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The latest model of a popular phonograph pick-up, designed for results with all types of modern output. Of low
impedance, it comes with adapters for use with all tubes, including screen grid.
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10p en Type Tuning Units for HB 22
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New Jiffy Tester,J-245-x, Anal)
Plate Voltmeter Range Enlarged to 600 volts, AC

Note the fascinating appearance of
the new J -245-X Jiffy Tester, with con-
nector plugs and cable tucked beside
the screen grid tube testing cable and
the color -identified pair of test leads
for using each of the three meters in-
dividually. As each meter is double
range, you get six -meter service from
this splendid outfit. This is the most
popular type of Jiffy Tester and the
most desirable in the low price range.
It is entirely sufficient in accuracy.

Three meters built into a case, 354"
high, 4" front to back, 8W' long, with
slip-on cover, both brown crackle -fin-
ished steel. Makes all tests of filament
voltages, AC or DC, with AC vol-
tage readings up to 140, plate volt-
ages up to 300, plate current up to 100
ma. Tests 4 -prong and 5 -prong tubes,
including screen grid tubes. Makes all
tests to 600 volts DC, 560 volts AC,
of all tubes, in conjunction with five
accessories included at $15,82.

The New J-245 Jiffy Tester, shown two-thirds scale.

What Test is Needed? J -245-x Makes It!
INSTRUCTIONS FOR J -245-X

A very complete three -meter tester.
Polarity cords-red positive and black
negative-with tips, are furnished for
using meters individually. Also a spe-
cial cord with clips is supplied for con-
necting to the control grid of screen
grid tubes. No extra adapter is re-
quired for screen grid testing. A four -
prong adapter is a part of the equip-
ment, used with the five -prong plug on
cable for connecting set socket with
tester. These parts are held in the
cover which makes a very compact
and convenient outfit.

Service Procedure
Check line voltage by connecting red

and black tipped cords at (+) (-) and
140. The other end of tipped cord in-
sert in a divided plug which is screwed
into outlet of line supply. If necessary
adjust compensating device on set
when set is not supplied with auto-
matic voltage regulator. Start with the

first RF tube and test straight through
to the power tubes. Leave all tubes in
set except tube under test. Put plug
into emptied set socket and tube into
proper Jiffy Tester socket. Do not in-
sert tester plug in rectifier socket
which is fed by AC. See instructions
for comparative testing of rectifier
tubes. Place cable tips in tester jacks
according to colors. Always do this be-
fore plugging into set socket.

Filament Volts
Place brown tip of cable in 10 jack

and white tip of cable in (+) (-) jack.
Read directly upper scale of AC Volt-
meter, which will indicate equally ac-
curately DC volts.

Grid Volts
By noting the plate and filament

voltage for a corresponding plate cur-
rent in milliamperes a grid bias volt-
age will be determined from the tube
chart furnished with instruction sheet
with all J -245-X.

To test grid volts at tester socket:
Set DC volt switch OFF.

Place red tipped wire in 60 jack and
touch to K jack.

Place black tipped wire in B- jack
and touch to grid jack.

Reverse leads if DC voltmeter reads
below zero.

Grid Condition
Push button to note grid condition in-

dicating change in the plate current
reading. The extent of plate current
change estimates the tube's liveliness.

Plate Voltage
Connect all cable tips in their re-

spective colored jacks, except YEL-
LOW, which place in B- jack.

Have DC volt switch ON. Read 0-300
upper scale of DC Voltmeter.

Plate Current
With cable tips in their respective

colored jacks set MIL -AMPS switch at
100. If milliammeter shows less than
20 set switch at 20. Read upper scale

on milliammeter with switch at 20 and
lower scale with switch at 100. Use 100
for power tubes.

Cathode Volts
Set DC volt switch OFF. Place black

tipped wire in B- jack and touch to 10
jack.

Place red tipped wire in 60 jack and
touch to K jack.

Screen Grid Volts
(G post of socket)

Set DC volt switch OFF. Put yellow
tipped cable wire in B- jack. Insert a
tipped wire lead in 60 or 300 jack and
touch to grid jack.

Control Grid Volts
(cap of tube)

Set DC volt switch OFF. Attach
wire with clips to pig tail in receiving
set and to top of tube in tester.

Place the red and black tipped wire
leads in 60 and B- jacks. Touch B-
wire to top of tube, and B+ or 60 wire
to YELLOW jack.

When testing AC power supply cir-
cuits use the tipped cords and attach
them to the tester jacks connected
with the filament AC voltmeter. If
higher voltages than 140 are to be
measured the proper multiplier should
be used. This is one of the five pieces
of auxiliary equipment furnished with
the outfit.

GENERAL
For individual and independent use of

meters, remove tester plug from set
socket, and remove from jacks all cable
tips used for connecting set with
tester.

To test 0-10 AC, DC volts plug one
tipped cord into jack marked (+) (-)
and other tipped cord in jack marked
10 v. Read directly on upper scale of
voltmeter.

To test line voltage plug into jacks
marked (+) (-) and 140 v. Read lower
scale on voltmeter.
To teat milliamperes plug black tip-

ped cord in jack marked -MA, and
red cord in jack marked +MA. Set
MIL -AMPS switch to 20 or 100, accord
ing to measurement taken.

To measure the total plate current
set MIL -AMPS switch to 100. Open
the B-lead to set operated with bat-
teries or eliminator and connect the
end from set to jack marked +MIL.
AMPS on tester. Connect the other
lead from eliminator to jack on tester
marked MIL -AMPS. If current is be.
low 20 set switch to the lower reading.

To make continuity or open circuit
tests. With plug in receiver socket
and tube in tester socket the defier
Lion of the milliammeter shows circuit
is continuous in the primary load
Testing transformers, chokes, etc., ma)
be done by disconnecting them an
connecting each winding between the

plate voltage source and the B volt.
meter. The voltmeter should show /

lower reading if the circuit is confirm
ous with the added resistance of
transformer, etc., between one of the

connections to the voltmeter and dr
B voltage supply. Usually a 221/2 vd'
battery is used for this purpose.

To test for shorts In condensers, ra
sistors, etc. With tube in tester cos
nect condenser under test to jade
-MA and +MIL -AMPS. If minima
meter shows change in reading the

part tested is shortened. Resistors, etc
may be tested by the same meths
as noted above for continuity tests, o'
by disconnecting tester plug from se
socket and connecting part to be teste.
between an external source of curres
end individual meter.

Testing Rectifier Tubes
Usually this testing is done aftel

all other tubes and circuits are checkeG
If the proper voltages are furnished t'
the plates at the different sockets the
the rectifying tube would not requit
testing. The comparative method $
testing is done by substituting a tut,
of known value for the one in the rer
tifier socket. Then, with the teste'
plugged into another of the set sock
ets, after removing the tube as:
placing in the tester, the readings
the instruments will show any differ
ence in output of the two rectifietubes as supplied to the tube in t11

tester. This test is most emplia0
when made on the power tube or tube
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es All Tubes, Sets and Circuits
oltmeter Range Extended to 560 volts Dandy Outfit!

J-560 multipliermultiplier increases 140 volt AC range to 560
volts. Supplied with jack terminals (top illustration).

J-106 multiplier increases 300 volts maximum of
plate voltmeter to 600 volts, with jack terminals.

J-19 changes
UV socket of UV -
199 tube receiver
to take UX plug
of Tester.

J-24 permits
tests of Kellogg
and old s t yle
Arcturus tubes as
filament is on top.

O

111

J-20 changes
UX socket of
Tester to receive
the odd base of
the UV -199 tube.

List Price, $26.10, Your Price $15.82, Complete!
THE very exacting demands of service men, experimenters,

teachers and students for an analyzer of sets, circuits and
tubes, whereby great versatility is required with accuracy,

are met by the brand-new Push -Switch Jiffy Tester, J -245--X.
It is scarcely possible you will ever encounter a testing require-
ment that the new J -245-X will not fulfill.

The J-245 is housed in a steel carrying case, finished incrackle brown, and contains everything except the five acces-sories that give the new Jiffy Tester its high mark of utilityand distinction.
,, The basic device is the J-245, consisting of three meters mounted on apanel, with sockets, jacks, and two switches, and including test leadsand 5 -prong plug with 4 -prong adapter. The DC volts switch and cathode

' tester are new features of this.
There are five accessories, represented by the "X" in the catalogue number.These accessories greatly extend the range and usefulness of the basicdevice.

Therefore the new Jiffy Tester with ALL accessories (and you should haveALL of them) gives you close readings on low voltages and currents, yet' reads all high values as well. Now you'll never be stumped.
J -245-X is especially designed to test up-to-date receivers, particularlythose using screen grid tubes and 245 single or push-pull, testing out-of-datereceivers just as well. It has an extensive usefulness and brilliant eye appeal.It tests sets with 201A, 200A, UX199, UV199, 120, 240 171, 171A, 112, 112A,245, 224, 222, 228, 280, 281, 227, 226, Kellogg tubes and old style Arcturus tubes.The two multipliers extend the ranges of two meters.
Into the case of the basic J-245 are built the following meters: one read-ing 0-20 ma. and 0-100 ma. for plate current, change -over switch included;one reading 0-60, 0-300 volts DC for plate voltages and DC house line vol-tages; and one reading 0-10, 0-140 volts AC and DC (though the meter ismarked AC), thus 0-140 may be used for DC line voltage.
The two plated switches and nine tip jacks are on the panel. The jacksare marked to receive the five -tipped leads which emerge from the pluggedcable connector. These leads are colored red, blue, brown, white and yellow,and so are little rings around the tip jacks that the leads connect to. Allnine jacks are marked besides.
One snitch is for change -over on the milliammeter, and the other is forthe grid return to note a tube's "liveliness." How this is noted is explainedin the instruction sheet.
Two sockets are on the panel, one 5 -prong, the other 4 -prong, for holdingthe UX and UY tubes, including screen grid tubes, both AC and batterytypes. To enable full test of screen grid tubes, including AC 224 and DC 222,a screen grid cable is supplied with the basic J-245.
The compact J -245-X (meaning including accessories), therefore, tests allplate voltages up to 600 volts, including B eliminators, all filament voltages,DC or AC, up to 10 volts; all plate current up to 100 ma. Besides, it pro-vides close readings for plate current of 20 ma. or less and for B voltagesof 60 volts or less, and AC voltage readings up to 560, including AC linevoltage. Besides, it reads screen grid voltage and control grid bias voltage.The base that contains the meters has four feet on it, is only 1%" high,and snugly receives the cover. Inside the cover is a spring clip to hold theplugged cable, with a 4 -prong adapter, as well as the red and black separatetest leads for use of each meter independently, and the screen grid cable.You have three separate double-range meters independently accessible, inother words, six meter service, besides the plug-in feature for joint use ofall meters in testing receivers, tubes, continuity, shorts, opens, etc. Used asa unit, the J-245 gives simultaneous readings on all meters. Use of indi-vidual meters gives one, two or three readings at a time.This outfit has a genuine leather handle on the top for carrying, and abraided strap for keeping the cover from coming off accidentally. It is thevery thing that the service man, experimenter, student and teacheT have beenlooking for.
Order Cat. J -245-X and you will be surely overjoyed at the possession ofsuch a handy, dandy, reliable and rugged Jiffy Tester, the neatest one youever saw, and one that abundantly answers the purposes of service work.A tube data sheet tells how to determine if tubes are 0. R.

IF YOU are a service man you are lost without meters. You may carryindividual meters around with you and still remain perplexed, for lack ofany means of obtaining access to the voltages or currents you desire totest. Therefore, an analyzer like the J -245-X is just the thing, and it ismuch more neatly made than you could possibly make a tester yourself,

since, besides the engineering talent required to design such a device,
thousands and thousands of dollars must be invested in dies. You reap the
benefit of expert engineering, quantity production and careful instruction as to
use when you buy a J -245-X. It is unqualifiedly recommended as superior to
any tester that is anywhere near so low in price. You could pay twice as
much and get half as much value!

Order a J -245-X today. It is sold on a 5 -day moneyback guaranty, which
nobody else offers. Try it out fot five days after receipt. If not fully satis-
fied for any reason, or for no reason at all, send it back with a letter asking
for refund of the money you paid. The refund will be made promptly.
There are no strings to this guaranty!

Remit $15.82 with order and we pay the cartage to any place in the world.
We positively guarantee speedy service as well.

BESIDES fetching appearance, sturdiness, compactness and low cost, the
J -245-X affords versatility by rendering individual access to each meter.
Use the red and black test leads for this purpose. Suppose you want to

know the total plate current drain of all tubes of a receiver. Use the
milliammeter at its "0.100" setting, connect the test leads to "milliamps

and the other ends of the leads in the negative 13 line.
This accessibility of each meter-six meter service, remember-heightens

the value of the J -245-X more than 100 per cent, and is a new feature.
You are all set to go when you possess the J -245-X. You will not even

experience limitations when desiring to test the B voltages on 210 and 250
tubes or desire to test UV 199 or Kellogg tubes which have filament emerging
from a cap at top.

The plate voltage on a 210 is usually 350 volts while that on a 250 is
usually 450 volts, and the B voltmeter, by use of multiplier, reads up to 600
volts.

Also, you may desire to test high AC voltages. In some places the line
voltage is 220 volts AC. You may want to measure power transformer
high voltage secondaries. The use of the other multiplier (for the 140 volt
AC meter) permits readings to 560 volts, so centertapped secondaries upto 1,120 volts may be measured. Multiply the reading on half the secondaryby two.

Extension of the serviceability of the
Jiffy Tester to a final form of remark-
able completeness, enabling as many
tests as analyzers make that cost more
than $100, is an important achievement.
Push -switch service is one feature. Ex-
tension of meter ranges is another, as
the accessories permit voltages as high
as 560 AC and 600 DC to be measured
directly, and 1,120 volts AC indirectly.

The J -245-X (consisting of the new
J-245 and five accessories) is packed in
a strong carton and safe delivery is
guaranteed. You run no risk whatever.
Our 5 -day money -back guaranty is
absolute.

How the J-245 looks when
the cover is slipped on and the
strap is tightened. The handle

is genuine leather

PLEASE USE THIS COUPON!
Guaranty Radio Goods Co., 143 W. 45th St., New York City, just East of

Broadway.
Enclosed please find $15.82 M.eOck. 00 for which please send at once, at your

expense, the J -245-X, as advertised, with the five accessories, instruction
sheet, carrying case.

0 Please send C. 0. D. I will pay $15.82, plus cartage.

Name

Address

City State

5 -DAY MONEY -BACK ABSOLUTE GUARANTY!
SHIPMENT 24 HOURS AFTER RECEIPT OF ORDER!
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New

Farrand Inductor
Extremely Sensitive, Faithful Speaker at 50% off List Price!

Model 6-G . $10.00
List Price $20.00

Model 10-G . . $11.00
List Price $22.00

The New Farrand Inductor Chassis, the inductor unit on a spider assem-
bly, with cone and supporting brackets. Chassis comes completely assem-
bled, ready to play

How the New Inductor Excels !
THE new Farrand Inductor Chassis is all the rage now because it affords

extremely high sensitivity with faithful reproduction of all the notes of
the audible scale. Here is a speaker that will support the good low -note

reproduction of the most modern and most excellent audio amplifiers, without
discriminating against middle or upper frequencies. If you do not have a
speaker that will respond faithfully to the audible scale of frequencies, then the
value of any good audio amplifier is largely lost.

An entirely new principle is involved in the Inductor Unit. The armature,
instead of moving from side to side in the direction of the pole pieces, as hap-
pens in ordinary magnetic units, moves like a piston along the length of the
air gap and maintains a steady distance from the pole pieces. As the sensi-
tivity is extraordinarily high, the gap is made wide, and the armature will not
strike the pole pieces.

The Inductor Chassis comes completely assembled, ready for operation. All
you need do is connect the speaker cords to the output posts of your receiver
or power amplifier. No energizing field is necessary.

Treat yourself to one of these exceptional chasses, and put it in a cabinet,
or use some other form of baffle if you prefer. The chassis works well just
as you get it, but works still better when aided by a cabinet or baffle.

These models, No. 6-G and No. 10-G, work exceptionally well with any of the
following as single output tube: 171, 171A, 245 or 250. Also the same models
are meant for any type of tubes in push-pull.

Model No. 6-G is 10" extreme outside diameter of cone, and Model 10-G is
12" extreme outside diameter of cone. The larger size, Model 10-G, gives a little
better reproduction of low notes. Both types stand the same exceedingly high
volume and output and use exactly the same unit.

Brookfield Cabinet
Model 10 for 10-G Inductor
Model 6 for 6-G Inductor

Either cabinet $6.50

A highly suitable
cabinet for the Far -
rend Inductor
Chassis la the

Brookfield. made in
two models, one for
each size Inductor
cone. The finish is
genuine DIY wal-
nut. The baffle ef-
fect is particularly
fine. These cabinets
are specially made
for these speakers
and are beautiful in
appearance, as well
as sturdy, because
of extreme expert-
ness and care In
manufacture.

Acoustical Engineering Associates
143 West 45th Street, New York City.

(lust East of Broadway)
Oe.etlemen: Enclosed please find 0 money order

0 check for f for which please
send me at once

O One Model 6-0 Farrand Inductor Speaker
Chassis, 510.1)0

One Model 10-G Farrand Inductor Speaker
Chassis, 11.00

0 One Model 10 Brookfield cabinet 6.50
One Model 6 Brookfield cabinet 6.50
0 For C. 0. D. shipment put cross here

Name

Address

City State
[Prepaid orders shipped same day as received

Canadian remittance must be by postal or ex-
press money order.]

0-600v, AC & DC
High Resistance Meter

ACCURATE TO 1%!

0-600 AC and DC Voltmeter-same meter reads both
-with 32" long flexible cords built tn, and equipped
with banger. Extreme (Hamster (less banger) 1%".

MOST USEFUL!
Here is meter that an abundance of uses.

because it has  wide voltage range, 0 to 600 volts, and
measures voltage of alternating current and direct current,
and is accurate tr 1%. In a meter it's accuracy that
counts.

You can measure not only the DC voltages of B
eliminators, power pacts and B batteries, with MUM
legible readings of 20 volts per division of the seals,
with wide divisions between 100 and 400 volts, so that
you can easily see to within 5 volts, but you can lee
measure the AC voltage across high -voltage power trans-
former secondaries. If full -wave rectification is used,
you measure each of the two sections of the transformer
secondary and add the voltages. Thus up to 1,100 total
volts across the secondary may be read. For half -ware
rectification, a secondary up to 600 volts is read across
the total winding. You find out at once whether this
winding is open or shorted, since no reading then would
be obtained, or find out whether the voltage is right.
or too high or too low. In all instances the se voltage
across the secondary should read higher than the de-
sired DC output, due to the voltage drop in the tube
and to the current In the entire voltage divider and Its
sections. The normal deduction from the AC voltage, is
obtain the DC voltage, is at least 10%.

A REQUISITE FOR SERVICING!
Often service men, experimenters and students must

know not only the transformer high voltage, but aloe
whether the AC line voltage hi the rated 110 volts or not
This meter tells you. Connect it across the 110 -volt ilne
By reading this voltage and the voltage of the high-voltsge
secondary you can also determine the step-up ratio, by
dividing the smaller reading Into the I .

Because this is a high -resistance meter yon can rely
on the accuracy of the readings.

Only a high -resistance meter can accurately measure
the DC voltage of a B eliminator. Other meters draw so
much current that the reading may be 50 volts less
than what it should be, or still more Inaccurate. and
you could almost guess the voltage more accurately than
e low -resistance meter would read.

MONEY -BACK GUARANTY!
This meter is sold on 5 -day money -back guaranty.

Buy one, try it, test it thoroughly, compare it with other
meters in performance and appearance. If not fully
satisfied, send it back and your whitey will be premien.,
refunded.

The meter is full nickel plated, highest possible
polish, has green cords, with red (positive) and blew*
(negative) moulded bakelite tip -holders, and sturdy tips.

The positive and negative indications are for DC measure-
ments. For AC the meter may be connected at random.

This meter, which is of the moving vane Me, is
made in Germany and represents finest workmanship.

Cat. M600 AC -DC $4.95

SEND NO MONEY!

GUARANTY RADIO GOODS COMPANY,
143 West 45th Street. New York, N. Y

(Just East et 8readwaY).
Please ship at once C.O.D. one 0-600 voltmeter, read -

tog both AC and DC, on 5 -day money -back guaranty.
This meter must be exactly as advertised in Radio World
Cat. M600, price $4.95

NAILS

ADDRESS

City State

S -DAY MONEY -BACK GUARANTY
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Fallacies Gain High Favor
Popular but Wrong Roads Lead to Trouble

By James H. Carroll
Contributing Editor

THE misconceptions regarding radio technique could be
codified and would make an interesting volume. Some of
them are of such popular acceptance as to make the fallacy

counterbalance the fact in numerical credence. It would be a
fascinating study in psychology to ascertain how these mis-
beliefs originated, or, rather, how they come to win greater
popularity than the truth. Notions are notorious for their lack
of authenticity. A man may regret he does not know what the
fact is, but is proud nevertheless to assert that he knows what
he believes. In mere academic discussion this would be harm-
less, but radio is a practical science, and it is disastrous to fol-
low the miscues. An audience of tubes will hiss a man for his,
gauche efforts.

In general, the chief mistake is in ascribing untenable causes
to effects. To select one example, a receiver works well on a
certain eliminator, another receiver, when served by the same
eliminator, will make motorboating audible. The customary
inference is that the second receiver is at fault. If the receiver
must be separated from the B eliminator for the assignment of
cause, then certainly the B eliminator is to blame. The reason
there was motorboating when the second receiver was used was
that this receiver had a good audio amplifier, one that carried
on high amplification even at low audio frequencies, hence the
oscillation at low frequency (motorboating) was audible. You
could filter out the low -note response and stop motorboating,
but that would be nothing other than sabotage to a good audio
amplifier. A better remedy by far would be to reduce the
impedance of the B supply by putting in filter and bypass con-
densers of large capacity, as across the output, and from inter-mediate B positive voltages to negative of the B supply.
Electrolytic condensers afford such large capacity compactly.

HARD PUT TO IT SOMETIMES
It is true that sometimes jnotorboating is so bad that even

an expert is put to it for a remedy. Sufficiently large capacity
always will turn the trick, but it is not always possible to obtain
large enough capacity. Some conditions would require 50 to
100 mfd. across the output, with 8 or 18 or some other such
capacities for bypassing intermediate positive voltages.

Oscillation at audio or radio frequencies is often an encourag-
ing sign. At radio frequencies it proves that the circuit is keen,

THE USE OF LARGE FILTER AND
BY-PASS CONDENSERS IN THE
FILTER CIRCUIT AND BETWEEN
EACH OF THE INTERMEDIATE
VOLTAGES, AS SHOWN IN THIS
DIAGRAM, CURBS MOTOR -BOATING.

and that it requires only balancing or shielding to make laige
gain stable and effective. Of course uncontrolled oscillation is a
gain -killer, for instead of pure signals you have impure inter-
ference. But always something can be done about it.

At audio frequencies the oscillation may be anywhere in the
audible scale, or even may be super -audible, in which instance
we usually are unaware of its presence, hence happily do nothing
about it.

GAINFUL LOSS BY SHIELDING

The subject of shielding is surrounding with a maze of mis-
conception. What shielding effectuates, in general, is the man-
ageable operation of a high -gain radio frequency amplifier.
Gain is produced by establishing a loss of a peculiarly protec-
tive type, a loss that has its compensatory features.

Take, as an example, a stage of radio frequency amplification
and a detector. That is a simple two -tube receiver. Omit con-
sideration of the audio amplifier for the moment. Little, if any-
thing, can be gained by shielding such a receiver, first, because
the oscillation nuisance is otherwise easily made tractable, and,
second, because the shields themselves usually produce enough
losses to deprive the circuit of selectivity.

But take several stages of radio frequency amplification, and
there is so much excess amplification that some means must be
introduced of reducing the gain, and that means may well be
shielding, which becomes a double advantage, because (a) it
tends to eliminate stray pickup by the coils used for coupling,
hence confines the input to the detector to the tuned frequency,
and (b) the gain is confined to practical limits. The circuit
must be long past that state when introduction of losses is neces-
sary for stability or workability before shielding can be recom-
mended. There are some exceptions, as where extremely high
gain is artfully produced in a simple two -tube circuit, but as a
rule shielding should be reserved for two stages or more of radio
frequency amplification.

POINTERS ON SCREEN GRID TUBES
Since the higher the amplification the greater the advisability

or necessity of shielding, it follows that high -gain tubes are first
to require stage shielding, and even the tubes may be shielded
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Deeply Rooted Ideas Often Run Counter to Science
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as well, to advantage. An example is the screen grid tube
worked in multi -stages.

Screen grid tubes, like some wives, are misunderstood. It is
not a good suggestion to revamp an existing receiver to include
screen grid radio frequency tubes, although if only one stage
of RF is used, a screen grid tube may replace a general purpose
tube. In that event the number of turns on the primary of the
interstage coil would have to be increased, usually doubled.
This is the winding in the plate circuit, assuming that the suc-
ceeding grid circuit is tuned. Substitution made in this manner
improves volume and sensitivity, but does not work miracles.

All tubes biased by a voltage drop in a resistor, where the
current through the resistor is low, require that the resistor be
bypassed by a condenser of suitable capacity. At radio fre-
quencies this capacity may be small, say .006 or more, but for
audio frequencies it should be at least 1 mfd. for intermediate
stages and 4 mfd. for the output stage bias.

The current through individual resistors in AC circuit stages
is plate current, and the signal voltage across the resistor is out
of phase with the grid circuit voltage, hence there is negative
feedback or de -amplification, besides an injury to tone. That
this condenser may be safely omitted is a common fallacy.

CONDENSER NEXT TO RECTIFIER
Next to the rectifier tube in a B supply, it is often assumed,

a large capacity must be placed. In point of fact, 2 mfd. is suffi-
cient. The larger the capacity at this point, the greater the
strain on the rectifier tube at the moment of starting, since a
high capacity subjects the filament of the rectifier to a high
drain for charging up the condenser. The higher this capacity,
the higher the final voltage output, but that voltage should be
determined by proper design of the high -voltage winding of the
power transformer and the amount of current drawn by the
receiver and amplifier, plus the bleeder current which is the
current independent of that drawn by the receiver.

The lower the total resistance of the voltage divider, the
higher the bleeder current, and this current should be maintained
at a fairly good level, and the rectifier circuit so designed and
chosen to permit this, as when the current is higher the resis-
tance values necessary to produce required voltage drops are less,
and the relative effect of the bypass condensers is greater.
Therefore, a fairly good amount of bleeder current, say 20
milliamperes or more, tends toward stability, the bleeder method
being one way of enhancing the effect of the condensers and
reducing also the impedance in two ways, both in the same
favorable direction. Hence, it is not necessary to have 15,000,
20,000 and 30,000 ohm voltage dividers. About 14,000 ohms would
be plenty for a 245 power amplifier to work a receiver.

Where the current is high in battery -operated circuits the
resistance is so small that it is not imperative to bypass it, as,
for instance, the biasing of a tube that has a battery heating its
filament, where the bias is obtained through the voltage drop in
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THE CORRECT WAY TO INSERT RESISTANCES FOR
GRID BIASING IS SHOWN IN THE ABOVE DIAGRAM.
NOTE THAT EACH BIASING RESISTOR IS BY-PASSED.

a filament resistor. If the resistor is in the negative filament
leg, and the negative filament (F minus) is taken as the reference
point, a grid return to negative A (at the battery or equivalent)
will provide a bias equal to the voltage drop in the resistor.

Whatever the bypass condenser recommended or specified
(except the filter condenser next to a rectifier), nothing but
good can result from using a higher capacity. If 8 mfd. is
recommended for across the output of the filter chokes, 18 mfd.
may be used beneficially. Capacity in these positions is like
money : you can't have too much of it.

THE CASE OF METERS

Meters have not escaped the notice of the bad guessers. It is
assumed by many that something can be done to a meter to
make it more sensitive. But the sensitivity is built into the
meter and in general can not be changed. If a series resistor
is used with a 0-300 voltmeter to increase the range to 600 volts,
the amount of current required to make the needle read full-
scale deflection is not doubled, but remains constant, and the
sensitivity of the meter remains unchanged. The multiplier
simply requires that 600 volts be applied to produce the same
current. So 150 volts could not be read more accurately with
the multiplier in or out.

Nevertheless, many believe that a 0-10 milliammeter somehow,
by attaching something to it, could be turned into a 0-1 milliam-
meter. Under all circumstances the 0-10 milliamnieter will re-
quire 10 milliamperes flowing through the meter for full-scale
deflection. This is true even if a shunt resistor is used to
multiply the range. The current in excess of 10 milliamperes
would flow through the shunt. So a 0-1 milliammeter has its
sensitivity built into it, and requires 1 milliampere for full-scale
deflection. The resistance of this metter when the meter is used
this way may be small, say 100 ohms. This is usually the resis-
tance of the coil in the moving coil type of meter.

HOW TO FIND RESISTANCE PER VOLT
If a resistor is put in series with the 0-1 millammeter, so that

when 600 volts are applied the full scale will be read, then you
have a 0-600 voltmeter, of 1,000 ohms per volt resistance. What-
ever the value of the series resistor, the meter will have 1,000
ohms per volt resistance, because the resistance per volt of a volt-
meter is the number 1 divided by the total current required for
full-scale deflection. This total current always is 1 milliampere
in the given instance.

Nevertheless, many believe that a 0-1 milliammeter is simply
a 0-10 or 0-100 or other higher range meter that has had some-thing done to it. And the assumption is that a dollar that buys
a 0-10 milliammeter of sorts will buy a 0-1 milliammeter, although
a meter that draws only 1 milliampere at full-scale deflection is a
sensitive instrument, something expertly and carefully made, andthe price usually runs into two figures.
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Sensitivity Galore!
MB -29 Sets New High Mark for Delighted Users

By Harvey Sampson

THE CIRCUIT OF THE MB -29, A SCREEN GRID AMPLI FIER WHICH IS ONE OF THE MOST SENSITIVE TUNED
RADIO FREQUENCY TUNERS EVER DESIGNED.

THE MB -29 has brought about an unusual situation in radio.
The stock question by fans used to be : "How can I make
my set more sensitive?" Now many fans who have given

this circuit a good trial ask the opposite : "How can I cut down
the sensitivity of my receiver ?"

Of course they do not mean that they are anxious to have a
less sensitive receiver permanently, but only while they are
listening to local stations. They don't want to sit on the loud-
speaker to keep it from jumping out of the nearest window when
a local station is tuned in. They want plenty of volume on all
stations but not too much of it on any one.

There is a wide -range volume control in the circuit to take
care of just this situation, and in most instances it is only nec-
essary to hand it out to those fans who think they are getting
too much for their money. But in some cases the complaints
have not been formulated until after the volume control has
been explored. It seems that local stations of high power are

too strong. In these cases a simple remedy is to put a small
condenser in the antenna circuit. It's magical.

Another thing this condenser is good foi' is to cut out recep-
tion on the second harmonics. If a local station should come
in at two or more points on the dial, try the condenser. It's
effective.

There have been some complaints that the tuner hums too
much. Those who complain know it is the tuner because the
audio amplifier did not hum before it was connected to this
particular. One of these cases was investigated and it was
found that the hum was due to an open grid in the audio fre-
quency amplifier. The "C" battery has simply been left out.
In another the hum was found to be due to a badly overloaded
B supply unit.

The MB -29 brings in an almost unbelievable number of distant
stations with local volume. It has a steady daylight range of
1,500 miles and will "cross the continent" at night.

SPLENDID RESULTS HAVE BEEN OBTAINED WITH THIS SCREEN GRID, PUSH-PULL RECEIVER. THERE ISVOLUME APLENTY. IT IS THE NEW PUSH-PULL BATTERY MODEL SCREEN GRID DIAMOND OF THE AIR.
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"Television Soon"-Lafount
Federal Radio Commissioner Calls Present Success Fair

By Harold A. La fount
Federal Radio Commissioner

NINE years ago an amazed world awoke to read that on the
night before instrumental and vocal music had been broad-
cast through a strange electrical apparatus and received

many miles away from the sender by persons in various parts
of the country. Radio broadcasting was hailed as the miracle of
the century-a scientific discovery, infinitely more wonderful to
the popular imagination than the transmission of the crude
wireless telegraphy of Marconi, accomplished in 1896.

Since that time, the art has developed with astounding rapidity
until today its importance in the industrial world can only be
appreciated when we realize that $650,000,000 worth of receiving
sets and accessories was manufactured and sold last year. This
does not include the enormous sum which went for transmitting
sets, studio equipment and other facilities for production of pro-
grams. And neither does it include the millions of dollars paid
to artists and musicians.

$3,000,000,000 INVESTED
Today nearly every family in the United States owns a receiv-

ing set. I am told that the investment of the American people
in receiving sets alone amounts to more than $3,000,000,000.

This certainly indicates your interest in radio programs. It is
positive proof that radio is an indispensable necessity.

Naturally this stupendous investment must be safeguarded.
And so it was with a view to protection that a sympathetic
President, Cabinet and Congress exercised the foresight to pass
the radio act of 1927. And by so doing, they anticipated the
universal use of this new and undeveloped discovery of science.
The Federal Radio Commission was by the same act created to
regulate and limit the use of radio in the best interest of the
American public.

The act provided that this country be divided into five radio
zones and for the appointment of a commissioner from each-
not to represent the zone, but to act with his four associate
Commissioners-as a part of a National Commission. The new
Commission was charged with the responsibility of issuing all
licenses for radio transmission.

EQUALIZATION AMENDMENT
Some months later, the law was amended providing that the

radio facilities of the United States be divided equally among
the five zones and equitably among the several States in each
zone according to the distribution of the population in the States.

By this you can readily see that a sincere effort has been
made by the Government to impartially divide the benefits of
this great natural resource between all the citizens of the Nation
because they share equally in its ownership.

To make and maintain such a division, or such equality, was
found to be no easy task. In other words upon 90 wavelengths
available for the purpose we must place the 615 broadcasting
stations in such a way as to maintain equality and reduce
interference.

Thii proved to be somewhat of a Chinese puzzle but after
working day and night for several months the Commission
decided upon a plan of allocating a definite number of cleared,
regional and local channels to each zone and to each State
based upon its population.

An additional requisite of the law and a very wise one, is that
every station must be operated in the public interest, convenience
and necessity. Although a just requirement, it is a difficult one
for the Government to enforce. It means that the Commission

must determine which applicant or broadcaster can best serve
you.

Naturally all of them believe they can render or that they
actually are rendering the highest possible public service, com-
mensurate, of course, with the size of their respective cities. It
is, however, a matter for the Commission to decide, and in so
doing the public's interests, likes and dislikes, and local condi-
tions, are all-important. Naturally mistakes are made, it being
rather difficult always to anticipate public desire. Likewise there
may be violations of the Government's confidence expressed by
its granting a radio license, but generally speaking broadcasters
are making a sincere effort to comply with all rules and regu-
lations of the Commission and to operate in the public interest.

BLURBS GETTING FEWER
Yes, indeed, they sometimes talk too much about the com-

modities they advertise, but that practice is being discontinued
by many stations. Certainly, their only available income is from
advertising but this generally is in the form of a sponsored pro -
grain, which is not so objectionable to the listeners, in fact, I
believe this method of support or maintenance is preferable to
the taxing of receiving sets. Under the present method of
broadcasting in the United States it is leading every other
nation on earth.

I do not believe we have reached perfection. Many changes
will have to be made and some programs improved. But the
programs now being broadcast in this country cost millions of
dollars annually. It requires a substantial army of men and
women. A still larger throng, including many of the world's
greatest artists, carries out the carefully planned details in order
that the public may be entertained and educated. Thousands
appear before the microphone each year, all seeking public
approbation.

TELEVISION "WON'T BE LONG"
It is inconceivable that we all enjoy the same program, con-

sequently broadcasters are continually striving to diversify them
in an effort to please all their listeners some of the time, and
perhaps that is all we can expect since our likes and dislikes
ary so much.
It won't be long until you are going to see as well as hear by

radio. Experiments in television are being conducted now with
fair success.

It is my belief that the day is imminent when you may
witness not only moving pictures, scenes and spectacles but
even football games or a world series. I believe you will be able
to follow the progress of a trans -Atlantic flight and I believe
also that planes may be flown without a pilot just as battleships
may be controlled by radio signals.

At every hand we have indications that these and other
wonderful developments are on the threshold. Such a growing
and such a changing scientific art requires the eternal vigilance
of your Government, that it may be qualified to allocate these
precious wave lengths to the proper service consistent with their
characters and public necessity.

Unceasing study and research must underlie every decision ofthe Commission. This rapidly growing industry must be main-
tained in paths of public interest. Your right as citizens of this
great country must be and I am sure are being safeguarded,
and under no circumstance should we permit a subversion of
your interests to the profit-taking interests of private or com-mercial enterprises.

How Important Is Artist's Confrontation?
The radio is not yet a refuge to which the under -educated

repair for the replenishment of their brain. An author esti-
mates the annual cost of radio at $750,000,000 in the United
States, listing it under "play impossible without machinery,"
its financial predecessors being (1), pleasure motoring; (2),
vacations and travel ; (3), moving pictures ; and (4), newspapers,
tabloids and light fiction.

There is indeed an advantage in directly seeing a singer or
watching an orchestra, and this adds to the enjoyment, but
does not deprive other forms of listening of their enjoyment
and play factor. Due to radio, ten thousands times as many
persons have heard the great living musicians than would have
heard them by confrontation.

The assumption that the artist performing before a phono-
graph recorder must be necessarily "a more or less bored
singer," is opinionative, not factual. One could not have meant
Al Jolson, Sophie Tucker, Irene Franklin, Rudy Vallee, Harry

Lauder, Reinald Werrenrath, Emilio de Gogorzo, but he may
have had in mind the two records Jenny Lind made, long afterher retirement and very shortly before her death. If anything,
most of the living phonograph singers, and they are the radio
singers also, have too much wild enthusiasm for their musicaland histrionic weight, straining like a fat man at a picnic trying
to climb a rope hand over hand.

A fact lost to sight in the discussion of radio and its relationto play is that although the physical personality of the per-former can not yet be envisaged, the faithfulness of the copymakes up for that. There is no need to argue that the gap iswide, but the bridge of television is being built to span it.Radio is not and never can be original rendition, but alwaysis a copy of an original, or a copy of a copy. There is nopossible argument against transmitting specially recorded
broadcasts, and even now extensive plans are afoot to send out
chain programs by the recorded method.
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The Value of Recordings
Phonograph a Great Auxiliary - Pickup Must Be Excellent

By Neal Fitzalan

S
0 MANY eminent artists are now performing over radio
almost nightly that it would seem there is no need to sup-
plement the splendid music with phonograph recordings, but

that is not so. The better the programs received over the radio
set, the more good records are being played, and they are
played over a part of the radio receiver, the amplifier and the
loudspeaker.

There are many reasons, of course, why the popularity of the
electrically played phonograph is gaining. In the first place
the public is getting used to first-class music and only the best
will now be accepted. When there is a decline in the quality
of the radio program fans turn instinctively to the phonograph
to keep up the good entertainment until the time that a really
first-class program is being rendered.

Another important reason for the increasing popularity of
electrically recorded and played phonograph music is the de-
sire to make direct comparisons between performances of dif-
ferent artists of the same selection and between radio and
phonograph renditions of the same music by the same per-
former at different times. For example, Chaliapin sings a cer-
tain well-known and well -liked song over the radio. As soon
as he has signed off and while the memory of his rendition is
fresh in the mind, the listener turns on a phonograph record
of the same song by the same artist. Or, again, Tibbett may
sing a song over the radid, a song made famous by Chaliapin,
and as soon as Tibbett's turn at the microphone is over, the
phonograph is turned to Chaliapin's record of the same song,
which is enjoyed a second time.

PHONOGRAPH GOES ON
The phonograph is not turned off after the first record but it

is kept playing for some time. Perhaps it is not stopped until
several of Chaliapin's records have been played, and several of
Tibbett's, and several of some other recording artist. After
all, the phonograph record represents a best performance of
every artist, a performance selected out of many trials, while
the radio performance is only one rendition. The artist may
not be at his best at the radio moment.

The ponograph is by no means limited to comparisons after
the radio performance of a certain artist, but is often used as
a preparation for a radio program that is known to go on the
air at a certain hour. Perhaps Bunchuk is scheduled to play
some cello solos on the radio at a certain hour and as a prepara-
tion records of Casals are played just before the hour. The
enjoyment of the music is sure to be keener because of the
familiarity that timely repetitions engender.

The greatest argument for the use of phonograph records has
always been that any music can be had when it is wanted.And it can be had as played under conditions that approach
very close'y to the ideal.

IDEAL CONDITIONS
There is no denying that phonograph music electrically re-

corded and electrically played is reproduced under the most
favorable conditions. The technique of recording by electric
means is well-nigh perfect from the acoustic, the electric and
the artistic points of view. There is little more to be desired
with respect to quality of the music stored in the record.

However, that music stored in the disc must be reproduced
under conditions as nearly ideal as possible if full benefit is to
be derived from the artistic and scientific achievements which
it represents.. There are four devices used in playing, all of
which must be of exceptional quality possibilities. These devices
are: (a), the motor driving the record; (b), the pick-up unit
that converts the mechanical vibrations into equivalent electrical
vibrations; (c), the audio frequency amplifier that increases the
minute electrical vibrations into true and magnified electrical
copies of the vibrations generated in the pick-up unit, and (d),
a loudspeaker which can convert these magnified electrical
vibrations into equivalent sound vibrations with greatest fidelity.

The driving motor must meet certain definite conditions if
it is to be suitable for driving a phonograph record. In the first
place it must have sufficient power not only to start up quickly
but to maintain the speed at a constant value. This means thatthe motor should have a high starting torque and reserve
power. It must also operate satisfactorily on commercial cur-
rent frequencies, and it must have a positive micrometric speed
control so that the turntable can be driven at the proper rate
without the slightest variation.

Moreover, the motor must run noiselessly and without any
vibrations. Mechanical vibrations easily get into the music and
are reproduced as interfering sounds and they also shorten the
useful life of a record. Electric sparking must be completely
absent from the motor, and this means that it must be of the

induction type in which no commutator brushes of any kind
are used.

THE PICK-UP UNIT
One of the most important parts of an electric phonograph

is the pick-up unit, and it must have certain mechanical and
electrical features without which the best system is incapable
of reproducing true music. It must have a well counterbalanced
tone arm of suitable length and of suitable weight. If the arm
is too short, the needle will not trace the record groove at the
correct angle throughout the run. If it is not counterbalanced
the unit will bear too heavily on the record and rapidly wear it
out. If the entire unit and tone arm assembly are not heavy
enough the low notes will not be reproduced because the unit
as a whole will move instead of the needle and armature alone.

The armature must be properly mounted in the unit so that
it is free to move without noisy friction. Further, it must be
so mounted that there will be no undue stiffness to limit its
excursions as demanded by the low note undulations in the
record. Neither must the armature be so heavy that it cannot
follow the rapid undulations corresponding to the high notes.
If there is too much mass in the armature the needle will
rapidly ruin the high frequency portions of the record. Nat-
urally, it requires a great deal of research to secure a unit of
the best possible design both with respect to low and high
frequencies. But such designs are now available and one is
represented by the latest model Phonovox.

A distinct advance was made in phonograph pick-ups when
cobalt steel magnets were introduced. With this steel a unit of
comparatively light weight can be constructed without in the least
sacrificing its magnetic efficiency. Indeed, the chief advantage
of this steel is that a greater magnetic strength can be obtained
and vastly greater permanence. With respect to permanence of
the magnetism, this steel is in a class by itself, and pick-up units
made of this material should have marked advantages over those
which employ ordinary steel.

The armature coil in the pick-up unit in which the signal
voltage is induced by motion of the armature is another element
of the unit which must receive careful attention if proper re-
production is to be achieved. In this respect, Pacent engineers,
designers of the Phonovox pick-up units, have found that a low
impedance coil gives the best results, and can be used ad-
vantageously when working into a screen grid tube.

Since the armature must be mounted so that it will swing
freely in the magnetic field without being permanently at-
tracted to one pole or the other, there must be a restoring
force, which is usually supplied by springs. There is danger in
this of getting resonance peaks at which excessively high volt-
ages will be generated. It is customary to introduce filters of
some kind to overcome this difficulty. Sometimes the filters
are electrical and sometimes mechanical. In the latest Phonovox
units mechanical filters are used to level the generated voltage,
and it is said that there is practically no change in the generated
voltage amplitude within the band of frequencies from 40 to
8,000 cycles. With such a range the low notes obviously will
be brought out full strength and the high will not be over-
emphasized to necessitate a scratch filter.

POINTS OF CONVENIENCE
A desirable feature in any pick-up unit, found in the latest

Phonovox, is the "fold -back hinge" by means of which the
pick-up can be folded back on the tone arm for easy insertion
or removal of the needle. This removes the necessity of swing-
ing the tone arm off the record while making the change.
However, the tone arm can be swung around easily to get
it out of the way while changing records.

The remaining two sections of the electric phonograph,
namely, the power amplifier and the loudspeaker, need no special
discussion. There are many excellent amplifiers and speakers
available. However, when possible the amplifier should be of
the push-pull type, at least in the last stage. Also, the loud-
speaker should preferably be of the inductor or dynamic types.
Two stages of amplification usually are sufficient, although
three can be used if there is a suitable volume control.

The Pacent Wafer Adapters are a great convenience in mak-
ing the correct connection between the output of the pick-up
unit and the amplifier circuit. These adapters fit over the prongsof the tube and contain tip jacks for the terminals. The con-
nection made is in the grid circuit of the tube, which is the only
way that connections should be made.

A complete electric phonograph, with the exception of theamplifier and the loudspeaker, is available in one unit. It con-tains the motor, turntable and the pick-up unit, together withnecessary accessories, and is called the Pacen Electrovox.
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How to Make19 Tests in 5
Plate Current, Filament, Plate and Line Voltages, Continuity,
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FIG. 1
THE CIRCUIT DIAGRAM OF THE J -245-X TUBE

AND SET TESTER.

The J -245-X tube and set tester, the diagram of which
is shown above, has been primarily designed for making
various tests on receivers and tubes, such as voltage, cur-
rent, emission tests, as well as continuity tests on the various
units that are used for coupling tubes. Thus it uses tie re-
ceiver's power. However, the tester is equally valucthle in
making tests on tubes independently of any receiver and a
large number of measurements can be maae with the unit in
this manner. A feature of the unit is that each of the
meters can be used independently for external measure-
ments, such as AC and DC line voltages, low voltages both
AC and DC, direct currents up to 100 milliamperes, and in-
directly, resistances. Nineteen of the possible tests that
can be performed quickly are outlined below.

TEST NO. 1-FILAMENT VOLTAGE, AC OR DC.
Connect the four -lead cable terminals to the tester, color

for color. Keep right snap switch on off position. Remove tube
from set and put in tester. Plug cable into so'cket just vacated.
Read the filament voltage on the 0-10 scale of AC voltmeter.
Repeat for other tubes.

The filament voltage alone on any tube can be measured by
using the voltmeter separately. Use the red and black leads
only on the tester, using brown and white sockets. Touch the
other two terminals to the filament terminals the voltage of
which is to be measured. Read on the 0-10 scale.
TEST NO. 2-PLATE CURRENT OF ANY TUBE.

Proceed as in test No. 1. Set left snap switch on 100. Read
the corresponding scale. If the current is less than 20 milli-
amperes throw switch over to 20 and read the upper scale of
the milliammeter for a more accurate reading.
TEST NO. 3-TOTAL PLATE CURRENT OF A RECEIVER.

Use the milliammeter of the tester as a separate meter. Open
the B minus lead of the receiver at a point where it is known
all the current flows. Set the milliammeter on 100. Connect
the opened B minus leads to (-) and red jacks marked mil -
amps. If needle of the milliammeter goes backward reverse the
leads. For this purpose use red and black leads furnished with
the instrument. If the current is less than 20 milliamperes,
which is not likely, throw switch to 20 and read the upper scale
of the milliammeter.
TEST NO. 4-PLATE VOLTAGE, ANY RECEIVER TUBE.

Proceed as in Test No. 1. Put right snap switch on the "on"
position. Read the voltage on the 0-300 scale.
TEST NO. 5-CONDITION OF TUBE.

Proceed as in test No. 2. Note the plate current. For fila-
ment tube connect a lead between Blue and White momen-
tarily while reading current. For a good tube the current
should be about doubled. For a heater tube push down small
brown push-button to connect grids with catho'de. Again the

current should about double. For normal values of current see
the table plate currents for various tubes that accompanies the
tester.
TEST NO. 6-FILAMENT EMISSION.

Plug in all the tip jacks except the' blue. Join the blue and
the (-) M.A. jacks with a lead. Otherwise proceed as in test
No. 2. Read current on the milliammeter set on 100 or o'n 20
according to the value of the current. The total is the emission
current because the filament and the grid are ccinnected
together.. Short-circuit load on the tube in the receiver to get
the current when there is no load.
TEST NO. 7-AC LINE VOLTAGE.

Tap the AC at any convenient point, taking precautions
against short circuit of the line. Bring one side of the line to
jack 140 and the other to the white', jack. Read voltage on the
0-140 scale of the AC voltmeter.
TEST NO. 8-CONTINUITY.

Apply tests Nos. 1, 2 and 4. If the circuit shows filament volt-
ages, plate current, and voltage the circuits involved are con-
tinuous. If there is no indication there is an open somewhere.
To locate the open use DC voltmeter and an external voltage
source, such as a 7.5 volt battery. Plug the black into (-) in
the center of the tester and the red into plus 60 jack. Connect
the red to the plus side of the external battery and another
lead to the negative. Use the black and the new lead for
exploring the suspected circuit. If the two leads arc touched
on opposite sides of the open no indication will be obtained on
the meter, or at least very much less than when the two explor-
ing leads are touched together. By this method the open can
be bracketed in until its location is found.
TEST NO. 9-SHORTS IN CONDENSERS, RESISTORS

AND COILS.
Proceed as in test No. 8. Preferably remove the part to be

tested from the circuit. Connect the exploring leads -to the two
terminals of the part and note the voltate reading. -If it is
shorted the reading should be the same as when the two ex-
ploring points are touched together. If the condenser is good
there should be no reading. If the resistor is good there should
be a reduction in' the voltage reading by an amount depending
on the value of the resistance. A coil is tested the same way
as a resistor if its resistance is high. If its resistance is low this
is no test and the coil should be traced out when that is possi-
ble. This is easy on open radio frequency coils.
TEST NO. 10-WHAT BIAS IS APPLIED.

This can be done on any tube by using the DC voltmeter
separately. Use the red and the black leads and plug into 60
and (-) jacks, respectively. Connect the red to the filament
or cathode in the set and the black to the grid or the F minus
terminal of the coupling transformer ahead of the tube, or td
the corresponding point on the grid leak. If the lead is con-
nected to the grid inaccurate readings will be obtained, if any
at all.

A better way of obtaining the grid bias is by noting the plate
current as in Test No. 3 and then applying a grid bias battery,
varying it until the plate current is the same as when the
regular bias is applied. The bias is thus measured by its effect
on the plate current and by comparing it against a known
voltage. This method works in all cases whereas the first
method works only under certain conditions.
TEST NO. 11-OVERLOAD AND DISTORTION ,

Proceed as for measuring current, plugging into the socket
of the power tube. Note the needle o'f the milliammeter. If
the needle remains stationary, or if it fluctuates only a little.
on loud signals, the tube is not overloaded. The violence with
which the needle jumps around on loud signals is a measure of
the degree of distortion or overloading. If the overloading is
severe, the tube ahead of the power tube might be tested in
the same way, provided that the coupling between the two
tubes is not resistance.
TEST NO. 12-WHAT BIAS SHOULD BE APPLIED.

Proceed as in test No. 11 and note the needle on the millia-
meter. If it kicks upward on loud signals the bias is too high;
if it kicks downward, the bias is too low. If the needle stands
still, the bias is correct. If the tube is overloaded the needle
will never stand still, but if the bias is right it will kick up as
much as down from the position it holds when no' signal is
impressed on the tube.
TEST NO. 13-STARTING AND STOPPING OF OCCILA-

TION.
Proceed as for obtaining the plate current, plugging into the
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mutes With the J -245.X
orts Ascertained-Rectifier Tubes Tested Comparatively
Andrews

oscillator tube. The starting of oscillation is indicated by a
sudden drop in the plate current.
TEST NO. 14-SCREEN GRID TUBES.

Proceed as for other tubes, leaving the grid switch on the
"off" position. Connect one end of the special cord with clips to
the control grid at top of the tube in the tester and the other
end of the cord to the clip in the receiver, that is, to the clip
which goes on the cap of the tube normally. Read plate current
on the milliammeter. The control grid test may be made by
removing the end of the special cord from the receiver and
touching this end to the 10 (brown jack). The plate current
should increase.
TEST NO. 15-SCREEN GRID VOLTAGE.

Use DC voltmeter separatesly. Plug in red lead into plus 300
jack and black lead into (-) jack. Connect other end of red
lead to screen grid (G on socket) and the other end of the black
lead to the filament or the cathode. Read voltage on DC meter.
If less than 60 move red lead on tester to plus 60 jack and read
on lower scale.
TEST NO. 16-DC VOLTAGES UP TO 690 VOLTS.

Use the DC voltmeter separately and connect one J-106 mul-
tiplier in series with one of the leads to the meter. Read the
0-300 scale and multiply reading by two'. This multiplier is extra
equipment.
TEST NO. 17-UV TYPE TUBES (UV99).

Use adapters J-19 and J-20 as required and proceed as for
other tubes. These are extra equipment.
TEST NO. 18-KELLOGG AND OLD ARCTURUS TUBES.

Use adapter J-24 in tester and connect the red leads to the
heater clips. Proceed as for other tubes. This adapter is extra
equipment.
TEST NO. 19-RECTIFIER TUBES.

It is best to test the rectifier tube by a comparative method.
The tester is set up to test a tube in the receiver for plate cur-
rent and plate voltage. When this has been done the rectifier
tube to be tested is inserted into its socket in the rectifier and
the plate voltage and plate current of the receiver tube are
measured. Then a rectifier tube known to be good is inserted
and another reading made of the plate voltage and plate cur -

1
rent. If a rectifier tube is 'not good the plate current and plate
voltage will be low, or there will not be any. This method is

,not only applicable to filament tube rectifiers, but to gaseous
and dry type rectifiers as well.

These nineteen tests can be made in five minutes.
EACH METER INDEPENDENTLY USEFUL

The circuit diagram of the improved set and tube tester is
shown in Fig. 1 herewith. It will be noted that all the meters
are separately available so that any meter can be used for
making external measurements. For example, if AC voltages
up to 140 volts are to be measured the voltmeter is available
by plugging into jacks 140 and White. If AC voltages up to
10 volts are to be measured the lower range of the AC volt-
meter is available by plugging into jacks Brown and White.

The negative terminal of the. DC voltmeter is available at
(-) jack in the center of the tester. The two positive terminals
for the two ranges of this meter are available at the 300 and
the 60 jacks at the rear of the tester.

The milliammeter is available at the two terminals marked
M.A., the polarity being marked. To select the desired range the
switch marked Mil.Amps is turned to the appropriate side.

The tester therefore contains, in effect, six different instru-
ments capable of measuring AC voltages up to 140 volts DC
voltages up to 300 volts, and current up to 100 milliamperes.

MEASURING RESISTANCE
Measuring of resistance is one useful thing that can be done

with the tester instruments. For this purpose the DC volt-
meter and the milliammeter are employed. The first thing
necessary is a voltage source, which should preferably be a
battery. In some instances it is possible to use the, voltage of
the battery without measurement. For example, a storage bat-
tery which is fully charged has a voltage of about 6.2 volts.
A dry cell battery has a voltage of 1.5 volts per cp11. When the
voltage is known and when it is sufficient to gets an approxi-
mate value of the resistance it is only necessary to connect the
known voltage in series with the milliammeter and unknown
resistance in series and note the current. The voltage used
divided by the current in amperes is the resistance in ohms.

When the voltage is not known beforehand it is necessary to
measure it. and this can be done with the DC voltmeter in the
tester. The- battery is first connected across the voltmeter,

using the suitable range, and then the voltage obtained is used
in computing the resistance.

Let us take an example to illustrate the procedure. We have
a resistance intended for grid bias in a 245 push-pull amplifier
and we wish to find whether or not it has a suitable value. We
take a dry cell battery having a nominal voltage of 45 volts.
But we are not sure about its voltage. Hence we connect it
across the DC voltmeter using the plus 60 and the (-) jacks,
that is, the minus jack in the center of the tester. We get a
reading of -46 volts. Now we connect the battery and the un-
known resistor in series with each other and also in series with
the milliammeter. Suppose the milliammeter reads 45 milli-
amperes, or .045 ampere. Therefor the resistance is 46/.045
ohms. Dividing out we get 1,022 ohms, which is suitable for
a grid bias resistor in the type of amplifier mentioned.

PRECAUTIONS ON MEASUREMENT
When using the milliammeter for measuring resistance, or

for making any measurement of current as well, it should
always be set on the higher scale as a matter of precaution.
If the current is less than 20 milliamperes the switch should be
turned to 20 to get a more accurate reading.

Another point that should never be forgotten is that when
measuring the resistance of any device there is a possibility that
it is short-circuited, so that even if the 100 milliampere range
is used there is danger of burning out the meter. To prevent
any damage in case of a short circuit the lowest possible volt-
age should be used at first. For example, instead of using 45
volts only 1.5 volts should be used. When it is found that this
is safe the voltage should be increased cautiously, say in steps
of 22.5 volts, or even in smaller steps, until the final voltage
is attained. It should be remembered in this connection that
most accurate measurements are obtained when the milliam-
meter reading is very nearly full scale.

MEASURING HIGH AC VOLTAGES
While the AC voltmeter in the tester is limited to 140 volts,

it is possible to measure even higher voltages with the instru-
ment, for example, those occurring across the secondary of the
power transformer. In order to do this it is only necessary to
put a voltage multiplier resistance in series with the meter. It
is put in series with the 140 volt lead. The value of this voltage
multiplier resistance depends on the value of the voltage to be
measured, as well as on the resistance of the meter. It is easier
to calibrate the voltmeter than to determine the exact value of
the multiplier resistance.

The calibration can be carried out very simply in the follow-
ing manner: A variable resistor, such as a volume control
clarostat, is connected in series with the 140 volt lead, and a
short circuit for this resistor is provided. Now the voltmeter
is connected across a 110 volt AC line and the voltage reading
carefully noted while the short circuit strap is across the volt-
age multiplier resistance. Next remove the short circuit and
increase, or decrease, the resistance until the reading on the
meter is one-half, one-third, one-fourth, or one -fifth of its
former reading. Then the meter with the external resistance
in series can -be connected across the higher unknown voltage.

Suppose, for example, that the voltage to be measured is
around 600 volts. If the range of the meter is multiplied by
five, the new range of the meter will be 0-700 volts, and this
is suitable for the voltage in question. To get this range we
have to increase the series resistance until the reading with
the resistance in series is one -fifth what it is when the resist-
ance is short-circuited.

This calibration is so simple that it can be done each time
a high voltage is to be measured and therefore it is not neces-
sary to use a separate, expensive voltage multiplier for the pur-
pose.

When necessary, the range of the DC voltmeter can be ex-
tended exactly in the same way.

USING TESTER FOR MEASURING TUBES
It is clear that the tester can be used for testing tubes alone

without any reference to the receiver. They are plugged into
the suitable socket and then the various voltages are applied
directly to the jacks. The jack marked White is the negative
terminal for the filament circuit and that marked Brown is the
positive when DC voltages are applied. When AC voltages are
applied these terminals can be used interchangeably. The one
marked Red is for the plate voltage, the one marked Blue for
the grid voltage, and the one marked White for the positive
of the grid bias and the negative of the plate battery. For
heater type tubes White should only be used for the heater
current and K should be used for the common point for the
grid and plate batteries.
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Coil Designs for
Modulator and Oscillator Windings as

By Knolly)

FIG. 36
THE CIRCUIT DIAGRAM OF A SUPERHETERODYNE FOR BATTERY TYPE SCREEN GRID TUBES. THE OSCIL-

LATOR COIL CONTAINS A SMALL VARIOMETER WHICH CAN BE USED AS A VERNIER.

[The following is another instalment of the series on the Super -
Heterodyne. Next week another article.-Editor.]

WE have discussed the various essential components of a
Superheterodyne, such as oscillators, modulators, radio
and intermediate frequency tuners and amplifiers, and

filters. We shall now show two circuits coordinating these com-
ponents into receivers, complete up td the audio frequency
amplifier. One of these circuits is for direct current and the
other for alternating current, but otherwise they are essentially
the same.

Those parts in these circuits which have the same designations
have the same electrical values and therefore it is only necessary
to describe in detail one of the circuits and to explain the differ-
ences between them. .

Fig. 36 depicts the direct current, or battery, model, which is
the simpler to build. It contains five 222 type screen grid tubes
and two 201A type tubes. The first two screen grid tubes are
radio frequency amplifiers, the third is the modulator, and the
next two are intermediate frequency amplifiers. The first 201A
tube is the oscillator and the second is the detector.

The input circuit is untuned and contains a radio frequency
choke coil Chl, which may be any one of a number of commer-
cial coils varying in inductance between 5 and 250 millihenries.
There is nd particular choice among the coils available in dif-
ferent inductances, all working about equally well. The reason
for using an untuned input is to enable ganging of the tuning
condensers Cl and C2, which can only be done when the coils
Ti and T2 are alike and are placed in exactly similar positions.

SUGGESTED VOLUME CONTROL

Before passing from the antenna circuit it is well to say a
word about the control of the input voltage. On certain local
stations the input voltage will be so great as to cause appreciable
overloading, not only of the final tube, but even of the first in
the circuit. There will be detection in this circuit, which mani-
fests itself in a type of double tuning. For example, a strong
station may be received not only on its carrier frequency but
also on its second harmonic. If the tuner reaches down below
200 meters several higher wave stations may be received at
the lower end of the scale as well as higher up. In some in-
stances this will even result in interference between a strong
local station and another station. This would be the case, for ex-
ample, when the receiver is operated close to a transmitter
working on a frequency in the 550 to 750 kc band because the
second harmonics of these stations fall within the broadcast
band.

The remedy for this possible interference is to limit the input
voltage to the receiver, and this can best be done by means of
a small condenser connected in series with the antenna. Such
a condenser will be much more effective in reducing the input
of a low frequency carrier as that of a high. In fact, the
reduction on 550 kc, for example, will be twice as great as that
on 1,100 kc. Therefore the condenser can be used advantageously
in cutting out the interference due to second harmonics, pro-vided the harmonics are generated in the receiver, as they

usually are. The smaller the condenser in series with the an-
tenna the more effective it is in reducing the input on all
frequencies, and for this reason it is useful as a volume control.
It is easy to arrange the antenna so that the condenser can
be inserted or cut out according to requirements. Indeed, it is
a simple matter to arrange it so that several condensers of
different values can be selected. However, it is not recom-
mended that any condenser be used except where reception con-
ditions are such that it may seem desirable. Whether or not it
is worth while in any particular instance can be determined
very quickly by connecting a variable condenser in series with
the antenna and observing the effect at different settings of it.

DESIGN OF THE TUNERS
We now come to the radio frequency tuning coils Ti and T2.

Countless times amateur builders of receivers have asked what
kind of coil should be used in a given circuit to produce the
best pdssible results from every conceivable point of view. If
such a general question ,could be answered there would be
nothing to do in radio but to get the coil and be satisfied. Un-
fortunately, there is more to a tuner than size of form, kind
of wire, and number of turns. A coil may be designed to have
superlative qualities, yet when that coil is put in a circuit it
may be as po'or as the worst. An example is when a good
coil is put next to a shield or near any conductor which effec-
tively short-circuits the turns. Another example is when a good
coil is put in a circuit which effectively puts a low resistance
across it. In either case the selectivity of any coil, good enough
by itself, may be practically nil.

There are many good coils available, any one of which may be
selected for the tuners in this Superheterodyne. This is stated
with the proviso that the coil must have been designed for use
with a screen grid tube, which means that the primary should
have more turns than ordinarily, and that these, turns should
be coupled very close with the turns on the secondary. The
number of turns to use on either winding depends on the size
of tuning condenser and the size of form used for the coil.
And the size of the form depends to some extent on the space
that can be allowed for the tuners. Where shielding is used,
usually better results are obtained with smaller coils than with
larger, even if the smaller coils by themselves are not as good
as the larger, because the smaller coils can be placed farther
away from the walls of shields of given size, and therefore the
effects of the shields on the selectivity will be considerably less.

USE .0005 CONDENSERS

If a tuning condenser of .0005 mfd. be used, which is recom-
mended, a suitable coil can be made by winding 48 turns of
No. 24 double cotton covered wire on a diameter of 2.5 inches,
the turns being wound as closely as the covering of the wire
permits. This is for the secondary of either Ti or T2 in Fig. 36.
The primary should be wound on a form which fits snugly into
the other. For example, if the thickness of the wall of the
outer form is 1/16 inch the diameter of the inside form can be
225 inches. The inside coil can be wound with any size wire
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FIG. 37
THIS CIRCUIT IS ESSENTIALLY THE SAME AS THAT IN FIG. 36 EXCEPT THAT IT IS DESIGNED FOR HEATER

TYPE TUBES THROUGHOUT.

which will not make the winding too bulky but it is better to
use fine wire, as small as No. 40 being large enough. Any in-
sulation ordinarily found will do. But this winding should be
put on the inside form so that it can be mounted in the center
of the outside winding, that is to say, the inside winding should
be placed symmetrically with the outside. The purpose of this
is to get close coupling.

The number of turns on the primary may be about 30, al-
though this number can be increased or decreased without much
change in the results if the coupling is close. The larger the
number of turns and the closer the coupling, the greater the
sensitivity but the less the selectivity. Since the amplification
in the circuit will be very high, and since selectivity is needed
in the radio frequency level, it may be best not to use more
than 30 turns.

The reason for not tuning the primaries in these radio fre-
quency tuners is that ganging of the condensers can be done
more easily. The sensitivity of the amplifier may be slightly
less with tuned secondaries but this is offset by a somewhat
higher selectivity. This loss of sensitivity is not a disadvantage
for the amplification in the receiver is so high that in many
instances it will not be a question of getting more sensitivity
but rather less. A very good volume control is needed.

DESIGN OF OSCILLATOR COIL

The theory of the oscillator has been given already, but we
shall give the design of a suitable oscillator coil more explicitly,
especially in reference to the radio frequency coils given above.
We shall give this design on the assumptions that the interme-
diate frequency is 200 kc. and that both the upper and the
lower oscillator settings are desired.

The tuning condenser has a maximum value of 500 micro-
microfarads and has the same shape of plates as the condensers
in the radio frequency tuners. The particular shape used is
not of great impottance, although that approximating straight
line frequency is recommended.

For coil forms we can select the same size used for the radio
frequency tuners, namely, 2.5 inches for L3 and 2.25 inches for
I2. Ll can be wound on either of these forms but should be
placed as far away from L2 as is consistent with the construc-
tion. For example, if Ll and L2 are wound on the same form
L2 might be placed near one end of the form and Ll at the
other.

Now L3 is really made up of two coils in series, as illustrated
in Figs. 18 and 19, one part being a small rotor inside the otherforms. This small coil should be mounted so that it can be
turned through an angle of 180 degrees, or as nearly that aspractical. It might be mounted near that end of the innerform which contains Ll.

THE PICK-UP WINDING
Ll is the pick-up winding which couples the oscillator to themodulator. The number of turns that should be used is some-what arbitrary, as has been pointed out already. It dependslargely on the degree of coupling desired or on the degree of

coupling that can be used in a given locality. To he on the safe
side regarding squealing and image interference it is best to
use a small coil and thus to sacrifice a little of the sensitivity
which a large coil would insure. Ten turns on the 2.25 -inch
should be sufficient and yet not so large as to result in inter-
ference. A little experimentation with the number of turns on
this coil will do no harm, for a larger or a smaller number of
turns than that given might prove more suitable in some in-
stances.

The kind of wire to use on this coil is of little consequence.
As small as No. 40 is suitable and the only objection against
it is that it is difficult to handle. Heavier wire is more easily
applied, but certainly the wire should not be heavier than
that used for L3. Any of the standard insulations may be used
on the wire.

What has been said about the pick-up coil with respect to
wire applies equally to the plate coil L2, but there should be
about 30 turns on this coil. That is sufficient to cause oscilla-
tion at all settings of the oscillator provided that the oscillator
tube is reasonably good. Note that the plate coil is fixed and
is not like the tickler in a three -circuit tuner. However, the
plate coil may be the tickler in a standard three -circuit tuner
if it is desired to use such a coil as the basis of construction.
It is better, though, to use a fixed coil, in view of the fact that
another rotatable coil is to be mounted on the form.

DESIGN OF THE THIRD INDUCTANCE

If the tuning condenser in the oscillator has the same value
as the tuning condensers in the radio frequency tuners the
inductances across the condensers should also be the same. But
the third winding L3 in the oscillator is composed of two parts
and therefore the sum of the inductances of these parts should
be equal to the inductance in either of the radio frequency
transformers. The exact values of the two portions of the in-
ductance cannot be predetermined and it is best to obtain it
experimentally. In the radio frequency coils 48 turns were
specified; in the oscillator the larger portion of L3 may contain
42 turns and the smaller a number of turns depending on the
size of form closeness of coupling. It is easily possible to make
the diameter of the smaller form 1.5 inches and about 1.25
inches long. At first this form should be filled with the same
kind of wire as was used for the main portion and the two
connected in series after suitable mounting.

It may be that this coil is too large to match well with the
other tuners in the circuit, but it will not be so much too large
that stations cannot be tuned in with the condenser and the
rotatable coil. If the rotor is too large inductively stations will
be crowded too closely near the neutral position of the two
coils, that is, the position in which the mutual inductance be-
tween the two is zero. This is all right at first.

But it may be that the inductance of the two in series is so
large that the neutral position does not correspond at all with
the point on the oscillator where the carrier tunes in. To
determine this point it is best to listen for the beat between
the oscillator and the carrier frequencies and to note where
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Wave Resonance Sending I
Moving Plate's Position Governs the Carrier Frequency

By J. E. Anderson
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FIG. 2
TANDEM CONNECTION OF WAVE RESONANCE COILS.

When two wave conductors are connected in tandem as in Fig.
2, the junction point between the plate of the first conductor and
the coil of the second may be grounded directly or preferably
through an impedance Zo.

The fact that an antenna and a wave conductor connected in
series can be made to resonate suggests the possibilty of utilizing
the wave conductor as an eliminator of interference, or a kind of
wave trap. Its utility for this purpose has been demonstrated
experimentally. One practical way of securing results is to have a
coil connected to the antenna above the receiver and the metal plate
under the coil is grounded directly.

Suppose there exists a signal voltage in the antenna which inter-
feres in the receiver with. another. That voltage causes a current
to flow, and this current produces a voltage drop across the .input
impedance in the receiver. Now, if some means could be found
for reducing this voltage to zero for the interfering frequency
without at the same time reducing the voltage across the receiver
at the desired frequency, then the interference will have been
eliminated.

By tuning the wave conductor it is possible to establish a very
low voltage between ground and that end of the coil which is con-
nected to the antenna, and hence to tune out an interfering signal.
If there are more than one station which cause interference a
wave conductor can be rigged up for each one, tuning one of the
wave conductors to each interference frequency. Several of these
resonant wave conductors can be connected between the antenna
and the ground without reducing appreciably the signal intensity,
except when one of the wave conductors is tuned to a frequency
very near that to which the receiver is tuned.

The resonant wave conductor is exceptionally well suited to
multiplex reception from a, single antenna, a fact which will un-
doubtedly lead to its adoption in apartment houses. The method of
-connection of several receivers to an antenna by means of wave

I.
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FIG. 3
METHOD OF CONNECTING A WAVE RESONANCE COIL

TO ELIMINATE AN INTERFERING SIGNAL.
conductors is such that all the receivers are connected in parallel
as are all the wave conductors.

A large number of receivers may be operated from the same
antenna in this manner, and there will be a negligible amount ofl
interaction among them. This is not only possible when the separate
wave conductors are tuned to different frequencies but when all are
tuned to the same frequency. There is some reduction in the in-
tensity of the received signals in this case, but it is so small that it
requires 50 receivers, all tuned to the same frequency, before the
voltage is reduced to one-half the value it would have if there were
only one receiver connected to the antenna. Of course, the number
50 is based on certain assumption as to values of constants, but the
values assumed are those normally encountered.

The wave conductor has also been applied to transmission of radio
signals, including multiplex, in the laboratory of the Signal Corps,
and the results have been very satisfactory.

One of the advantages gained by using wave resonance is the
elimination of harmonics from the radiated wave. This is accom-
plished by interposing a wave conductor between the antenna and
the transmitter. The antenna is connected to the metal plate and
the coil to the tuned circuit carrying the power to be transmitted.
The radiated wave from the device is very nearly a pure sine wave.

Just as multiplex reception was possible, so multiplex transmission
can be carried out with the wave conductor. The plates of the wave
conductors are connected to the transmitting antenna and the coils
to the different tuned circuits in the transmitters.

Wave resonance is a fruitful and interesting field for the radio
experimenter, and there is no doubt that in the near future many
developments will be announced and many applications offered.

Adjusting Coils
(Continued from preceding page)

on the dial of the rotatable coil this is heard. It should be
heard at the center of the dial. If it is not heard near the center
the inductance of the circuit should be adjusted so that it will
be heard there. This is done by reducing the number of turns
on the fixed coil when the inductance is too high. It must
be remembered that the setting of the condensers influences the
positidn of the point where the squeal is heard and that it is
necessary that the condensers be set every time so that the
radio frequency circuits are in exact tune with the carrier
frequency.

This method is of little help if the receiver is such that the
direct heterodyne squeal cannot be heard, and it should not be
audible in a well -designed circuit. If such is the happy result
of the design and the construction, a headset should be inserted
in series with the plate circuit of the oscillator, putting a rather
large condenser across it td minimize coupling and changes in
distributed capacity. One suitable place for the headset is just
below choke coil Ch3. The point to locate, of course, is that
of zero beat between the carrier and the oscillator.

When the condensers are set accurately for the carrier fre-
quency and the inductance of the oscillator is correct, this beat
should be heard when the rotatable coil is set at right angles
to the main section of L3, and the dial attached to the rotatable
coil should be set so that the indicator points to the center of
the dial.

If now the rotatable coil is too large, the stations will come

for Zero Beat
in near the central position, on either side. If the rotor coil is too
small, they will be spread out, and it may well be that some of
them will be off the dial so that they cannot be brought in at all.
If that is the case the rotor coil turns can be increased by a few.

If, on the other hand, the stations are crowded too much near
the center of the rotor coil dial turns may be removed from the
rotor coil, but this decrease in the inductance should be accom-
panied by an equivalent increase in the main coil, not turn for
turn but microhenry for microhenry.

The design of an oscillator having a rotor coil and designed for
the reception of signals on the higher oscillator setting . only
will be given in detail in a later section.

FILTERS IN THE CIRCUIT
Following the first and second tubes in the receiver are two

units designated as Fl arid F2. These are radio frequency filters,
the object of which is to prevent the high frequencies from
entering the power supply, as well as to prevent any radio
frequency disturbance existing in the power supply from enter-
ing the plate and the screen circuits. The two units are exactly
the same and each one consists of two 85 millihenry 'coils and
two .01 mfd. condensers, or condensers of larger values if space
for them is available. The dotted lines indicate shield-
ing. They may be assembled in very compact units. One pre-
caution is necessary in their construction, and that is to place
the fields of the two coils at right angles. This permits greater
compactness without any detrimental effects.
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Theory of Receivers
How and -Why the Work Told for Schoolboy

By J. E. Anderson and Herman Bernard

FIG. 19
A CRYSTAL RECEIVER. THE LOW END OF THE SEC-
ONDARY MAY BE GROUNDED OR MAY BE LEFT AS

SHOWN.

[The following article is one of a series entitled, "Radio for
Schoolboys." Another instalment will be published next week, issue
of November 30th.-Editor.]

THE simplest circuit is a crystal receiver. Fig. 19 illustrates
such a circuit, with antenna and ground connected to the
primary, Ll, while the secondary, L2, is tuned. The crystal

is placed between one terminal of the secondary and one termi-
nal of the earphones. The other side of the earphones goes
to the remaining terminal of the secondary. The side of the
secondary connected to rotor may be grounded. A bypass con-
denser of .001 mfd. is connected across the phones.

Such a circuit is out of favor nowadays, nor is it considered
practical to use a crystal receiver, due to the necessity for good
selectivity which this type of circuit does not afford. Various
methods of improving selectivity result in reduction of volume,
so that the crystal receiver may be forgotten for any practical
value it may possess, although its theory still remains interest-
ing.

The fundamental theory of the operation of the circuit is the
phenomenal action of certain types of minerals, such as galena
and iron pyrite, and also some synthetic compounds, of passing
current in one direction only, This action constitutes the crystal
a detector, since the alterating current which constitutes the
radio frequency does not seriously get by the crystal, but the
pulsations representing the audio frequency cdmponent do pass
on. That is, the carrier is eliminated, but the impression on the
carrier, being voltage of an audio frequency, is retained. Actu-
ally a little radio frequency does get by the crystal, so the
crystal is unindirectional only to a modified extent.

REPUTATION FOR FINE TONE

The object of the bypass condenser C2 is to cause any such
stray radio frequencies to pass through the condenser and thus
be detoured from the earphones. Even this bypassing is not
complete, since the capacity is not high enough, but can not
be made much higher without cutting down on the intensity of
the .higher audio frequencies.

The crystal receiver was long associated with wonderful tonal
qualities, but these claims were largely unfounded, in that a tube
as a rectifier gives as good tone quality, especially when worked
without grid leak and condenser, but with grid returned to a
point substantially more negative than the one used for negative
biasing of tubes serving as amplifiers.  'Crystal receivers always
were used with earphones, and the quality of tone produced
from earphones was much better, with any circuit gaited for
earphone reception, than from circuits using the early effdrts
at audio frequency amplification and the crude speakers of those
days. In modern receivers, even where radio frequency ampli-
fication is obtained ahead of the detector by use of tubes, the
crystal does not serve well as a detector, for if the signal voltage
is large at the detector input the crystal will overload, hence
distort, while a properly employed tube detector will stand an
enormously greater signal voltage without overload.

Instead of a crystal receiver being the first one that a be -

FIG. 20
A ONE TUBE RECEIVER USING REGENERATION.

ginner is likely to construct, the simple one tube receiver is
the choice. This must be regenerative if the selectivity and
sensitivity are to be at least fair. Such a circuit is shown in
Fig. 20.

Here, to'o, an untuned primary is used, the term aperiodic
being applied to such a primary by custom. The secondary is
tuned and constitutes the input to the tube. The input circuit
is from grid to positive filament. The positive connection makes
for greater sensitivity in all battery -operated tubes that use
the grid -leak -condenser method of detection, as here. The leak
and condenser are in series with the "high" or "hot" side of
the secondary. Customary values for these are .00025 mfd. for
the condenser and 2 to 10 meg. for the leak. The grid con-
denser has clips on it to receive the leak.

The third winding, 1.-3, is introduced to afford regeneration,
as is physically close to the secondary. The radio frequency
voltage in the plate circuit is fed back to the grid circuit in
this way, and the signal voltage is reinforced. It is necessary
to adjust the tickler for almost every different radio frequency
received, hence a knob on the front panel is required, and the
coil shaft is engaged by this knob.

C3 is the bypass condenser shunting the phones and the bat-
teries, as it is well to detour the radio frequencies past the
batteries, also.

FACTS ON OSCILLATION

Tuning is accomplished by rotating a dial attached to the rotor
of the tuning condenser, Cl, while the ticker is used as a sensi-
tivity control. The circuit will break into oscillation if regenera-
tion is pressed too far. This oscillation evidences itself as an
audible squeal. As the circuit is oscillatory, in the sense of
generating radio frequency voltage and current, and is con-
nected to an antenna, it is a small radio frequency transmitter,
and the squeal may be picked up by any one within range who
is operating a receiver. Often this squeal is present over a
large band of radio frequencies, as well as being receivable
over a large area, sometimes miles. So it is no more than
decent to operate a regenerative receiver of this type sd that
oscillation is avoided and thereby others are not molested in
the enjoyment of their own receivers.

In Fig. 20 is shown a rheostat. This makes it possible to use
several different types of tubes, requiring different filament
voltages, and also the rheostat serves as a switch. Were it
not for these reasons a fixed resistor could be used. If the A
voltage source is 6 volts, and a 201A tube is used, a fixed
resistor to replace R2 would require a resistance of 4 ohms.

A great deal of enjoyment and experience may be obtained
from the construction of a one -tube receiver like this. Different
values of grid condenser capacities and grid leak resistances
may be tried in combinations, and the effects noted. It will
be found in general that with a given value of grid leak, the
smaller the capacity of the grid condenser, the less the sensi-
tivity, assuming that no greater capacity than .0005 mfd. is used.
When 'large capacities are tried for this purpose the signal
becomes not only weak but distorted.
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Open Type Tuners for ti
Coil -Condenser Unit Has Provision Also for S

By Her

FRONT VIEW, SHOWS THE NATIONAL MODERNIST
NUMBERS ARE READ. AT LEFT IS THE ANTENNA

STAGE TUNING CIRCUIT. THE COILS
[This is the third article on the HB22. Another will be published

next week.]

AN open assembly of the HB22 tuner is shown in the two
reproductions of photographs. The antenna stage coil
and tuning condenser are mounted on a small subpanel

of their own, and so are the interstage coil and its tuning con-
denser. The shaft of each coil is connected to the shaft of
each condenser by a link. Then the two condenser shafts at
the other end are engaged by the new National rainbow drum
dial.

This arrangement works out very well indeed. It is obvious
that the coils are far enough apart to prevent any harmful
coupling. Oscillation is well under control and the receiver
functions selectively and sensitively.

The arrangement pictured was laboratory -tested and as a
result of these tests the coil -condenser assemblies were manu-
factured as units, and these are available td the public.

This circuit is for battery operation of the filaments and for
B batteries or B supply for the plates, as you prefer. Hence
there are five tubes : screen grid radio frequency amplifier,
detector, first audio and 112A push-pull output pair.

The two tuned circuits being operated by a single control, it
is necessary to get them to work accurately together. This is
accomplished by adding capacity to the first tuned circuit to
balance extra capacity automatically included in the second
tuned circuit by virtue of the type of coupling and the high
amplification.

Balancing is established in this way : A low wavelength sta-
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CIRCUIT DIAGRAM OF THE HB 22 FOR USING THE
OPEN CONSTRUCTION TUNING UNITS. BOTH THE
TUNING CONDENSER ROTOR AND THE PRIMARY IN
THE PLATE OF THE RF TUBE ARE RETURNED TO B
PLUS, UNDER THIS SYSTEM, BECAUSE THE CON-
DENSER ROTOR IS INSULATED FROM THE GROUNDED
POTENTIAL BY USE OF A SMALL INSULATED SHAFT.

IC DIAL, WITH PEARL -LIKE SCREEN ON WHICH THI
STAGE TUNING ARRANGEMENT, AT RIGHT THE INTER
USED ARE THE BERNARD TUNERS.

tion is tuned in, preferably one that comes in with pretty goo(
volume. The wavelength chosen should be the lowest one re
ceivable at this volume level. Turn the setscrew of the equaliz
ing condenser across the first tuning condenser so that fill
moving plate of the equalizer is as far out as possible, withou
disengagement of the screw. (Continued on 4th column.)

Right a
(1)-If the loudspeaker is connected directly from plate t(

plate in a push-pull amplifier no sound is heard because tin
two plates are at a difference of potential, being connected t<
the same plate voltage source.

(2)-An inductor speaker does not discriminate among fre
quencies as much as an ordinary magnetic speaker because thi
armature suspension has a greater compliance, that is, it is hel(
in place by weaker springs.

(3)-Box resonance in a loudspeaker is due to the same phe
nomenon as the sound heard in a conch shell or a barrel.

(4)-A condenser speaker works because there is a variabl'
electric force between the two plates of the condenser. Th'
variable force is composed of a steady polarizing force and
force due to the signal voltage superimposed on it.

(5)-An audio transformer is a sort of lever in which 61
core might be considered as the fulcrum. The number of turn,
on the primary corresponds to the length of the lever on th(
side the force is applied and the number of turns on the second
ary corresponds to the length of the lever o'n the side whey(
the work is done. The ratio of turns corresponds with the rat(
of the lengths of the lever. If the two windings are not per
fectly coupled there is some leakage inductance and this cor
responds to a fulcrum which is not rigid but which moves bacl
and forth as the force is applied in one direction or the other.

(6)-Short waves cannot be received with the Superhetero
dyne principle because the intermediate frequency is too losi
compared with either the signal or oscillator frequencies.

(7)-Interrupted continuous waves cannot be received auchb13
without the use of an auxiliary oscillator the frequency of whit}
differs by an audible amount from the frequency of the sighal.

(8)-Standing radio waves similar to the standing waves of
a stretched wire suitably agitated can exist on an electrical con
ductor such as an antenna or a long coil.

(9)-Standing waves in any medium can occur only whet
there is reflection of the wave.

ANSWERS
(1)-Wrong. It is true that the plates are normally at en

same steady or average potential but they are not at the sany
signal potential. Because they are at the same steady potentia
no direct current flows through the loudspeaker, but the A(
voltage difference produces sound.
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e HB22 Push -Pull Circuit
iket, While Second Tuned Ci rcuit Is Insulated

_Bernard

REAR VIEW OF THE TUNER OF THE HB22, SHOWN IN OPEN CONSTRUCTION. EACH COIL -CONDENSER UNIT
HAS A SMALL SUBPANEL OF ITS OWN, WITH HOLE DRILLED IN IT TO ACCOMMODATE A SOCKET.

Wrong?
; (2)-Right. Most of the frequency discrimination in mag-
etic speakers is due to the necessity of mounting the armature

on springs sufficiently stiff to balance the magnetic pull. In the
inductor, as well as in the dynamic, it is not necessary to balance
the armature in this manner, at least not in the direction of
[otion. The compliance of the mounting springs in the direc-
ion of motion is very great, and for that reason the low notes
re produced strongly. To produce the higher notes it is only
ecessary to make the armature and other moving parts as

ight as possible or practicable.
(3)-Right. A box is a resonance cavity which responds to
certain frequency when sounds of many different frequencies

are produced near it in inside it. A barrel does the same, as
toes a conch shell. The frequency at which the cavity re-
ponds depends on the size of the cavity, particularly its length.
(4)-Right. The pull between the plates is directly propor-

onal to the square of the voltage between the plates. The
otion of one of the plates, the other being rigid, is propor-

ional to the product of the signal voltage and the steady
)olarizing voltage.

(5)-Right. The analogy applies even when the secondary is
)pen. In this case the end of the lever where work is done must
,e fixed so that it cannot move in order to make the analogy

,food. The force exerted by the end of the lever against the
levice holding it in place corresponds to the voltage developed
in the open secondary.

(6)-Wrong. The Superheterodyne principle can be applied
very well and the intermediate frequency is no limitation be-
cause that frequency can be chosen at will to suit the particular

lase. .

(7)-Right. Continuous waves do not detect in the same way
gts damped or modulated waves and must be received audibly
y employing an audible beat note between itself and the signal
waves.

(8)-Right. These waves are made use of in the wave reson-
knee method of tuning.
i (9)-Right. The wave that travels down the conductor must
'e reflected at the end and return to the starting point at the
ight instant to be reinforced by a new impulse. An organ
ipe works in the same manner.

Now turn the rheostat up nearly all the way, and with a
wooden dowel sharpened in screwdriver fashion, turn the equal-
izing condenser's setscrew to make the moving plate come
closer and closer to the fixed plate. At some one point, with
maximum equalizing capacity never more than half in use, the
volume will increase considerably, and there may be some
oscillation. Get rid of this oscillation by adjustment of the
rheostat. Now turn the drum dial, using the front panel knob,
ever so slightly one way, then another, as a test of whether .

you can increase the volume that way without molesting the
equalizing condenser for the. moment. If you can increase the
volume that way, reduce the effective capacity of the equalizing
condenser and turn the drum knob again, just a trifle. By turn-
ing the tuning condensers themselves while the equalizer is
being adjusted, you will reach the correct relationship, so that
volume is highest.

As a final test, turn the drum a little one way and then an-
other to ascertain if the station has two "humps," that is, comes
in with good volume at one dial setting, decreases in volume
as the dial is turned, then comes in with a little more volume,
although less than the first volume, at another setting. If this
is true, readjust the equalizing condenser, and test for greatest
volume at a given position of the dial without bringing in the
station at two points. When this work is completed the circuit
is properly balanced capacitatively and the single control will
be very effective.

Balancing should be done on a low wavelength because the
trimming capacity is then a much greater percentage of the
total capacity in the circuit, due to the tuning condenser plates
being almost totally out of mesh. Therefore greater accuracy
can be achieved, and for higher capacity setting of the tuning
condenser the previous equalized capacity will be found excel-
lent. Worked the other way round-tested on a high wave-
length-poor results might be obtained on low waves.

In wiring the second tuned circuit, the rotor may be returned
to B plus,the same as the coil, by using a 11/4" long piece of
fibre, hard rubber or bakelite, 1/4" diameter. This would con-
nect to the drum at one end and to the tuning condenser shaft
through a link at the other end. As the condenser and coil
would return to the same point, B plus, the little subpanel on
which the interstage tuner is mounted should not be grounded
in that instance.
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Open Type Tuners for ti
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FRONT VIEW, SHOWS THE NATIONAL MODERNIST
NUMBERS ARE READ. AT LEFT IS THE ANTENNA

STAGE TUNING CIRCUIT. THE COILS
[This is the third article on the HB22. Another will be Published

next week.]

AN open assembly of the HB22 tuner is shown in the two
reproductions of photographs. The antenna stage coil
and tuning condenser are mounted on a small subpanel

of their own, and so are the interstage coil and its tuning con-
denser. The shaft of each coil is connected to the shaft of
each condenser by a link. Then the two condenser shafts at
the other end are engaged by the new National rainbow drum
dial.

This arrangement works out very well indeed. It is obvious
that the coils are far enough apart to prevent any harmful
coupling. Oscillation is well under control and the receiver
functions selectively and sensitively.

The arrangement pictured was laboratory -tested and as a
result of these tests the coil -condenser assemblies were manu-
factured as units, and these are available td the public.

This circuit is for battery operation of the filaments and for
B batteries or B supply for the plates, as you prefer. Hence
there are five tubes : screen grid radio frequency amplifier,
detector, first audio and 112A push-pull output pair.

The two tuned circuits being operated by a single control, it
is necessary to get them to work accurately together. This is
accomplished by adding capacity to the first tuned circuit to
balance extra capacity automatically included in the second
tuned circuit by virtue of the type of coupling and the high
amplification.

Balancing is established in this way : A low wavelength sta-
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CIRCUIT DIAGRAM OF THE HB 22 FOR USING THE
OPEN CONSTRUCTION TUNING UNITS. BOTH THE
TUNING CONDENSER ROTOR AND THE PRIMARY IN
THE PLATE OF THE RF TUBE ARE RETURNED TO B
PLUS, UNDER THIS SYSTEM, BECAUSE THE CON-
DENSER ROTOR IS INSULATED FROM THE GROUNDED
POTENTIAL BY USE OF A SMALL INSULATED SHAFT.

IC DIAL, WITH PEARL -LIKE SCREEN ON WHICH TH
STAGE TUNING ARRANGEMENT, AT RIGHT THE INTEI
USED ARE THE BERNARD TUNERS.

tion is tuned in, preferably one that comes in with pretty goc
volume. The wavelength chosen should be the lowest one rt
ceivable at this volume level. Turn the setscrew of the equali:
ing condenser across the first tuning condenser so that tF
moving plate of the equalizer is as far out as possible, withoi
disengagement of the screw. (Continued on 4th column.

Right (

(1)-If the loudspeaker is connected directly from plate 1

plate in a push-pull amplifier no sound is heard because tl
two plates are at a difference of potential, being connected 1
the same plate voltage source.

(2)-An inductor speaker does not discriminate among ft -4
quencies as much as an ordinary magnetic speaker because ti
armature suspension has a greater compliance, that is, it is he]
in place by weaker springs.

(3)-Box resonance in a loudspeaker is due to the same phi
nomenon as the sound heard in a conch shell or a barrel.

(4)-A condenser speaker works because there is a variab
electric force between the two plates of the condenser. Th
variable force is composed of a steady polarizing force and
force due to the signal voltage superimposed on it.

(5)-An audio transformer is a sort of lever in which tt
core might be considered as the fulcrum. The number of turf
on the primary corresponds to the length of the lever on th

side the force is applied and the number of turns on the secon(
ary corresponds to the length of the lever o'n the side whet
the work is done. The ratio of turns corresponds with the rati
of the lengths of the lever. If the two windings are not pet
fectly coupled there is some leakage inductance and this co:
responds to a fulcrum which is not rigid but which moves bac
and forth as the force is applied in one direction or the other.

(6)-Short waves cannot be received with the Superheterc
dyne principle because the intermediate frequency is too la
compared with either the signal or oscillator frequencies.

(7)-Interrupted continuous waves cannot be received audibl
without the use of an auxiliary oscillator the frequency of whic
differs by an audible amount from the frequency of the signal.

(8)-Standing radio waves similar to the standing waves a
a stretched wire suitably agitated can exist on an electrical cor
ductor such as an antenna or a long coil.

(9)-Standing waves in any medium can occur only whe
there is reflection of the wave.

ANSWERS
(1)-Wrong. It is true that the plates are normally at th

same steady or average potential but they are not at the sarr
signal potential. Because they are at the same steady potenti;
no direct current flows through the loudspeaker, but the A
voltage difference produces sound.
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REAR 'VIEW OF THE TUNER OF THE HB22, SHOWN IN OPEN CONSTRUCTION. EACH COIL -CONDENSER UNIT
HAS A SMALL SUBPANEL OF ITS OWN, WITH HOLE DRILLED IN IT TO ACCOMMODATE A SOCKET.

Wrong?
(2)-Right. Most of the frequency discrimination in mag-

netic speakers is due to the necessity of mounting the armature
on springs sufficiently stiff to balance the magnetic pull. In the
inductor, as well as in the dynamic, it is not necessary to balance
the armature in this manner, at least not in the direction of
motion. The compliance of the mounting springs in the direc-
tion of motion is very great, and for that reason the low notes
are produced strongly. To produce the higher notes it is only
necessary to make the armature and other moving parts as
light as possible or practicable.

(3)-Right. A box is a resonance cavity which responds to
a certain frequency when sounds of many different frequencies
are produced near it in inside it. A barrel does the same, as
does a conch shell. The frequency at which the cavity re-
sponds depends on the size of the cavity, particularly its length.

(4)-Right. The pull between the plates is directly propor-
tional to the square of the voltage between the plates. The
motion of one of the plates, the other being rigid, is propor-
tional to the product of the signal voltage and the steady
polarizing voltage.

(5)-Right. The analogy applies even when the secondary is
open. In this case the end of the lever where work is done must
be fixed so that it cannot move in order to make the analogy
good. The force exerted by the end of the lever against the
device holding it in place corresponds to the voltage developed
in the open secondary.

(6)-Wrong. The Superheterodyne principle can be applied
very well and the intermediate frequency is no limitation be-
cause that frequency can be chosen at will to suit the particular
case.

(7)-Right. Continuous waves do not detect in the same way
as damped or modulated waves and must be received audibly
by employing an audible beat note between itself and the signal
waves.

(8)-Right. These waves are made use of in the wave reson-
ance method of tuning.

(9)-Right. The wave that travels down the conductor must
be reflected at the end and return to the starting point at the
right instant to be reinforced by a new impulse. An organ
pipe works in the same manner.

Now turn the rheostat up nearly all the way, and with a
wooden dowel sharpened in screwdriver fashion, turn the equal-
izing condenser's setscrew to make the moving plate come
closer and closer to the fixed plate. At some one point, with
maximum equalizing capacity never more than half in use, the
volume will increase considerably, and there may be some
oscillation. Get rid of this oscillation by adjustment of the
rheostat. Now turn the drum dial, using the front panel knob,
ever so slightly one way, then another, as a test of whether
you can increase the volume that way without molesting the
equalizing condenser for the moment. If you can increase the
volume that way, reduce the effective capacity of the equalizing
condenser and turn the drum knob again, just a trifle. By turn-
ing the tuning condensers themselves while the equalizer is
being adjusted, you will reach the correct relationship, so that
volume is highest.

As a final test, turn the drum a little one way and then an-
other to ascertain if the station has two "humps," that is, comes
in with good volume at one dial setting, decreases in volume
as the dial is turned, then comes in with a little more volume,
although less than the first volume, at another setting. If this
is true, readjust the equalizing condenser, and test for greatest
volume at a given position of the dial without bringing in the
station at two points. When this work is completed the circuit
is properly balanced capacitatively and the single control will
be very effective.

Balancing should be done on a low wavelength because the
trimming capacity is then a much greater percentage of the
total capacity in the circuit, due to the tuning condenser plates
being almost totally out of mesh. Therefore greater accuracy
can be achieved, and for higher capacity setting of the tuning
condenser the previous equalized capacity will be found excel-
lent. Worked the other way round-tested on a high wave-
length-poor results might be obtained on low waves.

In wiring the second tuned circuit, the rotor may be returned
to B plus,the same as the coil, by using a 1%" long piece of
fibre, hard rubber or bakelite, 14" diameter. This would con-
nect to the drum at one end and to the tuning condenser shaft
through a link at the other end. As the condenser and coil
would return to the same point, B plus, the little subpanel on
which the interstage tuner is mounted should not be grounded
in that instance.
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FRONT VIEW, SHOWS THE NATIONAL MODERNIST
NUMBERS ARE READ. AT LEFT IS THE ANTENNA

STAGE TUNING CIRCUIT. THE COILS
[This is the third article on the HB22. Another will be published

next week.]

AN open assembly of the HB22 tuner is shown in the two
reproductions of photographs. The antenna stage coil
and tuning condenser are mounted on a small subpanel

of their own, and so are the interstage coil and its tuning con-
denser. The shaft of each coil is connected to the shaft of
each condenser by a link. Then the two condenser shafts at
the other end are engaged by the new National rainbow drum
dial.

This arrangement works out very well indeed. It is obvious
that the coils are far enough apart to prevent any harmful
coupling. Oscillation is well under control and the receiver
functions selectively and sensitively.

The arrangement pictured was laboratory -tested and as a
result of these tests the coil -condenser assemblies were manu-
factured as units, and these are available td the public.

This circuit is for battery operation of the filaments and for
B batteries or B supply for the plates, as you prefer. Hence
there are five tubes : screen grid radio frequency amplifier,
detector, first audio and 112A push-pull output pair.

The two tuned circuits being operated by a single control, it
is necessary to get them to work accurately together. This is
accomplished by adding capacity to the first tuned circuit to
balance extra capacity automatically included in the second
tuned circuit by virtue of the type of coupling and the high
amplification.

Balancing is established in this way : A low wavelength sta-
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CIRCUIT DIAGRAM OF THE HB 22 FOR USING THE
OPEN CONSTRUCTION TUNING UNITS. BOTH THE
TUNING CONDENSER ROTOR AND THE PRIMARY IN
THE PLATE OF THE RF TUBE. ARE RETURNED TO B
PLUS, UNDER THIS SYSTEM, BECAUSE THE CON-
DENSER ROTOR IS INSULATED FROM THE GROUNDED
POTENTIAL BY USE OF A SMALL INSULATED SHAFT.

IC DIAL, WITH PEARL -LIKE SCREEN ON WHICH THI
STAGE TUNING ARRANGEMENT, AT RIGHT THE INTER
USED ARE THE BERNARD TUNERS.

tion is tuned in, preferably one that comes in with pretty goo(
The wavelength chosen should be the lowest one re,

ceivable at this volume level. Turn the setscrew of the equaliz
ing condenser across the first tuning condenser so that th'
moving plate of the equalizer is as far out as possible, withoti
disengagement of the screw. (Continued on 4th column.)

Right a
(1)-If the loudspeaker is connected directly from plate tc

plate in a push-pull amplifier no sound is heard because flu
two plates are at a difference of potential, being connected t(
the same plate voltage source.

(2)-An inductor speaker does not discriminate among fre
quencies as much as an ordinary magnetic speaker because tin
armature suspension has a greater compliance, that is, it is hel(
in place by weaker springs.

(3)-Box resonance in a loudspeaker is due to the same phe
nomenon as the sound heard in a conch shell or a barrel.

(4)-A condenser speaker works because there is a variabb
electric force between the two plates of the condenser. Th',
variable force is composed of a steady polarizing force and
force due to the signal voltage superimposed on ,it.

(5)-An audio transformer is a sort of lever in which th(
core might be considered as the fulcrum. The number of turn:
on the primary corresponds to the length of the lever on th(
side the force is applied and the number of turns on the second
ary corresponds to the length' of the lever on the side when
the work is done. The ratio of turns corresponds with the ratic
of the lengths of the lever. If the two windings are not per-
fectly coupled there is some leakage inductance and this cor
responds to a fulcrum which is not rigid but which moves bad
and forth as the force is applied in one direction or the other.

(6)-Short waves cannot be received with the Superhetero-
dyne principle because the intermediate frequency is too lom
compared with either the signal or oscillator frequencies.

(7)-Interrupted continuous waves cannot be received audibly
without the use of an auxiliary oscillator the frequency of whict
differs by an audible amount from the frequency of the signal.

(8)-Standing radio waves similar to the standing waves or
a stretched wire suitably agitated can exist on an electrical con
ductor such as an antenna or a long coil.

(9)-Standing waves in any medium can occur only whet
there is reflection of the wave.

ANSWERS
(1)-Wrong. It is true that the plates are normally at th(

same steady or average potential but they are not at the sam(
signal potential. Because they are at the same steady potentia
no direct current flows through the loudspeaker, but the A(
voltage difference produces sound.
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REAR VIEW OF THE TUNER OF THE HB22, SHOWN IN OPEN CONSTRUCTION. EACH COIL -CONDENSER UNIT
HAS A SMALL SUBPANEL OF ITS OWN, WITH HOLE DRILLED IN IT TO ACCOMMODATE A SOCKET.

Wrong?
(2)-Right. Most of the frequency discrimination in mag-

netic speakers is due to the necessity of mounting the armature
on springs sufficiently stiff to balance the magnetic pull. In the
inductor, as well as in the dynamic, it is not necessary to balance
the armature in this manner, at least not in the direction of
motion. The compliance of the mounting springs in the direc-
tion of motion is very great, and for that reason the low notes
are produced strongly. To produce the higher notes it is only
necessary to make the armature and other moving parts as
light as possible or practicable.

(3)-Right. A box is a resonance cavity which responds to
a certain frequency when sounds of many different frequencies
are produced near it in inside it. A barrel does the same, as
does a conch shell. The frequency at which the cavity re-
sponds depends on the size of the cavity, particularly its length.

(4)-Right. The pull between the plates is directly propor-
tional to the square of the voltage between the plates. The
motion of one of the plates, the other being rigid, is propor-
tional to the product of the signal voltage and the steady
polarizing voltage.

(5)-Right. The analogy applies even when the secondary is
open. In this case the end of the lever where work is done must
be fixed so that it cannot move in order to make the analogy
good. The force exerted by the end of the lever against the
device holding it in place corresponds to the voltage developed
in the open secondary.

(6)-Wrong. The Superheterodyne principle can be applied
very well and the intermediate frequency is no limitation be-
cause that frequency can be chosen at will to suit the particular
case.

(7)-Right. Continuous waves do not detect in the same way
as damped or modulated waves and must be received audibly
by employing an audible beat note between itself and the signal
waves.

(8)-Right. These waves are made use of in the wave reson-
ance method of tuning.

(9)-Right. The wave that travels down the conductor must
be reflected at the end and return to the starting point at the
right instant to be reinforced by a new impulse. An organ
pipe works in the same manner.

Now turn the rheostat up nearly all the way, and with a
wooden dowel sharpened in screwdriver fashion, turn the equal-
izing condenser's setscrew to make the moving plate come
closer and closer to the fixed plate. At some one point, with
maximum equalizing capacity never more than half in use, the
volume will increase considerably, and there may be some
oscillation. Get rid of this oscillation by adjustment of the
rheostat. Now turn the drum dial, using the front panel knob,
ever so slightly one way, then another, as a test of whether
you can increase the volume that way without molesting the
equalizing condenser for the moment. If you can increase the
volume that way, reduce the effective capacity of the equalizing
condenser and turn the drum knob again, just a trifle. By turn-
ing the tuning condensers themselves while the equalizer is
being adjusted, you will reach the correct relationship, so that
volume is highest.

As a final test, turn the drum a little one way and then an-
other to ascertain if the station has two "humps," that is, comes
in with good volume at one dial setting, decreases in volume
as the dial is turned, then comes in with a little more volume,
although less than the first volume, at another setting. If this
is true, readjust the equalizing condenser, and test for greatest
volume at a given position of the dial without bringing in the
station at two points. When this work is completed the circuit
is properly balanced capacitatively and the single control will
be very effective.

Balancing should be done on a low wavelength because the
trimming capacity is then a much greater percentage of the
total capacity in the circuit, due to the tuning condenser plates
being almost totally out of mesh. Therefore greater accuracy
can be achieved, and for higher capacity setting of the tuning
condenser the previous equalized capacity will be found excel-
lent. Worked the other way round-tested on a high wave-
length-poor results might be obtained on low waves.

In wiring the second tuned circuit, the rotor may be returned
to B plus,the same as the coil, by using a 11/4" long piece of
fibre, hard rubber or bakelite, 1/4" diameter. This would con-
nect to the drum at one end and to the tuning condenser shaft
through a link at the other end. As the condenser and coil
would return to the same point, B plus, the little subpanel on
which the interstage tuner is mounted should not be grounded
in that instance.
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Open Type Tuners for th
Coil -Condenser Unit Has Provision Also for S

By Hem

410-

sbe.

FRONT VIEW, SHOWS THE NATIONAL MODERNIST
NUMBERS ARE READ. AT LEFT IS THE ANTENNA

STAGE TUNING CIRCUIT. THE COILS
[This is the third article on the HB22. Another will be Published

next week.]

AN open assembly of the HB22 tuner is shown in the two
reproductions of photographs. The antenna stage coil
and tuning condenser are mounted on a small subpanel

of their own, and so are the interstage coil and its tuning con-
denser. The shaft of each coil is connected to the shaft of
each condenser by a link. Then the two condenser shafts at
the other end are engaged by the new National rainbow drum
dial.

This arrangement works out very well indeed. It is obvious
that the coils are far enough apart to prevent any harmful
coupling. Oscillation is well under control and the receiver
functions selectively and sensitively.

The arrangement pictured was laboratory -tested and as a
result of these tests the coil -condenser assemblies were manu-
factured as units, and these are available to the public.

This circuit is for battery operation of the filaments and for
B batteries or B supply for the plates, as you prefer. Hence
there are five tubes : screen grid radio frequency amplifier,
detector, first audio and 112A push-pull output pair.

The two tuned circuits being operated by a single control, it
is necessary to get them to work accurately together. This is
accomplished by adding capacity to the first tuned circuit to
balance extra capacity automatically included in the second
tuned circuit by virtue of the type of coupling and the high
amplification.

Balancing is established in this way : A low wavelength sta-

CIRCUIT DIAGRAM OF THE HB 22 FOR USING THE
OPEN CONSTRUCTION TUNING UNITS. BOTH THE
TUNING CONDENSER ROTOR AND THE PRIMARY IN
THE PLATE OF THE RF TUBE ARE RETURNED TO B
PLUS, UNDER THIS SYSTEM, BECAUSE THE CON-
DENSER ROTOR IS INSULATED FROM THE GROUNDED
POTENTIAL BY USE OF A SMALL INSULATED SHAFT.

IC DIAL, WITH PEARL -LIKE SCREEN ON WHICH THE
STAGE TUNING ARRANGEMENT, AT RIGHT THE INTER
USED ARE THE BERNARD TUNERS.

tion is tuned in, preferably one that comes in with pretty gooc
volume. The wavelength chosen should be the lowest one re.
ceivable at this volume level. Turn the setscrew of the equaliz.
ing condenser across the first tuning condenser so that the
moving plate of the equalizer is as far out as possible, without
disengagement of the screw. (Continued on 4th column.)

Right o
(1)-If the loudspeaker is connected directly from plate tc

plate in a push-pull amplifier no sound is heard because the
two plates are at a difference of potential, being connected tc
the same plate voltage source.

(2)-An inductor speaker does not discriminate among fre
quencies as much as an ordinary magnetic speaker because the
armature suspension has a greater compliance, that is, it is hek
in place by weaker springs.

(3)-Box resonance in a loudspeaker is due to the same phe.
nomenon as the sound heard in a conch shell or a barrel.

(4)-A condenser speaker works because there is a variable
electric force between the two plates of the condenser. Th'i
variable force is composed of a steady polarizing force and
force due to the signal voltage superimposed on it.

(5)-An audio transformer is a sort of lever in which the
core might be considered as the fulcrum. The number of turn:
on the primary corresponds to the length of the lever on the
side the force is applied and the number of turns on the second-
ary corresponds to the length of the lever opt the side where
the work is done. The ratio of turns corresponds with the ratic
of the lengths of the lever. If the two windings are not per-
fectly coupled there is some leakage inductance and this cor-
responds to a fulcrum which is not rigid but which moves bact
and forth as the force is applied in one direction or the other.

(6)-Short waves cannot be received with the Superhetero-
dyne principle because the intermediate frequency is too love
compared with either the signal or oscillator frequencies.

(7)-Interrupted continuous waves cannot be received audibly
without the use of an auxiliary oscillator the frequency of whict
differs by an audible amount from the frequency of the signal.

(8)-Standing radio waves similar to the standing waves or
a stretched wire suitably agitated can exist on an electrical con-
ductor such as an antenna or a long coil.

(9)-Standing waves in any medium can occur only whet
there is reflection of the wave.

ANSWERS
(1)-Wrong. It is true that the plates are normally at th(

same steady or average potential but they are not at the same
signal potential. Because they are at the same steady potentia
no direct current flows through the loudspeaker, but the AC
voltage difference produces sound.
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e HB22 Push -Pull Circuit
(ket, While Second Tuned Ci rcuit Is Insulated
. Bernard

REAR VIEW OF THE TUNER OF THE HB22, SHOWN IN OPEN CONSTRUCTION. EACH COIL -CONDENSER UNIT
HAS A SMALL SUBPANEL OF ITS OWN, WITH HOLE DRILLED IN IT TO ACCOMMODATE A SOCKET.

rong?
(2)-Right. Most of the frequency discrimination in mag-

netic speakers is due to the necessity of mounting the armature
;on springs sufficiently stiff to balance the magnetic pull. In the
inductor, as well as in the dynamic, it is not necessary to balance
the armature in this manner, at least not in the direction of
motion. The compliance of the mounting springs in the direc-
,tion of motion is very great, and for that reason the low notes

re produced strongly. To produce the higher notes it is only
ecessary to make the armature and other moving parts as

ight as possible or practicable.
(3)-Right. A box is a resonance cavity which responds to
certain frequency when sounds of many different frequencies

are produced near it in inside it. A barrel does the same, as
oes a conch shell. The frequency at which the cavity re-

sponds depends on the size of the cavity, particularly its length.
(4)-Right. The pull between the plates is directly propor-

ional to the square of the voltage between the plates. The
otion of one of the plates, the other being rigid, is propor-

itional to the product of the signal voltage and the steady
polarizing voltage.

(5)-Right. The analogy applies even when the secondary is
'pen. In this case the end of the lever where work is done must
e fixed so that it cannot move in order to make the analogy
ood. The force exerted by the end of the lever against the

device holding it in place corresponds to the voltage developed
in the open secondary.

(6)-Wrong. The Superheterodyne principle can be applied
very well and the intermediate frequency, is no limitation be -
'cause that frequency can be chosen at will to suit the particular
tease.

(7)-Right. Continuous waves do not detect in the same way
s damped or modulated waves and must be received audibly
y employing an audible beat note between itself and the signal

Uwaves.
(8)-Right. These waves are made use of in the wave reson-

ance method of tuning.
, (9)-Right. The wave that travels down the conductor must
be reflected at the end and return to the starting point at the
right instant to be reinforced by a new impulse. An organ
ipe works in the same manner.

Now turn the rheostat up nearly all the way, and with a
wooden dowel sharpened in screwdriver fashion, turn the equal-
izing condenser's setscrew to make the moving plate come
closer and closer to the fixed plate. At some one point, with
maximum equalizing capacity never more than half in use, the
volume will increase considerably, and there may be some
oscillation. Get rid of this oscillation by adjustment of the
rheostat. Now turn the drum dial, using the front panel knob,
ever so slightly one way, then another, as a test of whether .
you can increase the volume that way without molesting the
equalizing condenser for the moment. If you can increase the
volume that way, reduce the effective capacity of the equalizing
condenser and turn the drum knob again, just a trifle. By turn-
ing the tuning condensers themselves while the equalizer is
being adjusted, you will reach the correct relationship, so that
volume is highest.

As a final test, turn the drum a little one way and then an-
other to ascertain if the station has two "humps,' that is, comes
in with good volume at one dial setting, decreases in volume
as the dial is turned, then comes in with a little more volume,
although less than the first volume, at another setting. If this
is true, readjust the equalizing condenser, and test for greatest
volume at a given position of the dial without bringing in the
station at two points. When this work is completed the circuit
is properly balanced capacitatively and the single control will
be very effective.

Balancing should be done on a low wavelength because the
trimming capacity is then a much greater percentage of the
total capacity in the circuit, due to the tuning condenser plates
being almost totally out of mesh. Therefore greater accuracy
can be achieved, and for higher capacity setting of the tuning
condenser the previous equalized capacity will be found excel-
lent. Worked the other way round-tested on a high wave-
length-poor results might be obtained on low waves.

In wiring the second tuned circuit, the rotor may be returned
to B plus,the same as the coil, by using a 11/4" long piece of
fibre, hard rubber or bakelite, Ye diameter. This would con-
nect to the drum at one end and to the tuning condenser shaft
through a link at the other end. As the condenser and coil
would return to the same point, B plus, the little subpanel on
which the interstage tuner is mounted should not be grounded
in 'that instance.
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FIG. 807
A HIGH VOLTAGE, HEAVY DUTY B POWER SUPPLY UNIT SUITABLE

ADDRESS AMPLIFIER
HIGH VOLTAGE POWER SUPPLY

IF YOU have a diagram of a B voltage supply using two
281 tubes and suitable for a push-pull amplifier using 250
tubes I would appreciate your publishing it. The supply is

also supposed to handle several other tubes with plate voltages
of 180 and 90 volts, and a very good regulation is necessary
since the amplifier is to be used with a high quality public
address amplifier. I desired to use voltage regulator tubes, so
if you have a diagram incorporating such tubes, I should like
to see it. If not, please describe the necessary connections.-J.S.

You will find the diagram of such a circuit in Fig. 807 here-
with. You will need a power transformer having one 7.5 -volt
winding for heating the filaments and one high voltage, center -
tapped winding with about 600 volts, root mean square, on
each side of the center tap. The first choke coil, Ll, should be
heavy duty capable of carrying about 150 milliamperes. Its in-
ductance can be as low as 10 henries. The second choke should
have a much higher inductance but need not carry so much
current. The first three condensers should be rated at 1,000
volts or higher. The remaining condensers need not be rated
at more than 400 volts. Condensers C2 and C4 should be of
4 mfd. or more. The others need not be larger than 2 mfd.

* * *

EFFECT OF SHIELDING
WHY IS it that the tuning and selectivity characteristics

of a tuner change radically when a shield is put around it?
I have experimented a good deal and have found that

the selectivity is greatly decreased by the shield and that the
stations come in lower down on the tuning condenser dials when
the shield is used. Please explain.-A. McD.

The selectivity goes down considerably because of losses by
induced currents in the shielding. The stations come at lower
dial settings because there is more distributed capacity between
the coil and ground when the shields surround the coil than
when it is in the open. Both these efforts depend on the size
of the shield with respect to the size of the coil and to some
extent the size of the condenser. The larger the shield, the
smaller the effects. It is assumed that the inductance coil is
placed in the center of the shielding. The material of the shield
also has some effect on the selectivity. The better the conduc-
tivity of the shielding material the less the losses. When there
are many tuned circuits in a receiver, the overall selectivity may
be considerably better when the shielding is thorough than when
no shielding is used. This is due to the elimination of mutual
inductance between the tuned coils and hence to the elimination
of the double resonance characteristic of coupled tuned circuits.

* * *

WHICH END GOES WHERE
IHAVE a Bernard dynamic tuner and I am doubtful about

the correction connections of the terminals. Which end of
the secondary should go to the grid and which to the filament?

Which end of the primary should go to the plate and which to
the plate battery?-J. J. O'B.

It makes no practical difference in either case. Connect one
of the secondary terminals to the grid and the other to the
filament. In the primary the rotor and stator coils might be
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connected so that the rotor is nearer the plate battery, but
practically it makes little difference whether it is on the battery
or the plate side. The essential thing is that the rotor and the
stator coils be connected in series in such a way that the in-
ductance increases when the condenser is turned so that the
capacity increases. If the first connection made is wrong in
this respect just reverse the two leads to the rotor coil. The
circuit will not work unless the connection is correct so there
can be no doubt.

SENSITIVITY VERSUS VOLUME
IT SEEMS to me that sensitivity and volume at times are

used interchangeably for the same thing and at other times
the terms are used to express different conceptions. If

there is any difference will you kindly point them out? I am
sure that many others are mixed up on the two.-P. P. H.

It is true that the two terms are often used to express the
same idea, although the connection between the two is only
incidental. Sensitivity refers to the ability of a device to re-
spond to very feeble impulses. If it is the sensitivity of a re-
ceiver that is in question it means the ability of that receiver
to pick up very weak signals and amplify them to the point
where they are appreciable. Volume refers to the intensity of
the signals after they have been amplified. A receiver may be
quite insensitive and yet be able to turn out a tremendous vol-
ume of sound from local stations. Conversely, a receiver may
be enormously sensitive and yet not be able to turn out a
sound, even from a local higher power station, strong enough
to operate a headset. The sensitivity of a receiver depends on
the degree of amplification, the detecting efficiency of the de-
tector, on the type of pick-up system used or antenna, and on
the transduction efficiency of the loudspeaker. The volume de-
pends only on how much power the system can turn from elec-
trical energy to sound energy, or on how much it is made to
convert.

To measure the sensitivity of a receiver the input required
to produce a given output is measured. The less input required,
the more sensitive the receiver. The sensitivity can also be
measured by measuring the output obtained from a fixed input.
The greater the output under this condition, the greater the
sensitivity. By volume of a receiver is usually meant the maxi-
mum undistorted sound output of which it is capable, and that
is measured by measuring the sound power. What that power
is has nothing to do with the sensitivity.

* * *

WHY SET IS ERRATIC
IHAVE built a screen grid receiver according to one of your

circuit diagrams which gives enormous volume, but it does.
not give the greatest volume when I adjust the grid bias

voltages according to specifications. What accounts for this
trouble?-A. K.

The voltages specified in any circuit are for normal or average
conditions. They are not necessarily the optimum in all in-
stances. The only criterion for correctness is highest sensitivity,assuming that the voltages used are within the safe limits ofthe tubes. One should alway5 try different voltages to find the
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one that gives the best results in any particular instance. This
is not only desirable when screen grid tubes are involved but
it is necessary, for such tubes are more critical than others.
When three -element tubes are used the adjustments are not
nearly so critical.

* * *

IMPORTANCE OF FILAMENT EMISSION
ATELY there has been considerable interest in the filament

emission of tubes. Is it really important to know what the
filament emission of any tube is? I cannot see any par-

ticular value in knowing it since a tube is never used in the
manner in which the filament emission is measured, that is, con-
necting the grid and the plate together. If there is any advan-
tage in knowing what the emission is I should like to know
what it is.-E. H.

There does not seem to be any good reason for filament
emission tests on tubes intended for amplification since in an
amplifier the grid and the plate are never tied together. There
is one condition, however, which might call for a filament emis-
sion test. If the tube has become gaseous the filament emission
is usually excessive. Ordinary tests on the tube would indicate
that it is an exceptionally good tube but when it is put in an
amplifier circuit it does not function. A test on the emission
on such a tube would show excessive current. But even this
is of little use. The fact that the tube does not work as an
amplifier is sufficient to condemn it. If the tube is gaseous
this fact should show up in the form of a blue glow when a
high voltage is impressed on it. It might a'so show by the
color of the plate, for the plate current is usually so high that
the plate turns red hot after a few minutes.

* * *

COBALT STEEL MAGNETS
/HAVE heard many claims to the effect that loudspeaker

and phonograph pick-up units made with cobalt steel mag-
nets are superior to those made of chrome or tungsten steel

magnets. Is this a fact or simply advertising enthusiasm? If
such units are superior what is the reason?-J. J. M.

The simple fact that the units are made of cobalt steel mag-
nets is not sufficient to make them superior to units made of
other magnet steels. It is true, however, that cobalt steel is
far superior to any other known magnet steels. Such steel is
being used more and more in fine electrical instruments where
a strong permanent magnet is essential and where cost is no
great consideration. Cobalt steel is comparatively expensive
and it is very difficult to work on account of its hardness. One
advantage of such steel is that less of it can be used to secure
a given strength of magnetism, and this recommends it for use
in pick-up units which must be light enough not to ruin the
record and yet magnetically strong to be sensitive.

* * *

RHEOSTAT GETS HOT
IHAVE a charger which delivers too much current for the

battery, or I should say that it charges the battery faster
than I want it to charge. I have connected a rheostat in

series with the battery to cut down the current but the rheostat
gets too hot. What can be done to limit the current? Is not
a rheostat the proper thing to use?-G. A. H.

Yes, the rheostat is the correct thing to use. But every
rheostat will not carry the current without getting hot. You
have to use a rheostat which has been designed to carry the
current. Get a heavy duty one, and preferably one which can
get very hot without burning anything.

* * *

BAND PASS FILTER TUNERS
IHAVE decided to build a receiver which is as selective as

possible, but I don't want to get it so selective that it will
cut sidebands. Many band pass filter tuners have been rec-

ommended and I wonder if one of these can be used to advan-
tage. Is it really advisable to use such a filter in the radio
frequency tuner, and can 10 kc selectivity be obtained through-
out the broadcast band?-W. H. J.

There is no band pass filter which will give you 10 kc selec-
tivity throughout the broadcast band. If you make the band
10 kc at the 550 kc end of the band it will be about 30 kc wide
at 1,500 kc. And if you make it 10 kc wide at 1,500 kc it will
be about 3.3 wide at the other end. Of course, such selectivity
would be entirely too high. You have very little assurance that
you will have any kind of selectivity with a band pass filter
unless you take great precaution in adjusting the circuit. There
are many things in radio which seem more advantageous than
they are.

* * *

LENGTH OF ANTENNA
IHAVE one of the sets which you described a few years ago,

but I am not getting as good results with it as I think I
should, or as good as I did at first. Do you think that a

longer aerial would give me better results? I now have about
100 feet, about 30 of which is the lead-in.-D. Ll. E.

An antenna of 100 feet ought to be all right but it would be
better if you could run it higher. For example, you might make
the vertical portion 70 feet and the horizontal 30 instead of the
reverse. It is the height of the antenna that counts and not
the length of wire. Since your receiver worked all right at
first the trouble now may be that your tubes are weak. Try
new tubes. You may not need to change the antenna at all.

LEAKAGE IN CONDENSERS
IHAVE a resistance coupled amplifier which worked excel-

lently for about two years, but recently it has been mis-
behaving. The quality is not good and the speaker seems

to choke up. I have measured the plate current in the last tube.
When I first turn the set on the current is normal but after a
while it becomes excessively high. What do you think is wrong?
-E. G. H.

This trouble is due to leakage from the plates to the grid
either through the stopping condenser or through the socket
of the output tube. The leakage may be through the bodies of
these devices or over the surfaces. The resistor mounting may
also be at fault. Clean all surfaces thoroughly of all dust and
note if there is any improvement. If not, replace the grid leak
resistor with one of lower value. If this will not stop the trouble
until the grid leak is too low in value, about 100,000 ohms, you
might replace the last stopping condenser. A mica dielectric
condenser is the best.

* * *

CHOICE OF SUB -PANEL
HICH is better, a wooden sub -panel or one of metal?
If there is no difference I should like to use a metal sub -
panel because it makes a better looking set and permits

wiring to be placed underneath the sub -panel. --G. A. T.
There is practically no difference electrically. If you Wan to

build a permanent set use a metal sub -panel, but if you are
only to assemble an experimental ;et, use wood for that is
easier to work with and does not cost so much.

«

pLEASE point out how the Four Stage All Screen -Grid
tuner described in the previous issue is adjusted for loudest
signals. Also state if it is necessary to use the bypass

condensers, C5, C7 and C9, which are connected between the
screen grid terminal and the minus A.-P. S. L.

The four condensers are first turned until a station at about
300 meters is brought in and with maximum intensity. Then
a dowel stick with one end sharpened like that of a screw
driver is used to turn the small screw on the equalizers across
each section of the condenser. Each screw is turned until
the signal intensity increases. The hand must not be placed
too near the equalizer, for the capacity of the hand will affect
the setting. If it is found that the screw has a tendency
to shift insert a couple of small washers between the screw
and the spring plate. It is quite important that these small
condensers be fastened down securely, for a slight shifting
of them will also tend to vary the capacity and throw the
previous setting off. The control grid connection should also
be watched. That is it is very important that this connection
be solid. Raspy signals will otherwise result. The variable
resistance in series with the minus filament of the first radio
frequency tube should also be carefully turned.

Yes, it is absolutely necessary to use these condensers.
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POLL OF 4,000

FAVORS CUT IN

STATION LIST
Washington.

Too many broadcasting stations and too
much advertising are the leading com-
plaints of radio listeners in the vicinity
of San Francisco concerning the ills of
radio today, according to a survey made
by the Commonwealth Club of America
in San Francisco, the results of which
were transmitted to the Federal Radio
Commission. It is one of the first such
surveys to be made.

Approximately 4,000 responses to the
questionnaire sent out by the club have
been analyzed, the Commission was in-
formed. Members of the club, employes
of the Southern Pacific Railroad and em-
ployes of San Francisco's largest depart-
ment stores were canvassed, it was ex-
plained, to obtain cross-section of opinion.

WANT MORE SUNDAY VARIETY
Sixty-six per cent of the returned ques-

tionnaires were to the effect there are
"too many, preachers," and a "tack of
Sunday variety" over the radio, says "The
United States Daily." Other complaints,
of the same general percentage, were "too
much jazz," "too many cigarette ads," and
"women announcers."

The majority of the listeners favored
orchestral selections over other types of
musical programs. Eighty-five per cent
preferred more semiclassical music, 68
per cent more classical music, 36 per
cent more "jazz," 55 per cent more radio
dramas, 34 per cent more spoken -word
programs, and 68 per cent more educa-
tional talks.

Of outstanding significance, according
to members of the Radio Commission,
was the opinion of 94 per cent of the
4,000 listeners that local reception has
improved as compared with two years
ago. This, it was stated at the Commis-
sion's office, is interpreted as meaning
that the general reallocation of broadcast-
ing stations effected a year ago has ac-
complished its end, and unquestionably
has improved reception conditions for the
country as a whole.

DX IS BETTER
In the opinion of 69 per cent of the

listeners distance reception has improved
as compared with two years ago. Thirty-
seven per cent reported that they still
"try to get 'distance'," while 5 per cent
said they were "tired of radio."

As to chain radio programs versus in-
dividual station programs, 71 per cent
favored the former, with the remaining
29 per cent showing a preference for the
programs of the independent stations.
Eighty-one per cent responded that they
"enjoy broadcasts of records," but they
were not asked to state their preference
as between mechanical reproductions and
original programs.

In the controverted sphere of advertis-
ing via the radios, 85 per cent said they
"feel grateful to advertisers," 12 per cent
said they did not, and 2 per cent re-
sponded they were grateful to "some of
them." But 53 per cent of the listeners
declared they were "annoyed" by radio
advertising, while 40 per cent said they
were not, and 7 per cent replied that
"some does" annoy them. The opinion
that radio advertising leads to purchases
of the commodities advertised was ex-
pressed by 47 per cent.

CENSORSHIP ASKED
Votes in favor of Government censor-

ship of radio programs were registered

Literature Wanted
THE names and addresses of read-

ers of RADIO WORLD who
desire literature on parts and sets
from radio manufacturers, jobbers,
dealers and mail order houses are
put:dished in RADIO WORLD on re-
quest of the reader. The blank at
bottom may be used, or a post card
or letter will do instead.
RADIO WORLD,
145 West 45th St., N. Y. City.

I desire to receive radio literature.

Name

Address

City or town

State

Godwin Williams, Jr., 829 Avery Avenue, Dyers
burg, Tenn.

Community Radio Shop, 20507 Choolcraft Ave..
Detroit, Michigan.

W. A. Horton, 110 Elizabeth Lane, East Point,
Ga.

Samuel Gould, 952 Anchor, Philadelphia, Pa.
W. Hansen -Casanova, Altagracia-A-Salas 28,

Caracas, Venezuela.
J. W. kissick, 3521 Wilton Avenue, Chicago,

Illinois.
G. S. Mandigo, 959 Main Street, Springfield, Mass.
Milton Meyer, 1821 S. Jennings St., Ft. Worth,

Texas.
R. M. Howard, 1505 E. Amelia, Orlando, Florida.
C. J. Roosenberg, 37 W. Charlotte, Ecorse, Michi-

gan.
H. T. Reeves, 444 Main Street, Biloxi, Miss.
Sidney Adams, 312 Oakland Avenue, Rock Hill,

S. C.
Carl Hermansen, 828 Ocean Avenue, Jersey City,

N. J.
R. C. Henre, 446 May Street, Hammond, Md.
Chester Mayers, 51 Bennett Avenue, New York

City.
George A. Zwald, 425 Emery Street, Philadel-

phia, Pa.
C. \V. Tanner, 2901 Long Street, Chattanooga,

Tenn.
F. Marotta, 1234 So. Fraser Ave., Los Angeles,

Calif.
B. A. McEntegart, 306 E. Mosholu Parkway,

Bronx, N. Y. City.
R. Brown, Gen'l. Del'y., Davenport, Iowa.

by 47 per cent. Twenty-two per cent ad-
vocated outright Government control of
programs, and 78 per cent believed that
educational programs should be prepared
and sponsored by governmental groups
and State universities.

To the question: "Can you suggest a
way of financing programs without ad-
vertising?" varied replies were received.
The outstanding suggestions were as
follows:

"Tax set owners. Tax radio manufac-
turers. Government subsidy. Radio
clubs. Slot machine sets. Voluntary con-
tributions. Free programs by educational
groups. Philanthropic subsidy. T a x
phone bills. Municipal subsidy. Tax
railroad tickets and transfers, 1 cent each.
Tax with seal on sets and notice posted
at front door. Tax sport and amusement
gate receipts."

NEW FEATURES WANTED
Many suggestions were received from

the listeners for "something new in radio
programs." The analysis cites a few
samples as follows: Lessons in interna-
tional language. Rebroadcast foreign
programs. Eliminate cigarette ads. Di-
versified local programs. News items.
Health and hygiene talks. Art, music,
drama criticism. Better announcers.
"Kilt announcers." Daily Federal pro-
gram subsidized by Government. Broad-
cast proceedings at the city hall, legis-
lature and Congress. Unsponsored time
signals. Monthly all-night programs.
Education on voting. Early Sunday
morning programs. More fights. Uni-
versity extension courses with credit for
examinations. More call letter announce-
ments. Reading books and short stories.
Information on hunting and fishing dis-tricts in season. More rehearsals before
programs.

ANNIVERSARY

FINDS CLEARER

AIR CONDITIONS
Washington.

The first anniversary of the broadcast-
ing reallocation found reception condi-
tions throughout the country vastly im-
proved, with a minimum of complaints
and with the industry itself thriving and
prosperous, according to Federal officials
identified with the regulation of radio,
and responsible for the reallocation.

Reports reaching the Federal Radio
Commission, according to "The United
States Daily," show conclusively that the
reallocation has served its primary pur-
pose of reducing man-made interferences
with receation, and of serving the remote
listener. At the Commission it is stated
that the broadcast set-up is not yet per-
fect, and probably never will be, since
there must be a "fluid" arrangement with
so many stations operating on so few
available channels.

CONDITIONS IMPROVED
The chief engineer of the Commission,

Capt. Guy Hill, declared orally that un-
questionably there is a material better-
ment of broadcasting conditions directly
attributable to the reallocation.

"Conditions seem to be improving every
day," said Capt. Hill. "Better equipment,
making possible higher percentages of
modulation by stations, improved assign-
ments, and higher power for stations on
cleared channels, all have ma -de toward
these improvements. Moreover, on the
receiving end, manufacturers are turning
out improved and higher grade sets, which
permit of sharper tuning and a greater
fidelity of reception."

Radio's greatest trouble today, said
Capt. Hill, is that of too many broad-
casting stations.

"It is very difficult to improve condi-
tions when the broadcasting spectrum is
crammed full with stations," he said.

STATIONS SHUFFLED
Under the reallocation the assignments

of 94 .per cent of the 600 -odd stations on
the air was shuffled. To make possible
improved reception for distant listeners,
notably the farmer, the Commission set
aside 40 cleared channels for the exclusive
use of high powered stations. Thirty-four
channels were designed for regional serv-
ice, for stations ranging in power from
250 to 1,000 watts. The remaining 16
channels were designated for "local" sta-
tions ranging in power up to 250 watts.

The chief of the radio division of the
Department of Commerce, William D.
Terrell, commenting on the reallocation's
first anniversary, said that the cleared
channel has filled a definite need, and
that there might well be more such chan-
nels if used properly. He emphasized
that unless they are properly used, how-
ever, little benefit is derived for the
listener.

"I support cleared channels because
they make possible the distribution of
programs without conflict for the listener.
The farmer and the remote listener ismore in need of radio service than any
other class, and should be accorded it.
The Commission might have set aside 50
instead of 40 cleared channels."

MANY CHANGES MADE
Federal Radio Commissioner Harold A.

Lafount declared the reallocation has been
eminently successful, and supports the
clearing of at Least 10 additional channels.

"This improvement has been most per-
ceptible on the cleared channels, althoughreception .of regional and local stations
has materially improved," he declared.
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LICENSE FEES

AT 20 A WATT

ARE PROPOSED
Washington.

Imposition of license fees upon all radio
transmitting stations and licensed users
of the ether, to defray the costs of ad-
ministering radio, will be considered by
Congress at the next regular session,
Senator Dill (Dem.), Washington, de-
clared orally.

The Federal Radio Commission, said
Senator Dill, will submit to the Senate
prior to the convening of the new Con-
gress in December, a proposed schedule
of license fees for all types of radio
licenses. In March, he explained, the
Senate passed a resolution requesting the
Commission to formulate a schedule of
fees to be recommended to Congress.

SUGGESTED RATE

Senator Dill said he did not know
whether it would be possible to include
in a bill to have the life of the Federal
Radio Commission, extended indefinitely,
the schedule of license fees. It may be
decided, he said, to hold the plan for con-
sideration as a part of the Couzens bill,
to create a Federal communications com-
mission, with full authority over all modes
of communication, as well as interstate
power lines.

"Personally," said Senator Dill, "I think
the time has come when license fees
should be charged for use of the ether."

Several months ago, the Senator stated,
the Commission discussed with him a ten-
tative proposal for assessment of a tax
of approximately 20 cents per watt for
broadcasting stations, and of a flat license
fee rates for commercial communications
companies, together with a pro rata tax
on their net incomes.

COSTS ARE MOUNTING

The chairman of the Commission, Ira
E. Robinson, said Senator Dill, informed
him that the proposed schedule of the
Commission would be submitted in ad-
vance of the convening of Congress in
regular session.

Chairman Robinson, in testimony be-
fore the Senate Committee on Interstate
Commerce last year, endorsed a proposal
for imposition of license fees, saying it
would cause holders of franchises to the
ether more thoroughly to realize their
responsibility to the public. Moreover,
he declared that the mounting costs of
radio administration make it desirable to
assess charges upon licenses.

The estimated cost of radio regulation
is $750,000 annually, disbursed jointly
by the Commission and the radio division
of the Department of Commerce, it is
stated. It is generally stated that these
expenditures will exceed $1,000,000 be-
cause of the increased work entailed in
administering radio with the technical
development of the art.

STRICTER WAVE SUPERVISION
Washington.

In an order recently adopted by the
Federal Radio Commission all automatic
frequency control apparatus will have to
be approved by the Commission in the
form of a written authorization before it
is installed. This is to reduce inter-
ference to as low a minimum as possible.

"A B C OF AVIATION." By Maj. Page. $1.00
postpaid. Radio World, 145 W. 45th St., N. Y.
City.

Proposes Community
Aid Control of Air

Washington.
Oswald F. Schuette, executive secretary

of the Radio Protective Association, in a
letter to the Federal Radio Commission
proposes that local communities receive
a greater share in determining allocation
of broadcasting wavelengths. The Fed-
eral Government's part under this plan
would consist chiefly in allotment of the
wavelengths to zones, while States and
communities controlled the power of the
stations and policing of the channels to
prevent interference. Actual allotment
of the wavelengths would be left to the
joint decision of the Federal Radio Com-
mission and  the local communities.

In an address made by President
Hoover to the Fourth National Radio
Conference, when he was Secretary of
Commerce, Mr. Schuette pointed out, the
same opinion was voiced.

"The ideal situation," Mr. Hoover said
at that time, "would be a traffic regula-
tion by the Federal Government to the
extent of an allotment of wavelengths
and control of power and policing of in-
terference, leaving to each community a
large voice in determining who are to
occupy the wavelengths assigned to that
community.

"It is true, of course, that radio is not
circumscribed by State lines and still less
by city boundaries; but it is possible,
nevertheless, to establish zones which will
at least roughly approximate the service
areas of stations and to a very consider-
able extent to entrust to them the set-
tlement of their local problems."

COURT UPHOLDS

WTRL OUSTER
Washington.

The order of the Federal Radio Com-
mission refusing to renew the license of
WTRL, Midland Park, N. J., with a wave-
length of 206 meters and a maximum
power of 15 watts, on the ground that the
operation of the station was not in the
public interest, has been affirmed by the
reviewing court, the Court of Appeals of
the District of Columbia.

The decision of the Commission, it was
held, was amply sustained by the evi-
dence adduced at the hearing on the ap-
plication for renewal of the license.

In reaching this conclusion, the court
also held that  the proceedings before
the Commission had been properly con-
ducted, and overruled objections to the
refusal of evidence of persons not called
as witnesses, and to the fact that only
four of the five Commissioners sat at
the hearing.

It was further held that the authority
of Congress to regulate radio communi-
cation as a species of interstate com-
merce necessarily implies the right of
reasonable regulation to control in the
public interest the number, location and
activities of the broadcasting stations of
the country as an integral system. Such
control, it was further stated, must
necessarily at times involve the right of
reasonable restriction and pro tanto
prohibition.

SYKES PLAN VOTED DOWN
Washington.

The plan of Commissioner E. 0. Sykes
to conduct experiments to find out the
feasibility of simultaneous operation of
more than one high-powered broadcast-
ing. station on the same channel was re-
cently rejected by the Commission.

UNIT ED MOVE

FOR 50 CLEAR

AIR CHANNELS
Washington.

Represented by John V. L. Hogan,
consulting engineer, and Louis G. Cald-
well, former chief counsel of the Federal
Radio Commission, ten of the broadcast-
ing stations now sharing time on cleared
channels recently presented a brief ask-
ing that the Commission increase the
forty cleared channels to fifty.

More cleared channels could be ob-
tained, according to Mr. Caldwell, by
making the separations between regional
and local stations seven and one-half in-
stead of ten kilocycles. He went on fur-
ther to say that in Europe separation
between stations is only four and one-
half kilocycles and it is working very
satisfactory.

If the band from 550 to 1,190 kilocycles
were allocated for cleared channels, ex-
cept for Canadian stations, and the band
from 1,200 to 1,500 kilocycles for local
and regional stations, the plan would
work out very well, he continued. He
also said that Canada is not satisfied
with its allocation of cleared channels
and before long the United States would
be called upon to give up more cleared
channels, and this plan would help solve
such a problem.

A station of 5,000 watts power on a
cleared channel has a much greater range
than one on a local or regional channel,
he said. Also, he pointed out, cleared
channels are a necessity for the rural
fans.

Amateurs Get Band
For Voice Overseas

Washington.
A recent ruling of the Federal Radio

Commission authorizes amateur radio
operators holding an "extra first class
amateur operator license" and those not
holding this license who are particularly
qualified to engage in international radio-
telephonic communication experiments,
the band of 14,100 to 14,300 kilocycles
being set aside for this work.

Amateurs have heretofore been re-
stricted to the continental field for radio
voice transmission, but have conducted
international experiments with code.

The ruling was made as a result of a
plea by K. B. Warner, secretary of the
American Radio Relay League, which has
a membership of over 17,000 amateurs.

SUBSCRIBE NOW!
RADIO WORLD, 145 West 45th St., New

York City. Enclosed please find my remit-
tance for subscription for RADIO WORLD,
one copy each week for specified period:
El $6 for one year, 52 issues.
El $3 for six months, 26 issues.

$1.50 for three months, 13 issues.
0 This is a renewal of an existing mail

subscription (Check off if true).

Your name

Address

City
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STATIONS GET

CHANGED TIME

AND FREQUENCY
Washington.

The following changes have been made
by the Federal Radio Commission:

WDAY, Fargo, N. Dak., to be changed
from one-half time on 1,280 kilocycles, to
full time on 940 kilocycles; the power of
station remains the same.

KFXF and KFEL-Denver, Colo.,
sharing time on 940 kilocycles, to be
changed to share time on 630 kilocycles;
the power of stations to remain the same.

WEBC-Superior, Wis., to be changed
from one-half time on 1,280 kilocycles, to
full time on 1,290 kilocycles, unless sta-
tion WHA, Madison, Wis., is assigned
part time on this channel at a later date.

WCFL-Chicago, Ill., operating as a
limited time station on 970 kilocycles, to
be changed to regional station with full
time on 1,280 kilocycles, the power of
WCFL to be 1,000 watts after local sun-
set, and 1,500 watts until local sunset.

Local stations near Chicago, each hav-
ing one -fifth time, WEHS, WKBI and
WHFC, to be changed to 1,500 kilocycles,
and operation limited to hours when the
three 5,000 -watt stations, WSOA, WJAZ,
and WORD are not operating. The high-
powered stations just mentioned have a
total of three -sevenths time.

WIBW-Topeka, Kans., to be changed
from 1,300 kilocycles to 580 kilocycles
and share time with KSAC, Manhattan,
Kans. The power of station WYBW on
580 kilocycles to be 500 watts night and
1 kilowatt to local sunset.

WSUI - Iowa City, Iowa, to be
changed from 580 kilocycles to 600 kilo-
cycles, sharing with WMT, Waterloo,
Iowa, and power of WSUI to remain
unchanged.

WMT-Waterloo, Iowa, to be changed
from 1,200 kilocycles to 600 kilocycles,
sharing time with WSUI, Iowa City,
Iowa. The power of WMT to be 250
watts, which is the maximum of its pres-
ent equipment.

KXRO - KXRQ, Inc., Aberdeen,
Wash. freq. changed to 1,420 kilocycles
to 1,310 kilocycles.

Alda Leaving
Opera for Radio

At the end of this season, Mme. Frances
Alda, noted operatic and concert soprano,
will retire from the Metropolitan Opera
Company, and devote her entire time to
radio broadcasting.

"After twenty-o'ne years on the operatic
stage," said Mme. Alda," I am giving up
work with the Metropolitan to devote my
time entirely to broadcasting.

The first of six Puccini operas was re-
cently broadcast. It was "Madame But-
terfly." Mme. Alda san gthe role of
Japanese sweetheart to the American
naval officer.

PLEASE GIVE US TIME
New subscriptions have been coming

to the Radio World office in such large
numbers of late that the Subscription De-
partment is worked to death, but every-
body is doing all possible to keep up to
date. Please give us time to enter your
subscription. This will require two weeks
in some cases. In the meantime, do not
be unhappy about it. We will give you
service just as fast as we possibly can.

Forum
NOT DIFFICULT FOR HIM

INOTICED what you told Y. E. in the
October '5th issue of RADIO WORLD

as to revamping receivers. I differ with
you greatly. You said that there was no
simple, valuable way. I have converted
to AC several battery radios, such as
Crosley, Atwater Kent, Federal and others,
with good results and I didn't rebuild any
of them. I merely put a harness in the
sets and supplied new tubes and power
units. It took me only about three hours
to have them in good working order.
They had more volume, power and sensi-
tivity. It looks to me as if you want to
give some one a lot of work to do for
nothing.

As to being far better satisfied as to
results, you could not wish to have any
better satisfied customers than I have.

I am a professional service man and I
think I know. You may be a technician
but your theory and my practical results
don't go together. As to your standard
advice, I think you would be better off if
you didn't have to look up your standard
advice every time you answered a ques-
tion and put that time in on practical ad-
vice. I would like RADIO WORLD better
if it would publish articles for the service
man and articles on standard sets instead
of some of those pages of no-good small
stuff.

LLOYD BETHS,
Norman, Okla.

SPEAKER NOISE

IN FOR IT NOW
If the measure introduced in the Alder -

manic branch of the Municipal Assembly
of New York City, as an amendment to
the Sanitary Code, is passed, the playing
of speakers, unreasonably loud after
hours, will be a misdemeanor. It will also
put a stop to the use of unreasonably
loud speakers by radio dealers at any
time.

Recently a committee appointed by
Commissioner Shirley Wynne, of the New
York Health Department, found that the
blare of loudspeakers was the cause of
much of the noise disturbance of the city.
They also reported that this noise was
responsible for many cases of nervo'usness
and general rundown conditions, due to
lack of sleep.

Committees appointed in other cities
are investigating the speaker situation
throughout the country. Bills to curb the
operation of offensive loudspeakers are
being introduced.

Hoover Opens Circuit
Washington.

The new direct radio telegraph circuit be-
tween New York and Madrid recently was
opened by the pressing of the key in the
offices of the Radio Corporation of Amer-
ica in Washington by Senor Mariano
Amoedo, Charge d'Affaires of the Spanish
Embassy. The first message sent was that
of President Hoover congratulating the
King of. Spain on the success of the inter-
national expositions at Seville and Barce-
lona.

RADIO IS HELD

FINE IN ADULT

INSTRUCTION
Washington.

According to the report of the sub-
committee of the advisory committee on
education appointed by Secretary of the
Interior Wilbur, radio offers remarkable
possibilities in educating adults, bringing
worth -while political discussions to class-
rooms and promoting community spirit
in outlying rural districts.

The report goes on to say that illiteracy
among adults might be prevented by
educational broadcasts and also that re-
mote mountain districts might be placed
in close contact with current events.

The report also brings out that in con-
nection with school work several set
manufacturers have provided free receiv-
ers for classrooms. Each of the class-
rooms in certain schools in Ohio and
California are fully equipped, the report
states, and more are being added daily.

State superintendents of schools and
their subsidiary units that use radio for
educational purposes, and 73 colleges and
universities in the United States that
broadcast educational programs, were the
two chief contributors of the information
contained in the report.

Four Ousted
Stations Resume

Because o fthe offering of satisfactory
explanatidns as to their failure to apply
for license renewals upon the license ex-
piration, four of twenty stations ordered
off the air were given license renewals
and permitted to go on the air imme-
diately.

The stations granted renewals were
WTNT, operated by the Tennesiee Pub-
lishing Company, Nashville, Tenn., 1490
kilocycles. 5000 watts ; KSEL, Pocatello,
Idaho, 900 kilocycles, 250 watts ; KGHX,
Richmond, Texas, 1500 kilocycles, 50
watts, and KDB, Santa Barbara, Califor-
nia, 1500 kilocycles, 100 watts.

z

Construction Delay
Is Held Excusable

Washington.
It is the duty of the Federal Radio

Commission to grant a further extension
a construction permit, when an appli-
cant under permit for the construction
of a radio broadcasting station has not
been able to complete the construction of
the station within the time allowed by
the permit because of delays caused by
engineering difficulties, contractors, and
weather conditions, the Court of Appeals
of the District of Columbia recently held.

The Richmond Development Corpora-
tion, building a 250 watt station at Roa-
noke, Virginia, the defendant in this test
case, appealed the revocation and won.

A THOUGHT FOR THE WEEK
Radio is

A science.
An entertainment.
A business.
A moving world force.
An art.

And the greatest of these is the first.
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Power Amplifier Equipment

Polo Filament Transformer Only,
four windings, consists of 50-60
cycles 110 v. winding. 2% v. at
12 amps., 2% v. at 3 amps., 5 v.
at 2 amps. All windings, save pri-
mary, are center -tapped (red). Size,
4%" high x 3%," wide a 3" front
to back. Weight, 6 lbs. Order
Cat. PFT @ $4.25.

[For 25 cycles order PFT-25 @
$7.00; for 90 cycles order PFT-40
@ $6.25.]

By-pass Condensers
For by-passing B -k leads to

ground or C minus from 200 v.
post or less, where current is less
than 10 m.a., 1 mfd. paper dielec-
tric condensers are useful. Order
LV-1 @ $0.50 ea.

Filter Condensers
For high voltage filtration next

to the rectifier, use 1 or 2 mfd.
The 2 mfd. makes the output volt-
age a little higher.
Order Cat. HV-1 (1,000 v.

DC, 550 v. AC) $1.76
Order Cat. HV-2 (1,000 v

DC, 550 v. AC) $3.52

F lame nt- Plate -Choke Block
Satre as Filament -Plate Supply.

except that two 50 henry chokes are
built in. Six windings: primary,
110 v., 50-60 cycles; 2.5 v. at 12
amps.; 2.5 v. at 3 amps.; 5 v. at
2 amps.; 724 v. at 100 m.a. ;
choke All AC windings center -
tapped (red), except primary. Con-
nect either end of a choke to one
end of other choke for midsection.
Order Cat. P-245-FPCH @..$10.00

FPCH-404
40

@ $
cy13.50.]cles order P-295-

[For 25 cycles order P-245-
FPCH-25 @ $14.50.]

At left is illustrated a push-pull
power amplifier, using a first stage of
resistance coupled audio, 280 rectifier
and two 245s in push-pull, as described
in the November 2d issue of Radio
World. Abounding volume and faithful
tone reproduction are assured. The Polo
Filament -Plate Supply, two Polo cen-
ter -tapped audio chokes and a Multi -
Tap Volfage Divider are used, with a
Q 2-8, 2-18 Mershon condenser, an in-
put push-pull audio transformer and
auxiliary equipment. The total parts,
including cadmium -plated steel sub -
panel, come to $43.57 net, the best
power amplifier for that modest
amount. Provision is made for
phonograph pickup plug inser-
tion. Thirteen output voltages
are provided, including 300, 180,
75, 50 and an assortment of
nine different voltages under
50 available for bias. All A, B and C
voltages are provided for the power
amplifier and for a tuner to be used
with it employing 227, 224 or 228 tubes.
Order Cat. P0 -245 -PA @ $43.57 net,

for 5060 cycles,
110 volts. [For
25 cycles order
P0 -245 -PA -25

Two rugged, expertly engineered wsre-wouna, enamelled
resistors, mounted in series, one atop the other, with four-
teen useful lugs, providing all necessary chosce of voltages
without the uncertainty of adjustable variable resistance.

The Multi -lap Voltage Divider has a total resistance
value of 13,850 ohms, in the following steps: 3,000, 4,500,
2000,, 800, 700, 600, 550, 500, 450, 400, 200, 100 and 50 ohms.
With the zero voltage lug (at lower left) the total number
of useful lugs is fourteen. The resistance stated are those
between respective lugs and are to be added together to
constitute 13,850 ohms

A conservative rating of the Multi -Tap Voltage Divider
is watts, continuous use. The unit is serviceable in all
installations where the total current drain does not exceed
125 milliamperes.

Extreme care has been exercised in the manufacture of
the Multi -Tap Voltage Divider. It is mounted on brackets
insulated from the resistance wire that afford horizontal
mounting of the unit on baseboards and subpanels.

Thero long has been a need for obtaining any necessary interme-
diate voltage, Including all biasing voltages, from a Multi -Tap Volt-
age Divider, but each lug has to be put on individually by hand,
and soldered, so that manufacturing difficulties have left the market
barren of such a device until now.

The Multi -Tap Voltage Divider is useful in all circuits, including
push-pull and single -sided ones, where the current rating of 125
milliamperes is net seriously exceeded and the maximum voltage is
not more than 900 volts. If good ventilation is provided, this rat-
ing may be exceeded 15 per cent,

The expertness of design and construction will be appreciated by
those whose knowledge teaches them to appreciate parts finely made.

When the Multi -Tap Voltage Divider is placed across the filtered
output of a B supply which serves a receiver, the voltages are in
proportion to the current flowing through the various resistances.
If a B supply feeds a receiver with two -stage audio amplifier, the
last stage a single -sided 245, then the voltages would be 250 maxi-
mum for the power tube, 180, 135, 75, 50, 40, 35, 30, 25, 16, 10,
6 and 3. By making suitable connection of grid returns the lower
voltages may be used for negative bias or even for positive voltage
on the plates.

If push-pull is used, the current in the biasing section is almost
doubled, so the midtap of the power tubes' filament winding would
go to a lug about half way down.

Order Cat. MTVD at $3.95.

The Mershon electrolytic condenser, 415 volts
DC, for filtering circuits of B supplies. Q 2-8,
2-18 has four capacities in one copper casing:
two of 8 mfd. and two of 18 mid. The
case is negative. The smaller capacities are
nearer the edge of the case. The vent cap
should not be disturbed, and the electrolyte
needs no refilling or replacement.

Mershon electrolytic condensers are instantly
self -healing. Momentary voltages as high as
1,000 volts will cause no particular harm to
the condenser unless the current is high
enough to cause heating, or the high voltage
is applied constantly over a long period.

High capacity is valuable especially for the
last condenser 9f a filter section, and in by-
passing, from intermediate B+ to ground or
C+ to C-, for enabling a good audio ampli-
fier to deliver true reproduction of low notes.
Suitably large capacities also stop motor -
boating.

Recent improvements in Mershons have re-
duced the leakage current to only 1.5 to 2
mils total per 10 mfd. at 300 volts, and less at
lower voltages. This indicates a life of 20
years or more, barring heavy abuse.

In B supplies Mershons are always used
"after" the rectifier tube or tubes, hence
where the 'current is direct. They cannot be
used on alternating current.
The Mershon comes supplied with 15special mounting bracket. Order go
Q 2-8, 2-18 B

$48.57. For 40
cycles order PO -
245 - PA - 40 @
$46.07.]

POLO
!,,7.e.4,11""'"".

4.1131,SAILISCE1,10.r-IN.

1

IJ

Polo 245 Filament Plate Sup-
piy (less chokes) has four wind-
ir all save primary center -
tanned (red), is 4%" wide, 5"
high, 4" front to back. Weight,
9 lbs. Fliament windings, 2.5 v.
at 12 amps., 2.5 v. at 3 amps.
(tor 245 filaments), 5 v. at 2
amps. for 280 rectifier, and 724
v. @ 100 m.a., center -tapped.
Order Cat. PFPS @ $7.50.

PFPS-252Fer$12.00.]
5 cycles order Cat.

[For 40 cycles order Cat.
PFPS-40 @ $10.00.]

Center -tapped double choke, 125 m a. rating, 30
henrys in each section. Used for filtering B supply
or for a push-pull output impedance, where speaker
cords go directly to plates of tubes. Center tap is red.
Order Cat. PDC @ $3.71.

Single 30 henry 100 m.a. choke for filtered output
(where condenser is used additionally or for added
filtration of a B supply. Order Cat. PSC @ $2.50

I

- - - - - - -
ACOUSTICAL ENGINEERING ASSOCIATES,
143 West 45th St., N. Y. City.
(Just East of Broad.vay.)

Please ship at once the following:
Quan-
tity Cat. No.
O P0 -245 -PA
 P0 -245 -PA -90
 P0 -245-P4-25
O PFPS PFPS-40
O PETS -25 PFT-40
O PFT-25
 P-245-FPCH
O P-245-FPCH-40
0
O PDCP-245-FPCH-25 PSC
O MTVD
 Q2 -8.2-18B

LV-1
HV-1

 EIV-2

Product PH, (
Pawer amp. parts. 50-80 c. $43.57
Same, 90 cycles 46.07
Same, 25 cycles 48.57
Fil. plate supply, 50-80 c. 7.50
Same, 40 cycles 10.00
Same, 25 cycles 12.00
Fil. trans.. 50-60 c. 4.25
Same, 40 cycles 6.25
Same, 25 cycles 7.00
Power -filter block 10.00
Same for 40 cycles 13.50
Same for 25 cycles 14.50
Double c. -t. choke 3.71
Single choke 2.59
Multi -tap volt. div. 3.95
Mershon with bracket 5.15
200 v., 1 mfd. by-pass cond. .50

1,000 v., 1 mfd. filter cond. 1.76
1,000 v., 2 mfd. filter cond. 3.52

O Enclosed please find check-money order-for the
above. [Note: Canadian remittance must be by postal or
express money 'order.]

ID Please ship C.O.D.

I NAME
ADDRESS

CITY. STATE
5 -DAY MONEY -BACK GUARANTEE!
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New 228, High Gain Detector for AC Sets

Kelly 228 Special Detector
for AC c reuits has a high
mu. (Ampliflealon factor)
and increases sensitivity.

INCREASE the sensitivity of modern AC -operated
circuits by substituting the new Kelly 228 AC
detector, a high mu tube (large amplification),

for the 227 tube otherwise used. The result is im-
mediately obvious in the greatly increased volume.
Otherwise weak, distant stations come in stronger
and tone quality is improved. Simply substitute the
228 for the 227. No wiring change of any kind is
required.

If an AC receiver uses resistance -
coupled or impedance -coupled first audio
stage, where the resistor or coil is in
the plate circuit of the first audio tube,
the 228 may be used as audio amplifier,
too. It is not suitable as a radio fre-
quency amplifier.

CHARACTERISTICS OF THE KELLY 228
Heater voltage 2.5 volts AC. Grid bias, detector -6 volts.
Heater current 1.75 amperes. Grid bias, amplifier -2.5 volts.
Amplification factor 45. Load resistance, 0.1 to 0.5 meg.
Mutual conductance 1,000. Internal plate resistance 45,000
Plate voltage 180 volts. ohms.

$2'5°
Screen Grid Tubes

THE Kelly screen grid tubes are of two types: the 222 for
storage -battery operation of the filament, and the 224 for
AC operation of the filament. The tubes are similar but not

identical. Either type may be used as radio frequency amplifier,
detector or, with resistor plate load, as audio amplifier.
The 222 has four prongs and fits into the regular UX socket.

The 224 has five prongs and requires the special five -spring UY
socket. The control grid is the cap of the tube.

The filament voltage of the 222 is 3.3 volts, the plate voltage
135, the screen grid voltage 45 volts or less. The heater voltage
of the 224 is 2.5 volts AC, the plate voltage 180, the screen
grid voltage 75 volts or less.

The net price of the 222 is $3.50, while the net price of the
224 is $3.00.

Other Tubes
The line of Kelly tubes includes, besides the 228, 222 and

224, the following types: 245, 226, 227, 17IA, 280, 240, 112A,
201A and UX199. The 240 is a high mu tube for battery operation
of the filament. It is suitable as detector or audio amplifier
where a resistor of .25 meg. or an impedance coil is in the
plate circuit.

You run no risk whatever when you purchase Kelly tubes.
Not only are they expertly made but they are sold on a 5 -day
money -back guarantee. This exclusive form of protection enables
you to be the ultimate judge in your own laboratory or your
own home, with no appeal from your decision on our part. If
you are not delighted with the performance of Kelly tubes
your money will be promptly refunded on the foregoing 5 -day
basis.

-, --, ---.. -. -. -. -. -. -. - .- - -. --. .11 .1 .. .. .....10 .0  n
GUARANTY RADIO GOODS CO., 143 West 45th St., N. Y. City.

Enclosed please find $ for which ship at once Kelly tubes
marked below:
El 228 AC high mu. $2.50 0 171A power tube $0.95
0 224 AC screen grid $3.00 0 20IA battery tube $0.65
0295 AC power tube $2.25 0 UX199 battery tube $1.25
0 226 AC amplifier $0.95 0 Matched pair of 245s for

0 227 AC det.-amp. $1.50 pushpull (for both) $4.50
D 280 AC rectifier $1.75 0 Matched pair 171As for AC
0 222 battery screen grid $3.50 push-pull (for both) $1.90
0 240 battery high mu $1.25 0 Matched pair of 112As for
0 I I2A power tt!be $0.95 pushpull (for both) $1.90

ALL PRICES QUOTED ARE SELLING PRICES AND ARE NET.
Name

Address
City State

0 Put cross here If C.O.D. shipment is desired.
Canadian remittance must be by postal or express money order.

NET
PRICE

Kelly 224 Screen Grid Tube
assures best tube perform-
ance in the most up-te-date
AC circuits using screen

grid tubes.

MORECROFT wrote a great book when he
turned out "Principles of Radio Communication."
Second edition now ready. Price $7.50. Radio
World, 145 W. 45th St., N. Y. City.

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

NATIONAL SCREEN GRID TUNER -Read full
advertisement on another page of this issue.

'FORD MODEL 'A' CAR." Its Construction,
Operation and Repair, By Victor W. Page, M.E.
545 Pages, 251 Specially Made Engravings. $2.
postpaid. .Radio World, 145 W. 45th St., N. Y.
City.

WORLD'S BEST AVIATION BOOKS: "A B C
of Aviation," $1.00; "Modern Aviation Engines,"
$9.00 postpaid. Both by Maj. Page. "Aerial
Navigation and Meteorology," By Capt. Yancey.
$4.00 postpaid. Radio World, 145 W. 45th St.,
N. Y. City.

RECENT NUMBERS
for the current year are procurable at
the rate of 15c a copy, or 8 copies for
$1.00. RADIO WORLD, 145 West 45th
St., N. Y. City.

0060900300
HIGH RESISTANCE

DC VOLTMETER
With three 28" tipped leads built in

J-296 Voltmeter, for
measuring all direct
current voltages. in-
cluding B eilmina-
tees. 0-60, 0-300
(double range).

GUARANTY
143 West

A portable type, high resistance
meter, 2%" outside diameter, for
close reading of direct current
voltages up to 60 volts, and for
reading DC voltages up to 300
volts. 'Mee sari -colored 28" In-
sulated leads, with jack tips, are
built in. Black is minus, yellow
13 tO volts maximum and red is
300 volts maximum. These volt-
ages are marked at the meter
outlets. Cat. 3-246. Net price,
$2.28.

Multiplier, with jack terminals,
to Increase range 0-300 range to
0-600. Cat. J -1063T (with jack
terminals), net price, $1.18.

RADIO GOODS CO.
45th St., N. Y. City

MICROPHONE
LIGHTERS

for cigars or cigarettes, with button
switch at top. Press the switch and
light up!

Model A lighter, microphone de-
sign, with 5-k. AC cable and
plug. Works on 110 volts, AC
any frequency and on direct cur-
rent. Price $1.00

Model B lighter, microphone de-
sign, on tray, with S -ft AC cable
and plug. Works on 110 volt
AC, any frequency, and on direct
current. Exactly the same lighter
as the other, only tray is added.

Price $L50

This lighter is instantaneous. Hold button downonly long enough to light a cigar or cigarette.The two models are furnished in attractivesprayed finish. Both are very compact! For
instance, the tray is only 41/2" in diameter.Use these lighters in your home and forholiday gifts.

The heater element is renewable.- -
RADIO WORLD, 145 West 45th St., N. Y. City
0 Please send me Model A Microphone Lighter at $1.00. Please send me Model B at $1.50.
0 Enclosed is remittance [Canadian must be P.O. or ex-press money order.]
0 Ship C. 0. D

Nam.,

Address

City State

New DRAKE'S
ENCYCLOPEDIA

A reference work that has subjects
classified in alphabetical order.

WEIGHS 3% LBS.. 1,025 Every new thing in radioILLUSTRATIONS. is covered in detail.
1.680 Alphabetical Headings from A -battery to

Zero Beat
1,025 Illustrations. Diagrams, Layouts and Graphs920 Pages, Each 6 by 9 inches

240 Combinations for Receiver Layouts
OF THE PRINCIPAL ARTICLES

159 Concern service men, 129 help the set builder.
162 help the experimenter, 155 interest the student.
75 assist In sales work, 73 Interest set owners.

PRICE, $6.00
Remit with order and we pay cartage. Canadianremittance must be by postal or express money order
Order C. 0. D. and you pay cartage.

RADIO WORLD, 145 W. 45th St., N. Y. Cit,.

Each rule, fact, method,plan, layout and diagram
Is instantly picked out and
separated from everything
else by placing all subjects
in alphabetical order with
cross references for every
Imaginable name under which
the information might be
classed.

This alphabetical arrange-
ment lets the experienced
worker refer directly to the
one thing In which he is
interested at the moment
without hunting through non-
essentials. The needs of the
beginner are eared for.

The important articles deal
primarily with receivers and
reception. They do not stop
with the electrical end, but

BOOK IS 21/2" THICK, go also into the mechanicsof construction.
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Horn Unit $2.25

This unit is pre-eminent for horn -type speaker.
such as the exponential horns or other long toe,
travel horns. The faintest word from a "whisper
ing tenor" or the tumultuous shout of the crowc
or highest crescendo of the band is brought out
clearly, distinctly. Stands up to 450 volts with
out filtering. Works right out of your set's
power tube, requiring no extra voltage source
Standard size nozzle and cap are die-cast alu
minum, one piece, with milled platinum -like
finish. The casing I. full nickel, of highest pos-
sible polish. Works great from AC set, battery
set or any other set, push-pull or otherwise.

For Portable Use
This unit can be used in  portable without any
horn attached and will give loud reproduction.
Order Cat. 225, with 4% ft. cord attached .

(Shipping weight, 2 lbs.) $225

Air -Column Horn
8-11. tone travel molded wood horn (less unit
No. 225) is obtainable already mounted in a
baffle box. Outside overall dimensions of baffle
box, 2134" high, 18" wide, 15" front to back
Shipping weight, 27 lbs. Order Cat. 596 @ $8.00
national Eaplowerlog Asseslatst.
141 W. 46th St., N. Y. City (lust E. of Sway).

Plass ship C. 0. D.
0 Cat Na. us so 110 0 Cot. No. 596 0 $8.01

Name

Address

City State

FIVE-DAY MONEY -BACK GUARANTEE

G41 qTDOINI

PHONOGRAPH
MUSIC

Lis pr ce

$15.00 is at its best
Slightly higher west of the Rockies with the

Super Phonovox
Plays records electrically through your radio with amazing tone
realism and volume. New combination switch and volume control
(with special adapter for screen grid tubes) switches instantly from
radio to records without changing any connection. English 36%
Cobalt Magnets provide extreme sensitivity. Hear it at your dealers.
Two new low impedance models now available.

PACENT ELECTRIC CO., INC., 91 SEVENTH AVE., N. Y.
Pioneers in Radio and Electric Reproduction for over 20 years

Manufacturing Licensee for Great Britain and Ireland: igranic Electric Co., Ltd., Bedford, Eng.
Licensee for Canada: White Radio Limited, Hamilton, Ont.

(LYNCH
TUBADAPTA
For Better TONE

ex-
pensive power tubes. Used in last audio stage.
Improves reception and prolongs life of
List Price..$2.50

Write for descriptive circular and complete
catalogue Lynch Guaranteed Radio Products.
LYNCH MFG. CO., Inc, 1775 B'way, N. Y.

No matter what your resistance problem may be-
whether an unknown high resistance value for a
critical receiving circuit or a heavy duty low
resistance value for grid -biasing the largest audio
power tube or even transmitting tube-

Wemeinber-CLAROST AT kriPer9
there's a Paola
Clarostat Mfg. Co., 291 N. 8th St., B'klyn, N. Y.

SUBSCRIBERS! DLoaotek oant Ythu rE Wrapon
Please look at the subscription date stamped on your last wrapper, and if that date

indicates that your subscription is about to expire, please send remittance to cover
your renewal. Please give our subscription department two weeks to make changes
in expiration dates, street addresses, etc.

In this way you will get your copies without interruption, and keep your file
complete.

SCREEN GRID TUNER

Th., most sensitive tuned radio frequency tuner so fa developed, the
MB -29 is Ions on distant reception, and penetrates seemingly unsur-
mountable barriers to reception. On the MB -29 the stations come in
ne matter where you are. The 5111-29, designed by James Millen and
Prof Glen Ii. Browning. Is the choice of the most diadimnating
It is designed only for AC operation, uses four stages of screen grid
BY end a power detector (227). Use 135 to 100 volts on the detector.
Testimonials from radio's hardest -boiled experts prove thin is the
circuit of dreulta. Buy the parts and find fullest radio delight.
Tou will be sure nobody else ha.  tuner as good as yours, unless
be toe has an MB -29. Complete component parts for National Screen
Odd Tuner 11B-811. mounted on feuelad
slemlnuts ehmsts, Including rainbow modera-
ted, drum dial 110. Order catalog No.
WD -W -W, list pries, less tubes, $0.50
Tour price

$40.00

SUBSCRIPTION DEPARTMENT

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

B-29
The National Velvetone Push -Pull
Power Amplifier (shown at right)
consists of an AC -operated filament -
plate supply, with two stage trans-
former audio amplifier and output
transformer built in. Made only for
110-V., 50-60 cycles. Sold only in
completely wired form, licensed under
RCA patents.
The new Power Amplifier has been
developed and built to get the very
most out of the MB -29. It is a com-
bination power supply and audio ampli-
fier, using a 280 tube for a rectifier,
one stage of transformer audio with a
227 tube and a stage of push pull
amplification with two 245s. It furnishes
all power for itself and for the M B-29,
as well as the audio channel. Order
catalog PPPA, list price, completely
wired and equipped

*.lc.(less tubes)
with phonograph

$97.50. Your price.

Plutsh.Pull Amplifier

View of National Velvetone Push -Pull Power Amplifier.
an expertly made A, B and C supply and audio amplifier,

producing marvelous tone quality.

GUARANTY RADIO GOODS CO.
143 WEST 45TH STREET NEW YORK CITY
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New 228, High Gain Detector for AC Sets

Kelly 228 Special Deteetor
for AC ci cults has a high
mu. (Amplificaion factor)
and increases sensitivity.

INCREASE the sensitivity of modern AC -operated
circuits by substituting the new Kelly 228 AC
detector, a high mu tube (large amplification),

for the .227 tube otherwise used. The result is im-
mediately obvious in the greatly increased volume.
Otherwise weak, distant stations come in stronger
and tone quality is improved. Simply substitute the
228 for the 227. No wiring change of any kind is
required.

If an AC receiver uses resistance-
coupled or impedance -coupled first audio
stage, where the resistor or coil is in
the plate circuit of the first audio tube,
the 228 may be used as audio amplifier,
too. It is not suitable as a radio fre-
quency amplifier.

CHARACTERISTICS OF THE KELLY 228
Heater voltage 2.5 volts AC. Grid bias, detector -6 volts.
Heater current 1.75 amperes. Grid bias, amplifier -2.5 volts.
Amplification factor 45. Load resistance, 0.1 to 0.5 meg.
Mutual conductance 1,000. Internal plate resistance 45,000
Plate voltage 180 volts. ohms.

$2.5°
Screen Grid Tubes

THE Kelly screen grid tubes are of two types: the 222 for
storage -battery operation of the filament, and the 224 for
AC operation of the filament. The tubes are similar but not

identical. Either type may be used as radio frequency amplifier,
detector or, with resistor plate load, as audio amplifier.

The 222 has four prongs and fits into the regular UX socket.
The 224 has five prongs and requires the special five -spring UY
socket. The control grid is the cap of the tube.

The filament voltage of the 222 is 3.3 volts, the plate voltage
135, the screen grid voltage 45 volts or less. The heater voltage
of the 224 is 2.5 volts AC, the plate voltage 180, the screen
grid voltage 75 volts or less.

The net price of the 222 is $3.50, while the net price of the
224 is $3.00.

Other Tubes
The line of Kelly tubes includes, besides the 228, 222 and

224, the following types: 245, 226, 227, 171A, 280, 240, 112A,
201A and UX199. The 240 is a high mu tube for battery operation
of the filament. It is suitable as detector or audio amplifier
where a resistor of .25 meg. or an impedance coil is in the
plate circuit.

You run no risk whatever when you purchase Kelly tubes.
Not only are they expertly made but they are sold on a 5 -day
money -back guarantee. This exclusive form of protection enables
you to be the ultimate judge in your own laboratory or your
own home, with no appeal from your decision on our part. If
you are not delighted with the performance of Kelly tubes
your money will be promptly refunded on the foregoing 5 -day
basis.

GUARANTY RADIO GOODS CO., 143 West 45th St., N. Y. City.
Enclosed please find $ for which ship at once Kelly tubes

marked below:
0 228 AC high mu. $2.50 0 17IA power tube
0 224 AC screen grid $3.00 0 20IA battery tube
0245 AC power tube $2.25 D UXI99 battery tube
0 226 AC amplifier $0.95 0 Matched pair of 245s for$$$81.:265955

0 227 AC det.-amp. $1.50 push-pull (for both)
$4.500 280 AC rectifier $1.75 0 Matched pair 171As for AC

O 222 battery screen grid $3.50 push-pull (for both) $1.90
0 240 battery high mu $1.25 0 Matched pair of I I2As for
O I I2A power tube $0.95 push-pull (for both) $1.90

ALL PRICES QUOTED ARE SELLING PRICES AND ARE NET.
Name

Address
City State

0 Put cross here if C.O.D. shipment Is desired.
Canadian remittance must be by postal or express money order.

NET
PRICE

Kelly 224 Screen Grid Tube
assures best tube perform-
ance in the most upte-date
AC circuits using screen

grid tubes.

MORECROFT wrote a great book when he
turned out "Principles of Radio Communication."
Second edition now ready. Price $7.50. Radio
World, 145 W. 45th St., N. Y. City.

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

NATIONAL SCREEN GRID TUNER -Read full
advertisement on another page of this issue.

"FORD MODEL 'A' CAR." Its Construction,
Operation and Repair, By Victor W. Page, M.E.
545 Pages, 251 Specially Made Engravings. $?.
postpaid. .Radio World, 145 W. 45th St., N. Y.
City.

WORLD'S BEST AVIATION BOOKS: "A B C
of Aviation," $1.00; "Modern Aviation Engines,"
$9.00 postpaid. Both by Maj. Page. "Aerial
Navigation and Meteorology," By Capt. Yancey.
$4.00 postpaid. Radio World, 145 W. 45th St.,
N. Y. City.

RECENT NUMBERS
for the current year are procurable at
the rate of 15c a copy, or 8 copies for
$1.00. RADIO WORLD, 145 West 45th
St., N. Y. City.

0060,00300
HIGH RESISTANCE

DC VOLTMETER
With three 28" tipped leads built in

3-246 Voltmeter, for
measuring all direct
current voltages. in-
cluding B elimina-
tes. 0-60, 0-300
(double range).

GUARANTY
143 West

A portable type, high resistance
meter, 2 %" outside diameter, for
close reading of direct current
voltages up to 60 volts. and for
reading DC voltages up to 300
volts. 'throe vari-colored 28" In-
sulated leads, with jack tips, are
built in. Black is minus, yellow
is CO volts maximum and red is
300 volts maximum. These volt-
ages are marked at the meter
outlets. Cat. J-246. Net price,
$2.28.

Multiplier, with jack terminals,
to increase range 0-300 range to
0-600. Cat. 3-1063T (with jack
terminals), net price, $1.18.

RADIO GOODS CO.
45th St., N. Y. City

MICROPHONE
LIGHTERS

for cigars or cigarettes, with button
switch at top. Press the switch and
light up!

Model A lighter, microphone de-
sign, with 5 -ft. AC cable and
plug. Works on 110 volts, AC
any frequency and on direct cur-
rent. Price $1.08

Model B lighter, microphone de-
sign, on tray, with S -ft AC cable
and plug. Works on 110 volt
AC, any frequency, and on direct
current. Exactly the same lighter
as the other, only tray is added.

Price $1.50

This lighter is instantaneous. Hold button downonly long enough to light a cigar or cigarette.The two models are furnished in attractivesprayed finish. Both are very compact! For
instance, the tray is only 41/2" in diameter.Use these lighters in your home and forholiday gifts.

The heater element is renewable.

- -
RADIO WORLD, 145 West 45th St., N. Y. Cit/0 Please send me Model A Microphone Lighter at $1.00.0 Please send me Model B at $1.50.
0 Enclosed is remittance [Canadian must be P.O. or ex-press money order.]
0 Ship C. 0. D.

Nami

Address

City State

New DRAKE'S
ENCYCLOPEDIA

A reference work that has subjects
classified in alphabetical order.

Each rule, fact, method,
plan, layout and diagram
is Instantly picked out and
separated from everything
else by placing all subjectsin alphabetical order with
cross references for every
imaginable name under which
the Information might be
classed.

This alphabetical arrange-
ment lets the experienced
worker refer directly to the
one thing in which he Is
interested at the moment
without hunting through non-
essentials. The needs of the
beginner are eared for.

The important articles deal
primarily with receivers and
reception, They do not stop
with the electrical end, but

BOOK IS 21/4" THICK, =rtiirei:L the mechanics
WEIGHS 3% LBS., 1,025 Every new Hillier to radioILLUSTRATIONS. Is covered in detail.1,680 Alphabetical HeadIngs from A -battery to

Zero Beat
1,025 Illustrations, Diagrams, Layouts and Graphs920 Pages, Each 6 by 9 inches

240 Combinations for Receiver Layouts
OF THE PRINCIPAL ARTICLES

159 Concern service men, 129 help the set builder.
162 help the experimenter. 155 interest the student75 assist In sales work, 73 interest set owners.

PRICE, $6.00
Remit with order and we pay cartage. Canadianremittance must be by postai or express money orderOrder C. 0. D. and you pay cartage.

RADIO WORLD, 14S W. 45th St., N. Y. Cit.
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Horn Unit $2.25

This unit is pre-eminent for horn -type speaker.
such as the exponential horns or other long tone
travel horns. The faintest word from a "whisper
ing tenor" - '-- tumultuous shout of the- crown
or highest lo of the band is brought out
clearly, d; Stands up to 450 volts with
out filteri, ,rks right out of your set's
power tube, -gulling no extra voltage source
Standard size nozzle and cap are die-cast alu-
minum, one piece, with milled platinum -like
finish. The casing is full nickel, ,-,b7hest pos
Bible polish. Works great from battery
set or any other set, push -pub

For Porte
This unit can be used in a f, any
horn attached and will give auction.
Order Cat. 225, with 434 ft. cord at, . . .

(Shipping weight, 2 lbs.) $2.25

',olumn Horn
8 -ft. tone folded wood horn (less unit
No. 225) is .enable already mounted in
baffle box. Outside overall dimensions of baffle
box, 21K" high, 18" wide, 15" front to back
Shipping weight, 27 lbs. Order Cat. 596 lig $8.00

Aeousi,eal Engineering Assiutlate',
145 W, 45th St., N. Y. City (Just E. et Bray).

Please ship C. 0. D.
0 Cat. No. 991c err 37.25 0 Cat. No. 596 @ $8.0(

Name

Address

City State

"'"INEY-BACK GUARANTEE

RADIO WORLD

fitly higher west of the Rockies with the

,super Phonovox
.ys records electrically through your radio with amazing tone
lism and volume. New combination switch and volumcontrol
ith special adapter for screen grid tubes) switches insta from
_io to records without changing any connection. En
salt Magnets provide extreme sensitivity. Hear it at you
o new low impedance models now available.

'ACENT ELECTRIC CO., INC., 91 SEVENTH AVE
Pioneers in Radio and Electric Reproduction for over

acturing Licensee for Great Britain and Ireland: lgranic Electric Co
Licensee for Canada: White Radio Limited, Hamilton, 0

--A...41

UBADAPTA
Jr Better TONE 1110'
st Price..$2.50
proves reception and prolongs life of ex-
sive power tubes. Used in last audio stage.

------..
.-----.---

ite for descriptive circular and complete
alogue Lynch Guaranteed Radio Products. r

i NCH MFG. CO.. Inc., 1775 B'way, N. Y.

YNCH
No matter what your resis
whether an unknown high
critical receiving circuit
resistance value for grid-bi
power tube or even trans

theermeelshea''CIRO
Clarostat Mfg. Co., 291 N. 6th

SiBSCRIBERS! Look at
Date on Y

use look at the subscription date stamped on your last wrapper, a
es that your subscription is about to expire, please send remitt
enewal. Please give our subscription department two weeks to m
iration dates, street addresses, etc.
this way you will get your copies without interruption, and keep

MATH MA.
SCREEN GRID /Whir

The most sensitive tuned radio frequency tuner so far developed.
MB -29 is long on distant reception, and penetrates seemingly un
mountable barriers to reception. On the MB -29 the stations coma
no matter where you are. The 11B-29, designed by James Millen c
Prof Olen H. Browning, to the choice of the most discriminaa
It is designed only for AC operation, uses four stages of screen
BF and a power detector (227). Use 135 to 180 volts on the dela.
Testimonials from radio's hardest -boiled experts prove this is
circuit of circuits. Buy the parts and find fullest radio deli.
You will be sure nobody else has a tuner as good as yours, ur
he too has an MB -29. Complete component parts for National Be
Grid Tuner 1113-29, mounted on frosted
aluminum chassis, Including rainbow modern - $40000istic drum dial HC. Order catalog No.
MB -29-K, list price, less tubes, $69.50
Your price

SUBSCRIPTION DEPARTMENT

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

B
The National Velvetone Push -Pull
Power Amplifier (shown at right)
consists of an AC -operated filament -
plate supply, with two stage trans-
former audio amplifier and output
transformer built in. Made only for
110-V., 50-60 cycles. Sold only in
completely wired form, licensed under
RCA patents.
The new Power Amplifier has been
developed and built to get the very
most out of the MB -29. It is a com-
bination power supply and audio ampli-
fier, using a 280 tube for a rectifier,
one stage of transformer audio with a
227 tube and a stage of push pull
amplification with two 245s. It furnishes
all power for itself and for the MB -29,
as well as the audio channel. Order
catalog PPPA, list price, completely
wired and equipped
with phonograph
jack, (less tubes) $55.00
$97.50. Your price.

27

Push,Pull Amplifier

View of National Velvetone Push -Pull Power Amplifier.
an expertly made A, B and C supply and audio amplifier.

producing marvelous tone quality.

GUARANTY RADIO GOODS CO.
143 WEST 45TH STREET NEW YORK CITY
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Your Choice of
These Nine Meters FREE!

0-5 Voltmeter D.0 N.. 325
0 -SO Voltmeter D.0 No. 337
6 -Veit Charge Tester D.0 No. 25
0-10 Amperes D.0 Ns. 530
0-25 Milliamperes D.0 Ns. 325
0.50 Milliamperes D.0 No. 350
0.100 Milliamperes D.0 No. 390
0-300 Mlillam D.0 Ng. 599
0-400 Milllam D.0 No. 324

Equip Yourself Now
With Necessary Meters!

To do your radio work property you need meters. Here is
your opportunity to get them m no extra cost. Be. the list
of nine meter, at left Heretofore we have offered Use choice
of any one of these meters free with an 8 -weeks subecrlDthm
for RADIO %ORLI). at $1. the regular price for sues
subscription. Now we extend this offer. For the first time
you are permitted to obtain any one or more or all of these
meters free, by tending in $1 for 8 -weeks subscription, en
titling you to one meter; $2 for 16 weeks. oilman. you ts,
two meters, $3 tot 26 weeks, entitling you to three meters
$4 for 35 weeks, entitling you to four meters $5 for 44 a.m.
entitling you co 5 meters. 26 for 52 weeks, entitling you to
six meters. Return this offer with remittance. and check off
desired meters in squares at left.

RADIO WORLD will help you in your radio wort. so
you will be able to use the meters most valuably. Hen
abreast of all the new circuits. intimate details on perfecting
existing sets, and get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non
technical. Enjoy the writing, st Dr. Lee De Forest. McMurdo
Silver, J E. Anderson, Herman Bernard and a host of other
radio engineers who contribute their knowledge to you through
the medium of RADIO WORLD, the first and only Illustrated
national sdto weekly. You can find no magazine that better
eaters to your needs than RADIO WORLD. Short waves?
RADIO WORLD will tell you all about them. Extremely
sensitive broadcast receivers? Their construction and operation
are fully discussed with confident regularity. Power supplies
- -push-pull or otherwise? Al' receivers? Screen grid tubes?
Large receivers that give a super -abundance of performance -
email, economical receivers that give performance out of all
comparison to their elze? Are you interested in these? Tben
you're Interested In RADIO WORLD.

Present mini subscribers may renew their subscription under
this remarkably generous offer. Put a cross is square. 0

RADIO WORLD
145 W. 45th St., N. Y. City -Published Weekly.

All Newsstands. IS. ger espy -SS. six months -32  yew

LACAULT'S BOOK
G IVES YOU A FINE
U NDERSTANDING OF
the SUPER -HETERODYNE

RE. LACAULT, E.E., I.R.E., who died recently, wt.
 one of the outstanding authorities on the Super

Heterodyne. He wrote book, "Super -Heterodyne Con-
struction and Operation," that explains in a non -technical
manner the phenomena associated with a Super -Hetero-
dyne. More, it gives a clear outline of the way !web
a receiver functions. and naturally gives the clues to
solving virtually all the troubles that may arise In 0

Super.
So thoroughly did Lacault do his wrok that he covered

associated topics, thus making his book a sidelight oo
radio In general, including advice on trouble -shooting

Therefore the service ufan, the home experimenter, the
custom set builder and the student will welcome this
book.

It consists cf 103 pages and Includes 68 Illustrations
it le bound In maroon buckram.

There are three valuable tables to the book, also. One
chissifies harmonics Into groups, e.g., sound, radio, abort
waves, heat, light, chemical rays, X-rays and "unknown."
Another Is a trouble -shooting chart, classifying "trouble
etperienced" and "causes" and referring to the text for
specific solutions. The third is a table for converting
broadcast frequencies to wavelengths (accurate to .1 of
I meter) or for converting the wavelength into frequency

THE
book begins with a comparison of

alternating and direct current and pro-
ceeds to a discussion of the relation of wave-
length to frequency. Then tuning te explained.

Condensers, coils, induction, vacuum tube
operation and testing, earphones and speakers,
rectification, oscillation, grid condenser action,
modulation, grid blas detection, regeneration
beat notes, frequency changing. audio ampli-
fication. batteries, aerials, loops, wiring,
sockets. and shielding are only some of the
other Important topics covered.

Besides. there is an entire chapter on the
construction of Super -Heterodyne receiver,
with list of parte, front, top and rear views
of set, front panel layout, shield dimensional
drawings, schematic diagram of wiring and
picture diagrams of the top and bottom views
of the subpanel.

You Can Get This Book
At Once !

You will want this book not only for present reading
but also for future reference. It is authoritative and
highly informative. Send for It now? It's free with
each order for an eight weeks' subscription for RADIO
WORLD. Present subscribers may renew under this offer
Their subscriptions will be extended eight weeks. Please
use minion.

RADIO WORLD, 145 W. 45th St.. N. Y. City
(Just East of Broadway)

Gentlemen: Enclosed find $1.00. Please enter my sub
scrIption for RADIO WORLD for sight weeks at $101
rd send me at once one copy of R. E. Lacault's "Super
Heterodyne Construction and Operation," FREW

0 I am a subscriber at present. (Check cff if true i

Name

Address

city State........
5 -DAY MONEY -BACK GUARANTEE

Component Parts
for

PUSHIPULL
BATTERY
DIAMOND

[Check off parts you want. Each
part is sold separately.]
0 L1L2-Antenna coil RF3 @ $ 0.80
ID UL4L5--3-circuit SG coil SGT3 @ 1.30
O L6 -Push-pull output transformer 2.83
0 Tl-Push-pull input transformer 3.41
0 CT -80 mfd. equalizer .35
0 Cl, C2 -Two .00035 mfd. ext. shafts @ 98c 1.96

C3, CS -Two .01 mfd. mica condensers .70
0 R -One 6.5 ohm filament resistor .25

R1, Sw-One 75 ohm switched rheostat .80
O R2, C4-2 meg. Lynch leak, grid clip con-

denser .51
0 R3 -One .25 meg. .30
O R4 -One 5.0 meg. .30
0 R3 -One 1.3 ohm filament resistor .20
O Ant., Gnd., Sp. (+) Sp. (-)-Four posts

fa .10 411

o One drilled front panel 7x18" 1.55
0 One socketed. self -bracketing metal sub -

panel, all holes drilled 3,50
O One National new modernistic drum dial

with color wheel, pilot bracket, 6v. lamp,
hardware, knob 3.13

0 Two matched knobs for rheo. and tickler
.36fa .18

rl Five vari-colored cable leads fa .07 .55n Flexible link and insulated shaft .550 One screen grid clip .(6

O All parts 2,23 Cil

GUARANTY RADIO GOODS CO., 143 W. 45th St.. N.Y.C.
must East of Broadway)

Enclosed raw. find $ for which blewmail at once the parts for the Push -Pull Battery Model
Diamond of the Air as checked off above.

0 If ordering C.O.D. put cheek mark here.

Name

Address

City State

TRIAL SUBSCRIPTION, 8 WEEKS,
$1.09. Send $1 and we will send youRadio World for 8 weeks, postpaid.
RADIO WORLD, 145 West 45th St.,N. Y. City.

"AERIAL NAVIGATION and METEOROLOGY,"
By Capt. Yancey. .4.00 postpaid. Radio World,145 W. 45th St., N. Y. City.

GUARANTY RADIO GOODS CO.
143 West 45th Street, New York, N. Y.

One Tube?
Two Tubes?

Three Tubes?
Four Tubes?

Circuits for Bahoolboys-Easy to Build, Very, Very
Inexpenalvel

A One Tube Receiver, parts coating $4.281
A Two Tube Audio Amplifier, parts costing 25.251
A Three Tube Speaker -Operating Circuit, parts out-

ing $11.101
A Four Tube Speaker -Operating Circuit, parts coot
Ing $12.721

The *Instruction of these circuits, with a pictorial
diagram as one of the Illustrations, wee described by
Jack Tully, himself a schoolboy, In RADIO WORLD.
See Slot below.
CI Sept. 21st and 28th issue., One -Tube DX Set, by

Jack Tully: two -Dirt article.
O Oct. 5th, Three -Tube Single Dial Speaker Bet. by

Jack Tully.
O Ort. 12th, Two Stage Transformer, Coupled Audio

Amplifier, by Jack Tully.
Oct. 19th. Four -Tube DX Speaker Set, by Jack Tully

15 cents a copy Order at once while these copies are
available.
RADIO WORLD. 146 W. 45th St., New York

LOOK AT YOUR WRAPPER
You will see by the date thereon when
your subscription for Radio World ex-
pires. If the subscription is about to run
out, please send us renewal so that you
will not miss any copies. Subscription
Department, RADIO WORLD, 145 West
45th St., N. Y. City.

Aristocrat Floor Speaker
Cute Mowed Weed Hera el $ ft. $ 0travel Id type) Itit
as Ale end here meter built

s..-serdiaary bargain.

-

-:I II:0.-.-1:,

I he speaker cabinet I. walnut finish. 33" high,WV' wide, 171/2" deep, with carved legs.Golden cloth grille covers front opening Built
'aside Is No. S9) molded wood bons wttb baffleand No. 203 driving motor unit that stands LSOvolts without filtration. Horn and motor re-movable. Table alone is worth price asked.

Acoustical Engineering Associates
145 WEST 45th STREET NEW YORK CITY
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0.6 Voltmeter D.0 Cat. 326
0-50 Voltmeter D.0 Cat. 337
6 -Volt Charge Tester D.0 Cat. 23
0.10 Amperes D.0 Cat. 338
0-25 Milliamperes D.0 Cat. 325
0.50 Milliamperes D.0 Cat. 350

0 0-100 Milliamperes D.0 Cat. 390
0 0-300 Milliamperes D.0 Cat. 399
0 0-400 Milliamperes D.0 Cat. 394

.1717
AS the first and only national radio weekly, now in its eighth year, RADIO WORLD publishes the most

timely, up-to-date news of radio circuits and events in the set -building and broadcasting fields. Tech-

nical accuracy second to none. Get a copy at your news-stand today, 15c. RADIO WORLD advises im-
partially on all radio topics, including what text books to buy, and helps you to read the books properly.

Every book advertised on this page is essential to your radio library.

Five New Volumes Offer Short - Cut to Knowledge !
MORECROFT

"Elements of Radio Communication"
The latest book by Prof.

John H. Morecroft, of the
Engineering Department of
Columbia University, and past
president of the Institute of
Radio Engineers, is his "Ele-
ments of Radio Communica-
tion," a book for the novice
to enjoy. We regard this as
the best elementary book to
inform you authoritatively on
the technical phases of radio
in plain language, without
requirement of mathematical
knowledge. The book is a
complete course on the ele-
ments of radio, containing
much material never before
published. It has 226 pages,
170 illustrations and a com-
plete index. Just out, it is
the book of the year in radio.
Cloth bound. Order Cat. ME

$3.00

By the same author: "Prin-
ciples of Radio Communica-
tion," second (new) edition.
This book is for advanced
students. It is the standard
of excellence in its field. It

covers much the same ground as the later book, only much more
fully and more technically. Contains 1,001 pages, 831 illustra-
tions. Cloth bound. Order Cat. MP @ $7.50

MOYER and WOSTREL
"Radio Receiving Tubes"

The need for an elementary book on radio tubes that answers
all the important questions has been filled by James A. Moyer,
Director of University Extension, Massachusetts Department of
Education, and John F. Wostrel, Instructor in Radio Engineer-
ing, Division of University Extension, Massachusetts Department
of Education.

This new book is a complete discussion of tube principles,
functions and uses, thoroughly up-to-date. In this book the
essential principles underlying the operation of vacuum tubes
are explained in as non -technical a manner as is consistent with
accuracy. The book covers the construction, action, reactivation,
testing and use of vacuum tubes as well as specifications for
vacuum tubes and applications for distant control of industrial
processes and precision measurements. 297 pages, cloth bound.
Order Cat. MWT @ $2.50
By the same authors:

'Practical Radio," including the testing of radio receiving
sets, 375 pages, 223 illustrations. Cloth bound. Order Cat.
MWPR @ $2.50

"Practical Radio Construction and Repairing," 319 pages, a
companion volume. Order Cat. MWPRC @ $2.00
[Emu: The standard book on tubes for advanced students is
"The Thermionic Vacuum Tube," by Hendrik Van der Bijl.
Order Oat. VDB @ $5.00]

Ii

RADIO WORLD will help you in your radio work, so you will be able to use meters most valuably. Keep
abreast of new circuits, intimate details on perfecting existing sets, get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non -technical. Enjoy the writings of McMurdo Silver.
J. E. Anderson, Herman Bernard, John F. Rider and a host of other radio engineers in RADIO WORLD.
You can find no magazine that better caters to your needs than RADIO WORLD. Short waves? RADIO
WORLD will tell you all about them. Extremely sensitive broadcast receivers? Their construction and
operation are fully discussed with confident regularity. Power supplies-push-pull or otherwise? AC re-

ceivers? Screen grid tubes? Large receivers that give a super -abundance of performance-small, economical
receivers that give performance out of all comparison to their size? Are you interested in these? Then you're
interestd in RADIO WORLD.

See the list of nine meters at left. Obtain one or more of these meters free, by sending in $1 for 8 -weeks'
subscription, entitling you to one meter; $2 for 16 weeks. entitling you to two meters; $3 for -6 weeks, en-
titling you to three meters; $4 for 35 weeks, entitling you to four meters; $5 for 44 weeks, entitling you to 5
meters; $6 for 52 weeks, entitling you to six meters.Present RADIO WORLD mail subscribers may renew their subscription under this remarkably generous
offer. Put a cross in square. 0

OK SERVICE,

ANDERSON and BERNARD
"Power Amplifiers"

Here is the first book to be published on the subject of "Power
Amplifiers." Now printing, it is certain to fill a void in radio
literature. The whole subject is fully covered in a masterful
theoretical discussion of audio amplifiers and power supplies,
supplemented by constructional chapters, with complete wiring
diagrams and specification of parts. Learn while you build!
J. E. Anderson, M. A., technical editor of RADIO WORLD, and
Herman Bernard, LL. B., managing editor of RADIO WORLD,
both of the Institute of Radio Engineers, have explained fully the
phenomena of ower aplifiers. Learn all about motorboating
and its cures, push-pullet theory and practice, grid bias methods
and effects, vacuum tubes in audio circuits, AC and battery type
AF amplifiers, phase relationships, common impedance, filter
systems, by-pass condenser effects, necessities for tone quality.
values of coupling constants, and a host of other topics associated
with power amplification, including speech amplifiers and "talkie"
installations.

More than 200 pages and more than 100 illustrations are devoted
to an analysis of this outstanding radio subject. "Power Ampli-
fiers" is authoritative, original and comprehensive. It is free
from the traditional errors that have crept into this subject. The
theoretical part of the book can be understood by most novices,
while the constructional part, that capitalizes the previously im-
parted knowledge, is thoroughly understandable by anybody.
There is virtually no mathematics In the book. Cloth bound.
Order Cat. PAM @ $3.50

POWER AMPLIFIERS

RIDER
"Service Man's Manual"

Two new books by John F. Rider, R. E., Member, Institute of Radio Engineers, constitute the series
grouped by him under the heading "Service Man's Manual." Part I is "Mathematics of Radio."
Part II is "Trouble Shooter's Manual."

The value of one of these books is more than doubled by the possession of the other.

"The Mathematics of Radio," 128 pages. 81/2x11", 119 illustrations, bridges the gap between the
novice and the college professor. It gives a theoretical background so necessary for a proper under-
standing of radio and audio circuits and their servicing. Flexible cover. Order Cat. MOR @ $2.00

The first comprehensive volume devoted exclusively to the topic uppermost lb every service man's
mind is "Trouble Shooter's Manual." just published. It is not only a treatise for service men, telling
them how to overcome their most serious problems, and fully diagramming the solutions, but it is a

course in how to become a service man. It gives all the details of servicing as they have never been
given before. Finding the right mode of attack, applying the remedy promptly and obtaining the
actual factory -drawn diagrams of receivers always have been a big load on the service man's chest.
But no more. Rider, expert on trouble shooting. has producd the outstanding volume on servicing,
and has taken the load off the service man's chest!

This book is worth hundreds of dollars to any one who shoots trouble in receivers-whether they he
factory -made, custom-built or home-made receiveni. The home experimenter, the radio engineer, the
custom set -builder, the teacher, the student-all will find this neto book immensely informative and
absolutely authoritative.

MORE THAN 100 WIRING DIAGRAMS OF RE(,EIVERS MADE BY MORE THAN FORTY
DIFFERENT SET MANUFACTURERS ARE PUBLISHED IN THIS BOOK, INCLUDING OLD
MODELS AND LATEST MODELS! RCA, ATWATER KENT, CROSLEY, MAJESTIC, ZENITH,
STROMBERG CARLSON, KOLSTER, FEDERAL, FADA, Etc. 240 pages, size 5%x11"; 200 thus-
ttation, Imitation leather cover. Order Cat. TSAI @ $3.50

Read Radio World Every Week

RADIO WORLD
145 W. 45th St., N. Y. City-Published Weekly.

All Newsstands, 15c per copy-$3, six months-$6 a year

 CAT. ME @ .. $3.00
 CAT. MP @ . $7.50
 CAT. PAM $3.50
0 CAT. MWT @......$2.50
O CAT. MWPR @.... $2.50
 CAT. MWPRC @... $2.00
0 CAT. MOR 1W. $2.00
O CAT. TSM @...,..$3.50
 CAT. VDB @ $5.00

O CAT 326
0 CAT 337
O CAT 23
O CAT 338
O CAT 325
O CAT 350

CAT 390
CAT 399
CAT 394

Name

Address

City

gentlemen: Enclosed find $
which please send items checked on coupon..

(R. -10)

State

R ADIO WORLD'S BOOK SERVICE
has been found of great value not only
by radio fans, constructors, etc., but also
by radio and other technical schools
throughout the country. See the radio
books advertisements in this issue.

TRIAL SUBSCRIPTION
Send $1 for trial subscription for 8 weeks, starting with current issue, or of any

recent issue. Radio World, 145 W. 95th St., N. Y. City.

A GREAT ADVERTISING MEDIUM!
That describes Radio World. Rates on application. Radio World, 145 W. 45th St.,

N. Y. City.
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New 228, High Gain Detector for AC Sets

Kelly 228 Special Detector
for AC ci cuits has a high
mu. ( A mei iflcaion factor)
and Increases sensitivity.

INCREASE the sensitivity of modern AC -operated
circuits by substituting the new Kelly 228 AC
detector, a high mu tube (large amplification),

for the 227 tube otherwise used. The result is im-
mediately obvious in the greatly increased volume.
Otherwise weak, distant stations come in stronger
and tone quality is improved. Simply substitute the
228 for the 227. No wiring change of any kind is
required.

If an AC receiver uses resistance -
coupled or impedance -coupled first audio
stage, where the resistor or coil is in
the plate circuit of the first audio tube,
the 228 may be used as audio amplifier,
too. It is not suitable as a radio fre-
quency amplifier.

CHARACTERISTICS OF THE KELLY 228
Heater voltage 2.5 volts AC. Grid bias, detector -6 volts.Heater current 1.75 amperes. Grid bias, amplifier -2.5 volts.
Amplification factor 45. Load resistance, 0.1 to 0.5 meg.
Mutual conductance 1,000. Internal plate resistance 45,000
Plate voltage 180 volts. ohms.

$2.5°
Screen Grid Tubes

THE Kelly screen grid tubes are of two types: the 222 for
storage -battery operation of the filament, and the 224 for
AC operation of the filament. The tubes are similar but not

identical. Either type may be used as radio frequency amplifier,
detector or, with resistor plate load, as audio amplifier.

The 222 has four prongs and fits into the regular UX socket.
The 224 has five prongs and requires the special five -spring UY
socket. The control grid is the cap of the tube.

The filament voltage of the 222 is 3.3 volts, the plate voltage
135, the screen grid voltage 45 volts or less. The heater voltage
of the 224 is 2.5 volts AC, the plate voltage 180, the screen
grid voltage 75 volts or less.

The net price of the 222 is $3.50, while the net price of the
224 is $3.00.

Other Tubes
The line of Kelly tubes includes, besides the 228, 222 and

224, the following types: 245, 226, 227, 171A, 280, 240, 112A,
201A and UX199. The 240 is a high mu tube for battery operation
of the filament. It is suitable as detector or audio amplifier
where a resistor of .25 meg. or an impedance coil is in the
plate circuit.

You run no risk whatever when you purchase Kelly tubes.
Not only are they expertly made but they are sold on a 5 -day
money -back guarantee. This exclusive form of protection enables
you to be the ultimate judge in your own laboratory or your
own home, with no appeal from your decision on our part. If
you are not delighted with the performance of Kelly tubes
your money will be promptly refunded on the foregoing 5 -day
basis.

GUARANTY RADIO GOODS CO.. 143 West 45th St., N. Y. City.
Enclosed please find $ for which ship at once Kelly tubes

marked below:
 228 AC high mu. $2.50 0 171A power tube
0 224 AC screen grid $3.00 0 201 A battery tube $$00..6595

0245 AC power tube $2.25  U X 199 battery tube $1.25
0 226 AC amplifier $0.95 0 Matched pair of 245s for
0 227 AC det. -emit $1.50 push-pull (for both)

$4.50 280 AC rectifier $1.75 0 Matched pair 171ns for AC
 222 battery screen grid $3.50 push-pull (for both) $1.90
0 240 battery high mu $1.25 0 Matched pair of 1 I 2As for
0 I I 2A power Mee $0.95 push-pull (for both) $1.90

ALL PRICES QUOTED ARE SELLING PRICES AND ARE NET.
Name

Address
City State

0 Put cross here if C.O.D. shipment Is desired.
Canadian remittance must be by postal or express money order.

NET
PRICE

Kelly 224 Screen Grid Tube
assures best tube perform.
ance in the most up-te-date
AC circuits using screen

grid tubes.

MORECROFT wrote a great book when he
turned out "Principles of Radio Communication."
Second edition now ready. Price $7.50. Radio
World, 145 W. 45th St., N. Y. City.

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

NATIONAL SCREEN GRID TUNER -Read full
advertisement on another page of this issue.

FORD MODEL 'A' CAR." Its Construction,
Operation and Repair, By Victor W. Page, M.E.
545 Pages, 251 Specially Made Engravings. $2.
postpaid. .Radio World, 145 W. 45th St., N. Y.
City.

WORLD'S BEST AVIATION BOOKS: "A B C
of Aviation," $1.00; "Modern Aviation Engines,"
$9.00 postpaid. Both by Maj. Page. "Aerial
Navigation and Meteorology," By Capt. Yancey.
$4.00 postpaid. Radio World, 145 W. 45th St.,
N. Y. City.

RECENT NUMBERS
for the current year are procurable at
the rate of I5c a copy, or 8 copies for
$1.00. RADIO WORLD, 145 West 45th
St., N. Y. City.

0.60,0.300
HIGH RESISTANCE

DC VOLTMETER
With three 28" tipped leads built in

3-248 Voltmeter, for
measuring all direct
current voltages. in-
cluding B elimina-
tors. 0-60, 0-300
(double ranee).

GUARANTY
143 West

A portable type, high resistance
meter, 2,A" outside diameter, for
close reading of direct current
voltages up to 60 volts, and for
reading DC voltages up to 300
volts. Three sari -colored 28" In-
sulated leads, with jack tips, are
built in. Black is minus, yellow
is E0 volts maximum and red is
300 volts maximum. These volt-
ages are marked at the meter
outlets. Cat. J-246. Net price,
$2.28.

Multiplier, with jack terminals,
to increase range 0-300 range to
0-600. Cat. J -1083T (with jack
terminals) , net price, $1.18.

RADIO GOODS CO.
45th St., N. Y, City

MICROPHONE
LIGHTERS

for cigars or cigarettes, with button
switch at top. Press the switch and
light up!

Model A lighter, microphone de-
sign, with 5 -ft. AC cable and
plug. Works on 110 volts, AC
any frequency and on direct cur-
rent. Price $1.00

Model B lighter, microphone de-
sign, on tray, with 5 -ft AC cable
and plug. Works on 110 volt
AC, any frequency, and on direct
current. Exactly the same lighter
as the other, only tray is added.

Price $1.50

This lighter is instantaneous. Hold button downonly long enough to light a cigar or cigarette.The two models are furnished in attractivesprayed finish. Both are very compact! Forinstance, the tray is only 41/2" in diameter.Use these lighters in your home and forholiday gifts.
The heater element is renewable.

RA D 10 WORLD, 145 West 45th St, N. Y. City
Please send me Model A Microphone Lighter at EU& Please send me Model B at $1.50.

0 Enclosed is remittance [Canadian must be P.O. or ex-press money order.]
0 Ship C. 0. D.

Nam _I

Address

City State

New DRAKE'S
ENCYCLOPEDIA

A reference work that has subjects
classified in alphabetical order.

11111.11.6111-;\
plan, layout and diagram
is Instantly picked out and

Each rule, fact, method,

separated from everything
.11411isma'Notti4 else by placing all subjects

cross referncs forever,
in alphabeticale

e
orde r with

Imaginable name under which
the information might be
classed.

This alphabetical arrange-
ment lets the experienced
worker refer directly to the
one thing in which he is
interested at the moment
without hunting through non-
essentials. The needs of the
beginner are cared for.

The important articles deal
primarily with receivers and
reception. They do not stop
with the electrical end, but

BOOK IS 21/2" THICK go also Into the mechanics
WEIGHS 3% LBS., 1.025.

of construction.
Every new thing in radioILLUSTRATIONS, is covered in detail.

1,680 Alphabetical Headings from A -battery to
Zero Beat

1,025 Illustrations. Diagrams, Layouts and Graph.
920 Pages, Each 6 by 9 Inches

240 Combinations for Receiver Layouts
OF THE PRINCIPAL ARTICLES

159 Concern service men. 129 help the set builder.
162 help the experimenter, 155 interest the student75 assist In sales work, 73 Interest set owners.

PRICE, $6.00
Rem it with order and we pay cartage. Canadianremittance must be by postal or express money orderOrder C. 0. D. and you pay cartage.

RADIO WORLD, 145 W. 45th St., N. Y. Cif.'

-711 imnPalle i
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Horn Unit $2.25

This unit is pre-eminent for horn -type speakers
such as the exponential horns or other long tone
travel horns. The faintest word from a "whisper
ing tenor" or the tumultuous shout of the crowc
or highest crescendo of the band is brought out
clearly, distinctly. Stands up to 450 volts with
out filtering. Works right out of your set's
power tube, requiring no extra voltage source
Standard size nozzle and cap are die-cast alu
minum, one piece, with milled platinum -like
finish. The casing is full nickel, of highest pos
Bible polish. Works great from AC set, battery
set or any other set, push-pull or otherwise.

For Portable Use
This unit can be used in a portable without any
horn attached and will give loud reproduction.
Order Cat. 225, with 41/2 ft. cord attached . . -

(Shipping weight, 2 lbs.) $2.25

Air -Column Horn
8 -ft. tone travel molded wood horn (less unit
No. 225) is obtainable already mounted in a
baffle box. Outside overall dimensions of baffle
box, 21Y4" high, 18" wide, 15" front to back
Shipping weight, 27 lbs. Order Cat. 596 @ $8.00
Acoustical Engineering Associates,
145 W. 45th St., N. Y. City (Just E. of Sway).

Please ship C. 0. D.
1:1 Cat No. 82$ W $5.25 0 Cat. No. 598 A $9.01

Name

Address

City State

FIVE-DAY MONEY -BACK GUARANTEE

Slightly higher west of

PHONOGRAPH
MUSIC

$i `.5r.(';e0 is at its best
the Rockies with the

Super Phonovox
Plays records electrically through your radio with amazing tone
realism and volume. New combination switch and volume control
(with special adapter for screen grid tubes) switches instantly from
radio to records without changing any connection. English 36%
Cobalt Magnets provide extreme sensitivity. Hear it at your dealers.
Two new low impedance models now available.

PACENT ELECTRIC CO., INC., 91 SEVENTH AVE., N. Y.
Pioneers in Radio and Electric Reproduction for over 20 years

Manufacturing Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, Eng.
Licensee for Canada: White Radio Limited, Hamilton, Ont.

-1) LYNCH
TUBADAPTA
For Better TONE
List Price..$2.50
Improves reception and prolongs life of ex-
pensive power tubes. Used in last audio stage.
Write for descriptive circular and complete
catalogue Lynch Guaranteed Radio Products.
LYNCH MFG. CO.. Inc., 1775 B'way, N. Y.

No matter what your resistance problem may be-
whether an unknown high resistance value for a
critical receiving circuit or a heavy duty low
resistance value for grid -biasing the largest audio
power tube or even transmitting tube-

rememberCIAROSTAT fc'rElierg
there's a, Purpose

Clarostat Mfg. Co., 291 N. 6th St., B'klyn, N. Y.

SUBSCRIBERS ILook at the Expiration
Date on Your Wrapper

Please look at the subscription date stamped on your last wrapper, and if that date
indicates that your subscription is about to expire, please send remittance to cover
your renewal. Please give our subscription department two weeks to make changes
in expiration dates, street addresses, etc.

In this way you will get your copies without interruption, and keep your file
complete.

SUBSCRIPTION DEPARTMENT

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

NATO N
SCREEN GRID TUNER

The most sensitive timed radio frequency tuner so far developed, tne
MB -29 is long on distant reception, and penetrates seemingly unsur-
mountable barriers to reception. On the MB -29 the stations come in
no matter where you are. The MB -29, designed by James Millen and
Prof Glen H. Browning, is the choice of the most discriminating.
It is designed only for AC operation, uses four stages of screen grid
RF and a power detector (227). Use 135 to 180 volts on the detector.
Testimonials from radio's hardest -boiled erperts prove this is the
circuit of circuits. Buy the parts and find fullest radio delight.
You ivill be sure nobody else has a tuner as good as yours, unless
he too has an MB -29. Complete component parts for National Screen
Grid Tuner MB -29, mounted on frosted
aluminum chassis, Including rainbow modern- $40*00titledrum dial HC. Order catalog Na
MB -29-K, list price, less tubes, $89.50
Your price

B-29
The National Velvetone Push -Pull
Power Amplifier (shown at right)
consists of an AC -operated filament -
plate supply, with two stage trans-
former audio amplifier and output
transformer built in. Made only for
110-V., 50-60 cycles. Sold only in
completely wired form, licensed under
RCA patents.
The new Power Amplifier has been
developed and built to get the very
most out of the MB -29. It is a com-
bination power supply and audio ampli-
fier, using a 280 tube for a rectifier,
one stage of transformer audio with a
227 tube and a stage of push pull
amplification with two 245s. It furnishes
all power for itself and for the MB -29,
as well as the audio channel. Order
catalog PPPA, list price, completely
wired and equipped
with phonograph
jack, (less tubes)
$97.50. Your price.

$55.00

Pluish,Pull Amplifier

View of National Velvetone Push -Pull Power Amplifier,
an expertly made A, B and C supply and audio amplifier,

producing marvelous tone quality.

GUARANTY RADIO GOODS CO.
143 WEST 45TH STREET NEW YORK CITY
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Your Choice of
These Nine Meters FREE!

0.5 Voltmeter D.0 No. 320
0-50 Voltmeter D.0 Ne. 337
0-VeIt Charge Tester D.0 No. 23
0-10 Amperes D.0 Ne. 338
0.25 Milliamperes D.0 No. 325
0-50 Milliamperes D.0 Ne. 350
0-100 Milliamperes D.0 No. 390
0.300 MIlllamperes D.0 No. 399
0-400 Milliamperes D.0 Ns. 394

Equip Yourself Now
With Necessary Meters!

To do your radio work properly you need meters. Bare la
your opportunity to get them at no extra cost. Bee the list
of nine meters at left lierewfore we have offered the (boles
of any one of these meters free with an 8 -weeks suboarintioll
for RADIO WORLD. at U. the regular Drina for nub
suoscription. Now we extend this offer. For the grit time
you are permitted to obtain any one or more or all of these
meters tree, by sending in $1 for 8 -week's subscription, eu
titling you to one meter; $2 for 18 weeks, eutititua you ts,
two meters; $3 tot 28 weeks, entitling you to three meters
14 for 35 weeka, entitling you to four meters. $5 for 44 week.
entitling you to 5 meters, $6 for 52 weeks, entitling you to
six meters. Return this offer with remittance. and check off
desired meters in squares at left.

RADIO WORLD will help you in your radio work, so
you will be able to use the meters most valuably. Keep
abreast of all the new circuits. Intimate details on perfecting
existing sets, and get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non-
technical. Enjoy the writing. tf Dr. Lee De Forest, McMurdo
Silver, .1 E. Anderson, Herman Bernard and a host of other
radio engineers who contribute their knowledge to you through
the medium of RADIO WORLD, the first and only illustrated
national sdto weekly. You can find no magazine that better
caters to your needs than RADIO WORLD. Short waves?
RADIO WORLD will tell you all about them. Extremely
sensitive broadcast receivers? Their construction and operation
are fully discussed with confident regularity. Power supplies
- -push-pull or otherwise? Al' receivers? Screen grid tubes?
Large receivers that give a super -abundance of performance-
sumil, economical receivers that give performance out of an
comparison to their size? Are you Interested in these? Then
you're interested in RADIO WORLD.

Present mail subscribers may renew their subscription under
this remarkably generous offer. Put a gross to square. 0

RADIO WORLD
145 W. 45th St., N. Y. City -Published Weekly.

All Newsstands. 15s per espy -43. six months -38 a yew

LACAULT'S BOOK
G IVES YOU A FINE
U NDERSTANDING OF
the SUPER -HETERODYNE

RE. LACAULT, E.E., I.R.E., who died recently, wt.
 one of the outstanding authorities on the Super -

Heterodyne. He wrote a book, "Super -Heterodyne Con-
struction and Operation," that explains In a non -technical
manner the phenomena associated with a Super -Hetero-
dyne. More, it gives a clear outline of the way such
a receiver functions, and naturally gives the clues to
solving virtually all the troubles that may arise in a

Super.
So thoroughly did Lacault do his wrok that he covered

associated topics, thus making his book a sidelight oo
radio in general. Including advice on trouble -shooting

Therefore the service &an, the home experimenter, the
custom set builder and the student will welcome this
book.

It consists of 103 pages and Includes 88 illustrations
It is bound In maroon buckram.

There are three valuable tables in the book, also. One
classifies harmonics into groups, e.g., sound, radio, short
waves, heat, light, chemical rays, X-rays and "unknown."
Another is a trouble -shooting chart, classifying "trouble
etperienced" and "causes" and referring to the text for
specific solutions. The third is a table for converting
broadcast frequencies to wavelengths (accurate to .1 of

meter) or for witverting the wavelength into frequency

THE book begins with comparison of
alternating and direct current and pro-

ceeds to a discussion of the relation of wave-
length to frequency. Then tuning is explained.

Condensers, coils, Induction, vacuum tube
operation and testing, earphones and speakers,
rectification, oscillation, grid condenser action,
modulation, grid bias detection. regeneration.
beat notes, frequency changing, audio ampli-
fication, batteries, aerials, loops, wiring,
sockets, and shielding are only some of the
other Important topics covered.

Besides. there is an entire chapter on the
construction of a Super -Heterodyne receiver,
with list of parts, front, top and rear views
of set, front panel layout, shield dimensional
drawings, schematic diagram of wiring and
picture diagrams of the top and bottom views
of the suhpanel.

You Can Get This Book
At Once !

You will want this book not only for present reading
but also for future reference. It is authoritative and
highly informative. Send for it now? It's free with
each order for an eight weeks' subscription for RADIO
WORLD. Present subscribers may renew under this offer
Their subscriptions will be extended eight weeks. Please
use coupon.

RADIO WORLD, 145 W. 45th St., N. Y. City
(Just East of Broadway)

Gentlemen: Enclosed find $1.00. Please enter my sub
scription for RADIO WORLD for eight weeks at Si 01
and send me at once one copy of R. E. Lacault's "Super
Heterodyne Construction and Operation," EIMER'

CI 1 am a subscriber at present. (Check off if true

Hams

Addresa

City State ........
5 -DAY MONEYBACK GUARANTEE

Component Parts
for

PUSH-PULL
BATTERY
DIAMOND

[Check off parts you want. Each
part is sold separately.]

LIL2-Antenna coil RF3 @ $ 0.80
0 L3L4L5-3-oircuit SG coil SGT3 1.30
0 Le -Push-pull output transformer 2.83

TI -Push-pull input transformer 3.41
0 CT -80 mfd. equalizer .35
0 Cl, C2 -Two .00035 mfd. ext. shafts @ 98c 1.96
CI C3, CS -Two .01 mfd. mica condensers .70
0 R -One 63 ohm filament resistor .25

R1, Sw-One 75 ohm switched rheostat .80
O R2, C4-2 meg. Lynch leak, grid clip con-

denser .51
R3 -One .25 meg. .30

O R4 -One 5.0 meg. .30
R5 -One 1.3 ohm filament resistor .20

O Ant., Gnd., Sp. (-I-) Sp. (-)-Four posts
fa .10 an

0 One drilled front panel 7x18" 1.R5
0 One socketed. self -bracketing metal sub -

panel, all holes drilled 3.50
O One National new modernistic drum dial

with color wheel, pilot bracket, 6v. lamp,
hardware, knob 3.13

0 Two matched knobs for rheo. and tickler
ifs .18 .36

fl Five vari-colored cable leads et .07 ,3;
rl Flexible link and insulated shaft .55

One screen grid clip .06

O All parts $23.o1

=5 MINI MI

GUARANTY RADIO GOODS CO., 143 W. 45th St.. N.Y.C.
Must East of Broadway)

Enclosed please find $ for which pleasemail at once the parts for the Push -Pull Battery ModelDiamond of the Air as checked off shove.

0 If ordering C.O.D. put check mark here.

Name

Address

City State

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

"AERIAL NAVIGATION and METEOROLOGY."
By Capt. Yancey. M.00 postpaid. Radio World,14.5 W. 45th St., N. Y. City.

GUARANTY RADIO GOODS CO.
143 West 45th Street, New York, N. Y.

One Tube?
Two Tubes?

Three Tubes?
Four Tubes?

Circuits for Schoolboys -Easy to Build, Very, Very
Inexpenolvel

A One Tube Receiver, parts costing $4.281
A Two Tube Audio Amplifier, parts costing $5.231
A Three Tube Speaker -Operating Circuit, parts cast-

ing $11.10?
A Four Tube Speaker -Operating Circuit, parts Post
ing $12.721

The construction of these circuits, with a pictorial
diagram as one of the illustrations, was described by
Jack Tully, himself a schoolboy, in RADIO WORLD.
See list below.
O Sept. 21st and 28th issues, One -Tube DX Set, by

Jack Tully: two -port article.
Oct. 5th, Three -Tube Single Dial Speaker Set, by
Jack Tully.

ID Oct. 12th, Two Stage Transformer, Coupled Audio
Amplifier, by Jack Tully.

CI Oct. 19th, Four -Tube DX Speaker Set, by Jack Tully.
15 cents a copy Order at once while these copies are
available.
RADIO WORLD. 145 W. 45th St., New York

LOOK AT YOUR WRAPPER
You will see by the date thereon when
your subscription for Radio World ex-
pires. If the subscription is about to run
out, please send us renewal so that you
will not miss any copies. Subscription
Department, RADIO WORLD, 145 West
45th St., N. Y. City.

Aristocrat Floor Speaker
Wit,, Molded Weed Hera el 8 ft.
11.13 1110/44 (0 ......nal type) with
baffle and horn motor built IN.

r,.-serdlaary bargain.

$14.00

1 be speaker cabinet is walnut finish. 33" high.
$414" wide, 171/2" deep, with carved legs.
Golden cloth grille covers front opening. Built
inside is No. 591 molded wood horn wttb baffleand No. 203 driving motor unit that stands 250volt, without filtration. Horn and motor re-movable. Table alone is worth price asked.
Acoustical Engineering Associates
143 WEST 45th STREET NEW YORK CITY



November 23, 1929 RADIO WORLD 27

OOK SERVICE],
AS the first and only national radio weekly, now in its eighth year, RADIO WORLD publishes the most

timely, up-to-date news of radio circuits and events in the set -building and broadcasting fields. Tech-

nical accuracy second to none. Get a copy at your news-stand today, 15c. RADIO WORLD advises im-
partially on all radio topics, including what text books to buy, and helps you to read the books properly.

Every book advertised on this page is essential to your radio library.

Five New Volumes Offer Short - Cut to Knowledge !
MORECROFT

"Elements of Radio Communication"
The latest book by Prof.

John H. Morecroft, of the
Engineering Department of
Columbia University, and past
president of the Institute of
Radio Engineers, is his "Ele-
ments of Radio Communica-
tion," a book for the novice
to enjoy. We regard this as
the best elementary book to
inform you authoritatively on
the technical phases of radio
in plain language, without
requirement of mathematical
knowledge. The book is a
complete course on the ele-
ments of radio, containing
much material never before
published. It has 226 pages,
170 illustrations and a com-
plete index. Just out, it is
the book of the year in hulk).
Cloth bound. Order Cat. ME

$3.00

By the same author: "Prin-
ciples of Radio Communica-
tion,' second (new) edition.
This book is for advanced
students. It is the standard
of excellence in its field. It

covers much the same ground as the later book, only much more
fully and more technically. Contains 1,001 pages, 831 illustra-
tions. Cloth bound. Order Cat. MP @ $7.50

MOYER and WOSTREL
"Radio Receiving Tubes"

The need for an elementary book on radio tubes that answers
all the important questions has been filled by James A. Moyer,
Director of University Extension, Massachusetts Department of
Education, and John F. Wastrel, Instructor in Radio Engineer-
ing, Division of University Extension, Massachusetts Department
of Education.

This new book is a complete discussion of tube principles,
functions and uses, thoroughly up-to-date. In this book the
essential principles underlying the operation of vacuum tubes
are explained in as non -technical a manner as is consistent with
accuracy. The book covers the construction, action, reactivation,
testing and use of vacuum tubes as well as specifications for
vacuum tubes and applications for distant control of industrial
processes and precision measurements. 297 pages, cloth bound.
Order Cat. MWT @ $2.50
By the same authors:

'Practical Radio," including the testing of radio receiving
sets, 378 pages, 223 illustrations. Cloth bound. Order Cat.
MWPR @ $2.50

"Practical Radio Construction and Repairing," 319 pages, a
companion volume. Order Cat. MWPRC @ $2.00
[NOTE: The standard book on tubes for advanced students i8
-The Thermionic Vacuum Tube," by Hendrik Van der Bijl.
Order Cat. VDB @ $5 00]

0.6 Voltmeter D.0 Cat. 326
0.50 Voltmeter D.0 Cat. 337
6 -Volt Charge Tester D.0 Cat. 23
0.10 Amperes D.0 Cat. 338

0 0-25 Milliamperes D.0 Cat. 325
Pli 0-50 Milliamperes D.0 Cat. 350
0 0-100 Milliamperes D.0 Cat. 390
0 0-300 Milliamperes D.0 Cat. 399
0 0.400 Milliamperes D.0 Cat. 394

Ii

RADIO WORLD will help you in your radio work, so you will be able to use meters most valuably. Keep
abreast of new circuits, intimate details on perfecting existing sets. get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non -technical. Enjoy the writings of McMurdo Silver,
J. E. Anderson, Herman Bernard, John F. Rider and a host of other radio engineers in RADIO WORLD.
You can find no magazine that better caters to your needs than RADIO WORLD. Short waves? RADIO
WORLD will tell you all about them. Extremely sensitive broadcast receivers? Their construction and
operation are fully discussed with confident regularity. Power supplies-push-pull or otherwise? AC re-
ceivers? Screen grid tubes? Large receivers that give a super -abundance of performance-small, economical
receivers that give performance out of all comparison to their size? Are you interested in these? Then you're
nterestd in RADIO WORLD.

See the list of nine meters at left. Obtain one or more of these meters free, by sending in $1 for 8 -weeks'
subscription, entitling you to one meter; $2 for 16 weeks, entitling you to two meters; $3 for 26 weeks. en-
titling you to three meters; $4 for 35 weeks, entitling you to four meters; $5 for 44 weeks, entitling you to 5
meters; $6 for 52 weeks. entitling you to six meters.Present RADIO WORLD mail subscribers may renew their subscription under this remarkably generous
offer. Put a cross in square. 0

ANDERSON and BERNARD
"Power Amplifiers"

Here is the first book to be published on the subject of "Power
Amplifiers." Now printing, it is certain to fill a void in radio
literature. The whole subject is fully covered in a masterful
theoretical discussion of audio amplifiers and power supplies,
supplemented by constructional chapters, with complete wiring
diagrams and specification of parts. Learn while you build!
J. E. Anderson, M. A., technical editor of RADIO WORLD, and
Herman Bernard, LL. B., managing' editor of RADIO WORLD,
both of the Institute of Radio Engineers, have explained fully the
phenomena of power amplifiers. Learn all about motorboating
and its cures, push-pull theory and practice, grid bias methods
and effects, vacuum tubes in audio circuits. AC and battery type
AF amplifiers, phase relationships, common impedance, filter
systems, by-pass condenser effects, necessities for tone quality,
values of coupling constants, and a host of other topics associated
with power amplification, including speech amplifiers and "talkie"
installations.

More than 200 pages and more than 100 illustrations are devoted
to an analysis of this outstanding radio subject. "Power Ampli-
fiers" is authoritative, original and comprehensive. It is free
from the traditional errors that have crept into this subject. The
theoretical part of the book can be understood by most novices,
while the constructional part, that capitalizes the previously im-
parted knowledge, is thoroughly understandable by anybody.
There is virtually no mathematics in the book. Cloth bound.
Order Cat. PAM @ 53.50

POWER AMPLIFIERS

RIDER
"Service Man's Manual"

Two new books. by John F. Rider. R. E., Member, Institute of Radio Engineers, constitute the series
grouped by him under the heading "Service Man's Manual." Part I is "Mathematics of Radio."
Part II is "Trouble Shooter's Manual."

The value of one of these books is more than doubled by the possession of the other.

"The Mathematics of Radio," 128 pages. 914x11", 119 illustrations, bridges the gap between the
novice and the college professor. It gives a theoretical background so necessary for a proper under-
standing of radio and audio circuits and their servicing. Flexible cover. Order Cat. MOR ® $2.00

The first comprehensive volume devoted exclusively to the topic uppermost ih every service man's
mind is "Trouble Shooter's Manual," just published. It is not only a treatise for service men, telling
them how to overcome their most serious problems, and fully diagramming the solutions, but it is a

course in how to become a service man. It gives all the details of servicing as they have never been
given before. Finding the right mode of attack, applying the remedy promptly and obtaining the
actual factory -drawn diagrams of receivers always have been a big load on the service man's chest.
But no more. Rider, expert on trouble shooting, has producd the outstanding volume on servicing,
and has taken the load off the service man's chest 1

This book is worth hundreds of dollars to any one who shoots trouble its receivers --whether they be
factory -made, custom-built or home-made receivers. The home experimenter, the radio engineer, the
custom set -builder, the teacher, the student-all will find this new book immensely informative and
absolutely authoritative.

MORE THAN 100 WIRING DIAGRAMS OF RECEIVERS MADE BY MORE THAN FORTY
DIFFERENT SET MANUFACTURERS ARE PUBLISHED IN THIS BOOK. INCLUDING OLD
MODELS AND LATEST MODELS! RCA. ATWATER KENT, CROSLEY, MAJESTIC, ZENITH,
STROMBERG CARLSON, KOLSTER, FEDERAL, FADA, Etc. 240 pages, size S1/2x11"; 200 illus-
trations Imitation leather cover. Order Cat. TSAI @ $3.50

Read Radio World Every Week

RADIO WORLD
145 W. 45th St., N. Y. City-Published Weekly.

All Newsstands, 15c per copy-$3, six months-$6 a year

ID CAT. ME @ .

1:1 CAT. MP @
CI CAT. PAM
 CAT. MWT @.
0 CAT. MWPR @....
0 CAT. MWPRC
0 CAT. MOR @
 CAT. TSM .,
0 CAT. VDB @

Gentlemen: Enclosed find $ for
which please send items checked on coupon..

(B. -10)

$3.00 0 CAT Name
$7.50
$3.50

0 CAT
0 CAT

337
23

$2.50 D CAT 338
$2.50 TT 325 Address
$2.00 350
$2.00 CATCA 390
$3.50 CAT 399
$5.00

IIDEI

CAT 394 City Slate

RADIO WORLD'S BOOK SERVICE
has been found of great value not only
by radio fans, constructors, etc., but also
by radio and other technical schools
throughout the country. See the radio
books advertisements in this issue.

TRIAL SUBSCRIPTION
Send $1 for trial subscription for 8 weeks, starting with current issue, or of any

recent issue. Radio World, 145 W. 45th St., N. Y. City.

A GREAT ADVERTISING MEDIUM!
That describes Radio World. Rates on application. Radio World, 145 W. 45th St.,

N. Y. City.
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Rider Lifts a BIG Load Off
the Service Man's
Chest!
In New Book Noted Radio Engineer Devotes 240 Pages to
Trouble Shooting in All Receivers and Gives the Wiring
Diagrams of Factory -Made Sets in 200 Illustrations-You
Can Carry This Book Around With You-No More

Torture Tracing Out Circuits.

"Trouble Shooter's
Manual" By John F. Rider

JUST OUT!
The first comprehensive volume devoted exclusively to the topic

uppermost in every service man's mind is "Trouble Shooter's Manual,"
just published. It is not only a treatise for service men, telling them
how to overcome their most serious problems, and fully diagramming
the solutions, but it is a course in how to become a service man. It
gives all the details of servicing as they have never been given before.
Finding the right mode of attack, applying the remedy promptly and
obtaining the actual factory -drawn diagrams of receivers always have
been a load on the service man's chest. But no more. Rider, expert
on trouble shooting, has produced the outstanding volume on servicing,
and has taken the toad off the service man's chest I

This book is worth hundreds of dollars to any one who shoots trouble
in receivers-whether they be factory -made, custom-built or home-made
receivers. The home experimenter, the radio engineer, the custom set -
builder, the teacher, the student,-all will find this new book immensely
informative and absolutely authoritative.

Wiring Diagrams of
Besides 22 chapters covering thoroughly the field of trouble shooting, this volume

contains the wiring diagrams of models, as obtained direct from the factory, a wealth
of hitherto confidential wiring Information released for the first time in the interest
of producing better results from reeeivers. Yew will Sad these diagrams absee well
R. C. A.

60, 62, 20, 64, 30
105. 51. 16, 32, 50,
25 A.C.. 28 A.C.. 41,
Receptor S.P.U.. 17.
18. 33.

FEDERAL
Type F series filament.
type E series filament.
type D series filament,
Model K, Model H.

ATWATER-KENT
10B, 12 20. 30, 35.
48, 81, 33, 49, 98, 36,
87, 40 42. 59, 50. 44.
43, 41 power sults for
87. 38, 44. 43. 41.

CROSLEY
Trirdyn SRI, 601,

401, 401A, 608, 704,
B and C supply for
704, 704A. 704B. 705.
706.

ZENITH
39, 99A, 392, 592A,
40A, 35P1, 35APX,
3152PX, 352APX, 87A,
95P, 95AP, 952P,

359AP. 99P, 342P. 33.
34, 35. 35A, 342, 352,
352A, 362. 81, 32. 333.
353A, power supply
ZE17. power supply
ZE12.

MAJESTIC
70, 70B, 180, power
Deck 7BP3 7P6, 70'5(old

wiring) 8P3,
8P6, 7BP6.

FRESHMAN
Masterpiece, equaphase,
G. 0-60-S power sup-
ply. L and LS, 016.
E. K -60-S power
supply.

Here are the 22 chapter
SERVICE PROCEDURE
PRACTICAL APPLICATION OF

ANALYSIS

VACUUM TUBES
OPERATING SYSTEMS
AERIAL SYSTEMS
"A" BATTERY ELIMINATORS
TROUBLES IN "A" ELIMINATORS
TROUBLE SHOOTING IN "A"

ELIMINATORS
"B" BATTERY ELIMINATORS
TROUBLES IN "B" BATTERY

ELIMINATORS

headings:
TROUBLE SHOOTING IN "B"

BATTERY ELIMINATORS
SPEAKERS AND TYPES
AUDIO AMPLIFIERS
TROUBLE SHOOTING IN AUDIO

AMPLIFIERS
TROUBLES IN DETECTOR SYSTEMS
RADIO FREQUENCY AMPLIFIERS
TROUBLE SHOOTING IN RF

AMPLIFIERS
SERIES FILAMENT RECEIVERS
TESTING, AND TESTING I,EVICES
TROUBLES IN DC SETS
TROUBLES IN AC SETS

FADA
50/80A receivers. 460A
Pada 10 11, SO. 31.
10Z, 11Z. 90Z, 81Z.
16, 17, 39, 16Z. 82Z.
18, special, 192A-1925
and 192BS units.
R80A, 480A, and SF
60/80A receivers. 480A
receiver and R60 unit.
7 A.C. receiver, 475
QA or CA and 1138.45-
75 DA or CA, 50, 70,
71, 72. C electric unit
for special and 7 A.C.
receivers, ABC 6 volt
tube supply. 86V and
82W, E180Z power
plant and E 420 power
Want.

FREED-EISEMANN
NR5, FEIO. NB70.
470, N R 5 7, 457.
NR11, N1180 DC.

JOHN F. RIDER
Member, Institute of Radio Engineers

All These Receivers!

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

Enclosed please find' $3.50 for which please send me postpaid "Trouble Shooter's Manual," by John
F. Rider, being Part II of "Service Man's Manual." 240 pages, 8%:11".more than 200 illustrations. Including wiring diagrams of commercial receivers
as advertised; imitation leather cover, gold lettering.

0 $2.00 for which please send me postpaid "Mathematics of Radio," by John F.
Rider, 128 pages 8%111", 119 illustrations, flexible cover, this being Part
1 of "Service Man's Manual."

NAME

ADDRESS

CITY STATE

worth the price of the book. The wiring diagrams are of new and old models, of
receivers and accessories, and as to some of the set manufacturers, all the models
they ever produced are shown in wiring diagrams) Here is the list of receivers, etc.,
diagrams of which are published in this most important and valuable book:

STEWART-WARNER
300, 305. 310. 315.
320. 325, 500. 520,
525, 700. 705, 710,
715, 720. 530, 535.
750. 801, 802. 806.

GREBE
MI.71, M112, synchro-
phase 5, synchrophase
A C 6 , synchrophase
AC7. Deluxe 428.

PHILCO
Philoo-electric, 82, 86.

KOLSTER
4 -tube chugs used in
8 tube sets, tuning
chassis for 7 tube sets,
power amplifier, 7 tube
power pack and ampli-
fier. 6 tube power
pack and amplifier.
rectifier unit K23.

STROMBERO-
CA R LSO N

1A, 2B, 501, 502, 529,
524. 835, 836, 403AA
Dower plant, 404 BA
oower plant.

ALL-AMERICAN
6 tube '..,lectric, 8 tube
80, 83. 84. 85, 86, 88,
9 tube GC, 61. 62, 65,
66, 6 and 3 tube A.C.
Power pack.

DAY FAN
OEM7. 4 tube, 5-5
tube 1925 model, Day
Fan 8 A.C.. power
supply for 6 tube
A.C., B power supply
5524 and 5525, motor
generator and filter. 6
tube motor generator
set. 6 tube 110 volt
D.C. set, 8 tube 32
volt D.C. seL

COLONIAL
28, 31 A.C., 81 D.C.

WORKRITE
fi Vibe chassis. 6 tube
chassis.

AMRAD
70, 7100, 7191 power
unit.

SPARTON
A.C. 80.

MISCELLANEOUS
DeForest F5, D10,
D17, Super Zenith
Magnavox dial, Thee-
myodyne, Chimes 4DL
inverse duplex, Herod
neutrodyne, Garod EA,
Ware 7 tube. Ware
type T. Federal 102
special. Federal 59,
Kennedy 220, Operadlo
portable, Sleeper all,
Armed Inductrol.

Some of the Questions Settled in Book:Securing information from the receiver owner, list of questions, practical chartsystem of repairs, circuits and operating conditions.Repairs In the home, method of operation, spare tubes, the process of elimina-tion, recognizing symptoms, examples of practical application, tracing distortion.tracing electrical disturbances; vacuum tube tests; neutralizing systems, filamentcircuits, grid circuits, methods of securing grid bias, plate circuits; long aerials,short serials, seleCtivity, imperfect contact, directional qualities, grounds; "A"battery eliminator types, design, operating limitations, requirements for perfectoperation, AC eliminators, DC eliminators; "A" elminator hum, reasons, voltage,reasons, noise: full wave, half wave, B battery eliminators, filament midden,gaseous rectifier, dry disc rectifier, wiring, parts used, design, voltage regulation,operating limitations, requirements for perfect operation, combination filament andplate voltage eliminators, AC and DC types; B battery eliminator output currentand voltage, excessive hum, dead eliminator, poor design, reasons for defects.motorboating, punctured condensers, shorted chokes, voltage regulator tubes, functionof filter system. C bias voltages, voltage divider systems, filter condensers, by-passcondensers, voltages in the system; determining voltages in B eliminators, AC, DC.voltage drop, effect of shorted filter system, defective rectifiers, defective transformer,defective chokes, defective by-pass condenser, design of filter system, defective volt-age divider network, relation between hum and output voltage, Isolation of troubles,external filters, noise filters; cone, dynamic, exponential speakers, troubles, dead,week output, distorted output, rattle, continuity testing, windings, magnets, fre-quency filters, testing, chokes, condensers, hum elimination:I audio amplifier types,transformer, resistance, impedance, auto -transformer, combinations, requirements forperfect operatiou, operating limitations, tubes, forms of coupling, plate voltage. gridvoltage, filament voltage, isolating condensers, voltage reducing resistances, noises,analysis of trouble, plate current, grid current.

"The Mathematics of Radio"
I John P. Rider wrote two companion books grouped under the title "ServiceMan's Manual." The first was "Mathematics of Radio," the second "'TroubleI Shooter's ManuaL" The value of one of these books is more than danstrls# by the, possession of the other.
I "The Mathematics et Radio," 128 pages. /Nall", 119 illustrations, bridges thegap between the novice and the college professor. It gives a theoretical beckgroundI so necessary for a proper understanding of radio and audio 'invite wed theirI servicing.
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Surpassing Results from HB Compact!
Screen Grid Circuit for AC or Battery Operation Is a Knockout !

THE screen grid tubes, both AC and battery types, 222
and 224, promised much. They could be used to pro-
vide actual amplification of 150 per stage, as compared

with 8 per stage for a general purpose tube. If only the
screen grid tube could be used at full practical amplifica-

tion ! Then a few tubes would do the
work of many! At radio frequencies

Sensitivity it was found that tuning the plate cir-
cuit put the mule kick into the set.

But the whole wave band could not be tuned in. So

Herman Bernard invented a coil -the Bernard dynamic
tuner -that accomplished the trick. Full amplification plus
full wave -band coverage! That's why his HB Compacts,
only four tubes (plus a 280 in the AC model) perform like
eight -tube sets I The sensitivity is incredibly high.

It would be rar short of an accomplishment to hook
indifferent audio onto a grid leak -condenser detector. So

in both models he used a power de-
tector, two resistance audio stages pro -

Realism ducing undistorted volume exceeding
that of any ordinary two -stage audio

amplifier, amplification Sufficient to load up the power tube
in each instance. And in the case of the AC model HB

Compact it is a 245, with 1,600 milliwatts maximum undis-
torted power output, standing enough gaff for a small
hall! And what tone realism! Breath -taking! Nothing
in radio ever excelled this tone quality! Nothing! Abso-

lutely nothing!
As the prices quoted in the list of component parts

show, these advantages may be
obtained economically. The battery

Economy model draws only 21 milliamperes of
plate current, .664 amperes of filament

current. Large B batteries would last a year at that rate,
for average use, and a small A battery require recharging
only every two months to ten weeks!

And this amazingly sensitive, most thrilling and utterly
economical circuit gives you all the selectivity you will
require, unless you live close to a powerful broadcasting
station. So you get a super -abundance of results, in an
unusual but thoroughly tried and tested, positively proven
circuit!

Selectivity
HB Compact, battery model, uses

Select a 222 RF amplifier, a 240 (high mu)
power detector, a 222 first audio and

a 112A or 171A power tube. The RF tube's plate circuit
is tuned by a new type coil that has a moving segment as
part of the tuned inductance, with step-up ratio to untuned
detector grid. The audio is resistance -coupled. A 7x14"
front panel may be used, with baseboard, but the HB Com-
pact Steel Cabinet, decorated brown, with satin aluminum
subpanel, sockets affixed, is recommended.

HB Compact, AC model, uses a 224 RF amplifier, a 224
space charge power detector, a 224 first audio and a 245
output tube, with 280 rectifier. Except for the space
charge feature, not suitable in the battery model, and the
larger power tube, not economically powered by batteries,
the two models are fundamentally the same. The AC model
is still more sensitive, however.

The same steel cabinet is recommended for the AC model,
while the aluminum subpanel has the five sockets affixed
and the type of each tube (except detector) printed on
each socket.
Order what individual parts you want.

Front view of the MB Compset nu view la the same fen AC er batter/
medeL For batteries the switch is built in the rheostat. Peg AC s pendant

switch is used at rear. in Ma AC sable. CITY

View of the HA Compost AC Medal. the tubes being. left to right: 114 ileteetor.
124 first AF. 145 power tube, 180 rectifier and 2114 H.F. Toe subpan el la Isla

9%1104". yet everything save the speaker la In thU smell space!

Component Parts for HB Compacts
AC MODEL

LIL2L3-Bernard, Antenna Tuner BTSA 12.54

I.4L5L6-Bernard Interstage Tuner BT5B 2.5s

CT -One 80 mmfd. equalizer .35

Cl, C2 -Two .0005 Dustproof @ $2.50 5.00

C C3, C4, CS -Four .01 mfd. @ .35 1.44

Or -One 1 mfd. 500V AC .S5

C8, C9, C10, C11 -Mershon Q2-8 2-18B 5.15

C12, C13 -Two 1 mfd. 200 V. DC @ .50 1.14

R -One 25,000 ohm wire -wound pot 1.16

1,21, R2, R3, R4-.5, 1.0, .05 5.0 meg. @ .35 1.41

TI -Polo 245 Power Supply Cat. P245PS WM
2500, 4400, 774, 50, 8 (20 watt) Voltage Divider 1.75

PL -Bracket and 2.5 v. AC lamp .70

OC, C& -Output choke, 2 mfd. 500 v. AC cond. 3.85

SP-, SP4_-Two binding posts @ .10 .2$

Three National grid clips @ .06 .18

F -One 1 amp. cart. fuse with base .50

Aluminum socketed subpanel, 94x1434", 8 brackets 3.25

Steel cabinet, crackled brown finish, 7g15it9% 4 as

3 Insulating washers q .03 H
Two full -vision dials with pointers @ 75c 1.50

One AC pendant switch, double opening .41

One 12 ft. length AC cable .72

Two rolls Corwico braidite @ .35 .75

Two flexible couplers (links) @ .35 .7$- -
550.19

Kelly tubes: Three 224 @ $3, one 245 @ $2.25, one 280 @ $1.75 113.00

BATTERY MODEL

L1L2L3-One Bernard Tuner for antenna circuit, for .0005 mid. tuning
(BTSA of Screen Grid Coil Co.) 12-50

L4L5L6-One Bernard Tuner for screen grid interstage coupling, for
.0005 mfd. tuning (BT5B of Screen Grid Coil Co.) 2_54

Cl, C2 -Two .0005 mfd. Dustproof tuning condensers @ $2.50 5.00

CT -One Hammarlund 80 mmfd. equalizing condenser .35

C3, C4, CS -Three .01 mfd. mica fixed condensers @ .35 1.05

RI -One .25 meg. metallized resistors .311

R2, R4 -Two 5.0 meg. metallized resistors @ .30 -se
R3 -One .075 meg. metallized resistor .44

R5, SW -One 75 -ohm rheostat with switch attached .81

R6 -Two resistors, one 1.3 ohms, the other 6.5 ohms (both) .45

Ant., Gnd., Sp.-, Sp. -f-. Four binding posts (all) .40

One drilled steel cabinet 7" high, 9Y2" front to back, 15" wide 4.04

Two dials with pointers (both) 1.51

One pilot light bracket with 6 -volt DC lamp .71

One 9Y3x141/4" satin finish aluminum subpanel with sockets affixed.
and supplied with insulated bushings, supporting brackets, and
resistor clips 2.00

Two insulated links (flexible couplers) (both) .79

One 7 -lead battery cable SO

823.75

Kelly tubes: Two 222, one 240, one 112A or 171A, total, $828.

(The HB Compacts were designed and built by Herman Bernard. The
battery model was described in the August 24th, 31st, September 7th
and 14th issues of Radio World.]

Please Use This Coupon
GUARANTY RADIO GOODS CO.
143 West 45th St., N. Y. City, Just E. of B'way.

for which pleas* send m gognximiggEnclosed please find 8.
the SIB Compact as checked off above.

part fur

NAME.....................................................................

ADDRESS..................................................................
STATE
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TELEVISION
FOR HOME

CONSTRUCTORS
Full explanation of
the theory and prac-
tice of television is
contained in the new
210 -page book (534
x 8%"), with 100
illustrations.

ABC of
Television

By Raymond Francis Yates,
Students and Experimenters alike will glory in

the possession of this masterful volume.
Popularly written, easily understood.

TABLE OF CONTENTS
CHAPTER I -TELEVISION -THE NEW CONQUEST

OF SPACE
How the Principles of Television were Invented in 1884

and what the Future Holds for this Promising New Child
of Science -A Description, in Narrative Form, of the Tele-
vision of the Future.

CHAPTER II -TELEVISION SYSTEMS
Complete and Elementary Explanation of the Funda-

mental Principles of Television As They Are Applied
Today In Both Transmitting and Receiving -Methods
of Synchronization. Scanning and the Function of Photo-
electric Cells.

CHAPTER III -TELEGRAPHING PICTURES
An Outline of the Various Successful Methods Em-

ployed Today in the Transmission of Facsimiles and
Photographs by Wire and Wireless Systems -Practical
Description of Telephotographic Receivers for Home Use
With Practical Instruction Concerning Their Operation.

CHAPTER IV -PHOTOELECTRIC CELLS
How Photoelectric Cells Serve as "Light Microphones"

in Modulating Radio Waves With Light Impulses -Ele-
mentary Outline of the Theory of Photo electric Phenomena.

CHAPTER V -AMPLIFYING PICTURES
Theory and Practice of the Amplification of Picture

Signals Together With Data for the Construction of
Television Amplifiers That Will Function With
Minimum of Picture Distortion.

CHAPTER VI -THE AGILE NEON LAMP
Theory, Operation and Practical Application of Neon

Tubes in Television Reception --How the Neon Tube Func-
tions as a "Light Loua Speaker" in Television Reception.

CHAPTER VII -SELENIUM CELLS
Theory of Selenium Cells Together With a Description

of the Popular Types of Cells and Practical Data Concern-
ing Their Construction by Home Experimenters.

CHAPTER VIII -THE PROBLEM OF SCANNING
The Function of the Scanning Disc With Complete In-

structions for the Design and Construction of Different
Types of Scanning Devices Including Drums and Moving
Belts.

CHAPTER IX -SYNCHRONIZING TELEVISION
An A B C Outline of the Synchronizing Methods Now

Employed by the Television Broadcasters of Today -Prob-
lems of Synchronizing Television Scanning Discs Treatedin a Popular Way.

CHAPTER X -TRANSMITTING TELEVISION AT
HOME

How the Experimenter Can Construct and Operate Both
a Television Transmitter and Receiver for Home Ilse -This
Equipment Makes Possible the Transmission of the Outlineof Simple Objects From One Room to Another.

CHAPTER XI -HOW TO MAKE A TELEVISION
RECEIVER

Practical Application of the Principles of Television in
the Construction of a Televisirn Receiver Involving aSpecial, Highly Efficient Short -Wave Receiver.

RADIO WORLD, 145 West 45th Street, New York City(Just East of Broadway)
Enclosed please find $3.00 for which send at once atyour expense one copy of "A B C of Television, or, Seeingby Radio," by Raymond Francis Yates, as advertised.

NAME

ADDRESS

CITY STATE

Ant. Unit (coil,
condenser, base,
socket, link) $4.00

Interstage Unit
(coil, condenser,
base, socket, 2
links, insul. rod. 4.25

2 meg. and .00025 .51
Subpanel, 3 sock. 3.25
.01 mfd. .35
6.5, 4, 1.3 ohm .65
.00025 mfd. fix .21
80 Mmfd .35
Audio trans 1.25
P.P. input 3.41
P.P. output 3.41
(4) Bind. posts .40
Nat'l new dial 3.13
75 ohm Sw. rh .80
Dummy .35
(4) front insula-

tors .20

All parts $26.52
Drill. steel Cab...$5.00

PARTS FOR HB22,

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

Short Wave Circuit

National Thrill Box. 4. tuba short wave circuit, 15 to 535
meters, battery -operation of filaments: B supply, either

batteries or ellmloator.

Get a real kick out of listening to foreign stations
on a real short-wave circuit, the National Thrill
Box. Uses one 222 screen grid RF amplifier, one
200A detector, one 240 first audio and one 171A
or 112A output. Single control. Buy the parts
and build the circuit in two hours. Data sheet
shows dial settings where foreign stations come in.
Cat. SW4EF, all parts, including decorative brown
steel cabinet, all six plug-in coils, list price $51.90
(less tubes). Your price $31.00.

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

LOOK AT YOUR WRAPPER
You will see by the date thereon when
your subscription for Radio World ex-
pires. If the subscription is about to run
out, please send us renewal so that you
will not miss any copies. Subscription
Department, RADIO WORLD, 145 West
45th St., N. Y. City.

PLEASE GIVE US TWO WEEKS
for changing your address, showing new
renewal expiration date, etc. Subscrip-
tion orders are arriving in such large
numbers that it takes two weeks to
effectuate the change. RADIO WORLD,
145 West 45th St., N. Y. City.

SEPARATE TESTER COMBINATION
Consists of two -meter assembly in neat blackmetal case, with an external high resistance
meter. The two meters in the case read(a) 0-20. 0-100 milliamperes; (b) 0-10 volts,AC or DC, same metes reads both. The ex-
ternal high resistance meter reads 0-600 volts.
AC or DC (same meter reads both). Thusyou can test any plate current up to 100 ma.,
any filament voltage, AC or DC, up to 10 V.,
and any plate voltage, or line voltage or otherAC or DC voltage, up to 600 volts. Five -prong
plug, screen grid cable, and 4 -prong adapterincluded. Order Cat. ST -COMB @ $11.00
2 -meter assembly, cable plugs, Cat. 215 @ $7.06
0.600 AC -DC meter alone, Cat. M600 @ $4.95

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

1101. W.I. Ilnnl In
11.11 1.011511. hvgasey so

41.11 511.5' I.UI i.e 1.1

4 Tale Iv... W. 1.,
I 754

144,.....1.1 1st 4 c {imam

Fourteen Circuits
Each Shown in Colored Picture Diagram,
Colored Schematic Diagram and Front

Panel Layout
Get This FREE Book!

Complete AC electric receivers. with B eliminatorsincluded, also AC receivers without B eliminators, alsobattery operated models, all easy -to -build circuits, usingyour even palls

=I11 I3 IIMM MEET 1.1M =r1
RADIO WORLD, 145 W. 45th St., N. Y. City.

(Just East of Broadway)
Gentlemen: Enclosed please find $1.00 for which please

send me Radio World each week for eight weeks (regularPrice, $1.20) and besides send use a FREE copy of the1929 edition of The Radio Blueprint Library of AC andBattery Hookups.

Name

Address

1MI MEI

City State
Note: Present mail subscribers may take advantage of

this offer by putting a cross in this square. 0 Your sub-
scription will be extended eight weeks.

[Canadian remittance must be by postal or expressmoney order, due to high discount rate on cashingCanadian chalks in New York.]

Blueprint FREE !
Get a free blueprint of either circuit listed sothe coupon below, by sending $1.00 for sightweeks' subscription for RADIO WORLD, or send$1.50 foe 13 weeks' (quarter of a year) and getboth blueprints (reel
RAEDniposeWd OpRieLaDo, A:5d: W. 45th St.. N. Y. City

[1 $I for which send RADIO WORLD for
8 weeks and send free blueprint et the
battery model 4 -tube Screen Grid Diamondof the Air.

0 SI for which send RADIO WORLD for
fl weeks end send Sr.. blueprint of the
4 -tube AC Screen Grid Diamond of theAIr.
$1.50 for which tend RADIO WORLD for

13 weeks and sand both blueprints free(If renewing subscription put cress hers I

NAME

ADDRESS

CITY STATE

RECENT NUMBERS
for the current year are procurable atthe rate of 15c a copy, or 8 copies for
$1.00. RADIO WORLD, 145 West 45thSt., N. Y. City.
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Blueprint of the

New One -Dial

Push -Pull Battery Model

SG DIAMOND
Full-sized picture diagram of the wiring,
with list of parts. This 5 -tube receiver is
really superlative. It gives you screen
grid radio frequency amplification and
push-pull output, most economically.

Send $1.00 today for this blueprint.

RADIO WORLD
145 West 45th Street

Just East of Broadway New York City

EVERY WEEK in RADIO WORLD appears a
feature article of intense interest to schoolboys.
Parents and other relatives will bring great de-
light to youngsters by sending $3 for a 6 months'
subscription for RADIO WORLD (26 issues) in the
youngster's name.-RADIO WORLD, 145 West 45th
Street, New York City.

AERIAL TUNER

Improves Your Reception

11,40.1.1/11i,

Remove aerial lead from set. Connect aerial
instead to one of the binding posts of the Aerial
Tuner. Connect the other binding post of the
Aerial Tuner to antenna post of your set. Then
move the lever of the Aerial Tuner until any weals
station comes in loudest. The lever need not be
moved for every different frequency tuned in
The Aerial Tuner acts as an antenna loading
coil and puts the antenna's frequency at any
frequency in the broadcast band that you desire
to build up. It makes high wavelengths come in
loud as low wavelengths. It helps separate eta
tions and clear up reception. Makes great im
provement in Summer reception. Price, $1.00.

GUARANTY RADIO GOODS CO.

143 West 45th Street
New York City

(Just East of Broadway)

10111%"1"11110%."10%.1%01%1011W

BRILLIANT, NEW

NATIONAL
MODERNISTIC PROJECTION DIAL

WITH RAINBOW FEATURE

Modernize the appearance of your receiver by Installing
the brilliant new National dial, with color wheel built in,
so that as you turn the dial knob one color after another
floods the screen en which the dial numbers are read. On
this screen the numbers are projected, so that you get the
same dial reading from any position of the eye. This is
Just what DX hunters want-laboratory precision of dial
reading.

The escutcheon is of modernistic design. The Velvet
Vernier mechanism drives the drum superbly.

Order today. Remit with order and we pay cartage.
Shipments day following receipt of order.

GUARANTY RADIO GOODS CO.,
143 W. 45th St., N. Y. City (lust E. of 8' way)

Enclosed please find $3.13 for which please send me
dial marked below:
 Cat. Hen, National modernistic drum dial, with color

wheel built in, pilot bracket, 6 -volt pilot lamp for
storage battery or A eliminator sets; hardware; instruc-
tions $3.13

0 Cat. HC2 1/2 , same as above, but with 214 -volt
AC pi lot lamp 8.13

0 Order C.O.D. and I pay cartage.

NAME

ADDRESS

CITY STATE

RADIO WORLD'S BOOK SERVICE
has been found of great value not only
by radio fans, constructors, etc., but also
by radio and other technical schools
throughout the country. See the radio
books advertisements in this issue.

LACAULT'S BOOK
"Super -Heterodyne Construction and Operation
giving the master's most masterful exposit tea
of the theory, performance and construction of
this fascinating type of circuit. Is a necessity
to every serious radio experimenter. More that.
100 pages and more than 50 Illustrations. Buck 
ram cover. This book by B. E. Lacault, FREE
If you send $1.00 for an 8 -weeks subscription
for Radio World. Present subscribers may swept
this offer. Subscription will be extended.

RADIO WORLD 145 w. 45th St., N.Y. City
lust East al B' way

NATIONAL
Velvet B Eliminator g

Iss Volts (283 Tube Frae) a U. al

Laren Model National Velvet -B, Tip. 3530. I.
handsome crackle finish black metal casing. toe use
with sets up to and Including sis tubes. Input
105-190 volts AC. 60 to 60 cycles. Output 180
mita maximum st 36 milliamperes. Three arlable
output Intermediate voltages. ( Det.. RF. A F
Sliminator has excellent Biter miens to eliminate
bum, including '10 henry shake and 16 mid
!Aeration condenser. No motorboating 1
(Ruminator Liaer Ned under patents of the Mtni
Corporation of America and associated euntianlas.

Guaranty Radio Goods Co.
143 W. 45TH STREET

(lust East of Broadway)
NEW YORK CITY

New Junior Model

POLO UNIT $4
The famous twin magnet principle for
double sensitivity, large magnets for great
flux, permanently adjusted armature, all
are in the new junior model Polo Unit.
Weight, 234 lbs. Stands 150 volts unfil-
tered. Stands up to 250 push-pull filtered.
Works any output tube, power or other-
wise. Supplied with 10 -ft. cord. Order
unit now. Five-day money -back guarantee.

Acoustical Engineering
Associates

143 West 45th Street
New York City

(Just East of Broadway)

RADIO WORLD
and "RADIO NEWS"

BOTH FOR 7
ONE YEAR 6j). .00

Ton can obtain the two leading radio teettattal maga-
zines that eater to experimenters, service men and stsdanta,
the tint and only national radio weekly and the Wales
monthly, for one year each, at a oaring of $1.50. TM
regular mail subscription rate for Radio World for as
year, a new and fascinating copy each week for ail wedui,
is $6.00. Sand in $1.00 extra. get "Radio Nate" aloe
for a year-a new Issue each month for twelve months
Total, 64 issue, for $7.00.

0 If renewing Radio World ouhacription, put mesa
square.
RADIO WORLD, 145 West 45th Street. New York, N. T.

Quick Action Classified Ads
Radio World's Speedy Medium for Enterprise and Sales

10 cents a word - 10 words minimum - Cash with Order
EDISON STORAGE BATTERIES -100 volts
$6.50; Horsepower Alternating Motors $7.00.
Hoffmann Electrical Shops, 904 North Fifth,
Philadelphia, Pa.

"MATHEMATICS OF RADIO."-A great help
to everybody interested in radio. $2 postpaid.
Radio World, 145 ITT. 45th St., N. Y. City.

RECENT NUMBERS OF RADIO WORLD, for
1929, 15c per copy. Any 7 copies for $1. Radio
World, 145 W. 45th St., N. Y. City.

TELEVISION and all about it in "A B C of
Television," by Raymond Francis Yates. $3 post-
paid. Radio World, 145 W. 45th St., N. Y. City.

MARVELOUS NEW nick up for phonograph.
Only a few left, all pippins. Money -hack 5 -day
guarantee. Send $3.75-P. Cohen, Room 1214. at
143 W. 45th St., N. Y. C.
struc-ofle

"AUDIO POWER AMPLIFIERS," by J. E.
Anderson and Herman Bernard, the first and only
hook on the subject. $3.50. Hennessy Radio Pub-
lications Corporation, 145 West 45th St., N. Y.
City.

HELP FOR SERVICE MEN.-Nothing better
than John F. Rider's "Trouble Shooter's Manual,"
$3.50 postpaid. Radio World, 145 W. 45th St.,
N. Y. City.

POLO 245 POWER SUPPLY. Read all about
it on another page of this issue. Polo Engineering
Laboratories, 57 Dey St., N. Y. City.

WHY NOT START your new subscription with
the fist issue of September? A lot of informa-
tive articles were published during September and
October. Recent numbers, 15c a copy. Seven
numbers. $1.00. Radio World, 145 W. 45th St.,N. Y. City.

TWO FOR ONE. Radio World for 52 weeks and
Radio News twelve months at the combination
rate of $7. Radio World, 145 W. 45th St., N. Y.
City.

"MODERN AIRCRAFT," By Maj. Page. $5.postpaid; and "Everybody's Aviation Guide," By
Maj. Page, price $2. postpaid. Latest and bestup-to-date aviation books. Radio World, 145W. 45th St., N. Y. City.

"EVERYBODY'S AVIATION GUIDE." By Maj.
Page. $2 postpaid. Also "Modern Aircraft" by
same author. $5. postpaid. Radio World, 145 W.
45th St., N. Y. City.

BE SURE TO READ the advertisement on
another page of this issue about the HB Compact.
Guaranty Radio Goods Co., 143 W. 45th St.,
N. Y. City.
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The NEW RADIO NEWS,

Dept. 8891,
881 Fourth Avenue, New York, N. Y.

Gentlemen:
Please send me the next 9 Issues

of the NEW RADIO NEWS at your
special introductory offer of only *-1.
which I enclose (regular newsstand
price Is $2.25 for 9 issues, or $2.50 a year by subscription). I
understand that you will cheerfully return my dollar if I am not
perfectly satisfied after reading the first tome.

Name

Street Address

City

CCASIONALLY a man gets so close to
radio that he doesn't see the broader
aspects of the industry. Certainly it is
all right to know about the newest re-

ceivers, and how to build them. Certainly the
newest discoveries in servicing and handling
radio parts and sets should be told clearly and
at length in the magazine he reads. The NEW
RADIO NEWS brings you all this every month.

But it brings you much more than this. It
provides you with the vital radio news of the
whole world in a terse, business -like way that
demands reading by every man whose interest
lies in radio.

Beyond the fact that the NEW RADIO
NEWS is actually new from cover to cover, you
begin to realize that RADIO NEWS has
grown up.

It sees with modern vision the trends and de-
velopments in the radio industry. If a new dis-
covery in television occurs in Greece or even
Patagonia, you'll find all you want to know
about it in the NEW RADIO NEWS. If the
Federal Radio Commission makes some new rul-
ing, you can count on RADIO NEWS for the
complete story of it. If an Austrian inventor
designs a new improved radio tube, you'll be
sure to find it all explained in RADIO NEWS.

That is why we say with emphasis-if it's
radio news, it is in RADIO NEWS. And if you
are the sort of man whose mind seeks an ex-
ecutive viewpoint of radio's rapid progress,
you'll want the NEW RADIO NEWS delivered
to you every month.

A SPECIAL OFFER
TO RADIO MEN

To introduce the NEW RADIO NEWS to
those in the industry, we offer to send you the
next 9 Big Numbers for a single $1! On the
newsstands you would have to pay $2.25 for
these same 9 issues, or $2.50 a year by sub-
scription. We make this exceedingly low offer,
because we know that once you see the NEW
RADIO NEWS, you will continue to read it in
the years to come.

Simply fill out and mail the coupon at the
left. It brings you the Big New RADIO NEWS
at a jobber's discount.
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