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3'1 FAIR WARNING
Never again will the famous genuine Postal 5 -tube Universalreceiver be sold at these low prices. Prices have gone up already.
Now is your last chance to purchase some of these sets beforethe big price rise. It will pay you to have some on hand.
This persona) compact and convenient lightweight receiver may be operatedfrom any power source (AC-all voltages and frequencies: DC-Delco orBattery systems). No Restrictions. Works Everywhere-Automobiles-Motor
Boats-Offices-Camps-Hospitals-Bedrooms-Dens-Hotels.Employs 1-37,1-77, 1-78, 1-43 and 1-25Z5, incorporated into an advanced design circuitutilizing the latest Dynamic Speaker. Tremendous volume and unusual sensitivity are easilyattained on a few feet of wire. No ground or outdoor aerial necessary.

Easily resold at a handsome profit. Remember, we have given you fair warning.
Complete Kit of parts for above, including dynamic speaker
Complete Chassis (including dynamic speaker). Laboratory tested and wiredSpecial Cabinet
Sold 5 Matched Genuine Arcturus Tubes

for $25.00

1 COMPLETE
KIT

$ 9.75 )
10.75

1.50
3.95

Regular price 16.20SPECIAL OFFER: The Complete Receiver, including cabinet,speaker and tubes, custom built, laboratory tested and readyto operate
Battery Adapter, cable and plug, for auto or home
Complete 6 -Volt Auto Eliminator
Complete 32 -Volt Delco Eliminator

POSTAL RADIO
135 LIBERTY STREET - NEW YORK, N. Y.

13.95
1.00

10.95
12.03

rDO OUR MIL

There has been a rumor circulated
by our competitors that we were out
of business. Like Mark Twain's
death, it has been grossly exagger-
ated. We simply moved to larger
quarters and are still catering to
Radio Experimenters. We do not
issue a catalog, but have the largest
selection of old and new radio parts
in the world.

BLAN THE RADIO MAN, Inc.
177 Greenwich St., New York, N. Y.

RADIO WORLD
and "RADIO NEWS"

BOTH FOR
ONE YEAR $7.00 Canadian

and Foreign
$1.50 extra

You can obtain the two leading radio technical magazines
that cater to experimenters, service men and students,
the first and only national radio weekly and the leading
monthly ter one year each, at a saving of $1.50. The
regular mail subscription rate for Radio World for one
fear, a new and fascinating copy each week for 52 sleeks,
Is $6.00. Send In $1.00 extra, get "Radio News" also
for a year-a new issue each month for twelve months.
Total 64 Issues for 57.00.
RA D 10 WORLD, 145 West 45th Street, New York. N. Y

115 DIAGRAMS FREE
115 Circuit Diagrams of commercial Receiver. se

Power Supplies supotemeettne the diagrams to Jolts
Eider's 'Trouble Shooter's Manual.- These schemed.
diagrams of factory -made receivers. firing the mans
factureee same and model number on each diagram. in
elude the MOST IMPORTANT SCREEN GRID RI
cErvXHS.

The 115 diagrams. each in bled" and white on sheet,
9% z 11 inches, punched with three standard holm for
loose-leaf bindles, constitute a supplement that must be
obtained by all posseisore of "Trouble Shooter's Manual."
so make the manual complete

Circuit' include Bosch 34 D C. screen grid: Ralkit.
Model F Croeley 20, 21. 22 screen grid: Eveready series
61 screen grid; Erla 214 A. C screen grid: Peerless
Itlectrostatie series ; Pink° 76 screen grid.

Subscribe ror Radio World for S months at the regular
subscription rate of $1.50. and have these diagrams de-
livered to rou TREE I
Present robscribers nwe take advantage of 'kis
offer. Please inet a cross kere 0 fo expedite
extending yowr exPiratios date.
Radio World, 145 West 45th St., New York, N. T.

NEW PRICES
TROUBLE SHOOTER'S

MANUAL, Nos. I, II and III
Having assembled 2,000 diagrams of commercial

receivers, power amplifiers, converters, etc., in
1,200 pages of Volume No. 1 of his Perpetual
Trouble Shooter's Manual, John F. Rider, noted
radio engineer. has prepared Volume No. 2 on an
even more detailed scale, covering all the latest
receivers. Volume No. 2 does not duplicate dia-
grams in Volume No. 1, but contains only new.
additional diagrams, and a new all-inclusive in-
formation on the circuit. covered.
Volume No. 3 (Recently issued). Order Cat.

RM $7.541
Volume No. 2-Perpetual Trouble Shooter's Man-

ual. by John F Rider, Shipping weight 9 lbs.
Order Cat. RM-VT $6.50

Volume No. 1 (8 lbs.). Order Cat. RM-VO @ $7.50
We pay postage in United States on receipt of

purchase price with order. Canadian, Mexican and
other foreign remittances must he in funds payable
in New York.

RADIO WORLD
145 West 45th Street New York City

NE
HANDY
SERVICEMEN'S
MANUAL

Full of important money -making ideas-data-trouble-
shooting, etc.

catalogue.
Send for 25c R ES E QR UVAE N TYOR

LIMITED

Dent. RW
TRY -MO RADIO CO., INC.

Y NOW!

85 Cortlandt Street, New York City

NO MORE
CALCULATING

OF INDUCTANCE!
Get your answersaccurately from
curves in the only
book of its kind in
the world, "The In-
ductance Author-
ity," by Edward M.
Shiepe, B.S., M.E.E.
Two charts, one in
the book, the other
(18x20 inches) as a
supplement, relate
inductance, capacity
and frequency, the
large one from ultra
to audio frequencies.
Thirty-five charts,
with 13 curves oneach, cover the

numbers of turns and inductive results for
solenoids, for 35 wire sizes and insulation
types. Wire sizes are Nos. 14, 16, 18, 20, 22,
24, 26, 28, 30, 31 and 32. Insulations: single
silk, double silk-single cotton, double cotton
and enamel. Form diameters: %, %, 1, 1%,
1%, 1%, 1%, 2, 2'4, 2%, 2% and 3 inches.
Pages 9x12, printed on one side only. Price,
$2.00 postpaid, including supplement.

RADIO WORLD
145 WEST 45TH ST., NEW YORK CITY

ANDERSON'S
AUTO SET

Designed by J. E. ANDERSON

FOREIGN RECEPTION
ON 6 -INCH AERIAL

This new auto set is the most sensitive ear
receiver we have ever come across. Mexican and
Canadian stations were tuned is from New Tort
City on a 6 -tech aerial. The circuit, an 8 -tube
ounerheterodwne, with automatic volume control.

The complete parte, including set chisel, and
set shield, battery box, remote control. battery
cable, all condensers. resigtore and coils, speaker
with shielded cable; and a kit of RCA tubes (two
239. two 236, two 237, oqe 89, and one 85i aresupplied less aerial. Cat. 898-K 334.110

Wired model, licensed by RCA. with complete
equipment, less aerial, but including RCA tubes.
Cat. 898-W $37.40

Hennessy Radio Pubs. Corp.
143 West 45th St. N. Y. City

gffe THOR
COMMUNICATOR
AC -DC OPERATION

For use as a PORTABLE
AMPLIFIER, as an INTER-
OFFICE COMMUNICATOR,
or for RETAIL STORE
DEMONSTRATING.
KIT, with drilled Chassis, Cabinet,
all necessary parts and S. J. Ameri-

can Microphone, $12.50 List
(Less Tubes)

$9.95
Uses 1-'77, 2-'43, 1-25Z5 Tube

O

ON DEMONSTRATION

PARTS - PARTS - PARTS
The LARGEST and most COM-
PLETE line in the City for the

Serviceman and Experimenter.

MAIL ORDERS FILLED

THOR'S BARGAIN BASEMENT
167 Greenwich St., N. Y. City

Quick -Action
Classified

Advertisements
Te a Word --$1.00 Minimum

MACHINE WOUND COILS TO YOUR SPECI-
FICATIONS; reasonable' prices; best materials.
Box 82, San Clements, California.

NEW RADIO AMATEUR'S HANDBOOK, 180,000
words, 207 illustrations, 218 pages (10th edition,
issued 1933). Issued by the American Radio Relay
League. Price, $1.00 per copy. Radio World,
145 West 45th Street, New York, N. Y.

MODERN TUBE INDEX, all tubes, all the dope,
all manufacturers, socket connections, everything.
Most complete of all. Sheet 21 x 27 inches. Price
25c. RADIO WORLD, 145 West 45th Street,
New York, N. Y.

HENLEY'S "TWENTIETH CENTURY BOOK
OF RECIPES, FORMULAS & PROCESSES."
New 1933 Edition. Ten thousand procesess, recipes,
trade secrets and money -making formulas. For
the laboratory, workshop, factory and home. Some
subjects fully covered: Dyes, Inks, Waterproofing,
Perfumes, Cement, Plating, Glass, Dentifrices,
Varnishes, Soaps, Glues, Paints, Adhesives, En-
amelling, Hairdressings, Cosmetics, Oils. Price,
$4.00. Book Dept., Radio World, 145 W. 45th St.,
New York City.

"THE FORD V-EIGHT-'1Y-FOUR-
'BB'-TRUCK," by C. B. Manly. A New and Prac-
tical Book for Everyone Interested in the Con-
struction, Adjustment, Upkeep and Repair of The
New Fords. Over 250 pages, 125 illustrations.
Complete cross index. Pocket size, flexible leather-
ette cover. Price $2.00. Radio World, 145 W 45th
St., New York, N. Y.
"AMATEUR MOVIE CRAFT," by James R.
Cameron. A book dealing with the making and
showing of 16 m/m pictures and equipment neces-
sary for same. Paper cover, $1.00; Cloth, $1.50.
Radio World, 145 W. 45th St., New York, N. Y.
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I REAL RESULTS FROM 7 TUBES
Tracking Condenser Used in Receiver That Brings in

Distant Stations 10 kc Removed from Locals
By Herman Bernard
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A seven -tube circuit that produced exceptionally fine results and met the author's test of tuning out thestrongest local in the metropolitan area, and bringing in a distant station 10 kc removed from that local. Atracking condenser was used. The r -f and oscillator secondary inductances have to be held to 1 per cent.
for use of such a condenser.

SUPPOSE one desires to build a seven -
tube a.c. superheterodyne. What re-
quirements must be fulfilled before the

performance will be satisfactory? In the
light of increasing experience with the
superheterodyne it is possible to press the
results considerably beyond even those of
last year, a tribute to the fact that the sci-
ence is advancing.

Certain fundamental requirements for the
receiver may be set forth:

(1) There should be sufficient selectivity
ahead of the modulator to prevent squeals
due to heterodyning of selected frequencies
with insufficiently -rejected frequencies.

(2) The first detector should be able to
stand any likely amplitude impressed on it
due to combination of signal amplitude with
oscillator amplitude, the chief point referring

to the oscillator not overloading the modu-
lator.

(3) No part of the audio system should
be subject to manifold overload.

(4) The r -f and i-f levels should be
stable. (Due to two -stage resistance -
coupled audio the a.f. will be stable.)

The Local Interference

Now let us look into these requirements
a little more fully.

As for the first, sufficient r -f selectivity,
any one who has used a test oscillator at
station frequencies in conjunction with a
superheterodyne knows that with a test os-
cillator several response points (not due to
hai4monics) will result as one device is
changed in frequency and the other remains

fixed. This is why t -r -f systems are recom-
mended for calibration of oscillators, using
station frequencies as standards. The ex-
tra responses often can be traced directly to
frequencies equalling those of local stations.
The off -resonance local stations are getting
by a bit, and the rejection of them can be
improved only by improving the selectivity.
Reducing the sensitivity of the set merely
begs the question.

There will be adequate pre -selection if
there are two stages of t-r -f, tuned input
to the modulator, and of course tuned oscil-
lator, with an extra provision. In other
words, a four -gang condenser may be used.
The extra provision is a series condenser
in the aerial circuit, unless a very short
aerial is used, because the looser the coupl-

(Continued on next page)
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(Continued from preceding page)
ing at that critical point, the greater the
actual selectivity. In fact, even in poorly -
designed superheterodynes it is possible to
eliminate heterodyne squeals by reducing the
aerial height or length, or using a series
condenser as diagramed, although the re-
ceiver may not be designed to give adequate
quantity of sound on the basis of the dimin-
ished sensitivity. The present set is well
designed. The argument that antenna input
should be high so noise will be low com-
pared to it does not hold for superhetero-
dynes as has been proved for congested
centers.

A Custom Installation
In or near large centers of population

the series condenser or short aerial is neces-
sary. In other localities the series condenser
may be omitted or the aerial may be longer,
or higher, or both longer and higher, which
is one point in favor of knowing something
about radio, so that a receiver can be ac-
commodated quite simply to the exigencies
of the location.

The plate leads underneath the chassis
should be shielded at the r -f level and the
shield grounded, so shielded wire may be
used; and also the wire from antenna post
of set to antenna terminal of coil should
be shielded. So, too, should be the leads to
overhead grids (control grids of 58's and
55 triode), and the tubes should be in
grounded shields. Connection of tube shield
to cathode, accomplished in the new form-
fitting tube shields, is satisfactory. Leads
from condenser tator to grid connection of
r -f coils should be similarly shielded.

The shielding is introduced in these wir-
ing directions so that the pickup due to
these leads will be killed off, since any such
pickup subsequent to the antenna stage will
be without benefit of any selectivity de-
rived from the preceding tuned stage or
stages.

The r -f level is of the high -gain type, and
the coils usually provided for such a circuit
may have around 25 primary turns wound
over 130 secondary turns, for 0.00035 mfd.
r -f tuning, form diameter 1 inch. aluminum
2 in. diameter shield assumed, and secondary
wire No. 32 enamel, primary wire size not
important.

Conversion Conductance
As for the second requirement, that the

second detector should be able to stand
what's put into it, this usually takes the
form of recommending a negative bias 13r
the modulator equal to 1 volt more than the
maximum peak voltage obtainable from the
oscillator under specified coupling conditions.
The value of the station carrier component
need not be considered, as the extra volt
takes care of that small quantity.

The circuit shown was built, and with
a 12 -turn tickler wound over an 80 -turn
secondary, wire, form and shield as pre-
viously, the highest amplitude of oscillation
was near the high frequency end, equalling
5 volts. So the negative bias provided for
the modulator (pentode control grid) of the
2A7 was fixed at 6 volts. The resistor to
accomplish this, when the screen voltage was
80 volts and the plate feed was 230 volts,
was 800 ohms.

The tickler therefore was smaller than
normally recommended, for looser coupling
results in a reduction of intensity of har-
monics from the oscillator, although at low-
er conversion conductance. In small sets
it may be important to keep the conversion
conductance as high as possible, but in larg-
er sets there are more serious requirements,
since heterodyne squeals are not to be tol-
erated. R -f gain sacrificed for greater selec-
tivity may be compensated for subsequently.

Second Detector Protected
The second detector is important because

harmonics can be generated there by over-
load as well as anywhere else, due particu-
larly to association of the triode amplifier
with the diode detector. The second detec-
tor, considered alone, is two parallel diodes,

both duo -diode units tied together, which
doubles the current -handling capacity, or,
assuming some certain load resistance value,
doubles the amount of voltage that may be
put in. The subject may be dismissed with
the statement that the second detector, gait-
ed this way, is practically removed from
possibility of overload, so far as the diodes
are concerned, and these are in fact the de-
tecting agency. But the triode is associated
with the second detector as first audio am-
plifier, diode -biased, and should be consid-
ered under the third classification, that no
part of the audio system should be subject
to manifold overload.

Now, it is possible to overload any audio
system, but the point stressed here is that
the receiver, in its actual operating condi-
tion, should not be a constant source of har-
monic distortion. If so much voltage were
put into the second detector that the triode
associated with' it would be called upon to
handle a signal of 30 volts or so (not hard
to do), then all strong local stations would
be difficult to tune in properly. There would
be double -hump tuning, that is, local stations
would come in, with best clarity under the
circumstances, one side of true resonance,
and equally well on the other side of true
resonance, the quality condition not signify-
ing reception with absence of distortion on
either side, but local reception under these
conditions of some distortion at best, the
benefit of resonance being sacrificed, and
operation confined to some productive por-
tion of the triode's characteristics, which
part of the curve, being so near cutoff, can
not be free from distortion.

Second Detector Stands 17 Volts
Therefore considerable experimenting with

duo -diode triodes and duo -diode pentodes
was necessary before a satisfactory condi-
tion could be achieved. This experimenting
has been done by the author, who has spent
many hours testing the receiver perform-
ance, using the 55 and 2B7, and the results
with the 55 will 'be found to conform to
reproducable practice,, though constants are
somewhat at variance with data supplied by
tube manufacturers. The tube manufactur-
ers are not wrong, but they are not the ones
who have to answer immediately for unex-
pected troubles that arise in the use of
rather new tubes.

Only one stage of intermediate amplifica-
tion is used, as the sensitivity developed
was keen enough indeed, though two stages
could be used, with filtration then needed
in that channel, but no changes in the sec-
ond detector and audio systems would be
required. However, the present discussion
is confined to the circuit as shown, for this
is the one that was built, and from which
results were obtained that met all preliminary
requirements of selectivity, sensitivity and
tone.

Output Tubes
The second detector could stand 17 volts

or so, particularly as the high voltage is fed
to the plate load resistor of 0.25 meg. (a
value preferred to lower resistances previ-
ously suggested in tube data sheets, the 0.25
meg. now being adopted by the tube manu-
facturers as standard). The voltage at this
point in the constructed set was 350 volts.
No tube data show the use of this tube at
such high voltage, but the one object of the
high voltage is to permit distortionless op-
eration of the triode of the 55 at the mo-
mentarily high rectified voltage developed in
the, second detector during strong passages
of speech or music. That is, instead of
working well at 12 volts negative bias, but
not much beyond, the tube is good for 17
volts, but not much beyond. These extra 5
volts make quite a difference. The triode
does not choke up on those strong passages,
nor is there double -hump tuning, which
would be another evidence of the same
trouble. Here the trouble is avoided. Cer-
tainly this is a better way to use the 55 in
such a sensitive circuit than the method
normally shown.

Manifold overload refers to repeated cir-

cuit points at which distortion may be ex-
perienced. If the output tube is a 2A5,
biased around 20 volts or so, due to the
higher plate voltage, not only is the power
output raised, but also up to 5 volts or so
of rectified diode -rectified voltage may be
fed to the triode of the 55 without any ex-
tra distortion from the output tube. There
will be some overload on strong passages,
but this is infrequent, not so serious, does
not introduce double -hump tuning, and is
a possibility in any receiver. This is mere-
ly repetition of the statement that any sys-
tem may be overloaded.

The use of the 2A5 is gratifyingly con-
sistent with the feed from the 55, as in the
region where the 55 works best are found
output voltages less than the negative bias
on the output tube. The sensitivity of the
2A5 (or the 47, if that tube is to be used),
is a requisite to satisfactory quantity of
sound, where the 55 tube drives the output
tube. If the 45 or 2A3 is to be used an extra
stage of audio would be necessary, and the
driver would have to be a 45, 2A3 or 2A5 or
other power tube, as the normal drivers
will not stand the high signal voltage. For
instance, the 53 certainly will not, with its
meagre 3 volts negative bias, nor will even
the 56, with its 10 -volt bias at 250 plate
volts, or 13 -volt bias at 350 volts. It can
be seen that the audio becomes a bit com-
plicated when an extra stage is introduced,
just as would the i-f level if an extra stage
were put there.

Oscillation

R -f oscillation is prevented by the use of
choke -condenser filtered plate circuits. The
negative bias, higher than usual, augments
this correction. Since selectivity, not ampli-
fication, is the prime requirement, the bias
will be around 5 volts, or nearly twice as
great as fixed bias normally recommended
for these tubes at 250 volts, though here the
B voltage is 230 volts.

The intermediate level offered no difficul-
ties as to curing oscillation, so long as the
same precautions were taken as to use of
shielded wire as at the. r -f level, but choke -
condenser filtration was not found necessary
in the plate circuits, hence is omitted from
the diagram of the i-f stages.

The resistor in series with the oscillator
Grid No. 2 (really its plate) is not there
especially for filtration, though with the
condenser it provides some of that too, but
is mainly to insure the B voltage always
being less than 200 volts. Such is the stand-
ard recommendation for voltaging Grid No.
2 this tube.

The leak in the last audio stage may be
as high as is consistent with a plate cur-
rent drain of not more than 40 ma under
strongest signal conditions. Hence the
measurement should be made on the basis of
a strong signal input, a test oscillator with
its constant modulation being preferable. If
the current runs around 50 ma or more it is
a sure sign that there is grid current and
that its effect (due to no stopping condenser
between grid and leak) is to make the tube
lose bias.

Values Considered

Values up to 1.0 meg. are standard recom-
mendations, but much more than 1.0 meg.
would be necessary for full support of the
low notes, so raise the value of this resistor
to multiple megohms, but not beyond the
point where the bias loss is introduced. The
meter should be in the plate circuit only,
when the measurement is made. The screen
alone will draw 10 ma, approximately, so
making both screen and plate currents flow
through the meter might lead to wring con-
clusions.

Tracking Condenser

There is no padding condenser shown in
the oscillator tuning, for a tracking conden-
ser was used. It is possible to obtain good
results either way, but in favor of the track-
ing section it can be said that the dial set-
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A THOUGHT FOR THE WEEK
WHOSE "Two Black Crows" (Moran
A and Mack) are coming into their radio

own again. These blackface comedians start
again on October 25 with Warin.g's Penn-
sylvanians over the Columbia Broadcasting
System after a lapse of five years since they
appeared originally over the same network.
Moran and Mack won much fame and con-
siderable fortune when, at the end of the
Great War, they teamed up and played from
coast to coast; their negroisms of the drawl-
ing southern rather than the hot Harlem
type, made the whole country laugh im-
moderately. It is said that nearly 4,000,000
of their records were sold in 1927. They
have been the greatest blackface favorites
since the days of McIntyre and Heath and
Williams and Walker. Radio listeners will
undoubtedly get a big kick out of these
original murderers of college English.

tings hold more closely in the long run, as
a series padding condenser, with its mechani-
cal aspects subject to temperature effects,
as well as its dielectric subject of jar and
moisture consequences, will change capacity
a bit. And the change is in a circuit where
small changes make large resultant differ-
ences.

It is not so important that air -dielectric
condensers' be used in intermediates as that
they be -"used in padding. $o a tracking

-condenser may be viewed as an air -dielectric
tuning condenser with the effect of air -di-
electric, padding condenser.

The usual padding condenser type cir-
cuit has a regular gang section's capacity
reduced by a series condenser. A tracking
section has specially cut plates, based on
minimum circuit capacities and inductances
being held close. The r -f secondary induc-
tance for the condenser used is 242 micro -
henries and the oscillator inductance is 135
microhenries.

No other intermediate frequency than 456
kc may be used for this tracking condenser,
but the 465 kc and equivalent transformers
all may be tuned to 456 kc, and besides all
the large condenser manufacturers have
tracking condensers for 456 kc i-f, though
the inductance requirements (which they
will furnish) may be somewhat different
than those given.

The problem is where to line up a system
that includes a tracking section. The ca-
pacities can be set only in one way, where
by padding, in the oscillator at least, capacity
may be adjusted both by series and parallel
methods.

Trimming in Middle of Band
It was found by experience that the best

point at which to line up is at or near the
second harmonic of the intermediate fre-
quency. This would be 912 kc as literal
second harmonic, but if a station has to be
used as test, one at or near 900 kc would
be satisfactory.

One reason for selecting what is approxi-
mately the geometric mean of the broadcast
band is that any disparities are reconciled
midway as to the two extremes. It must
not be expected that the tracking will be
utterly perfect, as at some points in all sys-
tems it will be 5 kc off, and that is con-
sidered close work.

Test of Receiver
Squeals that may appear around the 900

kc position will denote the right point for
adjustment, and if there are such squeals,
the trimmer condenser adjustments may be
made on the basis of eliminating them,
which is consistent also with peaking, for
when the setting is correct there will be
no more squeal trouble, except possibly
around 1,400 or 1,500 kc, which would be
due to insufficient shielding of r -f tubes,
leads, etc., including possibly the omission of
a shield over the extreme top of the first or
second r -f tube. Such seemingly small
things do make a difference in a sensitive
receiver like this.

The set was built by' the author, the dia-
gram showing the result of several changes.
The effort was one to create a simple, in-
expensive but dependable receiver, using not
many tubes, but giving abundant results. -

The test usually made of receivers by the
author, that they must tune out WOR,
Newark, N. J., the strongest local, and tune
in WLW, Cincinnati, 10 kc lower than
WOR's 710 kc frequency, proved successful.

It is excellent practice, in lining up inter-
mediates, and as a concession to the im-
practicability of doing a finely -balanced job
of it with a test oscillator and even an out-
put meter, to make the final readjustment
on the basis of the i-f (slightest imaginable
change in setting of the set -screw governing
the condenser) when a distant station 10' kc
away from the local is tuned in. The ad-
justment is made for getting rid of any trace
of interference from the distant station, if
such trace exists at all. And while it has
been said that the i.f. must be 456 kc, this is
true if all constants are held as prescribed,
which they might not be in a complete
sense, and the tiny change in i. f. (perhaps
a fraction of 1 kc) may be made, and in the
right direction, by the method just outlined,
although the test frequency at the carrier
level should not be much more than 200 kc
removed either side of the 900 kc point.

Since WOR can be tuned out, WLW
tuned in, of course stations 10 kc removed
from other local stations (since these other
locals are weaker) also are brought in.
Many who live in or near large cities set up
this separation as a requirement to their en-
joyment of a radio receiver, and as for
those living farther from large centers, cer-
tainly since there is no sideband cutting,
they have use for this excellent selectivity
too.

The 2B7 Discussed
The fundamental design offers about the

optimum obtainable. There would be no
advantage, for instance, in using a 2B7,
which is like the 55, but the amplifier is a
pentode. The reason is that this tube is in-
tended for far less sensitive receivers, for
it will stand only 3 or 4 volts input and cuts
off very quickly. Double -hump tuning would
result, and the gain established at audio
frequencies would be beyond capitalization,
as not all the voltage developed across the
diode load resistor could be put into the
amplifier pentode. We have been discussing
17 volts, and now we consider a tube that
stands, say, 4 volts, so we could amplify
only about one -quarter of what is there,
which provides an excellent reason for not
using the tube in this circuit. As a general
proposition, the 2B7 may be used in a less
sensitive tuner to feed a Class A driver
which feeds a power output, but that gets
us into a different circuit then the one we
are discussing.

However, for the benefit of those having
trouble with the 2B7, it can be said that
the load resistor may be 0.5 meg. safely, if
the return is to around 350 volts, for the
plate side, whereupon the screen may be
tied to an r -f bias, say, 4 to 7 volts. Zero
voltage on the screen gives virtually no sig-
nal result at all, but 1 volt begins to make
the tube show signs of life, and somewhere
between 4 and 7 'volts (not critical) the
results are good, but, as stated, little can
be put into the pentode.

Substitutions
The standard recommendation is for

around 25 or 30 volts on the screen, but
then the plate voltage is 250 volts, the plate
resistor 0.25 meg. This works well also, but
the sensitivity is not nearly so great as that
obtained by the method previously discussed.

The circuit may be built by even a novice
without fear of "no results." Of course some
departures are permissible, and if one feels
fully able to do so he may make the sub-
stitutions, although the author stands ready
to offer assistance to any who desire to in-
quire about the construction, lining up and
operation of this receiver.

Moreover, the results were good enough
to warrant the preparation of some special

DOLLARS
FOR IDEAS

Readers are invited to send in letters, with
diagram when illustration is helpful, reveal-
ing any idea originated by them for simplify-
ing procedure, widening the application of
various parts or circuits, improving accu-
racy, or doing anything else helpful in radio
technique.

Each week an award of $10 will be made
for the letter regarded as best, and $5 for
the one regarded as next best, the judges
being the Editor, the Managing Editor and
the Technical Editor of RADIO WORLD. In
the event two of a tie the full award for each
such tie will be given to all so tied. The
decisions of the judges are final in all re-
spects.

Besides the letters receiving the two
awards, other letters printed will be paid
for at $1 each.

All letters should be addressed to "My
Idea Editor, care RADIO Woni,n, 145 West
45th Street, New York, N. Y." We can not
undertake to return any of these letters.

material for enccmpassing compactness in
construction as well as accuracy of coils
for the tracking condenser used. Also, the
frequencies have been calibrated carefully
and it is hoped that a frequency -calibrated
dial, so dear to the heart of all seekers of
accuracy, with a 10 kc separation all over
the scale, will be prepared.

As stated, for such a dial to be of much
consequence the constants in the circuit
must not shift much under varying condi-
tions of humidity, temperature, pressure and
the like. Previous experience with padded
circuits led to the abandonment of hopes of
such stability over long periods, but in early
tests the tracking method has stood up well,
and if this continues for a few weeks it is
hoped the frequency -calibrated dial will be
prepared and constructional data on the cir-
cuit supplied.

One thing must be borne in mind regard-
ing such a dial, and it is a fact that results
in some humorous inquiries at times (though
intended to be serious) : when a frequency
calibrated dial is used, the condensers and
coils must be exactly as specified, and .no
substitution of these two constants can be
made with any hope of a coinciding the
tuning with the calibration.

NEW CATALOGUES ISSUING
Radio fans and home experimenters who

are ready to purchase should watch the ra-
dio feld pretty closely, for the catalogs are
commencing to make their appearance. If
one is to avoid regrets and dissatisfaction,
he should be extremely careful thoroughly
to understand everything so that there can
be no question as to what the price includes.
If there is any question in his mind he had
better write the mail order house and get
a complete understanding. Any reliable or-
ganization wants to give satisfaction. The
buyer, too must be careful and take noth-
ing for granted. There are enough reliable
organizations with real ethics without both-
ering with the questionable or gyp house.

ASSIGNMENTS
London Radio Stores, Inc., 130 W. 17th St., New

York, N. Y., assigned to Darcy V. Wonders,
220 East 42nd St., New York, N. Y.

Steinway Radio Corp., 130 West 17th St., NewYork, N. Y., assigned to Dailey V. Wonders,
220 East 42nd St., New York, N. Y.

PETITION IN BANKRUPTCY
Filed By

Cavalier Radio Corp., involuntary. Standard
Transformer Corporation included among credit-
ors.

CORPORATION REPORTS
Madison Square Garden Corporation reports netloss of $165,523 for the three months ended Aug-ust 31, 1933. after deduction of charges andtaxes. In the same period of the preceding

fiscal year the net loss was $156,144. These fig-ures are exclusive of net loss of $31,839 on Bos-ton Madison Square Garden Corporation, a part-ly owned subsidiary, compared with $35,893 netloss for the same period in 1932.
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A -C INSTRUMENTS
Their Calibrations and Use

Input Voltages and Output Powers Measured

By Einar Andrews
MEASUREMENTS of a -c currents

and voltages are necessary for learn-
ing about the performance of radio

receivers. Sometimes it is necessary to
measure the a -c input voltage, sometimes
the output voltage, sometimes the output
power, sometimes the input voltage to cer-
tain tubes.

An instrument often used for measuring
a -c is a thermocouple galvanometer. This in-
strument is intended primarily for the meas-
urement of resonance and selectivity, but it
may be also used for measuring currents
and voltages provided that it is suitably
calibrated.

Calibration of Galvanometer
The galvanometer differs from an ammeter

only in that in the galvanometer the scale
is arbitrary, usually from 1 to 100, while
in the ammeter it is in terms of current
units. The ammeter gives the current directly
in amperes or in one of its subdivisions, the
galvanometer merely gives a deflection that
is proportional to the current. Hence to
calibrate the galvanometer it is only re-
quired to find out the relation between the
current and the deflection.

In Fig. 1 is a circuit set-up suitable for
calibrating a thermocouple type of galvano-
meter against a d -c milliammeter. The
current through the circuit is varied by
varying both the voltage of the battery and
the resistance in the rheostat Rh. G is the
galvanometer to be calibrated and RS is a
reversing switch. M is the d -c milliam-
meter.

Calibration Curve
The object of the reversing switch is to

enable the operator to send the current
through the thermocouple in both directions.
This is necessary because a thermocouple is
not equally responsive in both directions,
and all alternating current flows first in one
direction and then in the other. Hence to
get a true calibration it is necessary to note
both deflections on the galvanometer and
to record the average value against the d -c
reading on M. If the deflection on M
changes when the current through G is re-
versed it is necessary to readjust the rheo-
stat so that the deflection on M is the same
in both instances. It is not likely that there
will be any change in M when RS is re-
versed.

The average deflection on G should be ob-

FIG. 1
An arrangement for calibrating a
thermocouple type galvanometer

against a d -c milliammeter.

served for every major division on the d -c
meter scale and the two sets of values
should be entered on a graph, with average
deflections on G as abscissas and correspond-
ing readings on M as ordinates. This curve
is the calibration of the thermocouple meter
G and holds for alterating as well as direct
current.

It is clear that the range of the meter M
should be about the same as that of G. For
example, if the maximum deflection on G
occurs when the current is 100 milliamperes,
M should be a meter of 0-100 milliampere
scale, or one of still greater scale. For most
accurate calibration the two ranges should
be equal.

Calibration of Thermocouple
It may be that a thermocouple is available,

possibly one that has been constructed at
home by crossing two wires of dissimilar
metals. The circuit for this calibration is
indicated in Fig. 2. This differs from Fig. 1
only in that we need a microammeter M1.
TC and M1 in Fig. 2 together form the
galvanometer G in Fig. 1.

The sensitivity of the meter MI depends
on the sensitivity of the thermocouple and
on the range of currents to be measured
with it. If the thermocouple has been pur-
chased the range is known, but if it has been
constructed it must be determined experi-
mentally. For very sensitive thermocouples
there are required microammeters as sensi-
tive as 0-20 microamperes and for much less
sensitivity 0-1 milliampere.

The calibration of the circuit in Fig. 2 is
done exactly the same way as that in Fig. 1,
where M2 now takes the place of M.

Obtaining A -C Voltage
In work on vacuum tubes it frequently

happens that it is desired to impress a
known alternating voltage on the grid. Fig.
3 shows an arrangement that is often em-
ployed. Suppose that E is a generator of
a pure alternating wave. When this is con-
nected in series with a variable resistor Rh,
an a -c milliammeter M, and a resistance R,
an alternating current flows. The r.m.s. value
of this current is indicated by M. Now if
R is known, the voltage across it is also
known, since it is the product of the current
indicated by M and the value of the resist-
ance R. Since R is in the grid circuit of
the tube, the a -c voltage impressed on the
tube is known.

FIG. 2
This arrangement can be used when
calibrating a thermocouple with the
aid of a microammeter and a milli -

ammeter.

The resistance might have a value of
100,000 ohms and the meter may indicate
that a current of 0.1 milliampere is flowing.
In that case the voltage impressed on the
grid of the tube is 10 volts. The rheostat
Rh is inserted in the circuit for the purpose
of varying the current, and hence for vary-
ing the voltage that is impressed on the
tube. Additional variations, if required, may
be effected in the generator E.

When the range of voltages to be im-
pressed on the tube is low a lower value
of R might be used. For example, R may be
only 1,000 ohms, in which case the voltage
impressed on the grid is numerically equal
to the number of milliamperes indicated by
the meter M.

By pure wave generator is meant that
there should be no d -c component and that
there should be no harmonics.

Measuring Output
Fig. 4 is a circuit suitable for measuring

the output of a tube. Here the generator E.

may be the amplifier preceding the last tube
or it may be an arrangement as described
under Fig. 3. We are not now concerned
about the precise way that the input of the
tube is produced, but only in the output.

L is an audio frequency choke coil of at
least 100 henries and C is a stopping con-
denser having a capacity of about 10 mfd.
R is a pure resistor which should have the
value of load resistance specified for the
tube in question.

L and C separate the d -c and a -c compo-
nents of the output so that only the a -c
flows through R and the meter M. This, of
course, should be an a -c meter like the cali-
brated meters in Figs. 1 and 2.

The power output of the tube is equal to,
the square of the a -c current, expressed in
amperes, and the value of the resistance R.
That is, if I is the current in amperes and R
the resistance in ohms, then the power in
watts is RI2.

For standard output this should have a
value of 0.05 watts. Thus if the tube is
one that requires a load resistance of 4,000
ohms, the current will be 3.535 milliamperes.
The standard output is used when sensitivity
measurements on receivers are made, for
then the radio signal that will give stand-
ard output is determined. The output meter
can also be used for lining up tuners in
t -r -f and superheterodynes, for studying the
effect on the amplification of couplings and

FIG.3.
A known a -c voltage can be ob-
tained by measuring the alternating
current through a known resistance

R.
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3+
FIG. 4

For measuring the a -c output power
of an amplifier a circuit of this type

can be used.

voltages, and for making many other tests.
In such cases it is usually required to find
maximum power output, as in the case of
tuning, or for determining which of two
adjustments will give the greater output.

Output Transformer Used
Sometimes the measurement of output

power iidone in the secondary of an output
-transformer. The connection of the a -c meter

is then done as in Fig. 5. R should now be
adjusted so that the plate of the tube "looks
into" an impedance equal to the optimum
load resistance. This depends on the ratio
of the transformer as well as on the resist-
ance. If the ratio is known to have a value
A, then the proper adjustment is such that
RA5 = R, in which R is the value of resist-
ance in the secondary and r is the proper load
resistance. Thus if the ratio of the trans-
former is 10/1 and the proper load resist-
ance is 4,000 ohms, R should have a value of
6.4 ohms. It is clear that the current meter
in this case must have a wide range, since
the current will be large. Even for standard
output the current would be close to 0.1
ampere, and if the output power were 10
watts the current would be 1.25 amperes.

FIG. 5
This is another arrangement that
can be used for measuring the out-
put power. A step-down trans-

former is used.

This adjustment is not that which gives
greatest power output, for the optimum load
resistance is not the same as the resistance
required for maximum power output. The
resistance required for maximum output can
be obtained readily by this arrangement. If
R be varied and the resistance and the cur-
rent be measured for each setting, the prod-
uct RI2 will vary. A curve will show what
value of R gives the highest value of RI2.

Alternative Method
Another way of measuring the power out-

put is indicated by Fig. 6. Here the current
is measured with meter M, just as it was
in Fig. 5, but the voltage across the second-
ary is measured with a vacuum tube volt-
meter VT. The power output is the product
of the current as indicated by M and the
voltage indicated by VT. M should meas-
ure the r.m.s. value of the current, as in all
the other cases, and the voltage should also
be measured in r.m.s. \values. Hence the
vacuum tube voltmeter should have been cali-
brated in r.m.s.

If a sensitive a -c milliammeter is available
it can be converted into a voltmeter by suit-
able series resistances, and this meter can

FIG. 6
The power output can also be mea,-
sured by measuring the current
through a resistor and the voltage

across it.

be used in place of the vacuum, tube volt-
theter. This is quite feasible when a step-
down transformer is used to step down the
voltage and up current.

High Frequency Measurements
We have a,ssuined that we were mainly

dealing with audio frequencies. The meters
are not limited to this, however. The two
calibration circuits in Figs. 1 and 2 apply
equally well to audio and radio frequencies.
So does the circuit in Fig. 3. Fig. 4 can be
converted to a radio frequency circuit by
substituting a suitable radio frequency choke
for L. The impedance of a 100 -henry choke
at 1,000 cycles is the same as that of a 0.1 -
henry choke at one million cycles. The stop-
ping condenser C does not have to be changed
provided it is not of the electfolytic type. If
it is, it should be changed. In selecting the
value of a radio frequency circuit it should
be remembered that the reactance is inversely
proportional to the frequency so that a con-
denser of 0.1 mfd. is as effective at one
million cycles as a 10 mfd. condenser is at
1,000 cycles.

Figs. 5 and 6 are applicable to radio fre-
quency circuits when the transformers are
made radio frequency transformers.

FIG.1

FIG.5

Application of A -C Measurements

FIG.2 FIG.3 FIG.4

FIG.6 FIG.7 FIG.8

FIG. 1-The a.c. output can be measured in the secondary of the transformer. FIGS. 2, 3 and 4-Peak voltage
can be measured by noting when the plate current cuts off and comparing with previous calibration. FIG. 5-
The a.c. should be measured only in Rl. FIG. 6-When two tubes are in parallel the same a.c. measurements
apply as when an individual tube is used. FIG. 7-A small condenser removes the a.c. from the load resistor,
therefore with the condenser included the a.c. residue voltage may be determined. FIG. 8-The object of the

large condenser in the filter of the automatic volume controlled tube is to remove the a.c.
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JUDGING A RECEIVER
The Demonstration Has Its Advantages

and Perils
By Lawrence T. Holcombe

THERE are various ways of judging a
receiver. Every one has his own
taste. There is no standard measure-

ment, either. Curves are commonly used
for expression of selectivity, sensitivity and
tone quality. Even these are of some im-
portance only when the weight to be given
to each is known. And he who judges a
receiver may not know just what weight
he attaches to each quality. If he is actually
buying the set it does not matter.

One of the most familiar ways of course
is to listen to a set. The volume and the
tone are judged and the result expressed in
rather unscientific terms, since the method
of "measurement" is unscientific. Great,
excellent, good, fair, poor, etc. At least a
person, and particularly a prospective cus-
tomer, is entitled to say what he likes.
And that is just what he is doing-ex-
pressing an individual preference.

Quantity of Sound
Even that preference should be guided by

some basic knowledge concerning radio. It
can not well be so generally, as it would be
preposterous to say : "Before I can sell you
a set I must teach you some radio funda-
mentals." You would never hold the cus-
tomer long enough either to complete the
teaching or the sale.

Let us take the quantity of sound as one
consideration. If the receiver does not possess
automatic volume control, some idea of the
sensitivity is attained by listening to the
volume from local stations, comparing it to
familiar amounts of volume attained in the
same location with other receivers. In fact,
set for set, demonstrations can be made on
the same premises by a store salesman, so
the customer can form his own ideas. Such
formation is inevitable, anyway. Radio is
peculiarly like medicine, as the cutsomer and
the patients always have, and are entitled
to, their own private diagnosis.

Simple tuned radio frequency receivers
can develop as much quantity of sound from
locals as a.v.c. superheterodynes that have
twice as many, or more tubes. The reason is
that the a.v.c. reduces the volume of the
strongest stations the most. It would have
to be so if any appreciable extent of level-
ing were to take place. Blasting of locals
is prevented, by a.v.c., providing the driver
and power output capabilities are adequate.

Noise Level Is Limit
As reported in these columns recently,

tests of one receiver showed that a diode
detector developed 120 volts from the
strongest local station without a.v.c., and
6 volts with full a.v.c. Compromises are
possible. Instead of the full rectified voltage
being used for a.v.c. only part of it may
be used, that is, the a.v.c effect reduced.
It would have to be under the maximum
voltage condition just discussed, as 120
volts negative bias (not to mention a small
self -bias by the usual cathode -resistor
method) would lead to distortion.

It should be realized, therefore, that sen-
sitivity is sacrificed if a.v.c. is included,
and it is not quite practical to make up the
difference by introducing more stages, for
the r -f and i-f channels may be built to
their maximum non -squealing degree of
amplification and the amount of radio
amplification is limited by several factors,

also including how much noise is to be
tolerated. Either by more r -f, i-f or a -f
amplification the noise level is reached and
there one must stop.

However, as to quantity of sound, that
alone does not constitute a sufficient criterion
unless the a.v.c question is settled first, and
the amount of sound is of no significance
unless there is negligible extra distortion at
the maximum level.

When Tone Is "Great"
This, of course, concerns tone quality in

one way, for the tone should be good on
loud signals as well as on weak ones. Over-
loading due to loud signals is familiar.
Distortion due to weak signals is rather
new in receivers, and has to do with cer-
tain minimum voltage values required by
diode detectors, and even by power tubes
in some instances, before the quality is good.
Incomplete rectification in diodes is dis-
tortion. Though as much as is consistent
with reason be put into diodes, so that
weak stations will deliver a voltage on the
safe side, not always the maximum can be
put into the next tube, which is an audio
amplifier and may be in the same envelope
as the diode. The reason is that the triode
or pentode amplifier has voltage -
handling limitations, and what is not a bit too
much for the diode may prove far too much
for the triode or pentode. Saturation due
to too high a negative bias created by the
signal if the tube is diode -biased, or opera-
tion on the positive characteristic, with
grid current through a very high resistance
if the tube is otherwise biased, are both
examples of distortion.

As to tone quality in general, as each has
his own idea about this, and indeed it is in-
dividually controlled by the various sen-
sitivities of the persons' ears, as well as by
previous habits of listening, plus acquisition
of ideas from others, if the tone quality
satisfies the purchaser or user, why then
it's great. Curves may tend to prove just
the opposite, but one doesn't listen to a set
with meters but with ears.

Suggested Test for Technicians
Besides, the curves as to tone may ex-

press the receiver itself, independent of the
speaker and its baffling. The best way to
test the receiver for tone is to put in a
pure radio wave, modulated 100% by pure
tones of the standard frequencies, and have
the speaker and its baffling all a part of
the test, in a room that duplicates an aver-
age room in which listening is done. There
may be some assumption on the room ques-
tion, but average size is determinable from
building statistics, and even average acoustic
conditions may include the familiar wallswith the inevitable pictures, a rug under
foot and, let us say, a copy of RADIO
WORLD in the magazine rack.

A delicate instrument for measuring the
sound pressure at the output at a standard
distance from the speaker (standard to beadopted soon, let 'us hope) would give apicture that even personal taste might not
quite overcome. Even an opinionated cus-tomer would have to show some respect
for a measurement made under operating
conditions and in a manner agreed upon bythe lights of the science. Still, if the cus-
tomer could not bring himself to agree with

the scientists, that is, could not be over-
awed, why then you still know who is
right, if you've ever worked in a store.

Even Engineers Applaud

Despite all this, there is such a difference
in tone that even an untrained ear, or an
unversed purchaser, will know the differ-
ence. Nobody need be a musician to tell
the difference between raucous distortion
and authentic tone. So, there is a differ-
ence between good tone and excellent tone
that the customer is well able to distinguish,
and it is of great importance to the custom -
set builders, stores and others who sell sets,
as well as to home constructors who build
just for their own use, that they capitalize
on the difference between the good and the
excellent. Even radio engineers like the
tone of the new console receivers they have
designed, and the main reasons are im-
provement of detector circuit and output
tubes. The best tone results from the use
of the diode, after the safeguards have been
taken regarding low -intensity distortion, and
from the use of conservative audio amplifi-
cation, feeding a power output stage gaited
to stand more gaff than will be really re-
quired.

More power output for the set means sup-
port of those occasional passages where
great stress is put on the whole audio and
speaker system, as a sudden crescendo of a
symphonic orchestra, or even the unex-
pected shout of a speaker fired with a
moment of extra animation, beyond the
monitored value.

Linear Detector

Compare the condition of a "class" re-
ceiver that takes care of these considera-
tions to one that, while equally well de-
signed, is intended to serve economy to en-
courage sales. The local stations will come
in loud-even too loud for the output ac-
commodations-and the set of more tubes
may seem outclassed completely.

The diode as a detector is practically
linear when properly loaded, which means a
high impedance, a resistor of 0.5 meg. up
being the common satisfaction of this re-
quirement.

A linear detector is one in which the
output is directly proportionate to the in-
put. This direct proportion is not utterly
complete, but so nearly complete as to war-
rant the appellation. No other vacuum
tubes used in radio sets are linear. The
output is not only not directly proportionate
to the input, but if controlled by a circuit
that is linear, as in a.v.c., the controlled
tubes still are not linear in operation. They
could not well be and still remain ampli-
fiers. The non-linear detectors include all
tubes, save diodes, we have known so far,
excepting additionally the leak -condenser
detector over a portion of the characteristic.

Selectivity Judgment

The customer judges on the basis of ap-
parent selectivity. The selectivity truly is
a term expressing the change in impedance
and amplitude with change of frequency in
the tuning system. It is the ability of a
receiving system to discriminate among dif-
ferent frequencies.
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USE OF A SLIDE RULE
How to Multiply, Divide and Do Other Operations

By J. E. Anderson
IN engineering work of all kinds there

is a great deal of computation. Num-
bers must be multiplied, divided, raised

to powers both integral and fractional, and
roots of numbers must be extracted. Most
of the operations can be performed by the
ordinary rules of arithmetic, but to do even
the simplest ones requires much time, and
possibility of error is numerous.

Logarithms were invented several hun-
dred years ago to simplify complicated
arithmetical computations. With the aid
of them problems involving much arithme-
tical work can be done in a small fraction
of the time it would take to do the same
problems by the long -hand method. But
logarithms in their tabular form are seldom
used in everyday engineering work, for
they, too, require more time than is neces-
sary. They are now used only when a
high degree of accuracy is essential.

The Slide Rule
But the principle of logarithms can be

used in another way, which we might call
the graphical. Instead of picking out the
logarithms from tables and performing the
various operations, such as addition, sub-
traction, division, and multiplication, they
are set down on a scale and most of the
operations are performed mechanically.
The mechanical device for performing the
operations is usually called a slide rule.
This takes many mechanical forms. It
may be straight like an inch ruler, or it
may be in the form of a circle, or again in
the form of a drum. Regardless of the
form, the principle is the same in all in-
stances-mechanical addition or subtraction
of logarithms.

Logarithms
Before we proceed with the slide rule it

may be well to explain logarithms. Suppose
we raise a number A to the power is and
that the result is P, that is, if P = An,
then n is the logarithm of P to the base A.
This may be called the defining equation.
When it is written in this form, n is called
the exponent of A. The exponent indi-
cates the power to which the base is raised.
Hence the logarithm of a number, P, is the
power to which the base, A, must be raised
to produce that number.

The base of a system of logarithms may
have any value whatsoever, but there are

,a

C

; I
31

I I - IIII -....1 __I U

-8
111111 B-

1 a 2 3 5 7
.

9

9 I
III I III 11 I 11 1

1111 1 1111 1

II11I1I

11 11111

1 10 11

11

11111111111111 1

FIG. 1

Typical setting of a slide rule for multiplication or division. Left index of
C is on D.

only two bases in common use. One is the
natural base, which is an incommensurable
number approximately equal to 2.718, and
the other is the common base, which is
the number 10. The common system is used
in nearly all numerical computations be-
cause of its simplicity. In the common
system the defining equation takes the form.
P =10n, or A=10.

Operation with Logarithms
Operations with logarithms are based on a

number of rules easily deducible from the
defining equation. They are :

The logarithm of a product is equal to
the sum of the logarithms of the factors.
That is, log (PQ) = log P + log Q. This
holds for any number of factors. Multi-
plication of numbers with the slide rule or
with tabular logarithms is based on this
rule.

The logarithm of a quotient is equal to
the logarithm of the dividend diminished
by the logarithm of the divisor. That is,
log (P/Q) = log P - log Q. If either
the dividend or the divisor contains factors,
the summation rule holds in regards to these
factors. In other words, the logarithm of
the quotient is the sum of the logarithms of
all the factors in the numerator dimin-
ished by the sum of all the factors in the
divisor. Division with the slide rule or with
tabular logarithms is based on this differ-
ence rule.

The logarithm of a power is equal to the
logarithm of the base multiplied by the ex-
ponent. That is, log Pit = nlog P. Invo-
lution and evolution, or extraction of roots
and raising to powers, are based on this rule.
For the extraction of roots the exponent is
fractional and for the raising to powers it

is a whole number. When the exponent is
a mixed number, both involution and evolu-
tion are involved, but the rule holds without
modification.

As an example of an exponent of mixed
variety, let us take 4 raised to the 3/2
power. This means that we first raise
4 to the third power and then extract the
square root, or, that we first extract the
square root of 4 and then raise the root to
the third power. Either sequence of opera-
tion leads to 8. By the rule we have log
43/2 = (3/2) log 4. If the base is 10 we
have log 43/2 = (3/2) 0.6021 = 0.9031,
which is the logarithm of 8 to the same base.

Logarithmic Scales
In the simplest form the slide rule con-

sists of two equal logarithmic scales, each
covering one cycle from 1 to 10 and placed
so that one may be displaced longitudinally
with respect to the other. While the scales
are logarithmic the numbers themselves are
indicated. At the left end is the number
for the logarithm of unity is zero. At the
right end is also the number 10, for the
logarithm of 10 is unity, that is, one com-
plete cycle of the scale. But 10 is not in-
dicated on the scale, but rather 1, 'fore this
end is the beginning of another cycle as well
as the end of the first. The second cycle is
not needed because it would be an exact
repetition of the first, and it is just as well
to use the first and only cycle.

The use of the scales can be explained
by example. In Fig. 1 we have two equal
logarithmic scales, for convenience called C
and D. The D -scale is supposed to be fixed
and the C -scale movable along the D -scale.
The index, that is, the left end, of the C-

(Continued on next page)
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Typical setting of slide rule for multiplication or division. Right index
of C on D.

(Continued from preceding page)
scale, is set opposite 2.625 on the D -scale.
Now 2.625 is not the logarithm but it is
the actual number we wish to multiply with
some other number. The logarithm is the
distance from the left index, or end, on the
D -scale to the point at which the index of
the C -scale is set. Now suppose we wish
to multiply 2.625 with the number 2. Ac-
cording to the rule we are to add the
logarithm of 2 to the logarithm of 2.625.
The distance from the left index on the C -
scale to 2 on that scale is proportional to
the logarithm of 2. Hence directly under
2 of the C -scale, on the D -scale, we find
the logarithm of the product of the two,
for we have added mechanically the logar-
ithms of the two numbers. On the D -scale
we find the number 5.25. That is the num-
ber we wish. The logarithm of this number
is proportional to the distance between the
left index on the D -scale to the point 525
on the same scale.

It is clear that once we understand that
we add logarithms we can forget about them
and pay only attention to the numbers given
on the scale.

Division
Division is the opposite of multiplication.

Suppose we wish to divide 5.25 by 2. We
set two on the C -scale opposite 525 on the
D -scale and read the quotient 2.625 under
the index of the C -scale on the D -scale.
We have subtracted the logarithm of 2 from
the logarithm of 5.25 and obtained the
logarithm of 2.625, but we know by the
rule that we have also divided 5.25 by 2
and obtained 2.625. We can forget about
the logarithms and pay attention only to
the numbers of the scales.

Now suppose we wish to multiply two
numbers of such values that the product is
over 10. Let us attempt, for example, to
multiply 2.625 by 8. In Fig. 1, 8 on the
C -scale is beyond the right index of the D -
scale. If it were not for the cyclic nature
of the scale we would have to extend the
D -scale toward the right so that 8 on the
C -scale were over some part of the D -scale.
Indeed, we would have to double the length
of the D -scale in order to get all possi-
bilities. But since the extension of the D -
scale would be an exact duplicate of the
first cycle we can use that cycle and imagine
that we are dealing with the extension. This
we can do by the simple expedient of
setting the right hand index of the C -scale
where the left hand index now is. In so
doing we divide the number by 10, but that
does not change the sequence of the digits
and therefore we get the right result with
proper interpretation of the location of the
decimal point.

Resetting of Slide
In Fig. 2 we have reset the sliding scale

C with respect to the stationary scale D so
that we can multiply numbers the product of
which is over 10. The right index of the
C -scale is set opposite 2.97 on the D -scale.
Now let us multiply this number by 5.
Under 5 of the C -scale we read 14.85 on
the D -scale, which is the product.

Now actually we do not set scales at 2.97
or 29.7 but only on the sequence 297 without
any reference 'whatsoever to the location of
the decimal point. Likewise we do not read
14.85 on the D -scale but only the sequence
of digits 1485. The decimal point is not
involved in any way, on the slide rule, but
it must be kept in mind by the operator of

the rule. If we were to multiply a certain
number by 5, or 0.05, or 5,000,000, we
would read under 5 on the scale C. In the
same way, if we are to multiply 0.025, or
25, or 25 million, we set the index on the
C -scale on the sequence 25 on the D -scale.

An Ambiguity
When one first begins to operate a slide

rule, especially in division, there is often
an ambiguity as to where to read the re-
sult. One should always read the quotient
on the D -scale under the C -scale index that
is on the D -scale. In multiplication one
always reads on the D -scale under the mul-
tiplier on the C -scale, and that C -scale index
must be used which leaves the multiplier
on the D -scale.

On most slide rules there is also an A -
scale which is used for obtaining squares
or square roots. The A -scale has two
equal cycles, the sum of the two being
equal to a single cycle on the D -scale. The
left index of the A -scale is directly over
the left index of the D -scale, and the right
indexes of these two scales are also oppo-
site each other. Then there is a middle
index on the A -scale which is directly over
the midpoint of the D -scale, or over the
number sequence 3162. This is the sequence
for the square root of 10.

If any number is selected on the D -scale
and the number directly opposite on the A -
scale is found, that number is the square
of the first number. For example, directly
over 5 on the D -scale is found 25 on the
A -scale. Also, directly over 1582 on the
D -scale is found 2.5 on the A -scale.

The first half on the A -scale represents
numbers from 1 to 10 and the second from
10 to 100.

Extracting Square Roots
Square roots are extracted by setting the

number on the A -scale and reading the
root directly under it on the D -scale. In
this an ambiguity may arise. Since there
are two cycles on the A -scale, the same
number sequence will occur twice. Only
one of them gives the proper sequence for
the square root.

In order to select the correct setting, a
knowledge of the position of the decimal
point is essential. Move the decimal point
to the left or to the right two places at a
time until the number lies between 1 and
100. If the number lies between 1 and 10
use the left hand cycle of the A -scale, and
if it lies between 10 and 100 use the right
hand cycle.

Suppose, for example, we wish to find
the square root of 0.0289. Shall we set
the number on the left or the right cycle
of the A -scale? We move the decimal
point two places to the right and get 2.89.
This lies between 1 and 10 and therefore
we use the left hand cycle of the A -scale.
This yields 1.7 as the square root. But
since we multiplied the original number by
100, we must divide the square root by the
square root of 100, or by 10. Therefore
the square root of 0.0289 is 0.17.

Suppose now that the number is 2,809.
Let us move the decimal point two places
to the left. We get 28.09, which lies be-
tween 10 and 100. Hence we use the right
hand cycle of the A -scale. The square
root is 5.3. But since we divided the
original number by 100 we must multiply
the square root by 10. Hence the square
root of the original number is 53.

It is more accurate to get squares by

multiplying the number by itself than by
using the A -scale. But in extracting the
square root, the A -scale is necessary. And
it is only when extracting square roots it
is necessary to determine which of the two
cycles on the A -scale is to be used.

Cubes and Cube Roots

Many slide rules also have a scale usually
called the K -scale. This has three equal
cycles the total length of which is equal
to the length of a single cycle on the D -
scale. The K -scale has four indexes, the
two ends and two interior division points
between cycles.

The cube of any number can be found by
setting the number on the D -scale and
reading the K -scale directly over it. This,
however, is not very accurate since the K -
scale is crowded. The cube can be found
more accurately by multiplication, using the
same number three times as factors.

For extracting the cube root of a number
the K -scale is essential. In this case there
are three possible settings for any number
sequence. Only one is correct. To de-
termine which we proceed in a manner
similar to that for removing the ambiguity
in the case of square root. We move the
decimal point as before, but in this case
three places at a time until the number
lies between 1 and 1,000. If the number
lies between 1 and 10, use the left hand
cycle of the K -scale. If it lies between 10
and 100, use the middle cycle, and if it lies
between 100 and 1,000, use the right hand
cycle. When the cube root sequence has
been found on the D -stale, the number is
multiplied or divided by 10 as many times
as the decimal point was moved three places
at a time in the original number. If the
decimal point is moved so that the number
lies between 1 and 1,000, the cube root will
lie between 1 and 10 and therefore there
is no ambiguity as to where the decimal
point is, nor where it should be ultimately.

Fractional Roots

If the rule has both an A -scale and a K -
scale in addition to the C- and D -scales,
the fractional powers 3/2 and 2/3 can be
found directly. It is only necessary to re-
member that the 3/2 power means the
square root of the cube of the number,
and that the 2/3 power means the cube
root of the square number. If the 3/2 power
is involved the slider is set on the proper
cycle of the A -scale and the result is read
opposite on the K -scale. The ambiguity
here is the same as that of extracting the
square root. If the 2/3 power is involved,
the slider is set on the number on the proper
cycle of the K -scale and the result is read
opposite on the A -scale. Here the uncer-
tanity is the same as that involved in ex-
tracting cube roots.

When fractional powers are involved it
is more accurate to use logarithms, even if
they have to be obtained from the rule.
Nearly all slide rules have a scale that is
called the L -scale. This is a scale of a
large number of equal divisions, or it is a
linear scale. By means of this scale the
logarithm to the base 10 of any number
can be found. The arrangement of the I,
scale is not the same on all rules, but on
many good rules it appears on the face of
the rule directly under the D -scale. The
logarithm of any number is read on the
L -scale under the number on the D -scale.
In other rules the L -scale is on the back
of the slide. The left index of the slide is
set on the number on the D -scale and the
logarithm is read on the L -scale at a special
index at the back of the rule.

Logarithmic tables and the L -scale on
slide rules do not give complete logarithm
of any number, but only the mantissa, or the
fractional part. The whole logarithm in-
cludes the characteristic, and this is found
by inspection of the number. If the number
is greater than unity, the characteristic is
positive, or zero, and it is equal to the
number of digits left of the decimal place,
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less one. If there are two places, the
characteristic is 1, if there are three places,
the characteristic is 2, and so on. If the
number is between 1 and 10 the characteristic
is 0. If the number is less than unity, the
characteristic is negative, and its value is
equal to the number of ciphers after the
decimal point, plus 1. That is, the charac-
teristic of 0.05 is -2, of 0.16, - 1, of 0.0004,
-4, and so on.

The mantissa is always positive. Hence
when the characteristic is negative, the
minus sign cannot be placed in front of the
complete logarithm, for this would indicate
that the mantissa also is negative. To
avoid this difficulty the negative sign is
placed over the characteristic. This does
not prevent writing the entire logarithm as
negative, but then it will have a different
sequence of numbers in the fractional part.
It is usually possible to avoid writing it in
the negative form.

Computation with Logarithms
Let us apply logarithms to a few cases

involving fractional or mixed exponents.
Let it be required to find the 2/3 power of
64. The characteristic of 64 is 1, which is
found by inspection. The mantissa, which
may be obtained from a log table or from
the L -scale of a slide rule, is 0.806. Hence
the total log of 64 is 1.806. The logarithm
of the 2/3 power of 64 is 2/3 of 1.806, that
is, 1.204. We look up the sequence of
numbers in a log table or on the rule op-
posite 0.204. We get the sequence 16. The

_characteristic in the log is unity. Hence
there are two digits to the left of the decimal
point in the number. That is, the result is
16.0.

Now let us find the 3/2 power of 64. The
log of this power is 3/2 times 1.806, or
2.709. We look up the number for which
0.709 is the mantissa. We find 512. But
the characteristic is 2, and the number con-
tains three digits to the left of the decimal
place. Hence the number is 512.0.

Let us now try a fractional number with
a fractional exponent, for example, the 2/5
power of 0.00032.. The characteristic of
this number is -4 and the mantissa is
0.5052. This can be written 1.5052 -5 by
adding and subtracting 5 to tilt character-
istic. The first part is now all positive
and the second part is all negative. Mul-
tiply this by 2/5 to get the log of the
power. The result is 0.6021 -2, in which
the negative characteristic is written after
the positive mantissa. The number that has
a mantissa 0.6021 is 4. Hence the result is
0.04, for the characteristic of this number
is minus 2.

The device of adding and subtracting 5
to the logarithm did not change the value
in any way, but it brought the number into
such a form that it could be readily divided
by 5 without running into fractions. This
device is always possible when dividing
logarithms. It is useful when the character-
istic is negative.

Usefulness of Slide Rule
The slide rule is useful because by its

means complicated arithmetical computations
can be carried out quickly. A problem
that may require the better part of an hour
to do by long hand can be done in less
than a minute by the rule. Even if the time
required by the long hand method only were
10 minutes there would be a great saving
of time. In the extraction of roots the
saving in time is particularly great. In a
series of multiplications and divisions
where there are many factors in both the
numerator and the denominator computa-
tions are done quickly. It takes no longer
to divide by any number than to multiply,
even if the divisor contains three and four
digits. The two operations may be done
alternately, that is, first two numbers are
multiplied together, then the product di-
vided by another, then the quotient multi-
plied by still another, and so on. It is not
necessary to stop to read the intermediate
results but run through all the. factors and

TRADIOGRAMS
By J. Murray Barron

Those familiar with the radio industry,
especially the parts and kits division, know
that fans and home constructors have always
been ready buyers and continually on the
lookout for the latest worthwhile things in
radio and that about only one thing would
prevent them from buying, i. e., the lack of
spare cash. When one looks back over the
past two years and realizes how well the
radio mail order business has gotten along,
notwithstanding the great amount of unem-
ployment, and then studies the greatly im-
proved situation now, with the hundreds of
thousands of new hands taken on in the
industrial plants and ever-increasing pay-
rolls, there can be but one thought, that the
outcome will be a very excellent one.

That there will be more money to spend
this fall and winter can not be questioned.
Regardless of the number who may now be
unemployed, records show more than
2,000,000 have gone back to work since
March. That in itself is a healthy army
of wage-earners with money to spend and
to which will be added many more millions
before the snow flies.

While prices in radio merchandise are
bound to rise, with possibly more than one
increase, with greater purchasing power
better things will be expected, especially
when better mechanics and help can be hired
at the increase in wages.

The cut-throat crowd of the past two
years naturally did not give anything away
for nothing, so in many instances turned out
some mighty poor jobs that were not worth
the low price asked. With the crowd elimi-
nated one may look forward to real mer-
chandising this season. At the same time
there are now some excellent buys at the
lower prices from the factories of reliable
organizations which will bear higher price
tags in the near future and in fact which
may be impossible to obtain later at any
price.

For those interested in short-wave and
short -wave -broadcast combination, also ra-
dio -phonograph combination, some of the
New York retail stores and mail order
houses are offering buys that can not be
duplicated again. There are also some long -
wave and all -wave receivers that can be
bought at a low figure.

The Continental Microphones, an auxil-
iary line of the Universal Microphone Co.,
of Inglewood, Cal., has gotten into produc-
tion and distribution. There are several
models of two -button improved carbon -type
which heretofore have only been available
in the higher -price lines. The Continental
line will be sold only direct from factory
to jobber. There will be no direct or dealer
distribution.

* * *

In the earlier days of radio, about every-
body took it for granted that the interest
was over when summer came along. How
greatly this idea has changed can be testified
to by the exceptionally large numbers of the
small ac -dc radio sets that were sold this
1933 season. In addition to these, plenty of
kits for quality sets were bought, and not
overlooking the short-wave sets and kits.
An important item of real interest this sea-
son was the automobile radio set. That there
was a large sale can not be questioned, for
about all one desired to hear could be heard
coming forth from the auto loudspeaker,
everywhere one went, whether at the sea-
shore or mountainside. Do not imagine that
the demand fcr or sale of automobile sets
has let up, for now the demand is not only
large but perhaps a bit more particular. The
public has learned to know either through
their own experience or through friends and
radio publications and newspapers,, that if
one is to install an automobile raido receiver
it should be a good one. A powerful and
sensitive set, preferably a superheterodyne,
would be the wiser selection. A new addi-
tion to this line is the new 1934 six -tube
superheterodyne automobile radio receiver
put out by Fanning Radio Labs., 377 Eighty-
seventh Street, Brooklyn, N. Y. It uses one
6A7, one 41, one 75, two 78's, and one 84
tubes, has automatic volume control, one -
hole mount and the latest features generally.

* * *

An important announcement comes from
A. M. Flechtheim & Co., 136 Liberty St.,
New York City, to the effect that the Flecht-
heim electrolytic and paper condensers are
now made in U. S. A. and Great Britain.
They are of the same characteristics as here-
tofore.

divisors until they have all been used. Then
the result is read.

In engineering work it frequently happens
that a certain constant number is to be mul-
tiplied or divided by a large number of
varying numbers. This can be done just
as quickly as the various results can be read
off the scale. In such cases the problem is
first reduced to the simplest terms. There
may be a large number of factors which
will not change during the variation of
some other factor. All the constant factors
are first reduced to a single number and
the index set on that number. As an illus-
tration of this we might have the equation
C = k2/F2, in which we want to find C for
a large number of values of F. In this k
is a constant of some kind that has been
previously found. To find C the constant k
is divided by F and the square is taken.
The runner is set on k on the D -scale, F on
the C -scale is set to the runner, and C is
read at the index on the A -scale. The
runner is left in position and only the slider
is moved for each new value of F. Before
this can be done the constant k has to be
prepared by extracting the square root of
some other constant.

A somewhat simpler case that occurs fre-
quently in the radio laboratory is the de-
termination of power expended in a resis-
tance. Suppose we have a resistance of
value R and we measure the current I that
flows through this resistance. We want to
determine the power expended in that re-
sistance for a large number of different
currents. The equation is P=RI2. This

equation is prepared for computation by ex-
tracting the square root of R and expressing
the equation in the form P= (R%I)2. Here
we have multiplication and squaring. We
set the index of the C -scale on R% on
the D -scale and read P on the A -scale di-
rectly over I on the C -scale. To make the
entire run it is only necessary to move the
runner to each value of I. The hair line
on the runner is directly over P on the A -
scale. It may be that it is necessary to
reset the slider once, but not more than
once, by setting the right index of C on R.

Resetting the index more than once is
avoided by picking out all the values of I
which can be used on the first setting. The
second setting then will cover all the re-
maining values of I. To obtain the correct
position of the decimal point it is only
necessary to work out one case, and this
can usually be done mentally. After that
a change in the location of the point will
occur only when the values of P pass
through an index on the A -scale, including
the end as well as the middle.

As an illustration, let R equal 20,000 ohms
and let I have the successive values 1, 2,
3, and 4 milliamperes. Required to find the
corresponding powers in watts. By inspec-
tion we get the first value P=0.02 watts.
The square root of 20,000 is 141.4, and we
set the index accordingly. The runner in-
dicates that the next power is 0.08, the next
0.18, and the next 0.32. Between 2 and 3
it passed over the index on the A -scale and
accordingly the decimal point change one
position.
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Curve relating dial settings and frequencies for the lower frequency ranges
of the low -frequency coil. The condenser was the G.R. 247. The induc-
tance was a 25 -millihenry honeycomb coil. The curve may be used as
reference by duplicating the parts used. Note that the sub -divisions repre-
sent in twenty instances one -quarter kc each, for the rest one-half kc each.

EX PERIM EN TAL determination of fre-
quency of an oscillator, application of a
known capacity to enable computation

of the inductance, and determination of the
capacity present independent of the tuning
condenser, enabled the plotting of curves that
should be of considerable assistance to those
interested in direct frequency measurements
and capacity and inductance tests by substi-
tution.

Some preliminary data were given last
week, but these are brought to a point of
still higher accuracy, and made more exten-
sive, in the present discussion. Besides, the
frequency curves are shown for two ranges.

Since some particular tuning condenser has
to be selected, the model used was General
Radio Company's No. 247. In the broadcast
band an unshielded coil of 260 microhenries
inductance was used. This coil may be
on 1", using No. 32 enamel wire, 130 turns,
tapped at the 20th turn from the ground end.
The tuning range will be from about 402
kc to about 1,600 kc for this coil. Using the
same condenser and a 25 -millihenry coil,
from about 40 kc to nearly 200 kc, will be
the low -frequency range. This coil is a
honeycomb of 1,300 turns, tapped at the 500th
turn. So the honeycomb has an inductance
of almost ten times that of the other.

Frequencies between 200 and 400 kc may
be measured by fourth harmonics of 50 to
100 kc with excellent stability.

Checked by Known Capacity
The oscillator was checked with no exter-

nal tuning condenser in the circuit, but only
the other capacities, and the resultant fre-
quency, in the light of the known inductance
of 25 mlh, made possible the computation
that the distributed capacities totalled only
10 mmfd. When the tuning condenser's mini-
mum was included, and the new frequency
registered, the computation showed that the
total was 25 mmfd., hence the condenser's
minimum 15 mmfd.

The honeycomb coil has a very low dis-
tributed capacity, especially a coil of such
a large number of turns, and this capacity
may be neglected. However, the broadcast

coil was assumed to have no greater self -
capacity than the honeycomb, which is mani-
festly not a fact, but the difference is too
small to be considered in any save precision
measurements, and the data herewith sup-
plied are not for precision work, but for.
general use about home, shop and service
laboratories.

A checkup of a known capacity across the
honeycomb coil simply provided verification
of the inductance and of one capacity com-
putation based on that inductance and known
frequency.

The tuning condenser is widely distributed,
the broadcast coil can be wound by any, some
can even wind the honeycomb coil, commer-
cially obtainable at less than .50 cents each.

Frequency Curves
Plug-in forr,ns were used, one to contain

the broadcast coil which was wound on a
separate form, the other to contain the
honeycomb coil, which was on a Y8 -inch
bakelite dowel. Stiff bus to the form prongs
provided the anchorage.

Fig 1 shows a detail of the dial readings
plotted against frequency for the important
part of the low -frequency tuning. The im-
portance is derived from the stability of the
oscillator at the low frequencies, and the
curve stops at about the point where grid
leak -condenser type oscillators lose some of
their stability.

Fig. 1 allows for 40 to 85 kc, but the
oscillator did not quite go as low as 40, the
lowest frequency being 40.714 kc, so the
curve stops there. Note that between 40 and
45 kc there are four sub -divisions for each
1 kc on the chart, or one -quarter kc for each
division, whereas for the rest of the fre-
quencies covered by this curve the sub-
divisions represent one-half kc each. The
remainder is included on the kilocycle side
of the cross-section paper.

The Points of the Curves
The dial readings are detailed for both

directions and should be read in a manner
consistent with the dial used. For the G.
R. condenser, which closes to the left, the

A WIDE
of Measure]

Osc
By Wen

dial preferably should be such as to ma(
higher numbers for higher capacities, sim
ply because that habit is implanted.

The curve has been drawn so that it fol.
lows the registered points only where th(

'curve actually coincides with those points
but where there are points off the regular
shape of the curve the curve has been mad(
regular, but the points have been left
they were truly found. The reason for thi:
is that the off -curve points may be due tc
coupling functions and other consideration:
that affect registrations to the slight extent
noted, and it is scarcely practical to mak(
the curve smooth and all the selected point:
actual in any instance. One reason is the
resonance effect of the tickler, another i:
the capacity effects of brackets and the like
affecting a rotating member (condenser
rotor) and the other is the hours of work
needed to obtain hundreds of points to satisfy
the exacting requirements of a supposedly
perfect curve. And then the curve positively
would not be regular, that is, not in an
oscillator.

Four -fold Check
The other frequency curve -sheet serves for

the complete calibration for both coils. The
curve to the left is for broadcast frequencies,
the one to the right for the low frequencies.

The actual frequencies used for registering
the points are noted, and these notations alsc
distinguish the curves. For the broadcast
band refer to the column of kilocycles at
left, and read as printed. For the low fre-
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mentally. The curve relates to the
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a known accurate capacity. Using
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LINEAR DETECTION
Diode Affords It With High Load Resistor

By Brunsten Brunn
4

3

2

III

.3

the main consideration, the actual voltage
across the tube is extremely small and the
rectified current is correspondingly small.
Suppose, for example, that the load resis-
tance is 500,000 ohms, as we assumed be-
fore, and also suppose that the signal volt-
age impressed on the circuit is 100 volts.
For practical purpose we can say that the
load resistance is the only resistance in the
circuit. Therefore the current through the
load resistance and the tube will be only 02
milliampere. This makes the drop in the
tube 1.75 volts, as judged from the curve.

.2 The resistance the tube offers is then only
about 10,000 ohms, and only this portion is
variable, and only slightly variable at that.
Even when the applied voltage is as high as
100 volts we are a long way from entering
the saturation portion of the tube.

0 5 /0 /5 20 25
0 25 50 75 /00 /25

VOGT'S

FIG. 1
Characteristic curves of a diode rectifier. The upper curve is for the
rectifier alone and, the lower for the tube and a half megohm resistance.

CHARACTERISTIC curves of diode
rectifiers have been published, and
these curves are not straight lines.

Many fans have interpreted the curvature
as indication, and even as proof, that there
can be no linear detection with such recti-
fiers. How can there be linear detection,
they ask, when the rectifier current is not
proportional to the voltage?

Linear detection, so called, is a matter of
relativity. Strictly, there cannot be linear
detection if there is ever so little curvature
of the characteristic. Practically, however,
the detection can be so nearly linear that it
is impossible to measure the divergence,
much less to hear the result of such di-
vergence.

Then what becomes of the marked curva-
ture seen in the characteristic curves ? It
is removed by something that does respond
faithfully according to the linear law. It
is the pure resistance load on the rectifier
that is linear, not the rectifier itself. If the
load resistance is so large in comparison
with the internal resistance of the rectifier
that the internal resistance can be neglected,

then the curvature of the characteristic can
also be neglected.

Let us suppose that the internal resistance
of the rectifier element is 10,000 ohms, which
is a reasonable value. Then if the load re-
sistance on the rectifier is 500,000 ohms, the
total resistance in the circuit is 510,000 ohms,
and only about 2 per cent. of this resistance
is subject to a small variation as the voltage
changes. Hence the total distortion due to
curvature cannot exceed two per cent. Ac-
tually, it will be much less than this because
the characteristic itself is nearly linear over
the voltage region covered. Therefore when
the detection is called linear, the exaggera-
tion is not worthy of mention.

In Fig. 1 we have a characteristic curve
of a diode rectifier covering the voltage
range of 25 volts and the current range of
nearly 3.5 milliamperes. It is only after the
current exceeds about 3 milliamperes that
the effects of saturation are appreciable,
which begins when the voltage drop in the
tube is about 17.5 volts.

When the tube functions in a practical
rectifier circuit in which voltage output is

Valuable Calibration Data'
(Continued from preceding page)

checked also, particularly larger ones, using
the honeycomb coil. If one does not care to
go through the computations for these larger
capacities he may consult Edward M.
Shiepe's book of curve -sheets, "The Induct-
ance Authority," which enables accurate re-
sults at a glance.

The curve is again irregular, which means
there is truth in it, for these sylph -like curves
of condenser -coil systems are mostly propa-
ganda. The points are clearly shown, fifteen
having been taken, and may be identified in
respect to frequencies by any curious -minded
reader who cares to read the frequencies
from Figs. 1 and 3.

As will occur to many readers, some other
tuning condenser could be used, and its ca-
pacity derived by noting the dial settings
for the frequencies of the non -conforming

condenser, and computing the capacity, de-
ducting 10 mmfd. from each result, or the
answers taken from Mr. Shiepe's book. This
is possible because of the known induct-
ance and frequency. In fact, the capacity
curve of this other condenser could be plotted
on Fig. 2.

As intimated previously, it is much better
to use the low -frequency part of the curves,
and this, it may be added, is true in both
instances, because of the frequency -stability
in that region, which approximates crystal -
control results without temperature oven.

The G. R. condenser, while closing to the
left, has no endstop, so might be turned or
calibrated the wrong way. With plates to-
tally enmeshed the dial, by causing the rotor
to move to the right the lower capacities are
obtained, and the dial should be adjusted
numerically accordingly.

The straight line in Fig. 1 is an approxi-
mation of the rectified current that would
result when there is a 500,000 -ohm resistance
in series with the tube. The lower voltage
scale, which is five times the upper scale,
applies to the circuit as a whole, while the
upper scale refers to the tube alone. The
current scale on the right refers to the en-
tire circuit. The curve is a straight line
because the effect of the small internal re-
sistance of the tube is so small that it is
impractical to allow for it in drawing the
curve of the entire °circuit. The error in
the curve at 125 volts is not more than 5
microamperes out of 250 microamperes, or
2 per cent.

The rectified voltage, which is the drop
across the load resistance, is practically free
from distortion.

Instantaneous Values

Linearity of detection does not mean that
all frequencies are detected to the same de-
gree. Not at all. But the divergence does
not depend on the lack of linearity of the
rectifier as much as it does on the filter
necessary across the load resistance. Due
to the condenser across the load resistance,
low frequencies are detected more effectively
than high frequencies. The higher the filter
capacity the higher is the loss on the high
audio frequencies. This can easily be tested
qualitatively, for if the condenser is increased
the tone will become lower in pitch, which
means that the high audio frequencies are
not detected. Incidentally, this is an easy
way of getting a tone control, for a small
variable condenser across the load resistance
could do just as much as a variable con-
denser of many times the value placed across
the output of the last tube, where the tone
control is often placed. The effectiveness
of a given condenser is directly proportional
to the value of the resistance across which
it is connected.

Instantaneous values of rectified current
are much higher than the instantaneous val-
ues obtained on the assumption that the load
resistance is in the circuit. The reason for
this is that the filter condenser shunts the
resistance and puts a high voltage across
the tube. And the instantaneous values of
current are much higher for high carrier
frequencies than for low. But the instan-
taneous values do not count so much in
detection, but rather the mean values. The
mean value of rectified current is that which
is obtained when a d -c milliammeter is put
in series with the load resistance. The de-
tected signal is the fluctuation in the mean -
current due to the modulation, and this fluc-
tuation is greater for the lower modulation
frequencies than for the higher.
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ctly proportional to the primary induc-
-ice, and it increases as the condenser
ross the secondary decreases in the same
ay as it increases as the resistance in the
zondary decreases. It also increases as

coefficient of the coupling increases. By
-e here is meant that condition in
ere is no reactance in the secondary

* * *

Why Platinum Is Used
Y IS PLATINUM used for leading
tors into vacuum tubes and electric

?-J. A. E.
reason platinum has been used is that

,cpansion coefficient with temperature
y nearly the same as that of the glass.
"ore the seal is not broken by expan-

d contraction.
* * *

Grid Current
k TUBE ever draw grid current
-;rid voltage is negative? If so,

and under what conditions ?-

slight grid current for low
values. How much depends

plate voltage, on the amount
tube, and on the bias. It
amount to more than a few
most. But even this may
Ise a great deal of distor-
igh resistance leak in the
,fest to use a moderately
Tore than half megohm.

* *

oss Resistance
give a formula for
effective impedance
(denser in parallel?

"1-1-C2w2R2)1/2, in
in ohms, C the

6.28 times the
ltance is 1,000,-
unfd., and the
econd. What
la gives 303, -

that causes
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fr ,tly
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teristics of the
They apply als

T a
the expecico
certain specified
this is only gi-
because considc
expected.

When certain
given for a tube,
can - be obtained
those curves. In dc,
of the definition c
factor, the
the p
change:
change, cur
In this it is particu
the condition that th
constant. Suppose w
voltage amplificationFirst we -re t-

given v= -id
age. Tii
small an_ T he
changed until the p1
was before the chan,c,
The change in the p'aI.

the change in the gr_d
cation factor.

ect Definition
Strictly, change in the grid voltage

should be extremely small, but if it is too
small accurate values cannot be obta.
from the meters. And if a large chan
made in the grid voltage, the result is
average amplification factor over that
of grid voltage. If the characterist
question is linear over this voltage r
which it may be to a fairly close approxi
tion, the average value of the factor is
same as the value at the point in questi

There are many ways of getting the a
plification factor from characteristic cury
all depending on the definition given.
to the plate voltage -plate current cury
Fig. 1. Let us obtain the amplification
tor when the plate current is 1.2 mil
amperes and the grid bias is 1.0 volt. Whe
the bias is 0.5 volt, the plate voltage is 15
volts, and when the grid bias is 1.5 volts, th
plate voltage is 242 volts. We have changed
the grid voltage by one volt and the plate
voltage by 92 volts, keeping the plate cur-
rent at 1.2 milliamperes. Hence, the aver-
age amplification factor between 0.5 and 1.5
volts bias, which may be taken as the value

Speeding Up Phonograph
IF A PHONOGRAPH record has been

recorded at a certain speed and it is later
played at a faster speed, will there be dis-
tortion? Will the correct relationship be
maintained between the fundamentals and
the harmonics ?-R. V. L.

If the phonograph runs at a higher speed
than the recording speed there is no distor-
tion of the type you mention, for if a fun-
damental is multiplied by a certain factor all
its harmonics are multiplied by the same
factor. This holds both for higher and
lower speeds. Just the same, the sound will
be unpleasant if the change in speed is great
either way. Simply changing the speed a
little will play the music in a different
pitch.

* * *

Plate Resistance Filters
WHEN A HIGH resistance is put in

the plate circuit of a resistance coupled arra-
plifier for the purpose of filtering, does this
have to be taken into account when figuring
the plate current and the required grid bias
resistor ?-E. G.

Yes, this resistor causes a drop in the ap-
plied voltage so that the current will be
less than it would be without this resistor.
Also, the grid bias resistor will have to be
larger because the current will be less. It
is best not to make the filter resistor any
larger than is absolutely necessary and to
depend on the by-pass condenser for most
of the filtering. An audio frequency choke
coil with very lower internal resistance
would be better than a resistor, unless it
is necessary to filter out very low audio and
sub -audible frequencies.

* * *

Pentagrid Mixing
PLEASE SHOW the best way of using

a pentagrid tube for mixing in a superhetero-
dyne. Do you recommend this type of tube
in a set designed for quality, when the num-
ber of tubes in the set is of no importance?
-S. F.

Two different connections of the penta-
grid tube are shown. The first of the two
is the simpler connection, but the second is
said to have some advantages, as it is sup-
posed to oscillate a little better. One thing
that must be done is to return the grid leak
of the oscillator to the cathode directly and
not to ground. If this is not done, the cir-
uit is not always self-starting. The grid

the modulator section of the tubes should
returned to an appropriate negative bias.
hese circuits provision has been made

t the bias may be made greater than
vided by the bias resistor in the ca-

This is not necessary, for the
ntinued on next page)
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Supersonic Sound
JUST WHAT IS a supersonic sound

wave? If anything is supersonic how can it
at the same time be sonic? If it is sonic it
is sound. Please clarify-H. G.

What is meant by the inconsistency is
superaudible sound, if by sound we mean air
vibrations. If we confine the term sound
to audible air vibrations it would be all
right to speak of supersonic air waves when
the frequency of those waves is higher than
the upper audible limit. But the expression
supersonic sound cannot be right on either
view of the term sound. The same con-
fusion of terms occurs in light. We have
heard the term ultravisible light. The
question is whether or not electromagnetic
vibrations are light if they are outside the
visible spectrum. If they are, there is no
inconsistency here. If we cannot see by
the light, however, it is not very illumi-
nating. But it may be blistering for all
that.

* * *

Range of Tuners
IN AN OSCILLATOR with plug-in

coils I have noticed that the range of the
coils of higher inductance is not as great
as that of the smaller coils. The tuning
condenser is the same for all of them, and
it would seem to me that the range would,
be the same. As it is, the range of the
larger coils is barely 2 -to -1 whereas the
range of the smaller coils is considerably
greater than 2 -to -1. If there is to be a
difference, it seems to me, it should be the
other way about. What explanation do you
have ?-W. H. C.

There must be a difference in the dis-
tributed capacities of the coils. The mini-
mum capacity in the larger coils is relatively
larger than it is for the smaller coils. If
the capacity ratio were the same in all cases,
the frequency ratio would also be the same.

* * *

Construction of Precision Oscillator
WHAT PRECAUTIONS should be

taken in the construction of a precision
oscillator? I have in mind to construct
one that is as nearly constant in frequency
as possible. It should not only be un-
affected by changes in the operating volt-
ages, but also by vibrations, changes in
temperature, moisture, and atmospheric
pressure. --R. B. M.

That is a big problem, but many such
oscillators have been constructed. First of
all it is necessary to select a circuit that is
as nearly independent of changes in the
operating voltages as possible. Such a cir-
cuit will also be independent of changes in

the load, provided that such changes do not
involve changes in the reactances in the
circuit. We have published stabilized oscilla-
tor circuits many times, and one that is par-
ticularly suitable is the symmetrical Colpitts.
But it is not the only one. To guard against
vibrations the oscillator can be mounted on
stock absorbers, such as sponge rubber. To
guard against changes due to moisture and
barometric pressure, the circuit should be
inclosed in a container where these factors
can be kept constant. Changes of fre-
quency due to temperature changes are
likely to be the largest in such an oscillator.
Thermostatic control of the temperature
will solve that problem. Naturally, it will
not be a simple oscillator.

* * *

Production of Superauble
Air Waves

WHAT IS THE GENERAL method of
producing air waves of such high frequencies
that they cannot be heard? I have tried
loudspeakers and high frequency oscillators
but have not been able to detect any high
frequencies in the air.-E. R. W.

There is no problem in producing the
oscillation, for a suitable vacuum tube oscil-
lator will do that. There remain the prob-
lems of transferring the vibrations to the air
and to detect them after they are in the air.
For "loudspeaker" it is possible to use a
piezo crystal, which may be of quartz or of
Rochelle salt. There is no difficulty in
driving a Rochelle salt crystal at frequencies
between 10,000 and 100,000 cycles, provided
its size is suitable. Quartz crystals can be
driven at higher frequencies, mainly because
they are smaller. But a Rochelle salt crystal
can be made small too. Once the high
frequencies are in the air there remains the
problem of detecting them. How to do that
depends on what they are to be used for.
It may be possible to use another crystal
tuned to the frequencies, or a specially con-
structed microphone.

* * *

Choke Coupling
WILL YOU kindly explain how it is that

an audio frequency choke can be used in a
direct coupled amplifier in the same man-
ner as a high resistance, even though the re-
sistance of that choke may be less than 500
ohms ? It seems to me that there would be
no amplification when the resistance is so
low. Yet I know that it is just as great as
when a high resistance is used.-J. Y.

It is not the d -c resistance that counts
when the choke is used. It is the resistance
of the choke. This reactance may be very
high. Suppose, for example, that the

effective inductance of the choke is 100
henries. The reactance -is then 628f ohms,
where f is the frequenCy of the signal. Now
if f is as low as 100 cycles per second, the
reactance is 62,800 ohms. It is true that
the reactance is directly proportional to the
frequency so that at low frequencies the
amplification should fall off. But this does
not occur apppreciably until the reactance
is less than the internal plate resistance of
the tube. When the d -c resistance of the
choke is low the internal resistance of the
tube is low, and therefore the reactance of
the coil can be quite low before there is
any appreciable diminution in the amplifi-
cation. Suppose that the internal resistance
of the tube is 7,500 ohms. Then at
cycles per second the amplificaiton is 0.94u,
where u is the mu -factor of the tube. At
1,000 cycles per second the amplification is
practically equal to the mu -factor. Hence
there has been a drop of only 6 per cent.
What happens below 25 cycles per second
is of no interest in a broadcast amplifier.
Of course, had we used a high -mu tube with
a high internal resistance the results would
not have been so favorable.

* * *

Characteristics of Phototubes
IT IS SAID that the response of photo -

tubes is directly proportional to the illumi-
nation, or to the amount of light flux that
enters the cell. Yet a gaseous cell shows
strong curvature between the current and
the anode voltage. Does not this indicate
that the proportionality is true ?-R. L.

It is the variation of the current with the
light flux that is linear, not the variation
with the anode voltage. The voltage is
supposed to be held constant as the light
varies. If that is done the proportionality
holds quite accurately, both for gaseous and
high vacuum phototubes.

* * *

Use of 2A6
WILL YOU kindly give specifications for

the 2A6 in a resistance coupled amplifier so
as to get the greatest output voltage4 Is
it possible to get enough out of this toe to
load up a 2A3 power triode ?-W. R.

Make the plate supply voltage volts, the
bias resistance in the cathode leg 5,600
ohms, the plate coupling resistance half
megohm, and the grid leak preceding the
power tube half megohm. Under these
conditions the grid bias will be 1.35 volts,
negative, the plate current will be 0.24
milliampere, the voltage amplification about
40, and the amplitude of the output voltage
about 58 volts. This is very near the maxi-
mum input voltage to the 2A3.

* *

Measuring High Voltages
IS THERE any way of measuring high

voltages with a vacuum tube by applying
the voltage to be measured in the plate cir-
cuit and then measuring the grid bias? It
seems to me that this is a possibility of
measuring high voltages without the use of
expensive meters. If this has been done or
can be done will you kindly outline the
method?-G. H. A.

This has been done. Suppose a given
high voltage is applied in the plate circuit.
A current will flow unless the grid bias is
very high. If now the grid bias is increased
until the plate current cuts off as judged by

Actual Voltage Gain in Resistance A. F.
(Continued on next page)

volts in the plate circuit. The slope of this
curve multiplied by the load resistance and
taken at the operating grid voltage is then
the amplification.

To get the slope the plate current is noted
at two different grid voltages about the
operating voltage. For example, if the op-
erating point is 1.5 volts bias, the current
is read off the curve at one and two volts.
For illustration let these currents be, re-
spectively, 0.05 and 0.5 milliampere. The
difference is 0.45 milliampere. That is the
change in the current for a change of one

volt in the grid voltage. Hence it is numer-
ically equal to the slope. Now if the load
resistance is 100,000 ohms, the voltage am-
plification is 45 times.

If tIle coupler after the tube is a plate
resistor and a grid leak the d -c method just
explained does not give the true voltage
amplification because the grid leak is not
taken into account. This can be allowed for
by using a load resistance equal to the plate
and grid resistances in parallel. For ex-
ample, if the plate resistor is 250,000 ohms
and the grid leak is one megohm, the ef-
fective load is 200,000 ohms, and this should

be used in taking the curve. Later when
the set is used the 025-megohm plate re-
sistor should be used. This method gives the
voltage amplification except at the two ex-
tremes of frequencies. On the high fre-
quencies it fails because it does not take
account of the capacity between the grid -
plate side and ground. On low frequencies
it fails because it does not take account of
the effect of the stopping condenser. But for
all important frequencies it gives a close
approximation to the true voltage amplifi-
cation, closer the smaller the shunt capacity
and the larger the series resistor.
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a sensitive milliammeter, there is a definite
relation between the grid voltage and the
plate voltage, and the ratio is the mu -
factor of the tube. If the grid voltage is
measured it is only necessary to multiply
it with the mu of the tube. Since the mu
may not be accurately true, and also since
the simple relation just stated may not hold
accurately in all cases, it is well to cali-
brate the circuit. In doing this the plate
current can be held constant at the lowest
deflection that can be accurately read. This
is preferable to reducing the plate current
to zero because the cut-off is not very
sharp. The device permits measurement of
high voltages with a low -range voltmeter
and at the same time it makes the high
range voltmeter one of extremely high re-
sistance. Consider, for example, the case
when the voltage in the plate circuit is 500
volts and the milliammeter is such that the
lowest distinctly readable deflection repre-
sents 50 microamperes. The resistance to
the voltage in this case is then equivalent
to ten million ohms. Naturally, a sensitive
milliammeter in the plate circuit of such a
device is in a very dangerous position. To
be on the safe side, the grid voltage at first
should be very high and then gradually re-
duced until plate current begins to flow.
The change in grid voltage should be con-
tinued so that there will be no sudden and
large changes in the plate current, or else
the plate voltage should be disconnected
while changing the grid voltage.

* * *

Power Ratings of Tubes
WHEN A CERTAIN tube is rated for

power output as an amplifier it is one thing
and when it is rated as an oscillator it is
something entirely different. The number
of watts output from the oscillator is usu-
ally many times greater than the number
of watts from the amplifier. Yet the plate
voltages in the two cases may be the same.
Why are there two ratings for the same
tube?-B. V. S.

The output depends on the grid swing.
In the amplifier the grid swing is limited to
a portion of the range between zero bias
and the cut-off bias. There can be compara-
tively little variation in the plate current.
But when the tube is working as an oscil-
lator there is no such limitation. The grid
may not only swing into the positive region
but it may swing a long way beyond the
cut-off. Therefore there will be a wide
variation in the plate current. The efficien-
cy of the oscillator is much higher than that
of the amplifier. In the oscillator plate cur-
rent does not flow all the time. Indeed, it
may not flow half the time.

* * *

Change of Tuning
FROM DAY TO DAY the settings of

my tuner for given stations change. Some-
times the change is as much as one division
of a dial calibrated in kilocycles, that is,
it is equal to 10 kc. If the change is due to
capacity entirely, how much is the change in
micromicrofarads ?-R. W.

It depends on what the frequency is and
also on the inductance in the circuit. If
we suppose that the inductance is 250 micro -
henries and the frequency is 1,000 kc, the
change in the capacity amounts to about 2
mmfd. Such change might be effected by
changes in the temperature of the conden-
ser and also by moisture. It is also possible
that part of the change is caused by changes
in the inductance. We have no more reason
for believing that the inductance remains
fixed than that the capacity stays put. Both
are subject to temperature variations.

* * *

Impedance of a Tuned Circuit
IS THE impedance presented to a tube

by a radio frequency transformed with tuned
secondary high or low at resonance? Does
it depend a great deal on the size of the
primary inductance? In what way does it
depend on the resistance of the secondary
circuit ?-T. H. Y.

At resonance the impedance is high. It
is higher the lower the resistance in the
secondary circuit. The impedance is di -

redly proportional to the primary induc-
tance, and it increases as the condenser
across the secondary decreases in the same
way as it increases as the resistance in the
secondary decreases. It also increases as
the coefficient of the coupling increases. By
resonance here is meant that condition in
which there is no reactance in the secondary
circuit

* * *

Why Platinum Is Used
WHY IS PLATINUM used for leading

conductors into vacuum tubes and electric
lamps ?-J. A. E.

The reason platinum has been used is that
its expansion coefficient with temperature
is very nearly the same as that of the glass.
Therefore the seal is not broken by expan-
sion and contraction.

* * *

Grid Current
DOES A TUBE ever draw grid current

when the grid voltage is negative? If so,
how much and under what conditions?-
E. T. T.

There is a slight grid current for low
negative bias values. How much depends
on the effective plate voltage, on the amount
of gas in the tube, and on the bias. It
usually does not amount to more than a few
microamperes at most. But even this may
be sufficient to cause a great deal of distor-
tion if there is a high resistance leak in the
grid circuit. It s safest to use a moderately
large leak, say not more than half megohm.

* * *

Condenser Across Resistance
WILL YOU kindly give a formula for

the computation of the effective impedance
of a resistance and a condenser in parallel?
-W. N.

The formula is R/ (14-C2w2R2)%, in
which R is the resistance in ohms, C the
capacity in farads, and w is 6.28 times the
frequency. Suppose the resistance is 1,000,-
000 ohms, the capacity 50 mmfd., and the
frequency 10,000 cycles per second. What
is the impedance? The formula gives 303,-
000 ohms. It is the condenser that causes
the great reduction. It will be noticed that
the values here assumed are those frequently
used in a diode rectifier circuit, and the re-
duction computed is that of the highest
audio frequency usually considered. The re-
duction at the carrier frequency is very
much larger. Suppose, for example, that
the carrier frequency is 1,000 kc. What is
the impedance then? Well, the formula
gives 3,180 ohms. This formula is also use-
ful in estimating the drop in voltage in re-
sistance coupled amplifiers when there is an
appreciable capacity across the coupling re-
sistors, either stray or intentional,

Speeding Up Phonograph
IF A PHONOGRAPH record has been

recorded at a certain speed and it is later
played at a faster speed, will there be dis-
tortion? Will the correct relationship be
maintained between the fundamentals and
the harmonics ?-R. V. L.

If the phonograph runs at a higher speed
than the recording speed there is no distor-
tion of the type you mention, for if a fun-
damental is multiplied by a certain factor all
its harmonics are multiplied by the same
factor. This holds both for higher and
lower speeds. Just the same, the sound will
be unpleasant if the change in speed is great
either way. Simply changing the speed a
little will play the music in a different
pitch.

* * *

Plate Resistance Filters
WHEN A HIGH resistance is put in

the plate circuit of a resistance coupled am-
plifier for the purpose of filtering, does this
have to be taken into account when figuring
the plate current and the required grid bias
resistor ?-E. G.

Yes, this resistor causes a drop in the ap-
plied voltage so that the current will be
less than it would be without this resistor.
Also, the grid bias resistor will have to be
larger because the current will be less. It
is best not to make the filter resistor any
larger than is absolutely necessary and to
depend on the by-pass condenser for most
of the filtering. An audio frequency choke
coil with very lower internal resistance
would be better than a resistor, unless it
is necessary to filter out very low audio and
sub -audible frequencies.

* * *

Pentagrid Mixing
PLEASE SHOW the best way of using

a pentagrid tube for mixing in a superhetero-
dyne. Do you recommend this type of tube
in a set designed for quality, when the num-
ber of tubes in the set is of no importance?
-S. F.

Two different connections of the penta-
grid tube are shown. The first of the two
is the simpler connection, but the second is
said to have some advantages, as it is sup-
posed to oscillate a little better. One thing
that must be done is to return the grid leak
of the oscillator to the cathode directly and
not to ground. If this is not done, the cir-
cuit is not always self-starting. The grid
of the modulator section of the tubes should
be returned to an appropriate negative bias.
In these circuits provision has been made
so that the bias may be made greater than
that provided by the bias resistor in the ca-
thode lead. This is not necessary, for the

(Continued on next page)
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LINEAR DETECTION
Diode Affords It With High Load Resistor

By Brunsten Brunn
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the main consideration, the actual voltage
across the tube is extremely small and the
rectified current is correspondingly small.
Suppose, for example, that the load resis-
tance is 500,000 ohms, as we assumed be-
fore, and also suppose that the signal volt-
age impressed on the circuit is 100 volts.
For practical purpose we can say that the
load resistance is the only resistance in the
circuit. Therefore the current through the
load resistance and the tube will be only 02
milliampere. This makes the drop in the
tube 1 75 volts, as judged from the curve.

.2 The resistance the tube offers is then only
about 10,000 ohms, and only this portion is
variable, and only slightly variable at that.
Even when the applied voltage is as high as
100 volts we are a long way from entering
the saturation portion of the tube.

.1

0 5 /0 /5- 20 25
0 25 .50 75 /00 /25

VOLTS

FIG. 1
Characteristic curves of a diode rectifier. The upper curve is for the
rectifier alone and, the lower for the tube and a half megohm resistance.

CHARACTERISTIC curves of diode
rectifiers have been published, and
these curves are not straight lines.

Many fans have interpreted the curvature
as indication, and even as proof, that there
can be no linear detection with such recti-
fiers. How can there be linear detection,
they ask, when the rectifier current is not
proportional to the voltage?

Linear detection, so called, is a matter of
relativity. Strictly, there cannot be linear
detection if there is ever so little curvature
of the characteristic. Practically, however,
the detection can be so nearly linear that it
is impossible to measure the divergence,
much less to hear the result of such di-
vergence.

Then what becomes of the marked curva-
ture seen in the characteristic curves ? It
is removed by something that does respond
faithfully according to the linear law. It
is the pure resistance load on the rectifier
that is linear, not the rectifier itself. If the
load resistance is so large in comparison
with the internal resistance of the rectifier
that the internal resistance can be neglected,

then the curvature of the characteristic can
also be neglected.

Let us suppose that the internal resistance
of the rectifier element is 10,000 ohms, which
is a reasonable value. Then if the load re-
sistance on the rectifier is 500,000 ohms, the
total resistance in the circuit is 510,000 ohms,
and only about 2 per cent. of this resistance
is subject to a small variation as the voltage
changes. Hence the total distortion due to
curvature cannot exceed two per cent. Ac-
tually, it will be much less than this because
the characteristic itself is nearly linear over
the voltage region covered. Therefore when
the detection is called linear, the exaggera-
tion is not worthy of mention.

In Fig. 1 we have a characteristic curve
of a diode rectifier covering the voltage
range of 25 volts and the current range of
nearly 3.5 milliamperes. It is only after the
current exceeds about 3 milliamperes that
the effects of saturation are appreciable,
which begins when the voltage drop in the
tube is about 17.5 volts.

When the tube functions in a practical
rectifier circuit in which voltage output is

Valuable Calibration Data'
(Continued from preceding page)

checked also, particularly larger ones, using
the honeycomb coil. If one does not care to
go through the computations for these larger
capacities he may consult Edward M.
Shiepe's book of curve -sheets, "The Induct-
ance Authority," which enables accurate re-
sults at a glance.

The curve is again irregular, which means
there is truth in it, for these sylph -like curves
of condenser -coil systems are mostly propa-
ganda. The points are clearly shown, fifteen
having been taken, and may be identified in
respect to frequencies by any curious -minded
reader who cares to read the frequencies
from Figs. 1 and 3.

As will occur to many readers, some other
tuning condenser could be used, and its ca-
pacity derived by noting the dial settings
for the frequencies of the non -conforming

condenser, and computing the capacity, de-
ducting 10 mmfd. from each result, or the
answers taken from Mr. Shiepe's book. This
is possible because of the known induct-
ance and frequency. In fact, the capacity
curve of this other condenser could be plotted
on Fig. 2.

As intimated previously, it is much better
to use the low -frequency part of the curves,
and this, it may be added, is true in both
instances, because of the frequency -stability
in that region, which approximates crystal -
control results without temperature oven.

The G. R. condenser, while closing to the
left, has no endstop, so might be turned or
calibrated the wrong way. With plates to-
tally enmeshed the dial, by causing the rotor
to move to the right the lower capacities are
obtained, and the dial should be adjusted
numerically accordingly.

The straight line in Fig. 1 is an approxi-
mation of the rectified current that would
result when there is a 500,000 -ohm resistance
in series with the tube. The lower voltage
scale, which is five times the upper scale,
applies to the circuit as a whole, while the
upper scale refers to the tube alone. The
current scale on the right refers to the en-
tire circuit. The curve is a straight line
because the effect of the small internal re-
sistance of the tube is so small that it is
impractical to allow for it in drawing the
curve of the entire 'circuit. The error in
the curve at 125 volts is not more than 5
microamperes out of 250 microamperes, or
2 per cent.

The rectified voltage, which is the drop
across the load resistance, is practically free
from distortion.

Instantaneous Values

Linearity of detection does not mean that
all frequencies are detected to the same de-
gree. Not at all. But the divergence does
not depend on the lack of linearity of the
rectifier as much as it does on the filter
necessary across the load resistance. Due
to the condenser across the load resistance,
low frequencies are detected more effectively
than high frequencies. The higher the filter
capacity the higher is the loss on the high
audio frequencies. This can easily be tested
qualitatively, for if the condenser is increased
the tone will become lower in pitch, which
means that the high audio frequencies are
not detected. Incidentally, this is an easy
way of getting a tone control, for a small'
variable condenser across the load resistance
could do just as much as a variable con-
denser of many times the value placed across
the output of the last tube, where the tone
control is often placed. The effectiveness
of a given condenser is directly proportional
to the value of the resistance across which
it is connected.

Instantaneous values of rectified current
are much higher than the instantaneous val-
ues obtained on the assumption that the load'
resistance is in the circuit. The reason for
this is that the filter condenser shunts the
resistance and puts a high voltage across
the tube. And the instantaneous values of
current are much higher for high carrier
frequencies than for low. But the instan-
taneous values do not count so much in
detection, but rather the mean values. The
mean value of rectified current is that which
is obtained when a d -c milliammeter is put
in series with the load resistance. The de-
tected signal is the fluctuation in the mean
current due to the modulation, and this fluc-
tuation is greater for the lower modulation
frequencies than for the higher.
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DETERMINING MU FACTOR
and Voltage Gain by Simple Methods

By Einar Andrews
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FIG. 1

Plate voltage plate current charac-
teristics of the 75 high -mu triode.
They apply also to the 2A6 tube.

THE characteristics of many tubes are
now published without giving the
amplification factor. Instead of this

the expected voltage amplification under
certain specified conditions is given, and
this is only given in round numbers
because considerable variation can be
expected.

When certain families of curves are
given for a tube, the amplification factor
can be obtained, approximately,
those curves. In doing so we take account
of the definition of voltage amplification
factor, which is the ratio of the, change of
the plate voltage to the grid voltage
change that produces that plate voltage
change, the plate current remaining constant.
In this it is particularly important to note
the condition that the plate current is to be
constant. Suppose we want to measure the
voltage amplification factor with voltmeters.
First we measure the plate current for a
given value of grid voltage and plate volt-
age. Then the grid voltage is changed by a
small amount. The plate voltage is now
changed until the plate current is what it
was before the change in the grid voltage.
The change in the plate voltage divided by
the change in the grid bias is the amplifi-
cation factor.

Correct Definition
Strictly, the change in the grid voltage

should be extremely small, but if it is too
small accurate values cannot be obtained
from the meters. And if a large change is
made in the grid voltage, the result is the
average amplification factor over that range
of grid voltage. If the characteristic in
question is linear over this voltage range,
which it may be to a fairly close approxima-
tion, the average value of the factor is the
same as the value at the point in question.

There are many ways of getting the am-
plification factor from characteristic curves,
all depending on the definition given. Refer
to the plate voltage -plate current curves in
Fig. 1. Let us obtain the amplification fac-
tor when the plate current is 1.2 milli-
amperes and the grid bias is 1.0 volt. When
the bias is 0.5 volt, the plate voltage is 150
volts, and when the grid bias is 1.5 volts, the
plate voltage is 242 volts. We have changed
the grid voltage by one volt and the plate
voltage by 92 volts, keeping the plate cur-
rent at 1.2 milliamperes. Hence, the aver-
age amplification factor between 0.5 and 1.5
volts bias, which may be taken as the value

FIG. 2
Grid voltage plate current charac-
teristics of the 75 high -mu triode as

well as of the 2A6 triode.

of the factor at 1 volt bias, is 92. We are
dealing with a high -mu triode tube.

Using Mutual Curves
Now let us consider the grid voltage -plate

current curves in Fig. 2, which are for the
same tube. Again let us hold the plate cur-
rent constant at 12 milliamperes. When the
plate voltage is 250 volts the grid voltage
is 1.59 volts. When the plate voltage is 180
volts the grid bias is 0.81 volt. The change
in the plate voltage is 70 volts and the cor-
responding change in the grid bias, keeping
the plate current at 12 milliamperes, is 0.78
volt. The ratio of 70 and 0.78 is 90. This
agrees with the preceding value of 92 as
well as could be expected.

We might try at another current value.
For example, when the current is 1 milli-
ampere and the plate voltage is 180, the grid
voltage is one volt. When the current has
the same value and the plate voltage is 135
volts, the grid voltage is 0.5 volt. There-
fore, a change of 0.5 volt in the grid bias
has made a change of 45 volts in the plate
voltage. Hence the amplification factor is
90. This agrees exactly with the value ob-
tained before on the same curves.

Constant Current Curves
Fig. 3 shows an unusual family of char-

acteristics for the same tube, namely, con-
stant current curves. Let us take the curve
where the current is 1 milliampere. When
the bias is one volt the plate voltage is 177.5
volts, and when the bias is 2 volts the plate
voltage is 275 volts. Hence the change in
the plate voltage for a change of one
volt in the grid bias is 97.5. This is numer-
ically equal to`the amplification factor. This
value is a little higher than that obtained
from the other curves, but this is due,
mainly, to inaccuracy in reading off the
voltages, and also to a slight variation in
the slope of the curves.

As the value of the amplification factor
of this tube always comes out around 90, we
are justified in assuming that this is the
value. This may be an average of all the
tubes of this type. Some of the tubes will
have a lower factor, others a higher factor.
If the factor is to be measured with a
voltmeter and a milliammeter, the measure-
ment should be made around the bias at
which the tube is to work. For example, the
recommended operating bias for the tube
under discussion is 1.35 volts. The grid volt-
age may therefore be adjusted first to 0.85

FIG. 3
Plate voltage grid voltage constant
current curves of the 75 high -mu

triode and of the 2A6 triode.

volt and then to 1.85 volts. The plate volt-
age is to be adjusted so that in both cases
the plate current is the same. The bias
should be measured from the cathode and
there should be no other resistance in the
plate circuit other than that of the milli -
ammeter. If it is not convenient to make
the measurements at these grid voltages,
they can be made at one and two volts.

The Tube
The tube on which the curves had been

taken is the 75 duplex diode high -mu triode,
which is a 6.3 -volt tube of the heater type.
The corresponding curves taken on the 2A6
duplex diode high -mu triode are the same
and give the same results as to the amplifi-
cation factor. Hence we conclude that these
tubes differ only in respect to heater voltage
requirements. The 2A6 takes 2.5 volts on
the heater.

The amplification obtained from a tube
in a resistance -coupled circuit is not equal
to the amplification factor, but is considera-
bly less than that. How much less depends
on the relative values of the load resistance
and the internal resistance of the tube. If
the internal resistance of the tube is R1 and
the load resistance is R2, then the voltage
amplification is u112/(R1-FR2), in which u
is the amplification factor of the tube.

Thd value of R1 is not that which is
usually given as the a -c internal resistance
of the tube, but a higher value. It is higher
because the effective plate voltage is much
less than the voltage at which the internal
resistance was measured.

Suppose we assume that the mu of the
tube is 90 and that the internal resistance
then is 25,000 ohms when the load resist-
ance is 100,000 ohms. The amplification then
is 72, according to the formula. For the 75
tube the amplification is given as 50 to 60
times, which indicates that the internal re-
sistance is still higher than the value as-
sumed. Indeed, it is more nearly 100,000
ohms.

Measuring Amplification
The actual voltage amplification can be

obtained experimentally if a grid voltage -
plate current curve is available, taken with
the load resistance in the circuit. The ap-
pearance is like that of the curves in Fig. 2,
but, naturally, drawn to a different current
scale, since the currents will be much smaller.
Suppose such a curve is taken with 250

(Continued on next Page)
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FIG. 1
Characteristic curves of a diode rectifier. The upper curve is for the
rectifier alone and, the lower for the tube and a half megohm resistance.

CHARACTERISTIC curves of diode
rectifiers have been published, and
these curves are not straight lines.

Many fans have interpreted the curvature
as indication, and even as proof, that there
can be no linear detection with such recti-
fiers. How can there be linear detection,
they ask, when the rectifier current is not
proportional to the voltage?

Linear detection, so called, is a matter of
relativity. Strictly, there cannot be linear
detection if there is ever so little curvature
of the characteristic. Practically, however,
the detection can be so nearly linear that it
is impossible to measure the divergence,
much less to hear the result of such di-
vergence.

Then what becomes of the marked curva-
ture seen in the characteristic curves? It
is removed by something that does respond
faithfully according to the linear law. It
is the pure resistance load on the rectifier
that is linear, not the rectifier itself. If the
load resistance is so large in comparison
with the internal resistance of the rectifier
that the internal resistance can be neglected,

then the curvature of the characteristic can
also be neglected.

Let us suppose that the internal resistance
of the rectifier element is 10,000 ohms, which
is a reasonable value. Then if the load re-
sistance on the rectifier is 500,000 ohms, the
total resistance in the circuit is 510,000 ohms,
and only about 2 per cent. of this resistance
is subject to a small variation as the voltage
changes. Hence the total distortion due to
curvature cannot exceed two per cent. Ac-
tually, it will be much less than this because
the characteristic itself is nearly linear over
the voltage region covered. Therefore when
the detection is called linear, the exaggera-
tion is not worthy of mention.

In Fig. 1 we have a characteristic curve
of a diode rectifier covering the voltage
range of 25 volts and the current range of
nearly 3.5 milliamperes. It is only after the
current exceeds about 3 milliamperes that
the effects of saturation are appreciable,
which begins when the voltage drop in the
tube is about 17.5 volts.

When the tube functions in a practical
rectifier circuit in which voltage output is

Valuable Calibration Data
(Continued from preceding page)

checked also, particularly larger ones, using
the honeycomb coil. If one does not care to
go through the computations for these larger
capacities he may consult Edward M.
Shiepe's book of curve -sheets, "The Induct-
ance Authority," which enables accurate re-
sults at a glance.

The curve is again irregular, which means
there is truth in it, for these sylph -like curves
of condenser -coil systems are mostly propa-
ganda. The points are clearly shown, fifteen
having been taken, and may be identified in
respect to frequencies by any curious -minded
reader who cares to read the frequencies
from Figs. 1 and 3.

As will occur to many readers, some other
tuning condenser could be used, and its ca-
pacity derived by noting the dial settings
for the frequencies of the non -conforming

condenser, and computing the capacity, de-
ducting 10 mmfd. from each result, or the
answers taken from Mr. Shiepe's book. This
is possible because of the known induct-
ance and frequency. In fact, the capacity
curve of this other condenser could be plotted
on Fig. 2.

As intimated previously, it is much better
to use the low -frequency part of the curves,
and this, it may be added, is true in both
instances, because of the frequency -stability
in that region, which approximates crystal -
control results without temperature oven.

The G. R. condenser, while closing to the
left, has no endstop, so might be turned or
calibrated the wrong way. With plates to-
tally enmeshed the dial, by causing the rotor
to move to the right the lower capacities are
obtained, and the dial should be adjusted
numerically accordingly.

the main consideration, the actual voltage
across the tube is extremely small and the
rectified current is correspondingly small.
Suppose, for example, that the load resis-
tance is 500,000 ohms, as we assumed be-
fore, and also suppose that the signal volt-
age impressed on the circuit is 100 volts.
For practical purpose we can say that the
load resistance is the only resistance in the
circuit. Therefore the current through the
load resistance and the tube will be only 0.2
milliampere. This makes the drop in the
tube 1.75 volts, as judged from the curve.
The resistance the tube offers is then only
about 10,000 ohms, and only this portion is
variable, and only slightly variable at that.
Even when the applied voltage is as high as
100 volts we are a long way from entering
the saturation portion of the tube.

The straight line in Fig. 1 is an approxi-
mation of the rectified current that would
result when there is a 500,000 -ohm resistance
in series with the tube. The lower voltage
scale, which is five times the upper scale,
applies to the circuit as a whole, while the
upper scale refers to the tube alone. The
current scale on the right refers to the en-
tire circuit. The curve is a straight line
because the effect of the small internal re-
sistance of the tube is so small that it is
impractical to allow for it in drawing the
curve of the entire `circuit. The error in
the curve at 125 volts is not more than 5
microamperes out of 250 microamperes, or
2 per cent.

The rectified voltage, which is the drop
across the load resistance, is practically free
from distortion.

Instantaneous Values

Linearity of detection does not mean that
all frequencies are detected to the same de-
gree. Not at all. But the divergence does
not depend on the lack of linearity of the
rectifier as much as it does on the filter
necessary across the load resistance. Due
to the condenser across the load resistance,
low frequencies are detected more effectively
than high frequencies. The higher the filter
capacity the higher is the loss on the high
audio frequencies. This can easily be tested
qualitatively, for if the condenser is increased
the tone will become lower in pitch, which
means that the high audio frequencies are
not detected. Incidentally, this is an easy
way of getting a tone control, for a small
variable condenser across the load resistance
could do just as much as a variable con-
denser of many times the value placed across
the output of the last tube, where the tone
control is often placed. The effectiveness
of a given condenser is directly proportional
to the value of the resistance across which
it is connected.

Instantaneous values of rectified current
are much higher than the instantaneous val-
ues obtained on t'he assumption that the load
resistance is in the circuit. The reason for
this is that the filter condenser shunts the
resistance and puts a high voltage across
the tube. And the instantaneous values of
current are much higher for high carrier
frequencies than for low. But the instan-
taneous values do not count so much in.
detection, but rather the mean values. The
mean value of rectified current is that which
is obtained when a d -c milliammeter is put
in series with the load resistance. The de-
tected signal is the fluctuation in the mean
current due to the modulation, and this fluc-
tuation is greater for the lower modulation.
frequencies than for the higher.
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DETERMINING MU FACTOR
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and Voltage Gain by Simple Methods
By Einar Andrews
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FIG. 1

Plate voltage plate current charac-
teristics of the 75 high -mu triode.
They apply also to the 2A6 tube.

THE characteristics of many tubes are
now published without giving the
amplification factor. Instead of this

the expected voltage amplification under
certain specified conditions is given, and
this is only given in round numbers
because considerable variation can be
expected.

When certain families of curves are
given for a tube, the amplification factor
can be obtained, from
those curves. In doing so we take account
of the definition of voltage amplification
factor, which is the ratio of the change of
the plate voltage to the grid voltage
change that produces that plate voltage
change, the plate current remaining constant.
In this it is particularly important to note
the condition that the plate current is to be
constant. Suppose we want to measure the
voltage amplification factor with voltmeters.
First we measure the plate current for a
given value of grid voltage and plate volt-
age. Then the grid voltage is changed by a
small amount. The plate voltage is now
changed until the plate current is what it
was before the change in the grid voltage.
The change in the plate voltage divided by
the change in the grid bias is the amplifi-
cation factor.

Correct Definition
Strictly, the change in the grid voltage

should be extremely small, but if it is too
small accurate values cannot be obtained
from the meters. And if a large change is
made in the grid voltage, the result is the
average amplification factor over that range
of grid voltage. If the characteristic in
question is linear over this voltage range,
which it may be to a fairly close approxima-
tion, the average value of the factor is the
same as the value at the point in question.

There are many ways of getting the am-
plification factor from characteristic curves,
all depending on the definition given. Refer
to the plate voltage -plate current curves in
Fig. 1. Let us obtain the amplification fac-
tor when the plate current is 1.2 milli-
amperes and the grid bias is 1.0 volt. When
the bias is 0.5 volt, the plate voltage is 150
volts, and when the grid bias is 1.5 volts, the
plate voltage is 242 volts. We have changed
the grid voltage by one volt and the plate
voltage by 92 volts, keeping the plate cur-
rent at 1.2 milliamperes. Hence, the aver-
age amplification factor between 0.5 and 1.5
volts bias, which may be taken as the value
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FIG. 2
Grid voltage plate current charac-
teristics of the 75 high -mu triode as

well as of the 2A6 triode.

of the factor at 1 volt bias, is 92. We are
dealing with a high -mu triode tube.

Using Mutual Curves
Now let us consider the grid voltage -plate

current curves in Fig. 2, which are for the
same tube. Again let us hold the plate cur-
rent constant at 1.2 milliamperes. When the
plate voltage is 250 volts the grid voltage
is 1.59 volts. When the plate voltage is 180
volts the grid bias is 0.81 volt. change
in the plate voltage is 70 volts and the cor-
responding change in the grid bias, keeping
the plate current at 1.2 milliamperes, is 0.78
volt. The ratio of 70 and 0.78 is 90. This
agrees with the preceding value of 92 as
well as could be expected.

We might try at another current value.
For example, when the current is 1 milli-
ampere and the plate voltage is 180, the grid
voltage is one volt. When the current has
the same value and the plate voltage is 135
volts, the grid voltage is 0.5 volt. There-
fore, a change of 0.5 volt in the grid bias
has made a change of 45 volts in the plate
voltage. Hence the amplification factor is
90. This agrees exactly with the value ob-
tained before on the same curves.

Constant Current Curves
Fig. 3 shows an unusual family of char-

acteristics for the same tube, namely, con-
stant current curves. Let us take the curve
where the current is 1 milliampere. When
the bias is one volt the plate voltage is 177.5
volts, and when the bias is 2 volts the plate
voltage is 275 volts. Hence the change in
the plate voltage for a change of one
volt in the grid bias is 97.5. This is numer-
ically equal to the amplification factor. This
value is a little higher than that obtained
from the other curves, but this is due,
mainly, to inaccuracy in reading off the
voltages, and also to a slight variation in
the slope of the curves.

As the value of the amplification factor
of this tube always comes out around 90, we
are justified in assuming that this is the
value. This may be an average of all the
tubes of this type. Some of the tubes will
have a lower factor, others a higher factor.
If the factor is to be measured with a
voltmeter and a milliammeter, the measure-
ment should be made around the bias at
which the tube is to work. For example, the
recommended operating bias for the tube
under discussion is 1.35 volts. The grid volt-
age may therefore be adjusted first to 0.85

re
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FIG. 3
Plate voltage grid voltage constant
current curves of the 75 high -mu

triode and of the 2A6 triode.

volt and then to 1.85 volts. The plate volt-
age is to be adjusted so that in both cases
the plate current is the same. The bias
should be measured from the cathode and
there should be no other resistance in the
plate circuit other than that of the milli -
ammeter. If it is not convenient to make
the measurements at these grid voltages,
they can be made at one and two volts.

The Tube
The tube on which the curves had been

taken is the 75 duplex diode high -mu triode,
which is a 6.3 -volt tube of the heater type.
The corresponding curves taken on the 2A6
duplex diode high -mu triode are the same
and give the same results as to the amplifi-
cation factor. Hence we conclude that these
tubes differ only in respect to heater voltage
requirements. The 2A6 takes 2.5 volts on
the heater.

The amplification obtained from a tube
in a resistance -coupled circuit is not equal
to the amplification factor, but is considera-
bly less than that. How much less depends
on the relative values of the load resistance
and the internal resistance of the tube. If
the internal resistance of the tube is R1 and
the load resistance is R2, then the voltage
amplification is uR2/(R1d-R2), in which u
is the amplification factor of the tube.

The value of R1 is not that which is
usually given as the a -c internal resistance
of the tube, but a higher value. It is higher
because the effective plate voltage is much
less than the voltage at which the internal
resistance was measured.

Suppose we assume that the mu of the
tube is 90 and that the internal resistance
then is 25,000 ohms when the load resist-
ance is 100,000 ohms. The amplification then
is 72, according to the formula. For the 75
tube the amplification is given as 50 to 60
times, which indicates that the internal re-
sistance is still higher than the value as-
sumed. Indeed, it is more nearly 100,000
ohms.

Measuring Amplification
The actual voltage amplification can be

obtained experimentally if a grid voltage -
plate current curve is available, taken with
the load resistance in the circuit. The ap-
pearance is like that of the curves in Fig. 2,
but, naturally, drawn to a different current
scale, since the currents will be much smaller.
Suppose such a curve is taken with 250

(Continued on next page)
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Supersonic Sound
JUST WHAT IS a supersonic sound

wave? If anything is supersonic how can it
at the same time be sonic? If it is sonic it
is sound. Please clarify-H. G.

What is meant by the inconsistency is
superaudible sound, if by sound we mean air
vibrations. If we confine the term sound
to audible air vibrations it would be all
right to speak of supersonic air waves when
the frequency of those waves is higher than
the upper audible limit. But the expression
supersonic sound cannot be right on either
view of the term sound. The same con-
fusion of terms occurs in light. We have
heard the term ultravisible light. The
question is whether or not electromagnetic
vibrations are light if they are outside the
visible spectrum. If they are, there is no
inconsistency here. If we cannot see by
the light, however, it is not very illumi-
nating. But it may be blistering for all
that.

* * *

Range of Tuners
IN AN OSCILLATOR with plug-in

coils I have noticed that the range of the
coils of higher inductance is not as great
as that of the smaller coils. The tuning
condenser is the same for all of them, and
it would seem to me that the, range would,
be the same. As it is, the range of the
larger coils is barely 2 -to -1 whereas the
range of the smaller coils is considerably
greater than 2 -to -1. If there is to be a
difference, it seems to me, it should be the
other way about. What explanation do you
have ?-W. H. C.

There must be a difference in the dis-
tributed capacities of the coils. The mini-
mum capacity in the larger coils is relatively
larger than it is for the smaller coils. If
the capacity ratio were the same in all cases,
the frequency ratio would also be the same.

* * *

Construction of Precision Oscillator
WHAT PRECAUTIONS should be

taken in the construction of a precision
oscillator? I have in mind to construct
one that is as nearly constant in frequency
as possible. It should not only be un-
affected by changes in the operating, volt-
ages, but also by vibrations, changes in
temperature, moisture, and atmospheric
pressure.-R. B. M.

That is a big problem, but many such
oscillators have been constructed. First of
all it is necessary to select a circuit that is
as nearly independent of changes in the
operating voltages as possible. Such a cir-
cuit will also be independent of changes in

the load, provided that such changes do not
involve changes in the reactances in the
circuit. We have published stabilized oscilla-
tor circuits many times, and one that is par-
ticularly suitable is the symmetrical Colpitts.
But it is not the only one. To guard against
vibrations the oscillator can be mounted on
stock absorbers, such as sponge rubber. To
guard against changes due to moisture and
barometric pressure, the circuit should be
inclosed in a container where these factors
can be kept constant. Changes of fre-
quency due to temperature changes are
likely to be the largest in such an oscillator.
Thermostatic control of the temperature
will solve that problem. Naturally, it will
not be a simple oscillator.

* * *

Production of Superauble
Air Waves

WHAT IS THE GENERAL method of
producing air waves of such high frequencies
that they cannot be heard? I have tried
loudspeakers and high frequency oscillators
but have not been able to detect any high
frequencies in the air.-E. R. W.

There is no problem in producing the
oscillation, for a suitable vacuum tube oscil-
lator will do that. There remain the prob-
lems of transferring the vibrations to the air
and to detect them after they are in the air.
For "loudspeaker" it is possible to use a
piezo crystal, which may be of quartz or of
Rochelle salt. There is no difficulty in
driving a Rochelle salt crystal at frequencies
between 10,000 and 100,000 cycles, provided
its size is suitable. Quartz crystals can be
driven at higher frequencies, mainly because
they are smaller. But a Rochelle salt crystal
can be made small too. Once the high
frequencies are in the air there remains the
problem of detecting them. How to do that
depends on what they are to be used for.
It may be possible to use another crystal
tuned to the frequencies, or a specially con-
structed microphone.

* * *

Choke Coupling
WILL YOU kindly explain how it is that

an audio frequency choke can be used in a
direct coupled amplifier in the same man-
ner as a high resistance, even though the re-
sistance of that choke may be less than 500
ohms ? It seems to me that there would be
no amplification when the resistance is so
low. Yet I know that it is just as great as
when a high resistance is used.-J. Y.

It is not the d -c resistance that counts
when the choke is used. It is the resistance
of the choke. This reactance may be very
high. Suppose, for example, that the

effective inductance of the choke is 100
henries. The reactance is then 628f ohms,
where f is the frequency of the signal. Now
if f is as low as 100 cycles per second, the
reactance is 62,800 ohms. It is true that
the reactance is directly proportional to the
frequency so that at low frequencies the
amplification should fall off. But this does
not occur apppreciably until the reactance
is less than the internal plate resistance of
the tube. When the d -c resistance of the
choke is low the internal resistance of the
tube is low, and therefore the reactance of
the coil can be quite low before there is
any appreciable diminution in the amplifi-
cation. Suppose that the internal resistance
of the tube is 7,500 ohms. Then at 25
cycles per second the amplificaiton is 0.94u,
where u is the mu -factor of the tube. At
1,000 cycles per second the amplification is
practically equal to the mu -factor. Hence
there has been a drop of only 6 per cent.
What happens below 25 cycles per second
is of no interest in a broadcast amplifier.
Of course, had we used a high -mu tube with
a high internal resistance the results would
not have been so favorable.

* * *

Characteristics of Phototubes
IT IS SAID that the response of photo -

tubes is directly proportional to the illumi-
nation, or to the amount of light flux that
enters the cell. Yet a gaseous cell shows
strong curvature between the current and
the anode voltage. Does not this indicate
that the proportionality is true?-R. L.

It is the variation of the current with the
light flux that is linear, not the variation
with the anode voltage. The voltage is
supposed to be held constant as the light
varies. If that is done the proportionality
holds quite accurately, both for gaseous and
high vacuum phototubes.

* * *

Use of 2A6
WILL YOU kindly give specifications for

the 2A6 in a resistance coupled amplifier so
as to get the greatest output voltage; Is
it possible to get enough out of this tube to
load up a 2A3 power triode ?-W. R.

Make the plate supply voltage volts, the
bias resistance in the cathode leg 5,600
ohms, the plate coupling resistance half
megohm, and the grid leak preceding the
power tube half megohm. Under these
conditions the grid bias will be 1.35 volts,
negative, the plate current will be 0.24
milliampere, the voltage amplification about
40, and the amplitude of the output voltage
about 58 volts. This is very near the maxi-
mum input voltage to the 2A3.

* * *

Measuring High Voltages
IS THERE any way of measuring high

voltages with a vacuum tube by applying
the voltage to be measured in the plate cir-
cuit and then measuring the grid bias? It
seems to me that this is a possibility of
measuring high voltages without the use of
expensive meters. If this has been done or
can be done will you kindly outline the
method ?-G. H. A.

This has been done. Suppose a given
high voltage is applied in the plate circuit.
A current will flow unless the grid bias is
very high. If now the grid bias is increased
until the plate current cuts off as judged by

Actual Voltage Gain in Resistance A. F.
(Continued on next page)

volts in the plate circuit. The slope of this
curve multiplied by the load resistance and
taken at the operating grid voltage is then
the amplification.

To get the slope the plate current is noted
at two different grid voltages about the
operating voltage. For example, if the op-
erating point is 1.5 volts bias, the current
is read off the curve at one and two volts.
For illustration let these currents be, re-
spectively, 0.05 and 0.5 milliampere. The
difference is 0.45 milliampere. That is the
change in the current for a change of one

volt in the grid voltage. Hence it is numer-
ically equal to the slope. Now if the load
resistance is 100,000 ohms, the voltage am-
plification is 45 times.

If tie coupler after the tube is a plate
resistor and grid leak the d -c method just
explained does not give the true voltage
amplification because the grid leak is not
taken into account. This can be allowed for
by using a load resistance equal to the plate
and grid resistances in parallel. For ex-
ample, if the plate resistor is 250,000 ohms
and the grid leak is one megohm, the ef-
fective load is 200,000 ohms, and this should

be used in taking the curve. Later when
the set is used the 0.25-megohm plate re-
sistor should be used. This method gives the
voltage amplification except at the two ex-
tremes of frequencies. On the high fre-
quencies it fails because it does not take
account of the capacity between the grid -
plate side and ground. On low frequencies
it fails because it does not take account of
the effect of the stopping condenser. But for
all important frequencies it gives a close
approximation to the true voltage amplifi-
cation, closer the smeller the shunt capacity
and the ,larger the series resistor.
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a sensitive milliammeter, there is a definite
relation between the grid voltage and the
plate voltage, and the ratio is the mu -
factor of the tube. If the grid voltage is
measured it is only necessary to multiply
it with the mu of the tube. Since the mu
may not be accurately true, and also since
the simple relation just stated may not hold
accurately in all cases, it is well to cali-
brate the circuit. In doing this the plate
current can be held constant at the lowest
deflection that can be accurately read. This
is preferable to reducing the plate current
to zero because the cut-off is not very
sharp. The device permits measurement of
high voltages with a low -range voltmeter
and at the same time it makes the high
range voltmeter one_ of extremely high re-
sistance. Consider, for example, the case
when the voltage in the plate circuit is 500
volts and the milliammeter is such that the
lowest distinctly readable deflection repre-
sents 50 microamperes. The resistance to
the voltage in this case is then equivalent
to ten million ohms. Naturally, a sensitive
milliammeter in the plate circuit of such a
device is in a very dangerous position. To
be on the safe side, the grid voltage at first
should be very high and then gradually re-
duced until plate current begins to flow.
The change in grid voltage should be con-
tinued so that there will be no sudden and
large changes in the plate current, or else
the plate voltage should be disconnected
while changing the grid voltage.

* * *

Power Ratings of Tubes
WHEN A CERTAIN tube is rated for

power output as an amplifier it is one thing
and when it is rated as an oscillator it is
something entirely different. The number
of watts output from the oscillator is usu-
ally many times greater than the number
of watts from the amplifier. Yet the plate
voltages in the two cases may be the same.
Why are there two ratings for the same
tube?-B. V. S.

The output depends on the grid swing.
In the amplifier the grid swing is limited to
a portion of the range between zero bias
and the cut-off bias. There can be compara-
tively little variation in the plate current.
But when the tube is working as an oscil-
lator there is no such limitation. The grid
may not only swing into the positive region
but it may swing a long way beyond the
cut-off. Therefore there will be a wide
variation in the plate current. The efficien-
cy of the oscillator is much higher than that
of the amplifier. In the oscillator plate cur-
rent does not flow all the time. Indeed, it
may not flow half the time.

* * *

Change of Tuning
FROM DAY TO DAY the settings of

my tuner for given stations change. Some-
times the change is as much as one division
of a dial calibrated in kilocycles, that is,
it is equal to 10 kc. If the change is due to
capacity entirely, how much is the change in
micromicrofarads?-R. W.

It depends on what the frequency is and
also on the inductance in the circuit. If
we suppose that the inductance is 250 micro -
henries and the frequency is 1p00 kc, the
change in the capacity amounts to about 2
mmfd. Such change might be effected by
changes in the temperature of the conden-
ser and also by moisture. It is also possible
that part of the change is caused by changes
in the inductance. We have no more reason
for believing that the inductance remains
fixed than that the capacity stays put. Both
are subject to temperature variations.

* * *

Impedance of a Tuned Circuit
IS THE impedance presented to a tube

by a radio frequency transformed with tuned
secondary high or low at resonance? Does
it depend a great deal on the size of the
primary inductance? In what way does it
depend on the resistance of the secondary
circuit ?-T. H. Y.

At resonance the impedance is high. It
is higher the lower the resistance in the
secondary circuit. The impedance is di-

rectly proportional to the primary induc-
tance, and it increases as the condenser
across the secondary decreases in the same
way as it increases as the resistance in the
secondary decreases. It also increases as
the coefficient of the coupling increases. By
resonance here is meant that condition in
which there is no reactance in the secondary
circuit.

* * *

Why Platinum Is Used
WHY IS PLATINUM used for leading

conductors into vacuum tubes and electric
lamps ?-J. A. E.

The reason platinum has been used is that
its expansion coefficient with temperature
is very nearly the same as that of the glass.
Therefore the seal is not broken by expan-
sion and contraction.

* * *

Grid Current
DOES A TUBE ever draw grid current

when the grid voltage is negative? If so,
how much and under what conditions?-
E. T. T.

There is a slight grid current for low
negative bias values. How much depends
on the effective plate voltage, on the amount
of gas in the tube, and on the bias. It
usually does not amount to more than a few
microamperes at most. But even this may
be sufficient to cause a great deal of distor-
tion if there is a high resistance leak in the
grid circuit. It s safest to use a moderately
large leak, say not more than half megohm.

* * *

Condenser Across Resistance
WILL YOU kindly give a formula for

the computation of the effective impedance
of a resistance and a condenser in parallel?
-W. N.

The formula is R/ (1-1-C2w2R2)%, in
which R is the resistance in ohms, C the
capacity in farads, and w is 6.28 times the
frequency. Suppose the resistance is 1,000,-
000 ohms, the capacity 50 mmfd., and the
frequency 10,000 cycles per second. What
is the impedance? The formula gives 303,-
000 ohms. It is the condenser that causes
the great reduction. It will be noticed that
the values here assumed are those frequently
used in a diode rectifier circuit, and the re-
duction computed is that of the highest
audio frequency usually considered. The re-
duction at the carrier frequency is very
much larger. Suppose, for example, that
the carrier frequency is 1,000 kc. What is
the impedance then? Well, the formula
gives 3,180 ohms. This formula is also use-
ful in estimating the drop in voltage in re-
sistance coupled amplifiers when there is an
appreciable capacity across the coupling re-
sistors, either stray or intentional,

Speeding Up Phonograph
IF A PHONOGRAPH record has been

recorded at a certain speed and it is later
played at a faster speed, will there be dis-
tortion? Will the correct relationship be
maintained between the fundamentals and
the harmonics ?-R. V. L.

If the phonograph runs at a higher speed
than the recording speed there is no distor-
tion of the type you mention, for if a fun-
damental is multiplied by a certain factor all
its harmonics are multiplied by the same
factor. This holds both for higher and
lower speeds. Just the same, the sound will
be unpleasant if the change in speed is great
either way. Simply changing the speed a
little will play the music in a different
pitch.

* * *

Plate Resistance Filters
WHEN A HIGH resistance is put in

the plate circuit of a resistance coupled am-
plifier for the purpose of filtering, does this
have to be taken into account when figuring
the plate current and the required grid bias
resistor ?-E. G.

Yes, this resistor causes a drop in the ap-
plied voltage so that the current will be
less than it would be without this resistor.
Also, the grid bias resistor will have to be
larger because the current will be less. It
is best not to make the filter resistor any
larger than is absolutely necessary and to
depend on the by-pass condenser for most
of the filtering. An audio frequency choke
coil with very lower internal resistance
would be better than a resistor, unless it
is necessary to filter out very low audio and
sub -audible frequencies.

* * *

Pentagrid Mixing
PLEASE SHOW the best way of using

a pentagrid tube for mixing in a superhetero-
dyne. Do you recommend this type of tube
in a set designed for quality, when the num-
ber of tubes in the set is of no importance?
-S. F.

Two different connections of the penta-
grid tube are shown. The first of the two
is the simpler connection, but the second is
said to have some advantages, as it is sup-
posed to oscillate a little better. One thing
that must be done is to return the grid leak
of the oscillator to the cathode directly and
not to ground. If this is not done, the cir-
cuit is not always self-starting. The grid
of the modulator section of the tubes should
be returned to an appropriate negative bias.
In these circuits provision has been made
so that the bias may be made greater than
that provided by the bias resistor in the ca-
thode lead. This is not necessary, for the

(Continued on next page)
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(Continued from preceding page)
bias can be made right by the bias resistor,
and this eliminates a 0.1 mfd. condenser. No,
we do not recommend the pentagrid tube
where there is no objection to using separate
tubes for oscillator and for mixer. But the
pentagrid tube has its uses in sets that must
necessarily be small and at the same time
sensitive.

* * *

Use of Pentagrid Oscillator
IS IT NOT A FACT that when a penta-

grid tube is used for oscillation and mixing
the coupling between the oscillator and the
modulator is very close and that the har-
monics generated by the oscillator are im-
pressed on the modulator ?-L. S.

It is true that the coupling is close, very
close. It is also true that the plate current
in the oscillator is very distorted. Then
the plate voltage (that is, of the oscillator
portion) must be also distorted. Thus we
mix a distorted voltage with the signal
voltage, and we can expect strong harmon-
ics. But they may not cause any serious
harm. Possibly, if the tuned circuit is put
on the anode side that there would be less
harmonics, for then we would at least have
the resonance to eliminate harmonics, rela-
tively.

* * *

Determining Inductance
IS IT POSSIBLE by means of a cali-

brated oscillator and a condenser of known
value to determine the inductance in a cir-
cuit? If so, please give the formula.-R. E.

Yes, the inductance L=0.0253/F2C, hen-
ries, cycles, and farads being the units. If
a small condenser of known value is added
to a large condenser, also of known value,
the inductance can be computed from
L=0.01265dC/FC2dF, in which dC is the

58

0.01MA.  
0.0001MFD.

small capacity added, F the original fre-
quency, C the original capacity, and dF is
the change in frequency. Units are the
henry, the farad, and the cycle per second.
If this formula is to hold the value of dC
must be very small compared with C.

* * *

Coupling in Supers
IS THERE ANY way of coupling a

modulator and an oscillator in a superhetero-
dyne so that it will be about equally effec-
tive at all frequencies ? I have in mind a
short-wave set with tapped coils. I do not
wish to change the pickup.-S. D.

It can be done as shown in the accom-
panying drawing, in which a 56 oscillator
and a 58 modulator are coupled together in
such a manner that the coupling does not
change with the frequency. The screen of
the 58 is connected to the grid of the oscil-
lator. Possibly a better way of doing this
would be to connect the screen to a suitable
positive voltage through a radio frequency
choke and then connect the grid of the
oscillator to the screen by a condenser.
While this would not be non -reactive the
change in the coupling with frequency would
be small. It would have the advantage of
operating the 58 with a definite positive bias.
About the same effect can be obtained with
a pentagrid tube, such as the 2A7, and a
mixer using this tube is shown at the right
of the two -tube mixer. These circuits are
suitable both for tapped and plug-in types of
coil.

* * *

Tone of Midgets
IS IT NOT a fact that the tone of mid-

get and various miniature sets is just as
good as the tone of the larger console model
receivers? There seems to be 112 greater
difficulty in understanding a speaker when

250Y.

heard on one of the miniature sets than
when heard on a console. Music also seems
to be equally good. If that is true, what is
the object of having a ,console set?-
W. H. C.

A person who cannot tell the difference
between the tones from a console and a
miniature set might just as well have the
miniature. But perhaps others who can
tell the difference will listen regularly to
the set. Perhaps the person with the in-
sensitive ears is not quite so insensitive to
the feelings of other people. Few people.
indeed, would play a radio receiver, or any
other instrument, when they know that the
music is distressing to friends, or when they
have reason to suppose that the friends will
not think much of their tonal judgment.
There is a difference, all right, between the
performance of a midget and a large con-
sole. Yet for all this difference, each type
of set has its place. The powerful console
set is distressing to friends and neighbors,
too, at times, especially when it is giving
the effect of an earthquake in an apartment
house long after normal bedtime.

* * *

Change of Tuning with Volume
HOW IS IT that stations of equal fre-

quency come in at slightly different points
of the dial when the strength of these sta-
tions are different? Is it not a fact that
tuning depends on frequency alone and not
on intensity?-W. R. L.

There are many factors which affect the
effective capacity of a tuned circuit when
connected to a vacuum tube. If grid cur-
rent flows the reactance of any circuit
connected to that grid changes. Likewise,
changes in the plate current will affect the
reactance of a tuner connected to the plate

(Continued on next page)

These methods of mixing are practicallly independent of frequency. In the first the coupling is between the grid
of the oscillator and the screen of the mixer. In the second a pentagrid tube is used.

#250V +/"V 4250 -C t 250V +/00il

These two circuits illustrate two methods of connecting a pentagrid tube to produce mixing. It is important
to return the grid of the oscillator to the cathode.
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Questions
1. What effect have terminal voltages on

an oscillator? Explain the inherent cause
of the effect as disinguished from the ap-
parent cause.

2. What are two of the methods used as
adjuncts in maintaining the stability of an
oscillator?

3. Is the a -c voltage higher in the grid
or in the plate circuit of an oscillator, and
why?

4. How can a test be made for grid cur-
rent if one has a meter sensitive enough?
Can you suggest some other way, if one's
meter is not sensitive enough for the pre-
vious method?

5. If a diode or other rectifier is to be
depenikd on for biasing an oscillator, what
should be the relationship of the biasing
voltage to the signal voltage?

6. What method of coupling makes for
minimum detuning and for reduced intensity
of harmonics?

7. In general, which type of oscillator is
more stable, that with grid leak and con-
denser (grid current type) or that with a
low d -c path (non -grid -current type) ?

--S. How is the stability related to the
value of the leak in an oscillator, assuming
a fixed value of grid condenser, and what
is the limiting factor of the leak resistance?

9. Name two ways of shifting the satura-
tion point of a tube.

10. What is one of the most acceptable
stabilized oscillators?

11. What is "wobbulation." What is its
effect? Remedy?

12. What is a fair value of bypass capac-
ity across a resistor of a power output stage
of an audio amplifier?

13. Give a formula for determining the
effective percentage of modulation (single
tone), using one a -c and one dzsc meter.

14. What two factors are affected by per-
centage modulation, from the viewpoint of
sending the carrier?

15. State the two problems connected with
diode -biased triodes and give a solution for
each.

16. How can a test oscillator be used for
measuring capacities?

17. What is a zero beat? Do you think
it is easy to establish zero beat?

18. Why is not cobalt steel used a great
deal as a magnetic material?

19. Why are ultra -frequency transmitting
aerials erected at considerable heights?

20. Is there a cure for fading? Is there
a remedy that gives at least some help?
What is the limitation of that helpful
method?

Answers
1. The observed effect of change of ter-

minal voltages is to change the frequency
of the oscillation, but this is merely ap-
parent. Voltage itself has no effect on fre-
quency. But change in voltage does change
the resistance of the tube itself, and change
in resistance creates a change in frequency.

2. Two of the methods of aiding the
stability of an oscillator are (a) to render
it free from changing conditions of tem-
perature, by enclosing it in a temperature
oven and (b) to protect it against changes
in humidity, by introducing moisture -absorb-
ing acids.

3. The a -c voltage is higher in the grid
circuit of an oscillator because that is the
circuit in which the voltage is reinforced by
feedback.

4. To test for grid current, a sensitive
current meter may be put in series with the
grid circuit. If one's meter is not sensitive
enough, a vacuum tube voltmeter rig may
be used, with stopping condenser and a
high value of grid leak (100 meg. sug-
gested). The various a -c input voltages

The Review
Questions and Answers Based on Articles Printed in Last

Week's Issue
will regulate the amount of grid current,
which will bias the tube accordingly, hence
will produce correspondingly large changes
in plate current, and the plate current
changes may be measured by a less sensitive
instrument.

5. The biasing voltage derived from a
diode or other rectifier should be at least
as high as the a -c voltage of the oscillator.
Preferably the biasing voltage should be
higher, hence a step-up ratio prevail as be-
tween feed to oscillator grid and feed to
the rectifier.

6. Loose coupling.
7. The grid -leak -condenser type of os-

cillator is more stable than the other type.
The "other type" requires special precau-
tions for stabilization, but when these are
taken, even as to either type, the stability
is higher than that of the plain leak -con-
denser type.

8. The stability is greater the higher the
leak value. The limiting factor in determin-
ing the leak value is the point where "grid
blocking" occurs, that is, a form of modu-
lation.

9. The saturation point of a tube may
be shifted by (a) decreasing the filament
voltage or (b) increasing the plate voltage.

10. The stabilized symmetrical Colpitts
circuit is one of the best.

11. Wobbulation is carrier frequency
change. Its effect is to interfere and distort.
A remedy is stabilized .oscillation.

12. 10 mfd.
13. Using the two current meters, the

effective percentage modulation may be de-
rived by using high inductance choke coil
in the plate circuit, and stopping condenser,
measuring the d.c. (L.) through the choke
and the a -c (Is) through the condenser,
then the formula is 141.41 X 12/11= effec-
tive percentage modulation.

14. Percentage of modulation should be
high, so quality will be high, and penetra-

tion of distance increased, the two factors
concerned.

15. The two diode -biased triode problems
are (a), rectification does not take place
at extremely low values of carrier input,
one remedy being to boost the gain ahead
of the detector until any receivable station
gets past this distortion threshold; (b), the
voltage fed to the triode easily may become
far greater than the tube will stand with-
out saturation, and automatic volume con-
trol will take care of this, provided a safe
limit is used in the first instance, as by not
putting all of the rectified voltage into the
triode.

16. A test oscillator may be used for
measuring capacities by ascertaining the in-
ductance, calibrating the oscillator in fre-
quencies, and computing the capacity set-
tings for a sufficient number of frequencies
to yield a good capacity curve. First the
capacities outside the condenser should be
determined, and these subtracted from the
experimental result. Then unknown capaci-
ties may be substituted, frequencies deter-
mined, and capacity read from the chart by
its relation to dial setting.

17. Zero beat is the establishment of no
difference in frequency between two oscilla-
tors. It is extremely difficult to establish
zero beat, and even then the adjustment
has to be made with the aid of precision
instruments. What passes for zero heat in
practice is some small difference in fre-
quency.

18. Cobalt steel has excellent magnetic
properties, but is difficult to work. It could
be worked while hot, but permanent mag-
nets must be formed at a low temperature.

19. Ultra -frequency aerials are erected as
high as possible so that the radiating dis-
tance will be increased. Since the propaga-
tion is more or less limited to the curvature
of the earth, the height of the aerial has
the effect of increasing the distance of the
horizon.

20. There is no authenticated cure for
fading, but automatic volume control tends
to correct for it, not being effective where
most effect is needed, that is, on weak,
signals. Since the carrier amplitude deter-
mines the voltage for a.v. c., the controlling
amplitude being small, the effect is smallest
when needed most.

Radio University
(Continued from preceding page)

circuit. Plate current and grid current, if
any, change with signal intensity. This is
especially the case when the circuit is
equipped with automatic volume control.
In such circuits the plate current changes
over wide limits, going down as the signal
intensity goes up.

* *

Capacity of Inductive Coupling
WHICH IS BETTER, inductive or

capacitive coupling in a radio frequency
tuner? In some circuits a small capacity
couples the plate of an r -f tube to the tuned
circuit and in others a small primary winding
performs the function. Which gives the
greater selectivity? Which greater gain? -
T. H. Y.

For equal coupling, whether inductive or
capacitive, the selectivity and gain are equal
in the two. Inductive coupling is more ef-
fective the higher the frequency. Hence
the selectivity is less the higher the fre-
quency, just where it ought to be greater.
Likewise, the gain is greater the higher the
frequency, where it should be the same at
all frequencies. When a small c_apacity is
used between the plate and the tuned cir-
cuit, the coupling is not strictly capacitive.
The smaller the condenser the looser is the
coupling and the less is the gain. Also, the
greater is the selectivity. This is because
the condenser is in series with the signal.
The true coupler is the choke connected be-
tween the plate and the B supply. With the

arrangement of a choke and small conden-
ser the gain is likely to be more uniform
than with the inductive method of coupling,
especially since the choke is usually so chos-
en that is resonates at a frequency where
the gain otherwise would be least. The
resonance brings up the amplification on
the lower frequencies, and it may even be
that the gain is highest at the lowest fre-
quency covered by the tuner.

* * *

Measuring Deviation of Tracking
CAN YOU SUGGEST a simple method

of measuring the difference between the r -f
resonance frequency and the oscillator fre-
quency of a circuit in which a tracking con-
denser is used in place of padding ? If so,
please outline it. -W. F. A.

One simple method is to convert one of
the r -f circuits to an oscillator and then
measure the beat frequency between this
oscillator and the regular oscillator. This
may be done directly in the mixer. The
beat frequency should be measured at every
fifth division of the dial, or even closer if
irregularities appear. The measurement
can be made with an intermediate frequency
oscillator covering the range of the intended
intermediate frequency and 50 kc in both
directions. The nearer the beat stays to one
definite frequency the better is th tracking.
In the same way the result of padding can
be checked. It is clear that if this is to
yield good results, the calibrated oscillator
should be capable of being read to at least
500 cycles.
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HOME SAFELY
IT has not been the creed of the Roose-

administration that recovery could
be manufactured like some article of

commerce, in fact, the President himself
has said that he does not believe in panaceas.
But it had been hoped that the correction
of conditions that retard recovery could be
speedily accomplished. A saner basis of
conducting business certainly has resulted
from the activities of the National Industry
Recovery Administration.

Not all the expected speed has ma-
terialized, due to the complexity of our
industrial and commercial structure, and
the attempts of some industries to codify
their own selfishness as manufacturers. Nor
does either capital or labor find everything
to its complete satisfaction. There is no
pat solution to any of our major economic
or social problems.

For the radio industry, it must be said
that, after a poor start, it has done very
well in realizing the prime objectives of the
recovery movement, and has actually made
sacrifices to lend a hand. The manufac-
turers are under the Electrical Code. The
distributors and retailers will have their
own codes, the bumps in these two codes
being certain to be levelled in the usual
manner of the Recovery Administration
which, in the face of terrific onslaught, per-
mitted only one bump, that of the labor
clause in the automobile industry code, to
get by.

On the negative side, stoppage of ruinous
practices of competition and price -cutting,
of overworking of employes with the re-
sult that unemployment fed on this vice, of
exploitation of child labor ; on the positive
side, increase in the number of jobs and
employes, with fixed minimum limits on pay
and maximum limits on hours for the
more numerous classes, are wholesome ob-
jectives with the theory of which none
can complain. With the actual method of
application and distribution of the burden
there naturally would be some complaint,
for the whole theory is based on raising
the amounts of payrolls, the prices of ma-
terials, the number of employes, the avail-
able credit, and jacking up in other direc-
tions, all exclusively a burden on the em-
ployer generally. The economic consequence
is to be the increased purchasing power
and restored confidence, which will enure
to the benefit of the employer as consumption
rises to the heights required by capabilities
of production and the necessity of employ-
ment. The engima of vast stores of food
supply unsold while millions go hungry is
to be solved this way.

The producer and the employe feel the
effect of the recovery attempt at once, but
in opposite directions. To this extent the
experiment is at the expense of the em-
ployer, but since he has been losing money
during the depression, he looks with eager-
ness to the continued resumption of profits.
It is from profits, not prices, that all pay-
ments are made. Higher prices hurt nobody.

The first step toward national recovery
is a success, for business has 'improved,
practices are better, prices firmer, confidence

NBC Business Better;
Shows Vital Confidence

Rise, Says Aylesworth
Viewing the economic future, M. H.

Aylesworth, president of the National
Broadcasting Company, sees many reasons
for optimism and confidence.

In a special interview with RADIO WORLD,
he stated that, as far as the NBC was con-
cerned, there has been a very definite upturn
during the past few months, and prospects
for the fall and winter are excellent.

"Broadcast advertising," Mr. Aylesworth
said, "is an index to business conditions.
But even more important at a time such as
this, it also is a barometer which indicates
the state of mind of the advertiser, the
director of commerce and industry.

Increased Confidence
"If manufacturers and businessmen, many

of whom have cut their advertising appro-
priations to the bone during the past few
years, are making a general move toward
resumption of their normal campaigns, then
there must be a general increase in confi-
dence.

"And that is one of the most encouraging
signs that the famous corner is now behind
us, with the prospect of a clear, if possibly
still somewhat rough, road ahead."

Mr. Aylesworth pointed out that the Na-
tional Broadcasting Company, far from cur-
tailing its activities, during the past two
years has been preparing for the coming
move to Radio City, which will be celebrated
November 15th, on the NBC's seventh
anniversary.

The NBC will have 400,000 square feet
of space in the huge new development,
tripling its studio capacity. One studio
alone is 78 by 132 feet, and three stories
high. The building of this huge air castle,
the greatest broadcasting plant in the world,
has continued uninterrupted during the worst
years of the depression.

Ready for New Deal
Now it is ready for the New Deal.
"We have already become cramped for

space in our old quarters at 711 Fifth
Avenue," Mr. Aylesworth said, "and with
the new programs which we are booking
almost daily it would be close to an im-
possibility to function efficiently. Fortun-
ately, Radio City is being completed just
when it is most needed, and it will provide
space not only for our present require-
ments, but for future development and ex-
pansion as well.

"I believe that this is the best answer I
can give to any question concerning our
opinion of the business outlook."

PRICE RAISES ANNOUNCED
Many manufacturers of radio parts have

notified their customers of price increases
"due to the NRA." Some advanced prices
10%, others 15%. Consumer prices are in-
creasing proportionately.

Stations Doing Their
Part, Sacrifices Yield

Dividends, Says Lafount
By HAROLD A. LAFOUNT
Federal Radio Commissioner

The new deal is a determined effort on
the part of our President to give to every
man, woman and child in America a fair
deal; or as President Theodore Roosevelt
put it, a square deal. The National In-
dustrial Recovery Act was conceived by our
President as the most effective means of
reaching that goal, as the most efficacious
plan of attack to conquer "Old Man Depres-
sion", who, like a devastating plague, has
swept throughout the world for the past four
years, paralyzing business, destroying homes,
and starving men, women and children.
Ordinary methods of attack were futile in
the face of ever-increasing unemployment.
The spirits, of the times was a challenge for
bold, drastic, and intelligent measures, and
our President has heroically answered that
challenge with the National Industrial Re-
covery Act.

As General Hugh S. Johnson, the vigor-
ous administrator of the National Recovery
Administration, recently pointed out in one
of his dynamic speeches, the object of this
law creating the organization is to remove
obstruction to the free flow of commerce, to
provide for the general welfare by coopera-
tive action, to induce the united action of
labor and management, to increase consump-
tion, to increase purchasing power, to re-
lieve unemployment, to improve standards of
labor, to rehabilitate industry and conserve
national resources. Actually this is being
done to a noticeable extent although the
campaign is barely under way. Hope and
confidence have supplanted despair and
despondency. The psychology of the nation
has been changed and it appears we are now
on the road to economic recovery.

Official reports indicate there has been a
perceptible reduction lately of poverty and
distress among our people. Such relief can-
not be measured in dollars and cents, and
fully justifies the heroic, if not revolutionary,
measures adopted. No cost is too much to
supply our people with the necessities of life
and to make them happy and contented. All
of us, regardless of party, creed or sect,
must subscribe wholeheartedly to a plan
that can do this. I have no patience with
those who claim we are on the road to ruin.
That cry of the alarmist is but the echo of
the selfish standpatter who is unwilling to
make any sacrifices for the common good,
who glories in his material supremacy and
refuses to yield an inch to the other fellow.
The law is being carried out under volun-
tary codes proposed by the various industries,
and are framed so as to be fair to all our
people-the employer, the employee, and the
consumer.

In this land of plenty, with inexhaustible
resources, it is evident that our old system
of trading has broken down and must be
discarded, or, at least, drastically overhauled.
The National Recovery Administration is

higher, more employment, less hunger and
privation, better protection for children
(though not their complete eradication from
the ranks of workers), and an unparalleled
degree of co-operation for any large under-
taking since the World War.

Credit has not kept pace. It has de-
clined while dollar volume of sales has in-
creased, thus creating an anomoly, but the
Federal administration is providing for
easing of credit by bank deposit insurance
and collateralizing of sound but unliquid
portfolios. We have ready means of ex-
panding credit through the Federal Reserve
System, so that for approximately every
hundred dollars a bank has on deposit with
the System it can emit $1,000 worth of
credit, and this $1,000 credit can grow on
itself by deposit, until bankers generally

have executed loans in excess of their total
deposits. At present loans and deposits are
about equal.

The economics enacted and proposed
under the recovery program are not with-
out risk, but the risk seems worth the while,
and so far has more than justified itself.
Surely the objective is captivating. If it
may be said that the recovery program does
not coincide with everybody's ideas of
economic soundness in all aspects, certainly
it may be said with greater truth that the
depression offered nothing as near such co-
incidence. In troubled waters, far from
shore, one has to be expedient rather than
consistent, self -preserving rather than punc-
tilious, and with a bright beacon shining
ahead, inspiration is added to the material
comfort of getting, hothe safely.
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designed to do that very thing in the pres-
ent emergency. Its success, of course, de-
pends largely on an educational campaign
so that each man, woman and child will do
his part. Each must be fully informed con-
cerning its plans and purposes, its purport
and philosophy. Rough spots will likely
develop here and there but they will undoubt-
edly be ironed out. Once the nation gets
back on its feet, we may look back on the
depression as a blessing in disguise, a bap-
tism of fire which eliminated many inequities
and injustices.

To "put over" the National. Recovery Ad-
ministration's campaign, to use the vernacu-
lar, there must be hearty cooperation on the
part of everybody-the employer, the em-
ployee, and the consumer. Sacrifices must
be made by each and every group, in the
common interest but such investments will
yield dividends in personal contentment and
national security.

Of all agencies supporting the National
Recovery Administration none is more en-
thusiastic than the broadcasters operating
600 radio stations licensed by the Federal
Radio Commission. With commendable ar-
dor and enthusiasm they have rallied around
the Blue Eagle. Undoubtedly these stations
will be a mighty factor in driving home the
important features of the campaign, keeping
the public informed on this and other na-
tional affairs and securing its cooperation and
sympathy with the government's efforts to
end the depression. Without a single excep-
tion, as far as I know, the broadcasters stand
ready and willing to do their part by mak-
ing available their facilities to government
officials and their representatives, and to
otherwise assist in making the National
Recovery Administration a profound success.

New Spirit Born in
Few Months, Radio

Aiding, Says Samoff
By DAVID SARNOFF

President, Radio Corporation of America
As this is being written the NRA cam-

paign is moving on to its real test in actual
operation with a brilliant recruiting record
behind it. Business organizations through-
out the United States have responded whole-
heartedly to the appeal.

We are entering the Fall enlisted in a
nation-wide, united effort to begin building
from the ground up, eliminating many
factors that have retarded recovery. There
can be no doubt that a new spirit of co-
operation and optimism has been created in
a few brief months. Hundreds of thousands
of men have been put to work again. Pay-
rolls have been increased. Hours have been
shortened. Buying has been stimulated.

The radio broadcasting industry may find
gratification in the fact that it has been able
to be of service in the national campaign
that has given the people and business new
encouragement and confidence.

DIVERSIFICATION
The radio industry is at once original and

imitative. The originators are the leaders,
but even some of the leaders become occa-
sional copyists. "Duplicate this," is the fre-
quent order of some small manufacturers.

Station Sparks
By Alice Remsen

UP AT THE AMALGAMATED
The latest development of radio in New

York is the opening of Ed Wynn's station,
WBNX. Many celebrities took part in the
Amalgamated Broadcasting System's initial
program. Messages were read from Presi-
dent Roosevelt, Secretary Will H. Woodin,
Lee De Forest and many others. Radio
stars were there by the score. Vaughn de
Leath, the original radio girl, fainted in the
crush, but portly Kate Smith bore up like
a Trojan.. George Hall, of Hotel Taft
fame, beamed on all his admiring friends;
George is head musical director of the new
station; and a good time was had by all.
Here's jolly good luck to Mr. Wynn and his
associates! . . .

The New York Philharmonic -Symphony
Orchestra has returned to Columbia for its
fourth season and may now be heard in
weekly Sunday afternoon concerts from 3:00
to 5:00 p.m.; these broadcasts will cover a
period from October 8th, 1933, to April 29th,
1934, and will all originate in Carnegie Hall,
New York; conductors will be Arturo Toz-
canini, Bruno Walter and Hans Lange. . . .

Olsen and Johnson will be featured on the
Swift Revue in the roles of editors of "The
Comedy News," a newspaper as nutty as its
staff. The program opens with a gala broad-
cast from the Civic Theatre in Chicago over
a nation-wide network on Friday, October
6th, from 10:00 to 10:30 p. m., EST.; the
series will be heard each week at that time ;
staff stars of "The Comedy News" will in-
clude Harry Sosnick's Orchestra in the
guise of "The Printers' Devils," the Premi-
um Quartet, also known as the King's Jesters,
and the Brookfield Dairymaids, a song trio
composed of the Doring Sisters, offering
vocal and novelty interludes. . . . Georgie
Jessel has been signed by Columbia to a
long-term contract for a series of sustaining

programs over its nation-wide network,
making his debut on October 7th, at 10:30
broadcasting from New York after two
p.m The Golden Rod Revue is now
broadcasting from New York after
weeks at the Earle Theatre in Washington.
. . . Fred Waring's band is on the road and
their broadcasts will originate in whatever
city they happen to be playing at the time.
. . . Five CBS announcers are taking care
of the World Series broadcasts-Ted Hus-
ing of WABC; Fred Hoey, of WNAC,
Boston; Roger Baker, of WKBW, Buffalo;
Gunnar 0. Wiig, of WHEC, Rochester;
and France Laux, of KMOX, St. Louis. . . .

HE GOES COLUMBIA
Another NBC artist has gone Columbia;

it always has been Bob Armbruster's ambi-
tion to present an unusual musical ensemble
of voices and strings; at last he has his
chance on the Tidewater Oil program, each
Monday, Wednesday and Friday at 7:30
p. m. EST, over WABC; listen in, I'm
sure it will be worth while. . . . Cowboy
Tom and his gang are back on the air under
the sponsorship of Remington Rand, Inc.,
Mondays, Wednesdays and Fridays, at 5 :45
p. in. EST, over WABC and network. . . .

Bridge fiends will be glad to hear that
"Easy Aces," that rollicking comedy of
bridge in the home, will be back again com-
mencing Tuesday, October 10th, at 2:00 p.
m., and every Tuesday, Wednesday, Thurs-
day and Friday thereafter at the same time;
Goodman Ace, who writes the scripts and
plays Mr. Ace, was formerly dramatic critic
and columnist of the Kansas City Journal-
Post. . . . And speaking of bridge, Lulu
McConnell started something when she made
her air debut on the Ex -Lax "Big Show":
her contribution to the evening's festivities
was a bridge sketch which made many

tables of bridge players drop their cards,
listen and laugh; at least, that is what hap-
pened up in Essex, Connecticut, where
twenty bridge players have already formed
the Lulu McConnell Listen -in and Dinner
Club, meeting each Monday. . . .

WARDEN LAWES ON DECK
Over at NBC we find that Warden Lawes

is back on the air again with his real dramas
of Sing Sing Prison under the sponsorship
of the makers of Sloan's Liniment, each
Wednesday at 9 :00 p. m.; Warden Lawes
is known throughout the world for his hu-
manitarian views and efforts to restore the
unfortunates under his care to respectability ;
a very worth -while show. . . . All children
should be interested in listening to the radio
each Wednesday at 5 :15 p. m., WEAF and
network, for it is at that time and over that
station you will hear those delightful "Win-
nie-the-Pooh" tales dramatized from A. A.
Milne's children's classics; the stories deal
with toy animals in the nursery of his little
son, Christopher Robin, with Edward Bear,
more widely known as the hero. . . . Did
you hear the London rehearsal which was
broadcast over WEAF on Sunday. afternoon,
October 1st? It came from back -stage at
the Adelphi Theatre, London, and consisted
of bits of dialogue, music and vocal numbers
from the new Cochran show, "Nymph Er-
rant," authored by Romney Brent, and musi-
lyricized by Cole Porter ; it was a very in-
teresting affair, blurred here and there by
distance static; the music sounded intrigu-
ing ; Gertie Lawrence sang a clever number
about a man who refused to tell her that he
loved her ; Cole Porter, Romney Brent and
Charles Cochrane talked with varying ac-
cents and too close to the microphone ; but
it was altogether interesting and just a little
bit different. . . .

RAY PERKINS, THE VERSATILE
Ray Perkins, a recent addition to the cast

of the Rheingold program, over WJZ each
Saturday night at 8:00 p. m., is one of
radio's most versatile entertainers;
his own accompaniments on the piano, sings
hit own songs and writes his own material
for all of his broadcasts. . . . Ford Bond,
NBC announcer, is still waging war against
an expanding waistline; he has dieted away
thirty pounds, bringing his weight down to
two hundred and twelve ; he wants to lose
twenty pounds more; can anyone tell him
how to do it? . . . Baby Rose Marie re-
turned to school this week; he attends the
"Professional Children's School" in New
York City, where she is in the fourth grade.
. . . I think maybe the next item is in the
nature of a record-Don Bestor has made
only one change in the personnel of his
orchestra in the last six years. . . . The
Don Hall Trio have been moved from 7 :30
to 8:15 in the mornings on WJZ, Jolly Bill
and Jane filling the earlier period. . . .

There is a rumor around to the effect that
George Givot and Mae West will be on a
sponsored program together soon; that
would be entirely too devastating . . . Peter
Dixon says that Al Jolson is not a come-
dian-and maybe Peter's right ; he usually
is about most things. . . .

CHANGES AT WHOM
Over at WHOM there have been a few

changes in the staff : Roland Trenchard has
replaced Alexis Sanderson as program di-
rector of the New York studios, and Ed
French has become its chief announcer ; both
lads were formerly at the Jersey City studios
of WHOM; Atwood A. Klinger still con-
tinues as the commercial manager of the
station, and Bob Eichberg remains in charge
of publicity. . . . For at least the thousandth
time since it was written I am listening to
"The Last Round -Up" ; it is being played,
very delightfully, in Chicago by Wayne
King and his grand orchestra on the Lady
Esther program. . . . And speaking of Chi-
cago reminds me that David Moll, youth-
ful violin virtuoso, appearing on Dr. Bun-
desen's program over WLS, Chicago, plays
a violin made by the famous Amati of Italy

(Continued on next page)
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"Sales Largest Since 1930,
Prices Rising, Insolvencies

Fewer" Dun & Bradstreet
While the radio industry suffered acutely

from the , weight of economic adversities
during the last three years, it is emerging
triumphant from the most severe period of
business recession through which the world
ever has passed, with a convincing demon-
stration of the indispensable usefulness and
need of its products, says Dun & Bradstreet,
Inc., the noted commercial rating agency.
In view of the chaotic conditions prevailing
during the first quarter and part of the
second one of this year, when manufacturing
was being discontinued and units were
thrown on the market regardless of cost,
the recovery which has been made during
the months intervening has been little short
of phenomenal. Orders are being received in
such volume that manufacturers now are be-
hind in their deliveries, despite increased op-
erating schedules, and retailers are pressing
for shipments as their old stocks have been
cleared and consumer demand is forging
ahead from week to week.

Many national advertisers who reduced
their appropriations substantially last Spring,
have been coming back on the air, with aug-
mented programs, while others have con-
tracted for additional time. While the defi-
cits of the large manufacturers of radio re-
ceiving sets were reduced sharply during the
third quarter, it is unlikely that a profit will
be shown for the year, even with the en-
larged sales of the fourth one, because of
the heavy losses sustained during the first
six months.

The future of the radio industry seems
brighter than it has been in several years,
as prices have increased, stocks have been
cleared of antiquated models, budgets have
been adjusted, and many evil trade practices
have been eliminated, according to a survey
of the radio industry completed by the
agency.

Factory Shipments Delayed
"Since June there has been an unusually

strong upturn in the demand for radios in
most parts of the country," the survey con-
tinues, "the poorest showing being made by
the South and some sections of the North-
west. With many manufacturers of popular -
priced sets, orders now are running ahead of
production, with retailers placing fresh com-
mitments, as soon as the delivery of former
ones has been made. With the increase in
the prices of sets and the shift of demand
to the better -grade units, value of output
has increased from 50 to 85 per cent, in com-
parison with the record for the nine months
of 1932, while unit volume is higher by 15
to 45 per cent.

"Low stocks of both wholesalers and re-
tailers are the principal cause of the pressure
now being made on manufacturers for de-
liveries, as commitments were deferred ear-
lier in the year, when the outlook was de-
cidedly unfavorable. The quickening in the
demand for new goods by the consuming
public also caught manufacturers unprepared,
as their fixed policy for more than two years
has been to hold production down to orders
actually in hand.

"Production of radio parts has almost
trebed since last May, and a steady increase
in the production of individual units or com-
ponent parts is expected to continue until
December 1 at least.

Credit Handicap
"One of the chief hindrances to expansion

in the manufacturing division is the diffi-
culty in obtaining financial assistance from
banks, as many plants have a large backlog
of orders, but have not the cash available
with which to enlarge pay rolls. Radio re-

ceiving set manufacturers estimate that pro-
duction costs have been increased by one-
third by operating under the National Elec-
trical Manufacturers' Association Code.

"Contrary to the established seasonal trend,
the increase in sales persisted all during the
Summer, with volume stepped up consider-
ably by the wide popularity of automobile
radios. The inability of manufacturers to
make deliveries has benefited wholesalers,
who have succeeded in clearing old stocks,
and inventories at present with both whole-
salers and retailers are at the lowest level
reached in three years.

"The season's new sets will be ready for
distribution during the early part of October
and from orders on hand and the growing
interest in radios, it is estimated conserva-
tively that unit sales during the last three
months of the year will be from 35 to 50
per cent larger than for the comparative
period of a year ago. The replacement de-
mand for worn and obsolete sets has been
increasing gradually for several months, and
is expected to gain considerable momentum
with the coming of cooler weather.

"While the strongest demand continues de-
cidedly in favor of units priced at $15 to $50,
during the last sixty days more interest has
been displayed in the small console sets fall-
ing within the price range of $30 to $70.
Short-wave sets are increasing in popularity,
as listeners are interested in tuning in on
foreign programs.

Price Level Rising
"Quotations on some sets," the survey

points out, "have been advanced from 20 to
35 per cent since May and further increases
are in prospect when goods now being manu-
factured under the NRA regulations will
have reached consumers' hands. Retailers
now are compelled to require larger initial
payments from customers, because of the
higher prices and the narrower discounts
allowed by distributors.

"Retail collections, which had been poor
up to July, are becoming easier, running
about 2 per cent ahead of the 1932 showing,
and repossessions are less numerous than
they were a year ago. In some sections,
collections are better than they have been
since 1929, and with most of the less ex-
pensive instruments now being handled
largely on a cash basis, the number of in-
stallment accounts has been reduced.

"Wholesale collections have improved
about 8 per cent over last year's record at
this time, due to more stringent enforcement
of regular terms, and curtailment of price -
cutting and dumping. In the liquidation of
old accounts, however, the progress thus far
has been only moderate. It is the improved
salary and employment situation which is
helping retailers' collections, while the com-
parative slowness of wholesale payments is
due to the tying up of funds by retailers in
large quantities of merchandise.

Failure Record Improved
"The stronger financial position of the in-

dustry during the second and third quarters
finds a reflection in the insolvency record,
as during the four months from May 1 to
August 31, only 7 manufacturers and 36
wholesalers and retailers were added to the
failure list. During 1932, wholesalers and
retailers were going into bankruptcy at the
rate of 15 a month, but during the current
year the number has been reduced to 10.

"While there has been a reduction of 24.2
per cent in the number of failures, as com-
pared with last year's record, the involved
liabilities have increased, a total of $4,116,516
for the eight months being 8.2 per cent

higher than the $3,805,673 set down for the
entire twelve months of 1932."

The complete insolvency record of the
radio industry since 1930, including the eight
months of the current year, as compiled by
Dun & Bradstreet, Inc., shows: .

Manufacturers
Year
1930
1931
1932
1933*

Number Liabilities
40 $3,522,400
15 4,088,445
23 1,826,995
17 2,641,250

Wholesalers and Retailers
Year Number Liabilities
1930 217 $2,071,392
1931 160 4,979,359
1932 170 1,978,678
1933* 80 1,475,266

* January to August, inclusive.

STATION SPARKS
(Continued from preceding page)

in '1679. . . . While still comparatively a
youthful man, 'Lasses White, of WS M,
Nashville, Tenn., is one of the stars of old-
time American minstrelsy ; he broke into the
business twenty years ago with Honey Boy
Evans, served as Honey Boy's understudy
and filled his place in the show when that
beloved performer died. . . . "The Rhythm
Jesters" are \ the most recent discovery of
WLW, Cincirinati ; they are f our Columbus,
Ohio, youngsters-Terry Lynch, Art Ryer-
son, Lee Baldwin and Joe Rockhold. . . .

Albert Short, now head of the NBC pro-
gram department in New York since last
October, was formerly with the NBC stu-
dios in Chicago. . . . Heard two things to-
night which I enjoyed very much : Frank
Parker's singing of "Gypsy Rhapsody" on
the Chevrolet program; his debut, by the
way; and how that lad did sinz; it was
glorious ! . . . and Will Wirges playing on
a one -string fiddle he made when he was a
kid. Okay, William !

Literature Wanted
Readers desiring radio literature from
manufacturers and jobbers should send
a request for publication of their name
and address. Address Literature
Editor, RADIO WORLD, 145 West 45th
Street, New York, N. Y.

M. J. Wolf, care Hollywood Radio Shop, 1475 No.
Bronson, Hollywood Calif.

0. L. Robinson, 306 Tippett Ave., Morehead, Ky.
Russell R. Quaintance, 720 Gibbard Ave., Colum-

bus, Ohio.
Thos. M. Morton, Beaver Lodge, Buckroe Beach,

Va.
Harold H. Nathanson, Serviceman, 1250 51st St.,

Brooklyn, N. Y.
Leo R. Stonek, 910 Packard Ave., Cudahy, Wisc.
John W. Cook, Junior College, El Central, Calif.
H. D. Smith, 323 East Lake Drive, Station E,

Atlanta, Ga.
Milton V. Warren, R. F. D. No. 5, Trenton, J.
Clarence Kay, P. 0. Box 132, Hornell, N. Y.
A. H. Edgerly, Kensington, Conn.
C. S. Holderman, 2610 Aberdeen Ave., Hoquiam,

Wash.
Wm. F. Littlefield, Marina Station, P. 0. Box

42, Mayaguez, Porto Rico.
G. Kenneth Smiley, Sales and Service, R. D. 2,

Carlisle, Pa.
F. L. Sprayberry, 132 Bryant St., N. W., Wash-

ington, D. C.
Ira L. Hines, Box 393, Riverdale, Md.
Sallas F. Chappell, care Sears Roebuck & Co.,

Winston-Salem' N. C.
D. S. Deem, 1317 Nicholson Ave., Lakewood, Ohio.
Matthew Kazolski, 19 Ellen Ave., Chicopee, Mass.
Charles F. Gosner, 5618 Carpenter St., Philadel-

phia. Pa.
W. McHaffie, 4706 Lafontaine St., Vianville, Mon-

treal, Canada.
Wm. S. Buckley, 3830 Banks Ave., Butte, Mont.
Aubrey E. Fales, 12 Marvin Ave., Shelby, Ohio.
Henry C. Stryker, 820 Bank of America Bldg.,

Oakland. Calif.
Thos. J. Turner, Chief Engineer, The Bronx Hos-

pital, 1276 Fulton Ave., Bronx, N. Y. City.
Alton Ritter, 31 Rossiter Ave., Paterson, N. J.
Portland Radio Supply Co., Guy B. Paine, 1300West Burnside, Portland, Ore.
Walter M. Rogers, Fort Pierce, Fla.
A. E. Mayo, Souris, Man., Canada.
Allen Dessert. Dessert Radio Labs., 190 Admiral

Road, Buffalo, N. Y.
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Coil

Winding

for
All

Radio

Frequencies

Without
Any

Computation

Whatever!

THE ONLY BOOK Or
ITS KIND LN THE
WORLD, "The Induc-

tance Authority" entirely
dispenses with any and all
computation for the con-
struction of solenoid coils for
tuning with variable or fixed condensers of any capacity, cov-
ering from ultra frequencies to the borderline of audio fre-
quencies. All one has to do is to read the charts. Accuracy
to 1 per cent. may be attained. It is the first time that any
system dispensing with computation has achieved such very
high accuracy and at the same time covered such a wide band
of frequencies.

A condensed chart In the book itself gives the relationship
between frequency, capacity and inductance, while a much
larger chart, issued as a supplement with the book, at no
extra charge, gives the same information, although covering a
wider range, and the "curves" are straight lines. The con-
densed chart is in the book so that when one has the hook
with hint away from home or laboratory he still has sufficient
information for everyday work, while the supplement, 18 x 20
inches, Is preferable for the most exacting demands of accuracy
and wide frequency coverage.

From the tri-relationship chart (either one), the required
Inductance value is read, since frequency and capacity are
known by the consultant. The size and insulation of wire, as
well as the diameter of the tubing on which the coil is to be
wound, are selected by the user, and by referring to turns
charts for such wires the number of turns on a particular
diameter for the desired inductance is ascertained.

There are thirty-eight charts, of which thirty-six cover the
numbers of turns and inductive results for the various wire
sizes used in commercial practice (Nos. 14 to 32), as well
as the different types of cov-
ering (single silk, double
silk, single cotton, double
cotton and enamel) and di-
ameters of %, %, 1, 11/4,
114, 1%, 11/2, 1%. 2, 21/2,
21/2, 2% and 3 Inches.

"The Inductance Authority"
By EDWARD M. S HIEPE, B.S., M.E.E.

EACH turns chart for a
given wire has a separ-
ate curve for each of

the thirteen form diameters.
The two other charts are

the tri-relationship one and
a frequency -ratio chart, which

gives the frequency ratio of tuning with any inductance, when
using any condenser the maximum and minimum capacities of
which are known.

The book contains all the necessary information to give the
final word on coil construction to service men engaged in re-
placement work, home experimenters, short-wave enthusiasts,
amateurs, engineers, teachers, students, etc.

There are ten pages of textual discussion by Mr. Shiepe,
graduate of the Massachusetts Institute of Technology and of the
Polytechnic Institute of Brooklyn, in which the considerations
for accuracy in attaining inductive values are set forth. These
include original methods.

The curves are for close -wound inductances, but the text in-
cludes information on correction factors for use of spaced wind-
ing, as well as for inclusion of the coils in shields. The. book
therefore covers the field fully and surpasses in its accuracy
any and all mechanical aids to obtaining inductance values.

The publisher considers this the most useful and practical
book so far published in the radio field, in that it dispenses
with the great amount of computation otherwise necessary for
obtaining inductance values, and disposes of the problem with
speed that sacrifices no accuracy.

The book has a flexible fiber black cover, the page size is
9 x 12 inches and the legibility of all curves (black lines on
white field) is excellent.

RADIO WORLD
145 West 45th Street New York, N. Y.

Order Cat. IA @ $2.00
(book and supplement). Re-
mit with order and these will
be sent postpaid to any des-
tination. Order C.O.D. and
you pay the postage.

Accuracy

of 1%
or Better,

Hence

Fulfilling

Require-

ments
Even of

Engineering
Practice

PADDING CONDENSERS

Easker salacity, 50e

AHIGH-CLASS padding condenser is required for a

superheterodyne's oscillator, one that will hold its
capacity setting and will not introduce losses in the

circuit, for losses create frequency instability. The
Hammarlund padding condensers are of single -condenser
construction on Isolantite base, with set -screw easily ac-
cessible, and non -stripping thread. For 175 kc. intermediate
frequency use the 850-1350 mmfd. model. For 1.4 from
460 to 365, kc., use the 350-450 mmfd.

0.0005 HAMMARLUND S. F. L. at 98c.
A sturdy, precision straight frequency line condenser, no end stops
The removable shaft protrudes front and rear and permits ganging with

coupling device, also use of clockwise or anti -clockwise dials, or two
either side of drum dial. Front panel and chassis -top mounting facilities
True straight line. This rugged condenser kaa Flargmarlund's higk
quality workmanship and is suitable for precision work. It is a most
excellent condenser for calibrated radio frequency test oscillators, any Ire
quency region, 100 to 60,000 ke., short-wave converters and adapters
and TRF or Superheterodyne broadcast receivers. Lowest loss construe
Hon, rigidity{ Hammarlund's perfection throughout.
Order Cat. F105 ® 98c net

Reliable Radio Co., 143 West 45th Street, New York, N. Y.
"SPECIALIZED AUTO RADIO MANUAL," Vol.
I, by John F. Rider --loose leaf-about 300 pages-
up to the minute. Letter press printed. All dia-
grams clear and the figures easy to read. Covers
old and new auto radio receivers, and includes
recently announced auto radio installations. Price,
$3.50. RADIO WORLD, 145 West 45th Street,
New York, N. Y.

COMPLETE TUBE CHARAC-
TERISTICS WITH SOCKET

CONNECTIONS
In Radio World dated Sept. 9, 1933. 15c a copy;

or start your subscription with that issue. Radio
World, 145 West 45th St., New York City.

SOLDERING IRON
F R E E
Works on 110-120 volts AC or DC, Power,
50 watts. A serviceable iron, with copper
tip, 5 ft. cable and male plug. Said $1.50
for 13 weeks' subscription for Radio World
and get these free! Please state if you Cr.
renewing existing subscription.

RADIO WORLD
145 West 45th St. N. Y. at,

SPECIAL
SMALL POWER

TRANSFORMER
Filament -plate transformer, for oscillators, 1 or
2 -tube sets, etc.
Primary, 110 volts a -c.
Secondary A, 2.5 volts, center -tapped; stands

to 3 amperes.
Secondary B, 110 volts, not center -tapped.
Excellent for test oscillators with a -c in plate.

Price, $1.10
RADIO WORLD

145 West 45th Street New York, N. Y.

RP

VL, SHIELDED TEST OSCILLATOR!
Either 51-151 ke Fundamental Model,

AN improved
modulated test oscillator. funda-

mental frequenting, 50 to 150 kc, enabling
lining up of intermediate frequency ampli-

fiers, t -r -f and oscillator circuits, is now ready.
It la shielded in a metal box 954" wide x 81/4"
deep x 41/4" high, with beautiful Japanese
The teat oscillator is obtainable in two models.
one for a -c operation, the other for battery opera-
tion. The same cabinet is used for both.

The a -c model not only is shielded but has the
line blocked, that In radio frequencies generated
by the oscillator cannot be communicated to the
tested set by way of the a -c line. This is a
necessary counterpart to shielding, and a special
circuit had to be devised to solve the problem.

The modulation in the a -c model is the a -e line
frequency, 80 cycles, effected by using the line
voltage on the plate of the tube. In the cabinet
there la a very high resistance between the shield
cabinet end the a -c, a double preventive of line -
shorting and application of a -e line voltage to the
user.

The oscillator le equipped with an output post.
No ground connection need be used, as the cir-
cuit to sufficiently grounded through the power
transformer capacity to prevent body capacity
effects in tuning.

The frequencies are more accurately read than
normal use requires, being never more than 2%
off, and usually not more than 1% off, many
readings being right on the dot (no discernible
difference). The frequency stability Is of a high
order from 190 to 60 kg, and somewhat less from
100 to 150 ke. Zero beats are guaranteed at all
frequencies.

The oscillator was designed by Berman Bernard
and is manufactured under the supervision of
graduates of the Maseschusette Institute of Tech-
nology.

a -c or battery; or 500 to 1,551 kc Fundamental Model, (broadcast band) a -c or battery, available.

Either model FREE with two-year subscription for Radio World

The test oscillator has a frequency -calibrated dial, 151)
to 50 kc, with 1 kc separation between 50 and 80 ke sad
2 kc separation between 80 and 150 kc. Intermediate
frequencies are imprinted on the upper tier. Broadcast
frequencies are obtainable on tenth harmonics (500 to
1,500 kc).

RADIO WORLD
145 West 45th St., New York, N. Y.

(104 issues) $12.00
TRE a -c model is completely self -operated and

requires a 58 tube. The battery model re-
quires external 22.5 -volt small B battery and

1.5 -volt dry cell, besides a 230 tube. The use of1.5 volts instead of 2 volts on the filament increases
the plate impedance and the operating stability

The battery model is modulated by a high-pitched note, Zero beats are not obtainable with
the battery model.

Directions for Use
Remove the four screws and the slip cover, In-

sert the 58 tube in its socket, restore the cover
and screws, connect the s -c attachment plug to the
wall socket, and the s -o test oscillator le readyfor service.

For Uniting some particular set, follow the dime-
tions given by the designer or manufacturer, In the
absence of such directions. use the following method.

Mentally affix a cipher to the registered fre-quencies on the lower tier (so 50 is read as 600,and 150 as 1,500), and get the 1Ial for any de-sired broadcast frequency. Connect a wire from
output post of test oscillator to antenna post of set.
Leave aerial on for zero beats, off otherwise. Atresonance the hum will be heard. Off resonanceit will not be heard. For testing intermediate fre-
0110nelea, connect the wire to plate of the flretdetector socket. The first detector tube may beleft in place and bared wire pushed into the plate
spring. The intermediates then are tuned forstrongest hum response. If an output sister leused, tune for greatest needle deflection.

The battery model Is connected to voltage sourcesas marked on oscillator outleads and is used the
same way,
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BLUEPRINTS, COILS
and CHASSIS
FOR THE TUNED R -F

DIAMOND
OF THE AIR

FOUR -TUBE DIAMOND
Extremely fine performance, including fetching tone quality,

marks the Four -Tube A -C 1933 Diamond of the Air, blue-
print of which is now available (half -scale). Many have been
surprised that so much can be accomplished on a t -r -f set that
costs so little to build. The circuit uses a two -gang 0.00035
mfd. condenser. Special coils are required. The chassis is
metal, 13.75 x 6.75 x 2.5 inches.

Send $3.00 for six months subscription (26 issues) and get
the blueprint, two official shielded coils and the drilled metal
chassis free. Order PRE -D -4 -COMB.

Analyzer Plug and Adapters

9,77

976

975

97.e

connections into UX, UY and
The plug has 5 -foot 7 -lead cable.
receipt of $6.00 for one -year's
Order Cat. PRE-ANPLAD.

For constructing a
set analyzer, an
analyzer plug, to
go into a receiver
socket, is neces-
sary. We offer the
exclusive s e v e n -
pin analyzer plug,
plain long handle
as illustrated, and
three adapters
that enable put -
Zing the plug

six -pin receiver sockets.
All four parts sent free on
subscription (52 issues).

RADIO WORLD and 1 11"" 00 CHOKE

FIVE -TUBE DIAMOND
The Five -Tube A -C 1933 Diamond of the Air provides

greater sensitivity than the four -tube model, also somewhat
more selectivity, as a three -gang condenser is used. An in-
fallible method of permanently suppressing oscillation is intro-
duced, so that besides having a sensitive and selective set one
will have a stable receiver. The tone is most excellent. Send
$4.00 for 34 weeks subscription (34 issues) and get the blue-
print, three shielded coils and drilled metal chassis free.
Chassis is 13.75 x 9 x 3 inches. Order Cat. PRE -D -5 -COMB.

0 -10,000 -Ohm Resistance Meter
A 0 -10,000 -ohm ohmmeter and con-

tinuity tester. A rheostat is built in for
correct zero resistance adjustment. The
unit contains a three -cell flashlight bat-
tery. Supplied with two 5 -foot -long wire
leads with tip plugs. Case is 4 -inch diam-
eter baked enamel. Sent you for an or-
der for one year's subscription for RADIO
WORLD (52 weeks) at the regular rate of
$6. Order Cat. PRE -500.

We do not pay postage on resistance meter. Average
postage 17c.

DOLLAR SPECIALS

RADIO NEWS
Get both of these mazagines for one year for 37.00, although the reg-

ular subscription price of RADIO WORLD alone is $6.00 a year and that
of "Radio News" alone is $2.50 a year. Instead of paying $8.50 you Pay
37 and you get 52 issues of Remo 'WORLD (one a week) and 12 issues of
"Radio News" (one a month). "Radio News" recently bought "Citi-
zens Radio Call Book," and "Technical Review" and consolidated them
with "Radio News." This offer at this combination price applies only to
United States and possessions. Send 37.00 and order Cat. PRE-RWRN.
To Canadian and other Foreign subscribers the combination price offer

is at $8.50 for these two magazines. Order Cat. PRE-FOR-RWRN.

RIDER'S MANUAL
The standby of the service man is John F. Rider's "Perpetual Trou-

ble Shooter's Manual."
Vol. 2 contains additional diagrams on the same basis as above, but

in Vol. 2 there is no duplication of any of the diagrams printed in
Vol. 1.

To get Vol. 2 free, send $9.00 for 154 -year subscription (78 weeks)
and order Cat. PRE-RM-2.

PHONOGRAPH MOTOR
Allen -Hough synchronous phonograph motor, 78 revolutions per min-

ute; takes up to 12 -inch records. Works from a -c line, 50-60 cycles,
105-120 volts. Equipped with felt -covered turntable. To start the
motor give it a slight impetus. Fits into 3 -inch depth, hence handy
for compact installations. Given free with 34 -weeks subscription at
$4.00. Order Cat. PRE-PHOMO.

A -C, D -C SOLDERING IRON
A serviceable iron that

works on a -c (any fre-
quency) and d -c, 105-120
volts. Sent free on receipt
of $1.50 for three -months
subscription (13 issues).
Order Cat. PRE-SOLIN.

COILS

These coils have 50, 100, 330, 400 and 800 turns,
diameter 1 inch, and are suitable for detector plate
altering? screen filtering, grid and plate loads, etc.
The 50 is for short waves, 100 for television band, 3)0
for broadcast band 400 for high intermediate fre-
quencies (450 to 300) and 800 for lower intermediate
frequencies. Any four, or four of a kind, or com-

binations not exceeding total of four, sent free on receipt of $1.00 for 8
weeks trial subscription. Order Cat. PRE -4 -CH and state chokes de-
sired, by quantity and number of turns.

TWO BOOKS

ANDERSON
A

BERNARD
some
books
Cats.

"The Superheterodyne," by J. E. Anderson and
Herman Bernard. A treatise on the theory and
practice of the outstanding circuit of the day.
Special problems of superheterodyne' treated au-
thoritatively.
"Foothold on Radio." A simple and elementary
exposition of bow broadcasting is conducted, with

receiver circuits and an explanation of their functioning. Both
sent free on receipt of $1.00 for 8 weeks trial subscription. Order
PRE-SH-FH.

CHOICE OF
PANEL TYPE

METERS

One meter sent free with each $1.00 trial sub-
scription (8 weeks). Order Cat. PRE-MTR and
add the number of the meter to the catalogue
number. Any number of meters may be or-
dered on the equivalent extended subscription
basis.

0-6 Voltmeter D.0 No. 326
0-50 Voltmeter D.0 No. 337
6 -Volt Charge Tester D.0 No. 23
0-10 Amperes D.0 No. 338
0-25 Milliamperes D.0 No. 325
0-50 Milliamperes D.0 No. 350
0-100 Milliamperes D.0 No. 390
0-300 Milliamperes D.0 No. 399
0.400 Milliamperes D.0 No. 394

HANDY One grid condenser of 0.00025 mfd., with clips;
one 5 -to -7 meg. fixed grid leak; one knob with

PACKAGE OF 54 -inch shaft; one a -c cable and plug. All sent
PARTS on receipt of $1.00 for 8 -weeks trial subscription.

Order Cat. PRE-HAINPKG.

SHIELDS
FOR 57,

58 TUBES

Aluminium shields of the type specified by the
tube manufacturers for sensitive circuits, so that
the shield top fits snugly about the tube dome, are
obtainable, six free on receipt of $1.00 for 8 weeks
trial subscription. Order Cat. PRE-TUBSH.

RADIO WORLD, 145 West 45th Street, New York, N. Y.
(WE PAY POSTAGE ON ALL PRODUCTS LISTED ON THIS PAGE, EXCEPT OHMMETER).


