as in curves.

Hence, reports on receiver performance in different parts of the
country and under totally different geographical conditions, not to
mention weather and humidity, will vary ereatly, although exactly
the same receiver may be used on all tests.

There is a rclationship between sensitivity and selectivity that is
of the utmost importance.

Consider the three-circuit tuner, used for operating a one-tube
set. Use earphones. You need an external aerial to be able to
hear signals. You may need an excellent ground and a long aerial
to be able to hear a considerable number of stations loud enouch
to afford enjoyment. Disconnect the aerial and vou hear no sa—
tions. Add two stages of audio frequency amplification and hook
up the loudspeaker. Given stations may occupy a wider stretch on
the dial.  With aerial off, still you hear no signals. The best yon
can do is to produce a squeal now and again, but never can you
resolve those squeals into reproduced signals.

Add a stage of tuned radio frequency amplification.

a8 ; Now you
can get a faint audible response from the loudest station "

1 without
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(Conttnued from preceding page.)

Add another stage of TRI., The pickup without antenna or
ground connected is large enough to afford fair volume on a few
locals.

You have heen increasing the sensitivity as yvou increcased the
stages of radio {requency amplifhcation. Have you been increasing
the selectivity at as fast a pace? No.

There is a strong compauionship between sensitivity and selec-
tivity. As the radio frequency amplification is increased, the neces-
sitv for greater selectivity arises, principally because of the char-
acteristics ot the loudspeaker and the human ear

Where Speaker and Ear Come In

Let us return for a moment to the visual indication as afforded
by the recciver's tuniiig dial as a basis of selectivity judgment, In
the example of the one-tube set the strongest receivable station. let
us say WOR, comes in at 65, at 60 and 70 can not be heard at all.
Compare this with a receiver having three stages of screen grid
radio frequency amplitication and detection. Exactly the same
dial result may obtain—fve divisions on either side of resonance
will get rid of the strong local. Now, is the one-tube set just as
selective as the screen grid set, and if not. why not?

Loudspeakers do not respond to every fecble impulse, nor does
the human car so respond. It takes a definite quantity of sound to
actuate the ear. This is called the threshold of hearing, So first
the reproducer’s threshold has to be attained and the speaker's
radiation has to he large enough to rcach the minimum realm of
registration of the car. It used to be thought that the limitation
existed in the detector tube—that a certain quantity of input was
required to make the detector detect—but we have since come 1o
respect the vacuum tube as an instrumentality far superior in keen-
ness to the human car, and we assign the limitations to the sluggish
loudspeaker and the sluggish human ear. nundependible and inaccu-
rate instruments both'!

Brought Up to Ear Detecting Point

Receivers therefore are directly connected to a loudspeaker and
indirectly connected to humaiu ears. and any system of interfereice,
hecause impulses too insignificant to move the speaker, hence gain
any aural response, become magnified to the point of speaker repro-
duction and audibility. Therefore if the amplification increases at
a faster pace than the selective ability, the receiver with multi-
tubcs will give as “hroad” a dial indication as the one-tube set
however, the volume will be encrmously greater.

Now suppose interference suflered from a multi-tube recciver is
rather severe, such a cross-talk, and we want to make some make-
shift comparison hetween this set and the one-tube design. Since
both now bring in that pernicious local over 10 degrees of the dial.
toth receivers are equally non-selective, it scems, although this
seeming is about to come to an end.

Let us reduce the output volumes to the same level, not by putting

a resistor in scites with the speaker, but by putting a condenser in
scries with the antenna, a tiny condenser, say, .00005 mifd. Assume
the output values, in quantity of signal, are the same. Now let’s
see. Why, the multi-tube set is indced more selective than the one-
tube set, and even the dial indication shows that. The big receiver
not only tunes out that powerful local nicelv, but etfaces it com-
pletely within one division of the dial, just as was done on the
mountain-top!
Conclusions Reached

These considerations have been presented thus far -

(1)—Reccivers equal in sclectivity will have unequal discriminat-
g ability at unequal field streungths.

(2)—Greatly increased sensitivity requires a relatively greater
selectivity to retain the original degiree of segregation, because the
amplification increase will apply to adjacent frequencies, and intro-
duce interierence into the audibility region, whereas it was formerly
present but not audible.

(3)—Audio frequency amplilication tends to decrease the appar-
ent selectivity, since without bencht ol selectivity it increases the
amplitude of interiering signals possibly 1o the point of audibility,
where the interference was inaudible before.

(4)—The total volume of the output is to be considered in con-
nection with any visual dial tests of apparent selectivity.

(3)—A receiver has a certain definite ahsolute selectivity, und
this sclectivity is independent of the input or output. being the
same at maximum imput or at zero input., so long as the receiver
is in operation. In other words, a receiver’s selectivity is absolute,
but its apparent sclectivity, that which we determine from unscien-
tific eve and ear tests, is relative. Apparent selectivity is a fictitious
quantity.

(6)—All receivers receive all frequencics, but the disproportion
of response is the selectivity.

Must Be Carefully Shielded

I'rom these considerations it is logical to draw the conclusion
that any receiver that cets outside the bounds of low sensitivity
must have its coils shielded, for even the tiny pickup that coils
make, due to their action as stray loops, will he enough to gain
a response in the speaker.  Also, inferior tuning henefit will he
enjoyved hy the stray pickup because the pickup is accidental, and
tuning is mtentional, so much of the pickup will escape most of the
tuning. It is also logical to assume that a receiver that rates in
the ultra-sensitivity class must he shiclded even against pickup by
the wires used for internal connections, hence a shielding subpanel,
with « shield bottom piece, is required. The ultimate test is that
the receiver must pick up no sienals unless some external aerial is
attached to the antenna post. no matter if that aerial he a piece of
wire only a few inches long! Every other shiclding precaution
must be taken, even as to the leads to the caps of screen grid tubes,
lest here too we encounter a stray and undesired antenna, or a
group of such antennas, enemies of selectivity, all!

Jansky Gives Remedy for

Prof. C. M. Jansky, Jr.. tivestigating WMCA-WGBS interfcr-
ence vi New York Cily, made several observations, tHiree of which
followr:

Observation No. 7 was made @ 5:45 p. ., at a fire station lo-
cated at 78-80 Main Street, Astoria, New York City., This loca-
tion is three-eighths of a mile east of WGBS. The intensity
trom WGBS the next day was found to be 82,500 mv. p. m., that
irom \WMCA 2300 mv. p. m., the ratio being 35.6. The receiv-
ing set in use was a Radiola 18 which, according to information
I have received. was manufactured in 1926. The receiver uses
three tuned circuits. The coils are shielded but the condenscrs
are not.

Using the antenna us installed it was not possible to receive
WMCA without interference from WGBS. However, it is of in-
terest to note that even after T had disconnected both antenna
and ground and removed the first two tubes from the receiver,
satisfactory reception from WGBS could still he obtained. This
proved conclusively that the radio frequency as received was not
passing through the various stages of the radio frequency am-
plifier and therefore the receiving set was not in proper oper-
ating condition.

This was the one location at which I was unable to secure
reception from WMCA without interference from WGBS, The
faults in the receiver as installed or designed were such that
they could not be corrected without completely disassembling
the set. The Radiola 18 was one of the very first alternating
current scts placed on the market and. as I have pointed out.
was built over threc vears ago. However, there is no question
but that had this sct been up to standard no interference would
have been experienced.

Observation No. 8 was made at 8:30 p. n.. at the home of B.
S. Drew. 31-21 29th Street. Astoria, New York Citv. No field
intensity observations were made at this location which is
three-quarters of a mile southeast from the transmitter. The
receiving set in use is a Freshman Masterpicce, the first three
circuit, single dial receiver manufactured bv this company. The
receiver uses three tuned circuits. neither condensers nor coils

Follow-Through Interference

bemg shiclded, and is operated from a B eliminator. This set
was manufactured several years ago and in my opinion is far
below the average standard of receivers in use to-day.

A type of interference was expected which, since it is rather
interesting, I will discuss in some detail. WGBS could he re-
ceived in great volume. As a dial reading was changed to de-
tune WGBS the signal irom WGBS disappeared entirely. How-
ever, in tuning in \WAMC\ signals from \WWGBS would appear
simultancously. The same phenomenon was experienced in tun-
ing in any of the other New York stations even those removed
several hundred kilocveles from WGBS Tt was particularly no-
ticeable tn tuning in- WABC operating on 860 ke.. separated from
WGBS by 260 ke, That is, in tuning in WABC, signals from
WGBS would also appear. although at all points between the
dial reading for \WABC and that for WGBS signals trom
WGBS could not be heard at all.

I experienced this tvpe of interference in a large number of
receiving sets in studies which I made in 1926. Investigation
has shown that it is due to the flow of grid current which is
produced in the radio frequency amplifier tubes.

It can be entirely climinated if a gril battery is inserted. Tt
heing impossible for me to insert a grid battery in this receiver,
I increased the plate voltage to the receiver. This tends to de-
crease grid current and in fact completely eliminated the inter-
ference. Apparently the receiving set had not been used with too
low plate voltage. Increasing the plate voltage not only elimin-
ating the interference but gave more satisiactory operation of
the receiving set in other ways.

Observation No. 9 was made at 10 p. m., at the home of Mr.
Charles Ketcliffe, 2302 29th Avenue. Astoria, New York City.
The receiving set in use was a home-made three circuit re-
ceiver in which neither the coils nor the condensers were
shielded. This set and one set at the home of Mr. Drew may
be considered as having selectivity characteristics far below the
average. The antenna in used had a length of approximatelv 50
fect.  WMCA could be received without anv interference from
WGBS whatsoever. This receiver location is five-eighths of a
mile east from the transmitter.
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Dynamic Sound W aves

Complex Pressures Handled in System That Capitalizes
the Even Harmonics

by John C. Williams

[The following article is the scventh of a conseculive series on
dvnamic speakers which began with the March 15th issue wherein
“Designs of Dynamic Speakers” was discussed. 1he pot magnel
or feld coil, the wvoice coil and the bafile were treated. The second
article, “A Comparative Test of Dynamic Results' appeared in
the March 22nd issie, in wwhich conparisons were made between
magnetic and dynamic speakers. In the March 29ih issue, “Hum

Reduction in Dynaimic Speakers’” was discussed. Reverse wound
coils and condenser-choke svstems were included. In the April Sth
issie, “Wawve Forms of Fum Reducers” was the topic. The use

of the bucking coil and some remedies for hum were discussed.
In the April 12ih issue the subject was “Why Coils Have Lay
and Condensers Lead” The effect of potential difference in atonic
stability was shown. The subject of the article tn the April 19th
issue was, “What Makes a Dynamic Speaker Sound So Weii”
The effect of bajiles. cone stiffness and dampers were among the
mechanical means analysed —Editor.]

OME sound curves of musical instruments are reproduced
S herewith. Years ago the importance of the study of sound,

while consistently advocated as a profitable branch of study
and intensively worked at by some students, was generally more
or less neglected hy the greater number of students of physics for
electrical subjects in general, and only recently has the subject of
sound come into its own with the advent of talking movies. Sound
mmeasuring problems associated with them, and color features, too,
share in the new interest.

There are three tvpes of wave motion, (1) by water, (2) by
light and radio and (3) by sound. In the previous article the
water waves were used as a basis of analogy mostly, but now
we shall describe the difference in order to clear up a point.

Radial Propagation of Water Waves

Water waves are propagated radially ontward trom the exciting
source’s axis as a result of an initial depression cansed say by a stone
dropping in. The stone falls to the bottom ot the lake. but the
surrounding water tends to #ll the depression due to the stone's
previous displacement, and the water rushes in so fast that the
hollow arca actually owerflotes momentarily. This requires water
which is supplied by the surrounding arca.

As the water tends to establish a stable level again the original
disturbance travels radially outward in pursuance oi this effect
of gravitation and the amplitude of the original wave disturbance
gradually grows less at a considerable distance radiallv (as com-
pared to the original amplitude of the wave) and finally dies out,
due to the inertia of the water, a considerable time later. Now,
i a sound were directed so as to travel through the water, rather
than on the surface. the time of fransit will be very much less,
hecause the under suriace compressibility of water is nil, compared
to the compressibility of the surface.

Light and radio waves are essentially electro-magnetic disturb-
ances and are propagated through space by virtue of their etfect
in displacing the atomic structure of the ether. It will be remem-
bered in this connection that the charge or difference of potential
between the terminals of o charged condenser was shown to be
dite to a temporary rearrangement of the constituent parts of the
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SOUND WAVES MOVE AWAY TROM A VIBRATING
MEMBRANE.
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FIG 2
THE CONNECTION BETWELEN SOUND WAVE MOTION
IN AR AND ITS REPRESENTATION As A CURVE OF
SINE WAVIEE CONTOUR.

atomic  structure of the condenser dielectric. The approximate
radial direction of propagation is the natural consequence of energy
at high levels seeking a common level.

Pressure Variations of Atmosphere

Sound waves are really nothing more than atmospheric pressure
variations, and because increasing air pressures are due to the air
being compressed, and decreasing air pressure is due to the air
heing removed or rarified. the sound wave i« said to consist of
compressions and rarefactions and these two terms arc sometimes
condensed to the expression “sound-pressure.

It was seen previously that water waves were an up-and-down
motion. but sound waves are a two-and-iro motion, (described last
week as a pass-it-along system). The air particles involved in
sound wave transmission merely move back and forth as the com-
pressions and rarelactions advance from their source, but it 1s
impossible to make a readily understandable graph of a sound
wave hv representing the exact state of things, therciore we have
{0 resort to an artifice which while not exact, is a convenient
and universally used fiction. So il we look at g 1 we see a
sound wave due to a wembrane being struck. and the same sound
wave again in Iig. 2, with its sine wave counterpart.

Tnspection shows that the maximum pressure point of the sine
wave curve corresponds to the point on the sound wave repre-
centation where the dots (which represent air particles) are closest
together. We know that when air particles are closest together
the pressure is highest. Thus is the compression.  Where they
are larthest apart is the point of vacuum or rarefaction, shown
by the bottom loops of the curve.

Lateral Cut and Hill-Dale Records

Now it was previously mentioned that there was a connection
between the sine wave outline on a phonograph record and the
actual sound wave output of -the source, hence if a comparison ol
the two wave records as detailed in Fig. 2 be made, the connection
ought to be apparent. Of course it is understood that between
the cut sine wave sound record and sound wave pressure source
(here is a train oi electrical receiving. amplifving and recording
apparatus which is incidental to the making of the sine wave sound
record. The Vicior records are transverse cut (laterai tvpe) and
the old IEdison cylinder and disk records were vertically cut (hitl-
and-dale type).

So much for comnected ideas in this respect. But we cannot
hope always to think and deal with simple sound efiects. Progress
in this. as with other things, always leads to the necessity of the
studv of the more complex state of the art and accordingly we
must make a resume of sound guality as applied to people’s voices,
loudspeakers. or any other two similar sound sources.

By this time it is probably apparent that if we all talked alike
a sound analysis of our several voices would look exactly the
same, and nnder these conditions vour voice would sound exactly
like mine and a third person could not tell who was talking. Now.
this would be the case if there were no such thing as sound

. quality, i.e., it is this quality that makes your voice sound different

(rom mine. Likewise it is the main reason why two loudspeakers
normally do mnot sound alike either. We customarily deal with
complex sound waves and the various effects thev can be made
to produce or reproduce.
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THEE COMPLEX RESULTANT OF TWO SIMPLE WAVES.
THIE UPPER ONE 1S THE RESULTANT.

Overtones Make for Quality

The basis of sound quality, the property that makes one complex
sound pleasant to listen to, and another complex sound unpleasant,
is the presence of owvertones (or sound frequencies that accompany
the principal sound wave hut bear a certain positive or negative
relation to 1t), aund their relative amplitude to the fundamental.

Overtones that are pleasant to listen to are those that bear a
simple relation to the fundamental, such as all even harmonics.
The major and minor chords are whole fractions of the funda-
mental tone to which they are related. But odd harmonics don't
mix well psychologically or otherwise and as a consequence they
have no place in symphonic compositicns, jazz or pleasant loud-
speaker reproduction, but as there is always a use for so-called
waste products. so there is for the odd harmonic and they find
their best and most forceful expression in the anto horn and other
warning devices. .\ portrayal of sound wave output of an auto-
mobile horn was made and proved very jagged.

As non-harmonious sounds are not interesting generallv, and
their study in relation to what I have in mind not specially useful,
at this point I shall return to the subject of complex har-

© monious tones.

The Simple Tones Analyzed

Fig. 3 shows two simple musical tones that are sounding simul-
taneously. The upper curve is what you hear because of the
mixture of the two waves below. This is only a single instance
of the resultant of acoustic mixture, but represents, in principle
at any rate, the additive process by which we hear complex sound
cffects. The upper curved line is obtained from the lower by
adding successive parallel positions of the two curves in the follow-
ing wanner:

Inspection will show that the axis A is common to both sound
curves. Now, if 1 measure the distance of the starting points
of curves A and B at similar instants of time along the time axis
I will find places where the two curves lie below the time axis,
while at other points the curves are above. At still other places
there 1s as much of A curve value below the axis as there is B
curve value above.

Now, these pressure changes vary in such way with one another
that their combined or resultant effect, as it is called, tends to
produce the irregular curve R. The successive points of curve R
therefore are obtained by adding up all the plotted values of
A and B.

We can start at the extreme left hand end on the curves A and B.
Here these are hoth seen to he below the axis. and since this
is so the sum of the two points below the axis gives a single
value for the R at the same time, nearlv twice as far below its
axis (the upper curve). The simplest plan is to divide the two
times axes into the same number of equal time intervals by placing
dots along each axis to designate the similar instants of time.
Then, using a scale graduated in any convenient units of length,
the distances of A and B above or below the line can be read easily,
and it is necessary to remember only that in places where the
A curve is farther below the axis than B is above, the resultant
curve position will be below its axis, and in the reverse case. if
A curve position at a given time is above the axis farther than
B curve is below, the resultant curve position will be ahove. Thus
the addition of these curves is seen to be algebraic and we hear
only sound that curve R represents, when the two simple sounds
A and B are sounding together.

Union of Amplexities

T suppose someone will now ask: “What kind of a resultant
pressure curve would exist if two complex sound pressure curves
were added up?”’ or, “What would simple and complex sound pres-
sure curves produce when added up?’ Each is another of those
easy-to-ask and hard-to-answer questions. Since the question is
#ssumed to have been asked. it must be answered.

The resultant of two complex sounds always will be a discord.
unless the two complex sounds each contain some simplv related
harmonics. The second case will produce the same effect as the

first modcrated by the respective amplitude of the single tone and
its harmonic counterpart in the complex wave form.

~ The addition of sound waves is an everyday occurrence and it
is also most natural and therefore the condition under which we
transmit and receive sound intelligence. After all, sound wave
transmission would be very irksome to listen to if composed of
simple tone frequencies alone. In last week’s article the influence
oi harmonics was only briefly discussed but now it can be gone into
at greater length, b

Variable Air Column

_We talked about the etfects that could be obtained with orean

pipes. Those werc the result of standing waves in an air column.,
But the air column was fixed and the fundamental tones and har-
monics obtainable were dircctly due to the manner in which the
orgamst caused the pipes to be blown. Let us consider for a
moment the case of a variable air column, the slide trombone.
Here the sound frequencies are due mainly to the length of the
tube, which is controllable. The farther the slide is moved out,
the lower the pitch of the emitted sound. The trombone provides
a continuously variable source of fundamental tones and usually
three prominent associated harmonics, all of which are higher than
the fgndameutal. There are lower harmonics, too, but their influ-
ence 1S not as prominent,

Another instrument rich in harmonics is the clarinet.

acoustical color and brilliance to an orchestra. The organ was
cited previously as a source of simple tones, but this is mainly a
property of the larger pipes so blown, that they speak their funda-
mental. Some organ pipes approach the upper limits of audibility
and intervening combinations of pipes are very rich in harmonics
also, but organ quality is largely in the hands of the organist,
upon whose skill depends whether he pleases you or not, whereas
an expert trombonist never can make a poor trombone sound well,
as a trombone is not subject to being retuned readily.
) The o_boe also produces a note of almost sine wave contour, and
its quality is very much at the control of the player. Of course
this controllability is somewhat necessary whenever any musical
mstrument is played. S

It lends

Components Determined

The analysis of complex sound waves is undertaken when it is
desired to investigate and determine the value of components that
make up a complex tone. Addition of sound waves, or synthesis,
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1s easy, but subtraction, or analysis, is very difficult and lengthy.
Some readily understood methods of sound analysis will be pre-
seuted for the benefit of those to whom this phase of the subject
is new.

Fig. 4 shows a section of a semi-spherical hollow light-weight
oval ball, with a large opening at onc end and a small opening
that fits the aural cavity more or less. The air column enclosed
by the ball is resonant to a given acoustic frequency. Now, vou
are supposcdly equipped with a number of these “resonators” and
vou listen to various components of a complex sound wave
(provided the selected source is sounding continuously) you can
pick out various resonant frequencies. The operation of this device,
called the Ilelmholtz resonator, is not affected by normal differences
in the uscr's hearing, because he is interested only in the relative
amplitude, or loudness, of the sound frequency he hears as he
listens through the resonator. This is a simple way of demon-
strating sound analysis and it depends mainly on the use of a
tuned cavity to detect the presence of resonant sound frequencies
in much the same way that you tune your radio set to respond
to a desired broadcasting station. In truth you are obtaining by
analysis the desired frequency from a welter of sound frequencies,
as the radio listener selects the desired frequency from those that
abound in the ether!

Harmonic Analyzer

A more exact method of analysis of complex sound wave pres-
sure recordings in sine wave form is the use of the harmonic
analyzer. This method is mechanical and depends for its operation
mainly upon the experience and skill of the operator and the accu-
racy of the curve analyzed. Loudspeaker cone responses may be
analvzed by mechanical means also. and accurate results obtained.
but a more popular method is to measure the sound-pressure where
a dete-mination of the amplitude of various cone vibrations is to
be studied. This method was outlined in the first article of this
serics and can be referred to.
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A simple and direct way of studying the vibration of a sounding
body at constant frequency is to arrange a series of light carbon
granule-type microphones in expanding spiro-planar or conical
spiro-planar form, and arrange each to be connected to an amplify-
ing device in such order that the microphone nearest the cope
center 1s connected at the extreme right and all the others m
succeeding order are situated so that the end of the “line up” is
the 1mcr0phone connection nearest the left-hand end.

This forms a sort of reversed series and if the cone now be
placed in vibration and successive readings of the amplified voltage
be recorded as ordinates of a curve, a wavy line of voltage varia-
tions will result which will mirror the standing waves set up on
the cone. The shape of this curved line will determine whether
the vibration response irequency of the cone contains harmonics,
and if so, whether odd or even. This method does not measure
longitudinal waves.

Flat Surface Radiation

The next part of our story is concerned with the radiation of
sound waves by a flat surface. Roughly speaking, flat membranes
(or surfaces) when vibrating as shown, propagate sound energy
away from the source, and the principal wave front is located on
or near the axis of the vibrating portion of the membrane, which
is its source. Now, this state of affairs is all right just as long
as the plate vibrates under conditions of equal atmospheric pressure
(on cither side of the plate) -and the vibrations set up by the
hammer are simple in character, as depicted. But suppose, to begin
with, that the plate is vibrated by five smaller hammers instead
of the single big onc. Will the picture change in any way? To
save time I'll say no. But if the plate now be struck on the edge,
that is, at right angles to the plane of the paper, the membrane
will emit a very different sound. It will be higher in pitch and
will seem not to possess the marked planar transmission charac-
teristics that the first system of excitation did.

This is called longitudinal vibration and it can be shown that
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APPARATUS TO DEMONSTRATE THE PRESENCE OF
LONGITUDINAL WAVES.

the membrane vibrates in a very peculiar manner when struck in
this way.

If a nearly uniform coating of lycopodium powder or fine sand
be dusted over the surface of the membrane and then the edge
be tapped squarely, the particles will assume a variety of different
curves at once, with a small circle in the center, then four irregular
lines joining the corners, then four semicircular lines on each edge,
then four semicircular lines on each edge are formed.

If the plate be bowed, the plate will be vibrated differently, but
the cutline of the various lines traced by the particles on the plate
neve? will be remotely outlined like the form of and when the
plate is vibrating transversely.

But even though the transverse and longitudinal modes of vibra-
tion are so very different, the influence of the longitudinal wave on
the quality of reproduction of a speaker cone is not slight, because
reflection effects in the cone material produce high frequency back-
ground noises and influence the pitch of the speaker, as differentiated
by the influence, or distortion, produced by the operating trans-
former, and the rate of transverse propagation on the cone.

Leongitudinal Pressure Detected

Fig. 5 shows a way of detecting the presence of longitudinal
waves in a metal rod. The body of the responsive pendulum is
just touching the metal rod, and the rod is securely held between
two cork supports, and may be rubbed firmly with a rosin-coated
flannel cloth. The rod will emit a high-pitched singing note and
the pendulum will vibrate vigorously. Also the rod may be tapped
lightly and a direct pulse will travel through. The pendulum will
move again. If the bar be given a transverse knock with the
hammer the pendulum will not swing, proving that we had end-to-
end vibration in the first place.

Fig. 6 shows the material of a speaker cone (greatly magnified)
under a condition of vibration. Previous mention has been made
of the fact that a speaker was louder in front of the cone than
behind but no complete wave form was given. Here it is now.
The compressions from various equi-radial points converge to
produce a sound image by interference and this resultant wave
front scems to come from the apex of the cone, but this is easily
secn not to be true, actually. Similarly other parts of the cone
produce images scemingly centered on the apex of the cone, and
thus the sound waves radiated by a cone give the illusion that the
source of sound is the center of the cone. That is, good speakers
do. It is one of the problems of the designing engineer to create
this property of illusion to its fullest extent.

The effect of longitudinal vibration in ‘the cone is to create the
background noises, which arc very helpful in creating illusion.

Measured by Comparison

Perhaps someone will want to ask whether longitudinal sound
effects can be measured usefully. They can, but only indirectly,
from observations of the transverse radiator. I{ you could be sure
that the conc edges moved outward radially, it would be easy to
mount the edge of the cone or microphones (carbon granule
type) and sec how the registered variations at this edge would
compare with those due to the transverse vibrations.

The interesting feature about all sound output measurements in
whicih conical membranes are involved is the great diversity of
results obtained, and on this account one can amass & wealth of
experience in a very short time.  Somcone will ask: “Do speaker
cones emit simple tones, as for instance, like those of the big
organ, when the pipes are blown, so as to sound the fundamental
frequency?” The answer is yes. All loudspeakers have a funda-
mental frequency. [n most modern speakers this fundamental is
near 100 cycles, although it is not absolutely pure, having weak
higher frequency harmonics, or inharmonic higher frequency tones
mixed in with it, which vary in prominence according to the
amplitude of the fundamental.

The desired loudspeaker is one that will radiate all uniformly-
1mplesscd electrical audio frequencics as uniform acoustic fre-
quencies, 4.e., will have a flat response output characteristic. The
ideal may be approached but never can be attained. Most of us
want a lot of boom in our specakers, i.e., a large response at between
80 to 120 cycles, and are even \\111111g to forego a certain amount
of realism in reproduction by excluding by means of filtering devices
all frequencies above 4,000 cycles.

Listener’s Range of Hearing

The audibility range is subject to more than one definition as
to its limits but judging by the reactions of some radio enthusiasts,
especially as regards their taste in loudspeaker reproduction, their
audibility range must be between the points where their hearing
is best! It would bc very serious for the rest of us if some of
these folks were sound frequency censors.

The energy of harmonics plays a big role in the analysis of
loudspeaker cone output. This topic may be found fully treated m
Professor Dayton C. Miller’'s “The Science of Musical Sounds.”
This particular curve relates to the analysis of an organ tone pro-
duced by blowing a large organ pipe so that it produces a lot of
harmonics—the analyzed curves follow bhelow the resultant in
numerical harmonic order and the 8th and 12th harmonic are seen to
have a very considerable portion of the energy of the whole tone.
In a loudspeaker the same thing is true to a degrec—except that
the harmonic is dictated largely by the period of the associated
baffle device—heing influenced more by box-like baffles than by
large flat boards.

Fig. 7 shows the essential arrangement of a device to project
the resultant wave form of the output of a sounding body on a
screen. The diagramm is practically self-explanatory but a brief
resumé will be given.

How Phonodeik Works

A brilliant source of light (arc light) is placed behind a con-
denser lens which transforms the radially impinging light rays to
parallel rays, and these in turn pass through the lens system and
strike a small light-weight mirror, which is rotatably mounted on
a light-weight steel pivoted axle. A quartz fibre is attached to
the dlaphxagm and passes around the axle two or three times and
is attached to the spring, which places the whole moving system
under a slight tension.

The light beani, already focused on the small rotatably mounted
mirror, is reflected to the four-sided rotating mirror shown, and
this mirror is now started, resulting in an arc of light being pro-
jectedd on the whole screen. Next the organ pipe is sounded by
blowing it easily, adl the arc of white light on the screen assumes
the form of the curve shown in Fig. 2. Thus we can see what
our organ pipe tone looks like. Also, tuning forks, violins and
voices arc casily projected. (Continied Next Week)
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An Accurate Method of Ma

Vacuum Tube Voltmeter, Much Keener Than Human

By Capt. Peter
i i RH g
IF'1G. 1

Eb
s
TIE CIRCUIT OF A VACUUM TUBE VOLTMETER
THAT Mf\\Y BE USED FOR MAKING ADJUSTMENTS OF
A CIRCUIT FOR HIGHEST EFFICIENCY. THE TUBE IN
QUESTION MAY BE EITIHER THE DETECTOR OR THE
POWER TUBL.

changes 1 their circuits hy ear. That is, if they make any

change whatsoever they listen to the effects of that change.
1i the change results in louder response, or better _qualn_v, the
circuit is left as changed, or it is changed further in the same
direction and manner, but if the change results in a ~weaker sound
output, or poorer quality. the circwit 1s ¢1the_r left in jls_m'_xgmal
condition or a change in it of opposite kind is made. This is the
tuning method employed i nearly all instances and ot s ol.lcn‘
used in selecting plate and grid voltages, 1 adjusting trunming
condensers, and m selecting tubes.

This method is all right as long as the changes to Dbe effected
are of major nroportions. [f a change which alters the perform-
ance onty a little bit is to be made, the ear method of judgment
is not sensitive enough because the car does not possess sulficient
resolving power in respect to differences in volume u}tcnsny: For
example, in many reccivers the volume f{‘O}\l_ a pa}‘hcnlar_ slatl!oil
appears to be cyunally strong over several divisions of a tunmg dial.
\ctually. there is one point where it is stronger than at {111 others,
assuming correct and conventional design oi the tuner. The object
of tuning is to find this poit. It camnot be done accurately by
ear for the reason just stated.

! MATEUR radio experimenters usually judge the effects of

Use of Milliammeter

In reccivers having grid bias detectors a very keen method of
telling which of two adjustments js better is provided by putting
a milliamnieter in the plate circuit ot t.he_dete(‘.tpr tube. It the
recciver is not of the grid bias tyvpe, it 15 a simple matter to
arrange it temporarily so that it works in this wav. ‘The circuit
arrangement of a grid bias detector with a meter m the plate
circuit is shown in Fig. 1, in which M is a milliammeter measur-
ing directly the rectified plate current and indirectly the Slg’ﬂ_l'l.-
voltage impressed on the grid. 111‘e greater thp signal voltdgﬁ
impressed on the grid the greater will the deflection on the 11}ete1
le. assuming that the grid bias has been adjusted to the right v.llyp.

In case the detector operates on the grid Dias principle the grid
battery Eg or an ecquivalent grid bias resistor is provided and it
1ts not necessary to make any chzx_ng‘cs in ﬂlC.CII'CU.lt‘ except to
put the milliammeter in the plate circuit in series wnl] a sqﬂ;nl)le
rheostat Rh to limit the current to a sm}ablc value. The primary
of the conpling transformer normally in the plate circuit need
not to be taken out, and i some instances 1@ 1S 1Ot necessary to
remove a plate coupling resistor that may be in the circuit. How-
ever, if the detector tube is followed by a resistance coupling 1t 1s
well o put Rh in shunt with the coupling resistor.

Eb in the figure indicates the plate battery voltage. Of.cour_ccn
this, too. is provided in the receiver and therefore no special pro-
ced be made.

VISI]?nthl(z(?eicei\ezer employs the grid leak-condenser method of (leteg—
tion the condenser may be shor.t-cvrcmt_ed. and the grld return
made to a suitable negative potential. This is most easily provided

g ry Eg.
by @ i £ How to Use It

It will be recognized that the c_ircuit m l"ig: 1 is npthm_q hut
a vacuum tube volimeter. Now if the tube in question is the
recular detector in the receiver, that is simply qsed as a vacuimm
tube voltmeter. The only dIFfP.rence between this an_d a_conven-
tional vacuum tube voltmeter is that the detector circuit is not

calibrated in volts, while a vacuum tube voltmeter is. lor the
purpose of noting rclative cffects of changes introduced into a
circuit it is not necessary to know what the voltages are, but
only to know whether a given change results in a greater or
smaller signal voltage on the grid of the detector tube. The
greater the deflection on the meter M the higher is the signal
voltage on the grid of the tube.

As a test of the effect of the signal voltage on the deflection
on the meter M it may be tried on a broadcast station. When
the station is not tuned m the deflection on the meter is verv
small, and it should be adjusted by means of Rh so that it is.
Then when the station is tuned in the deflection increases to a
certain maximum. As the circuit is detuned by turning the con-
denser in the same direction the deflection again goes down to
@ very small value.  This experiment may be done while listening
to the station. This will give a striking comparison between the
volume ol sound and the deflection of the meter.

Having established the correspondence between the deflection of
the meter and the intensity of the signal voltage on the grid of
the detector tube, we are ready to make usc of the meter to stab-
lish which of two adjustments is the better. |or example, it can
be used to find the exact tuning point, which cannot he done by
listening alone.

Suppose that the circuit has been tuned in accurately on a given
station by this inethod and it is desired to find what grid bias
on the radio frequency tubes will give the greatest response. The
bias is simply changed by definite voltage values, say 1.5 volts at
a time, and the meter is observed for the greatest deflection. That
which gives the greatest dellection is the bias that gives the greatest
amplification. This does not necessarily give the final adjustment,
however. for there are other [actors entering into the choice of hias.

The Best Screen Voltage

In the same manner the best screen grid voltage can be found
by varying the voltage applied and observing which gives the
greatest dcfleetion on the meter M. Of course, it is understood
that the tuning should not be changed while an observation is in
progress, and also that the strength of the signal from the station
should not vary. It would not do to tune in on a distant station
subject to fading, for entirely wrong conclusions might be reached.
i any at all,

The effect of changes in the plate voltage on the amplification
can be determined in the same manner, qualitatively.

The effect of shielding on the amplilication can also be studied
£y meauns of this instrument, although this is a little more complex,
because when « shield is removed or installed the circuit involved
15 detuned.  The circuit then would first have to be funed in accu-
rately with the shield off and the deflection on the meter M noted.
Then the shield should be put on and the circuit again tuned in
accurately, with the aid of the meter. and the deflection again
noted. Comparing the deflections obtained when the shield was
on and off gives a relative estimate of the effect of the shielding.

\When the receiver is gang-tuned it is necessary to tune the
circuit from which the shield is removed separately because other-
wise spurious results will be obtained.

Suill another application is to the determination of the effect of
cotipling between the primary and secondary windings in a radio
trequency transformer. For example, the first observation nay
be taken when the primary has a large number of turns. Then
the turns may be removed, five at.a time or so, and an observation
taken at each time. As a rule, there will be a greater deflection
for one combination of turns than any-other. This experiment
should be conducted on a broadcast frequency in the middle of the
band. say 950 kilocvcles.

Uncertainty of Signal

There is one disadvantage of using a broadcast signal as a
source ol voltage when making these tests. and that is its continual
variation due to modulation. The time to take an observation is
when there is no sound. or when the carrier is unmodulated. This.
however, does not occur often nor for anv length of time when
it does occur. If one had to wait for unmodulated signals it would
take a long time to make a series of tests. Therefore it is prefer-
able to provide a local signal, which may be done by setting up
a small oscillator and coupling it loosely 10 the input of the radio
receiver, or the apparatus under test. The circuit diagram and its
design constants are given in Fig. 2.

While the signal from this oscillator mav varv a little, it will
remain fairly constant if the filament, grid and plate voltages are
kept constant during a run and if the coupling between the oscil-
lator circuit and the receiver is maintained the same throughout.
AMorcover, it will be unmodulated, which is important.

The method described here for determining the intensity of the
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king Receiver

Ear, Enables Precise Alignment of
V. O'Rourke

signal voltage at the detector is especially suitable for adjusting
the trimmer condensers on a gang-controlled receiver.
receiver is tuned in as accurately as possible, using the mecter as a
guide. Then one of the trimmer condensers is adjusted until the
deflection on the meter is as high as it can be made by adjusting
this condenser. Then the next condenser is adjusted in the same
way, and so on until all the trimmers have been adjusted. It will
be found that the deflection can be increased greatly by trimming
up the circuit in this manner. It should be remembered that the
greater the deflection the more sensitive the receiver will be, be-
cause the detlection is a direct measure of the intensity oi the
audio output of the detector.

Audio Measurements

While the detector in the recciver can be used as vacuum tube
voltmeter for measuring the cffects of changes in the circuit ahead
of that tube, it cannot be used for measuring effects of changes in
the audio amplifier, but the method is applicable to the audio am-
plifier as well, because it is only necessary to convert the power
tube to a vacuum tube voltmeter. The simplest way of doing this
is to connect the milliammeter, in series with a high variable
resistance, in the plate circuit of the output tube and changing the
grid bias until practically no plate current Hows when no sig-
nal is being impressed on the grid to the tube.

When measurcments are made on the audio amplifier a broad-
cast signal cannot be used because the audio component will vary
from zero up to rather high values without any consistency.
Neither can the local radio irequency oscillator be used because
that would not yield any audio signal voltage. However, two
radio frequency oscillators such as that shown in Fig. 2 can
be used, provided that they are adjusted to slightly different fre-
quencies, to provide an audio signal of constant amplitude. If it
is desired to run a performance curve, it may be done, but in this
case the radio frequency oscillators as well as the vacuum tube
voltmeter should be calibrated.

Precautions Unneccessary

In adjusting either the detector or the output tube to be a
vacuum tube voltmeter precautions are necessary to prevent dam-
age to the meter in the plate circuit. In the first place, the re-
sistance in series with it should be so high at the beginning that
no damage can occur even il the grid bias on the tube has not been
made greatly negative. Then the bias should be increased until
practically no current flows. It is necessary that the bhias be so
high that the tube is operated near the plate current cut-off point,
for only there will the tube function effectively as a rectitier of
the signal voltages applied to the grid. A little experimenting
will show the bias that will cause the greatest change in the
plate current when a given signal voltage is applied, and that is
the bias to be sought.

When only small changes in the signal voltage are expected the
resistance in series with the milliammeter may be made smaller so
that small signal voltage changes will produce large changes in
deflection of the meter. If it takes a change of several volts to
change the deflection of the meter from its zero setting reading to
full scale reading, this method is not much more sensitive than the
ear, and therefore such an adjustment of the grid hias and the vari-
able resistance should be avoided when accurate adjustments of
the circuit are to be made.

The value of the resistance Rh depends on the tube used as
volimeter on the plate voltage applied, and on the sensitivity of
the meter M. Suppose the meter has a range of 0-1 milliampere
and the total voltage in the circuit is 180 volts, the resistance
in the circuit cannot be less than 180,000 ohms. Of course, the
portion of the resistance used will not be so high because the
internal resistance of the tnhe will be high when the proper bias
has been found.

In the case of a 227 tube with 180 volts in the plate circuit
the proper bias for most effective detection is about 24 volts.
Tn the case of a 245 power tube with 250 volts on the plate the
proper bias for detection or voltage rectification is about 70
volts. With these voltages applied to the grids the resistance in
series with the meter may be reduced considerably without danger.

Other Meters Applicable

While it is desirable to use a meter of 0-1 milliampere sensitivity
less sensitive meters can also be used. It is only necessary to use
a lower resistance in series with it. For example, a 0-5 milli-
ampere instrument can be used successfully. For this meter the
maximum value of the resistance might be of the order of 50.000
ohms. It is also possible to use a low range voltmeter in place
of the milliammeter hecause a voltmeter is nothing but a milli-
ammeter with a resistance built in. The external resistance in that

First, the-

djustments
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FIG. 2
TIIE CIRCUIT OFF A RADIO FREQUENCY OSCILLATOR
THAT MAY BE USED IFOR SUPPLYING THE UNMODU-
LATED SIGNAL VOLTAGE NEEDED FOR MAKING
MEASUREMENTS WITH THE VACUUM TUBE VOLT-
METER.

case, of course, would be less than when a milliamumeter is used.
The total resistance of a voltmeter is the product of the ohms
per volt and the voltage range of the meter. For example, if the
resistance per volt is 2000 ohms and the range of the meter is
0-7.5 volts, the total resistance is 1,500 ohms.

Current Drain Heaviest
by Far for Power Tube

The design of modern sets is such that the current drawn by
the detector and voltage amplifier is almost negligible in comparison
with the current drawn by the power tube. A 245 tube, for example,
takes normally a current of 32 milliamperes. The remaining tubes
take an average of 3 milliamperes or less per tube. It would require
10 voltage amplifier tubes at this rate to draw a current equal to
that drawn by the power tube. If the power pack operates at 80
milliamperes and the bleeder current is taken as 30 milliamperes,
there is enough current for six voltage amplifier tubes, besides the
power tube, assuming that each voltage amplifier takes 3 milli-
amperes.

With the gain in the use of screen grid tubes, high mu tubes, and
resistance coupling, the current drawn from the power pack is con-
tinually being reduced, while that drawn by the power stage is
being increased. The tendency to reduce the number of tubes in the
audio amplifier also reduces the requirements on the B supply, at
least as far as the voltage regulation goes. It appears now that
the time will not be long before there will be a single audio tube
on the power supply, the remaining tubes being radio frequency
amplifiers.

In the Loftin-White amplifiers there is even a greater difference
hetween the current in the power tube and the tube ahead of it.
For example, the power tube takes about 32 milliamperes and the
tube ahead not more than about 50 microamperes. This is one of
the main differences between a voltage and a power amplifier.

When a 230 tube is used in the Loftin-White the difference is
even greater. That tube takes a current of 55 milliamperes where-
as the tube ahead of it is often adjusted to take less than 50 micro-
amperes. There is then a ratio of about 1,000 to 1.

It is obviously an advantage from the point of view of economy
to arrange a circuit so that only the last tube takes a considerable
current, that is, to use some form of resistance coupling. Not
only can the B supply be built on more modest proportions, but the
tubes, exclusive of the power tube, will last much longer. Indeed
they will last almost indefinitely in a resistance coupled amplifier.
And then we have the superior quality as a clear gain on top of
the economy.
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Sidebands Explained

Modulation Does Not Change the Frequency of
By . E.
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(a) A RADIO FREQUENCY WAVE OF AMPLITUDE A.
(b) AN AUDIO FREQUENCY WAVE OF AMPLITUDE

¥A. (¢) A COMPLEX WAVE RESULTING CROM MODU-

LATING (a) WITH (b), THE PERCENTAGE MODULA-

TION BEING k/100. THE SCALE IS SUCH THAT
k EQUALS 2/3.

NE immediate result ol the debate on sidebands that ap

peared in the March 22 issue of Rapio WorLb was a large

number of letters proving that the subject is still debatable,
debated and misunderstood. Do sidebands really exist?  The an
swer must be that they do not. Yet they do in one sense.
Engineers who talk elibly of sidchands know exactly what they
mean, and as far as they are concerned they really exist.  Yet,
thev don’t. Is therc any wonder that the subject should be
debatable and misunderstood ?

One current misconception of the meaning of sidebands is that
the carrier frequency of a modulated signal varies continually
within the two sideband limits. I‘or example, if a certain carrier
frequency is modulated by audio signals ranging from zero to
10.000 cycles it is thought by some that the carrier frequency con-
tinually varies between the limits 10,000 cvcles above and 10,000
cveles below the unmodulated carrier frequency. This conception
is bhased entirelv on misunderstanding of what is going on. The
carrier frequency remains constant all the time. or at least it
should in a well-modulated signal. 11 has no width in the radio
specirum, but has merely a point location. Ii, for example. it is
1.000 kilocycles when it is unmodulated it is 1,000 k¢ when it
is modulated, and that whether it is modulated with a frequency
of 30 per second ar 10.000 cycles per second.

Wobbulatien

There is one exception. In the early days of broadeasting the
carrier irequency did vary a little as a result of modulation.
but the variation did not depend on the frequency of modulation
but on the amplitude. Neither did it vary hy amounts compar-
able with 10000 cycles. The greatest variation was probably
not more than 200 cycles in the worst of transmitters. This fre-
quency variation due to modulation was called “wobbulation.”
Tn modern transmitters there is no wobbulation. The Federal
Radio Commission will not tolerate it and the broadcasters them-
selves do not desire it. This kind of frequency variation does
make the signal “hroad” and it is for that reason that it is taboo.
We need not consider it further.

We repeat for the sake of avoiding a misunderstanding that
the carrier irequency of a broadcast station does not vary during
modulation. Tt is fixed at a certain number of cyvcles per second.

Tt is contended hy one group that a modulated wave is a radio
wave the amplitude of which varies according to the frequency
and amplitude of the modulating signal. They are right. Tt is
contended by another group that a modulated wave is equivalent

to three waves, the carrier and its two side frequencies, with
certain quantitative relationships among the amplitudes. They,

A too, are right, provided they make certain reservations, which they

always do, either explicitly or implicitly.  Those who understand
the problem do not debate it at all. They admit the equivalence
of the two viewpoints and make use of it whenever it is con-
venient to do so. However, there have been a few instances in
which those who did understand the problem have argued against
the effectual existence of side frequencies, but thev have done so,
it seems, because of commercial expediency.

Meaning of Sidebands

Too irequently the term “sidebands’™ is used when the meaning
15 “side frequencies.” [t is improper to speak of sidebands when
a certain radio irequency carrier is modulated by a single audio
irequency signal.  One should speak of the carrier and its two
side irequencies.  T'he complex signal resulting from the modula-
tion, aiter having been resolved into its three components, does
not occupy a band i the frequency spectrum. It occupies three
distinct points, for there are three distinct frequencies. If the
carrier irequency is 1,000,000 cycles and the modulating frequency
15 100.000 cyeles, the three distinet irequencies are 1,100,000, 1,000.-
000, and 900.000 cvcles per second. There is no band of frequen-
cies 200,000 cvcles wide occupyving the spectrum space hetween
1,100 and 900 kc. If there is 10 he a band there must be Ire-
quencies ol cvery gradation between the limits. The fact is there
are only three irequencies, and they occupy definite points in the
spectrim.

It there arc many modulating frequencies 1mpressed on the
saime carrier there will he two side irequencies for each modulat-
mg frequency.  These modulating frequencies may be impressed
on the carrier simultancously or in rapid sequence. If they are
modulating simultaneously the scveral pairs of side frequencies
will co-exist, but if they are modulating in sequence only one
pair of side frequencies will exist at a time. This is obviols.

Analogies of Side Frequencies

Does the sidchand conception have no place in the scheme? It
does in connection with the apparatus used for producing modu-
lation, detection, and tuning. 1f the modulating frequency is likelv
to have any value between zero and 10,000 cycles per second. the
apparatus must be designed so that it makes no difference in the
fmal results in respect to volumie what the value of the modu-
lating trequency happens to he. The equipment must be designed
so that it will handle any frequency in a certain band of the
spectrum. It is this band that is called the sideband. lTor example,
i the modulating frequency is likely to have any value up to
10,000 cyvcles and the carrier frequency is 1,000 ke, the equipment
must be designed to handle any irequency lving in the band of
the spectrum between 990 and 1.010 ke, the two sidebands being
the two slices out of the spectrum that lie between 990 and 1.000
ke and 1.000 and 1010 ke. The first of these is the lower side-
hand and the sccond the upper side band. The sidebands are the
loct of all the side frequencies that may occur as a result of
modulation by frequencies lying in a given hand of the audio spec-
trum.

It may help to illustrate the meaning and production of side fre
quencies by drawing on analogies.  Suppose two automobiles are
traveling on the same highway., irst in the same direction and then
in the opposite direction.  Let one of them travel at the rate of 3
miles per hour and the other at 75 miles an hour. In this case
the lower speed corresponds to the modulating frequency and the
higher speed the carrier {frequency. We might call one the modu-
lating speed and the other the carrier specd.

When the two cars are moving in the same direction the relatize
speed seems to he 70 miles per hour, that is, the carrier speed minus
the molulating speed. Thus 70 miles per hour would be the lower
side speed. corresponding to the lower side frequency. Ii the cars
are traveling in opposite dircctions the relatizve speed appears to be
80 miles per hour. This would be the higher side speed, corre-
sponding to the higher side frequency.

Extending the Analogy

Are these side speeds real, or are thev mere mathematical fic-
tions?> To anvthing stationarv they do not exist at all, but in so
far as the two cars involved are concerned, they are real. Suppose
the two cars should collide. There would be greater damage if
they collided when going in opposite directions than when going in
the same direction. and the difference would be in the proportion
of the relative speeds, 80 to 70. This ratio is not great and con-
sequently the amount of <damage wonld not he greatly different.
For a similar reason when the ratio of the two side frequencies
in a modulated radio wave is small, the same tuner will hring in
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by Familiar Analogies
the Carrier— Conflicting Conceptions Reconciled
Anderson

both without much relative suppression to either, or it will reject
both with nearly the same damage.

Let us extend this analogy by making the ground speeds of the
two cars very nearly equal. [‘or example, let the speed of one
be 51 miles per hour and that of the other 49 miles per hour. The
upper side speed, as we have called it would then be 100 miles
per hour and the lower side speed would be only two miles per
hour. 1f the cars should now collide going in the same direction no
damage would result, but should they collide while going i op-
posite directions there would be great damage. No one would argue
against the assertion that the relative speeds are real. If any one
should have the temerity to do so, he would change his mind by a
moments consideration ol the consequences of a collision should he be
in one oi the cars.

Zero Beat

analogy by assuming that the two cars are
traveling at the same speed of 50 miles an hour with respect
to the roadway. One of the relative speeds would still be 100
miles per hour but the other would be just zero.

We have similar situations in radio. Suppose the two side fre-
quencies had ratios 50 to 1, the ratio oi the two relative car
speeds. One tuner could be adjusted to either but not to hoth at
the same time. If it is adjusted to oune it would do great daumage
1o the other, or in other words, it would suppress it.

There is also a correspondence between the two cars going at
the same speed and radio phenomena. The zero relative speed
finds its counterpart in the zero beat and the double relative speed
finds its counterpart in the sum {requency. Those who have tried to
hold two oscillators at zero beat know the difficulty of doing so.
There is much growling indicating that the relative frequency of the
oscillators is changing. It is also difficult to hold two cars going
at exactly the same speed, and hence to maintain a given distance
between them when they are going in the same dircction.

We might extend the

Doppler’s Principle

Let us take another illustration of the production of side fre-
quencies due to relative motions. one which is familiar to all students
of physics. Suppose a person is riding on a traiun past a road
crossing at which there is a bell. On the approach of the train the
hell is heard at a given pitch. At the instant the person on the train
passes the bell there is a marked lowering of the pitch. Docs the
bell ring with one pitch when the train is approaching and with a
lower pitch when the train is receding, or is it ringing with the
same pitch all the time? Obviously. the pitch of the bell does not
change just because a train is passing. The train does not change
the make-up of the bell.

Nevertheless, the person riding on the train can liear the pitch
change. \What makes the frequency of the sound {rom the bell
change? Arc the two frequencies heard by the passenger mathe-
matical abstractions or are they real frequencies that affect the
ears of the passenger in i normal manner?  Or does the ears ol
the passenger change the instant he passes the bell?

When the train approaches the bell. the frequency heard by the
passenger is higher than that emitted Dy the bell, and when the train
recedes, it is lower than the frequency of the bell. The approach
frequency is the upper side frequency of that of the bell, and the
recession irequency is the lower side frequency. These frequencies
are just as rcal to the passenger as any other sound that he may
hear. They exist to the passenger but 10t to a person standing near
the bell. The change in the pitch of the bell as observed hyv the
passenger is known as the Doppler Principle.

The change in the pitch is due to the relative motion of the train
and the sonnd waves from the hell. When the train is approach-
ing it meets the waves. that is, the succession of condensations and
rarefactions of the air constituting the sound wave. Consequentlv the
person on the train perceives a greater numher of these sequences
per second than he would do il he were standing near the bell.
\When the train is receding. on the other hand, the train moves in
the sane direction as the sound wave, and the passenger perceives
A smaller number of condensations and rarefactions of air per sec-
ond. The number of such changes in the air pressure on the ear
drum determines the pitch. or frequency, oi the sound. Tlence the
pitch is lower on rccession than on approach.  To the person on
the ground near the bell there is no change in pitclh provided he
himself is not moving toward or away from the hell.

Returning to Radio

The Doppler effect was ohserved experimentally and then it was
explained mathematically. It is interesting to observe that the
mathematical form of the expression for the two side frequencies
in the case of the Doppler effect is not unlike the expression for the
side frequencies in the radin case.

In FFig. 1 we have a set of curves representing (a) an unmodu-
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(a) A CURVE REPRESENTING THE LOWER SIDE FRE-
QUENCY CONTAINED IN THE COMPLEX WA\ £ (¢) or
FIG. 1. (b) .\ CURVE REPRESENTING THLE UPPER SIDE
QUENCY CONTAINEeD IN THE COMPLEX WAVE (¢) OF
AMPLITUDES ARE DRAWN TO SCALE BUT NOT TO
FREQUENCY.

o

luted radio irequency wave, (b) an audio [requency wave, and (¢)
a modulated radio frequency wave resulting from the combination
of the curves in (a) and (b). In (c) the wave starts unmodulated,
goes through two cycles of modulation, and imallv ends up un-
modulated.  The two curves inclosing the modulated wave are
called the envelope of the curve. The envelope is not a part of
the curve and should be disregarded. In fact, it was drawn only as
a guide for obtaining the proper amplitudes of the modulated wave.

The Question

Now the question is, "Does the modulated wave consisi ol a
radio frequency wave the amplitude of which varies m accordance
with the amplitude and frequency of the modulating waves?” Ob-
viously it does. \Where, then, do the side frequencies come imn:
None is shown in the drawing of the modulated wave.

It is herc that mathematics come in. The complex wave in (¢)
can be expressed in mathematical terms as

e=A(JHkeosyt) SInpt ... (1)

in which e is the intensity ot the complex wave at any instant of
time t. A is the amplitude of the carrier wave (a), k is the rela-
tive modulation, ¢ is 6.28 times the [requency of the audio wave
(b), and p is 628 times the frequency of the radio wave (a).
When k is zero the carrier wave is unmodulated and when it
is unity the wave is 100 per cent. modulated. In (c) the value of
k is 2/3 and the wave is 67 per cent. modulated.

The trigonometric terms cosqt and sinpt merely give the wavy
form to the curves in (b) and (a) respectively. Their occurrence
in the expression ior the composite wave show how they enter
to produce the complex wave. The factor (14-kcosqt) is that which
causes thie amplitude of the wave to change.

It can be shown hy simple trigonometric transiormation of
the expression in (1) that this expression is identically equal to
e— \sinpt--0.5kAsin(p—) t-+H0.5kAsin (p-4q)t 2

T'his expression represents three distinet waves similar to that
in (a) of Fig. 1. In fact the lirst term on the right of the equality
sign represents that wave without alteration. [t 1s the unmodulated
carrier term. The second term represents the lower side fre-
quency, and p—q is 6.28 times the side frequency. The third term
represents the upper side frequency, and p-+q is 6.28 times that
frequency. The awplitudes of the side irequency terms are equal
to each other and cqual to ¥4k.\. Thus if the per cent. modulation
is 67 and the amplitude of the carrier is 60 millivolts per meter,
the amplitude of either side frequency wave is 20 millivolts per
nteter.

Equivalence of expressions

Since the two expressions in equations (1) and (2) are mathe-
matically equal and physically equivalent it makes no difference
which is used in studying modulation phenomena. If certain re-
sults are obtained by considering the expression in (1), that is. the
variable amplitude conception, the same results must necessarily be
obtained by considering the expression in (2), that is, the conception
of a carrier wave and two side frequency waves. In various studies
the desired results are more easily arrived at by considering equa-
tion (2) and for that reason it is used. Ior exaniple, in studying
the effects on the modulation of tuning it is easier to consider the
complex wave as composed of three independent waves of shightly
different frequencies and comnputing the suppression of those which
are off tune.

Suppose that carrier irequency is quite different from either of
the side frequencies, and that a very sclective tuner is adjusted
10 the carrier frequency. It is clear that the two side frequencies
are supnressed in a degree depending on the selectivity of the cir-
cuit and the relative amount by which the side frequencies differ
irom the carrier frequency. 1his is easy 1o sce after the complex
wave has been resolved into its components. but it is not at all easy
to se€ it when it is in its complex form.
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Resolved, That RF is G:

AFFIRMATIVE

By Lewis Winner

N view of the facts that only tubes amplity and that a high
I degree of sensitivity is admittedly desirable it is obvious that

it is also desirable to have receivers of manyv tubes. It is more
than desirable, it is necessary. llow clsc can a high degree of
sensitivity be  obtained when nothing provides it save tubes?
Less than a decade ago we did not use tubes in receivers at all.
Crystal scts were in vogue, and practically all receivers outside of
the large laboratories were of this tvpe. With one of these receivers
it was possible to listen to a local broadcast station with a sensi-
tive headset, provided that every precaution had been taken to
conserve the extremely fceble signals that were at that time in
the air. A loudspeaker was out of the question and very few people
thought ot the possibility of using omne.

After a short time it was found that better results—londer and
clearer signals conld be received with a tube detector, especially
1t that tube was made to regenerate, and consequently crystals
were rapidly displaced by tube receivers. DX became a new term
in the radio fan's vocabularyv and lists of distant stations received
came into being.

Tubes Multiply

Before the eflicacy of more tubes was realized every means
was taken to make the receivers of ‘that day more and more sensi-
tive. Experiments were made with variable grid leaks, variable
grid condensers, special detector tubes, variable by-pass condensers
in the plate circuit, antennas of every description, grounds, coils,
tuning condensers, and different headsets. While a great deal was
accomplished in this manner, real DX with good volume was
unknown,

And then came the idea of using tubes for amplifying the
detected audio frequency signals. First one stage of awdio. then
two, three, and sometimes four and five. Plenty of volume could
be obtained for the headset, and soon it was realized that a loud-
speaker could be used to advaniage. This change was Dbrought
about by using amplifyving tubes. It was found desirable to use
at least two stages of audio frequency amplification. However,
more than two did not work out so well because there was too
much amplification for the tubes and the speakers then available.
This practical limitation was not against the use of more tubes
for amplification, but against the size of the tubes and the capa-
bilities of the spealkers. )

The need for greater selectivity—greater than could be obtained
with one tuner and regencrative detector—arose, and that brought
into use another tuner and a radio frequency amplifier. The first
radio frequency amplifier tube was not primarily added to increase
the selectivity but to prevent radiation from an oscillating receiver.
But it was soon realized that both increased selectivity and radia-
tion prevention could be secured by the addition of a radio fre-
quency amplifier. Tt was not long before no one ever thoughg of
building a receiver which did not have a radio {requency amplifier
tube ahead of the detector. Its desirability was seli-evident, and
nothing has arisen since then to change the situation in the direc-
tion of fewer tubes.

Tubes Continue to Multiply

If one radio frequency amplifier ahead of the detector was
desirable, then certainly two of them would still be more desirable.
That it was is attested by the phenomenally rapid rise of the Neu-
trodyne, a circuit containing three tuners, two radio frequency
tubes, and a detector. The circuit for the first time made traus-
continental reception a reality, and it made unique reception a
fact. That is to say, it made it possible to select the desired
station and to exclude all stations momentarily undesirable.

Was it the tuners that made trans-continental reception possible?
Of course not. It was the two added tubes that did the trick.
They amplified the fechle radio impulses from the remote stations
and made them as strong as if they had emanated from a local
station. The tuners added made the selectivity satisfactory for
such high sensitivity as the tubes provided. )

When the Neutrodvne was ultimately displaced it was not hy
any receiver having fewer radio frequency amphﬁqrg_ but by
receivers having more. Means were found for stablllzmg such
multi-tube receivers and to make practical use of the immense
amplification, and the Neutrodyne itself provided one of the hest
methads of stabilization. )

It is doubtful that a greater number of radio frequency tubes
than was provided for in the Neutrodyne had ecver been necessary

it it had not been for the fact that human laziness had to be served
under the euphemism convenience. It was found that greater
amplification necessitated greater sclectivity, which meant a greater
number of tuners. The Neutrodyne had three, all independent.
This independence made the highest possible amplification just
about all that was nceded, provided that any one cared to solve
the puzzle of exact tuning.

Gang Tuning

Laziness demanded unificd tuning control Tmmediately this was
installed in a receiver some of the sensitivity of the Neutrodyne
tvpe receiver was lost, and more tubes had to be used in order to
make up for it. It was cheaper to add more tubes than to
spend the time required to tune three independent resonant circuits.
The result was not only greater simplicity of tuning but also greater
sensitivity and sclectivity. It is now nothing unusual to see a
receiver which will consistently receive trans-continental stations
with loudspeaker volume and with a single tuning control,

What made this increased sensitivity possible? The tuners?
Only indirectly in that it made unique reception possible. Was it
the gang tuning? Not at all. That militated only against the
reception of the distant stations because of decreased selectivity.
Was it the added tubes? Absolutely. It was the increased ampli-
fication that the added tube provided. We are forced to the con-
clusion that many tubes are not only desirable, but that they are
necessary under modern reception conditions.

Best Stabilizer

One of the best means discovered . for stabilizing a radio fre-
quency amplilier. and, strange as it may scem, for increasing the
selectivity, is to shield the various stages, especially the tuning
coils. This, uniortunately, introduces a certain amount of loss
in the amplification, but this is more than offset by the gain con-
tributed by oue tube. Hence the shielding and the addition of a
tube makes the set more selective, more stable, and more sensitive.
It is the amplification in the tubes added that makes this refinement
possible. Again the facts coniute any assertion that many tubes
in a receiver arc not desirable.

Shielding can be made efiective against feed back without at the
same time lowering the sclectivity and amplification by making
the space between the coils and the shielding large That is, if the
shiclds ave of given dimensions it is best to use coils of rather
small diameter. or if the coils are fixed in size, to make the shields
large. The diameter of the coil inside a circular shield should
be about one-third the diameter of the inside dimensions of the
shielding. When there are many tuners and many amplifying
tubes it is practical to reduce the separation considerably without
making any appreciable sacrifices in the desirable features of the
circuit. Without plenty of amplification the shielding must be
impractically large or no shielding at all can he used. This limits
the usefulness of the receiver to local reception, unless the receiver
be made so large that it will occupy the major portion of the
living room.

Volume Control Necessary

Many of the objections raised against receivers of many tubes
is that the amplification is so great that it cannot he controlled.
Thesc objections are valid in many instances. but to raise them
is no argument against the use of receiver with a high degree of
sensitivity. It is an argument for having a volume control that
has sufficient range to limit the amplification to the required amount.
Of course, a receiver without a volume control cannot be sensitive,
for it would be uscless except for the reception of the most distant
stations. On all other stations all the tubes, with the possible
exception of the first two, would be hopelessly overloaded. If the
receiver is to be used for local stations only it would be just as
well to use a crvstal or a one-tube set.

No matter what receiver of a given degree of sensitivity is used
it must have a certain volume control range, and the greater the
sensitivity the wider that range must be. Hence a multi-tube
receiver capable of trans-continental reception must have a very
wide volume control range indecd. The signals, for example, from
a station clear across the country may not have a signal strength
at the receiver of more than one microvolt per meter. The gain
in the receiver must be so great that this weak signal can be built
up to loudspeaker volume under the worst conditions. On the other
hand, the signal strength from a local station may be as great
as 500.000 microvolts per meter. The volume control must be
such that this can be surpassed so that the speaker delivers no
more sound than it does on the distant station. Therefore, the
range of the volume control must be 500,000 to one. It is easy
to provide such a range but it is not always done. Note that it
is always a simple matter to cut the volume out, but it is only
possible by means of tubes to build it up. Again, many tubes are
a necessary condition.

[ N 7 R S O

e

www.americanradiohistorv.com



April 26. 1930

RADIO WORLD

13

1iined Faster than Lost

NEGATIVE

By Herberr E. Hayden

HE necd of many tubes in a4 modern radio receiver is admitted.

It is only a question of how many tubes are needed for a

given sensitivity. It is possible to build a receiver having
100 tubes, which is no more sensitive than a well-constructed
receiver having two or three tubes. It is also possible to build
a receiver with five or six tubes which is so sensitive that there
never will arise a reasonable need for a more sensitive one. Simple
adding tubes to a recciver does not add to the sensitivity. It all
depends on how they are added.

Much hoodwinking of the public has been practiced on this ques-
tion of tubes and sensitivity. It is easy to convince the average
radio fan that an eight-tube receiver is more sensitive than a
four-tube set, but it is mighty diflicult to explain to him why the
four-tube set runs rings around the eight-tube circuit, if it does,
and it does that quite frequently. The average fan is sold on a
certain eight-tube set because he is certain that it will do what
no other set will do. But the more-than-average fan sticks to
the four-tuber. Now these two fans may be close friends and may
exchange notes.

“I got Denver last night, clear as a bell on my new eight-tuber,”
savs the average fan, a New Yorker, one morning when he sces
as friend. “That’s nothing,” replies the more-than-average fan,
a commuter from New Jersey, “I get KFI every night on my old
four-tuber.” Of course, the average fan puts this down as plain
boasting and discounts it all the way back to Chicago. But one
evening the New Yorker pays his New Jersey friend a visit and
s invited to tune in KUI, and he does it. Then he goes home with
the determination to lop off four tubes from his eight-tuber. Of
~ourse, being an average fan, he does not know which tubes to
cut out, nor how to do it. Hence he asks somebody who knows
the tricks, and he is told that it is not done that way. He has to
start from scratch, although he inay get suggestions for making
worthwhile improvements in the eight-tube receiver.

Much Ado About Nothing

What is the trouble with this particular eight-tube set? There
s no one trouble in particular. There is only a lot of lost motion
n it—much ado about nothing. There is amplification galore but
t is not made to do anything. There is a lack of co-ordination
imong the stages.

There is a close analogy between multi-tube receivers and large-
solume business. One receiver may have a large number of tubes
xith a very small gain per stage. It is like a large-scale business
vith a very small margin of profit. Another receiver may have
mly a small number of tubes with a large gain per stage. That
s like a small business with a large margin of profit. Some
‘eccivers have been put out which had a loss per stage, and manv
f these were multi-tube receivers. They are like big business
rentures in which the sales amount to less than the costs.

One game practiced by certain designers is to put in a tube to
unplify the signals to a certain point, tken to put in some form
f losser to keep that gain from getting out of control, largely
‘or the purpose of adding another tube so that it can have something
o do. This is followed by a losser put in to allay the fear that
he amplification will become too great. And this losser prepares
he stage for another tube. This see-saw game goes on until the
otal number of tubes in the receiver is at least one more than
.he number of tubes used in the receiver made by a competitor, or
Wtil the receiver presents a truly imposing appearance

Types of Lossers

There is only one way of gaining amplification in a receiver, and
hat by taking advantage of the properties of vacuum tubes. But
here are countless lossers. To naine them all would be to write

book on what not to do to get the hest radio receiver. It might
eem to some fans that many radio engineers know half a dozen
uch books by heart, and that they took advantage of everything
hat the books contained. But this is not fair to the engineers,
or in most instances it is really the fans themselves who are to
lame. It is really not necessary to read any of these books in
rder to do all that they say should not be done to build the best
eceiver.

One of the most effective lossers, as far as sensitivity is concerned,
s lack of line-up of the tuned condensers and the tuning coils
n gang controlled receivers. If the receiver has only one tuned
ircuit there is no chance of going wrong on this score. If there

are only two tuned circuits on the same control there is only one
chance. And if there is any number of tuned circuits there is
always one chance less of going wrong. But suppose there are
ten tuned circuits? There are nine possibilities ol going wrong,
and in many instances all nine have been taken advantage of to
make the receiver as had as possible. The proper thing to do is
to line all the condensers and the coils up so ihat all the tuned
circuits are in tune with the same frequency at the same dial
setting, no matter what the requency may be. To do that is quite
a job, and few there are who can do it.

But even if the tuned circuits are a little out of tune, if the circuit
has enough tuners and euough amplifier tubes there will be both
sensitivity and selectivity. Plenty of it, in fact, unless the mis-
matching is very bad.

This fact calls for shielding another effective losser. The only
real object of shielding is to introduce losses. It may be said
that the object is to stabilize the circuit, but that is only a clever
way of avoiding the unpleasanmt word *loss.” Or it may be said
that the object of the shielding is to prevent feedback, which is
only another way of avoiding saying the same unpleasant word.

Those who are frank enough to admit that shielding is a losser
usually wriggle out of the difliculty by saying, in some way or
other, that shielding losses are introduced in order that a greater
gain may be eflected as a result. Their way of looking at it is
that shielding loss is a sort of income tax which is only a small
fraction of the total gain. Who does not want to pay an income
tax, provided that the rate is low?

This is indeed an optimistic view of the matter, but those who
hold it usually forget to mention the fact that the rate of taxation
1s frequently 100 per cent. Who. by the way, has not taken out
one tube in a receiver to find that the sensitivity went away up?
This signifies, not a 100 per cent. tax, but perhaps 110 per cent.
There are many receivers of this kind, and they are usually of the
multi-tube, well-shielded type.

Another method of avoiding the gain that the tubes pile up is to
couple them very looselv. Very small primaries placed far away
irom the tuned secondaries are used. This is particularly the case
in screen grid tube receivers, which normally require closer coupling
than three-element tubes. When the useful load on a tube is made
very small, as it is when the coupling is not sufficiently close for the
tube, there is much ado in the tube but it does not produce any
results.  Of course, that is one of the necessary conditions for using
a long array of high gain tubes in a receiver.

There are many other methods for preventing amplification in a
receiver oversupplied with high gain tubes. One is to put a resist-
ance in the grid leads of all the tubes. It is surprising how effective
this is in preventing amplification and in making a multi-tube receiver
practical. :Still another way is to put high resistance in the plate
circuits of the tubes. They serve to put high, useless loads on the
tubes, and hence to prevent the full signal output from reaching the
next tube. Or in some instances they serve to cut down the effective
plate voltage so that the tube does not amplify much, if any at all.

And still another way of accomplishing the same thing is to cut
down the screen voltage in screen grid tube receivers. It is easy
to set the screen voltage so that even if everything else is as it should
be for high amplification, the tube acts only as a signal blocker.
Indeecd, in most screen grid tube receivers this fact is taken advan-
tage of in controlling the volume, that is, the amplification.

Low resistance shunts across the tuned circuits are also used in
some cases to prevent amplification when there are so many tubes
in the circuit that it would be impossible to handle it if the full gain
were permitted. Likewise shunts are put in the antenna circuit for
the same reason and with the same object. Resistances in series
with the tuning coils are also resorted to, usually in the guise of
small, “cfficient” coils. Primartes wound with resistance wire is
another method of circumventing high gain. The excuse for doing
this is that high resistance primaries put high loads on the tubes and
make them more efficient as amplifiers.

‘This excuse is actually believed by some. But “those in the know”
appreciate the fact that high resistance primaries simply put a useless
load on the tubes and reduce the amplification. It would be just as
well to put high resistances in series with the primaries externally.
The effect is exactly the same. Any load on a tube must be useful
if it is to add anything to the amplification.

It may help some to appreciate what is being done when lossers
of various kinds are put in a circuit by drawing on a common
analogy. The gain contributed by the tubes may be likened to the
acceleration of a motor car resulting {rom feeding it more gas, and
the loss contributed by the various lossers is like the retardation of
the motor car resulting from applying the brakes. Nobody but an
automobile novice will step on the brake and the accelerator at the
same time. But nearly everybody does the thing in radio sets.
Designing radio engineers do it just because they can “get away
with it,” leaving the impression that the multi-tube receiver is a
world-beater in sensitivity. They are not content with a single
brake on each tube, but they clutter up every tube with all the
hrakes that have been found.
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[Herewith is the fifth of a series of articles detailing the design
and experimental work being done on an AC circuit using two three-
gang condensers i connection with screen grid tubes. ILaboratory
tests compelled many changes in the course of the experimental
work. However, as the awthor states in the following article, the

design shown this week is semi-final—Editor.]

A the circuit 1 have been experimenting with for five wecks and
discussing in these columns for four weeks. Also, one of

the sections of the first three-gang condenser is to be used as a

series ground condenser for the antenna primary winding alone,

to even up the radio frequency amplification.

There will be three stages of screen grid radio frequency ampli-
fication, using AC tubes, while a filament transformer will be a
part of the chassis assembly, as will a voltage divider, so that we
will run no risk of obtaining incorrect voltages, or of depending
too confidently on the capacity of filament windings of a power
amplifier with which it is suggested this circuit be used.

227 Tube Used As Output

BAND pass filter pre-selector has been chosen definitely for

The mere fact that a power amplifier is to be used makes it inad-
visable to use a 245 tube as output, since the power amplifier will
have two stages of audio, and it would have its first stage biased
less by far than the output of the preceding circuit. So a 227
tube will be used as output, and the full voltage as obtained from
the 180-volt tap of the power amplifier will be applied to the sixth
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Design In Its Semi-Final

Evils It Avoids
By Herman

surely will bring in distance, two stages of audio should he used,
making four stages, all told. A dynamic speaker is necessary.
Four stages are a great deal of audio frequency amiplification, but
can be utilized with success. When a little station in Wisconsin
s brought in at New York with “local volume™ on the speaker, it
becomes obvious that those who like their DX loud should make
proper audio preparations to insure such enjoyment. True, local
stations will be too loud, at maximum volume, but the volume
control virtually will cut off the signal completely, if desired, so
you need use no more volume than you desire. The point is rather
to provide as much audio amplification as you will need, for you can

2B 4 L2 de! et
) , ¢ : .
' : g i +
o
-~
& 1
g S -
J 18
o
=
2 T - T
\_/,(D_—_ ¥ L0 MFD. FIVE OF {MFD FACH IMFL. GROUND BAR

DESIGN OF THE SIX-CIRCUIT SCREEN

tube’s plate. At 180 plate volts, the negative grid bias should be 13.5
volts, for amplification, under which conditions ¢ milliamperes will
flow. Depending on the resistance of the load to he placed on
the final plate circuit, the effective plate voltage, hence the plate
current, may be a little less than the stated 6 milliamperes.

It will surprise many to be told that the 227 as an output tubec

is a good one, outranking the 112 or 112A of battery-set operation.
at the rated voltages. At 135 plate volts, with 9 volts negative
bias, 7 milliamperes of plate current will flow, and the maximum
undistorted output will be 120 milliwatts in the case of the 112A.
Now, the 227, at the maximum rated plate voltage of 180 volits,
at 13.5 volts negative hias, not only will stand half again as much
grid swing before overloading, as compared with the 112A at
135 volts, but has a maximum undistorted power output of 164
milliwatts, an improvement of more than 36 per cent. The 112\
has an amplification factor of 8, while the 227 has an amplification
factor of 9. The mutual conductance of the 112A is 1,600
micromhos under the stated conditions, and that of the 227 is 1,000
micromhos, but the mutual conductance, or change in plate current
for a given change in grid voltage, is not a fhgure of merit for a
tube used for output purposes.

When Tubes Are Over-Voltaged

It is true that the 1127, if 180 volts are applied, will exceed the
other in all directions except mu, but- 180 volts should not be
applied to the 112A, as the tubc’s life would be halved. By
ignoring tube life the voltage on the 227 could be lifted to 250,
so that with equal life reduction inflicted on both—say, halving the
normal life of 1,000 hours—the 227 always would retain the lead.
So it is a fact indeed that the 227, when worked at 180 volts with
proper bias, is a good output tube, heyond the 112A, hence properly
semi-power tube class, although this fact is seldom stated.

It 1s conceivable that persons who desire only moderate volume
will work the present design into a loudspeaker, prefcrably the
magnetic or inductor type, without invoking the aid of a power
amplifier. [For such persons no extra cquipment is needed except
a B eliminator that furnishes 180 volts, although the precaution
should be taken to choose one of the 60 or 65 milliamperes type,
rather than the 33 milliamperes tvpe. The circuit will work on
either, but better results are obtainable from the larger capacity
climinator, hecause the regulation is better, the voltage obtained
being therefore nearer the rating, even with the six-tube draw.

Use Dynamic With Power Amplifier

As for feeding a power amplifier, which is recommended to
those who like plentv of volume on distant stations, for this circuit

GRID TUNER,

WITH BAND PASS FILTER AND 227 OQUTPUT.

always subtract, never add, on these radio machines. )

The voltage divider has been arranged a little differently this
week, and a boosting resistor of 300 ohms or less is used for
maintaining the grid of the first RF tube at a higher bias than
obtains on the grids of the rest of the RF tubes or the first audio

Right or

[ The following questions and answers are bused on techuical infor-
mation contained in last week’'s issue. Kead the present issue care-
Jully and know the answers to next wwceks questions before they
are asked—Editor.]

QUESTIONS

One—A good outdoor antenna is essential to get the most distant
reception out of any receiver.

Two—A good ground is not cssential, since most receivers work
just as well without as with one.

Three—Ii best the results are to be obtained with any broadcast
receiver it is necessary to select a set of matched tubes.

Four—\Weather conditions do not affect radio reception in the
least, contrary to general opinion.

I'ive—It is possible to predict what the wecather conditions will
be the following day by observing reception from distant stations
in various directions.

Six—All crackles heard in radio receivers arc due to static, that
is. to electrical discharges between clouds or between clouds and
the earth.

Seven—DX reception is practically impossible in the Spring and
Summer.

Fight—Weather does not in any way affect the efhciency of
L receiver.

Nine—A milliammeter and a voltmeter can be used as a direct
reading ohmmeter provided that they are associated properly with
resistance and a voltage source.

Ten—The addition of an extra radio frequency amiplifier stage
in a receiver does not always increase the sensitivity of the receiver.

ANSWERS

There is no better wayv of insuring distance than

One—Right.
The signal picked up is directly propor-

using a first class antenna.
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tube. The object of heightening the bias herc is not to cope with
any enormity of amplitude, for the amplitude is least here, but
for avoiding stray detection that results in cross-modulation.

What It Does Not Do

The receiver, as it is working now, in conjunction with a power
amplifier that has one stage of resistance audio and one stagc
of push-pull audio feeding 245s, docs not do any of the rollowing:

It does nof cross-modulate, whereby a station of streng signal
strength is tuned out, only to ride through again elsewhere on
the dial along with the program of another station to which the
receiver now is tuned.

It does not produce resonance hum, that is, develop a hum when
a station is tuned in, although there would be¢ no hum when no
station was tuned in. (Actually, resonance hum is encountered
at resonance, whether a station is receivable at that frequency or
not, where the vice exists.)

It does not get off balance at one end of the tuning spectrum
when balanced for the other end. The tuning condensers may be
trimmed at the highest receivable frequency, the most exacting
place to choose, and yet resonance will prevail at the lowest radio
frequency vou can tune in, because of the extreme accuracy and
ruggedness of the gang condensers used, the equality of the induct-
ances of the coils and the position of the wiring connections. For
purposes of inductive equality, if for no other, all the coils are
wound with the same number of turns on hoth primaries and
secondaries.

It does noi oscillate, unless you want it to. That is. the circuit
may be built and the potentiometer arm at the low end of the
voltage divider may be set so that no oscillation takes place at
the highest receivable frequency, cven when the volume control
is advanced to maximum. This affords a sensitive and selective
receiver, but those who want oscillation may adjust the arm of
the voltage divider potentiometer so that the circuit will ascillate.

It does not overload the detector, since real power detection is
used at a bias of around 16 volts, hence the first tube ta overload
would be the last tube. the 227 output. which is hest practice. A
reeiver should be as distortionless as its final tube, not as distor-
tionless as its detector. otherwise the detector is permitted to

rong!

tional to the height of the antenna and therefore the higher it is
the louder the signals will be.

Two—Wrong. While a recciver may work fairly well without
a good ground it will work immeasurably better with one. Not
ounly does it make the antenna a better collector of radio signals
but it stabilizes the circuit. It acts as a sort of anchor.

Three—Right. To answer this in the affirmative it is necessary
to make some modifications If matching means that tubes having
characteristics which make them work most efficiently into the
coupling devices in the set, then the statement is right. Tf it means
that they should be selected because they have certain inter-electrode
capacities the matching can be done more cheaply with trimmers.

Four—Wrong. The weather has a great deal to do with the
strength of signals received from distiance stations and the amount
of noise that accompanies them.

Five—Right. While the connection between weather conditions
and radio reception has not been worked out fully. the connection
is well enough understood that it is possible to muake predictions.

Six--Wrong. It is true that many of the noises that are heard
are caused by atmospheric electricity, possibly most of them are
due to the disturhances from the electric power system.

Seven—Wrong. DN reception is usually more consistent during
these seasons and if the receiver is sensitive enough satisfactory
reception can be obtained.

Eight—Wrong. There are many parts in a receiver which are
affected by moisture. TFor example, the insulation in coils and
the sounding hoard in the loudspeaker are likely to absorb moisture.
Absorption usually will make the set less sensitive and selective.

Nine—Right. The method of doing this was explained in an
article by William A. Forbes in the April 19th issue of Rapio
WorLbp.

Ten—Right. Often the addition of another stage of RI ampli-
fication results in a worse receiver hecause of instability.

distort ahead of the other, and when the detector distorts you
have distortion greatly amplified by the audio channel.

It does no/ fail to tune in the entire frequency spectrum of
broadeasting (550 to 1.500 kc.) More than half the receivers in
use do fail to cover the frequency band. It does not pick up any
signals unless antenna is corrected.

Copper Ground Bar

A single filament winding is used for the secondary, since the
unvaried nse of heater type tubes makes this possible. The center
tap of this sccondary is grounded to the copper bar which is used
as the ground connection in all instances, except the antenna
winding alone, which is intercepted by the series condenser. All
ground leads are run directly to this ground bar, and the bar
is connected to the ground binding post and to B minus. so that
all ground currents will be assured of a low impedance path. Even
the hypass condensers are connected to the ground bar. Although
the diagram does not show the fact specifically, since it is schematic
and not a pictorial diagram, the condenser frame is grounded directly
to the bar. and the grid return ends of the coils likewise are
treated. and are not interconnected to the condenser lead and
the common path to ground for these¢ two made through or over
me wire to the bar. The whole object of the ground bhar is to
avoid any common coupling in the ground lead except in the low
impedance bar, for the receiver is rendered more sensitive and more
stable by that method. and even the selectivity is increased.

New Mechanical Layout

The mechanical layout of the receiver has been changed from
what was shown in previous issues. The shields formerly were
ot bottom, attached to a flap built in the subpanel, at right angles
to its under sicde, but now the shiclds are on top. The available
width of the subpanel, for a 7x21 inch front panel. was consuined
entirely by the shields, and their size was therefore detcrmined by
the distance divided by the number of shiclds, considering the
symmetrical desirability of six shiclds. Into one of the shiclds the
Slament transformer was built, while the five remaining shields
housed the identical coils.

Since the shields have heen changed, so as to be larger, and
since their wail thickness and cven their height have been increased,
the number oi turns for the secondaries is not the same as pre-
viously given. The thickness of the walls and the distance between
them and the coil inside alter the effective inductance. Hence a
coil wound with a given number of turns of wire, used unshielded,
will be all right for a given capacity tuning condenser. Put that
coil in a certain shield and it will not tune in the highest wave-
lengths at all. Put on more turns and the circuit will get the
highest but may miss the lowest wavelengths.  So coils, condensers
and shields have to be considered together, and the tables of number
of turns, that we have heen hrought up on since we got interested
in radio. do not mecan anything in this shielded age.

As the shiclds are not in final condition. but will be exercised
some more, the coil data can not be given exactly and finally, but it
is expected that next week not only will these data be published,
hut alsn photographs of the final receiver.

Semi-Final Circuit

So far as the circuit goes that is shown this week, let us regard
it as semi-linal. so as to leave room for any improvements that
can be developed during the sixth week of experimental work.
It is comiidentially expected that after the disclosures in the
May 3d issue next week, the constructional data can be published,
which would mean in the May 10th issue.

Not much has been said about what the circuit has done in
any of the stages of its developinent, but rather more of what it
has not doue.

Omne fact stressed was that stray pickup was suffered. This
enables reception of stations without aerial or ground, which is
a bad feature. Such stray reception proves the circuit is scnsitive,
but it also proves that not all of the pickup derives the Denefit
of tuning in all of the tuned stages, hence selectivity suffers. For
this reason not only will the metal subpanel have a shield bottom
piece. to bottle up the wiring inside that acts as an adventitious
acrial, but even the hole cut out to pass the drum of the dial will
be hottled up. and each of the tubes will have a shield of its own,
so that the six sockets will not make a sieve out of the subpanel
and thus frustrate other shielding precautions. The tube shields
will serve as stoppers over the bakelite wafers on which the
sockets are built.

Next week also we hope to he able to give the constants, particu-
larly for the voltage divider and the potentiometer. The divider’s
resistance values were all worked out and verified experimentally,
but then the change was made calling for a higher voltage on
the plate of the last tube than on the plates of any of the other
tubes. That makes a new set-up necessarv., and the whole calcu-
lation was upset. The calculation has been made anew. but has
not been checked against practical results. As slide rules do slip
once in a while. the checkup is perhaps more important than the
computation.

The data as finally given will reveal how to wind your own
coils, make vour own shields, use vour present apparatus as far
as it covers requirements, and will reveal the performance, includ-
ing selectivity analysis and sensitivity rating in microvolts per meter.
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Stations in United States and Canada, Effective May 1

(*) New frequency, effective May 1st. Change to this on list of stations by frequency,

published in March 29t] issue.

WIIK ..
WHN
WHO ...
WIIOM ..
WHP

UNITED STATES
WAAF

920

WAAM 1250
WAAT 1070
WAAW 660
WABC 860
WBOQ 860
WABI 1200
WABZ 1200
WACO 1240
WADC 1320
WAGM 1310
WATU 640
WAPI(*) 1130
ASH ....... 1270
WBAA ....... 1400

Station Station Station
WFEFIW WKBP
WFJC WKBQO
WFKD WKBS
WFLA WKBV
WSUN WKBW
WGAL WRRZ
WGBB WEKEN(®)
WGBC KJIC
WGBF WKRC
WGBI WKY
WGBS WLAC
WGCM WLAP
WGCP WLB
WGES WGMS
WGH WLBC
WGHP wrRE
WGL WLBG
Y}va% WLBL

2 WILBW |
WGR WLBX
WGST WIBYZ
S WICT
WHAD DS
WHAM (*)

WHAP
WHAS()
WHAT ....... 110 | i
WHAZ
WIIB
WHBC ....... 1200 | wrwr
WHBD .......
WIIBF
WHBL
WHBO
WHBU
WHBY ..
WIIDF ...
WIIDH ......
| wrint
WHDI(*)
WHEC .
WABO .
WHFC ...
WHIS ..

Station ke
WPOE

Station Station ke

KMO
KMOX(*)
KFOA

When to Deduct for the Resistance

If a low value is used for each potentiometer, say 1,000 ohms, it
is best to turn off the current from the battery whenever a reading
is completed and while readjusting for another because there is an
appreciable drain from the battery. When values as high as 10,000
ohms are used the current is relatively small.

An inexpensive 0 to 1 milliammeter having an internal resistance
of 88 ohms is available for use as current indicator. More expensive
meters of the same range having only 27 ohms internal resistance
can also he obtained. It should be remembered that, for any given
tvpe of meter, the greater the maximum scale reading the lower
the internal resistance of the meter. Thus a milliammeter having a

of the Meter Used in Tests

range of 0 to 100 milliamperes has a resistance of one ohm and one
of the same type having a range of 0 to 1 milliampere, 27 ohms,
the resistance increasing with the sensitivity.

Whatever current meter is used, its internal resistance should he
ascertained so that it may be subtracted from the measured resis-
tance in case it is necessary. Whether to deduct it or not depends
on percentages. The meters used as a rule are accurate to one
per cent. and the reading may deviate still more, possibly as high as
five per cent. Hence if the internal resistance is less than five
per cent. of the measured value of the total resistance it is not worth
while to make the deduction.
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FIGHT IS BEGUN
T0 ELIMINATE
CLEAR CHANNELS

Washington.

The primary ailment of broadcasting,
according to Commissioner Harold A
Laiount of the Ifederal Radio Commis-
sion, is that there are “entirely too many
stations on the limited number of avail-
able channels”” Cramming of more than
600 stations on the 90 available broadcast
channels has resulted in inter-channel in-
terference and heterodyne whistles, he
said.

Broadcasting on the whole is not a
profitable business and this, hc.declare.d,
leads to '‘too much competition in certamn
localities, resulting in the presenting of

mediocre programs with an excessive
amount of advertising. S
The Commissioner as optimtistic

about the future of television, and de-
clared that both television and synchro-
nization of broadcasting stations on the
same channel are in sight, and tha
broadcasting stations will be permitted to
use power up to a maximum of 100,00¢
watts. Regarding television and synchro
nization. he said that both “are in 11_15.
experimental stages and will require mil-
lions of dollars and some few years to
periect.”
Wants Clear Channels to Stay

Commissioner Lafount is opposed to
the elimination of the 40 cleared chan-
nels, saying that the operation of two
stations on the same wave at great geo-
graphical separation does not work out.
Although a station operating on one coast
cannot be heard consistently on the other
it is capable of interfering with a station
operating on the same wave, he said.
Hence it is not practical, he contends, to
let two stations operate on the same
channel, as some persons insist should be
done.

Power, he declared, is the only real
means of reducing the effect of static,
both natural and man-made, and there-
fore power is mnecessary to provide the
rural and suburban listener with the same
clear reception as is available to the city
listener, he maintained. For that reason
he said, he 1s a believer m cleared chan
nels and high power for stations. He
admitted that a nwnber of small local,
low-power stations for local programs is
necessarv. but asserted that most persons
are chietly interested in the programs
broadcast from the stations in the metro-
politan centers. X

Robinson’s Proposal

Elimination of all 40 cleared channels
set aside for the exclusive use of high
power stations will he proposed to the
Commission by Commissioner Ira E. Rob-
inson, former chairman. He claims that
this is the only practical solution of the
radio problem.

“We cannot have so many favored ‘big
fellows’ as now without having too many
‘under dogs,”” he said.

“l would devote all cleared channels to
regional uses,” he declared, “thereby re-
lieving the squeeze which is at present so
interfering among the small stations.
There is no reason in the world why any
one of the channels now cleared can not
be used by at least two stations widely
separated geographically, thereby releas-
ing one channel for use elsewhere.

“There is only one practical solution to
the radio problem in America. and that is
through dependable regional stations.”

Forum

Musical Taste and Mentali.ty
YOL' have taken the stand 1n favor

of popular music and jazz and similar
filled with.
chamber

diddies that the air is fi
1 wish to come in defense ot
and symphonic music.

Jazz is intended for and is good cenough
for those whose souls are in their feet.
It appeals only to our primitive imstincts,
which are simple enough. But even this
is a mere invention by those who make
jazz an easy-running and well-paving
business. )

Syncopation beats in music are nothing
new. The best classical composers have
made use of them when necessary. Those
who can feed themselves exclusively on
jazz are lhke cows who thrive on grass
only. )

It certainly is revoliing to see how this
pest of organized sound is being fed to
the radio listeners. The advertisers who
monopolize the air conclude that the pros-
pective patrons are fit for nothing better.
Thev give awkward quartets, silly dia-
logues in which the man speaks in bass
and the woman giggles hilariously at ran-
dom, and the jungle jazz. The morons
send in applause cards. The result is a
deplorable condition for those who know
better. The old saving still holds wood,
“Tell me who vour friends are and I'll
tell vou who you are” One can judge the
mentality of the individual by the type of
music he prefers. We want more and

better music. )
J. KAHN,
2117-83rd St., Brooklvn. N. VY.

% % %

Can’t Find Quiet Set )

R. STRUDEMAN, in the April

12th issue gives some very good

advice when he tells us to “read

Rapto WLnok carefully. But in one direc-

tion his opportunitics for observing are

limited. I fully agree with him that AC

receivers are noisy, generallv, bu' cann®

agree that thev are invariably so. Nor

can | agree that batrerv sets are alwavs
qanet.

In over five vears of trial I have never
succeeded in producing a recciver that [
considered “quict” either DC or AC. But
that does not prove it can’t be done.

For distance and selectivity the old
bhattery receivers are vet to bhe surpassed.
The first set 1 had was an old-sivle
Radiola second harmonic Super of the
semi-portable coffin box type. The first
station -1 ever tuned in from my home in
Southwestern  Michigan was \WIEAF at
4 p.m ool aday in June. I challenge any
high-gain screen grid modern receiver to
beat at. It was also the only set from
which T ever heard KGO irom the same
Jocation.  And all -on only six 199 tubes
working on drv cells.

But there are other considerations. I
hecame thoroughty disgusted with all
storage batteries long hefore radio was
popularized and that disgust has never
subsided, Anvthing that will get rid of
storage batteries is a joy.

It is common practice to compare
radios with automobiles and along this
line 1 might say that myv neighbor does
everything with his IFord that I do with
my Packard—but still T prefer the Pack-
ard.  And for the same reason my multi-
tube AC receiver is a far greater delight
than anv battery outfit.

Now. I am not going to quarrel with
Mr. Strudeman nor any one else hut just
wanted to chat a little.

The greatest trouble with the radio
husiness today from the viewpoint of the
consumer is not from the receivers but
from the press agents of those who make
and sell them.

A. B. GARDNLER.
Box 296, Coconut Grave. Fla.

www americanradiohistorv com

TELEPHONE CO.
DEMONSTRATES
2-WAY VISION

Two-wayv television telephony was dem-
onstrated for the first time recently by
the officials of the American Telephone
and Telegraph Company and the bell
Telephone Laboratories’ m New York
City. In 1927 the same companies dem-
onstrated one-way television telephony
when President Hoover's voice and 1m
age were observed in New York by a
group gathered in the Bell Laboratories.
I'he apparatus uscd in the present dem-
onstration is a rehnement of the appa-
ratus used at that tune.

In discussing the system \Walter S. Git-
ford, President of the American Tele-
phone and Telegraph Company, said:

“On account ol its present complexity
and high cost.” he said, "no substantial
comunercial field 1s yet in sight for tele-
vision requiring gpood images. There is
still a large amount of technical work to
do which gives promise of decided im-
provement over the means and methods
uow available.

Distance No Barrier

“While this equipment has for conven-
‘ence been installed only a few miles
apart,” lie continned, “and while wire cir-
cuits in ordinarv underground telephone
cable have been cmployed for the trans-
mission channels, it might equally well
have been installed hundreds or thousands
ol miles apart.

It might employ either wire or radio
for the counecting channels, as was
shown in the initial demonstration of tele-
1sion by the Anierican Telephone and
Telegraph Company in April, 1927. \With
suitable telephone channels of whatever
sort available, the element of distance is
not a controllimg factor, although in this
form of clectrical communication, as in
all others, greater distance. ordinarily in-
volves somewhat greater complexity and
expense for channel facilities.

Complicated Indeed

“Despite the fact that the research and
development work of the past three
vears,” said Mr. Gifford, “has resulted in
a great improventent and simplification of
the equipment required for television, it

is still necessarily complicated and ex-
pensive, requiring expert attention and
large units of apparatus. These facts

arise out of the herent technical re-
quirements  for satisfactory television
transnussion.  \Vhile substantial progress
has been made on the technical side, the
ft_n}n'e conumercial possibilities of tele-
vision are still uncertain. In line with
our fong established policy of fully ex-
ploring and developing every field which
gives promise of possible improvement in
extension of clectrical communication, we
expect to continue our television work.’

The new apparatus is called the Tkono-
phon(;, coined 1rom two Greek words
meaning image and sound. The principle
of the system is based on a loudspeaking
telephone in conjunction with a television
apparatus.

SMOKING STAND SET
The construction of an AC screen grid
receiver to be housed in a smoking stand,
mtended for the present issue, will be

published in “"Radio World” eek
Mo s rid” next week,
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AC TUNER — WRITE FOR WHOLESALE PRICES!

The
Power
consists

National  Velvetone Push-Pull
Amplifier (shown at right)
of an AC-operated filament-
late supply, with two stage trana-
ormer audio amplifier an output
transformer built in. Made only for
110-V., 50-60 cycles. Sold only in
completely wired form, licensed under
RCA patents.

The new Power Amplifier has been
developed and built to get the very
most out of the MB.29. Tt is a com-
bination power supply and audio ampli-
fier, using a 280 tube for a rectifier,
one stage of transformer audio with a

tube and a stage of push pull
amplification with two 245s. It furnishes
all power for itself and for the MB.2,

as well as the audio channel. Order
catalog PPPA, list price, completelv
wired and equipped
yné‘lg (rl’honczgli)avl; WRITE FOR
s, ¥on, 19 WHOLESALE
$97.50. Your price.

PRICES

View of

Natlonaj
an expertly made A, B and C supply and audlo ampiifier.
producing marvelous tone quality.

s A%
7 e

Push-Pull Amplifier

Veivetene Push-Pull Power Amplifier.

GUARANTY RADIO GOODS CO.

143 WEST 45TH STREET

NEW YORK CITY

SEPARATE TESTER COMB

Consists of two-meter assembly in neat black
metal case, with an extermal high resistance
meter.  The two meters in the case read
(a) 0-20, 0-100 milliamperes; (b) 0-10 volts,
AC or DC, same meter reads both. The ex.
ternal high resistance meter reads 0-600 volts,

or DC (same meter reads both). Thus
you can test any plate current up to 100 ma.,
any filament voltage, AC or DC, up to 10 V.,
and an late voltage, or line voltage or other
AC or Bvaoltage, up to 600 volts. Five-prong
plug. screen grid cable, and 4-prong adapter
included. Order Cat. ST-COMB @...... $11.04
2-meter assembly, cable plugs, Cat. 215 @ $7.08
9-600 AC-DC meter alone, Cat. M600 @ $4.95

Guaranty Radio Goods Co., 143 West 45th St., N. Y. City

INATION

As [llustrated

3,000 3,000 2,000 2,000

0 50 50 50 100 200 400
Voltage Divider are given above.
nineteen different woltages.

HE Muiti-Tap

The Multi-Tap Voltage Divider has a total

left) the total number of useful lugs is nineteen.

subpanels.

ages, from a Multi-Tap Voltage Divider,

the current rating of 100 milliamperes is not

seriously exceeded and the maximum voltage is

not more than 400 volts. If good ventilation is

provided, this rating may be exceeded 20 per

cent,
The

; will be

expertness of design and construction l
appreciated by those whose knowledge
teaches them to apprectate parts finely made.
When the Multi-Tap Voltage Divider 1s
placed across the flitered output of a B supply
which serves a receiver, the voltages are fn pro-
portion to the current flowing through the vari-
ous resistances. By making connection of grid
returns to ground, the lower voltages may be I
used for negative bias by connecting filament
center, or. in 227 and 224 tubes, l
higher voltage.
If push-push 1is used, the current in the biasing
section is almost doubled, so the midtap of the
power tubes’ filament winding would go to a Iug
about half way down on the lower bank.

Order Cat. MTVD at 33.95. |

cathode to a

tive lugs and are to be added together to constitute
| The unit is serviceable in all installations where the total

Lxtreme care has been exercised In the manufacture
on brackets insulated from the resistance wire that afford horizental mounting of the unit on baseboards and

2,000

o

450

p Voltage Divider consists of two rugged,
enamelled resistors, mounted i series, one atop the other,
necessary choice of woltages without the uncertainty of adjustable

resistance value of 17,100 ohms,
ohms are on the lower bank and 13,500 on the upper bank. Without the zero voltage lug (at lower

The

There long has been & need for obtaining any necessary intermediate voltage.
but each lug has to be put on individually
that manufacturing diffieulties have left the market barren of such a device until now.

The Multi-Tap Voltage Divider is useful in all cireuits,

of the

New Multi-Tap Voltage Divider

800 700

0 U fa2t0ms 0 1 aeanm e

RS0 ot st ot o e e ey | (o

SRR R P » -
7 el 0 Y g e

650
The resistance values between the twenty taps of the new Multi-Tap

500 550 600

The total is 17,100 ohms and affords

expertly engineered wire-wound,
with twenty lugs, providing ail
variable resistance.

of which 3,600

resistance stated are those between respec-

17,100 ohms total.

current drain does not exceed 100 milliamperes.

Multi-Tap Voltage Divider. It is mounted

including all biasing volt-
by hand, and soldered, so

including push-pull and singe-sided ones, where

Guaranty Radie Goods Co.,
143 W. 45th St., New York City.

(Just

East of Broadway.)

Please send C.0.D. one Multi-Tap Voltage Divider.

Total resistance, 17,100 ohms; twenty taps.

Name ...
Address ...
City ... .. State

www americanradiohistorv com

TUBADAPTA
For Better TONE
List Price..$2.50

Improves reception and prolongs life of ex-
pensive power tubes. Used in last audio stage.
Write for deseriptive circular and complets
catalogue Lynch Guaranteed Radio Produets.
LYNCH MFG. CO., Inc., 1775 B'way, N. Y.

Ansonia Gothic Speaker,
tremendous bargain at. ... ...$4.89!

A loudspeaker that gives you real
performance, that stands up to a 171 or
171A tube without requiring an output
filter, and that works splendidly from out-
put filters in sets using 210, 245 or 250,
single or push-pull, in a genuine walnut
cabinet, all at less than the price of a
good magnetic unit alone! And the mag-
netic unit in this Ansonia Speaker is of
the very best Ansonia type.

The cabinet is of the popular Gothic
type, and is a beauty indeed. Why, the
cabinet alone cost the manufacturer in
thousand lots more than the price now
asked for the complete speaker.

Use this speaker on any set, battery-
operated or AC, and you'll be delighted.

GUARANTY RADIO GOODS cCo.
143 West 45th Street, New York, N.
Just East of Broadway

Please ship C. O. D. one Ansonia Gothic magnetie
speaker, in genuine walnut cabinet, @ $4.89 plus post
office charges, on 5-day guaranty of quick refund of pur-
chase prico if I am not satisfied with spesker for any
reason.

Please send me a square model (not Gothlc), but same

Y.

unit in square walnut cabinet @ $4.24

N 00555-000000600006606865 5806060 60080068600AD00
AdAress ...o.iiiiii i i i e,
(0363 AN S S S O R O State ..............

S-day Money-Back Guaranty.

Shielded RF Choke

An peliclont rodie, fre Excelent in_getestr
i - ptate circui or In -
shielded case. Induct plus RF leads of radie

s illihenries.
?Jns?fulsofo:'m“z:lf R frequency tubes to
choking. purify sionals,

Insulated outleads are provided on this
RF choke. Order Cat. RF-CH—50 at 50c.

Guaranty Radio Goods Co.

143 West 45th Street, New York City

TRIAL SUBSCRIPTION, 8 WEEKS.
$1.00. Send $1 and we will send you
Radio World for 8 weeks, postpaid.
RADIO WORLD, 145 West 45th St.,
N. Y. City.
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High Efficiency
Turning Coils

Wound with non-insulated wire plated with
genuine silver, on grooved forms, these coils af-
ford high efficiency because of the low resistance
that silver has to radio frequencies. The grooves
in the moulded bakelite forms insure accurate
space winding, thus reducing the distributed ca-
pacity, and keep the number of turns and separa-
tion constant. Hence the secondary reactances
are identical and ideal for gang tuning.

The radio frequency transformer may be per-
Eendicularly or horizontally mounted, and has
raced holes for that purpose. It has a center-
tapped primary, so that it may be used as
antenna coil with half or all the primary in
circuit, or as interstage coupler, with all the
primary on a screen grid plate circuit, or half the
primary for any other type tubes, including
pentodes.

The three-circuit tuner has a center-tapped
primary, also. is tuner is of the single hole
panel mount, but may be mounted on a chassis,
if preferred, by using the braced holes.

The secondaries are for .0005 mid. tuning onmly.
There are no models for .00035 mfd.

These coils are excellent indeed for popular
circuits like the Diamond of the Air and tuned
radio frenquency.

Diameters of form, 3 inches.
Two-winding coil, order Cat. GRF @ %c.
Three-winding coil, order Cat. G-3 CT @ $1.49.

GUARANTY RADIO GOODS CO.
145 Waest 45th St., N. Y. City
(Just East of Broadway)

Pleass mail me C.0.D. at stated prices, plus few cents
extra for postage, the following colle on 5-day money-
back guaranty:

O GRF at 99c. O G3cT at $1.49

, 04 06 ,

o
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& MILLI-AMP.

Here is a 0-1 midliammeter, accurate
to plus or minus 1%, clearly legible to
two-one hundredths of a wmilliampere
at any reading (20 microamperes).
This expertly made precision instru-
ment is offered at the lowest price so
far for a 0-1 ma. Order Cat. FO-1
at $595. C. 0. D.

Internal resistance 88 ohms.

Guaranty Radio Goods Co.
143 West 45th Street,
New York City

ARISTOCRAT FLOOR SPEAKER
With Molded Wood Hormn and Horn
Motor built in. Good value. $12.00.

Acoustical Engineering Associates, 143 W.
45th St., N. Y. C.

!I 15 Circuit Diagrams

~ of Latest Commercial Receivers

|

| and Power Supplies

| & CHEMATIC diagrams of the latest factory-made receivers, giving the
| manufacturer’s name and model number on each diagram, are now
| obtainatle for the first time—including the most important screen grid
receivers. These diagrams were collated by John F. Rider, author of
“Trouble Shooter’s Manual.” The 115 diagrams, each in black and white
on sheets 815 x 11 inches, constitute a supplement to the diagrams con-
tained in “Trouble Shooter’s Manual.”

There is no duplication of the diagrams that appear in the “Manual” The 115
'c‘lli&gramls”are additional and being up-to-date the diagram presentation started in the

anual.

All Owners of “Manual” Need These Diagrams

YOU triple the value of “Trouble Shooter’s Manual” by getting these 115 new
diagrams of latest receivers and power supplies. Every service man needs all the
diagrams he can get. Here is the list of 115 diagrams, known as Catalog SP-No. 1:

Audlola 308 and 7330 Screen Grid All American Mohawk 70, 73 and 75
Balkite Model F Guibransor Model C (earlv model)
Crosley 41A, 42 A.C. Gulbranson Model C (late model)
Crostey 609, 810 A.C. Bremer-Tully 7-7¢ and 7.7!

Crosley 20, 21, 22 screen grtd Bremer-Tully 21 and 82

Eari 21, 22 Earl 31, 32 Earl 41, 42
Crosley 808, %IS, 338 screen arld Philco 65 screen grid  Phllco 76 screen grig
Crosley 804 A.C.

Philco 95 screen grid
Crosley, 408, 418, 42S, 82S screen grid Peerless Electrostatic series, screen grid
Crosley 60S, 8IS, 62S sereen grid Fada 20 and 20Z Fada 22 battery
Sonora Eleetrle phonograph 7P Fada 25 and 252 screen grid
Sonora A30, A32 Fada 25 and 25Z screen grid with M250 and M2502
Sonora B3l screen grid

Electrio unlts
Sonora A36 Sonora A40

Phllco 87

Fada 35 and 35Z screen grid Fada 75 and 77 screen grid

Sonora A44

Kennedy royal 80 Kennedv model 10 Brunswick 5 NC8 Radio Chassis Schematic

Kennedy modet 20 screen grid Brunswick 5 NC8 Audio Chassis Schematie
Stewart-Warner 900 A.C. Brunswick 5 NC8 and 83 NC8 Audie Chassis Schematlo
Stewart-Warner 950 battery scresn grid Brunswick 5 NC& eabinet wirlng

Stewart-Warnar 950 A.C. screen erid Brunswick 8 NC8 Radio Chassls Schiematls
Stewart-Warner 950 D.C. scrcen grld Brunswick 3 NC8 cablinet wiring

Automatle Electrle model B sereen grid Brunswick SI14, 821, 831, 881, S82 screen grid Radle
Radiola 44 screen arld Chassis Schematic

Radlola 47 screen grid Radlola 66 Brunswick 814, S21, S3[, S8I, $82 scroen grid Radlo
MaJestic 90 Chassis Actual

Mafestic 9PF pawar unit Brunswick S14, S2I, Sa&l, S82 Audle Chassls Schematle
Majestie 8P3 power unit (25 eycle)

Stromberg-Carlson 841 sereen arld Brunswick S14, S$21, S$8I, $82 Audlo Chassis Schematie
Strombera-Carfson 642 seresn arid (60 cyele)

Stromberg-Carfson 846 screon arid Brunswick S14, S21, S81, 882 Audis Chassis Aciual (25
Edison RI, RZ and C2 eyele)

Edison RI, RZ and C2 (25 eveles) Brunswick S14, $21, S8i, $82 Audio Chassis Actual
Edison R4, R5 snd C4 (60 cysls)

Parts list for Edlson R4, RS and C4 Brurswick $3!, Audio Chassls Schomatle (60 eycle)

Edison CI Brunswick $31 Audio Chassis Actual (60 cycle)

Amerlcan Bosch 54 D.C. kereen grid Brunswick 3 KRS sabinet wirlng

Victor R32 snd RE4S Brunswick 8 KR8 Radio Chassls

Grebs SK 4 A.C. screen grid (early model) Brunswick 8 KR8 Audio Chassls Schematic
Grebs RK 4 A.C. <creen arld (late model) Brunswick 8 KR8 Audio Chassls Actual
Grebs SK 4 1.C. screan arid Brunswick 5 NO Radlo Chassis Schematic
Grehe 428 Deluxe ennsole Brunswick 5 NO Socket Power Schematic
Traveler A.C. power pack Brunswick 5 NO Sncket Power Actual

Erla 224 A.C. screen grid

Sllver-Marshdll S0B sereen arid

Sllver-Marshall 30C serean arid

Silver-Marshall 30D screen grid N
Silver-Marshall S0E sersen grid

Eveready . 2. and 3 Eveready serfes 30
Eveready series 40

Eveready serles 53 ssreen grid

Steinite 40. 50 and 102 Stelnite 50 power unit
ANl American Mohawk 98 screem arid (60 cycie)
All American Mohawk 90 (25 eycle) Sparton 931, 30! D.C., Sparton 931 A.C.

All Amerlcan Mohawk B0 (80 eysle) Sparton 110 A.C., Sparton 301 A.C.

i rtunity to obtain these hard-to-get wiring diagrams of modern radio receivers.
TheHs;recet;sara: pﬁﬂ%ed wityh three standard holes for loose-leaf binding. Each diagram is on a separate
page. As you will see by glancing through the above list, these diagrams include the popular receivers
of the day. Electrical constants are indicated on the majority of the diagrams and in many cases the
actual chassis layouts are shown with color coding.

These schematics will save you a good deal of time.
are a necessary part of your working equipment.
We cannot offer individual drawings. Please use coupon below.
Subscribe for RADIO WORLD for six months at the regular price, $3.00, and have these diagrams
delivered to you free! No other premium with this $3.00 offer!
RADIO WORLD, 145 West 45th Street, New York, N. Y.
Just East of Broadway. RADIO WORLD ) e 6 .
.00 for which send me or six months issues, one each week
a %gflgzegegﬁg gxdmas a premium send me postpaid, FREE, Cat. SPK No. 1, consisting of 115 separats
diagrams, compiled by John F. Rider, as listed in your advertisement.
[J Enclosed find $6.00 for which send me RADIO WORLD for one year (52 issues) and as a premium
send Rider’s “Trouble Shooter’s Manual” free.
[J Enclosed find $9.00. Send me RADIO WORLD for a year and a half (78 issues) and send both of
above premiums free. ) . .
ID This is a renewal of an existing subscription. (Put cross in square, if true.))

Brunswick 3 KRO and 3 KR6 Radlo Chassis

Brunswick 8 KRO and 3 KRA Socket Power

Brunswick 5KR, 5KRO, 2KRO Socket Power

Brunswick 5KR, 5KRO, 3KRO, 2KRO, 5KR6 Socket
Power

Brunswick 5KR, 5KR0, 2KRO, 5KR6 Radle Chassls

Amrad Bel-Canto seriss

Sparton 89, Sparton 89A, Sparten 49

Sparton ensemble

No more tracing circuits! The diagrams

www americanradiohistorvy com
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Spring Action

Diagonal Nipper

DIAGONAL cutting nlpper 12 the second moat useful
A tool for radio work, next to the soldering iron. Non-

friction spring action adds convenlence of use, as
the handles are sprung back just far enough for a com-
fortable grip, and the jaws are closed by easy pressure
or the handles.

For cutting wire, a constant operation in your work,
this tonl 1s most serviceable, as it makes a clean cut,
right through fuzzy Insulation as well as through metal.
The eut i8 far more incisive than with the common
diagonal eutting pllers. With the diagonal nipper you ean
cut wire nnt only along its length, but wherever it mz)
be attached, gince accessibility 1s perfect. A cut can
be made any place where the dlagonal nlpper can enter.
aince the cutting can be done at the tip. Pliers with
dirgonal cutters can only ply. not eut, at the extremity.

With the disgonal nipper insulstion can be bared from
wire ends for soldering. Also sctews up to 8/32 machine
screw used in radlo can be nippped off at any point with
ene firm application of pressure with one hand.

The device is used extensively In radlo set factories
and by custom set builders and radio experimenters.

818" 1%
ateel ; plated.

welght Ibs.; material, drop

nickel

1ze long;
torged finish,
tor Radlo
RADIO
N. Y.

Send $3.00 for 6 months’ subscription
World end ask for No. 177 Nipper, free.
WORLD, 145 West 45th Street, New York,

{0 Put cross here if renewing subsecription

FIXED CONDENSERS!

Fixed Condenser, Shown
Actual Size.
Dubilier Micon fixed condensers, type 642,

removed from receivers, are available at

following capacities and piices.

L0001 mfd. 10¢ 006 L. L. 20e
.00025 mfd. 10¢ .00025 with clips..20¢
L0003 mfd 10¢ ANl are guaranteed
,00035 mfd. 15¢ eleotrically perfect and
000 . i7¢ money back I net
0015 17¢ satisfred within  five
002 18¢ days.

GUARANTY RADIO GOODS CO.
143 WEST 4TH STREET

BROADWAY-HOLLYWOOD

World's most intrigulng places. Where famous

stage, screen, radio stars live their lives. Intimate

storfes of their stage and personal doings In
NEW Natlonral lllustrated
YORK STA Amusement Weekly

Edited by Roland Burke Hennessy. Clever writer:
cover comedy. tragedy, fascination of professicnal

lite. Tortraits and unusual plctures of favorites.
10¢ copy, $5 year (57 fjasues). SPECIAL: 12
fasues $1. STAR. 1562 Broadway. New

'Nothing Finer Than This
Dynamic in Tone Quality!

|
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Try This AC Dynamic Erla—No Matter on What Set
and You Will Verify These Facts: Tone Unexcelled,

sensitivity most remarkable

O WOREK this speaker, put plug into AC wall socket,
lamp socket or convenience outlet of set, conneet speaker

tips to output posts of set, and tune in.
Here are the technical data on the AC dynamic Erla:
102 feet long power leads with plug
10 feet long speaker leads with nne-inch terminal tips
Outside diameter of cone, 9 inches
Depth of speaker, 8 inches
Overall width of speaker, 9.5 inches
Mounting board, detachable, 10%x12%x7% Inches
Burtex cone
L.umeter of central magnet pole, 1.5 inches
Flexible spring mounting of tip of cone, and moving coil
Moving coll accurately center-mounted
Depth of magnet structure, 4.5 inches
Outside diameter of magnet structure, 4.5 inches
Built-in full-wave Westinghouse Rectox dry rectifier
Husky output transformer bullt in; heavy core, shielded
Superjor workmanship
Thick feit buffers on front of cone edges
Buiit-in power transformer for rectifier

Will stand output of 259 tubes in push-pull and work superbly in
—

tubes, single or push-pull
Tone quality is unsurpassed

Gur Guaranty!

We have had considerable experlence with AC
dynamic chasses, and it is our firm conviction this ls
the best one we have uffered so far.

So convinced are we that you will be overjoyed
ftom the reproductlon afforded by this Erla chassis
that we ask you to buy it at no risk to yoursell
whatseever. Order one shipped C.0.D. Try it for
five days If for any reason you desire to return it
in that tlme, do so and we will refund your purchase
price and exprassage you }ald out. This widest guar-
anty applles only to the Erla chassis.

PLEASE GIVE US TWO WEEKS

for changing your address, showing new

renewal expiration date, etc. Subscrip-
tion orders are arriving in such large
numbers that it takes two weeks to

effectuate the change. RADIO WORLD,
145 West 45th St., N. Y. City.

ol

12

Acoustical Engineering Associates l
143 West 45th Street New York, N. Y.
Please ship at once, express C.0.D,, one Erla l
dynamic chassis, 110 volt AC, 50-60 cycles, as |
advertised, at $12.50, on a five-day guaranty
or money-back if not completely satisfied, in- l
cluding_cartage money, which applies to the
Erla offer only. I

any

Name

RADIGC WORLD’S BOOK SERVICE

has been found of great value not only
by radio fans, constructers, etc., but also
by radio and othe r technical schools
throughout the country. See the radio
books advertisement in this issue.

Quick

York.
g/ «

fton Classified Ads

Radio World’s Speedy Medium for Enterprise and Sales

10 cents a word — 10 words minimum — Cash with Order

AGENTS WANTED—Over 500.000 articles, low
wholesale prices. directory with Kevstone Post.
Agents Mail Order Gaide 25¢. Morrvion, 2305 Gratz,
Philadelphia.

AMAZING NEW LIQUID FLUX for soldering.
Superior to anything ever used or money refunded.
Large bottlie $1. Sample 50c. Furmbhold, 109-24
208th Street, Bellaire, N. Y.

“AUDIO POWER AMPLIFIERS,” by J. E
Anderson and Herman Bernard, the first and only
book on the subject. $3.50. Hennessy Radio Pub
licat‘ons Corporation, 145 West 45th St, N. Y
City.

BARGAINS in first-class, highest grade mer-
chandise. B-B-1. phonogranrh pick-up, theatre
type, suitable for home, with vol. control, $6.57;
phono-link pick-up with _vol. control and adapter,
$3.50; steel cabinet for HB Compact, $3.00; four-
gang 00035 mfd. with trimmers built in, $1.95;
.00025 mfd. Dubilier grid condenser with clips,
18c. P. Cohen, Room 1214, at 143 West 45th
Street, N. Y. Citv.

YOU NEED Haan’s ‘“Radio Trouble Shooting.”

328 pages 9f practical radio information. Price
&_?,00.” Details on request. “Radio Service Maga-
zine, $1.00 yvearly. Samnle copies ten cents.

Radio Service Library, P.O. Box 4422, Crafton,
Pittshurgh, Da.

www.americanradiohistorv.com

ARISTOCRAT FLOOR SPEAKER—With Mold-
c.-d1 Woo;{‘ IO%omAand HolrnEMotor built in. Great
value. .00.  Acoustica ngineeri A i

143 W. 45th St., N. Y, C. sneering Associates,

“EVERYBODY'S AVIATION GUIDE.”

By Maj.

Page. $2h postgsaid. Als_cé1 “I\IgogcrnwAircraft” by
same author. . postpaid. adi 1d i
e gauther  $po 10 World, 145 W

LACAULT’'S BOOK, “Superheterodyne Con-
struction and Operation.” and Radio World for 8
weeks for $1.  Radio World, 145 W. 45th St.,
N. Y Citv.

“MATP:’EdMATICS OF RADIO.”—A great help
tn every vy interested i adio.  §2
“adio World, 145 W, 45th Sr. N C??:.tp'id'
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The Most Complete Radio Book Service!
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CHAI'TER IN.

““Elements of
Radio Com-
munication’

The latest book by Prof. John
H. Morecroft, of the Engineer-
ing  Depurtmment of  Colunhia
Luiversity, and  past president
of the Institute 0[ Radio En
gineers, Is his “llements of
Radio Communication.”  We re
gard thix as the best elementumy
book to iuforin you authorita
tively on the technical phases
of  tudio  in plain langUage
provided you have some founda-
tion knowledre of radio. The
hook iz a complete course on
the elements o rudin, contain
ing mucle material never hefore
uf published. It pages,
: 170 illustrations complete
e ; index. Cloth  bound. ()x\lu Cat.

By the same author: “Principles of TRadio
Conmunication.”  seeond edition. This book i3
for advianced students 1L s the standard, of exeel-
lence in its field. Cloth boumd Order Cat. MP.

“Radio Receiving Tubes”

The need tar an up-
all the important o

~date hook on radio tubes that answers
s has heen filled by Jwines A, Moyer,
Director of University tension, Massachusetts Depurtment of
Edueation. and John . Wastrel, in:tiuctor in radio engineering,
Division of University Jxtension, Massachusetts Department of
Fdueation. This book is a complete di cussion af tube prin-
ciples, funetions and uses. The essential prineiples underlying
the operation of vicuum tubes are expluined in as non-technieal
a4 manner as i: consiztent aceutaey.  The book rovers the
construction, artion. reactivation testing and use of vacuum tubes
as well as speeitications for vacuum tubes und applications for
distant control of industrial processe: and precizion measure-
ments. 297 pages., cloth bound.  Order Cat. MWT.
Jy the same authors:

“Practical Radio” including the testing of radio reeeiving
sets. 378 pages, 223 illustrations. Cloth bhound. Order Cat.
MWTDR.

“‘I'ractical Radio Construction and Repairing,”” 313 pages. a
companion volume, new second edition. Order Cat. MWI'RC.

{NoTi:  The standard hool on tules for advanced students
& “The Thermionic Vacnum Tube”” by Hendrik Van der Bijl.
Order Cat. VDB.)

RADIO WORLD, the first and only national radio weekly,
ninth year. publishes all the latest circuits and news of radio.
Its technical presentations are highly authoritative. Construc-
tion of ultra-sensitive and selective circuits is featured regu-
larly.  Subscrihe for RADIO WORLD and follow the develop-
ments on pentodes, Loftin-White amplifiers, band pass filters,
pre-tuners, Superheterodynes, screen qrid tubes. push-pull. etc.

knowledge previously imparted.

CITAPTIER V. (page 72) Methods of Obtaining Gric
CHAITER VI

T
frequencies.
of instability,
supply, und in some special instances to the load's
as negitive or

vieuum tube voit-meter,
voltage-plite curvent, tor 240, 220, 201\
2004,
characteristies  of
Chdl«l(((’lhf ¢35 over full useful voltage ranges for the
(page 151) Reproduction of Jiveoro

VIII. (page I1¥) Cl\:nacleri.\li(-a: of Tubes.
A

Your Opportunity to Obtain Any of the Out-
standing Volumes from One Source

“AUDIO POWER AMPLIFIERS”
By J. L. Anderson, M.A., and Herman Bernard, LL.B.
The First and Only Book On This Important Sube:t

N radio receivers, separate audio amplitiers. talking movies, public address systems and the like.
the power amplifier stands out as of predominating importance, therefore a full amd authentic
knowledge of these systems is imperative to every technician. * Audio P’ower Amplifiers’” s the
book that presents this subject thoroughly. The authors are:
2. Anderson, M.A., former instructor In physics. (nnewllv of \qurnnsln, former
Electric engineer. and for the last three years lerhm(dl editor of *"Radio World.”

Herman Bernard, LL B managing editor of *Radie World."

They have Zuathered Imﬂ!hm the fur-tlung branches of their chosen gubjeet. treated them Jjudiciously
and authoritatively. and produced a volume that will clear up the mysteries that have perplexed many.

The hook biina with an elementary exposition of the historical development and cireuit constitution
of autdio ampli s and sources of powering them. IFrom this simple start it quickly proceeds to a
well-considered exposition of ctreuit laws. ineluding Ohw's laws and Kirchhoft's laws. The determina-
tion of tesistance values to produce vequirved voltages is carefully expounded. Al types of power
amplitiers wre wsed as examples: AC, DO, battery operated and composite. But the book treats of
AC 1)0\\]91‘ wnplificrs most generously. due to the superior importance of such power amplitiers com-
mercially.

“Audio T'ower Amplifiers” is for those who know something about vadio. It is not for navices.
But the engineers of manufacturers of radio receivers. power amplifiers. sound installutions in theatres.
public address systems and phonograph pickups will weicome this book I,ngmeex%‘e\'en chier
engineers—of the Rell Telephone Laboratories. Radio Corporation of Awmeriea, stinghouse Klectric
& Mig. Co.. Western Flectric. P’hotophone, Vitaphone and the like needn't be afraid they won't learn
something from this little book.

Details of Chapter Contents

(page 1) General DPrinciples, analyzes the four tvpes of power amplifiers, AC. DC,

and composite, illustrates (hem in functional blocks and schematic diagrams, and
branch in elear textual exposition,

It I (page 20) Circuit Laws, expounds antl applies Ohm’s laws and their

Kirehhoft's Law

CHAPTER TIL (page 35) Principles of Iectification, expounds the vacuum tube. both filament and

gaseons types, electrolytic and contact rectitiers, and esplains why and how they work,  Full-wave and

halt-wave rectification are treated, with cunent tHow and voltage derivation analysi Regulation curves

for 280 tube ate given. Vollage division, filtration and stabilization are fully illustrated and dissected.
CIHADPTIE V. (paze 62) Dractienl Voliage Adjustinents, gives the experimental use of the theorelical

Determination of rusistance values is carefully revealed.

Bias, enumerates, shows, and eompares them.

(page 90) DTrinciples of DPush-P'ull Amplitier, detines the push-pull relationship, with keys to

nniend of desired electrical symmetry

VIl (page $8) Uscillation in Audio Amplitiers. deals with motorbeating and oscillation at higher audio

explaining why it is present. stating remedies and giving expressions for pre-determination of resions
The trouble is definitely assigned to the feedback through common lmpedance of load reactors and B

relationship to the € bias derivation as well. The feedback is shown

Western

CTIAPTER 1.
battery-operated
treats eac

CHAT

known a

special form

positive und the resulis

stated

tells how to run curves on tubes. how to build and how to use a
the tilament or heaters and presents families of curves, plate
45, with lond lines. Also. plate voltage-plate current character

discusses hum in tubes with
120, 1714, 2
200200, 224, LA 210, 250, rull data on everything.
Rectitier and Vol l(eguldtm Tubes, and mdl\ullm] tables,
L2001, 1128, 171A, 223, 240, 245 and 224,

ngs~. states coupling methods and shn\\» circuits tor best connections.
(pase 161) I'ower Detection, explains what it is. when it should be used. and how to use it.
A rect ng detector. desizned by one of the authors, is expounded uhu

CHAPTER XI. (page 121) I'ractical Power Amplifier, gives AC cults and shows the design of a sound
reproduction gygtem for theatves. A puage is devoted to power amplitier symbols.

CHADPTER X11. (paze 183) Measurements and Testing, discloses methods of qualitative and quantitative
analysis of power amplifier performance. Order Cat. APAM

Two Other New Books by the Same Authors

““The Superheterodyne.”” a new volume, deals with the theory and practice of this recelver in a detuiled and
pertineat manner. fully illustrated.  The theoretical diseussion proceeds to a receiver embodying the theory
stated.  Full constructional «data.  Order Cat. ABSH.

“Foathold on Radio, ~ for the sheer novice, the only bool published that is really for the person who knows
nothing about radio. Fully understandable by any one. lreely illustrated. Order Cat. FOR

“Trouble Shooter’s Manual’’—*‘Mathematics of Radio”

T'he three hooks by .o . Ltider, Institute of Radio Engincers, “Trouble
Shoeter’'s Manual.”" and reatis¢ on Testing Units for Service Men. .

“Mazhomaties of Kadio.”” 128 pages, 8% x 117, 119 illustrations, bridges the gap between the novice
and the college protessor. It giy a theoretical backpground so necessaty tur a proper understanding of radi
and audio civenits and their servicing. Mlexilile cover. Order Cat .

The first comprehensive volume devoted exelusively to the top uppermost, in every service man’s niind i
““Troutite Rhooter's Manu Juast pubdished. It i not anly a treatise for service men, telling them how to
overcome their most serious problems, and fully diagramming the solutions. but it is a course in how to becume
a servire nen, §Eopives atl the detzils of servicing as they have never been given before.  Finding the right
mode of attack, applying the remedy promptly and ebtaining the actual t.ulon drawn diagrams of receivers

avs have been a big load on the service man’s chest. But no mo
I'his book is worth hundreds of dollars to any one who shoots trouble in recelvers—whether they be factory
made. cuaton hn.Il or home-nade receivers

MORE T1. 100 WIRING DIAGRAMS OF RECEIVERN MADE BY MI’)HIC 'I‘ll‘\.\' IFORTY DIFI
\l"l‘ \I\\I‘J \(.'IUlul I\\ .»\RL run l ISIIED IN THIN BOOK, INCL l'l)l LD MODELS AND 1

3 & LCROSLEY,  MAJENTIC, 7 o RTROMBERG  CARLNOD

size 8l x 117; "00 111u~tmtwn; Limitation leather co‘cr

201A, 1124, 1714,

There is a composite
giving prid voltage, plate current

CHAI'TER X,

“'Mathematies of Radio.”

FERT

/

Al 5
]Il)llAL l\L)\ ET'
. TsML i .

“ Theatire on Testing Units for Service Men.”" is a 43-pace, liberally illustrated book on testing units ami
cireutts.  Tells what equipment a se:vice man should have and how to use it wmost etfectively and quickly.
Rapidity  of  operation one of the points . S
stiessed throushout this valuable book, as a o T T e E e =
service man's (ime is his chiel stock in trade. Radio World, 145 West 45th Street, New York, N. Y.
Oty (Bt G, (Just East of Broadway.—Phone BRYant 0558.)

o Enclosed please find $.......... for which please
Other BOOkS enter my subscription tor IL\[)]() WORLD ['m"spe(-ined

CAIKT of Television,”' by I\A_y"Au“l‘ Francis period and send tree (pqslpunl) the one premium book
Yates. tells the whole story and zives data on designated by my cross in square.
canstrurtion of a television v

Cloth honnd. Urder Cat. TEL, T REL $1.00 for 8 weeks (8 issues)
» Aunual,” by 6. F. Siechng of T ST .00 jor 16 weeks (16 issues) TTU

U. 8. Dept. of Commerce and Robt. 80 Kru-e, =TT - 5
formerly technical editor of QST.  Nearly 800 Foi $3.00xigr 6 months (26 Ngsves)
$4.00 for S weeb (34 issues)
C

M0 paes

PI\EI 210 paces,

pages 369 illustrations. I}uund in tlexible

fabrikeld.  Order ¢ut. MAN. L MDOR O mwet
“'Diake's Hncyclopedia.” new edition. 2% $5.00 for 42 weekx (12 issues)
thick, weighs 3% Ilbs. 920 pages, 1.025 illus- CAIWT 7 MWEPR
lx.mom T
E\penmonm] I{:nli;" by R. I Ramsey R £6.00 i;”:r\l [W’” (52 I”"“)D M
T'h.D., I'tof. 1" ies. Indiana University. D;'[\,l AM ’ 'l"l‘\ al PRI
pages. 168 111u.<tratious. Cloth cover. Order {01 il 1] BLAS
Cat. RN, N CRITM $7.00 for 60 areeks (6D jssues)
“Fundamentals of Radio.”” by Ramsey. 372 = 9 < reel s Hooixsiues)
pages, 102 illustrations. Order Cat. REN QL L iﬂ_far A,Sh \egh (8 - = —
‘Prineiples of IRadio.”” by Keith Henney C S12.00 for 2 yems (101 issues) ™ oMmr
MoAL director, laboratory. Radie Tiroades 0 MAN | DRA OR
477 payges, 305 illustrations. Order L.n. PRI
‘‘Radio Telegraphy and Telephony.”” by Ru- KRG « o e e e e e e e e e

dolph L. Iyincan and Charles E. Drew. of
Radio institute of America. Order Cat. RTT.

““The Superheteradyne.’ hy R, E.
93 pages. 68 illustrationz: cloth ecover
Cat. REIL

facault.
Order

|
|
!
|
|
|
|
Order Cat. DRAL {
1
|
|
i
|
|
|

RADIO WORLD, a weeklv paper published hv Hennessv Radio Publications
15¢ per
Roland Burke Hennessy,
business nianager and managing edltor. J. E. Anderson,

Vol. XVII, No. 6.
New York, N. Y., wunder act

Whele No.o 422, April 26th, 1930.
of March, 1879.3

Corporation. from Publication Office. 145 West 45th Street. New York. N. Y.
copy, $6.00 per year. [Entered as second-class matter, March, 1922, at the Post office at
president and treasurer, M. B. Hennessy, vice-president; llerman Bernard,
technical editor.

www americanradiohistory com
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Highest Grade
Key Tubes at

Defiant
Prices!

Screen Grid Tubes
224 at $1.43
222 at 1.88

Power Tubes

250 at 4.95
210 at 3.25
245 at 1.28
112A at .78
171A at .78

Other Tubes

227 at .90
226 at .68
280 at 1.13
281 at 2.95
201A at .53
240 at 1.60

The above constitute the nine most popu-
lar tubes used in radio today. Despite the
severely low prices the Key tubes are firsts
of the very first quality. Besides, there is
a fAve-day money-back guaranty! The
above tubes are manufactured under
licenses granted by the RCA and Its
affiliated companies.

All prices are net and represent extreme
disconnt already deducted.

GUARANTY RADIO GOODS CO., 143 West
45th 8t.,, N. Y. City. (Just East of Broadway).

Enclosed please find $.......... for which ship
at once tubes marked below:
0O 224 AC screen grid . ...810.48
O 245 AC power tube 1.28
0 228 AC amplitier .68
0 227 AC det.-amp. . .80
0O 280 AC rectifler ...... $h.18
[0 222 battery screen pgrid ...51.88
O 112A power tube ........ ev 78
O 17(A pewer tube .. ee W78
0 201A battery tube .53
2] 240 hi mu tube.. $1.60
{1 250 power tube.. ... 4.95
1210 power tube..........ooovvviannnnnns 3.25

1] Put eross here It C. O. D. shipment Is de-
slred.

Canadian remlittance must be by postal er ex-
press money order.

5-Day money-back guaranty

quuip Yourselt No
With Necessary Meters!

To do your radio work properiy you need meters. Hers Lr
yeur opportunity to get them at no extra cost. See the lim
of nine meters st left. Heretofore we have offered the cholos
of sny one of these meters free with an 8-weeks subscriptiss
ftor RADIO WORLD, at $1, the regular prioe for sush
subscription. Now we extend this offer. For the firsd time
you are permitted to ebtain any one or more or all of thess
meters free, by nending in $1 for 8-week’s subscription, em-
titling you to one meter; $2 for 18 weeks, entitling you te
two meters; $3 for 26 weeks, entitling you to thres meters:
$4 for 35 weeks, entitling you to four meters; $5 for &4 weeks.
entitiing you to 5 meters; $6 for 52 weeks, entitling you ts
six meters. Return this offer with remittance, and chesk off
desired meters in squares at left.

RADIO WORLD will help you in your radio work, se
you will be able to use the meters most valuably. Kees
sbreast of sll the new eircuits, intimate details on perfeetiny
existing sets, and get inside track ouv sensitivity, distane,
reception, tonal quality, and news of radlo, technical snd non-
technical. Enjoy the writinge of Dr. Lee De Forest, McMurde
Silver, J. K. Anderson. Herman Bernard and s host of other
radio engineers who contribute their knewledge to you through
the medium of RADIO WORLD, the first and only illustrated
oational ‘adio weekly. You can find no magazine that better
caters to_yoyr needs than BADIQ WORLD. 8hort waves?
RADIO WORLD will tell you all about them. Extremely
sensitive broadcast receivers? Thelir construetion and speration
sre fully discussed with eonfident regulsrity. Power supplies
--push-pull or otherwise? AC receivers? Hcreen grid tubes?
Large receivers that give s super-sbund of {{
small, economical receivers that give performance ocut of all
comparison to their size? Are you interested in these? Then

Your Choice of
These Nine Meters FREE!

8- Veltmeter D. .
Vol

you're interested in RADIO WORLD
Present mail subscribers may renew their subseription under
this remarkabiy generous offer. Put s eross in square. (3

RADIO WORLD

peret D.C. : 145 W. 45th St., N. Y. City—Published Weekly.
<400 MIlllsmperes D.C................... Ne. 304 All Newsstands. (5s per sepy—$3, six moenths—3S0 a year

POV OUOWIN POOOWN A P

Portable Type ' RADIO WORLD

VOLTMETERS ®d “RADIO NEWS”

for Measuring High Voltages, In- ONE' YEAR @.$7.00

CIUdlng Those of B SuPphes' You ean obtaln the two leading radic techmieal ma,
(C. zines that cater to experimenters, service men and stu
.

the first and ooly national radie weekly and the
monthly, for one yesr esch, at s seviog of $1.50. The
;aguln mafl ll‘liblfcrlnluonmnle for Badio World for eme
ear, 8 new and faseinating copy eaeh week for 53

!ll s.u.oo. Bend in 131.00 anl:l. so4 "‘Radio Nawn‘!.:f:!
or yoar—a new issue eseh month

Total. 84 fssues for $7.00. B for twelve moaths
AQD If renewing Radie World subscription. put cross in
uare.

BADIO WORLD, 145 Weat 45th Btrest, New York. N. Y

0-60,0-300

HIGH RESISTANCE

DC VOLTMETER

With three 28" tipped leads built in

A por'able type, high resistanes
meter. 2% * outstde diameter, for
cioge reading of direct currens
voltages up to 60 volts. and fer
reading DC voltages up to 308
voits. Three vari-colored 28’ In-
sulated leads, with jack tips, are
butlt in. Black {s minus. yellow
13 €0 volts maximum and red ts
300 volts maximum. These volt-
ages are marked at the meter
outlecs. Cat. J-246. Net price,
$31.28

0-300 volts, at 200 ohms resistance per volt,
5 ma. drain at full-scale deflection. Accuracy,
2%. Case is full nickel finish. Long connecting
cords have especially ornamental tip holders.
Meter should be read in perpendicular position.
Five-day money-back guaranty. Order Cat. F-300
@ $2.59.

0-500 volts, same as above in appearance, but
the range is greater and the resistance per volt
is 233 ohms., 414 ma. drain at full-scale deflection.
Accuracy, 2%. Five-day money-back guarantee.
Order Cat. F-500 @ $3.73.

0-600 volts, AC and DC (same meter reads
both types). DC readings accurate to 2%, also
AC readings 2% at 50-60 cycles but accuracy is
less on AC at substantially different frequencies.
Resistance 100 ohms. per volt, 10 ma. drain at
full-scale deflection. Same general appearance as
illustrated meter. Five-day money‘-)gack guar-
antee. Order Cat. M-600 @ $4.95.

J-246 Voltmeter, tror
mollu:lnzllll direet Multiplier. with jack terminsls.
surrent voltages, in- -

cluding B eltming. to lncrel:e range 0-300 range te
tors.  0-60, 0-300  0-600. Cat. J-108JT (with jaek
{double range). terminals}, pet price. $1.18,

Order One C. 0. D.

GUARANTY RADIO GOODS CO.
143 West 45th St, N. Y, City

LACAULT’S Book

"'Super-Heterndyns Construction and Operation
¢irirg the master's most masterful sxpositien
i the theury. performanee sbd construction of
My faseinating type of circuit. 1n s necessity
tc every nmerlour radio experimenter. More thsn

GUARANTY RADIO GOODS CO.
143 West 45th St., New York, N. Y. |
(Just East of Broadway)

Please ship C.0.D. the following makes. a¥ advertised,
on 5-day money-bhack guaranty:
O Cat. F-300 st
O Cat. F-500 at .
O Cat. M-G00 at ..

NEMSO oy - . - i - - - EEEeoENK - = v e o v o Sheke - v (ST % v e oe SRS e 100 pages and more than 50 illustrations. Buck-
ram rover Thix bosk by R. E. Lseault. FRER
1t you send $1.00 for an 8-weeks subscription

AdAress ... .. tor hadio World  Present subscribers may aecept
this nffer.  Rubscription wiil be extended.

143 W, 45th 8t.. N.Y. City

CIY tvvvvvrin e, State .........iiiiiii..s RADIO WORLD Just East of B'way

Hi-Q 30 Wholesale Prices!

AC OR BATTERY MODEL

Write or wire!

Guaranty Radio Goods Co.

143 West 45th St.,
New York City

www americanradiohicstory com
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Accurate Tuning Condensers and Accessories

EQUALIZER SINGLE .00035 THREE-GANG SCOVILL .0005 MFD.

L0

o N
AT. KH-3 AT 85¢ /7 / a/‘/ / ,
© ‘ // £ HLCELCS /
A single .00035 mfd. condenser 2 - —
with nonremovable shaft, having f i
shaft extension front and back, = @
hence uscful for ganging with
drum dial or any other dial
Shaft is 3% inch dlameter, and
its length may be extended 3%
inch by use of Cat. X8-4. Brack-
ets built in enable dlrebcl lll;bd-
. anel mounting, or may be plie
The most precise snd rugged gn’ essily, Front panel mount-

CAT. EQ-100 AT 35e

One of the finest, strongest and best gang condensers ever made is this three-gang

;gualllnzg}% oogdi:rllxgmmn;i:a wl%g ing is practical de l’elmol‘:“g wt'l“ unit, each section of full .0005 mfd. capacity, with a modified strasght frequency Kne
mmfd. maximum, for equallzing ??:113;§§B“;’Cf:‘;‘s f%"p och: long. characteristic, The net weight of this condenser is 3% Ibs. Cat. SC-3G—5 at $4.80.
the capacity where gang con- . i

dansersparey used that are not Condenser madecOby Scovill Mtg ERE is a three-gang condenser of most superlor deslgn and workmanshlp, with an accuracy
provided with built-in trimmers. N H of at least 993, per cent. at any settlng — rugged beyond anything you've ever seen.
Turning the screw alters the po- Cross-section revesals Solid brass plates perfectly aligned and protected to the fullest extent sagainst any dis-
sitfon of the moving plate, hence the capacity. M aaca s oullean placement except the rotation for tuning. It has both side and bottom mounting facllities. Shaft
special threaded brass bushing into which scre\f!}?] i i i leapacity is % inch diameter and extends at front and back, so two of these three-gangs may be used with
not strip the thread. Useful in all elrcuits where £ a single drum dial for single tuning control. For use of this condenser with any dial of %”
of 100 mmfd. or less i3 specified. diameter bore, use Cat. XS8-8, one for each three-gang. Tension adjusters shown at right, other

side of shaft.
l AND FLEXIBLE SALIENT FEATURES OF THE CONDENSER
RIG D (1)—Three equal sections of .0005 mfd. capacity each
(2)—Modified straight line frequency shape of plates, so-called midline.
LINKS (3)—Sturdy steel frame with rigid steel shislds between adjacent sections. These shields
minimize electric coupling between sections.
For coupling two (4)—The frame and the rotor are electrically connected at the two bearings and agaln with twe
1%  inch diameter sturdy springs, thus insuring positive, low resistance contact at all times.
sﬁa{ts either coll (5)—Both the rotor and the stator plates are accurately spaced and the rotor plates are accurately
shaft and oon- centered between stator plates.
élenser shatft, at (6)-—Two spring stoppers prevent jarring when the plates are brought inte full mesh.
two condenser (7)—The rotor turns as dcsired, the tension being adjustable by set-screw at end.
shafts, a coupling
link {8 used. This

(8)—The shaft is of steel and is % inch in diameter.
(9)—Each set of stator plates ls mounted with two screws at each side of insulators, which {im
turn are mounted with two screws to the frame. Thus the stator plates cannot turn side-

{ny;i be :{l‘hem";gld CAT. FL-4 at 30c wise with respect to the rotor plates. This insures permanence of capacity and prevents
where the link- Flexible insulated any_possible short ecircuit. i ] .
CAT. RL-3 AT I2¢ SR 00 coupler for uniting (10)--Each stator section i3 provided with two soldering lugs so that connection can be made te
R ltos tbe sht‘-s:cl:t;g' E(&lmoror m&lde;l:cekl; (11)_91\%282}115013&[)[85! plates and the generous proportions of the frame insure low resistance.
(Thee {olglgngl;:ﬁ' egg}:' shaf_t ’ n‘r?d 1‘:0 paerticulearls; diameter P‘rovides (lg)—grm'isionl ?mde fior indepsn?ent :;lt;c:)}merl))t ot al irimmer to each section.
n , r {13)—The steel frame 1is sprayed to matc! '@ brass plates,
serviceable where a Bf%u"ded g:etal fhglsxﬁszior‘:g giprtcigin“of insulated (14)—The condenser, made by America's largest condenser manufacturer, i3 one of the best and
used, a3 the returns then need no In b sturdiest ever made, assuredly a procise instrument.
EXTENSION SHAFTS, TWO SIZES .00035 TWO-GANG DRUM DIAL
Here is & handy ald to salvaging condensers and A two-gang condenser, like the single CAT DD-0-100 @ $1.50
coils that have 3%’/ dlameter shafts not long type, KHS-3, but consisting of two
anough for your purpose. Fits on %’/ shaft and sections on one frame, is Cat. KHD-3, A suitable drum dial of direct

provides 34’ extension, still at %’’. Henes both also made by Scovill The same mount-

the exiension shaft and the bore or opening are 1ing facilities are provided. There is a  drive type 1is obtainable for %

14’ dlameter, shield bftweenh the ljesr;ectiye sec&i&md shafts or 3’ shafts, and with 0-100
For condensers with %’ diameter shaft, to 'The tuning characteristic is modifle scales. An escutcheon, 1s furnished
i - stralght frequency line. Order Cat. g o @

accommodate to dials that take 4’’ shaft, order KHD-3 at $1.70. with each dial.

CAT. XS-4 AT 10c Cat. XS8-8 at 15c.

FOUR-GANG .00035 MFD. WITH TRIMMERS BUILT IN

Trimming condensers are built inte
this model. The condenser may be
mounted on bottom or on side.
The shaft is removable, also the
plates are removable, so you can
take out one section and operate

as a three-gang.

/ GUARANTY

AR
RADIO GOODS co.,
143 West 45th St.,
C.ity

(Just East of Broadway.)

Enclosed find $.......... r
/ which ship designated parts:
Four-gang .00035 mfd. with trimmers built In. Shaft and rotor hlades removable. Steel frame and shaft.
alumgngén plates. Adjustable tension at rear. Overall length, 1| inches. Weight, 31, lbs. Cat. SPL-1G-3 /
SHORT WAVES A four-gang condenser of good, sturdy construction and reliable per- / Street Address........................ .
formance fits into the most popular tuning requirement of the day. City
Tuning condensers for short waves, It serves its purpose well with the most popular screen grid designs, ¢ = 7 7 rrroreeees e State........ ........
::xr:fc::gi-vsv‘"iivleab-leia;?:rsmix’f‘;escehccl:)lrff which call for four tuned stages, including the detector input. / the following merchandise as advertised:
densers ara‘.00015 mfd (150 micro- Ordinarily a good condenser of this type costs, at the best dis- / 0O Cat. X8-4 @ 10¢ O Cat. EQ-100 @ 33¢
microfarads) in capacity. ‘They are COUnt You can lcontnve to ﬁet. about tmf]e as much as s charged 0 Cat. KH-3 @ 85¢ [ Cat. 8C-3 G-5 5
suitable for use with any plug-in OF the one illustrated and even then the trimming condensers O Cat. XS-8 @ 15 g -5 @ 34.80
coils. Order Cat. SW-S-130 @ $1.50. 7€ not !ncluded. The question then arises, has quality - oC 0 Cat. SPL-4 G-3 @ $3.95
Te provide regeneration from plate DPeen sacrificed to meet a price? As a reply, read the / O Cat. KHD-2 @ $1.70 0 Cat. FL-4 @ 30¢
to grid return, for circults calling twenty-six pqints of fidvan.tage. The first consideration / {J Cat. RL-3 @ 12¢ O Cat. SW-S-158
for this, use .00025 mfd. Order was to build quality into the condenser. The O Cat. DD-0-100 @ $1.50 O Cat. SW-5-250
Cat. SW-8-250 @ $1.50. accuracy is 99% %. .
P ALL PRICES ARE NET

www americanradiohistorv com
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READRITE R-245 SET AND TUBE TESTER

WITH NEW 8-PAGE ILLUSTRATED INSTRUCTION SHEET

g P
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Set and Tube Tcster, Cat. R-245,

shown two-thirds actual size, a handy,

dandy instrument for service men and experimenters.

consists of a
assembly in a

HE  R-243
three-meter
metal  case.

with  slip-on
cover, a tipped cable, S-prong
plug. and a d-prong adapter,
a  screen  grid  eable.  two
separate tipped leads for inde-
pendent veltage readings. red
for positive. black for negative:
ten color identified tip Ks 0
receive cable leads, and & new
8-page instruction sheet with

tube characteristic chart.

\Vith this outfit you plug the
cable into a vacated sccket of
a receiver, putting the removed
tube in the tester, and u.inz
the receiver's power for mak-
ing these tests: D’late current,
on 0-20 or 0-100 ma. scale,
changed by throwing a built-in
switeh;  0-60. 0-300 v, DC
changed by moving one of the
tipped cables to another jack:
filanient or heater voltage (AC
or DC), up to 10 volts. or any
other AC voliage source, meas-
ured independently, up to 110
volts, including AC line voltuge.
Also, screen grid voltage and
sereen grid current may be read
by following connections speci-
ried in the new R-page instrue-
tion sheet.

Eael meter may be used in-
The two test
leads, one red. the other black,
with tip jack terminals, ensable
wick conneetiom to meters for
inidependent use.

HEXN servieing a radio
set,  power _amplilier
speech amplitier or

sound reproduetion or recording
equipnient.  the eireuits and
voltages are almost inaccessible.
nnless a plug-in tester is used.

The R-245 plugs in and doe:
evervthing vou want dene. It
consists of

(1)-—The encased itnree-meter
asseiably, with d-prong (UX)
and A-prong (UY) sockets bullt
in; changeover switeh built in,
from v-20 to 0-160 ma.; ten
vari-colored jacks, five of thew
to hold at  once vari-co'oved
tipped ends of the plig cable:
krid  push-hutton. that  when
pushed in connects grid direet
17 the eathode for 224 and 227
tubes, to note chunge in plate
urrent.  and  thus  shorts  the
signal input.

(2)—4-prong
prong plug of

Nar

dependently.

adapter for 0
" rable
sl erid tubes.

(1)- ~trair of Test Leads for

ndiviidual use of meters.

(5) -New 8-page instructio
heet

With (hi
clrenits using
nll»ec "I)IA\

for

testing

outfit vou can test
the following
200 A X194

and ]»un(mle:

All Vital Tests Made Instantaneously and Simultaneously!

HEN the R-245 is plaggzed into the
vacated socket of a set und the re-
moved tube is placed in the proper
soclet of the Tester. the receiver’'s power
supplies all the voltages and currents.
You see the vital tests made right before .

v ore

Is the circuit continuous or is it open_?

What is the total plate current drawn m
the receiver?

What are the respective B voltages at
the B hatteries or voltage divider?

Tip jacks with colored rings. cx)\vespond-

www americanradiohisetorv com

vour eves, all three meters registering im- ing to the colors of the five leads of the
mediately, all three reading at the same cable plug for normal use, reccive (hls-s,
time. feads, so you can make no mistgke. For
Here are some of the questions answered making some special tests. the connections
by the Tester when plugged iuto the re- from cable to jacks are different, as ex-
ceiver: R plained in the instruction sheet. Remit
What is the hhmem or heater ‘voltage Th_ek'thrse-:(neter zssefrinb_l{{ in the with order and we payv carriage.
atter if DC or ACY? crinkle dark brown finish carrying Order Cat. R-245 at $11.40
(no matter i case, which is sturdy steel, with slin- s g .
_ What is the p]dte voltage at the plate on cover of same finish. The handle In all servicing work it is exceedingly
itseli? is genuine leather. The buckled strap helpful to use an illumination tester, to
What is the plate current drawn by the holds the cdver on. inform vou if the house elcctrical service
tabe? . is AC or DC, and if DC. which side is
Is the tube in good condition or does it require replace- negative and wiich positive.  Also, in either insiance, you can
ment® (Tube chart in instruction shee({ gives necessary tell which side is grounded. by connecting one side oi the
reference data.) iHuinination tester to ground. for instance. radiator or coid
What is the grid bias valtage water pipe. and the other side to the convenience outlet. The
What is the cathode voltage” ortlet connection that does not show a light is the grounded
What is the screen grid voltage? side.
Besides, when meters are used independently. vou can The illuminution tester will disclose continuities and opens. It is as
answer these questions‘ h:]lml,\' 3;03 pencil and fits in your vest pocket. It warks em voitage It
What is the screen grid carrent? toe to 0 : . )
. H . . Lo There are two eleetrades in a Neon lamp in the top of the instrumen:.
What 'is the line voltage (no matter if AC or DC)? On A both eleetrodes light.  On DC only one lights. und that one |
— ——reame o e = = M negative of the line. the light heing on the same side as the lead to the
| Xeon lamp Nence tie illuminator shows whether tested sowrve is AC o
PLEASE USE THIS COUPON' DL and, if DEL which side is negative. .
l fhe output of the speaker cord will show a tight.
GUARANTY RADIO GOODS CO., the device will test which fuses arc hlown in fused house lines.
143 West 45th_Street, New York, N. Y. AU or DO Besides it tests ignition of spacl plugs of automobiles. hoats
{Just East of Broatiway) I it airplanes, also faulty or weak spark plugs.
Enclosed please find $... ... .. .. ... .. for which please ship at Just itush on the illumination tester momentarily Lt i tast abou
once, prepaid, the following: O Cat. BRT @ 90 cents. , 3.0 flashes,  Remit with order and we will pay carriage
O (at. R-215. with new instrue [JcCat. R-19 and 20 @ $1.20 Order Cat. BRT at 90 Cents
tion sheet, §11.40 Cfﬂl‘ “0(")!- l For those who desire unusuaxl veltage vange. or want ta test .ubes that
[ Cat. R-106-TJ @ $1.80. %6‘% ]}l-_IIN@ 60_(‘(’{"5.‘ . have unusual hases. cte.. adapters are availuble
1 Cat. R-560-TJ @ $2.9 s:ll\eet i" (.‘en:,se“ nstruction ’ . Multiplier I’l'-llll(‘p-TJ is used fo increase the DU voltuge readings from
0 GO shipment is desived. put a (‘rou'in'su v-“ Teft DO to H00. Alhls a(lanlo}‘_mmhles tests of scts using up 1o 00 volts I
Note: Canadian remittances must be by Trost '(’{:.;ie. ¢ el-" . | henee those with gl() Gr 250 output tihes.  Remit with order and we pay
Meney Order s A § ce or lkxpres: rarviage. Order Cat, R-108. Priee, with built-in tip jacks. $1 80,
b 3 o | Multiplier R-560-TJ. increases the 140-velt A¢ scale to 560 volts AC.
R with order and we pay carriage. IP'rice. with huilt-in tip jack CAT. BRT.
NAME o ] 2 N ) umination Test-
Adapters k-39 and R-20, for testing TIVISY tubes. s0 thev will it er. Vest  Poeket
| 1 osocket of tester and stundard fester plug will fit in sucket of receiver. Size, Shows Shorts
Address ... Remit with_order and we puy carriage. Price, $1.20 for boili. and Opens Visual-
l Adapter R-21. for testing old-stvle Arcturus tubes and IKellogg tubes. ly. also polarity of
CHLY oo State ... ... \}':th filament at top. Remit with order and we pay posiage. Frice C line. A Neon
1 A0 cents. lapp is built in.
4



