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Balkite Push -Pull Receiver 

The Balkite A-5 Neutrodyne, one of the most sensitive commercial receivers ever developed; 8 tubes, including 280 rectifier. Wholly AC operated, 105-120 v. 50-60 cycles; in a table model cabinet, genuine wal- nut, made by Berkey & Gay. 
Three stages of tuned RF, neutralized, so there's no squealing; easy turfing; operation on short piece of wire indoors perfectly satisfactory; no repeat tuning points; no hum; phonograph pickup jack built in; excellent tone quality; good selectivity. Two poste are accessible for connecting the field coil of a DC dynamic speaker. 
The parts of which this receiver is made are all ace -high and the wiring is done with extreme expertness, by G1lfillan. The power supply is exceptionally One, the set being worked at 50% lees than the rated capacity of the power transformer and chokes, assuring long life. There is no hum, as filtration is remarkably good. 
The illuminated drum dial, at center, reads 0-100 at left, and at right has a blank apace in which to write call lettera. The little knob at left is the volume control, and the one at right is the AC switch. Each RF stage is filtered and bypassed individually, and the RF coils, tuning con- denser and power transformer are separately 

and totally shielded. The lead from antenna 
binding post to antenna winding of the first 
coil is of shielded wire that is grounded. 
Also, the receiver as a whole is totally shielded, with metal chassis and metal under- 
cover, so there is no stray pickup. Cat. 
BAL -A5, list price 8135; net price 

Silver -Plated Coils 

$44.00 

Wound with non -insulated wire plated with genuine 
silver, on grooved forma, these mils afford high efficiency 
because of the low resistance that silver has to radio 
frequencies. The grooves in the moulded bakelite forms 
insure accurate apace winding, thus reducing the dis- 
tributed capacity, and keep the number of turns and 
separation constant. Hence the secondary reactances are 
identical and ideal for gang tuning. 

The radio frequency transformer may be perpendicularly 
or horizontally mounted, and has braced holes for that 
purpose. It has a center -tipped primary, so that it may 
be used as antenna coil with half or all the primary in 
circuit, or as interstage coupler, with all the primary on 
a screen grid plate circuit, or half the primary for any 
other type tubes, including pentodes. The three -circuit 
tuner has a center -tapped primary, also. This tuner is of 
the single hole panel mount, but may be mounted on a 
chassis, if preferred, by using the braced holes. Pair 
consists of RF transformer and three -el rent tuner. both 
for .0005 mfd. only. Order Cat., G-RF-3CT, $2.40 list price $5.00; net price U 

Shielded Lead-in Wire 

New Multi -Tap Voltage Divider 
3,000 3,000 2,000 2,000 800 700 

0 50 50 50 100 200 400 450 500 590 600 650 
The resistance values between the twenty taps of the new Mntti-Tap 

Voltage Divider are given above. The total is 17,100 ohms and affords nineteen different voltages. 

The Multi -Tap Voltage Divider is useful in all circuits. including push-pull and single - sided ones, in which the current rating of 100 milliamperes is not seriously exceeded and the maximum voltage is not more than 400 volta. Higher voltages may be used e$ lesser drain. 
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. By making connection of grid returns to ground, 

the lower voltages may be used for negative bias by connecting filament center, or, in 227 and 224 tubes, cathode to a higher voltage. 
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 on the lower bank. 
Order Cat., MTVD, list price $6.50, net price 

R-245 Set and Tube Tester 

.90 

With the R-245 Tube and Set Tester you plug the cable into a 
vacated socket of a receiver, putting the removed .tube In the tester. and using the receiver's power for making these tests: Plate current, 
on 0-20 or 0-100 ma. scale, changed by throwing a built-in switch: 
0-60, 0-300 v. DC, changed by moving one of the tipped cables to another Jack; filament or heater voltage (AC or DC). up to 10 volts, er any other AC voltage source, measured independently, up to 190 volts, including AC line voltage. Also screen grid voltage and screen grid current may be read by following connections specified in the new 8 -page instruction sheet. 

Each meter may be used independently. The two test leads, one red. 
the other black, with tip jack terminals, enable quick connection to meters for independent use. 

With this outfit you can shoot trouble in receivers and test circuits using the following tubes: 201A, 200A, UX199, U%120, 210, 171, 171A, 
112, 112A, 245. v24, 222. 226, 227, and pentodes. When the R-243 is plugged into the vacated socket of a set and 
the removed tube Is placed in the proper socket of the Tester the receiver's power supplies all the voltages and currents. You see the vital testa made right before your eyes, all three meters registering imme- diately, all three reading at the same time. 

Here are some of the questions answered by the Tester when plugged into the receiver: 
What is the filament or heater voltage (no matter if DC or AC) 7 What is the plate voltage at the plate itself? What is the plate current drawn by the tube? Is the tube in good condition or does it require replacement? What is the grid bias voltage? What ii 

the cathode voltage? What is the screen grid voltage? Besides, when 
meters are used independently, you can answer these questions: What is the screen grid current? What is the line voltage (no mater if AC 
or DC) ? Is the circuit continuous or is it open? What is the total plate current drawn in the receiver? What are the respective B voltages 
at the B batteries or voltage divider? 
Order Cat. R-245. List price, $20; net price 

Fixed Condensers 

Dubilier Micon fixed condensers, type 642, are 
available at following capacities and prices: 
.0001 mid. 
:00025 mfd. 
.0003 mid. 
.00035 mid. 
.001 
.0015 
.002 

0e .006 20e 
Oc .00025 with clips 20c 
Oe A11 are guaranteed 
50 electrically perfect and 
7e money back if not 
7c s a t i s 11 e d within five 
8e days. 

Order Cat. MICON .0001 etc. at prices stated, 

No 18 solid wire, surrounded by a solid rubber insulation covering, and above 
that a covering of braided copper mesh wire, which braid is to be grounded. to 
prevent stray pick-up. This wire is exceptionally good for antenna lead-in, to avoid 
pick-up of man-made static, such as from electrical machines. Also used to 
advantage in the wiring of receivers, as from antenna post of set to antenna coil, or 
for plate leads, or any leads, if long. This method of wiring a set improves 
selectivity and reduces hum. This wire is now appearing on the general market 
for the first time although long used in the best grade of commercial C 
receivers. Order Cat. SH -LW. List price 9c per ft.; net price per foot J 

.. .... 1.11 11.111 MIMI. /Mae «MM. 

Guaranty Radio Goods Ce., 143 West 45th St., New York. N. Y. 
(Just East of Broadway) 

--I 
I 

Enclosed please find $ (Canadian must be I 

express or post office money order, for which please ship; 
D SAL -AS H. $44.00 Ft. of SH -LW M-600 @.... $4.95 s 

1:1MTVD H ... 3.90 H 5e p. f. 12F-300 @ $2.59 

G-RF-3CT @ 2.48 H -DDD H... $3.00 (2 F-500 @ 3.73 

R-245 @ 11.40 SH -RFC H... 50e 21MICON.... H .... 
If C.O.D. shipment is desired put cross here. 

Your Name 

Address 

City 

1 

State I 

Double 
Drum Dial 

IIammarlund double drum dial, 
each section individually tunable. 
Order Cat. H -DDD. 

$3.00 List price $8.00; net 
price 

$11.40 

High -Voltage Meters 

0-300 v., 200 ohms per volt. Cat. F-300 @ $2.59 
0-500 v., 233 o.p.v. Cat. F-500 @ 3.73 
0-600 v., AC and DC (same meter reads 

both) ; 100 ohms p. v. Order Cat. M-600 @ 4.95 

Shielded RF Choke 
Excellent In detec 
for plate circuit 
or in B -plus RF 
leads of radio fre- 
quency tubes to 
puits signals. 

An efficient radia 
frequency choke in 
a shielded case. 
Inductance, 50 
millihenries. Useful 
for all RF chok- 
ing. 

In some instan es one out sad is connected to 
case, so use this lead for B p us or for ground, 
otherwise ground the case additionally. 
Order Cat. SH -RFC. List price, $1.00; 5Oc 
net price 
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Short Waves Galore 
By J. E. Anderson 

[The subject of short-wave converters has been discussed each 
week for four weeks. Herewith is a fifth article, dealing with a 
converter that uses two tubes. The filament supply is to be a 
transformer in the converter. B voltage is obtained from the 
receiver in conjunction with which the converter is worked. The 
converter receives short waves and changes them to a frequency 
that the receiver amplifies. In the present account only a single 
tuned circuit is used for bringing in the short waves. Editor.] 

IT IS no great exaggeration to say that this short-wave con- 
verter picked up 600 stations in one short evening. Not all 
these stations were identified, to be sure, for to wait for 

an identifying announcement would limit the number of stations 
one could tune in during an evening to about three. An- 
nouncers have a great habit of disregarding the Federal Radio 
Commission in this respect, or at least it seems so when one 
is trying to log a large number of stations in one evening. 

Just to show that it was no great exaggeration to say that 600 
stations were picked up in one evening let us give a few facts. 
There were three coils in the set. The dial used had 100 main 
divisions. and there were at least two stations for every division 
on the dial. That makes 600 stations in all. \Ve got more sta- 
tions than we cared to count. 

Maybe even 600 is an exaggeration, for this converter is of 
the Superheterodyne type, and every Superheterodyne brings 
in every station at two points on the tuner, provided the inter- 
mediate frequency is not too high. It was not in this case, for 
it was only 1,700 kc at the most and sometimes it was as low 
as 550 kc. That cuts the number picked up to 300. To be 
honest, we even had to trim that figure down a little, for the 
three coils used overlapped. But even with that concession 
we had at least 200 stations left. We refuse to make any more 
concessions. 

CW Received 

In fact we shall begin to make further claims. This converter 
is not supposed to receive continuous wave signals, or inter- 
rupted continuous wave signals. There is no provision made 
for them. The air is just crowded with this type of signals, 
and although the receiver was not supposed to receive them, 
they actually crowded themselves in, and a large number of 
them at that. Little attention was paid to these signals, except 
to make a mental reservation to make provision for receiving 
them right at some other time. While these signals were 
received, and even could be read, they were not received right, 
for instead of clear tones there were only dull thuds. 

Some doubtful soul might raise the objection that there are 
not so many stations on the air as modestly claimed above. 
Let us see how weak that objection is. The total range of the 
tuner was from about 20,000 kc to 550 kc. That is, it covered 
not only the entire short-wave range ordinarily used, but it 
covered the broadcast range as well. On the basis of one station 
for every 10 kc we would have 1,945 stations. But in the short 
wave range stations are crowded closer together than in the 
broadcast range. Hence we have ample margin for claiming 
a measly 200 stations. 

Simple Receiver 
And how were these stations received? With loudspeaker 

volume loud enough to be heard distinctly when the speaker 
was several feet away. If they were so weak that the observer 
had to lean over toward the speaker to hear them they were 
not considered to have been received. There were so many 

FIG. 1 

DIAGRAM OF THE EXPERIMENTAL SHORT-WAVE 
CONVERTER USING ONE SCREEN GRID TUBE AND 
ONE 227 WITH WHICH' A LARGE NUMBER OF SHORT- 
WAVE AND BROADCAST STATIONS WERE BROUGHT 

IN. 

that a good catch could be obtained without retaining the 
little ones. 

Now it might be suspected that converter was an elaborate 
affair to bag such a large number of stations in one evening. 
Well, the converter and receiver as a whole was not simple, 
but neither was it exceptionally elaborate. The converter part 
of it was about as simple as it could be made. The receiver 
part was an MB -29, followed by two stages of resistance 
coupled audio amplification. About the same results should be 
obtained with. almost any modern radio receiver with this con- 
verter ahead of it. The sensitivity of the short-wave converter, 
of course, is directly proportional to the sensitivity of the broad- 
cast receiver. 

That the converter of the circuit was simple can be seen 
from Fig. 1, the circuit diagram, and Fig. 2, a photograph of it. 
Don't pay a great deal of attention to the unsymmetrical layout 
of the parts of the circuit, for it was experimental. There is 
no reason in the world why the tuning condenser should not 
be placed midway between the tubes. Indeed, there are many 
reasons besides looks for placing it in the middle. One is that 
by moving the condenser the two leads running to the plates 
of the condenser could be shortened by an inch or two, which 
would be an improvement. If this would make other leads 
longer in proportion it would not matter. 

The main idea in hooking up this converter is to connect 
all the wires according to the pattern in Fig. 1. If that is done 

LIST OF PARTS 
Chl, Ch2-Two shielded RF chokes, 50 mh. each. 
Cl, C2, C3, C4-Four .01 mfd. condensers. 
C-One Hammarlund .0005 mfd. straight frequency line con- 

denser. 
L1L2-One set of Air -King precision air -wound short-wave 

coils with mounting. 
Two five -prong sockets. 
One dial. 
7x10 inch front panel and a baseboard. 

www.americanradiohistory.com
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THE TOP VIE\V 

FIG. 2 

OF THE TWO -TUBE SHORT WAVE 
CONVERTER. 

and the layout is at all reasonable the circuit will work as well 
as the experimental model. There is no doubt about that. If 
it does not work well it is because the circuit has not been 
connected as in Fig. 2, or because a tube is dead or fatigued. 

One reason for the simplicity of the circuit is that the input 
is aperiodic. The antenna is connected directly to the grid 
of the modulator tube, that is, to the cap of the screen grid 
tube. A radio frequency choke coil Chl is then connected 
between the grid and ground. The inductance value of this 
choke is high enough to make the coupling efficient at the broad- 
cast frequencies and its distributed capacity is so low that it 
remains efficient at the highest frequency to which the tuner 
responds, and this turned out to be slightly higher than 
20,000 kc. 

A bias is provided for the modulator tube by R1, the value 
of which is 300 ohms. To insure grounding of the cathode 
a .01 mfd. condenser Cl is connected across the bias resistor. 
The plate voltage applied to the screen grid modulator appar- 
ently had little effect on the detecting efficiency of the tube. 
Values from 135 volts down to 22.5 volts were used with almost 
equal results. Consequently most of the tests were made with 
a voltage of 67.5 volts. 

The pick-up coil L2 is connected in the screen circuit which 
returns directly to the cathode. Thus the screen grid voltage 
is zero. 

The oscillator tube is a 227 and the circuit is the well known 
tuned grid type. The values of the bias resistor R2 is the 
same as that of R1 and likewise condenser C2 is of the same 
size as Cl. C3 is also a .01 mfd. condenser. 

Condenser C4 is another .01 mfd. unit, although at this point 
values as low as .00025 were tried with about equal results. 
The output choke Ch2 was exactly the same as Chl. The two 
chokes and the four condensers can be seen clearly in the 
photograph. 

The aperiodic coupling between the first tube and the antenna 
is not selective, of course, and all stations, including broadcast 
stations, are picked up with equal relative strength. An attempt 
was made to exclude the broadcast stations by tuning the input, 
but the added selectivity thus gained did not warrant the addi- 
tion of another set of plug-in coils and another tuning condenser. 
There was only a slight increase in the sensitivity. However, it 
should be possible to arrange the circuit so that the coupling 

between the antenna and the modulator tube is so loose that 
a high order of selectivity would result. A suitable input with 
this in view is now being worked out. 

Just as the input is not selective so the output does not dis- 
criminate among frequencies. If the output terminals are con- 
nected to the primary of a radio frequency transformer the 
plate circuit is not arranged, theoretically, for highest detecting 
efficiency, because there is no by-pass condenser across the 
choke coil. But none can be put across in the usual manner 
without cutting down the efficiency since some of the signal 
frequencies tuned in are lower than the so-called intermediate 
frequency. One way out of this dilemma is to connect a paral- 
lel tuned circuit across the output terminals and tune this cir- 
cuit to the intermediate frequency used, that is, to use im- 
pedance coupling between the converter and the broadcast 
receiver. This was tried, but the increased efficiency did not 
warrant the added complications. Indeed, the improvement was 
no greater than that effected by tuning the input. 

In order to get good results with this converter it is essential 
that first class tubes be used, and in order to get any results 
at all it is necessary to have an excellent tube in the oscillator. 
The operation hinges entirely on the functioning of this tube 
and its associated circuit. But as soon as the oscillator starts 
functioning there is no dearth of signals. 

The two heaters in Fig. 2 are not connected to anything, but 
both should be run to the same 2.5 volt winding on a filament 
transformer. It is well to use a winding that is center -tapped 
so that this center can be grounded. 

The output terminal marked AP should be connected to the 
antenna binding post on the broadcast receiver, and the posts 
marked B plus and B minus should be connected to the appro- 
priate terminals of a dry cell battery. While the converter will 
work very well from a B battery eliminator it will work bet- 
ter with a battery. 
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A SINGLE -TUNED -CIRCUIT SHORT-WAVE CONVERTER 
THAT USES NO PLUG-IN COILS. IT WAS DESCRIBED 

T,AST WEEK. 

How to Sink Tubes on Converter Top Panel 
In constructing a short-wave converter it is simplest to place 

the sockets at top, and mount the other parts, except the dials 
and binding posts, underneath the panel, since the whole outfit 
is to be accommodated in a small cabinet, with tuning accessi- 
bility on top. In that way everything can be wired on the panel 
and the finished product can he slipped into the cabinet. 

However, by that method the tubes protrude far on top. If 
large holes are drilled in the panel to pass the tubes, then the 
tops of the tubes may be sunk to any desired depth, depending 
on how far down the sockets are placed, it being preferable to 
have the tubes protrude a little, so they may be gripped for 
insertion and removal. That method requires a top panel and 
a bottom panel, for there must be something on which the 
sockets will rest. 

The illustration shows the arrangement of the top panel, 
with thre holes, each 13/4 inch diameter, to pass the tubes. Corner 
brackets support the top panel, and may be bent at bottom 
to a right angle to engage the subpanel. Then the entire outfit 
may be wired on the two -panel basis and inserted in the cabinet. 

If AC design is desired, then room should be provided for the 
filament transformer, unless a receiver or power pack has a 
2.5 -volt winding that will stand the extra drain of three 227 
tubes, 5.25 amperes, in which case two binding posts would 
be used for bringing in the 2.5 volt heater voltage. Otherwise 
the assembly as shown is for battery operation, that is, no 
room has been provided for a filament transformer. 

TOP PANEL OF A SHORT-WAVE CONVERTER FOR 
SINKING THE TUBES 

www.americanradiohistory.com
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Why a Lamp Lights 
By Manning Trenholm 

FOR the benefit of those who like to perform simple experi- 
ments with radio receiving circuits, batteries, both dry 
and wet, coils, magnets, motors, generators (both AC and 

DC) and lamps of all kinds, including tubes used in radio 
receiving circuits, in the preliminary study of electro -physical 
phenomena, the data on such experiments will be given. 

There are many amateur radio enthusiasts, and also amateur 
electrical constructors whose interest in radio is not even 
academic, but who nevertheless would like to know something 
more about the "inside" details of the subject they are con- 
templating or some further information about the radio receiv- 
ing circuit they are building or intend to build in the not too 
distant future. 

There is always need for instruction in fundamental ideas and 
new offshoots thereof, because we always have the amateur 
and novice with us, and since the engineer of tomorrow is 
the novice of today is behooves us to try to do our bit to help 
this class of enthusiasts to help themselves. 

What is electricity? This question puzzled scientists and lay 
workers ever since the days of the earliest experimenters, and 
many expirements were performed and much thinking was done, 
in the effort to solve the probable cause of the manifestation 
of a form of natural or "artificial" energy, electricity. We find 
that we cannot exactly define electricity. We can only define 
its manifestations and measure their causes and measure related 
effects by the use of certain natural laws which electrical effects 
seem to obey uniformly. So I suppose that since we have these 
limitations imposed upon us we must be sure to keep well within 
the circumscribed boundary-i. e., stick to facts as they are 
brought out and be careful not to tread upon new ground until 
that ground has been prepared. 

Bulb Lights 
When you connect an ordinary (new) dry cell to a flashlight 

bulb, the bulb lights, indicating that something is happening 
now that did not happen before. Why is it necessary to connect 
the lamp to the dry cell in order to light it? The answer in 
part is that the lamp lights only because it is connected to a 
suitable source of potential difference, a source of electrical 
pressure difference. 

Many years ago experimenters, both electrical and chemical, 
found that a current of electricity would flow along an external 
circuit that joined two dissimilar metals, when these metals 
were immersed in a solution of weak acid. 

Fig. 1 shows such an arrangement and when the dotted line 
circuit that joins the full lines leading to the plates is com- 
pleted, the arrangement constitutes an electric cell (a battery 
consists of more than one cell). Now when you have two tanks 
so situated relative to one another that one is at a high level 
and the other at a low one, if the upper one be now filled with 
water, a condition similar to that of Fig. 1 exists, namely, 
there is a difference in level between the two tanks and con- 
sequently the water contained therein, and there is also a 
difference in electrical level between the two immersed plates 
in Fig. 1. 

Let us now look at Fig. 2. The tanks are connected by a long 
pipe and there are placed in the pipe a water meter and a 
valve. Directly the valve is opened the water meter's action 
indicates that water is passing through the pipe. 

Similarly Fig. 3 shows that when the circuit is closed a cur- 
rent flows, but here I have taken the liberty of inserting a 
switch that corresponds to the shut-off valve in the water pipe 
of Fig. 2, and also inserting an ammeter in the circuit of Fig. 
3 that corresponds to the water meter in the water pipe's cir- 
cuit of Fig. 2. If a comparison of these sketches be made it 
will be apparent that they possess analogous features. 

But in Fig. 3 I have included a lamp because we were 
talking about lamps previously and now it will be understood 
that before the valve was inserted in the pipe line of Fig. 2 
the relation between the water in the upper tank to that in 
the lower tank was one of pressure only, since there was no 
water flow, but immediately upon opening the valve this pressure 
difference results in the water meter indicating a flow of water. 

Dissimilar Plates 
Now let's take a look at Fig. 3. Here we have the two dis- 

simlar plates immersed in weak acid, a condition under which 
they are situated in much the same electrical condition as the 
two tanks of water were, namely, when the electrical circuit 
is completed by closing the switch, the lamp lights and the 
ammeter indicate a flow of electricity, just as the water meter 
indicated a flow. 

Now, it is likewise apparent that as the lower tank's water 
level rises its opposition to further water flow from the upper 
tank increases, and as the level of the upper tank lowers, its 
pressure grows less, because the pressure is due to the height 
of the water, and in an analogous manner the electrical pressure 
difference between the zinc and copper plate of Fig. 3 grows 
less as long as I keep the circuit completed, and if I keep it 

WEN( CiU AND «..« snUTIe. 

TRANSPARENT cuss JAR 

1. 2. 
FIG. 1 

ELEMENTS OF A SIMPLE CELL. WHEN DOTTED LINE 
CIRCUIT IS CLOSED A CURRENT WILL FLOW. 

FIG. 2 
A WATER -TANK ANALOG AS APPLIED TO FIGS. 1 

AND 3. 
FIG. 3 

SHOWS FIG. 1 UNDER CONDITIONS OF A CLOSED 
CIRCUIT, WITH POTENTIAL DIFFERENCE BEGINNING 

TO FALL. 

3. 

closed long enough the pressure difference that caused the flow 
of electricity gradually dwindles down to the point where no 
current flows, because there is no longer any pressure difference 
to make it flow. 

The analogy between electricity flowing along a wire and 
water flowing through a pipe ceases to bear a close relationship 
when each is scrutinized at short range because when a current 
of electricity started to flow, as in the case of Fig. 3, the cause 
of pressure difference was chemical, whereas in the case of Fig. 
2 it is mechanical (or due to the fact that the tanks were at a 
different level). 

Students of elementary chemistry soon become acquainted 
with the electro -chemical series of metallic substances. This 
series depends upon the activity or natural oxygen combining 
power of these substances. 

Works Faster 
Now, as zinc (Figs. 1 and 3) has a higher (or faster) oxygen 

combining power under a given temperature and environment, 
than copper, we say that the two metals are at dissimilar points 
in the chemical activity scale. Consequently it is possible to 
arrange all metallic substances in a progressive order of chem- 
ical activity so that any given substance will bear a certain 
electrical relationship to all substances that preceded it on 
the list and the opposite relation to all those that follow, in 
regular order, or otherwise, if so arranged. Hydrogen heads the 
list with a combining power of 1. 

Now in Fig. 1 we started out with a fresh and clean trans- 
parent jar into which we poured some distilled water and sub- 
sequently placed the copper (positive) plate and the zinc (nega- 
tive) plate into the water and if we had then connected a gal- 
vanometer to these plates we would have observed no deflection, 
showing that no difference of potential existed! This would be 
true if the plates were absolutely clean, that is, without a trace 
of acid, and the jar is super -clean, too, but immediately on allow- 
ing a drop of hydrochloric acid (H -CL) to mix well with the 
pure distilled water a deflection is obtained, showing the pres- 
ence of a weak current. 

If now the lamp had been substituted for the galvanometer 
the water in the jar could have been still further acidified until 
the lamp glowed brightly. 

Cause of Condition 
Now, what does this show? It shows that electrical pressure, 

or difference of potential, when such potential difference is 
due to a cell or a battery, is caused initially by the dissimilar 
chemical combining power of the two plates of the cell or 
battery, and the gradual loss of this potential difference is di- 
rectly due to the fact that the combining power of the two 
plates grows progressively less and less as more and more of 
the zinc plate combines with acid solution of the jar. 

In this particular case the zinc plate is eaten away rather 
rapidly because in addition to the normal action of the cell 
is the additional effect of "local action," a process that involves 
reaction between impurities contained within the structure of 
the zinc plate and the acid solution, with the result that the 
zinc plate is ruined before the regular cell action has progressed 
very far. This local action can be delayed by amalgamation with 
mercury. 

(Continued next week) 
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Pointers on Building 

FIG. 1 
THIS IS THE CIRCUIT DIAGRAM OF A FILTER TO BE 

USED IN SCREEN GRID AMPLIFIER STAGES TO PRE- 
VENT FEED-BACK AS WELL AS TO PROVIDE GRID 

BIAS. 

N BUILDING a receiver of any kind, and especially a com- 
plex receiver like a Superheterodyne, systematic and orderly 
wiring is the best insurance against failure, or against only 

mediocre success. A part of this orderly wiring is the testing 
of all parts that go into the circuit before they have been put in 
and then testing the connections immediately they have been 
made. Sometimes it is possible to assemble certain units, or 
groups of parts before they are connected into the main 
assembly. 

One of these groups is the feedback filter, that is to say, the 
assembly of by-pass condensers, choke coils, and resistors, the 
object of which is to prevent feedback from one stage to pre- 
ceding stages. In Fig. 1 we have such a group of parts. It occurs 
in many screen grid tube circuits and will be used in a Super- 
heterodyne to be described. 

The terminal marked K is to be connected to the cathode of 
the involved, SG to the screen grid of the same tube, and 
P to the B plus side of the primary of the transformer connected 
in the plate circuit of that tube. R is the grid bias resistor, 
which for a 224 screen grid tube should have a value of 300 
ohms. The radio frequency choke coil Chl is in series with the 
screen voltage supply and choke coil Ch2 is in series with the 
plate voltage supply. Each of these chokes may have an iduc- 
tance value of from 10 to 100 millihenries. Standard commercial 
values are 50, 65 and 85 millihenries, either of which may be 
used. B1 plus and B2 plus indicate the terminals which are to 
be connected to the screen and plate voltages, respectively. 

The three condensers Cl, C2, C3 by-pass, respectively, the 
bias resistor R, the screen voltage supply, and the plate voltage 
supply. Each of these condensers should have a value of .01 
mfd. or more for the broadcast frequency range. All these con- 
densers are connected to the grounded bus bar AB, as is one 
side of the bias resistor R. 

A Compact Group 
The compact group into which these parts may be assembled 

is illustrated in Fig. 2. The circles represent the two shielded 
choke coils Chl and Ch2. The three condensers are stacked up 
side by side, taped together with friction tape, and placed be- 
tween the two coils. The shields of the coils and the metal 
mounting lugs form the ground bus bar. The resistor R is 
attached to the lugs on one side and to the K terminal on the 
other. The designations in Fig. 2 correspond to those in Fig. 1. 

Before this group of parts is assembled, or at least before 
any connections are made among the members of the group, 
each part should be tested. Test each condenser for short- 
circuit. If a voltmeter and a battery are connected in series 
with a condenser there should be no permanent reading on the 
meter. Test the resistor R for an open, and also make sure that 
its resistance has the proper value. If the voltmeter and the 
battery are connected in series with this resistor there should 
be a permanent reading on the meter. Likewise test each of 
the choke coils, both for continuity and for short to the shield. 
The coils will be continuous if the voltmeter and battery test 
show a reading. To test whether or not the shield is connected 
to the coil connect the voltmeter and the battery to one coil 
terminal and to the shield. If a reading is obtained the coil 
should be rejected or else the short should be found and 

ByJ.E. 

C7ND. 

R 
SG 

FIG. 2 
THIS ILLUSTRATES THE LAYOUT OF THE FILTER 

ASSEMBLY SHOWN IN FIG. 1. THE TWO COILS ARE 
AT THE ENDS AND THE THREE CONDENSERS ARE 
GROUPED BETWEEN THE COIL. THE BIAS RESISTOR 
RUNS FROM THE MIDDLE CONDENSER TO GROUND. 

remedied. If there is a short it is likely that it will be found 
where the two coil leads emerge from the shield. 

When all the units have been tested and found all right, com- 
plete by making the proper connections and soldering. Provide 
five flexible leads and mark them so that they can be identified 
later when the unit is to be connected in the circuit. 

The Superheterodyne to be described will have three of these 
filter units, all the same in every respect. One of them will be 
put in the radio frequency amplifier ahead of the modulator 
and two will be placed in the two intermediate frequency ampli- 
fiers. 

Wiring the Heater Circuit 
After the parts have been laid out on the sub -panel and the 

sockets have been mounted, the first that should be wired is 
the heater circuit, in the case of an AC receiver, and the fila- 
ment circuit in the case of a battery receiver. Fig. 3 shows the 
heater circuit of a six -tube Superheterodyne receiver utilizing 
227 and 224 tubes throughout. 

The heating transformer is supposed to have two 2.5 -volt 
windings, one capable of supplying a heavy current and another 
a current for one or two tubes. The heavy winding is made to 
serve the first five tubes and the other the detector alone. 

Note that the leads from the five heaters converge at two 
points, that is, that separate leads are run from each heater 
to the heavy leads on the transformer. Each pair of leads should 
be twisted separately up to the junction points, and from these 
points the common leads should be twisted. It is well to make 
the common leads as short as practicable. Since the heater 
transformer is heavy it may be well to decide where it will be 
most convenient to place the junction points before it is mounted 
and leave the final connection until most of the other wiring 
in the receiver has been completed. The junction points should 
either be soldered and taped separately or else they should be 
made to insulated screws in the sub -panel so that there will 
be no danger of a short-circuit. 

The best test for the heater circuit is that all the tubes 
light when the power is turned on. 

The center -taps of the two heater windings are joined to- 
gether and connected to ground, and the core and case of the 
transformer are also grounded. If the transformer is not mount- 
ed when the heater circuit is wired, these connections cannot 
be made until after the transformer has been connected. 

Transformers Used 

Five radio frequency transformers will be required, all of 
practically the same design except for the number of turns on 
the secondaries. Coil data will be given in Tune. 

The coils are mounted in specially turned wooden forms 
through the center of which the leads run below the sub -panel, 
except that the grid lead may run upward through a hole in the 
top of the shield. 

The secondaries, for use with .0005 mfd. tuning condensers, 
will cover the broadcast band. Larger secondaries, when tuned 
with fixed condensers of the same value in addition to a midget 
condenser, will tune to a frequency slightly below 500 kc, which 
is the intermediate frequency. Just how much below depends 
on how much of the midget condensers is used in parallel with 
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a Superheterodyne 
Anderson 
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4=, 
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FIG. 3 

THE WIRING DIAGRAM OF THE HEATER CIRCUIT IN 
A SIX -TUBE SUPERHETERODYNE. SEPARATE 
TWISTED LEADS ARE RUN FOR EACH TUBE TO THE 

COMMON SUPPLY. 

the fixed condensers. Since it is desirable to use an inter- 
mediate frequency only a little less than 500 kc no more of the 
trimmer condensers should be used than is necessary to insure 
accurate tuning. This means that at least one of the trimmer 
condensers can be set at minimum. 

The Oscillator Circuit 

The oscillator coil is entirely different from the other coils. 
In the first place, it has three windings, the tuned winding, the 
tickler, and the pick-up. While the coil may be wound on the 
same kind of form as the others the turns must be different, 
and the number of turns depends largely on the intermediate 
frequency that is ultimately selected. If we assume that the 
intermediate frequency is 500 kc, the oscillator must cover a 
frequency range of 1,050 kc to 2,000 kc. If the oscillator con- 
denser is to be one section of a three -condenser gang with a 
capacity of .0005 mfd. per section, the oscillator inductance must 
be much smaller than that of the RF secondaries. Moreover, 
since the rate of change of capacity required in the oscillator 
will be different from that required in the radio frequency cir- 
cuits, it is necessary to make provision for compensating the 
difference. This is done with a midget condenser connected 
across the oscillator tuning condenser section. The exact ad- 
justment of the oscillator will be given when the circuit diagram 
and the construction of the Superheterodyne are described. 

Right or Wrong? 
QUESTIONS 

1-The Loftin -White amplifier cannot be built in push-pull 
because the coupling is direct. 

2-There is no advantage in using an audio frequency ampli- 
fier having more than one stage of push-pull. 

3-The pitch of a certain received note can be raised or 
lowered by changing the loudspeaker so that it becomes more 
or less effective at that frequency. 

4-It is possible to start with one known frequency and an 
oscillator and measure other frequencies both higher and lower 
than the known frequency. 

5-A short-wave coil can be made to cover a much wider 
range by using the Bernard dynamic tuner system. 

(6) -It is not practical to build an A battery eliminator with 
dry rectifiers and electrolytic condensers. 

(7)-A good way of improving the sensitivity of a multi -tube 
receiver in which the coils are shielded is to cut slots in the 
shields so that no appreciable induced currents can circulate in 
the shielding. 

(8)-Induced currents in a short-circuited turn or in a shield- 
ing can have no effect on the inductance of the coil thus exposed 
to the short-circuit. 

(9)-The distributed capacity effect of a shield is small com- 
pared with the effect of the shield on the inductance of the coil. 

(10)-The more slots that are cut in a shield the better the 
shielding becomes. 

(11) -Any broadcast receiver having good selectivity and sensi- 
tivity in the radio frequency amplifier may be made into a first rate 
superheterodyne receiver. 

(12)-There is no distortion of a modulated signal in the trans- 
mitting medium, that is the ether. 

(13)-A broadcast receiver of given sensitivity remains equally 
sensitive in all kinds of weather. 

(14)-Moisture in the atmosphere has the effect of lowering the 
sensitivity of a receiver. 

(15)-The effect of high relative humidity on the sensitivity of a 
receiver is not immediately noticeable and may not show up for 
four days. 

ANSWERS 
1-Wrong. Messrs. Loftin and White have worked out a push- 

pull amplifier in which the output tubes are in push-pull and 
both receive their input voltage in the proper phase. The phase 
inverter arrangement is used to effect the coupling. 

2-Wrong. It is just as advantageous to use push-pull in the 
first audio stage as in the output stage following it. That is 
to say, harmonic distortion in the first stage is prevented if 
this stage is push-pull just as it is prevented in the output 
stage. The output stage does not eliminate any of the distortion 
generated in the stages ahead of that stage. If it did, it would 
not be a faithful amplifier. 

3-Wrong. Nothing in the receiver, especially in the loud- 
speaker, can change the pitch of a note broadcast by a station. 
What is meant by the change of pitch in a speaker is change 
in the pitch to which that speaker responds most strongly. 

4-Right. This is done in nearly every instance when oscil- 
lators ars calibrated against a standard frequency. Only one 
frequency is measured accurately by primary methods and when 
that frequency is known the frequencies of all its harmonics 
are also known with the same accuracy. Means are avail- 
able by which harmonics as high as the 400th can be de- 
tected and utilized. However, it is customary to attune an 
auxiliary oscillator to one of the harmonics of the standard 
frequency and then utilize the harmonics of the auxiliary to 
get higher frequencies. For example, if the standard frequency 
is 5,000 cycles per second an auxiliary oscillator might be tuned 
to the 10th harmonic of the standard, that is, to 50,000 cycles. 
Then the harmonics of the auxiliary can be used. Its 10th har- 
monic would be 500,000 cycles, which is equivalent to the 100th 
harmonic of the standard. 

5-Right. This is done in the short-wave converter described 
in Radio World for May 24. 

(6)-Wrong. A highly satisfactory A supply can be made 
with this equipment, as was explained in the May 10th issue of 
RADIO WORLD. 

(7)-Right. This is indeed a good way when the shielding is 
too close to the coil. The slots cut in the shielding break up the 
induced currents and thus minimize losses. 

(8)-Wrong. Induced currents reduce the effective inductance 
of the coil so that to tune the coil to a given frequency more 
capacity is needed. 

(9)-Right. While the distributed capacity of the coil is 
increased a little by the shielding this increase is very small com- 
pared with the decrease in the inductance. 

(10)-Wrong. If enough slots are cut the condition of no 
shielding will be approached. The slotting does not increase the 
shielding, but reduces it, leaving enough to keep the circuit 
stable. 

(11)-Right. A superheterodyne is nothing but a radio frequency 
amplifier of fixed frequency, preceded by a frequency changer. 
Hence by placing a frequency changer, consisting of at least one 
modulator and one oscillator, in front of a radio frequency re- 
-eiver and coupling suitably we will have a superheterodyne. 

(12)-Wrong. There is distortion because the signal travels to 
the destination by two or more routes, of different electrical lengths, 
and phase shifts among the received signals result in distortion. 

(13)-Wrong. The sensitivity of a receiver varies with the rela- 
tive humidity of the atmosphere. The higher the relative humidity 
the lower the sensitivity becomes. 

(14)-Right. The more moisture there is in the atmosphere the 
higher the relative humidity, assuming fixed temperature, and the 
higher the relative humidity the more moisture does the insulation 
in the receiver absorb. The absorbed moisture lowers the efficiency 
of the circuit by increasing losses. 

(15)-Right. There may be a lag of from one to four days 
between the effect and the cause. Thus when moist and dry 
weather periods follow each other in regular succession it may 
be that the receiver will appear to be more sensitive when the 
weather is wet than when it is dry. 
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MANY fans have fixed frequency amplifiers of the Infra - 
dyne type which they wish to use with modern Super - 
heterodynes. The question that arises is how to con- 

struct the oscillator so that it will cover the broadcast band. 
There is no particular difficulty in determining the constants 
of the coil and the tuning condenser. 

It must be clearly understood that the Infradyne is not a 
Superheterodyne. A Superheterodyne is characterized by the 
fact that the locally generated oscillation beats with the signal 
frequency to form a beat frequency which is tuned in by the 
intermediate frequency filter. The term "intermediate" is not 
used because the amplifier is located in the circuit between the 
radio frequency and the audio frequency parts of the circuit 
but because the frequency at which the amplifier operates is 
actually intermediate between the carrier and the audio fre- 
quencies. 

The Infradyne does not utilize a beat at all but an addition or 
a summation frequency. Hence the circuit is not a Super- 
heterodyne and the fixed -frequency amplifier is not an inter- 
mediate frequency amplifier. The fixed frequency is the highest 
frequency involved, or supermediate frequency. 

When two frequencies interact in a distorting circuit like a 
detector or modulator there are two principal products of the 
interaction, the difference, or heterodyne, frequency and the 
summation frequency. We can tune the fixed -frequency am- 
plifier to either. If we tune it to the difference frequency we 
have a Superheterodyne and the fixed -frequency amplifier is an 
intermediate frequency amplifier, but if we tune it to the sum- 
mation frequency we have an Infradyne. 

Fixing the Frequency 
If we decide to use the summation frequency of the products 

of the interaction we may choose almost any value we desire, 
but for practical reasons we should choose a frequency which 
is higher than any of the signal frequencies we desire to re- 
ceive. In the Infradyne the fixed frequency selected was 3,500 
kc. This is satisfactory because it is much higher than 1,500 kc, 
the highest broadcast frequency. It is satisfactory also because 
it is not so high that an effective fixed -frequency amplifier can- 
not be designed. 

When we have selected the fixed frequency we can proceed 
to determine the range of the oscillator that will cover the broad- 
cast band. The broadcast range is from 550 to 1,500 kc and 
the fixed frequency is 3,500 kc. What should the frequency of 
the local oscillator be when the circuit is to tune in 550 kc? 
Let F be the frequency. We then have 550-1-F=3,500 kc. Solv- 
ing for F we get F=2,950 kc. And what should the frequency 
of the oscillator be when the 1,500 kc broadcast frequency is to 
be tuned in? Let f be the frequency. Then we have 
1,500+f=3,500 kc. Solving for the unknown we get f=2,000 kc 
Thus we get the range of the oscillator as 2,000 to 2,950 kc. 
It will be noted that the oscillator range is inverted with respect 
to the broadcast range, that is, the higher broadcast frequency 
requires the lower oscillator frequency. That this should be so 
is obvious from the fact that the sum of the two must always 
be equal to the constant frequency 3,500 kc. 

Small Relative Range 
Relatively the range 2,000-2,950 is very small, since it is only 

1.475. The relative range of the broadcast tuner must be 2.73. 
since this is the ratio of 1,500 to 550 kc. 

This small relative range has an important bearing on the 
design of the oscillator. If the inductance coil is reduced so 
that the lower frequency comes in at 100 on the dial the higher 
extreme frequency will come in well above the middle of the 
dial. This means that the whole broadcast band would be 
crowded into a small portion of the tuning dial. The circuit 
would seem to be very selective, although its selectivity might 
be considerably less than that of a Superheterodyne. Most of 
the oscillator tuning condenser would be useless. The situation 
would not be any better if the inductance were adjusted so that 
the higher frequency came in at zero on the dial. In this case 
the upper half or more of the condenser would be useless. 

The thing to do is to use both a relatively small variable 
condenser and a large fixed condenser across the tuning induct- 
ance. If Co is the fixed capacity in the circuit when the variable 
condenser is set at minimum, the variable capacity should be 
.863 as large as the fixed capacity. These are so nearly the 
same that one fixed and one variable condenser of the same 
rating might be used. The broadcast band will then. nearly 
cover the entire dial of the variable condenser. If the ratio 
of the fixed to the variable capacities were exactly as given 
above the broadcast stations would be spread out from zero to 
100 on the dial. 

Determination of Inductance 

So far we have said nothing about the required inductance. 
The reason is that we have not yet specified the capacity. 
Since the frequencies involved are rather high we need a 
small capacity and a small inductance. Suppose we make the 
fixed portion of the condenser .0001 mfd. Then the variable 

Infradyne Tuning 
portion should be .863X.0001, or .0000863. The nearest com- 
mercial condenser is a .0001 mfd. midget. 

Then we have a total capacity in the circuit, when the con- 
denser is set at maximum, of .0002 mfd. The inductance must 
be determined so that the circuit will tune to 2,000 kc when 
this capacity is used. We get 31.7 microhenries as the required 
inductance. This is, indeed, a very small coil. It can be ob- 
tained by winding 49 turns of No. 24 DCC wire or* a one -inch 
diameter. The tickler winding may be put on the same form, 
using the same wire, and it need not have more than 20 turns. 

It should not be supposed that a Superheterodyne cannot be 
built with an intermediate frequency as high as 3,500 kc., even 
for receiving broadcast frequencies. It is obvious that the 
locally generated frequency can be increased to such a value 
that when a broadcast frequency is subtracted from it the dif- 
ference is equal to the fixed frequency. If we wish to receive 
the 550 kc broadcast frequency we can set the oscillator at 
3,850 kc and if we want to receive the 1,500 kc broadcast fre- 
quency we can set the oscillator at 5,000 kc. Thus by making 
the range of the local oscillator from 3,850 to 5,000 kc we can 
cover the entire broadcast band. 

In this case we note that the higher oscillator frequency will 
bring in the higher broadcast frequency, and vice versa. Thus 
a good way to distinguish whether we are using the difference 
or the summation frequency is to note whether or not the os- 
cillator seems inverted. If the stations come in in the same 
order as the broadcast frequencies we have a Superheterodyne, 
but if they come in in the reverse order we have a summation, 
or Infradyne, receiver. 

Smaller Coil for Super 
if the circuit is made into a Superheterodyne with a 3,500 kc 

beat frequency the inductance in the oscillator must be less 
than when the circuit is used as an Infradyne, because the 
oscillator frequency is higher. Instead of being adjustable from 
2,000 to 2,950 kc it should be adjustable from 3,850 to 5,000 kc. 
If we use the same tuning capacity the inductance should be 
8.52 microhenries. This is so small that it is probable that the 
circuit will not oscillate with the specified capacities. In that 
case it will be necessary to use smaller tuning capacity and a 
larger coil. 

If there is a radio frequency tuner in the circuit for selecting 
broadcast frequencies, this is not changed in any way whether 
the fixed frequency amplifier is to be used as a heterodyne am- 
plifier or an Infradyne. It is only the oscillator that need be 
changed, but that may have to be changed either by varying the 
inductance or the capacity, or by varying both. 

Use Low Fixed Frequency 
A fixed frequency of 3,500 kc is not recommended for a 

Superheterodyne for several reasons. First, the receiver will 
not be so selective as a receiver using an amplifier of much 
lower fixed frequency. The high selectivity of the Superhetero- 
dyne of low intermediate frequency is due to the fact that the 
ratio of interfering frequency of given value to the fixed fre- 
quency differs much from unity. As the fixed frequency in- 
creases, the ratio becomes closer and closer to unity, and the 
closer to unity the ratio is, the harder it is to separate the 
stations. 

We give an example to emphasize this fact. Suppose the 
intermediate frequency is 50 kc. A station of 600 kc is desired 
and there is a station operating on 610 kc. The oscillator is 
set so that the beat with the 600 kc frequency is 50 kc, that is, it 
is set at 650 kc. When so set the oscillator also beats with the 
610 carrier and generates a frequency of 40 kc. The ratio of 
the interfering frequency to the fixed frequency is 4/5, or 0.8. 
The original ratio of the two frequencies was 60/61, or .984. 
Hence, the frequency changing has made a decided improve- 
ment. 

Now suppose the fixed frequency is 3,500 kc. The oscillator 
is set at 4,100 kc. The interfering frequency will beat at 3,490 
kc. The ratio of the interference to the carrier is 349/350, or 
.9975. This is much closer to unity than .984. It would be bet- 
ter from the point of view of selectivity not to use the fixed 
frequency for the original ratio was only .984. 

Advantages of High Frequency 
Those who have 3,500 kc fixed -frequency amplifiers can use 

them by making the oscillator as previously described, that is, 
using a condenser of 100 mfd. fixed capacity, a variable con- 
denser of the same capacity, and a coil having 49 turns of No. 
24 DCC wire on a one -inch diameter. But they should realize 
that the selectivity will not be so good as if the fixed frequency 
were lower, or as it would be if a straight radio frequency am- 
plifier were used. 

The high fixed -frequency amplifiers have some advantages as 
well as disadvantages. First, the coils needed in the fixed - 
frequency amplifiers are very small and occupy little room. 
Second, the tuning condensers may be small, inexpensive trim- 
mer condensers, which also take little room. Third, the oscil- 
lator coil and the oscillator condenser are also small and com- 
paratively inexpensive. 
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Cap city Measurements 
By Herbert E. Hayden 

THERE are many different sizes of tuning and fixed con- 
densers on the market. These are given certain ratings 
in terms of microfarads. But sometimes the actual capa- 

city of a condenser is different from the rated capacity. The 
deviation in fixed condensers may be rated at 10 per cent. plus 
or minus, but the actual deviation may be much larger. In- 
deed, there is little certainty just what the capacity is. Tuning 
condensers are subject to even greater uncertainty, for these 
are not even marked. One is led to go by the number of plates 
in the condenser. 

But the number of plates in a condenser does not tell any- 
thing about the capacity óf that condenser. The capacity de- 
pends on many factors besides the number of plates. For ex- 
ample, it depends on the size of each plate and on the separa- 
tion between the plates. If the condenser is not an air dielec- 
tric condenser one has to regard specially the kind of dielectric 
that is separating the plates. 

There are transmitting condensers using huge plates and great 
separation between the plates, the capacity of which is less than 
that of a midget used for trimming tuning condensers in the 
broadcast receiver. Then there are small condensers used in 
compact sets that have as high capacity as the usual tuning con- 
densers in broadcast receivers. Thus it is obvious that the 
number of plates does not tell anything about the capacity of 
a condenser_ 

Theonly way to be certain of the capacity of a condenser is 
to measure it. But that raises the question as to how 
the measurement should be made. In laboratories the 
question is simply answered by putting the unknown capacity 
in a Wheatstone bridge and comparing it directly with a stand- 
ard calibrated condenser. Unfortunately, very few who wish 
to measure the capacities of condensers have access to Wheat- 
stone bridges or to standard variable condensers. The equip- 
ment is both expensive and cumbersome. 

So if the radio fan wants to measure the capacity of con- 
densers he must have methods for doing it which he can apply 
with the parts he has or which he can get without great expense. 

If the condenser in question is a tuning condenser of the same, 
or approximately the same, value as a tuning condenser the 
capacity of which he knows, the problem is easily solved. He 
can rig up a Wheatstone bridge out of parts he has and com- 
pare them directly. A simple bridge circuit is shown in Fig. 1. 

The resistance R1R2 is a straight resistance wire which may 
be taken out of a high resistance rheostat. It should be stretched 
straight and mounted on a board of suitable length, directly 
over a scale, which may be a strip of cross section paper, or 
simply a yardstick. Make the wire exactly the same length as 
the scale. 

Cx is the condenser to be measured and C the condenser the 
capacity of which is known. Both condensers should be set at 
maximum for it is the maximum value of the unknown which is 
usually desired and it is also the maximum value of the other 
which is known. 

The antenna ordinarily used with the receiver is connected 
to one end of the resistance wire and the ground to the other. 
The receiver input terminals are connected from the junction 
of the two condensers to a slider on the resistance wire. If the 
ground side of the input to the receiver is actually grounded or 
connected to the filament circuit of the receiver, this connection 
must be cut because the slider must not be grounded. 

Tune in Signals 
Tune the broadcast receiver to a strong local station as 

accurately as possible. Then move the slider until the signals 
disappear or until they are as weak as they can be made. When 
this balance point has been found the following relation exists 
among the arms of the resistance wire and the condenser of 
known capacity: Cx=R2C/R1. If the wire is of uniform sec- 
tion, which it is if it is a single wire, the lengths of wire as read 
from the scale under the wire may be used for the actual resist- 
ances. Hence if L2 and L1 are the lengths corresponding to 
the resistances R2 and Rl, respectively, we have the relation 
Cx=L2C/L1 from which to determine the value of the unknown 
capacity in terms of the known. Suppose the total length of the 
wire is one yard and that L2 is 20 inches. The length of Ll is 
therefore 16 inches. Then in this particular case the formula re- 
duces to Cx=20C/16. If the capacity of the known condenser 
is 350 mmfd., that of the other is 437.5 mmfd. 

It is of prime importance to keep the order in which the fac- 
tors occur in the formula for if the ratio is inverted the wrong 
value will be obtained. 

It may be that a condenser of known capacity is not avail- 
able. Then there is still a simple method of determining the 
capacity of a tuning condenser, provided there is a station of 
known frequency around. Wind a coil on a three-inch diameter 
using 50 turns of No. 24 enameled wire. Wind closely. The 
inductance of this coil is 233 microhenries. Connect a variable 
condenser across this coil and, using it as a wave trap, find the 
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FIG. 1 

A SIMPLE SLIDE -WIRE WHEATSTONE BRIDGE FOR 
COMPARING THE CAPACITIES OF TWO CONDENSERS. 
IF THE CAPACITY OF ONE IS KNOWN THAT OF THE 
OTHER MAY BE DETERMINED IN TERMS OF THIS 
KNOWN CAPACITY AND THE RATIO OF THE TWO 

RESISTANCES. 

setting of the condenser at which a selected broadcast station 
previously tuned in is cut out. Leave the condenser in this 
adjustment, locking it if necessary. Calculate the capacity of 
the condenser at this setting, using the known inductance and 
the known broadcast frequency. The formula is C=108.8/F2, 
in which C is measured in microfarads and F in kilocycles. 
Thus, if the frequency selected is 600 kc the capacity is 298 
mmfd. This known capacity can now be used for measuring 
any other, condenser by the bridge method just described. 

Measuring Small Capacities 
If it is a question of measuring very small capacities such 

as those of trimmer condensers, the work may be done by 
substitution. For example, a calibrated condenser can be put 
into a wave trap circuit and adjusted to a given frequency, it 
does not matter which, just so the tuning point falls on the 
scale. Then the small condenser is put in parallel with the 
calibrated condenser and the readjustment is made again. The 
calibrated condenser .will now read lower than it did before by 
the amount of the capacity of the small condenser. It is only 
necessary to subtract one reading from the other and the differ- 
ence is a measure of the capacity of the small condenser. 

It may be that the condenser used for tuning is not calibrated. 
In that event the capacity of the small condenser cannot be ob- 
tained by this method. However, if the tuning condenser is of 
the straight line capacity type, and its maximum value is known, 
a fair approximation to the capacity of each division can be 
obtained by dividing the total capacity by the number of divi- 
sions on the scale. Suppose, for example, that the maximum 
capacity of the condenser is 500 mmfd. and the scale has 100 
divisions. The capacity per division is therefore 5 mmfd. Then 
if the difference between the reading when the midget is not 
across the tuning condenser and that when it is across it is 20 
divisions, we know that the capacity of the midget condenser is 
100 mmfd. 

No measurements of any kind can be made without some 
standard of measurement. If we wish to measure the length of 
anything we compare it with a yardstick, if we want to measure 
the weight of anything we compare it with a standard weight, 
if we wish to measure the capacity of a bin we compare it with 
a bushel, and likewise, if we want to measure resistance, in- 
ductance or capacity we have to compare the unknown with 
standards of resistance, inductance or capacity. But the stand- 
ards need not be elaborate. 

Sometimes it is desirable to measure the capacity of a large 
by-pass condenser. The methods previously explained are not 
suitable for such large capacities. However, if we have an AC 
ammeter and an AC supply of known voltage and frequency, 
we can apply Ohm's law directly. The condenser is simply 
connected in series with the ammeter and the supply and the 
current noted. The capacity of the condenser is then equal to 
C=.00265I/V. In this equation the capacity is given in farads, 
the current in amperes and the potential in volts, and it is 
assumed that the frequency of the current is 60 cycles per 
second. 
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The Effect o Shields 
By Gerald Converse 

«T BUILT the circuit exactly according to the diagram, but 
1 I do not cover the broadcast range of wavelengths." 

That is a complaint often heard concerning sets having 
shielded coils. It is possible to follow a diagram exactly and yet 
to build a set most inexactly. Some things that are required, as stated in a list of parts, may not appear on the diagram defin- 
itively. Suppose that shielded coils for .00035 mfd. tuning are 
prescribed. Usually a particular make of coil is mentioned, and 
that make is provided with a particular size and shape of shield. 
Now, everything else in the receiver may be just right, except 
the size of the coil and the shield. Instead of following the 
directions to the letter the constructor has done some branching 
out on his own account, which is highly commendable, but 
which, if done, should be done with a mastery of the facts. 

Concerning the use of shielded coils, these facts are that the 
size and shape of the shield influence the effective inductance of 
the coil. Suppose that for .00035 mfd. tuning it is explained that 
the coils consist of 40 turns on the primary, 80 turns on the 
secondary, No. 28 enamel wire in each instance, outside diameter 
of tubing, 194 inches. The shields are round aluminum, 21/2 inches 
in diameter, with flattened bottom to match an aluminum base 
furnished with the shield. Now, almost anybody with any ex- 
perience in radio knows that if no shields are used that 80 
turns are entirely too many for .00035 mfd. on a 194 inch di- 
ameter. 

Effect on Dial Settings 
Now, a constructor, failing to use the prescribed shield, will 

select a larger one, say, of the square type, 4 inches from corner 
to corner. It is quite all right to use larger shields but it must be 
borne in mind that the larger the shield, up to a limit, the 
fewer number of turns required. 

Let us look at the subject in the light of dial settings. A par- 
ticular tuning condenser of .00035 mfd. will bring in WABC at 
50 on the dial, WJZ at 65, WEAF at 75, WNYC at 90, in the 
ascending order of wavelength, with the prescribed coils and 
shields. Suppose that the same coils are used, but, even while 
maintaining a round shield, the diameter is 31/2 inches instead 
of 21/2 inches. Now the dial settings are different. They are as 
follows, the old ones being cited in parentheses: WABC, 40 
(50) ; WJZ, 56 (65) ; WEAF, 70 (75) and WNYC, 86 (90). No 
particular harm 'has been done at the high wavelength settings. 
They are represented by lower readings of the dial. But what 
happens when the lowest wavelength stations are to be tuned 
in ? The process of reducing the numerical readings on the dial 
simply puts the lowest wavelength stations out of the recep- 
tion (frequency) range of the receiver. 

An easy way to solve the problem is to try out the coils 
with the larger number of secondary turns, if the shields are 
larger than prescribed, and hook up simply one stage of radio 
frequency amplification and a detector, as they will constitute a 
workable tuner. Determine the range in wavelengths. Does the 
lowest wave, 200 meters, come in? If so, where? Probably you 
won't be able to tune as low as 215 meters. Try the other end 
of the dial. Does the circuit tune in 545 meters? You may not 
have a station in sensitivity range that is on 545 meters, but you 
can visualize the result from 526 meters, as there should be 
at least 10 divisions to spare above where the 526 meter station 
comes in, if you can't tune in 200 meters. 

Cause of Reduced Inductance 
Therefore you have too much inductance if you miss out on 

200 meters or stop at some other wavelength near it but higher. 
Hence you may remove turns from the secondaries of the two 
coils used, until the lowest wavelength station is heard, and 
then the highest wavelength station should come within 
the spread of the dial. Count the number of secondary turns 
removed. Probably you will take off two turns at a time, unless 
the divergence is great, when your first trial will be the elimi- 
nation of six or eight turns. At least, keep track of the number 
taken off, and remove the same number from the secondaries 
of the coils not in circuit. Then you are all set to wire up the 
receiver. 

The reduction of effective inductance of the coil when any 
shield is placed over it is due to absorption of energy. In a 
circuit that affords high radio frequency amplification, that is, 
a very sensitive receiver, it is necessary to resort to shielding 
to make the circuit workable. The coils must be safeguarded 
against interaction and also against direct pickup of signal without 
benefit of antecedent tuning, and shielding accomplishes these 
objectives. All receivers having more than one stage of screen 
grid radio frequency amplification should have all coils shielded. 

Shield One, Shield All 

It is obvious that if one shielded stage is used, all stages 
must be shielded, because otherwise the effective inductances 
would be at sixes and sevens. Also, the shield has a strong 
capacity effect, and to have a shield around one coil and not 

around another would render still more difficult the attainment 
of balance ,needed for gang tuning, due to capacity effect alone, 
although while capacity is going up, due to shields, inductance 
is going down. 

The question naturally arises, then, whether a shield is a 
loss. It is indeed. But it is a gainful loss, like the brake on an 
automobile. A high -amplifying tuner is like a car racing down- 
hill. Unless some check is put on it the car is uncontrollable. 
The shield is like the brake on the automobile, in that respect, 
giving protection and affording control and workability. In the 
opposite instances, of no shields or no brake on the automobile, 
the circuit or the automobile runs wild. Either, instead of being 
a useful machine, it is a useless one, and dangerous. The danger 
in the case of the receiver is that it will radiate interference 
to other listeners, because of squealing. The usefulness of the 
high -gain receiver without shields is that it is not sensitive, 
it is not, even operative. Oscillation kills off reception, except 
perhaps at the highest wavelengths. 

Reversed Regions of Squealing 

Another peculiarity about shielding is, since it creates a con- 
dition of energy absorption, it introduces resistance into the 
tuned circuit. It is well-known that the effect of resistance in 
a tuned radio circuit is that the lower the wavelength the more 
pronounced the resistance. In fact, the resistance itself is higher, 
the lower the wavelength. So the condition of squealing on low 
wavelengths, with quiet operation on high wavelengths, often 
becomes reversed. The reason is due to the resistance intro- 
duced by the shielding. At the lower wavelengths this resistance 
effect is greater, so the circuit is stabilized here, but at the 
higher wavelengths the resistance is less, and squealing may 
result. 

So the designer of the circuit must take these facts into con- 
sideration in prescribing the parts used and the methods of 
construction of the circuit. The general practice, when this 
condition of reversed squealing is encountered, is to make the 
amplification at the highest receivable wavelength the most that 
it can be without squealing, whereupon the amplification at the 
lower wavelengths will not be too great for stability. Hence 
shielding creates an added benefit, since it is handier to work 
out a design wherein squealing is encountered at high wave- 
lengths, than one where it is met on the low wavelengths. Lossers 
to cure low -wavelength squealing usually prove disastrous to 
amplification at the high wavelengths, hence above 450 meters 
even local stations then may come in faintly. 

Failure to Cover Wave Band 

It is not always true that when the lowest wavelength station 
can be tuned in, the highest can be tuned in. Since the shield 
not only reduces effective inductance but develops a capacity 
addition as well, incorrect design of shield or coil, in conjunction 
with a given condenser, may make it impossible to cover the 
entire broadcast band of wavelengths. 

One contributing factor to capacity, which works to this end, 
is too close coupling between primary and secondary in a screen 
grid circuit, where the primary, in the plate circuit of a screen 
grid tube, has a large number of turns, while the secondary is 
the tuned circuit. Looser coupling, by winding the primary, if 
on the outside, over a few layers of Empire cloth separating pri- 
mary and secondary, or reduction of the number of turns on 
the primary, will reduce the capacity effect. 

With a given effective inductance, the question whether the 
entire wavelength band will be tuned in depends on the capacity 
ratio in the circuit. This ratio is the result of the ratio of the 
tuning condenser, which is usually about 1 -to -10, minimum to 
maximum, as affected by the fixed capacities, i. e., trimmers, 
distributed capacity of the windings of coils, capacity of the 
plate -to -cathode or plate -to -filament circuit of the tube, and the 
capacity arising from close coupling and high amplification. So 
if the ratio is 35 to 350 mmfd. for the tuning condenser, and the 
fixed capacities, as a most extreme supposition, total 200 mmfd., 
the ratio would be 235 to 550 or, roughly, 1 -to -2, which is con- 
siderably different from 1 -to -10. With 1 -to -2 you could not hope 
to tune in even a quarter of the broadcast band of wavelengths_ 

Good, Bad or Indifferent 

From the foregoing it is plain that a shield introduces loss, 
and that circuits modest in RF amplification can not stand this 
loss and do not need individual stage shielding. The gainful 
aspect of individual stage shielding is denied to such circuits. 

A distinction should be made between individual stage shield- 
ing and common shielding. When a receiver is placed in a 
metal cabinet common shielding results, but interstage reaction 
is not averted without individual coil shields. 
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Dynamic Applications 
By John C. Williams 

[The following article is the last of a series dealing with dynamic 
speaker theory and practice. Editor.] 

THE dynamic speaker eventually will be used in conjunction 
with the automobile receiver, and especially on cars large 
enough to accommodate the extra power equipment neces- 

sary to operate the larger auto receivers. 
Automobile dynamics at first thought will seem to be imprac- 

tical because of two main disadvantages, weight and the pot 
magnet or field coil. The first objection, weight, may include 
awkward shape, but can be avoided by careful design. 

The second objection, the field coil power, can not be entirely 
avoided, but a part of the magnetizing coil current can be fur- 
nished by the tube filament current and some battery power 
thereby used in two circuits that would otherwise be spent 
in one. 

In line with what I have previously remarked about theatre 
speakers being designed for special uses, I think that a speaker 
for c;oniestic radio cabinet use could be evolved that would 
consist of at least two or more separate tuned units which 
would function so as to reproduce some one portion of the 
musical scale, and a separate unit for voice especially. The 
big trouble to -day in the speaker design field is that radio 
buyers want realism, but they only want one speaker-and IF 
a speaker, or several units are suitably mounted, and I mean 
in this case a speaker that is composed of several units in a 
single baffle, the results after proper co-ordination of the 
several units should be very good. 

The increasing popularity of automobile radio receiving sets 
has prompted the writer to evolve a special dynamic speaker 
to fit in with an automobile radio chassis, and is so designed 
(on paper) that it contributes materially to the all over am- 
plification of the set-a feature that is also true of regular 
sized dynamics-but difficult to build into a small dynamic 
unless it can be mounted in some kind of a baffle. 

Countless Variations 
The advantage of design adaptability of the dynamic speaker 

means that it may be arranged in countless different ways 
and may be used as a microphone in a pinch. 

The writer tried out this scheme not so very long ago by 
arranging a speaker without any external baffle on a table, 
and piped the output through an amplifying system, obtaining 
fair results. 

This prompted me to try out this same scheme as a stetho- 
scope (an instrument that doctors use when listening to heart 
beats and other sounds that are of low audibility within the 
body) with the result that I could very plainly hear the heart 
beats of my subject issuing from the loudspeaker! For these 
experiments I used a large paper cylinder as a baffle and 
mounted it on a speaker chassis in such way that the rear cone 
surface was completely blocked off and the output from the 
voice transformer was connected to a sensitive two -stage 
amplifier which subsequently fed into the regular amplifier 
within my radio receiver. I did not try to develop this method 
of listening to sounds of low audibility to any great extent, 
but it has possibilities, I would say, and is worthy of further 
investigation and those interested should experiment with 
very light suspensions and vary the exciting flux with a view 
to obtaining some helpful resonance effect. 

The final brief discussion concerns a pet idea of mine, the 
dynamic phonograph record pick-up, which I believe could be 
made to provide reproductive quality and quantity far in ex- 
cess of present available equipment. 

Mechanical Arrangement 
A general idea of the mechanical arrangement can be stated 

briefly, and it is this : 

The needle holder, of aluminum, is attached through a sup- 
port bearing to a lightweight moving core system that carries 
two coil windings of fine wire so connected that they resemble 
the secondary connections of a grid input transformer, and 
these' are for connection to an input push-pull audio system 
similar to the first audio stage of amplification that usually 
precedes the 245 push-pull power amplier' in our ordinary 
radio receiver. Now, it undoubtedly seems unnecessary to 
have such an arrangement of inducing coils, but if you could 
make a graph of the induced voltage due to one coil alone 
you would see that the contour of this curve would not 
imitate the record's sound wave track very well ; it would, in 
fact, be distorted by a series of recurring flat spots, on each 
positive or negative loop, depending on which side of the coil 
system you were using. 

Moving Coils Cut Flux 
The magnetic flux that the two moving coils cut across is 

furnished by an unusually designed double pot magnet that forms 
the assembly nae ete for The whole instrumment The -vetthne " 

is controlled by varying the magnetization and is very satis- 
factory, because the magnetizing current is furnished by care- 
fully filtered "B" supply current supplied to the plates of the 
first push-pull audio stage. The controlling resistance is po- 
tentiometer connected, and the disk type is suggested, as there 
is no danger of a highly magnified scratching sound due to 
poor contact resistance. 

At this point someone will want to inquire about a scratch 
filter, and right here is a point about which I have thought 
quite a lot. This type of pickup IS sensitive, but its output 
characteristic is controllable over a wide range also, and as 
the only audio currents induced are those produced by lateral 
movement of the moving coils, I think this type of pick-up 
will provide the minimum of scratch without any filtering 
device, and as a consequence we will obtain very much greater 
degree of reproductive realism than previously attainable. 

Disadvantages Stated 

Having now briefly summarized the advantages of this 
dynamic device, it is only fair to recognize its disadvantages, 
first of which is weight, because the device requires more 
careful balancing, and if the magnetizing coils get defective 
the instrument is "dead" instantly (as compared to the gradual 
fatigue of a permanent magnet), and the fine wire voice, or 
generator coils, are subject to likely injury if they get out of 
alignment due to mechanical shock, and so, while this instru- 
ment provides results in its class that compare with the advan- 
tage of the dynamic speaker over the magnetic type, some 
further experiment will be necessary. 

The above cases in which electro -dynamic principles are ap- 
plied to the production of sound are not the only ones. Our 
large electric power houses and distribution stations have hun- 
dreds of solenoid switches. These devices are arranged in many 
forms. The principal one is the main line circuit -breaker, a kind 
of electrical watch dog, to protect the generators from serious 
overload. 

To return to the subject of interest at present. I would like 
to show a form of acoustic motor -generator with an operative 
principle of interest to experimenters. 

If you have a magnetic or dynamic speaker in baffled or 
unbaffled state (that is, the chassis only) you can assemble 
some simple apparatus to show something of the mechanical 
response of your speaker, without damaging the speaker in 
the least. 

The scheme is to obtain an old dynamic speaker pot com- 
plete with a 6 volt magnetizing coil and make up a voice coil 
to fit the air -gap of this and mount it with a light -weight push 
rod attached in the air -gap of the old speaker pot. 

Interesting Comparisons 

Then suitably arrange the speaker to be tested and the 
old speaker pot so that the push rod projects directly at the 
axis of the other speaker cone. Then attach it firmly to the 
cone apex of speaker to be tested and then connect the voice - 
coil directly to a small dry disc rectifier using the AC ter- 
minals of this and connect the DC terminals of the rectifier to 
a small disk type portable galvanometer-then with the old 
speaker pot excited-connect the speaker to be tested to a 
source of variable frequency, suitably amplified and keeping 
the voltage applied to the speaker uniform, vary the frequency 
throughout the audio range and read the corresponding gal- 
vanometer deflections. 

You will find some interesting comparisons via this simple 
frequency test and the effect of various baffles can be investi- 
gated in this way very nicely. 

The source of variable frequency is a beat oscillator, and this 
device can be assembled by the experimenter easily by con- 
sulting a radio measuring instrument maker's catalogue where 
circuit diagrams for such devices are given. 

Mixing Experiment 

One form of oscillator, whether of the beat or impulse type, 
has some interesting surprises in store for the experimenter who 
builds one. This oscillator is of the double -circuit type whose 
outputs are coupled to a mixing coil, and the result of this mix- 
ing coil effect is that one can reproduce violin tones to an 
interesting degree of fidelity. 

A THOUGHT FOR THE WEEK 
DOES Norman Brokenshire pay the Quaker State Oil Co. for 

the privilege of advertising N. B., or does the Quaker State 
Oil Co. pay Norman Brokenshire for the privilege of letting 

N. B. do as he darned pleases? Whatever the answer, N. B. has 
introduced something new in programs and it's worth what- 
ever it is-that sbinft odv Sys to "somebody else. Eh, Charlie? 
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FIG. 1 

CIRCUIT DIAGRAM OF THE PRECISION OHMMETER 
(1,500 TO 200,000 OHMS) AND HIGH RESISTANCE VOLT- 

METER (0-10 VOLTS, 0-200 VOLTS). 

APRECISE combination measuring instrument that is a 0-1 
milliammeter, a high -resistance voltmeter with three 
scales, and a 200,000 ohmmeter, may be constructed as di- 

agrammed in Fig. 1. 
The 0-1 milliammeter is used as such simply by connecting 

this meter in series with the current to be measured. The two 
binding posts that extend upward from the meter in the di- 
agram render independent access for this purpose. The meter 
is used for measuring small values of current, for instance, 
detector plate current, which is often too small to be measured 
with meters of lesser sensitivity or greater range, or measuring 
plate curent in any resistance -coupled single tube circuit. 

The m illianimeter used divided the scale into fifty equal parts, 
so that each division represented one -fiftieth of one milliam- 
pere, or 20 microamperes. 

The internal resistance of this particular meter is 88 ohms, 
but this fact does not come into consideration when the instru- 

FIG. 2 
REAR VIEW OF THE WIRED TESTER. 

By Hermc 

LIST OF PARTS 
One 0-1 milliammeter (Cat. F-0-1). 
One Centralab duo potentiometer (0-10,000, 0-200,000 ohms). 
One Lynch 1 meg. metallized pigtail resistor specially selected 

for reasonable accuracy. 
One Benjamin on -and -off switch. 
Four binding posts. 
One 523i83. inch bakelite panel, with engraved calibrations. 
One cabinet to fit. 
One pointer knob. 
One three-way switch with break between contacts. 

ment is used as a current indicating device, but only when it is 
used as a voltmeter for reading the lower voltages. 

Voltmeter at 1,000 Ohms Per Volt 
As a voltmeter the instrument consists of the milliammeter 

with an external series resistor. As a voltmeter the resistance 
is 1,000 ohms per volt. This is true no matter how small or 
how large the multiplying resistance may be. The amount of resistance used as multiplier simply determines the range. The greater the resistance the greater the maximum voltage reading. 

The resistance per volt of a voltmeter may be determined 
by dividing the current at maximum deflection into the number 
1. Hence the resistance per volt is the number of times the 
full-scale deflection current has to be multiplied to produce 
the number 1. If the meter is a 0-1 milliammeter, then .001 
ampere flows at full-scale deflection. The resistance per volt therefore is the reciprocal of the full-scale deflection current, and is a function of the meter, having nothing to do with the amount of resistance used for multiplying the scale for volt- meter purposes. For any given needle position the current is always the same. For higher voltages the resistance is higher 
to obtain the same needle position. 

By using two adjustable resistors, one of 0-10,000 ohms, the other 0-200,000 ohms, maximum readings of voltages on each 
of these inclusions would be 10 volts and 200 volts respectively. 
This is because every 1,000 ohms represents one volt in a measuring system that has a resistance of 1,000 ohms per volt. 
The two adjustable resistors may be on one shaft, for simplicity, 
since only one resistor is used at a time. A switch permits you to cut in either of the variable resistors independently. 

Scales Defined 

A third tap on the switch cuts in a 1 meg. resistor (1,000,000 
ohms), hence affords readings up to a maximum of 1,000 volts. The only object of including this high reading is that sometimes voltages beyond 200 volts are to be measured, but there is hardly ever any occasion for reading more than 532 volts, which is the combination of 450 plate volts and 82 negative grid volts for 250 output tube. 

The reason for selecting 1 meg. instead of .5 meg. is not solely that .5 meg. permits less than the required reading in the cited example of the 250 tube, but because the interpretation 
of the milliammeter scale is much easier. Since full-scale deflec- tion is represented by the number 1 (for 1 milliampere), 0.2, 0.4, 0.6 and 0.8 represent 200, 400, 600 and 800 volts respectively. 
So, too, the 10,000 -ohm resistor at maximum setting makes 
0.2, 0.4, 0.6 and 0.8 designate 2, 4, 6 and 8 volts respectively, although the 20(1000 ohm resistor makes 0.2, 0.4, 0.6 and 0.8 designate 40, 80, 120 and 160 volts respectively, since the scale 
is multiplied by 200. 

Thus far we have accounted for (a) a 0-1 milliammeter, used independently; (b) a 0-10 voltmeter, resistance 1,000 ohms per volt; (c) a 0-200 voltmeter, resistance 1,000 ohms per volt; a 0-1,000 voltmeter, resistance 1,000 ohms per volt. 
The Internal Resistance 

In the fore -oing considerations of the voltmeter the multiply- ing resistance has been taken as the total resistance, although there are 88 ohms of internal meter resistance also in circuit. In the lowest -reading range of voltages, maximum is 10 volts, accounted for by 10,000 ohms, therefore an error of .088 volt would be introduced at maximum reading. The actual voltage 
would be nearly .9 of one per cent higher than the reading. Hence the accuracy at 10 volts would be maintained at more than 99 per cent, which is as high a degree of accuracy as 
can he reasonably expected. At 1 volt the error would be 8.8 
per cent, or ten times as great, which is serious. Nevertheless, 
this error may be removed, as will be shown. 

In fact, the voltmeter depends for its accuracy also on the 
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High -Resistance Voltmeter 
in Bernard 

FIG. 3 
CALIBRATION OF THE 200,000 OHM ADJUSTABLE RE- 

SISTOR, THE ONE NEARER THE SHAFT, AND THE 10,000 
OHM RESISTOR. 

accuracy of the series resistors, particularly the adjustable ones, 
and their correct calibration. The 1 meg. resistor for 1,000 volts 
is not highly accurate. 

Different types of variation of resistance are used. There is 
the straight line resistance variation, whereby the resistance 
cut in or out changes at the same rate as the dial setting. 

If accurately made straight line adjustable resistors are used 
it is not necessary to calibrate them, although advisable to check 
up to determine whether maximum are 10,000 ohms and 200,000 
ohms respectively. Each division of the 100 scale would repre- 
sent 100 and 2,000 ohms respectively. 

The calibration of the resistors may be made with the 0-1 
milliammeter and a known source of steady direct voltage. 

Getting Minimum Resistance Reading 
This brings up the possible necessity of accurate determina- 

tion of the voltage source by an independent meter of 1,000 
ohms per volt. We can not use the present 0-1 milliammeter, 
because the very series resistor to constitute it an accurate 
voltmeter is the unknown quantity we are seeking. 

But we assume a voltmeter of lesser resistance per volt is 
handy. It may have 100 ohms per volt. Across a new dry cell 
or a storage battery the lower resistance voltmeter will give 
as accurate a reading as the other. We need high resistance 
voltmeters for measuring voltage drops across resistors and 
old cells. 

As we are interested in obtaining the resistance and in safe- 
guarding the delicate precision meter, we serve both purposes 
by connecting a fresh 1% -volt dry cell, even of the flashlight 
type, or part of a C battery, across E, and measuring the actual 
voltage with a 0-6 voltmeter of the lower resistance type. The 
reason for measuring the voltage is that it may be 1 3-5 volts. 

Turning the knob from maximum resistance setting, extreme 
left, we go to the right only far enough to obtain full-scale 
deflection. Now this is 1,000 ohms for every volt of the battery 
at E. For 1.5 volts at E the full-scale deflection (1 on the meter) 
represents 1,500 ohms, for 13-5 volts it represents 1,600 ohms, 
etc. We are limited by the voltage at E, and as 1% volts are 
the lowest easily obtainable, our ohmmeter will give a minimum 
reading of 1,500 ohms, for P/2 volts at E. 

Suppose full-scale represents 1,500 ohms, at the setting of the 
resistor obtained. Put on a dial to read 0 here and provide an 
end -stop to prevent off -scale current damaging the meter. Turn 
the dial to make the meter read 0.8. Now the resistance is 
greater (the current being less) and is directly proportionate, 
i. e., 5-4 of 1,500 or 1875 ohms. Note the dial setting. Do the 
same operation for 0.7, 0.6, 0.5, 0.4, etc., the resistance being 
10-7, 10-6, 10,5, 10-4, etc. of 1500. You will find the maximum 

resistance, say, at the seventh meter division (0.014 ma. or 
.00014 amp.). Hence the resistance at maximum would be 1.500 
divided by .00014 or 10,700 ohms. It is usual for commercial ad- 
justable resistors to overrun their maximum rating. 

Thus do we calibrate for one adjustable resistor, and repeat 
the process for the other, but use a higher voltage for the 
0-200,000 ohm resistor, as 30 to 45 volts, for better definition 
of the higher resistance settings. Hence two calibrations are 
needed. These could be represented by two scales engraved on 
the panel, while a pointer knob is attached to the resistor shaft. 

Assuming the adjustable resistors used are as specified, the 
calibrations given herewith may be used. 

Since the adjustables are two potentiometers, either clock- 
wise or counter clockwise calibrations may be used, by having 
the center arms as one connection, and using either side 
as the other. The resistance decreases with clockwise motion, 
and the calibrations given herewith therefore read downward 
front left to right. 

One point to notice is that the positions of exactly 10,000 
ohms and exactly 200,000 ohms must be determined, and spe- 
cially marked, for voltmeter purposes. 

Also, of course, the 88 ohms of internal meter resistance have 
been included, so that error is eradicated. 

The adjustable resistors alone are used for resistance measure- 
ment. The 1 meg. leak serves no resistance measurement 
object. 

Since different settings of the resistors give different resist- 
ance values that are represented by different dial settings, and 
different equivalent current values as read on the meter. Once 
the calibrations have been made, the adjustable feature may be 
used for measuring resistance value. 

With one adjustable resistor we may obtain values of re- 
sistance from 1,500 to 10,000 ohms or a little more, and with the 
other adjustable one values of from 1,500 ohms to 200,000 ohms 
or a little more. We know both the dial settings, for a known 
applied voltage, and the current indication, for a known applied 
voltage and known value of resistance in circuit. However, 
now we want to get rid of any requirement for a known volt- 
age source. 

We have calibrated the adjustable resistors, and we know the 
resistance for every position of the dial. No matter now about 
the applied voltage, so long as it is enough to give deflection, 
say 1.5 volts and 22% volts respectively. So, with the resistance 
known for all settings, we have a measuring rod. The voltage 
is of no importance, except that it should not be excessive for 
the resistance used, to protect the meter. The resistance at any 
setting is always the same, regardless of voltage. 

Directions for Use 
(1) -To measure the value of an unknown resistor, plug it 

into receptacles A and B shown on the minus side of the meter, 
and put the pointer P to point 1, for 1,000,000 ohms. Always start 
at point 1 as a safeguard. 

2 -Apply a voltage across the terminals at E and see that 
switch SW is closed. 

3 -If no reading is obtained on the meter, turn the 200,000 
ohm adjustable resistor knob to maximum and then change the 
pointer from 1,000,000 ohms to 200,000 ohms, that is, from point 
1 to point 2. 

4 -While all the 200,000 ohms are still in the circuit, short the 
unknown by pressing down switch SW and note whether the 
current indication is greatly increased. 

5 -If it is not greatly increased turn the resistance knob so 
as to decrease the resistance in the circuit. Adjust the position 
of the knob until the reading is just twice as great when the 
unknown is short-circuited as when it is in the circuit. When 
this adjustment has been found the unknown is just equal to 
the resistance read on the scale, obtained by previous calibra- 
tion. 

6 -If this adjustment cannot be obtained with the 200,000 ohm 
resistor in the circuit, or if it cannot be read easily, set the 
10,000 ohm resistance at maximum and then shift the pointer 
from point 2 to point 3. Repeat the process of adjusting the 
setting of the knob until the reading of the meter is just twice 
as great when the unknown is shorted as when it is in the cir- 
cuit. When this adjustment has been found the unknown resist- 
ance is just equal to the resistance read on the 10,000 ohm scale. 

A substitution method of measuring also may be used. For 
this we can use either the 200,000 ohm range or the 10,000 ohm 
range, depending on the value of the unknown. Try the 200,000 
ohm range first for the sake of safety. Suppose we use the 
200,000 ohm range as an example. 

1 -First set the knob for maximum resistance. 
2 -Short-circuit the unknown. 
3 -Adjust the knob until the meter shows some even reading, 

that is 02, 0.4, 0.6, 0.8, or 1.0, with the meter needle exactly on 
the line. 

4 -Note the resistance reading on the scale. 
(Concluded on page 17) 
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USED TWELVE Stations Must WOY'S VICTORY 
Post LicensesGROUNDS 

GOTWasningson 
_ MADE FINAL IN The Federal Radio Commission has or 

dered that every station license shall be 
e in a 

5 CONTINENTS 
posted by the 

tplace 
in the room in wcher 

is located, and the elicensetof every sta- TIME DISPUTE 
tion operator shall be posted in a con - 

Washington. spicuous place in the room occupied by 

The cultural effects, if any, that radio said station operator while on duty." Washington. 

has on illiterate "hill bill s" will be stucí- This order, the Chairman of the Con- WGY has won a final victory over the 
y mission, Mal. Gen. Charles McK. Saltz- Federal Radio Commission in the dispute 

ied when 100 sets are placed in isolated man, explained, was adopted to facilitate regarding the assignment of the station 
mountain homes by the United States the work of radio supervisors and in- in the 1928 reallocation. The Supreme 
Office of Education. spectors of the Department of Commerce Court of the United States has dismissed 

The Department of Interior made the in inspecting stations. the appeal of the Commission from the 
announcement, which set forth: decision of the Court of Appeals of the 

"Many of these homes can be reached District of Columbia that held WGY was 
only by mule trails and footpaths. In entitled to stay on 796 kc full time. The 
some of the homes live persons who never 

CONSOLIDAI ION 
Supreme Court held that the lower court, 

saw a railroad train, an automobile, or in reaching its decision, acted as an ap- 
an airplane. Will such folks enjoy lis- pellate court exercising administrative 
tening to a man who has flown over the functions, and that such action can not 
north and south poles? 

BILL RECEIVED 
be reviewed by the Supreme Court. 

"Will they understand the plan of a The opinion, written by Justice Van 
man who has tried to solve the repara- 
tions problems following the World War "We think it is plain that the powers 
by organizing a world bank and selling 

Washington. confided to the Commission respecting 
securities of the defeated nation to thethe granting and renewal of station 
victors? What programs will they enjoy Immediate transfer of the functions, licenses are purely administrative and that 
most, and how will such programs affect personnel and apparatus of the radio di- theprovision for 
them educationally? vision of the Department of Commerce appeals to the Court of 

y' to the Federal Radio Commission is pro - court 
does no more than make the 

Used Twelve Grounds for DX posed in a resolution introduced in the court a superior and revising agency in 
Senate by Senator Dill (Dem.), of the the same field. 

"Surprising things already have been State of Washington. Calls It Administrative 
discovered concerning the results of radio Declaring there is no apparent opposi- "The court's province under that pro in isolated homes. Dr. T. H. Harris, State tion to the measure, Senator Dill said he vision is essentially the same as its prov- superintendent of public instruction in was hopeful that it would pass both ince under the legislation which up to a Louisiana, has found radio receivers in houses of Congress. The purpose of the recent datepermitted places where he least expected them. legislation, he said, is to centralize all of appeals to it from 
While visiting a home 40 miles from a the radio activities of the Federal Gov- administrative decisions of the Commis - 
railroad he was asked if he had heard ernment in one agency as a forerunner sinner of Patents. Indeed, the provision 
President Hoover's address on flood con- to the projected Federal Commission on in the act of 1927 is patterned largely 
trol. Communications. after that legislation. And while a few 

"The lady of the house told how she Senator Dill said he understood that differences are found, there is none that 
had heard it with her radio, and she dis- the Secretary of Commerce, Robert P. is material here. 

Lamont, is favorable to it. "Our conclusion is that the proceed - cussed it with every indication of interest ing in that court was not a case or con - and understanding. The matter was of Mr. Dill declared he had discussed the troversy in the sense of the judiciary ar- vital importance to her for her home was measure with members of the House tick of the Constitution, but was an ad - in the area occasionally flooded by the Committee on Merchant Marine and Fish- ministrative proceeding, and therefore Mississippi. eries and that they favored it. The radio that the decision therein is not reviewable 
Set Covered World division, he explained, is the "police by this court." agency" in radio which works independ- 

"A young man on a farm in Rhode ently of the Commission itself. Hughes Doesn't Participate 
Island saved enough money to buy a two- The Senate Committee on Interstate In the Commission's general realloca- tube receiver. He found by experiment- Commerce, Senator Dill declared, met in tion of broadcastingations effected ing that an extra ground wire improved executive session and continued its sec- 

tion-by-section consideration of the November 11th, 1928, WGY, owned and the reception and one by one he increased y operated byGeneral Electric, at Schenec- the number to 12. At the end of two Couzens bill for the creation of the pro- 
years he had a log containing records of posed communications commission which tady, N. 1., was reduced to limited time 
programs that he had heard from more would take over the functions of the operation on the 790 kilocycye channel, 

Radio Commission, and would have full on which KGO, at Oakland, Calif., also a than 700 broadcasting stations in 52 coun- General Electric station, was placed on tries. authority over telephones, telegraph and 
cables as well as radio. full time. WGY took an appeal to the "Many of these records had been veri - 

A new provision, under which radio sion's decision. 
lower court, which reversed the Commis - 

"Many 
by comparison with records at the 

broadcasting stations. He had brought inspectors and supervisors would be em - 
in stations on all five continents and powered to seize radio apparatus being Chief Justice Hughes did not i - 

Oceania so many times that six children operated in violation of the law and to pate in the opinion, as he appeared for 
in the family were mimicking the accents confiscate it, with court approval, was WGY in the lower court. 
of the foreign announcers. inserted in the measure, Senator Dill 

"When skeptics expressed their doubts,stated. Outlaw Broadcaster or ascribed his results to 'a freak loca- 
tion,' he referred them to another young 

e orted man in Pennsylvania who had secured Bill Asks Stations Is Ordered Deported 
equally remarkable results with a receiver 

St. Louis. that he built himself, to Disclose Owners 'Persons operating outlaw radio sta - 
Educators Interested Washington. tions, who do not quit now, will be on 

A section of the Couzens bill for a de- their way to Federal prison soon." The educators will supervise this ex- partnient of communications, approved by So said Paul D. P. Spearman, counsel periment with no preconceived notion as the Senate Committee, provides that each for the Federal Radio Commission, who to what it will prove or disprove. Teach- licensee of a broadcasting station, during appeared against George W. Fellowes, of ers for centuries have depended on print- the first week of each calendar month, England, convicted by a jury in Federal ing to supplement their oral efforts, but between 7 and 10 o'clock p. m., or if not Court of operating a station without a much education was accomplished before licensed to operate between those hours, license. Fellowes was sentenced to a printing was invented-even before writ- at the time nearest to 7 o'clock p. m. at year in prison, but was paroled, so he ing was invented. Why should not per- which the station is licensed to operate, could be turned over to the immigration sons who have received the ideas of "shall announce over said station the forces for deportation, by agreement be - others mainly through the sense of hear- name of the owner thereof, and, if the tween counsel. Fellowes had picked up ing be able to hear, understand and learn owner be a corporation, the names of all the programs of licensed stations and from fellow humans whose voices come persons owning 25 per centum or more rebroadcast them, a procedure termed to them by means of radio?" of the stock of said corporation." "air piracy." 
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MONOPOLY SUIT 

SPURS A PROBE 

OF PATENT LAW 
Washington. 

The suit by the Federal Government 
against the Radio Corporation of Amer- 
ica, General Electric, Westinghouse, 
American Telephone & Telegraph, and 
others in the radio patent pool, has 
prompted a move for a Senate investiga- 
tion of the patent laws generally. While 
some senators hold that such an investi- 
gation should be made if RCA and its 
associations are vindicated, others main- 
tain the inquiry should be started no 
matter what the outcome of the suit. 

Wheeler Wants Inquiry 
Senator Wheeler (Dem.), of Montana, 

said : 

I believe that there should be a thor- 
ough investigation of our whole patent 
system with a view of enacting legisla- 
tion which would do away with many of 
the evils that exist at the present time. It 
seems to me that it is absolutely neces- 
sary that changes be made in the present 
patent laws to meet the new and existing 
conditions of our times. 

"When the patent laws were first writ- 
ten they were written to protect the 
genius of individuals in inventing some- 
thing new, and the idea of great monopo- 
lies getting control of all the patents of 
an industry was beyond the conception 
of the lawmakers at that time. 

"The patent laws were created to pro- 
tect the little fellows, but today they are 
being used by the monopolies and trusts 
to crush the little fellows. 

Asks Ban on Pools 

"Regardless of what the courts say as 
to the pooling of patents in the pending 
litigation, it seems to me that laws should 
be passed prohibiting such arrangements." 

The suit "strikes at the very funda- 
mentals of the Radio Corporation organi- 
zation and is most comprehensive," said 
Senator Dill (Dean.), State of Washing- 
ton. "If the patent pool finally is 
adjudged invalid, then the pool will auto- 
matically be dissolved, and there will be 
nothing more to do about it. But if it is 
held valid, then Congress must decide 
what to do about the patent laws." 

"The case will help clarify the whole 
radio patent situation and the attitude of 
the RCA that it has a clean bill of health 
as to its patent pool," said Senator Dill. 
"I have been trying to get this case into 
the courts for the past five years." 

Bill Asks Three 
Government Waves 

Washington. 
A broadcast wavelength shall be as- 

signed exclusively to each of three Fed- 
eral Government departments-those of 
Agriculture, Interior and Labor-is the 
provision in a bill introduced in the House 
by Representative Reid (Rep.), of Au- 
rora, Ill. 

He set forth that such action was nec- 
essary as a preliminary step toward safe- 
guarding public rights in broadcasting, 
which he says the radio trust is fast mo- 
nopolizing. He cited that labor has been 
denied a channel for itself, while the 
radio trust has six or seven channels at 
enormous power, from 25,000 to 50,000 
watts. He was referring to WCFL, the 
Chicago Federation , of Labor station, 
having been denied an exclusive channel. 

WICC Prohibited 
from Using 600kc 

Hartford, Conn. 
The court order issued against the Fed- 

eral Radio Commission, prohibiting it 
from interfering with WICC's operation 
on 600 kc was vacated by Judge Burrows, 
on application of WGBS, New York City. 

Both stations were on 600 kc, but the 
Commission relegated WGBS back to 
1,180 kc, leaving WICC on 600 kc. WGBS 
got an injunction in the District of Co- 
lumbia and pending final determination 
was permitted by the court to stay on 
600 kc. Under that ruling the Commis- 
sion sought to put WICC back on its 
former channel, which the ruling of Judge 
Burrows makes possible. 

BILL GOVERNS 

POLITICS ON AIR 
Washington. 

Broadening of the provisions of the 
present radio law respecting the use of 
broadcasting facilities for political discus- 
sion was agreed upon by the Senate 
Committee on Interstate Commerce in 
considering the Couzens bill for the 
creation of a Federal commission on 
communications. 

The Committee, in the amended provi- 
sions, specifies if a station permits a 
candidate for public office to utilize his 
station he shall afford "equal opportuni- 
ties to all other such candidates for 
office." The bill makes clear, however, 
that no obligation is imposed upon any 
licensee to allow the use of his station by 
or in the interest or support of any 
candidate for public office. 

The merger provision of the Couzens 
bill, which now forbids the joint owner- 
ship or operation of radio and wire facili- 
ties in external communications, also was 
considered by the Committee, in execu- 
tive session, but no vote was reached, 
says "The United States Daily." 

License Compulsion 
Dropped from Bill 

Washington. 
A provision of the Couzens bill to cre- 

ate a Federal Communications Commis- 
sion, which provision would have required 
holders of radio licenses also engaged in 
manufacturing apparatus to lease or sell 
such apparatus to any other radio li- 
censees, has been eliminated by the Senate 
Committee on Interstate Commerce. 

This provision, said Senator Dill, of the 
State of Washington, after the session, 
would work "too great hardship," in the 
Committee's opinion and for that reason 
was voted out. The Radio Corporation 
of America and the International Tele- 
phone & Telegraph Corporation formally 
protested against the inclusion of the 
provision in the bill. 

The clause was inserted in the bill, 
Senator Dill explained, as a result of al- 
legations before the Committee during 
its study of communications generally 
that the Radio Corporation of America 
had refused to sell, lease or license certain 
of its apparatus to competitive companies. 
He said that the provision might be re- 
instated on the Senate floor. 

LITERATURE WANTED 
Lester Tucker, 47 Madison Avenue, Hartford, 

Conn. 
Ebenezer B. Peebles, 2059 W. Roosevelt Rd., 

Chicago, Ill. 

N. Y. CITY HELD 

OVERFED WITH 

BROADCASTING 
Washington. 

A statement of facts in connection with 
the appeal of WGBS, of Astoria, New 
York City, against the Federal Radio 
Commission's order taking the station off 
the 600 kc channel and assigning 600 kc 
to WICC, of Bridgeport, Conn., has been 
filed in the District of Columbia Court of 
Appeals by the Commission. 

WGBS received a temporary assign- 
ment to the 600 kc channel. WNYC and 
WMCA, both of New York, operating on 
570 kc, only 30 kc from 600, instead of 
the usual 50 kc, objected to the assign- 
ment on the ground that WGBS was 
causing interference with their broad- 
casts. 

After a hearing the Commission or- 
dered WGBS off the 600 kc channel and 
to return to the channel it had previously 
used. The station obtained a stay order 
from the court and is still operating on 
600 kc, but in the meantime the Commis- 
sion granted WICC a license to operate 
on the channel, a grant the court ordered 
rescinded. 

Explaining the assignment to WICC 
the Commission stated: 

"New York City has more radio broad- 
casting facilities than any other place in 
the first zone; it has a superabundance 
of radio broadcasting service, whereas 
there are only four stations in the entire 
State of Connecticut." 

WRAW Asks Better 
Frequency Position 

Washington. 
Representatives of WRAW, Reading, 

Pa., have presented testimony before the 
Federal Radio Commission seeking to 
have the station moved to a more desir- 
able channel with increased power so as 
to provide adequate radio service to the 
City of Reading. George O. Sutton, for- 
mer broadcast engineer of the Commis- 
sion, presented arguments in support of 
the application for assignment to the 620 
kc channel with full-time operation and 
1,000 watts power. The station now uses 
100 watts part time on the 1,310 kc chan- 
nel. 

Louis G. Caldwell, former general coun- 
sel for the Commission, opposed the ap- 
plication in behalf cyf WTMJ, Milwaukee, 
Wis. He explained that this station now 
operates on the 620 kc channel, with 1,000 
watts power at night and 2,500 watts 
during the day. The service rendered by 
this station would be curtailed, he said, 
if the Reading station were allowed to 
operate on the same channel. 

CORNISH HAS NEW CATALOGUE 
The Cornish Wire Company, 30 Church 

Street, New York City, announces that 
its new catalogue showing a complete 
line of radio wires, antenna kits and 
lightning arresters, is ready. The com- 
pany is offering a complete line of hook- 
up wires for manufacturers. Shielded 
wires are also included. Mention RADIO 
WORLD. 

GOLENPAUL QUITS CLAROSTAT 
Charles Golenpaul, for several years 

general sales manager of Clarostat Manu- 
facturing Co., Inc., 285 North Sixth Street, 
Brooklyn, N. Y., has resigned. 
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The Anti -Trust Suit 
THE main question at stake in the 

suit by the Federal Government 
against the Radio Corporation of 

America, and its associate corporations in 
the patent pool, concerns the rights under 
a patent as compared with the anti- 
monopoly clauses of the Sherman and 
Clayton Acts. 

On the one hand the Federal Govern- 
ment grants a patent to an inventor. The 
rights thereby attained may be trans- 
ferred or sold. The defendants did a 
great deal of patent buying, so obtained 
whatever rights the sellers had to those 
patents. Besides, there are valuable 
patents that were issued directly to the 
defendant companies. 

By gaining control of the patents neces- 
sary for lawful transmission and set manu- 
facturing, it is hardly to be disputed that 
the defendants got the radio situation 
well within their grasp and control. The 
dispute concerns not the fact but the law. 
A patent is in itself a monopoly, granted 
by the Government, for a term of seven- 
teen years. Now, if one statute pro- 
hibits a monopoly, while another statute 
sanctions and encourages it, which law is 
to be believed? The object of the suit, 
the first of its kind to test this peculiar 
situation under the patent law and the 
anti-trust laws, is to obtain an official 
answer. 

That there is doubt even on the Gov- 
ernment's side seems to be clear enough 
from the fact that, although the subject - 
matter of such a suit has been under con- 
sideration for five years or more, action 
is taken only now. The Senate Interstate 
Commerce Committee prodded the De- 
partment of Justice to come to some deci- 
sion as to whether to sue or not to sue, 
and the answer was, to sue. The decision 
to bring suit arose more out of doubt as 
to whether any law had been violated than 
from a conviction that any nad been. 
In announcing the suit the Department 
of Justice even went to the pains to state : 

"The defendants . . . have earnestly 
contended that they are doing nothing 
more than they are authorized to do un- 
der the patent laws." This was followed 
by the frank admission : "The situation is 
an intricate one and it is desirable that 
these vexed questions be settled by the 
courts." 

Hence, there is no denying that the 
object of the suit is to clear up the vexa- 
tious aspect. It is not one of those trust- 
busting, thunderous and bitter assaults 
that in other days were frequent and 
demoralizing. Radio has been raised to 
a vast industry, and who can say that with 
radio patent ownership scattered hither 
and yon the present vastness would have 
existed now? 

This is no time for dire speculation as 
to what may happen if the Government 
succeeds in its suit, even though under 
the radio law a violation of the anti-trust 
laws visits a penalty of forfeiture of 
broadcasting licenses by the offenders, 

and under the patent laws the reversion 
of patents to their original owners. 

It is rather a time to look to the courts 
of equity to reach a fair judgment and 
resolve an awkward doubt in the best pos- 
sible manner. Even should the Govern- 
ment win it is conceivable that no dire 
consequences would ensue to the defend- 
ants. 

What 12 Grounds Did 
APOOR New England radioist, man- 

aging to scrape together enough 
money for the parts for a two - 

tube broadcast receiver, and contriv- 
ing to build it himself, discovered he ob- 
tained mediocre results when he used a 
good aerial and only one ground. So he 
used two grounds, and improved recep- 
tion, especially getting more distance. He 
tried more and more grounds, until he 
finally reached the considerable number 
of a dozen grounds! Why he did not 
use a few more is not disclosed, but per- 
haps he had no more room. 

Why he used a dozen grounds is clear 
enough, from his own statement to the 
United States Department of Education ; 

he was able thereby to tune in stations 
from all over the world, and had a re- 
liable and authenticated log of stations 
from the five mundane continents, though 
not a peep from Mars, confound it! 

The ground hog, if he may be called 
that with no intention to offend, became 
nettled when it was suggested he was 
benefitting from freak reception condi- 
tions. So he referred doubters to an- 
other of his ilk, this one a Pennsylvanian, 
who also had a commensurate distance 
record. 

It is, indeed, interesting to learn what 
more and more ground connections can 
accomplish, and it is fair enough to as- 
sume that the New Englander's experi- 
ence will prompt many others to try sev- 
eral or many grounds on their receivers, 
all worked simultaneously, of course. 

Even the humble New Englander has 
injected himself into a none too well un- 
derstood scientific problem. More experi- 
ments have been made with the sky wave 
than with the ground wave. It is recog- 
nized that the radio wave does take these 
two courses, the one upward to the 
heaviside layer, where reflection back to 
earth is effected by the negative polari- 
zation, but much less is known of what happens in the ground course of the radi- 
ation. DX enthusiasts will not worry 
much about the mathematics of the prob- 
lem, if they can improve their reception 
range by using more grounds. The motto 
may well become: More and Better 
Grounds. And why not, if a multiplicity 
of grounds does work all these wonders? 

Now Tone Control 
NOW tone control is to be a feature 

of receivers. This will be corrobo- 
rated at the Radio World's Fair at 

Atlantic City, week of June 2d. 
Tone control consists of changing the 

audio frequency response to a broadcast 
program, so that besides the duplication 
of the original, there becomes possible 
an agreeable falsification of the original, 
such as predominance of the bass or the 
treble. Some receivers will have duo - 
tone control of this sort, while others 
will have tri -tone control, with accentua- 
tion of the middle audio frequencies pos- 
sible. 

The subject of tone quality is always a 
difficult one to solve to the satisfaction 
of a large number of customers, because 
what one group considers good quality 
another considers poor quality. Hereto- 
fore, the manufacturers have decided on 
their own account what the public regards 
as good tone quality. Along came prospec- 
tive customers who were satisfied with 
every aspect of the receiver, except that 
they complained that the tone was not 

quality in any sense. Then the manufac- 
turer might bring forth an audio fre- 
quency curve as flat as corrugated card- 
board that had been sent by mistake to 
the laundry, but it mattered not. The 
curve may be flat on paper, but the re- 
sponse of the receiver fell flat on the ear. 

So it is deemed desirable to include 
tone control. This does not deny the 
fundamental necessity of a radio receiver 
as to tone: that the reproduction be a 
faithful copy of the original as emitted 
from the studio. Does tone control mean 
that the manufacturers have given up 
hope of ever being able to make receivers 
in quantity that will enable such faithful 
reproduction, hence the devices for varia- 
tion are introduced as easy makeshifts? 
No, it does not mean that. Nor does it 
mean that the manufacturer need swerve 
one bit from the highest standards of 
tone fidelity. In present-day manufac- 
ture it is possible to produce receivers in 
quantity that give faithful audio fre- 
quency response. The problem is not an 
exasperating one, it is not even a prob- 
lem, since it has been solved. 

The reason for a tone control is that, 
no matter what a curve may show, or an 
engineer may know about acoustics, it is 
nevertheless true that a salesman has to 
have some answer ready for a customer 
who is sold on everything except the tone. 
That answer must be in action, not in 
words. Nothing he can say will save the 
sale, but something he can do will save 
it. So the thing to do is to turn a knob 
and change the "poor tone quality" to "thrilling realism." 

The fact that not all of us hear alike, 
nor does any one have the same aural response throughout his life, makes it advisable to have a tone control. Then 
we can enjoy, in our ripe old age, the hiss of consonants and squeak of the little 
finger 'way up on a violin E string, just 
as we did in boyhood, instead of wonder- ing what has happened to civilization that it has cut not the use of the higher fre- quencies in enunciation and in music ren- dition. And if perhaps the ear becomes 
dull to the basses, the tone control will restore the strength of the low notes to a world that had seemed to have been weaned away from them. Besides, per- sons born partly deaf to certain frequency realms can enjoy sounds new to them. 

A man who builds or buys a set is en- titled to have it reproduce broadcasts faithfully, or unfaithfully, but at least so that it gives him what he regards as faithful reproduction, thus making the radio more enjoyable. 

Law on Piracy 
Called Weak 

Modifications of the law governing broadcasting in this country and of other laws which have a bearing on radio en- tertainment are urged by A. L. Ashby, vice president and general attorney of the National Broadcasting Company. Mr. Ashby pointed out as a defect in the radio law the limited right of appeal by broadcasting organizations from decisions 
by the Federal Radio Commission. He also contended that the law dealing with "pirating" programs is insufficient. 

"A novel situation which radio law- yers have to deal with," Mr. Ashby said, "is the pirating of programs. The radio act prohibits the rebroadcasting of a radio program without the consent of the originating station. This does not cover the situation where an organiza- 
tion picks up a program originated by some other organization and by means 
of a selective radio receiving set and by means of amplifiers and wires retrans- 
mits that program to the homes of lis- teners who are furnished with a loud- speaker for a toll charge of a few dol- lars per month." 
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Stations in United States an d Canada, Corrected to May 22d. 

CANADA 
Station he 
QAC 690 
CFBO 890 

C CF 1Óó 
CFCH 600 
CFCN 690 
CFCO 1210 
CFCR 

CT 

Y 1120960 F[ C 1010 
CFNB 

1210 CFQC 910 
CFRB 960 
CFRC 930 
CHCA 

960 
880 
840 

ClIGS 
CHLS 

l0 0 
CHMA 580 
CHML 
CHNS 
CHRC 880 
CHWC 960 
CH WK 1210 
CHYC 730 

580 
840 

CJBC w 
CJCÁ 5980 

880 

CJGC 
CGX 630 
CJHS 910 
CJOC 1120 
C7OR 1030 
CJRM 600 

CRW 
600 

jº]C 112o 
CJSC 580 
CKAC 730 
CKCD 730 

QSCI 
880 

C 960 
CKCL 580 
CKCO 890 
CKCR 010 
CKCV 1880 
CKCF 730 
CKGW 690 
CKIC 930 

CKMC 1210 
CKI50 730 
CKNC 580 
CKOC 880 

CKPC 1210 
CKPR 930 
CKSH 1010 
CKUA 580 
CKWX 730 
CKX 540 
CKY 780 
CNRA 630 

CNN 

690 
RD 840 

CNRL 910 
CNRM 730 
CNRO 600 
CNRQ 880 

CNRR 
RS 990 

CNRT 840 
CNRV 1030 
CNRW 780 
CNRX 690 

UNITED STATES 
920 

WAAM 1250 
WAAT *940 
WAAW 660 
WABC 860 
WBOQ 860 
WABII 1200 
WABZ 1200 
WACO 1240 
WADC 1320 
WAGM 1310 
WAIU 
WALK 12 0 
WAPI 1140 
WASH 1270 
WBAA 1400 

Station kc 
WBAK 1430 
WEAL 1060 
WBAP 
WBAX 120100 

WB BC 
WBBL 12400 

W JBTM770 770 
WBBR 1300 
WBBS 1370 
WBBY 1200 

WBCM 1410 
WBMS 1450 
WBNY 1350 
WBOW 1310 
WBRC 930 
WERE 1310 
WBSO 920 
WBT 1080 
WBTM 1370 
WBZ 990 
WBZA 990 
WCAC 600 
WCAD 1220 
WCAE 1220 

WCÁJ 590 
WCAL 1250 
WCAM 1280 WO 600 
WCÁP 1280 
WCAT 1200 
WCAU 1170 
WCAX 1200 
WCAZ 1070 
WCBA 1440 
WCBD 1080 
WCBM 1370 
WCBS 1210 
WCCO 810 
WCDA 1350 
WCFL 970 
WCGU 1400 
WCHI 1490 
WCKY 1490 
WCLB 1500 
WCLO 1200 
WCLS 1310 
WCMA 1400 
WCOA 1340 
*WCOC 880 
WCOD 1200 
WCOH 1210 
WCRW 1210 
WCSC 1310 
WCSH 940 
WCSO. 1450 
WDAE 1220 
WDAF 610 
WDAG 1410 
WDAH 1310 

WDBJ 99 Ó 
WDBO 1120 
WDEL 1120 
WDGY 1180 
WDOD 1280 
WDRC 1330 
WDSU 1250 
WDWF 1210 
WLSI 1210 
WDZ 1070 
WEAF 
WEAI 12 0 
WEAN 780 
WEAO 570 
WEBC 1290 
WEBE 1210 
WEBQ 1210 
WEBR 1310 
WEBW 
WEDC 120100 

WEDH 1420 
WERT 590 
WEHC 1490 
WEHS 1420 
WELK 1370 
WEMC 590 

WBCÑ 870 
WEVD 1300 
WEW 760 
WFAA 
WFAN 680100 

WFBC 1200 
WFBE 
WFBG 130 
WFBL 1360 
WFBM 1230 
W FB R. 1270 

WDF 1310 
FDV 1370 

Star before Call Letter denotes new station. 
Star before Station Frequency denotes new frequency. 
Station lie 

WFDW 1420 

WFI 560 

WFIW 940 

WFC 1450 
WFKD 1310 

W AL 130 
WGBB 1210 
WGBC 1430 
WGBF 

8800 

WGBS 
WGCM 121ó 
WGCP 1250 
WGES 1360 
WGH 1310 
WGHP 1240 
WGL 1370 
WGN 720 
WLIB 720 
WGR 550 
WGST 890 
WGY 790 
WHA 940 
WHAD 1120 
WHAM 1150 
WHAP 1300 
WHAS 820 
WHAT 1310 
WHAZ 1300 
WHB 860 
WHEC 1200 
WHBD 137 
WHBF 121 
WHBL 1410 
WHBO 1370 
WHBU 1210 
WHBY 1200 
WHDF 1370 
WHDH 830 
WHDT 1180 
WHDI 1180 
WHEC 1440 
WABÓ 1440 
WHFC 1420 
WHIS 1420 
WHK 1390 
WHN 1010 
WHO 1000 
WHOM 1450 
WHP 1430 
WIAS 1420 
WIBA 1210 
WIBG 930 
WIBM 1370 
WIBO 560 
WIBR 1420 
WIBU 1310 
WIBW 580 
WIBX 1200 
WICC 1190 
WIL 1200 
WILL 890 
WILM 1420 
WIOD 1300 
WMBF 1300 
WIP 610 
WIS 1010 
WISN 1120 
WJAC 1310 

WJWAAG K 13 0 
WJAR 890 
WJAS 1290 

WJÁ ` 6900 
WJAZ 

174.(ló 

WBI 1210 
WJBR 1370 

WJBÓ iá2ó 
WJBU 1210 
WJBW 1200 

WJJD 1130 
60 WI WJKS l 

750 
WI SV 1460 

WJZ 176Ó 
WKAO 890 
WKAR 1040 
WKAV 1310 
WKBB 1310 
WKBC 1310 
WKBF 1400 
WEBE 1380 

20B I WK l5 
570 

Station he 
WKBO 1450 
WKBP 1420 
WKBQ 1350 
WKBS 1310 
WKBV 1500 
WKBW 1480 
WKBZ 1500 

WKEN KJC 1 
W RKRYC 550 

900 
WLAC 1470 
WLAP 1200 
WLB 1250 
WGMS 1250 
WLBC 1310 
WLBF 1420 

\W 900 00 
WLBW 1260 
WLBX 1500 
WLBZ 620 
WLCI 1210 
WLEX 1410 
WLEY 1370 
WLIT 560 
WLOE 1500 
WLS 870 
WLTH 1400 
WLVA 1370 
WLW 700 
WLWL 1100 
WMAC 570 
WMAF 1410 
WMAK 900 
WMAL 630 
WMAN 1210 
WMAO 670 
WMAY 1200 
WMAZ 890 
WMBA 1500 
WMBC 1420 
WMBD 1440 
WMBG 1210 
WW1 1420 
WMBI 1080 
WMBT 1500 
WMBO 1310 
WMBO 1500 
WMBR 1370 
WMC 780 
WMCA 570 
WMMN 890 
WMPC 1500 
WMRT 1420 
WM SG 1350 
WMT 
WNAC 12301 
WETS 1230 
WNAD 1010 
WNAX 570 
WNBF 1500 
WNBH 1310 
WNBJ 1310 
WNBO 1200 
WNBR 1430 
WNBW 1200 
WNBX 1200 
WNBZ 1290 
WNT 1450 
WNOX 560 
WNRC 
WNYC 1544700 

WOAI 
WOAN . 1190 600 
WOAX 1280 

WÓBÚ 
1310 

WOCL 120 
WODA 1250 
WODX 1410 
WOI 640 
WOKO 1440 
WOL 1310 
WOMT 1210 
WOOD 1270 
WOPI 1500 
W 0 
WÓR 

l 
710 

WORC 1200 
WORD 1490 
WOS 630 
WOV 
WOW 1130 590 
WOWO 1160 
WPAW 1210 
WPCC 560 
WPCH 810 
WPEN 1500 
WPG 11 
WPOE 1370 

Station kc 
WPSC 1230 
WPF 680 
WQÁM 560 
WAN 880 
WQAO 1010 
WPAP 1010 
WBC 1 

WQDM 137Ó 
WQDV 1500 
WQDX 1210 
WRAF 1200 
WRAK 1370 
WRAW 1310 
WRAX 
WRBI 13 Ó 
WRBT 1370 

WRBOL 12 Ó 
WRBT 1370 
WRBU 1210 
WRC 950 
WRDA 900 
WREC 600 
WREN 1220 
*WRBX 1410 
WRHM 1250 
WRJN 1370 
WRK 1310 
WRNY 1010 
WRR 1280 

WRVÁ 1i1Ó 
WSAI 1330 
WSAJ 1310 
WSAN 1440 
WSAR 1450 
WSAZ 580 

WSBC 1210 
WSBT 1230 
WSFA 1410 
WSGH 1400 
WSDA 00 
WSTX 12 
WS TC 1310 
WSM 650 
WSMB 1320 
WSMK 1380 
WSPA 1420 
WSPD 1340 
WSSH 1410 
\V SUI 880 
WSVS 1370 
WSYR 570 
WTA 
WTAC 1440 580 
WTAM 10 
WTAQ 1330 
WTAR 780 
WPOR 780 
WTAW 1120 
WTAX 1210 

14 
WTFIO 140 
WTIC 1060 

WTNT 14 Ó 
WTOC 1260 
WWAE 1200 
WWJ 920 
WWL 850 
WWNC 570 
WWRL 1500 
WWVA 1160 
KBTM 1200 
KCRC 1370 
*KCRJ 1310 
KDB 1500 
KDFN 1210 
KDKA 80 
KDLR 19210 
KDYL 1290 
KECA 1430 
KELW 780 
REX 1180 
RFAB 770 
KFBB 1280 
KFBK 1310 
KFBL 1370 
KFDM 560 
KFDY 550 
KFEL 
KFEQ 
KFGQ 1310 
KFH 1300 
KFHA 1200 
KFT 640 
KFIO 10 
KFTU 1310 
*KFJZ 1370 
KFB 1200 
KFJF 1480 
KFJI 1370 

Station kc 
KFM 1370 
KFJR 1300 
KFJY 1310 
KFKA 
KFRB 1Ó5Ó 
KFKU 1220 
KFLV 1410 
KFLX 1370 
KFMX 1250 
KFNF 

KKFOR FOX 12250 

KFPL 1310 
KFPM 1310 
KFPY 
KFQD 123ó 

U 1420 
KFQW 1420 
KFRC 610 
KFRU 630 

KFSG 1100 
KFUL 1290 
KFUM 1270 
KFUO 550 
KFUP 1310 

KFVS 
KFV 

1200 
KFWB 950 
KFWF 1200 
KFWI 930 
KFWM 930 
KFXD 1420 KFF 920 
KFXJ 1310 
KFXM 1210 
KFXR 1310 
KFXY 

420 10 
KFYR 550 
KGA 1470 
KGAR 1370 
KGB 1330 
KGBU 900 
KBGX 1310 
KGBZ 930 
KGCA 1270 
]iGCI 1370 
KGCR 1210 

KGCX 130 
KGDA 1370 
KGDE 1200 
KGDM 1100 
KGDY 1200 
KGEF 1300 
KGER 1200 
KGER 1360 
KGEW 1200 
KG E7 1310 
KGFE 1420 
KG FG 1370 
KGFI 1500 
KGFJ 1200 
KG FB 1200 
KGFL 1370 
RGFW 1310 
KGFX 580 
KGGC 1420 
KGGF 1010 
KGGM 1230 
KGHF 1320 
KGHI 00 
KGHL 

l9 

KGIQ 1320 
KGIR 1360 
KGIW 1420 
KGIX 1420 
KGIZ 1500 
KGJF 890 

15 
KGKBL 1370 
KGKO 570 
KGKX 1420 
KGKY 1500 
KGMB 1320 
KGM 15 
KGMP 120 
*KGNF 1430 
KGNO 1210 
KGO 790 
KGRS 1410 
KGU 940 
KGW 620 
KGY 1200 

KHQ 59 
KICK 14'aU 
KID 1320 
KÌDO 1250 
KIT 1310 
RIBS 1070 
RJR 970 

OHMMETER=VOLTMETER 
(Concluded from page 13) 

5-Remove the short circuit by releasing the switch so that 
the unknown is thrown into the circuit in series with the 
calibrated resistance. 

6-Readjust the calibrated resistance until the meter again 
reads the same as before, whatever current value was selected. 

7-Again read the resistance on the scale. 

Station he 

KLON 137020 

KLPM 1420 
KLRA 1390 
KLS 1440 
KLX 881 
KLZ 560 
KMA 930 
KMBC 950 
KM ED 1310 
KMIC 1120 

MJ 17410 K 

KMOX 100900 

KMPC 710 
KFQA 1090 
KMTR 570 
KNX 
KOA l050 80 
KOAC 550 
KOB 1180 
KOCW 1400 
KOH 1370 
KOIL 1260 
KOIN 940 
KOL 1270 
KOMO 
KONC 139 0 
KOOS 1370 
KORE 1420 
KOY 1390 
KPCB *650 
KPJM 1500 
KPO 
KPßJF 8080 
KPPC 1210 
KPQ 1500 

xPRC 
920 

KP S 1420 
KPSN 1360 
KPWF 1490 KV 13 
ROW 101800 
KRE 1370 
KREG 1500 
KRGV 1260 
KRLD 1040 
KRMD 1310 
KROW 930 

KRSC 1120 
KSAC 580 
KSAT 1240 
KSCJ 1330 
KSD 550 
ICS 900 
KSLI 1130 
KSMR 1330 
KSO 1380 
KSOO 1110 
KSTP 1460 
KTAB e 
KTAP 1490 
KTAR 
*FTAT 1 
KTBI 1300 
KTBR 1300 
KTBS 1450 
KTHS 1040 
KTLC 1500 
KTM 780 
KTNT 1170 
KTRH 1120 
KTSA 12 
KTSL 1310 
KTSM 1310 
KTUE 1420 
KT 1270 
KUJ 1500 
KUOA 1390 
KUSD 890 
RUT 1500 
KVEP 1500 
KW 760 
KVL 1370 
K VOA 1260 
KVOO 1140 

KWCR 
1200 
1310 

KWEA 1210 

KWJG J 1á Ó 
KWK 1350 
KWKC 1370 
KWKH 9.50 
KWLC 1270 
KWSC 1220 
KWWG 1260 
KXA 570 
KXL 1420 
RXO 1200 
KXRO 1310 
KYA 1230 
RYW 1020 
KFKX 1080 

8-Subtract the second resistance reading from the first read- ing. The difference is the resistance of the unknown. If this substitution method of the unknown turns out to be less than 10,000 ohms, repeat the measurement on the 10,000 ohm scale for a more closely read determination. 
By the first, or current -halving method, the lowest resistance value that can be measured is limited by the voltage used. If the voltage is 1.5 volts the lowest resistance is 1,500 ohms. By the second method there is no lower limit except that imposed by the calibration of the scale. 
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"Seconds" 
But Serviceable Tubes Nevertheless 

at Prices That Seem Incredible 
A tube factory that maintains the highest pos- 

sible standards for a large laboratory customer 
has tubes for sale that fall just a trifle below 
the most exacting specifications, but which are 
excellent tubes nevertheless. They are called 
"seconds" and they are "seconds," but they are 
not "thirds." You can get 500 hours excellent 
use out of them. Note the prices. Remit with 
order. Generous replacement policy. 

112A 50c 227 50c 
U\ or EX -199 .... 50e 245 50e 
201A 45e 250 75c 
210 60e 171A 50e 
222 65c 280 50e 
224 65c 281 60e 
226 50c 

DIRECT RADIO CO. 
Room 504, at 

1562 Broadway, N. Y. City. 

RECENT NUMBERS 
for the current year are procurable at 
the rate of 15c a copy, or 7 copies for 
$1.00. RADIO WORLD, 145 West 45th 
St., N. Y. City. 

Horn Unit $2.25 

Fidelity Unit. Cat., FDU, 
price $2.25 

The Fidelity unit in pre- 
eminent for horn -type 
speakers such as ex- 
ponential horns. The 
faintest word from a 
"whispering tenor" or 
the tumultuous shout of 
the crowd or highest 
crescendo of the band 1s 
brought out clearly, dis- 
tinctly. Stands up to 
450 volts without filtering. 

Works right out of 
your set's power tube, 
or tubes, requiring no 
extra voltage source. 
Standard size nozzle and 
thread. Works great from 
AC set, battery set or 
any other set, push-pull 

or otherwise. The casing is full nickel finish, highest 
polish. 

This unit can be used In a portable without any horn 
attached and will give loud reproduction. 

Order Cat. FDU, with 50 -inch tipped cord; weight, 21 
lbs.; size, 2% -inch diameter, 2% -inch height. (This is 
the large size). Price $2.21 

GUARANTY RADIO GOODS CO. 
143 West 45th Street, New York City 

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 advertisement in this issue. 

Your Choice of 
These Nine Meters FREE! 

Li Voltmeter 0.0 Ne. 829 
S -0e Voltmeter D.0 No. 237 
4-Ve11 Charge Teeter D.0 Ne. 23 

11 -Is Amperes D.0 No. 832 
I.25 Mill lamens D.0 No. 32$ 
0-8$ Mllllamserm D.0 Ne. SSS 
5.100 Mlillamsores D.0 Ne. 394 
S-300 Mill lamer*, D.0 Ne. 392 
II -400 M Ili iamperea D.0 No. 394 

Equip Yourself Now 
With Necessary Meters! 

To do your radio work properly you need melera. Here b 
Your opportunity to get them at no extra cost. Bee the Um 
of nine meters at left. Heretofore we have offered the choice 
of any one of these meter. free with an 8 -weeks nubseriptiee 
for RADIO WORLD, at $1. the regular prim for sad 
subscription. Now we extend thin offer. Tor the itrst 11ie 
you are permitted to obtain any one or more or all of thew 
meters free, by lending in $1 for 8 -week's subscription. ea 
titling you to one meter; $$ for 18 weeks, entitling you be 
two meters; $3 for 38 weeks, entitling you to three meters 
14 for 35 weeks, entitling you to four meters; $5 for 44 weeks 
entitling you to 5 meters; 28 for 82 weeks, entitling rau to 
air meters. Return this offer with remittance. and shed to 
desired meters in squares at left. 

RADIO WORLD will help you in your radio work, ea 
You will be able to use the meters moat valuably. Keen 
abreast of all the new Circuit., intimate details on perfeetlor 
existing seta, and get inside track on sensitivity, diatano_ 
reception. tonal quality, and news of radio, technical and non 
technical. Enjoy the writings et Dr. Lee De Forest, McMurdo 
Silver, J. L. Anderson, Herman Bernard and a host of other 
radio engineers who contribute their knewledge to you through 
the medium of RADIO WORLD, the first and only 111ustreted 
national adio weekly. Sou can Sad no magazine that better 
caters to your need. than RADIO WORLD. Short wave,' 
RADIO WORLD will tell you all about them. Extremely 
sanative broadcast receivers? Their conntruetion and eperetlor 
are fully discussed with confident regularity. Power 'unpile. 
--push-pull or otbered»I AC receivers? Screen grid tube.' 
Large receivers that glee a super -abundance of performanee- 
amall, economical receivers that give performance out of al comparison to their size? Are you interested in these? Thee 
you're interested in RADIO WORLD. 

Present mail subscriber' mq renew their subscription Linda this remarkably generous offer. Put a emir in equate C 

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

All Newsstands. I8e per cosy-$3. six moathe-$s a year 

Two for óf One 
Get a FREE one-year subscription for any ONE of these magazines' 

CITIZENS RADIO CALL BOOK AND SCIENTIFIC DIGEST (quarterly, four issues). 
RADIO (monthly, 12 issues; exclusively trade magazine). 
RADIO ENGINEERING (monthly, 12 issues; technical and trade magazine). 
RADIO INDEX ((monthly, 12 issues) Stations, programs, etc. 

D SCIENCE & INVENTION (monthly, 12 issues; scientific magazine, with some radio technics 
articles). 

D AMERICAN BOY-YOUTH'S COMPANION (monthly, 12 issues; popular magazine). 
BOYS' LIFE (monthly, 12 issues; popular magazine). 

Select any one of these magazines and get it FREE for an entire year by sending in a year's aub 
acription for R!.DIO WORLD at the regular price, $6.00. Cash in now on this opportunity to gel 
RADIO WORLD WEEKLY, 52 weeks, at the standard price for euch subscription, plue a full year', 
subscription for any ONE of the other enumerated magazines FREE; Put a croas in the square next 
to the magazine of your choice, in the above list, fill out the coupon below, and mail $6 check, 
money order or stamps to RADIO WORLD, 145 West 45th Street, New York. N Y. (Just East of 
Broadway). 

Your Name 

Your Street Adornas 

City State 

DOUBLE 

VALUE! 
D If renewing an existing or expiring subscription for RADIO WORLD, please put a cross in square 

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

at the beginning of this sentence. 

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

A Double Range 
Potentiometer 

AN instrument containing two electrically in- 
dependent potentiometers with their sliders 

mounted to the same shaft. Both are turned when 
one is turned. It is made by Centralab and has 
the smooth motion for which variable resistors 
and potentiometers of this make are known. One 
unit, next the control knob, has a resistance of 
200,000 ohms, and the other, at the rear, has a 
resistance of 10,000 ohms. 

They may be used either as high resistance 
rheostats (from center to one side) or as poten- 
tiometers, singly or together. This makes the 
instrument exceptionally flexible and applicable 
to a large variety of uses. 

It has been designed for a volume control for 
which it may be used to vary the plate voltage, 
the grid voltage, the screen grid voltage, or the 
signal voltage, or two combinations thereof. For 
example, the 10,000 ohm section may be used as a 
potentiometer in the antenna circuit to control 
the signal input voltage and the 200,000 ohm 
section may be used at the same time for con- 
trolling the audio signal voltage before it is 
impressed on the first audio amplifier tube. Or 
the low resistance may be used to control the 
signal input voltage and the high resistance for 
controlling a screen grid voltage, or vice versa. 

The unit is provided with six soldering lugs for 
making connections to the instrument either as 
variable resistance or as potentiometer. 

Single hole mounting with quarter inch shaft. 
The two units are held together firmly by metal 
clamps and bolts. 

The resistance elements and the sliders are in- 
closed in dust -proof bakelite cases. 

Order Cat. D-Pot. @ $1.05 
GUARANTY RADIO GOODS CO. 

143 WEST 45th STREET, N. Y. CITY 

Official Parts 
for Popular Circuits 

1,5110 to 200,0011 ohmmeter. 0-10. 0-200, 0-1,000 
voltmeter, at 1,000 ohms per volt; includes 0-1 
ma, resistors, knob, calibrated panel. 
switches, cabinet, etc.. as described by Herman 
lirritard. C'at. ((M -VM a $13.70 

Universal Short -Wave Converter, using three 
227 tubes; six de luxe precision short-wave air 
dielectric coils, condensers, chokes, 7"xl4" 
panel, etc. Cat. UN-SWC e $22.37 

GUARANTY RADIO GOODS CO. 
143 West 45th Street 

New York City 

BROADWAY -HOLLYWOOD 
World's most intriguing places. Where famous 
stage, screen, radio stars live their lives. Intimate 
stories of their stage and personal doings In 

Yo K SW TAR Amusement Weekly 

Edited by Roland Burke Hennessy. Clever writer. 
cover comedy, tragedy, fascination of professional 
life. Portraits and unusual pictures of favorite.. 
10c copy. $5 year (52 issues). SPECIAL: 12 
issues $1. STAR. 1562 Broadway. New York. 

Subscribers! Important! 
Note subscription expiration date on 

wrapper containing your copy of RADIO 
WORLD. If nearing expiration date, 
please send in renewal so that you will 
not miss any copies. Subscription Dept., 
RADIO WORLD, 145 W. 45th St., 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. 
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Erla Dynamic Chassis, Westinghouse Rectifier 

One of the most sensitive and most faithful dynamic speaker ch , the Eris, has a 
9 -inch outside diameter cone, with built-in Westinghouse Rectos dry metallic rectifier, 
output transformer and mounting board. Equipped with 10 -ft. A.C. cable and plug, 
to go into house socket, 110 v. 50-60 cycle, and two 10 -ft. tipped leads for connec- 
tion to set. Will stand up to output of 250 tubes in push-pull, but will work well on 
any set. battery -operated or A.C. Order Cat. ER -D -AC. List price $25.00; net price 

Besides the AC Erla we also hare the DC type, for use on 90-125 volta. It may be connected direct 
to 110 v. DC house line or to 90 v. of B supply. Order Cat. BR -D -DC, list price $20, net price bin no 

as. DC model, to be energized by your 6 -volt storage battery. Order Cat. ER -6-v. @ 9.25 

MB -29 Screen Grid Tuner 

220-v Kodel "B" Supply 

coo- C. - OEr f+ 
Crveeear 

.C.vorrs reE aOpEL Eut.dIrG.=b o Mat,.r... , ,s... 
n- NEG. 

Kuproz B eliminator, Model 316, 220 volte DC. utiliz- 
ing 280 tube, for 110 v. AC, 50-60 cycle,, to deliver 
positive voltages of 45, 90, 135 and 180 and negative 
voltage of 40 for bias'I.ng 171 or 171A, also delivers 
4 volta negative for other receiver tubes. 
One knob on the terminal panel controls the actual 
voltage on the 45 -volt tap and another knob controls 
the voltage on the 183 -volt tap. 
The terminal panel contains In addition lo the two 
knobs seven binding posts for B minus, which is 
connected to the case, for the four positive end the two 
negative voltages. 
It i, provided with a standard plug and an 80 -inch 
connecting cord. 
The overall dimensions are: width 5% metes; length, 

Cat.inche KO-B. 
hei 

liant urice 
inches.6.95. 

net Mire 
er 

13. 6 
280 TUBE FREE WITH EACH KO -13 

2.50 

Ansonia Speaker 

Ansonia magnetic speaker, in genuine walnut 
cabinet. A loudspeaker that gives you real 
performance, that stands up to a 171 or 171A 
tube without requiring an output filter, and 
that works splendidly from output filters in 
sets using tube 171A in push -Dull. And the 
magnetic unit in this Ansonia Speaker is of 
the very best Ansonia type. The cabinet is a 
beauty indeed. Order Cat. AN -G, $4.89 list price $35, net price 

Velvetone Power Amplifier 

The National Company's wired and licensed Velvetone 
push-pull power amplifier, for 110 v. 50-60 cycles AC, con- 
sisting of B supply for 280 rectifier, and two transformer - 
coupled audio stages, the first 227, the second 245s in push-pull, with output transformer 
built in. Supplies all B voltages for an AC or any other tuner. also 2.5 v. heater voltage for 
227 and screen grid RF, detector and preliminary audio tubes, and is /s eC a7 
especially suitable for the MB -29 tuner. Order Cat. .PPPA, list price $56 JLr 
$97.50; net price 
MB 29 AC screen grid tuner parts, assembled complete in chassis. Uses four 224 and one 
227 detector. Equipped with new tuning condensers, built-in trimmers, 

MB -29-K, list price $69.51 $AQ 1 volume control and AC front panel switch (not illustrated). Order Cat. < 

Mike Lighter 

Cigar -cigarette stand, with imitation micro- 
phone pedestal, into which is built a lighter. 
Press button at top and light up. 10 -ft AC 
cable and plug. Works on AC or DC, 110 v. 

Order Cat. MIS -L -S, list price 1 A A 
$2.75; net price YJ 

Spring Action Nipper 

Handiest radio tool. Cuts even 8/32 machine 
screws. All wire, of course. Order 

e 
t A 9 

Cat. NIP, list price $2.75; net price `t 

Reference Book 

ti 
Biggest bargain price of this 
famous encyclopedia, containing 
definitions of 1930 different 
terms. Classifies alphabetically 
and defines the terms used in 
radio. Pages 9212 inches. 540 
illustrations. Cross-indexed. Or- 
der Cat. GER -EN, list price 
$2.50, net price $1.49 

o2oao,s4e 
p eqlf 1i1111@lu9 1 

e . MILLI -AMP 

O-1 milllammeter, 99% accurate; panel mount 
type; internal resistance, 88 ohms; used as volt- 
meter, with 1,000 series ohms for each volt to be 
read, bas resistance of 1,000 ohms per volt. 
Order Cat. F -O-1, list price $12; $5.95 net price 

Turntable Motor 

Synchronous motor, for phonograph records. 
80 revolutions per minute. Works on 
60 -cycle 110 v. AC. Smooth -running and 
lasts a lifetime. Fine for console installa- 
tion. Turntable free with each synchron- 
ous motor order. Order Cat. SY-M, list Write for circular on 
price $20, net price $10.00 Haan's book. 

a 

Name 

1 Address 

Guaranty Radio Goods Co., 143 
(Just east of Broadway) 

Enclosed please find $ 
following: 
D Cat. ER -D -AC @ $12.50 

Cat. ER -D -DC @ $10.00 p Cat. AN -G @ $4.89 
Cat. PPPA @ $56.52 
Cat. MB -29-K 

@ 
$39.61 

El Cat. MIK-L-S $1.49 

W. 45th 

"Radio Trouble 
Shooting" 

By E. R. Haan 
'1'he outstanding exposi- 
tion of the solution Of 
radio troubles. Just the 
thing for service men and 
experimenters. 328 pages 
6x0 Inches; 300 illustra- 
tions.. Order Cat. HA -TS 
@ $3.09 

D ER- 
Cat 
Cat 

D Cat 
Cat 

D Cat 
O Cat. 

Canadian remittance must be by express 
D If ordering C. O. D. put cross here. 

Street, New York, N. Y. 

for which send me the 
6-V @ $9.25 

. NIP, $1.49 

. GER -EN, $1.49 

. SY-M, $10.00 

. HA -T -S, $3.00 

. F -O -I, $5.95 
KO -B. $16.13 
or P. O. Money Order. 

City State 

www.americanradiohistory.com



20 RADIO WORLD May 31, 1930 

THE HIT OF 1930 
VARI -ADAPTOR 

(TYPE G) 

© 930 ARP 

D istante Selectivity 

"M Imo- Leaf Tube -Trimmer" 
"Swings on the Prongs" 

Trade Mark 
PROUD we are of this contribution to radio. 
BELIEVE it or not -A MARVEL. 
ASK any radio ENGINEER. 
STATIONS never heard before come in clearly. 
SIMPLY ATTACH TO TUBE -No soldering, No 

tools. 
MATCHES TUBES and BALANCES your set 

CONVENIENTLY. 
SET OWNERS! A REAL instrument YOU can 

safely install. 
SERVICEMEN! An accessory you can be PROUD 

to sell. 
VARI -ADAPTOR Type G Micro -trimmer as per 

cut Each .50 
(Requires 5f" clearance outside tube base) 

VARI -ADAPTOR Type H Micro-trimmer Each .75 
(Offset to lie vertically at side of tube) 

TART -ADAPTOR Type I Micro-trimmer Each 1.00 
(As per cut, but elevated by a filler adaptor) 
RUSH YOUR ORDER TODAY! Full instructions 

with each instrument. 
All rights Reserved. We warn against copy or 

imitation. 
AYWON RADIO PRODUCTS 

18447 Joann SL, Detroit, Michigan 

TWO FOR PRICE OF ONE! 
Radio World, 52 issues, and Radio 

News, 12 issues, in combination for spe- 
cial $7 subscription price. Radio World, 
145 W. 45th St., N. Y. City. 

Him() 30 
CET OUR PRICE ON 

AC OR BATTERY MODEL 

Write or wire! 
Guaranty Radio Goods Co. 

143 West 45th St., 
New York City 

SOCKET WRENCH 
SET FREE 

OR turning down nuts there is nothing as 
efficient and handy as a socket wrench. Here 
is a set of three wrenches for hexagonal nuts, 

enabling use with 5/32, 6/32, 8/32 and 10/32 nuts. 
Fit the nut into the proper socket and turn down. 
The three different size sockets, one size on each 
wrench, enables use of three different outside 
diameters of nuts, but at least four different 
sizes of threads. Send 50 cents for four weeks 
subscription for RADIO WORLD and get this 
set of three wrenches free! 

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

Enclosed please find 50 cents for four weeks 
subscription for RADIO WORLD. Send set of 
three socket wrenches free! 

Name 

Address 

City State 

Cross here if renewing. 

FILL OUT AND MAIL NOW 
SUBSCRIPTION BLANK 

RADIO WORLD 
RADIO WORLD 

Please send me RADIO 
SUBSCRIPTION RATES: 

Single Copy $ .15 
Three Months 1.50 
Six Months 3.00 
One Year, 52 Issues 6.00 

Add $1.00 a Year for Foreign 
Postage; 50e for Canadian Post 
ore 

If this is a renewal, put cross 
in square at left. 

145 West 45th Street, New York City 
WORLD for months, for whricb 

please find enclosed 

Highest Grade 
Key Tubes at 

Defiant 
Prices: 

Screen Grid Tubes 
224 at $1.43 
222 at 1.88 

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

Other Tubes 
227 at .90 
226 at .68 
280 at 1.13 
281 at 2.95 
201A at .53 
240 at 1.60 
The above constitute the nMe most popu- 
lar tubes used In radio today. Despite the 
severely low prices the Key tubes are firsts 
of the very first quality. Besides, there is 
a generous replacement guaranty! The 
above tubes are manufactured under 
licenses granted by the RCA and its affiliated companies. 
All prices are net and represent extreme 
discount already deducted. 

GUARANTY RADIO GOODS CO.. 143 West 
45th St.. N. Y. City. (Just East H Broadway). 

Enclosed please find $ fer which skip 
at once tubes marked below: 

224 AC torten arid 31.48 
245 AC power tube 31.2íS3 
220 AC amplifier 
227 AC dot. -amp. .99 
280 AC reetlfer 31.13 
222 battery screen grid $1.88 I12A patubese tu 
171A power tube .78 
201A battery tube .53 7 240 hi mu tube 31.60 n 250 power tube 4.95 

rl 210 power tube 3.25 

Name 

e Merest 

Cite State 

U Put ens hen If C. O. D. shipment le 
sired. 

Canadian remlttssee must be by postal or 
press money a der. 

de- 

es - 

Quick Action Classified Ads 
Radio World's Speedy Medium for Enterprise and Sales 

10 cents a word - 10 words minimum - Cash with Order 
EDUCATIONAL 

BOOKKEEPING OR ACCOUNTING LEARNED 
IN 60 hours. New method. Easy. Thorough. 
Personal instruction. Reasonable tuition. Diploma. 
Accounting Institute, Duluth, Minn. 

HANDY 4 FT. FLEXIBLE TEST -CORDS WITH 
UNIVERSAL CLIPS -42c -POSTPAID. THREE 
FOR $1.00. 

TELE -DYNE ELECTRICAL LABORATORY, 
2935 WALNUT STREET, CHICAGO. 

A REVELATION! Acid -free soldering paste 20c 
can. Liquid flux 30e bottle. Guaranteed. Furm- 
hold Co. 109.24 - 208th Street, Bellaire. N. Y. 

HELP WANTED 
MALE ONLY 

AMAZING SCREW HOLDING SCREW DRIV- 
ERS! Remove, insert screws inaccessible places! 
Factories, garages, electricians, mechanics, auto, 
radio owners buy on sight! Exclusive territory. 
Free trial! President, 3742 Spring Lane, Boston. 

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

THE ELECTRIC WORD, by Paul Schubert. 

A narrative of the rise of radio from the discovery 
of Hertzian waves and the first practical use of 
them by Marconi, in 1900, to its present-day 
position of eminence. This book will be of great 
interest, not only to the great army of persons 
concerned in one way or another with radio work, 
but also to the layman whose immediate interest 
in radio is confined to his own set, and who will 
be fascinated by this story of an interplay of 
science, business, politics, and diplomacy that is 
without parallel in history. Price $2.50. 

RADIO WORLD, 145 W. 45th St., New York City 
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Accurate Tuning Condensers and Accessories 
EQUALIZER SINGLE .00035 THREE -GANG SCOVILL .0005 MFD. 

CAT. EQ 100 AT 35e 

The most precise and rugged 
equalizing condenser made, with 
20 tamfd. minimum and 100 
mmfd. maximum, for equalizing 
the capacity where gang con - 
deniers are used that are not 
provided with built-in trimmers. 
Turning the screw alters the pe- 
tition of the moving plate, hence the capacity. Cross-section reveals 

special threaded braes bushing Into which screw turns, hence you can 

not strip the thread. Useful In all circuits 
cuit 

where 
ceDtrimminy 

g 
city 

of 100 mmld. or lea]. is specified. 

RIGID AND FLEXIBLE 
LINKS 

CAT. KH-3 AT 85e 

A single .00035 mfd. condenser 
with nonremovable shaft, having 
shaft extension front and back, 
hence useful for ganging with 
drum dial or any other dial. 

Shaft is ,i inch diameter, and 
Its length may be extended % 
inch by use of Cat. XS.4. Bracik- 
ets built ín enable direct sus - 

panel mounting, or may be plied 
off easily. Front panel mount- 
ing is practical by removing two 
small screws and replacing with 
two 3/34 screws % inch long. 
Condenser made by Scovill Mfg. 

Co. 

For coupling two 
% inch diameter 
shafts, either Soil shaft and con- 
denser shaft. or 
two conden par 
shafts. a coupling 
link Is used. This 
may be of the rigid 
type, all metal. 
where the link - 

CAT. RL -3 AT lb ed unite are not 
to be insulated. 

Thos rigid link, Cat. BY -3, hap two pet -screws, 
one to engage each shaft, and is particularly 
sernieeable where a grounded metal chassis la 

used, as the returns then need no insulation. 

CAT. FL -4 at 30e 

Flexible insulated 
coupler for uniting 
coil or condenser 
shafts of % inch 
diameter. Provides 
option of insulated 
circuits 

EXTENSION SHAFTS, TWO SIZES 
Here is a handy aid to salvaging condensers and 
coils that have diameter shafts not long 
enough for your purpose. Fits on ,4" shaft and 
provides %" extension, still at s-4". Hence both 
the extension shaft and the bore or opening ere 
s-4^ diameter. Order Cat. XS -4. 

For condensers with %" diameter shaft, to 
accommodate to dials that take ,4" shaft, order 

CAT. XS -4 AT IOe Cat. XS -8 at 15c. 

///!/ l' 
;'' ll((fl 

t . . 

/llff/l ,' 
_ -_, Nag ¡ 

4emiarrie. 

..... ,I . .. 
. 

One of the finest, strongest and best pang condensers ever made is this three -gang 
unit, each section of full .0005 mfd. capacity, with a modified straight frequency Xing 
characteristic. The net weight of this condenser is 3g lbs. Cat. SC -3G-5 W $4.80. 

ERS 1a a three -gang condenser of most superior design and workmanship, with an accuracy 
of at least 99% per cent. at any setting - rugged beyond anything you've ever seen. 
Solid brass plates perfectly aligned and protected to the fullest extent against any dis- 

placement except the rotation for tuning. It has both side and bottom mounting facilities. Shaft 
is % inch diameter and extends at front and back, so two of these three -gangs may be used with 
a single drum dial for single tuning control. For use of this condenser with any dial et 14" 
diameter bore, use Cat. XS -8, one for each three -gang. Tension adjusters shown at right, ether 
side et shaft. 

SALIENT FEATURES OF THE CONDENSER 
(1)-Three equal sections of .0005 mfd. capacity each. 
(2)-Modified straight line frequency shape of plates, so-called mldline. 
(3)-Sturdy steel frame with rigid steel shields between adjacent sections. These shields 

minimize electric coupling between sections. 
(4)-The frame and the rotor are electrically connected at the two bearings and again with two 

sturdy springs, thus insuring positive, low resistance contact at all times. 
(5)-Both the rotor and the stator plates are accurately spaced and the rotor plates are accurately 

centered between stator plates. 
(0),-Two spring stoppers prevent jarring when the plates are brought into full mesh. 
(7)-The rotor turns as desired, the tension being adjustable by get -screw at end. 
(8)-The shaft la of steel and is % inch in diameter. 
(9)-Each set of stator plates is mounted with two screws at each side of insulators, which In 

turn are mounted with two screws to the frame. Thus the stator plates cannot turn side- 
wise with respect to the rotor plates. This maures permanence of capacity and prevent. 
any possible short circuit. 

(10)-Each stator section is provided with two soldering lugs so that connection can be made to 
either side. 

(I1)-The thick brass plates and the generous proportions of the frame Insure low resistance. 
(12)-Provision made for independent attachment of trimmer to each section. 
(13)-The steel frame is sprayed to match the brass plates. 
(14)-The condenser, made by America's largest condenser manufacturer, Is one of the beat and 

sturdiest ever made, assuredly a precise instrument. 

.00035 TWO -GANG 
A two -gang condenser, like the single 

type, KHS-3, but consisting of two 
aections on one frame, is Cat. KHD-3, 
also made by Scovill. The same mount- 
ing facilities are provided. There is a 
shield between the respective sections. 
The tuning characteristic is modified 
straight frequency line. Order Cat. 
KHD-3 at $1.70. 

DRUM DIAL 
CAT DO -0.100 @ $1.50 

A suitable drum dial of direct 
drive type le obtainable for 14" 
shafts or 4h" shafts, and with 0-100 
scales. An escutcheon, is furnished 
with each dial. 

FOUR -GANG .00035 MFD. WITH TRIMMERS BUILT IN 

Four -gang .00035 mid. with trimmers built In. Shaft and rotor blades removable. Steel frame and shat)' 
aluminum plates. Adjustable tension at rear. Overall length. II inches. Weight. 31/2 lbs. Cat. SPL-4G-3 
0)) $3.85. 

SHORT WAVES 
Tuning condensers for short waves, 
especially suitable for mixer circuits 
and short-wave adapters. These con- 
densers are .00015 mfd. (150 micro- 
microfarade) in capacity. They are 
suitable for use with any plug-in 
coils. Order Cat. SW -S-150 @ $1.50. 
To provide regeneration from plate 
to grid return, for circuits calling 
for this, use .00025 mfd. Order 
Cat. SW -S-250 CO $1.51. 

/ 

Trimming condensers are built into 
this modeL The condenser may be 

mounted on bottom or on side. 
The shaft is removable, also the 
plates are removable, so you can 
take out one section and operate 
as a three -gang. 

zz 
GUARANTY / RADIO GOODS CO.. 

143 West 45th St.. 
N. Y. C.ItY 

(Just East of Broadway.) 

Enclosed find 3 fer 
which ship designated parta: 

Street Address 
A four -gang condenser of good, sturdy construction and reliable per- 

formance fits into the most popular tuning requirement of the day. 
It serves its purpose well with Cho most popular screen grid designs, 
which call for four tuned stages, including the detector input. 

/ 
City State 

the following merchandise as advertised: 
Cat. XS -4 @ 10e Cat. EQ-100 @ 35c 

count you can contrive to get, about twice as much as la charged D Cat. KH-3 B 85c Cat. SC -3 G-5 @ 34.80 
for the one illustrated and even then the trimming condensers / E Cat. XS -8 @ 15c Cat. SPL-4 G-3 @ $3.05 are not included. The queatios then arises, has quality Cat. ñHD-3 @ $1.70 Cat FL -4 @ 30e been sacrificed to meet a pricey As a reply, read the / 

twenty-six points of advantage. The first consideration / E Cat. RL -3 @ 12e E Cat. SW -S-150 
was to build quality into the condenser. The Cat. DD -0-100 @ 31.50 E Cat. SW -S-250 
accuracy is 99,4%. ALL PRICES ARE NE7 

Ordinarily a good condenser of Chie type costa, at the best dis- 
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Headquarters for Outstanding Books FREE! 
"AUDIO POWER AMPLIFIERS" -Anderson and Bernard "Radio Manual" -Sterling 

1 AUDIOk 

iiPOWER 
dAMPLI ' 

FIERS 

"Audio Power Amplifiers" is the first and only book on this important 
subject. The authors are: 

J. E. Anderson, M.A., former instructor in physics, University of Wisconsin, 
former Western Electric engineer, and for the last three years technical editor 
of "Radio World." 

Herman Bernard, LL.B., managing editor of "Radio World." 
The book begins with an elementary exposilton of the historical development 

and circuit constitution of audio amplifiers and sources of powering them. 
Prom this simple start it quickly proceeds to a well -considered exposition of 
circuit laws, including Ohm's laws and Kirchhoff's laws. The determination 
of resistance values to produce required voltages is carefully expounded. All 
types of power amplifiers are used as examples: AC. DC, battery operated and 
composite. But the book treats of AC power amplifiers most generously, due to 
the superior importance of euch power amplifiers commercially. 

CHAPTER I. (page 1) General Principles, analyzes the four types of 
power amplifiers, AC, DC, battery -operated and composite, illustrates them in 
functional blocks and schematic diagrams. -CHAPTER II. (page 20) Circuit 
Laws, expounds and applies Ohm's laws and those known as Kirchhoff's laws. - 
CHAPTER III. (page 35) Principles of Rectification, expounds the vacuum 
tube, both filament and gaseous types, electrolytic and contact rectifiera, full -wave 
and half -wave rectification, current flow and voltage derivation. Regulation curves 

for the 280 tube are given. -CHAPTER IV. (page 62) Practical Voltage Adjust- 
ments, gives the experimental use of the theoretical knowledge previously imparted. 

Determination of resistance values is carefully revealed -CHAPTER V. (page 72) 
Methods of Obtaining Grid Bias. -CHAPTER VI. (page 90) Principles of Push -PLR 

Amplifier. -CHAPTER VII. (page 98) Oscillation in Audio Amplifiers, motorboating 
and oscillation at higher audio frequencies. -CHAPTER VIII. (page 118) Characteristics 

of Tubes, tells how to run curves on tubes, how to build and how to use a vacuum tube 
voltmeter, discusses hum in tubes with AC on the filament or heaters and presents families 

of curves, plate voltage -plate current, for 240, 220, 201A, 112A, 171A, 227 and 245, with 
load lines. Also, plate voltage -plate current characteristics of 220, 200A, 201A, 112A, 171A, 

222, 240, 226, 227, 224, 245, 210, 250, full data on everything. There is a composite table 
(II) of characteristics of Rectifier and Voltage Regulator Tubes, and Individual tables, giving 

grid voltage, plate current characteristics over full useful voltage rangea for the 220. 201A, 112A, 
171A, 222, 240, 227, 245 and 224. -CHAPTER IX. (page 151) Reproduction of Recordings, states 

coupling methods and shows circuits for best connections. -CHAPTER X. (page 161) Power 
Detection. -CHAPTER XI. (page 121) Practical Power Amplifier, give AC circuits and shows the 

design of a sound reproduction system for theatres. A page is devoted to power amplifier symbols. - 
CHAPTER XII. (page 183) Measurements and Testing, discloses methods of qualitative and 

quantitative analysis of power amplifier performance. Order Cat. APAM. 

"FOOTHOLD ON RADIO" In simple English that any one can understand, the 
technical aide of radio is presented by Anderson and Bernard in their book, "Foothold on Radio." Any one who can read English can understand this book. It is 

intended for the sheer novice. The treatment is non -mathematical. The origin of the broadcast wave, Its radiation, reception, amplification and rectification ore set forth in clear language. Side bands are explained simply. The types of receiving circuits are illustrated, described and contrasted. A chapter is devoted to loudspeakers, explaining the different kinds and the principles of their Operation. Performance is compared. Audio coupling is fully explained, also the action of the vacuum tube, with a special analysis of plate current and its behavior. Those who 
have been thirsting for a book that readily reveals the marvels of the radio science will appreciate this little 
volume. Paper rover 60 pages, fully Illustrated. Published May, 1930. Order Cat. FOR. 
a4THE SUPERHETERODYNE" This is a new volume by Anderson and Barnard 

dealing with the principles and practice of the Super- heterodyne method of receiving. It explains the function of the oscillator, the modulator, the pre -modulator selector, and the Intermediate frequency amplifier. It explains the cause of repeat points and gives methods for avoiding 
them or minimizing their effect. It expounds the relative advantages and disadvantages of high and low intermediate frequencies, and shows the effect of selectivity on the quality. 

It Illustrates various forms of oscillators and tells of the advantages of each. Different types of modulators and pick-up systems are explained and their advantages stated. Different methods of coupling in the intermediate frequency amplifier are shown. 
Image interference is discussed in detail and methods given by which It may be reduced. 
A special method of ganging the oscillator to the radio frequency condensers is explained, a method which allows either the high or the low oscillator setting to be selected by means of a variometer in the oscillator circuit. 
One section is given over to coil design for the radio frequency tuners, the oscillator, and the intermediate 

frequency filter. 
Audio amplifiers suitable for superheterodyne` are also described. These include transformer, resistance, and 

push-pull amplifiers both for AC and DC. 
While the book is primarily intended to expound the principles of the Superheterodyne. the practical phase has not been neglected. Detailed descriptions of AC and DC superheterodyne`, designed in conformity with best practice and sound applications of the principles, have been included in the book. These descriptions are well illustrated. Order ('at. ABSH. 

115 LATEST COMMERCIAL SET DIAGRAMS -Rider 
Schematic diagrams of 115 latest commercial receivers, including screen grid, collated by John F. Rider, into Supplement No. 1, each diagram on a separate sheet 834z11 inches. Needed by every service man. "Trouble Shooter's Manual," by Rider, contains 200 diagrams, but the present 115 are additional and up to date. No duplication. Audlola 30B and 7330; Balklte F; Crosley 41A, 42 A,C., 609, 600 A.C., 20, 21, 22. 31S, 30S, 335. 804 A.C.. 408, 418, 425, 820, 609. 618, 628; Sonora TP, A30 ASS, B31, ASO, A40, A44; Kennedy 80, 10, 20; Stewart -Warner 900 A.C 950 battery, 050 A.C., 950 D.C., Model B; Radiola 44, 47, 66; Majestic 90, 9P6 power unit, 9P3 power unit; Stromberg -Carlson 641, 842, 896; Edison RI, R2, C2 (50 and 25 cycles), R5 and C4, Cl; American Duch 54 D.C.; Victor R32 and RE45; Grebe SK4 A.C. (early model), 8K4 A.C. (late model), SK4 D.C., 428; Traveler A.C. 

Dower pack; Erie 224 A.C. screen grid; Silver -Marshall 30B, SOC, 30D, 30E; Eveready 1. 2 and 3, Series Si. Series 40, Series 50; Steinite 40, 50 and 102, 50 power unit; All American Mohawk 96 (60 cycle), 90 (25 cycle), 90 (60 cycle), 70, 73 and 75; Gulbranson Model O (early model). Model C (late model); Bremer -Tully 7-70 and 7-71. 81, 82; Earl 21, 22, 31, 32, 41, 42; Phileo 85, 78, 87, 95 screen grid; Peerless Electrostatic series, screen grid; Fada 20, 20Z, 22 battery, 25, 252, 25, 252, M250, M250Z, Electric units, 35, 35Z, 75, 77; Brunswick 5 NCO Radio Chassis Schematic, NC8 Audio Chassis Schematic, NC8 and 3 NC8. Audio Chassis Schematic. 5 NC8 cabinet wiring, 3 NC8 Radio Chassis Schematic, 3 NC8 cabinet wiring, S14, 821, 831, 081, 082 screen grid Radio Chassis Schematic, 514, 821, 831, S81, 882 screen grid Radio Chassis Actual, 814, 821, S81, 889 Audio Chassis Schematic (25 cycle), 814, 821, 881, 882 Audio Chassis Schematic (60 cycle), 514, 821, 581, 582 Audio Chassis Actual (25 cycle), 814, 821, 581, 882 Audio Chassis Actual (60 cycle). S31, Audio Chassis Schematic (60 cycle) 831, Audio Chassis Actual (80 cycle), 3 KR8 cabinet wiring, 3 ERS Radio Chassis, 3 Kite Audio Chassis Schematic, 3 KR8 Audio Chassis Actual. 5 NO Radio Chassis Schematic, 5 NO Socket Power Schematic, 5 NO Socket Power Actual, 3 RRO and 3 KR6 Radio Chassis, 3 RRO and 3 KRO Socket Power, 5ñß, 5KRO, 2KRO Socket Power, 5KR, 5KRO, 3RRO, 2KRO, 5K116 Socket Power, SKR, 5KRO, 2KRO, SERE Radio Chassis; Amrad Bel -Canto series; Spartan 89, 89A, 49, ensemble, 931, 301 D.C., 931 A.C., 110 A.C., 301 A.O. Order Cat. SUPP. No. I. 

"Trouble Shooter's Manual" 
The first comprehensive volume devoted exclusively to the topic uppermost in every service man's mind is "Trouble Shooter's Manual," by John F. Rider. 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. 

Radis World. 145 West 45th Street, New York, N. Y. (lust East of Broadway -Phone BRYant 0558.) 
Enclosed please find $ for which please enter my subscription for RADIO WORLD for specified period and send free (postpaid) the one premium book designated by my cross in square. 

D ABSH 52.00 for 16 weekh (I6 issues) TTU 
FOR $3.00 for 6 months (28 Issues) D Supp. No. 1 

D MOR 
$4.00 for 34 we ek MWPRC ues) 

CI MWT 
$5.00 for 42 .(WPRsaueb) 

$8.00 I year (52 
M-ELEMsu D APAM TSM 

TEL REX PRK 
RPM $7.00 for 60 weeks (60 Issues) 
MAN $10.00 for 86 weeks (86 Issues) 

DRA $12 tDRTTyears (104 Issues(3M-PAIN 

Name 

Address 

City State 
If extending existing subscription put cross here 

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. 

MORE THAN 100 WIRING DIAGRAMS OF RE- 
CEIVERS MADE BY MORE THAN FORTY DIF- 
FERENT SET MANUFACTURERS ARE PUBLISHED 
IN THIS BOOK, INCLUDING OLD MODELS AND 
LATEST MODELS! RCA. ATWATER RENT, CROS - 
LEY. MAJESTIC. ZENITH. STROMBERG CARLSON. 
HOLSTER, FEDERAL, FADA, ETC. 240 pages, size 
81 x 11": 200 illustrations. Imitation leather cover. 
Order Cat. TSM. 

"Mathematics of Radio" 
"Mathematics of Radio," by Rider, 128 pages, 834 x 

11", 119 illustrations, bridges the gap between the 
novice and the college professor. It gives a theoretical 
background so necessary for a proper understanding of 
radio and audio circuits and their servicing. Formulas 
for capacity, inductance, impedance, resistance, etc.. are 
explained. Flexible cover. Order Cat. MOR. 

"Treatise on Testing Units" 
"Treatise on Testing Units for Service Men," by 

Rider, is a 43 -page. illustrated book on testing units 
and circuits. Tells what equipment a service man should 
have and how to Uee it most effectively and quickly. 
Order Cat. TTU. 

The new edition of 
"The Radio Manual" 
answers questions 
about the principles, 
methods, or apparatus 
of radio transmitting 
and receiving. A 
complete course in 
radio operation in a 
single volume. 

20 big chapters 
cover: Elementary 
Electricity and Mag- 
netism; Motors and 
Generators; Storage 
Batteries and Charg- 
ing Circuits; The 
Vacuum Tube; Cfr - 
cults Employed in 
Vacuum Tube Trans- 
mitters; Modulating 
Systems and 100% 
Modulation; Wave - 
meters; Piezo-Electric 

Oscillators; Wave Traps; Ma- 
rine Vacuum Tube Transmit- 
ters; Radio Broadcasting 
Equipment; Arc Transmitters; 
Spark Transmitters; Commer- 
cial Radio Receivers; Marconi 
Auto -Alarm: Radio Beacons 

and Direction Finders; Aircraft Radio Equipment; Practical Television and Radiomovies; Eliminating 
Radio Interference; Radio Laws and Regulations; 
Handling and Abstracting Traffic, 

The author, G. E. Sterling, is Radio Inspector and Examining Officer, Radio Division, U. 8. Dept. of 
Commerce. Edited by Robert S. Kruse. Nearly 900 
pages. 369 illustrations; flexible fabrikold cover. Order 
Cat. MAN. 

"Principles"-Morecroft 
The outstanding book by Prof. John H. 

Morecroft is "Principles of Radio Communi- 
cation," of which the new second edition is 
now ready, Prof. Morecroft, of the Electrical 
Engineering Department of Columbia Uni- 
versity and past president of the Institute of 
Radio Engineers, is a noted authority. Set 
builders, experimenters, distributors, dealers, 
salesmen and teachers, students and operators, 
all find Morecroft their standby, and now the 
new second edition awaits you. 1,001 pages 
and 831 illustrations in this cloth -bound vol- 
ume. Order Cat. M-PRIN. 

"Elements"-Morecroft 
A good book for beginners is Prof. More - 

croft's "Elements of Radio Communication," 
to inform you authoritatively on the technical 
phases of radio in plain language, provided 
you have some foundation knowledge of radio. 
The book is a complete course on the elements 
of radio, containing much material never be- 
fore published. It has 226 pages, 170 illus- 
trations and a complete index. Cloth bound. 
Order Cat. M-ELEM. 

"Tubes" -Moyer & Wostrel 
The need for an up-to-date 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 radie engineering, Division of University Extension, Massachusetts Department of 
Education. This book is a complete discussion of tube principles, functions and uses. The essential principles 
underlying the operation of vacuum tubes are explained 
in as non -technical a manner as is consistent with 
accuracy. The hook covers the construction, action. re- activation 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. 
M WT. 

By the same authors: 
"Practical Radio." inrludine the testing of radio 

receiving sets. 378 pages, 223 illustrations. Cloth bound. Order Cat. M WP R. 
"Practical Radio Construction and Repairing," 319 

Pages, a companion volume, new second edition. Order 
Cat. MWPRC. 

OTHER BOOKS 
"ABC of Television." by Raymond Francis Yates, 

tells the whole story and gives data on construction of 
a television receiver. 210 pages, 100 illustrations. 
Cloth bound. Order Cat. TEL. 

"Drake's Encyclopedia," new edition, 234" thick, 
weighs 3% lbs., 920 pages, 1,025 illustrations, Order 
Cat. DRA. 

"Experimental Radio," by R It. Ramsey, Ph.D.. 
Prof. Physics, Indiana University, 255 pages, 168 illustrations. Cloth cover. Order Cat. REX. 

"Fundamentals of Radio," by Ramsey. 371 pages, 
402 illustrations. Order Cat. RFM. 

"Principles of Radio," by Keith Henney, 
former director, laboratory, Radio Broadcast. 477 pages, 305 illustrations. Order Cat. PRK. 

"Radio Telegraphy and Telephony," by Rudolph L. Duncan and Chartes F Drew, of Radio Institute of America. Order Cat. RTT. 
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HighGain Shielded Coils 
ASHIELDED radio frequency 

transformer for use as an- 
tenna coupler or as inter - 

stage coupler, 
Theer,coilfor isrowounen did 

c 
on 

ira 

1% -inch diameter bakelite form 
with No. 28 enamel wire, primary 
on the outside, separated from the 
secondary by an insulating 
wrapper 42/10,000 -inch thick. This 
moisture -proof Insulation 1s so 

shaped that It completely insu 
lates the primary from the sec- 
ondary, preventing short-circuit. 
The coil form is mounted 
on a wooden base, which 
base has the removable 
shield bottom fastened to 
it. The drawn alumi- 
num shield fits snugly 
over the wooden base, 
and coils remain always 
erect and amply spaced 
from the shield wall in all 
directions. The shielded 
coils are suitable for 
baseboard or metal chassis 
mounting. The four leads 
emerge through an in- 
sulated bole in the shield 
bottom. 

The coil comes already mounted on a shellacked wooden base, which is fastened 
factory to the shield bottom. Series A coil is illustrated. 

at the The external appearance of the shield, with four 6/32 machine 
screws and nuts, which are supplied with each coil assembly. 

Precisely Matched for Gang Tuning 
ONE primary lead -out wire from the coil. 

for antenna or plate connection, has a 

braided tinned alloy covering over the insu- 
lation. This alloy braid shields the lead against 
stray pick-up when the braid alone is soldered 
to a ground connection. The outleads are 6 inches 
long and are color identified. The wire terminals 
of the windings themselves, and the outleads, are 
soldered to copper rivets. Each coil comes com- 
pletely assembled Inside the shield, which is 2% 
inches square at bottom (size of shield bottom) 
and 3% inches high. High impedance primaries 
of 40 turns are used. Secondaries have 80 turns 
for .00035 mid. and 70 turns for .0005 mfd. 

BP -8 is the coil at 
bottom. 

Junior Model Inductances 

E 

The Series B coils have the same Inductance and the same shields as the series 
A coils, but the primary, instead of being wound over the secondary, with special 
insulation between, is wound adjoining he secondary, on the form, with r, -inch 
separation, resulting in looser coupling. No wooden base is provided, as the 
bakelite coil form is longer, and is fastened to the shield bottom piece by means 
of two brackets. No outleads. Wire erminals are not soldered. Order Cat. 
B -5H-3 for .00035 mfd. and Cat. B -SB 5 for .0005 mfd. 

BT -L for the antenna stage and BT -R for the detector 
input. BT -L consists of a small primary, with suitable 
secondary for the .00035 mfd. condenser supplied. BT -R 
has two effective coils: the tuned combination winding in 
the RF plate circuit, the inside fixed winding in the 
detector grid circuit. 
The moving coils must be "matched." This is done 
as follows: Turn the condensers until plates are fully 
enmeshed, and have the moving coils parallel with the 
fixed winding. Tune in the highest wavelength station 
receivable-above 950 meters surely. Now turn the moving 
coils half way round and retune to bring in the station. 
Th. setting that represents the use of lesser capacity of 
the condenser to bring in that station is the correct one 
If gang tuning is used, put a 20-100 mmfd. equalizing 
condenser across the secondary in the antenna circuit ani 
adjust the equalizer for a low wavelength (300 meters 
or less). 

EXTREME accuracy in winding and spacing is essential for coils used In 
gang tuning. These coils are specially suited for gang condensers, because 
the inductances of all are identical for the stated size condenser. The coils 

are matched by a radio frequency oscillator. The color scheme is as follows: 
shielded wire outlead 1s for antenna or plate; red is for ground or B plus. (These 
options are due to use of the same coil for antenna coupling or interstage coupling.) 
Blue is for grid and yellow is for grid return. For .00035 mfd. the Cat. No. 1s 
A -40-80-S. For .0005 mfd. the Cat. No. is A -40-70-S. 
Where a band pass filter circuit is used the small coupling coil to unite circuits is 
Cat. BP -6. The connection is illustrated herewith. 

Coils for Six -Circuit Tuner 
Series C coils for use with six tuned circuits, as in Herman Bernard's six -circuit 
tuner, are wound the same as type A shielded coils, but the shields are a little 
larger (31/16 -inch diameter, 3% inches high), and there are no shield bottoms. 
as a metal chassis must be used with auch highly sensitive en cuito. Fasten the 
brackets to the shield and then, from underneath the chassis, fasten the other arm 
of the two brackets to the chassis. Order Cat. C -6 -CT -5 for .0005 mfd. and Cat. 
C -6 -CT -5 for .00035 mfd. Five needed for Bernard's circuit. If band pass filter 
coupling coil is desired order Cat. BP -6 extra. 

For a stage of screen grid RF', either for battery 
type tube, 222, or AC, 224, followed by a grid -leak - 
condenser detector, no shielding is needed, and higher 
per -stage amplification is attainable and useful. This 
extra -high per -stage gain, not practical where more 

than one RF stage is used, is easily 
obtained by using dynamic tuners. 
Two assemblies are needed. These 
are furnished with condensers erected 
on a socketed aluminum base. Each 
coil has its tuned winding divided 
into a fixed and a moving segment. The 
moving coil, actuated by the con- 
denser shaft itself, acts as a vario - 
meter, which bucks the fixed winding 
at the low wavelengths and aids it at 

the high wavelengths, thus being self -neutralizing and 
maintaining an even degree of extra -high amplification 
throughout the broadcast scale. 
Two assemblies are needed. For AC operation (224 
RF and 224 or 227 detector), use Cat. BT -L -AC and 
BT -R -AC. For battery or A eliminator operation 
(222 RF and any tube as detector), use Cat. BT -L -DC 
and BT -R -DC. 

IMM .1»111, 

Screen Grid Coll Co., 143 West 45th Street. New York (Just East of Broadway): 

Enclosed please find E (Canadian must be express or P. O. Money Order), for which 
send me prepaid the following: 
D A -40-80-S, each 

Matched set of four A -40-80-S 31.00 
A -40-70-S, each 2.25 B -SH -5. each 1.00 

1.00 

SBT-L-Ad CsandfBT R-AC-4 as emS bled, withOcondenserMlink, 
edsocket 

toaf ndo 
ubae,SperSpair 

6.00 D BT -L -DC and BT -R -DC, assembled, with condenser, link, socket, base, Der pair 6.00 D C -6 -CT -5, .0005 mfd. shielded coil for six -circuit tuner each $2.25 
C -6 -CT -3, .00035 mfd. shielded coil for six -circuit tuner.. each $2.25 BP -6 .............. ..... ...................................25 CI. . EQ-100, equalizer of 20-100 mfd. capacity, made by Hammarlund .35 (Note: All coils come with shields. except BP -6 and BT -L.1 

E2.25 D B -SB -3, each 
10.00 Matched set of four B -8H-3 

NAME ADDRESS 

CITY STATE 
D If ordering C.O.D. put cross here. Post office fee will be added to prices quoted. 
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New Polo Power Transformers and Chokes 

Shielded single choke, 200 ohms D.C. resistance, non - 
saturable at 100 milliamperes, with two black outleada, 
each 8 inches long. For filtration of B supplies. In- 
ductance, 30 henrys. 
Cat SH-S-CH. price $5.00 

The shielded single choke will pass 100 ma. One 
will suffice if the current is 100 ma. or less, for filtra- 
tion of B supplies, provided the capacity at the filter 
output is 8 mfd. or more. Use two such shielded 
chokes if less than 8 mfd. i5 used at the filter output. 
Also, the shielded single choke may be used as in the 
power tube circuit for an output filter. In this con- 
nection use at least 2 mfd. for the capacity section of 
the filtered speaker output. Order Cat. 8H -S -CH e $5.00 

The shielded double choke may be used for filtration 
where the B current is 60 ma. or less, with relatively 
small filter capacities, no less than 4 mfd. at the out- 
put, however. This choke consists of one winding, center - 
tapped. Its use is especially recommended for 171, 171A, 
245 or 210 push-pull output. Connect the black lads 
(extremes of windings) to plates of the push-pull tubes, 
red center tap to B plus. and the speaker may be con- 
nected directly to plates without any direct current, but 
only signal current, flowing through the speaker. This 
system is applicable only to push-pull. Order Cat. 
SR -D -CH @ 06.00 

In the same type of ease a 20 -volt secondary filament 
transformer, for 110 volts, 50-133 cycle, may be obtained 
for use in conjunction with dry rectifiers, such as Kuprox, 
Westinghouse, Benwood-Lanze and Elkon, in dynamic 
speakers or A battery eliminators. Not made for 25 or 40 
cycles. Order Cat. SR -F-20 @ $2.50 

Twenty -volt filament transformer, 110 v. 50-133 cycle input, for use in conjunction with dry rectifiers. It will 
pass 2.25 amperes. 

In a different type ease, square. of cadmium plated steel 
with four mounting screws built in. size 41/2 inches wide by 
5% Inches high by 4 inches front to back, 50-60 cycle 
filament transformer is obtainable with the same wind - 
Inge as the 245 power transformer, except that the high 
voltage secondary is omitted. Order Cat. 245- FIL, 

34.50 For 40 cycles order Oat. 245 -FIL -4i @ 7.00 For 25 cycle' order Cat. 245 -FIL -25 8 80 
[Any of the above three in the same case as the 245 

power transformer, © $1.00 extra. Add PTC after the 
Cat. number.] 

A single choke, unshielded, 65 ma rating, 30 henrys 
inductance. for B filtration or single output filter of 
speaker. is our Cat. US -S -CH @ 31.25 

Polo Engineering Laboratories. 143 West 45th St., New 
York, N. Y. 

Enclosed please find $ for which chip at once: 
Cat. 245 -PT @...30.50 Cat. 245 -FIL @ 04.50 
Cat. 245 -PT -40 @ 9.50 Cat. 245 -FIL -40 @ 7.00 
Cat. 245 -PT -25 @ 12.00 Cat. 245 -FIL -25 @ 8.50 
Cat. 8H -S -CH a 5.00 Cat. SH -F-20 e. 2.50 
Cat. 8H -D -CH- a 6.00 Cat. UN -S -CH @. 1,25 
P -2.5-D a 3.75 

Note: Canadian remittance must be by post office or 
express money order. 

If C.O.L. shipment is desired, put cross here. No C.O.D. on 25 and 40 cycle apparatus. For these full remittance must accompany order. The 25 and 40 cycle 
apparatus bears the 50 -60 -cycle label, but you will get 
actually what you order. 

Name 

Address 

City State 

245 Power Transformer for use with 280 rectifier, to deliver 300 
slightly higher voltage at lower drain, and supply filament voltages. 
Cat. 245 -PT price 

The Polo 245 power trans- 
former Is expertly designed 
and constructed, wire, silicon 
grade A steel core and air gap 
large enough to stand the full 
rated load. The primary is 
for 110v A.C., 50-60 cycles. 
tapped for 82.5 volte in case 
a voltage regulator, such as a 
Clarostat or Amperite, is used. 
The black primary lead ie 
common. If no voltage regula- 
tor is used, connect black lead 
to one side of the A.C. line, 
green lead to the other aide 
of the line, and ignore red 
lead, except to tape the end 
For use with a voltage regu- 
lator (82.5 -volt primary) use 
red lead and ignore the green 
except to tape the end. The 
secondaries are: high voltage 
for 280 plates, with red cen- 
ter tap to ground; 2.5 volts, 
3 amperes, red center tap to 
C plus, for 245 output, single 
or pushpull; 5 volte, 2 am- 
peres, red center tap, as posi- 
tive B lead, for filament of 
280 tube; 2.5 volts, 16 am- 
peres, red center tap to 
ground, for 224, 227 and pen- 
tode tubes, up to nine heater 
type tubes. Hence there are 
five windings. 

All LNaanr,NlN4 

POLO 
POaEa tgaa5[OeMEa 

o,. 

Bottom view of the 245 power 
transformer. All leads are plainly 
marked on the nameplate, Including 
the top row. 

A special filament trans- 
former, 110 v., 50-60 cycles. 
with two secondaries, one of 
2.5 r. 3 amp. for 2955. single 
or push-pull, other 2.5 v. 12 
amperes for 224. 227, etc , 
both secondaries center -tapped 
Shielded case. 6 ft. AC 
cable, with plug. Order 
Cat. F -2.5-D a $3.75 

volts D.C. at 100 milliamperes, 

30.50 

The conservative rating of 
the Polo 245 power transformer 
insures superb results even st 
maximum rated draw, working 
up to twelve tubes, including 
rectifier, without saturation, or 
overheating due to any other 
cause. This ability to stand 
the gaff requires adequate size 
wire, core and air gap, all of 
which are carefully provided. At leas than maximum draw 
the voltages will be slightly 
greater, including the filament 
voltages, hence the 16 ampere 
winding will give 2.25 volts 
at maximum draw, which is an 
entirely satisfactory eperating 
volîage, increasing to 2.5 volts 
maximum as fewer than a total 
of nine RF, detector and pre- liminary audio tubes are used. 

The avoidance of excessive 
heat aids In the efficient oper- 
ation of the transformer and 
In the minimum of good 
regulation, for excessive heat 
increases the Iesistance of Use 
windings. 

The transformer is equipped 
with four slotted mounting feet 
and a nameplate with all leads 
Identified. It fa .e of the 
very finest instruments on the 
radio market. 

Highest Capacity of Filament Secondary 
SPECIAL pains were taken in the design and manufacture of the Polo 245 power transformer to meet 

the needs of experimenters. For instance, excellent regulation was provided, to effect minimum change 
of voltage with given change in current used. Also, the 2.5 volt winding for 11F, detector and 

preliminary audio tubes, was specially designed for high current, to stand 16 amperes, the highest capacity 
of any 245 power transformer on the market. Hence you have the option of using nine heater type tubes. 
The shielded cue is crinkle brown finished steel, and the assembly le perfectly tight, preventing mea4aical 
vibration. 

The power transformer weighs 111 lbs., is 7 inches high, 47% inches wide, and 41/2" front to back, 
overall. 

Elevating washers may be used at the mounting feet to olear the outleada, or holes may be drilled in 
a chassis to pass these leads, and the transformer mounted flush. 

Advice in Use of Chokes and Condensers in Filter 
With the 245 power transformer either one or two single chokes should be used, or a shielded double 

drake. depending - on the current drain and the capacity of filter condenser used. Where the capacity 
at the output la 8 mfd. or more for a drain of 65 to 100 ma., a single choke will suffice (Cat. SH -B -CH), 
but where smaller output capacity than 8 mfd. is used on such drain. two such chokes should be used in 
series. Next to the rectifier, in either instance. use a 1 or 2 mfd, 550 A.C. working voltage rating 
condenser (D.C. rating, 1.000 volts). You may use your choice of capacity at the midsection. 

If the drain is to be 65 milliamperes or less, the double choke, Cat. 0H -D -CH, may be used fer 
filtration, instead of two single shielded chokes. 

The Polo 245 Dower transformer may be obtained for 25 cycles or 90 cycles on special order, es these 
are not stocked regularly, and remittance must accompany order. The same guaranty attaches to them as 
to all other Polo apparatus -money back if not satisfied after trial of five days. In these the primary and 
secondary voltages and taps are the same, only the case is deeper (front to back) because of larger 
core and wire for lower frequency. 
For 40 cycles order Cat. 245 -PT -40 e $9.50 
For 25 cycles order Cat. 245 -PT -25 e $12.50 

[No:e: The filter for 40 cycles should consist of two shielded single chokes, Cat. SH -S -CH, with 2 
mfd next to the rectifier and 4 mfd minimum at the joint of the two chokes and at the end of the 
filter. For 25 cycles the same holds true, except that the output capacity at end of chokes should be 8 
mfd. minimum.] 

We Make Special Transformers to Order 
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