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MONEL METAL 
The craze among machmists is Monel metal 

rings. We often see this silver like metal 
upon their oily and greasy hands, as they 
reach out for their seemingly outrageous fee 
for putting the family Lizzie in shape. Note 
how bright the metal seems, never tarnishing 
like silver, and itself almost as cheap as dirt. 

Mon el metal is an alloy of 67 % nickel, 28 :,·o 
copper and about 5% iron, manganese, or sil­
icon, but no zinc or aluminum. 

Monel metal is non-corrodible, strong as 
steel, and tough and ductile. It is an indi­
vidual alloy, having many uses, and supplant­
ing many metals heretofore used in commer­
cial and manufacturing circles. It has been 
used as electrodes for spark plugs for many 
years, standing up nobly under the strain 
and heat to which it is subjected. Most of 
the carburetors of today have their needle 
valves of Monel metal. Fountain pens have 
parts made of Monel metal to prolong their 
life against corrosive ink. Fishing tackle is 
made of Monel metal to protect it from salt 
water. Propellors for battleships, turbine 
wheels for hydroelectric plants, pumps for 
handling caustic or acid materials, dyeing 
vats, artificial limbs, incinerator and sewage 

handling machinery, all can be made more 
serviceable if constructed with the wonder 
metal, Monel. 

Nature took a hand in providing us with 
this most useful Monel metal. When the 
Canadian Pacific Railroad, in 1884, was under 
process of construction, a copper deposit was 
discovered during the excavating. During 
the course of working the metal it was found 
that it was not pure copper, but one contain­
ing both copper and nickel. Various devices 
made of the copper-nickel alloy, were, in 1905, 
found to be vastly superior to certain types 
of noble metals and high-strength steels. 

Upon further investigation, it was found 
that if the natural copper-nickel alloy was not 
refined, and when this operation of removing 
the nickel was not carried out, the superior 
metal, Monel resulted. 

Thus it can be seen that nature gave us a 
wonderfully useful metal, even mixing the 
metals to the correct proportion in her under­
ground laboratory to await the time that man 
would shape it into his needs. 

1{aymond B. Wailes. 
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ton, D. C., under the act o.f March 3, 1879. 
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From The Heart Of The Scientific World 
VOLUME 1 JUNE, 1921 NUMBER 9 

THIS RADIO 
This radio, this wireless stunt, 

how did it start, who bore the 
brunt, of sleepless nights, of 
wearied days, devising schemes 
and sundry ways, to pluck from 
out the atmosphere, etheric 
waves lain hidden there. Who 
spent the money and the time, 
who first doped out the proper 
line, of using coil and spark and 
code, to send our thoughts a hik­
ing far, o'er land and sea in this 
new mode. Who, think you, was 
the nervy guy, who told the 
world the reason why, the ships 
at sea, no more need be, alone, cut 
off from shore since he, now had 
the proper dope. Before that 
time there had been men, who 
noticed something happened 
when, a spark was made, but 
there they stopped, they did not 
see how to apply, this sparkling 
stunt, nor reason why, and so the 
matter dropped. A young Italian 
won the fame, Marconi was the 
dreamer's name, with vision 
wide he looked ahead, he saw 
what others missed and said, 
"We'll use the spark and waves 
it makes, to telegraph. It will 
not take, great wealth I'm sure 
to find a way, to use them and to 
make it pay." At first 'twas 
tough you may be sure, his lire 
were few, his junk was poor, en­
couragement he did not get, in 
copious gobs, nor even yet, re­
sults to bring him cheer. He 
stuck along, this fighting wop, he 
said, "I'll get you yet, old top," 
and then at last the thing was 
done, by sticking to it he had 
won, some signals he was getting 
through, which demonstrates the 

By P. F. GEAGAN 
good in glue. He then moved in 
The Hall of Fame, and started 
out to make the game, successful 
from the point of view, of those 
who needed it and knew, the val­
ue of the same. The progress 
made at first was slow, a million 
things they didn't know, we 
have with us today. That 1900 
stuff they had, was sure super­
latively bad, a bucking broncho 
or a mule, or any union labor 
fool, has nothing on those ·one 
horse shays. Marconi, the first 
one up to bat, had made a hit, 
and showed them that, the game 
was there to play. And so the 
others straggled in, to add their 
voices to the din, of patent 
claims to try and win, some of 
the kale and pay. Advancing 
then with rapid strides, the 
game became the hectic bride of 
those with dollars in their jeans, 
those with the dough that makes 
things go, but little in their 
beans. New companies, a score 
or more, sprang up, and then 
there sprang some more, each 
one was absolutely sure, they 
had the stuff required to cure, 
all wireless pains and ills. The 
patent office was a fright, they 
struggled hard both day and 
night, to try and glean from out 
the mass, of patent claims of this 
new class, some dope on what 
was right. Lawsuits and in­
fringement suits, went into 
court, there to dispute, the 
money of the mob away, the mob 
who always has to pay. At last 
the truth began to leak, stock­
holders started out to seek, a 
way they could unload. This 
did the game a world of good1 

it showed the companies where 
they stood, it told them they 
must hit the ball, or failing they 
would hit the wall. Improve­
ments started to arrive, from 
those of them who still survived, 
the old time junk, and all the 
punk soon disappeared not to 
revive. Marconi's dream was 
realized ; we had the thing he 
visualized, when he started on 
its way, the radio game we have 
today. Improvements still 'come 
thick and fast, we wonder how 
they worked in past, no ampli­
fiers, no undamped waves, no 
ground reception, what crude 
jays. We smile whene'er we see 
the cuts, in literature of what 
those mutts, of early days used 
for results. And so we work 
along each day, and wonder what 
tomorrow may, bring forth in 
way of beaucoup stunts, and who 
can say, it doesn't pay, to follow 
up a hunch. Marconi followed 
his a mile, the wise ones smiled 
the while he toiled, they pitied 
him a pile. But when he showed 
this small town bunch, the value 
of a hectic hunch, they flocked 
around and clawed the air, and 
tore their hair in their despair. 
Too late, alas, they realized, that 
this young kid who they'd de­
spised, was bringing home the 
lunch. The moral is, this radio 
biz, is still • yet infantile, so 
glance around, until you've 
found, an idea worth while. 
Then stay with it through thick 
and thin, remember you must 
stick to win; there's much to do, 

. there's far to go, in this young 
game 1 this radio. 
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TALKING MOTION PICTURES 
USING AUDIO- FREQUENCY CURRENTS 

Audio frequency currents have 
just come into their own sphere. 
We have heard much of their 
wonderful possibilities, and seen 
the results of many experiments 
in ship controlling and guiding, 
radio telephony, etc. 

Spool 14 contains the sensitive 
film, and also an iron wire which 
has the same length as the film, 
and unwinds in perfect cadence 
with the film. The light from 
the actors is transmitted 
through the lens of the camera, 
25. 

is recorded rnagnetically, upon a 
steel wire. 

The reproducing system is a 
reversal of the recording pro­
cess. It is shown diagramat­
ically in figure 2. 

The film and the steel wire 
impregnated with the actor's 
voice is unwound and the film 
image thrown upon the screen 
R. The steel wire unwinds in 
perfect synchronism with the 
film, and passes through mag­
nets 17, 17. Being magnetized, 
the wire creates a current in the 
magnets, which is amplified by 
the audion 18, intt> many times 
its original strength, and finally 
passes through the loud speaker, 
or horn, 19, placed at the rear 
of the screen R. 

Fig. 1. The transmitting end of the Audio=Frequency Talking Motion 
Pictures. The stage, or studio, is at S. 

One feature about this audio­
frequency is certainly commend­
able. As the actors withdraw 
off the stage, the voice at the 
reproducing end gradually dies 
out, or recedes with the actor. 

Extraneous stage noises have 
A late use of audio frequency 

currents is in talking motion pic-
tures. The system is simple, and 
gives absolute synchronism be­
tween the film and the amplify­
ing device used to reproduce the 
voice. 

In our illustration, figure 1, the 
stage or the motion picture stu­
dio is shown at S. Beneath or 
running along the sides of this 
stage is a loop of wire 4, con­
nected to the amplifying trans­
former 5, and the audion system, 
the output being transmitted to 
the magnets 13, 13. 

The actors . appear as inhab­
itants of a strange race when 
they place the loops of wire 1, 
over their shoulders, and adjust 
the telephone receivers 2, upon 
their brackets so that they are 
in proximity to the mouth. The 
loops of wire are composed of 
ten turns each, and the battery 
is an ordinary flashlight cell. 

The process is simple. When 
the actor speaks .the current 
through the coils 1-1, is modified 
by the transmitter, and an in­
duced current is set up in the 
coil 4, beneath the stage. The 
current thus set up is magnified 
by the audion apparatus, and is 
finally led into the magnets 13, 
13. 

Fig. 2. The reproducing system. It is by this apparatus that the audience 
listens to the speech of their favorite player canned on the stee·t wire in Mr. 

• Hanson's system. 

As the film passes by the 
lenses, the exposure is made, and 
ordinary motion picture film re­
sults. The iron wire passing 
through the space between the 
magnets at exactly the same rate 
as the film becomes permanently 
magnetized, strongly or weakly, 
according to the strength of the 
current produced by the varia­
tion of the inflection of the act­
or's speech. The speaker's voice 

absolutely no effect upon the re­
producer, as these extra noises 
do not affect the diaphragm of 
the transmitter worn by the act­
ors. Another feature with this 
system is, that as the actor turns 
his back upon the audience, his 
voice reproduced at the picture 
theatre acquiesces accordingly. 

Of course, the curses and 
hisses of the villain are repro­
duced very plainly-much to the 
satisfaction of the audience. 
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An Audio-Frequency Wireless Telephone 

Those of you who were inter­
ested in Mr. Hanson's system of 
audio-frequency, telegraphy and 
telephony described in a late is­
sue of Radio News are in line 
for a great treat. 

Since that time Mr. Hanson 
has devised a method by which 
it is possible to increase the dis­
tances possible with· audio-teleg­
raphy. 

By having reference to the 
diagram it will be clear to the 
reader that the current is ampli­
fied and then impressed upon 
the antenna. 

A transmitter in series with 
a small battery supply is con­
nected to the primary of a tele­
phone transformer. The second­
ary goes to the input of a vacu­
um tube and thence to the prim­
ary of the tuning transformer 
which is fitted with a variable 
iron core. The secondary of this 
transformer connects in the ae­
rial-ground circuit. Amateurs 
who are complaining about the 
expensive apparatus required to 
install an ordinary radio fre­
quency transmitting set or modu­
lated radio telephony should give 
considerable study to this sys­
tem. 

Mr. Hanson is to be congrat­
ulated and thanked a thousand 

CURIOUS MERCURY EXPER­
IMENT 

All liquids have a surface ten­
sion, or a tendency to pass into 
the gaseous state and permeate 
the air. Mercury at room tem­
perature gives off some mercury 
vapor. 

A curious experiment in sur­
face tension can be performed 
as follows : Take a drop of 
mercury and cover it with sul­
phuric acid, one of strong acid 
to ten of water. Drop a very 
minute crystal of potassium 
bichromate in the acid to color it 
a slight lemon yellow color. Note 
that the mercury globule is flat­
tened out. Now cautiously 
touch it on its side with a bright 
iron wire. The drop will imme­
diately hump up, and form a 
ball, only to flatten out again 
and come into contact with the 
wire (if it is held near enough), 
and upon coming into contact 

By EDWARD T. JONES 

times for his valuable contribu­
tion to the boys. I do not want 
to have my readers believe that 
this system is confined to ama­
teur work, but it can only be 
used for experimental purposes ; 
therefore the expostulations of 
glee! 

For the receiving equipment 
an ordinary amplifying trans­
former should be connected in 

TELEPHONE. TT 
INDUCTION COIL 

Large power tubes can be put 
to good use and with a little mod­
eration of the tuning trans­
former large currents at audio­
frequency can be transmitted 
over considerable distances. 

Audio-frequency is an entirely 
new field and Mr. Earl C. Hanson 
seems to be alone working ahead 
on devices employing these cur­
rents which will prove of great 

f1 

Note the 
simplicity in 
this· Audio= 
Frequency 
hook=up. 

Try 'er out, 
Fellers! 

AUDIO fREQUE.NCY PHONE 

the antenna ground circuit. The value in the very near future. 
sec~ndary to the input of the Experimenters should ex­
~ud~o~ and phones and B battery change their views through the 
m t .. ieir usual places.. . . columns of Experimental Science 

E_veryone . shoul? J om_ m a~d as we are going to push this au­
begm experimentmg wi~h th is dio-frequency apparatus to the 
typ•e of telephone. It is very r •t w •t t d "b · 
low in cost, very efficient in oper- imi • ri e. 0 us,_ escri mg 
ation and does not interfere with y~u~ results m detail. We are 
commercial land stations equip- willmg t? help you along-ask 
ped with detecting devices for us questions-Let's Go-Thank 
radio frequency currents. You, Mr. Hanson. 

with it, humps up again, only to 
fall back again. The process 
continues for quite a while, and 
is a very curious action to watch. 

Demonstration of Unique Mag­
netic Field. 

Remember the first lesson in 
electricity you had? It was in 
magnetism, and pretty magnetic 
lines of force were made by hold­
ing a magnet under a paper con­
taining iron filings. 

A very weird magnetic field 
can be shown by dropping some 
iron fillings, of rather a coarse 
texture, in some dilute sulphuric 
acid in a test tube, and holding 
a strong magnet on the outside 
of the tube. The hydrogen bub­
bles coming from the filings, to­
gether with the persistency of 
the filings to obey and "Fall In" 
the magnetic field, make it an in­
teresting sight. 

TABLE TYPE METER 

We all have tried using a pock­
et type ammeter or voltmeter in 
a permanent circuit, without 
soldering, and know what unsat­
isfactory service it gave us when 
connected this way. A pocket 
type ammeter or voltmeter can 
be converted into a table type 
instrument very easily. 

The instrument can be held in 
this position by means of a metal 
strip screwed on the underside. 
The wires to the terminals 
should be soldered. 
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WIRELESS TELEGRAPHY 
By E. T. JONES, A. M. I. R~ E. 

LESSON NUMBER FIVE---MOTOR GENERA TORS 

We learned from lesson two 
that by revolving a copper loop 
between the poles of two power­
ful electromagnets, so that the 
loop cut the magnetic lines of 
force created by the magnets, 
currents of electricity would be 
generated in the loop. It is nec­
essary then to provide some form 
of driving force for turning this 
loop of copper wire around in 
the magnetic field. Use is gen­
erally made of an electric motor, 
or some form of steam or gas 
engine. It is the electric motor 
with which we are to be pres­
ently concerned. There is no es­
sential difference between an 
electric motor and an electric 
generator than that the former is 
a machine for the conversion of 
electrical energy into mechanical 
work, while the latter converts 
mechanical energy into electrical 
energy. The same structure can 
be used for either service. 

f1G.20 

4. The wire 3-4 will be found 
to move through the mercury, 
into which its lower end dips. 
It will move towards. the reader, 
that is, at right angles to the 
direction of the current flow and 
at right angles to the magnetic 
lines, which are also deP'icted by 
arrows going from left to right 
between the two electro magnets. 
The battery supply creating the 
magnetic field is shown at 5. 
This experiment proves that A 
WIRE CARRYING A CUR­
RENT IN A MAGNETIC FIELD 
TENDS TO MOVE AT·RIGHT 
ANGLES, BOTH TO THE DI­
RECTION OF THE FIELD AND 
TO THE DIRECTION OF THE 
CURRENT. It is clear from the 
foregoing that if we were to take 
an ordinary generator and pass 
current through its armature 
windings, maintaining a strong 
electric field at its field poles, the 
former would revolve in a direc-

-+- ._ 

ftG. '21 

Fig. 20.-Wire Carrying a Current, in a Magnetic Field Caused by a 
Current from Battery. 

Fig. 21.-Coil in Magnetic Field as Shown Moves Its Left Side Toward 
the Reader. To Make Coil Rotate Continuously, a Commutator is Required. 

The study of the electric mo­
tor then requires a general 
knowledge of the fundamental 
principles of the generator. 
Principle of the Electric Motor. 

If a vertical wire 3-4 (See 
figure 20) is made to pass be­
tween the poles of electro mag­
nets in the manner shown and 
an external source of current­
for example, a dry cell battery­
sent through it in the direction 
shown by the arrows ; from .3 to 

tion depending upon the method 
of connection adopted. From 
left to right or vice versa, i. e., 
clockwise or counterclockwise re­
spectively. From the above it is 
also clear that the motor does 
not differ in construction at all 
from the generator or dynamo. 

Having further reference to 
figure 21a, if a current is sent 
through the coil as shown, i. e., 
entering at the right hand side 
of the coil and out of the left 

side, the wires on the left side 
of the coil will be urged toward 
the reader. The coil begins to 
rotate. After making a half 
revolution as shown at 21-b if 

FIG.22 

Showing the Purpose of the Com= 
mutator, the Heart of the Motor. 

the current is not changed in the 
loop it would be urged to return 
to its former position;· although 
no arrangement~ here are ·shown 
for that purP'ose in the commer­
cial type of motor, a device 
known as a commutator is em­
ployed for this very purpose. A 
very simple form of commutator 
is shown in figure 22. It com­
prises two semicircular strips ·of 
copper , mounted on the same 
shaft as the armature windings 

[)[]~~ 
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Effect of Magnetic Field on Wire 
Carrying and not Carrying a Current. 

and connected to the latter. In 
the drawing it is clear that ex­
ternal current supply 6 is pass­
ing through the looP' through the 
right hand side and returning 
through the left hand sid~. The 
magnet poles are arranged as 
shown, North pole to the right 
and South pole to the left. In 

' 



this position the armature or 
loop will revolve counter-clock­
wise, i. e., from right to left, as 
shown by the large arrow. The 
commutator acts ·to change the 
current flow in the loop just at 
the point when the loop reaches 
the position shown in figure 21-b. 
This forces the loop to continue 
revolving at all times. 

+ 
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FIG, 26 

A much better understanding 
of the principle of the electric 
motor will be obtained from the 
following description and illus­
trations. At figure 23-a is 
shown a copper wire (black dot) 
placed between two powerful 
magnets. In . this case there is 
no current flowing through the 
copper wire. At 23-b is depicted 
the electric field which is created 
around a copper wire when cur­
rent is sent through it. Now 
then, 23-c clearly describes what 
takes place when current is sent 
through the conductor placed in 
the strong magnetic field. When 
the current is flowing through 
the copper wire it sets up a mag­
netic field of its own and this 
field distorts the original field in 
which the conductor lies (see 
23-a) making the magnetic lines 
denser on one side and less dense 
on the other side. Magnetic 
lines endeavor to straighten and 
shorten themselves. This re­
sults in a force upon the wire 
pushing it downwards in the di­
rection of the arrow (23-c). It 
is also clear that if we were to 
reverse the current flowing 
through the copper wire that the 

+ 
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arrow would be pointed up rather 
than down. This would change 
the direction of rotation. 

Classes of Motors. 
1. Shunt Motors. • 
2. Series Motors. 
3. Compound Motors. 

Shunt Motors. 
In the shunt motor we find 

Fig. 24-

FIG. 25 Shunt Motor. 

Fig. 25-Se= 
ries Motor. 

Fig. 26=A-
';ompound Dif = 
ferential Mo= 
tor. 

FIG. '26 ;- A 

that while runnvng the field con­
nections are shunted across those 
of the armature windings. See 
Figure 24. In this type of motor 
the field strength is constant and 
the torque* varies directly as the 
current through the armature. 

When an extra load is placed • 
on a shunt motor while running, 
the motor tends to slow down. 
The armature windings which 
are of very low resistance tend 
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shunt motor, it is necessary to 
reverse either the field or arma­
ture connections, but not both. 

Series Motors. 
Since the field and armature 

coils are in series (see figure 25) 
the same current passes through 
both. They are employed where 
a strong starting torque is re­
quired without the necessity of 
constant speed. A series motor 
will run in the same direction no 
matter which direction the cur­
rent is sent through it; for re­
versing the armature current re-

;~ 
A-1-+ 

~ 
B-2--

(1! ~ flG 7.7 

~ 
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Principle of the Alternating Current 
Generator. 

verses the field current and the 
rotation is unchanged. If a load 
is put on a series motor the 
armature slows down and more 
current flows from the line 
through it. Since the increased 
current also flows through the 
fields they are strengthened and 
the speed is again reduced, while 
the torque will increase enough 
to take care of the increased 
load. With every change of load 
we have a different speed. 

Compound Motors. 
In figure 26 we view the con­

nections of a compound wound 

+------1 C'!'CLe ------
1 

+---- I ~LTCeNATLON --+-J- I "'lltRNATION to rob the fields of some current 
because the armature provides 
the least path of resistance. 
However, when the motor slows o 
down and the field is weakened 

-, ........ ---1·--MMIMUM 
: FOS1TIVE 

i 

the motor endeavors to speed up Fie. 28 ~:i~~.~~ --·-·-···--··-
to increase its Counter-electro- A Typical "Cycle" of 
motive force* thereby maintain- current. 

Alternating 

ing a constant speed with vari­
able loads.. In order to change 
the direction of rotation of the 

*The torque of a motor is defined as the 
turning movement or twist exerted upon the 
shaft. By grasping the pulley of a small mo­
tor firmly in the hand, and closing the switch, 
a strong twisting action will be experienced, 
which will set the armature in rapid rotation 
when you release it. 

*Counter-electro-m~tive force: Since the 
wires of the armature are rotating in an 
electric field as is the case of the • generator 
previously described current is generated in 
them but in opposite direction to the current 
which iR causing the motor armature to re-
volve. • 

motor. In this case we have 
what is termed a differential 
motor. The current through the 
series coil S, opposes the magne­
tizing effect of the shunt cur­
rent, so that the field is weaker 
than if the shunt were used 
alone. The motor field is pro­
gressively weakened as the ar­
mature current increases, and 
this naturally results in an in­
crease of speed. The speed of 
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our shunt motor would decrease 
under similar conditions. By ac­
curately designing a series field 
it is possible to obtain a motor 
whose speed will vary very little 
with any and all variations of 
load. If the current through the 
field is reversed so that it assists 
the shunt winding the machine 
is then called a cumulative com­
pound motor. (See figure 26-a). 
These motors are coming into 
wide use aboard ship where con­
stant speed is absolutely neces­
sary. 

Alternating Current Generators. 

The original current gener­
ated in the dynamo is alternat­
ing·. By alternating currents we 
mean those which alternatively 
change or reverse the direction 
in which they flow, flowing for 
a certain time in one direction 
and continuing for an equal 
length of time in the opposite 
direction. 

A simple alternating current 
generator is diagramatically 
shown in figure 27. Here we 
have· an ordinary loop of wire 
revolving between the poles of a 
permanent magnet. Magnetic 
lines of force are streaming 
across the poles of the magnet 
from North to South as shown 
by the arrows. Bear in mind 
that whenever the copper loop­
no matter what portion of it­
passes under the north pole it 
generates a certain polarity of 
current in the loop, let's say, pos­
itive. Then, whenever the cop­
per loop passes. the South pole 
of the magn~t, currents of neg­
ative polarity are generated in 
it. Since the poles of the mag­
net are permanent and the loop 
revolves, and furthermore since 
the loop has two sides, 1 and 2 ; 
it is impossible to maintain a di­
rect flow of current into the out­
side circuit. The sides of the 
loop 1 and 2 are alternately con­
nected to the outside circuit 
mains A. B. In figure 27 we 
have A connected to side 1 o.f the 
loop and is positive in polarity 
and B connected to side 2 of the 
loop which gives it a negative 
polarity. Now then refer to 
27-a where the loop has made 
one-half revolution and note that 
side 1 of the loop is now near the 
South pole and side 2 at the 
north pole. It is very clear then 
that the current flowing in the 
outside circuit will be changed. 
Line A while still connected to 
side 1 of the loop has changed in 
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sign from positive to negative; 
and main line B has had its po­
larity changed even though it is 
still connected to side 2 of the 
loop. 

From the above we find that 
in one complete revolution of the 
loop there are two alternations 
or one cycle. Ref er to figure 28. 
We find that the current grad­
ually builds up from the zero 
base line to maximum; positive 
in polarity, then returning to 
zero current flow and builds up 
gradually to maximum in the 
opposite polarity. Two complete 
alternations equal one cycle. The 
ordinary house lighting alternat­
ing current circuit is rated at 60 
cycles. The number of cycles 
per second is called the f re­
quency. In the 60 cycle house 
lighting circuit we have one 
hundred and twenty alternations 
per second. The current actual­
ly drops to zero one hundred and 
twenty times per second and 
there is no current flowing in the 
circuit during these periods. 
Owing to the fact that they are 
of such short duration it is not 
possible to detect them with the 
human eye in the case of lamps 
illuminated by the passage of 
current through them. 

In wireless telegraph trans­
mitters for spark transmission 
we deal with frequencies rang­
ing from 60 to 500 cycles, the 
latter predominating. 

Questions for Lesson No. 5. 
1. What is the essential differ­

ence between a motor and a 
generator? 

2. Tell what you know about 
the generator as explained 
in this lesson. 

3. Why is it necessary to un­
derstand the fundamental 
principles of the generator 
before studying the electric 
motor? 

4. How many classes of motors 
are there? 

5. Describe the series motor 
and give connections. 

6. Describe the shunt motor 
and give connections. 

7. Describe the Compound mo­
tor and give connections. 

8. Describe a simple alternat­
ing current generator. 

9. Define alternations, cycle, 
frequency. 

10. What frequencies are com­
mon in spark transmitter 
use? 

CODE INSTRUCTION 
There is not very much to be 

said about telegraphing at this 
stage of the course. It is. only 
necessary for the Student to con­
tinue practicing every day for 
one or two hours. 

Do not try to send faster than 
you can receive. This results in 
the forming of characters which 
are not what they should be. 
Operators, more advanced, will 
call your attention to these facts. 
When receiving endeavor to copy 
the words apart. Most begin­
ners. do not know how to recog­
nize spacing between words. It 
is absolutely necessary for _the 
beginner to pay strict attention 
to the sender or sending instru­
ment and space each word he 
puts down on paper. Running 
words together increases the 
length of time allotted to the 
Student and he generally takes 
from one quarter to one-half 
period longer. 

Twenty words per minute 
should be the goal for the begin­
ner. After you have obtained 
your license and have made ar­
rangements to proceed to sea as 
a Commercial Opera tor then a 
little more speed will come in 
handy. The radio Inspector 
does not send more than 20 
words per minute when conduct­
ing the examination. 

Sending from books is a very 
good method of learning to prop­
erly "make" the characters and 
permits you to correct your own 
sending. 

The best method is to get one 
of your friends interested in 
Telegraphy and run a small line 
to his house. He will lose no 
time in telling you how "rotten" 
you send and you will do like­
wise. 

SOME OF OUR READERS 
WHAT OUR READERS THINK 

OF EXPERIMENTAL 
SCIENCE 

"* * * Y orilr CLEVER MAG­
AZINE". W. Lawrence, Pater­
son, N. J. 

"* * * Your magazine, EX­
PERIMENT AL SCIENCE, must 
say that you are handing out the 
right dope, and I like it." A. 
Seniclc, Lincoln Place, Penna. 

"* * * Liked your first issue 
fine." H. Hendrick, Paris, Texas. 

"* * * Like it great." A. 
4everage, N. Y. C. 
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Short Course in Glass· Working 

A knowledge of glass blowing 
and glassworking is very essen­
tial to experimenters in the sci­
ences. Many pieces of appara­
tus can be constructed, and many 
broken parts can be repaired. A 
slight knowledge of this art can 
be used to advantage, in building 
the various experimental appa­
ratus as described in the issues 
of Experimental Science. 

Fig 1 
Motor Driven Blower for Air Blast. 

The production of the gas and 
blast for glassblowing will be 
described in this part of the 
Short Course. A source of gas 
is required, although a small 
amount of work can be done with 
yellow illuminating flames. 

Three types of flames are re­
quired for glassworking,-yel­
low, pointed Bunsen, and wide 
Bunsen flames. The pointed 

Fig. 2. The Blast Lamp-the Glass 
Blower's Chief Tool. 

flame is used for welding, the 
wide blue flame for melting and 
shaping preparatory to blowing, 
and the yellow flame for anneal­
ing glass after the above oper­
ations are finished. This latter 
process is nothing more than 
covering the parts which have 

By RAYMOND B. WAILES 

been heated with a film of soot, 
and allowing to cool slowly. 

The rotary blower as shown in 
figure 1 is an inexpensive appa­
ratus for obtaining a blast of 
air. It is driven by a motor. It 
will not compress into a tank. 
It is used with the blast lamp, 
figure 2. 

The blast lamp can be reg­
ulated to give the three types of 
flames required. Adjustable tips 
are furnished, so that different 
sizes of pointed flames can be 
secured. The blower and the 
blast lamp should be secured 
wherever possible, as excellent 
work can be done with them. 

The foot blower, figure 3, can 
be used to furnish air or blast 
for the lamp, but why not let 
the motor do the leg work? 

The author has done some 
very good glassworking with a 
Micro Burner, as shown in figure 
4. This is a small Bunsen burn­
er about three inches high, and 

Fig. 3. The Obsolete Foot Blower. 

gives a pointed flame about two 
inches high. Glass T, U, and Y 
tubes can be made with ease, us­
ing this burner. No blast is re­
quired, as it has the Bunsen prin­
ciple. They are often used by 
dentists, and are suitable for 
small glass working, such as to 
be described in the second series 
of this course. 

Fig. 4. A Micro Burn= 
er-Every "Lab" Should 
Have One. 

If gas is not available, the 
makeshift blowpipe, fig. 5, can 
be used. This is suitable with a 

Bunsen burner, but if gas is not 
available, a kerosene or other 
yellow. flamed lamp can be used 

REDUCING ORDINARY MOUT~I 

~;:__;:::=::/=BL=;OW~- =PIPE===un::::-

OXIDIZING RUBBE.12) 
TIP TUBE. AIRt 

~ 

Fig. 5. Home Made Blast Lamp. 

instead of the Bunsen burner. 
This simple blast lamp con­

sists of an ordinary mouth blow­
pipe, straightened and supported 
to the upright which is in turn 
fastened to a suitable base. A 
piece of rubber tubing connects 
to the blowpipe and this tubing 
is led to the mouth. This sup­
port leaves the hands free for 
turning the work, pulling, etc. 
The blast lamp can be used with 
the air pump described in the 
June, 1920, issue of Experimen­
tal Science. The lamp can also 
be used in charcoal assay of met­
als, minerals, ores, hand solder­
ing, etc. 

The highest temperature 
which can be produced in the 
laboratory without ~he use of a 
supply of air kept under pres­
sure, or furnished by lung or 
mechanical power, or otherwise, 
and using gas as the fuel is with 
the Meker burner. 

Fig. 6. Mek= 
er Burners. 

A row of Meker burners is 
shown in figure 6. These burn­
ers operate on the Bunsen prin­
ciple, air being sucked in at the 

(Cont'd on Page 158, 3rd Column) 
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Sensitive and Easily Constructed 
Galvanometer 
By MARK STEELE 

A very sensitive galvanometer 
can be constructed from the odds 
and ends about the lab., using a 
permanent magnet from an old 
shocking machine as the field. 

The illustration clearly shows 
the instrument, and in much de­
tail. 

The armature is made of thin, 

SET_,,,. 
SCRE:.W 

.... sotoE2 

but stiff paper, shellacked, anci 
wound with about fifty or so 
turns of wire obtained from the 
secondary of an old spark coil. 
The • pointer should be fastened 
on the card armature after it has 
set, and lightly coated with shel­
lac and dried. The wire is then 
wound on ·evenly, and brought 
up to a lever L, which is used to 
raise or lower the coil, and set 
the coil at zero on the paper 
scale which may be fastened on 
by screws through holes PP. 

The lower end of the wire 
from the moving coil should be 
soldered to the strip S, and con­
nection made to binding post 
BP, likewise the top suspension 
wire. 

The magnet needs no drilling 
of holes, as it is drilled at all 
places needed. It is fastened to 
the upright post by means of a 
metal strip at the back, X. 

B is an ordinary binding post 
on threaded rod, the rod being 
used as lead to upper binding 
post BP. 

BP 

A Sensitive Galva~ 

nometer should be in 
every Experimenter's 

Hands. 

Make this one for use 
with future articles in 
Experimeintal Science. 

The moving coil should be 
built so that it will almost rub 
the inside of the magnet when 
it revolves. The wide space 
shown is for clearness of con­
struction, and should not be fol­
lowed in respect of distance. 

If a milli-ammeter can be bor­
rowed, the galvanometer can be 
calibrated to read milli-amps, 
and the usefulness of the instru­
ment will be twofold. 

Pointer W should be of alu­
minum, to make the coil light as 
possible. It is merely bent on 
the paper coil. The suspension 
wire and the wire on the coil is 
all a continuous length of wire. 
Solder all connections. 

JONES CRYSTAL DETECTOR 

A unique and very all around 
detector having a very critical 
adjustment can be made from 
parts about the lab. and shop. 

The feature of this detector is 
the adjustability of the cat 
whisker. The arm A slides 
along the bar B, which is of 
wood. The arm A can also be 
varied with a sidewise move-

A 

B 

CRYSTALS 
//1\ 

A Good Idea in Crystal Detectors. 

ment, and together with the 
knob, which is adjustaible for 
height or-pressure on the desired 
crystal, a detector of the most 
exacting requirements of adjust­
ability results. A flexible wire 
connects A with the binding post 
on the left. Among the crystals 
suggested are, two galena, a sili­
con and an iron pyrite crystal. 

TAP WATER BATTERY 

Perhaps the most simple wet 
cell which can be made is from 
a copper wire previously heated 
in a blue gas flame, and a silver 
wire, both held in running tap 
water., The copper wire in the 
gas flame becomes coated with a 
film of copper oxide. 

• A varied effect can be pro­
duced by separating the copper 
and silver wires by blotting pa­
per and wrapping them with the 
~ame material, and then pouring 
one of the common electrolytes 
upon the whole. 

Sal ammoniac or sulphuric 
acid can be used. 

SUBSCRIBE TO 

EXPERIMENTAL SCIENCE. 

YOU WILL THEN BE SURE 

OF GETTING YOUR COPY. 
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Theory and Construction of Amateur Phone Set 

I use the word "Amateur," ad­
visedly. The inability of the 
majority of experimental fone 
stations to operate (efficiently) 
on a two hundred meter wave, 
has given rise to unfavorable 
comment in executive circles. 
The set which I shall describe 
will give excellent radiation and 
marked constancy of minor ad­
justments on waves even under 
the legal allowance. 

The instrument was originally 
installed at station 2PI, where, 
in consideration of four watts 
output, I experienced commend­
able results. Daylight commun­
ication has of ten been carried on 
in excess of fifteen miles and 2PI 
has been reported, heard, in 
Philadelphia, some ninety miles 
south of New York. A similar 
installation, in this city, has re­
cently been effected at 2WN, who 
consistently works. the DeForest 
experimental station at Ossin­
ing, (2XX). 

The hook-up shown in figure 1, 
varies slightly from that em­
ployed by the British Govern­
ment during the War. 

The main antenna inductance, 
designated by L-1 is wound with 
No. 18, spaced or insulated, to 
thirty-five turns and is tapped at 
every fifth convolution. The 
grid feed back coil, L-2 consists 
of twenty-five turns of the same 
wire, wound over the main wind­
ing, or alongside of it, and 
should be tapped every other 
turn, though simply scraping the 
wire at these points and using 
slider will suffice. Four to five 
inch cardboard or bakelite forms 
may be used and if desired, L-2 
may be wound on separate tub­
ing and merely placed in induct­
ive relation to L-1. 

The condensers are fixed and 
I found their capacities, by ex­
perimentation to be .003 mf. and 
.0005 mf. for C-1 and C-2 re­
spectively, mica dielectric being 
used for both condensers. How­
ever, as the set is in no way crit­
ical, a fair approximation of 
these capacities will be sufficient. 
The leak resistance, shunted 
across C-2 will, for W. E. VT2's, 
be found about eight thousand 
ohms and for other tubes will be 
much higher, its mean value ly­
ing above fifteen thousand ohms. 

By ZEH BOUCK 

The modulation choke, X-1 is 
wound with No. 28 enameled or 
cotton covered, and with a core 
of one square inch cross section 
area, two thousand turns will be 
about right. X-2 obstructs the 
path of radio-frequency currents 
to the modulating circuit and 
should be an L150 Honey Comb 
coil or its equivalent. 

The essential meter is the 
radiation instrument AA, scaled 
to one ampere, while the plate 
mi-am-meter, reading to about 
200 mils,· though not necessary, 
will assist greatly in obtaining 
correct adjustments. 

Ac-;· 17 L _j_ ::JL-
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B-1, a six volt filament bat­
tery, may, at the option of the 
maker, be discarded in favor of 
a step down transformer, (fig. 
2), scientifically designed for 
fifty watts and its secondary 
tapped in the middle. Twenty­
five wire should be used in a 
hundred and ten volt primary, 
while the secondary, delivering 
five amperes at ten volts is safely 
wound with No. 12, the number 
of turns being governed by the 
core and frequency. The center 
tap joins the negative of the 
high potential supply (w) and 
the filaments are in no other way 
connected to the apparatus; this 
arrangement absolutely elim­
inating the possibility of an A. 
C. hum. When using the trans­
former, the microfone must be 
separately excited by direct cu·r­
rent. 

The modulating circuit com­
prises the modulation trans­
former, MT, the conventional 
microfone, M, and the C battery· 
B2 which adds to tube safety 
and clarity of speech. 

The bulbs, one and two, re­
spectively oscillator and mod­
ulator, may be almost any tube 
which will stand the applied 
plate potential, in my case being 
Western Electric VT2's. 

The high voltage source has 
not been indicated but may be 
any available D. C. supply. Us­
ing less than eighty volts from 
dry batteries, a radiation of one­
tenth amp has been secured. 
Low wave antenna current at 
four hundred volts should be in 
the neighborhood of six-tenths 
of an ampere, and in the case of 
a generator or rectified A. C. the 

The Heising 
System of 

Modulation. A 
Good, Efficient 

Phone Set. 

filter system must, of course, 
come on the source side of react-
ance X-1. . 

In actual operation the pre­
liminary tuning is as follows : 
The leads, from. the grid con­
denser and antenna, should be 
placed on about the fifteenth 
turn of their respective induct­
ances, counting from the bottom 

IT 
Tap the Secondary in the Middle. 

up. On applying the high poten­
tial, after first bringing the fila­
ments to incandescence, the lead 
from the oscillating plate should 
be adjusted to that tap on L-1 at 
which the greatest radiation is 
secured, and there soldered. If 
the plate meter reads in excess 
of sixty mils and at no adjust­
ment is antenna current evi-

(Cont'd on Page 159) 
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The hospital smell from Bakelite 
is carbolic acid. This, together with 
formaldehyde, both disenfectants, and 
a catalyzer, or "chemical hastener," 
makes the condensation product, Bak­
elite. Can you imagine it * * * two 
bug killers making a bee-you-ti-ful 
Bakelite panel? 

We have been asked-Who puts the 
BLACK CAT out at night? 

You can deaden the noise from your 
shop anvil, by mountmg it on a barrel 
filled with sand. 

The Tropical Radio Telegraph Com­
pany through its President and Gen­
eral Manager, Mr. George S. Davis, 
has acquired a minority h0lding in the 
Radio Corporation of America. Both 
companies will benefit by the transac­
tion which spells closer cooperation. 

The Jahncke Dry Dock and Ship 
Building Company of New Orleans are • 
in the market for two complete wire­
less telephone equipments. One for 
their Tug Bayside and one for their 
land station which is to be erected 
near the site of the present plant. 
Communication over a distance of 100 
miles is desired. 

Why not a balloon antenna, using a 
Weather Bureau type of balloon, which 
is easily purchased from the Good­
year people? Fill it with hydrogen. 
For hydrogen see a commercial welder 
in your city. 

Did you know that the condensed 
rays from a magnifying glass are not 
hot? They evolve heat when they fall 
upon an opaque object. It is a case 
of transformation of radiant energy 
into heat energy. 

It's almost time for Mars to begin 
signalling again. Sounds like the 
yarns about the death of the Czar, 
Kaiser and Villa. Guess it will be a 
regular annual affair. We hope the 
listeners go deaf so they won't bother 
us again on this subject. 

It was once said that Marconi em­
ployed wet macaroni for his tuning 
helix. Can you believe that one? 
If so---well. 

What has become of the operators 
who copied long distance with ye good 
old piece of stone coal or carborundum 
as it was called by some early radio 
engineers? 

EXPERIMENTAL SCIENCE 

·HEARD· 
·BUT NOT SEEN· 

-BY·THE ·BLACK·CAT-

Speaking of the present theories of 
wave propagation one need but take 
the following into consideration and 
give a second thought. No one has 
been further than eight miles off the 
earth's surface in a lighter than air 
machine or any kind of machine 
equipped with radio. We do know 
that signals have been picked up half 
way around the earth--on its surf ace. 
This is something like 12,500 miles. 
By drawing a circle with a diameter 
of 12,500 miles using 1,000 miles to 
the inch we will have a circle 12.5 
inches in diameter. Then try if you 
can-to represent an airplane but 
EIGHT MILES off the earth's sur­
face. This represents the airplane or 
air machine equipped with radio 
which furnished us with as much as 
we know about the waves reaching out 
and upwards into the unknown re­
gions. Which theory are we going to 
accept? In the long r:un we will be 
forced to accept the ground or con­
duction theory because it holds true 
in every respect. 

If you radio fans are looking for a 
real treat on Radio subjects purchase 
a copy of "Radio Engineering Prin­
ciples" by Lauer and Brown. Noth­
ing has ever appeared in print so 
comprehensive and so well handled. 
It is nothing short of the best to date. 

FOR YOU! 

EBONY ASBESTOS WOOD is 
the title of the booklet issued by 
Mitchell-Rand Mfg. Co., 18 
Vesey St., New York City. "A 
substitute for Bakelite panels, 
etc." 

Mono Corp., 25 W. Broadway, 
New York, has bulletin on Du­
plex Mono instrument for ana­
lyzing flue gases. 

An Oxide Film Lightning Ar­
rester bulletin is issued by Gen­
eral Elec. Co., Schenectady, N. Y. 

Remember when you spilled 
the acid from the cup of the old 
electrolytic detector, and got 
your sleeve in the stuff? 

GALVANIC BATTERY WHICH 
PRODUCES ALTERNAT­

ING CURRENT 
Many of us, if asked what a 

battery is, would reply "A cell 
producing a direct current from 
chemical reaction, two electrodes 
of which are two dissimilar 
metals." 

A cell which produces an al­
ternating current, and conse­
quently explodes the brilliant 
. definition above, can be made in 
about five minutes, and the AC 
which it produces, be shown in 
less time than that. 

Mix strong sulphuric acid with 
water in proportion of 1 : 5 ( 1 
acid, and 5 water), by volume. 
Make a saturated or maxim um 
strength solution of potassium 
bichroma te,and mix the acid and 
the bichromate solution in equal 
proportions. This· is the electro­
lyte of the AC cell. It is a strong 
oxidizer, and has an abundance 
of oxygen available for chemical 
reaction. 

Place two clean iron electrodes 
in the red electrolyte thus 
formed, and connect with a gal­
vanometer. 

The needle will move slowly at 
first, then rapidly, to a maximum 
point. It will hang there for an 
instant, and then move back to 
zero, past zero, hang there, up 
to zero, and then to the max­
imum point again. This queer 
action of the needle will continue 
for hours. The maximum point 
of deflection is about 0.4 volt, 
the minimum about 0.4 volt. 

If a galvanometer cannot be 
had, use a sensitive ammeter or 
voltmeter, with a scale from 0 
to maximum. In this case, use 
two dissimilar iron electrodes, 
such as a nail and an iron slug. 
This couple will produce a slight 
positive EMF, which will cause 
the needle to be at zero some­
where up the scale, thus making 
the minus motion of the needle 
visible. 

Use that blank on page 159! 
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·CHEMICAL· • LAB ORA TORY 

By Raymond B. Wailes 

AMMONIUM AMALGAM 
The radical ammonium, NH. 

has never been isolated. Am­
monium amalgam, the nearest 
compound to the free or uncom­
bined ammonium radical, can be 
made thusly: Warm gently a 
small piece of sodium with a few 

Qualitativ~ Analysis Chart 

The below scheme for analysis 
is offered as a simple and clear 
method of ordinary qualitative 
analysis of a substance. It 

should be remembered that an 
alloy or a metal should be dis­
solved in acid in order to de­
termine its components. 

• SCHEME FOR QUALITATIVE ANALYSIS· 

PPT. - PllECIPITATE. 

SOL. - SOLUTION. 

T.T. - TEST·TUBE 

CONC.- CONCENTRATED. 

~he Qualitative Analysis Chart shown above is the last word in chemistry for the amateur chemist. Cor= 
rect in every detail, and with the simplified wording, it should prove invaluable t~ those interested in chemistry. 

drops of mercury, a flash will-fol- Beware of the tin top reagent ORIGINAL STINK BOMB. 
low and sodium amalgam is bottle. It will soon rust and con­
formed. An amalgam is a com- taminate your chemicals. 
bination of mercury and another 
metal. When the NaHg amal­
gam has cooled, add a solution 
of ammonium chloride (sal am­
moniac). The amalgam will 
swell up considerably. Sodium 
chloride is in solution, and the 
sponge-like substance is ammo­
nium amalgam. Keep in tightly 
stoppered bottles. It decom­
poses into NH3, H, and Hg. 

SPECIFY 
LABORATORY CHEMICALS 

Manufactured b:y 

Chas. Cooper & Co. 
194 Worth Street 

New York 

If a mixture of egg albumen 
and solid KOH be heated, or 
fused, a very fecal odor will be 
obtained. 

A commercial stink bomb was 
found to contain a solution of 
sulphur in carbon disulphide, 
colored red with dye. 

Fill out that blank on page 159! 
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MELTING .POINT OF WAX, 
PITCH, TAR, ETC. 

To determine the melting 
point of a wax or tar, etc., cut 
a cube of the material' ½ inch 
square, and suspend it on a wire 
hook in a beaker of water (600 
c.c.) at a distance of 1 inch from 
the bottom of the beaker. A 
weighted piece of paper should 
oe placed on the inside bottom 
of the beaker. Allow the sample 
to remain in the beaker 5 min­
utes before making the test. 
After 5 minutes, heat the beaker 
with a Bunsen very slowly. The 
instant the substance begins to 
melt, and the FIRST drop 
touches the bottom of the 
beaker, the thermometer, which 
is placed in the beaker, should be 
read, and recorded as the melt­
ing point. If the pitch or sample 
melts above 77 degrees C, cotton 
seed oil should be substituted 
for the water. This is the stand­
ard Barrett method for M. P. 

Blue glass from a Bromo Seltz­
er bottle is a good substitute for 
cobalt glass in flame tests for 
potassium. It cuts off the yellow 
Na and allows the lilac K flame 
to pass. A clean and bright iron 
wire can be used with some suc­
cess in flame tests. 

Many medicinal substances 
claim to contain H2O2. Test for 
this oxidizer as follows: Take 
2 cc. of 5 o/o ( 5 grams tartaric 
acid in 100 cc. H2O) tartaric acid 
solution and 2 drops of a 5% 
solution of ammonium sulphate 
( NH4) 2SO4, Add 1 or two cc. 
of a cold solution of the sub­
stance to be tested. Mix. Add 
5-6 drops of sodium hydroxide, 
Na OH and shake. A violet color 
forms if H2O2 is present. Hydro.­
gen peroxide is inexpensive. If 
a manufacturer claims that it is 
in his preparation, and it is not 
found, it has probably been de­
composed, as it is very unstable. 
Concentrated hydrogen peroxide 
will explode if heated. The drug 
store and commercial bottle is a 
3% sol. 

How To Make Fireworks 
-~~ FORMULAS for: Colored fires, 

~colored smoke screens, whistling 
?,ry~· fireworks, antimony caps, Rom­

an Candles, Snakes, Luminous 
Paint, etc. This book, 25c coin. 

COLU~BIA PUBLISHING CO. 
1345 Park Road, Wash., D. C. 

EXPERIMENTAL SCIENCE 

(Co?it'd from Page 159) 
The current flowing through 

the plate circuit of the oscillat­
ing tube, and incidentally part of 
the inductance, L-1, rises from 
zero to its maximum value slow­
ly, due to the counter-emf, ( of 

• self-induction). L-2, in induct­
ive relation to the main coil, has 
induced in it as the plate current 
rises, an emf in a direction op­
posed to that of the inducing 
current, which, the grid coil be­
ing connected i~ the correct di­
rection, will place a negative po­
tential upon the grid. This neg­
ative charge repels the electrons 
traveling from filament to plate, 
thus reducing the space current 
and causing the magnetic field 
around L-1 to fall. As this flux 
contracts it cuts the grid coil in 
the direction opposite to that 
when building up and the grid 
current is necessarily reversed. 
The reverse in direction posi­
tively charges the grid and the 
plate current, again rising to 
maximum completes the cycle of 
the antenna current which is 
generated by the rise and fall of 
the flux surrounding L-1. This 
of course occurs at extreme ra­
pidity, the frequency of. which 
is governed by the perm1ttance 
(capacitance) and inductance of 
the circuit and on a two hundred 
meter wave this operation will 
be repeated 1,500,000 times per 
second. 

Speaking into the microfone 
varies the charge upon the mod­
ulating grid causing the plate 
current in tube two to increase 
or vice versa with different 
words. But as the joint current 
to both tubes is kept always con­
stant, by reactance X-1, a de­
crease in plate consumption in 
the seco'nd tube will send an in­
crease through bulb one with a 
corresponding greater oscilla­
tory output. When, with other 
syllables, the juice through the 
modulator is increased, the cur­
rent to the oscillator and its out­
put, will suffer. 

The above will be instantly 
recognized as the Heising sys­
tem of modulation and anyone 
listening in to stations employ­
ing it, will, I think, vouch for its 
excellence. 

More bulbs may be added in 
view of increased range and 
power. The new additions 
should be placed in parallel to 
the original tubes with a suitable 
reduction of grid leak resistance 

····-------··-········· 1 I 

MEN OF RADIO! 
YOU NEED 

THESE BOOKS! 

Practical ama­
teur wireless sta­
tions. 136 pages 
of constructional 
data on every 
phase of Radio 

communication. Price, 
Fully Illustrated 

75c 
Radio Instru= 

ments and Meas= 
urements. 

320 pages of 
theory, measur­
ing instruments, 
formulas and data 
for Radio calcu-
lations and de-

RADIO 
1.NSTRUMENTS 

AND 

MEASUREMENTS 

sign. Fully illustrated. 

Price $1.75. 

THE 

WIRELESS 
EXPERIMENTERS 

MANUAL 

E.E.BU~H&R 

The Wireless Ex­
perimenters' 

Manual. 
The only book 

covering the ama­
teur's side of 
Radio with 100% 
efficiency. 

Con ta ins com-
plete information 

for every conceivable phase of 
Amateur Radio. A "How To" 
Book. Fully illustrated. 

$2.25 
BOOK DEP'T. 

EXPERIMENTAL SCIENCE 
PUB'L. Co., Inc., 

1311 G St., 
WASHINGTON, D. C. 

•-······-···------·--··--
in the power circuit. However, 
in virtue of its theory, the mod­
ulation circuit must consume ap­
proximately half the total plate 
current and in most cases this 
will necessitate an equality of 
modulating bulbs. 

(Cont'd from Page 153) 
base just as in the ordinary Bun­
sen burner. The area, horizon­
tal cross section, of the flame is 
as much as one inch in diameter 
in some sizes of Meker burners. 
They are useful for the attain­
ment of rapid high tempera­
tures. As much as 1,000 degrees 
C. has been measured with one 
burner, in the laboratories of 
Experimental Science. (The 
next lesson deals with the tools, 
and manipulations of the glass 
worker). 
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(Cont'd from Page 155) 

denced, the connections to L-2 
should be rev~rsed. Having de­
termined the correct values in 
L-1, the grid inductance is va­
ried ( by moving the condenser 
lead across the scraped wire) 
until again maximum radiation 
is indicated, when the connec­
tion is made permanent. 

Variation of wave, by means 
of the antenna taps in the main 
inductance, may now be secured 
without any alteration in the 
grid or plate circuit. 

Battery B-2 will be about 
forty volts and variable until 
tube two takes slightly less cur­
rent than the oscillating bulb. 
This is the only adjustment re­
quired to obtain perfect and effi­
cient modulation and it is alto­
gether unaffected by any other 
change in the set. 

The theoretical action of the 
apparatus is probably as fol­
lows: 

(Cont'd on Page 158) 

C. W. APPARATUS 
We have for immediate shipment a com­

plete line of C. W. Apparatus and parts. 
If you are in the market for any type of 
Radio Apparatus you should have our Bul­
letin No. 12. 
Carbon Grain Transmitters - very 

best, nickel plated ________________ $1.45 
Power Tubes - Radiotron, U.V. 

202, Price________________________ 8.00 
Modulation Transformers ______ Price 4.40 
1 and 2 Mfd. Condensers _______ Price 1.23 
C. W. Transformer Core for making 

your own C. W. Transformer-
250 Watt Size _______________ Price 5.95 
We can quote prices on any special 

apparatus. 
Send 2 red stamps for our complete list of 

Radio Apparatus 
Eastern Radio & Electric Co. 
1405 Florida Avenue Washington, D. C. 

THE MIDGET SLIDE RULE 
will instantly add, subtract, multiply and di­

40 page Catalogue. 

vide either whole numbers, 
decimals, fractions or 
mixed numbers. It solves 
proportion and gives roots, 
powers, Sines, Tangents 
and Logs. It has many 
exclusive features and is 
the most versatile calcu• 
lator ever invented. Made 
of metal. Size 4 inches. 
Price with Instruc.ti:on 
Book, $1.50. Send for our 

Gilson Slide Rule Co., Niles, Mich. 

PAITNT-S[NSf f 
• /ii::'s:~";w 
INVENTORS ..... 
HANUflCTURERS 

iii 
SIXTH EDITION 

~ 

I 
I 

l/heB~k, 
~r 

Inventors and 
Manufacturers 

--~~ SIXTH EDtTION 

,Bx:turn mail FREE. 
,Write LACEY & LACEY 

Deet E. S. Washington.D.C. 

EXPERIMENTAL SCIENCE 

YOU PURCHASERS 
S ome dealers lay a lot of stress on their selected Mottos, 

While Rose delivers the goods and satisfies everybody. 

0 ur radio stock is complete in every respect and we 
always guarantee prompt and safe delivery on all 

orders received. 

T he highest grade materials. procurable; expert work­
manship, reasonable prices and guaranteed prompt 

deliveries are some of the reasons for our rapid growth. 
Will you give us a trial? For prompt delivery order from 

ROSE RADIO SUPPLY 
604 Gravier Street, New Orleans, La., Dept. ES. 

Send 10c for latest catalog. 

Eastern Radio Apparatus 
Type lD V. T. Control PaneL _____________ $10.00 
Type 2D V. T. Control Panel (without High 

Voltage Variation>--------------··------- 9.50 
Type lA One Step Amplifier _______________ 15.00 

Cabinet ------------------------------ 3.00 
The above instruments are equipped with 

PARAGON Filament Rheostats. 
RICO-Socikets-Bakelite Dilecto Shell and 

Formica base _____________________________ $1.00 
We can also supply Grid Condensers, Grid 

Leaks and tapped B-Batteries. 

THE EASTERN RADIO CO., 
DEPT. ES 

939 b St., N. W., Washington, D. C. 
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WILCOX PANEL SWITCHES 
.. The Beat" 

~ B• "Wclworth" 
~I tg Combination 15c 
OVER SJ.60 VALUE IN MAGIC NO.VELTIES FOR ONI.Y 

1 ½ In. Radius P~~1~Fc~id 

Comp Ide Switch, polished brass finish ..... soc 
.____....,...---,,, ~111pl~_t!1_w!!~h,_!!.!£k~lplated llnlsh ...... SOc; 

All kinds of R witches. Parts, etc., are 
listed in our loose-leaf catalog "G." 
Sent for 5 cents in coin. : 

THE WILCOX LABORATORIES 
Lanaing, Mich. 

One Magic Envelope Any card, toin, or p_1cture placed in this envelope 
chanJ?_eS into any c,tht'r desired article, or va,n1shes altogether. - - - 10c 

f. Crackt-rjark Card Tricks, and sample ·, ol special cards_ - - - 10c 
One package ol Invisible Ink Writing c_annot be read until heated. - l0c 
One Mys,ocode. A booklet of secret writing !tys1ei:ns- Keep your form• 

ulas, and private correspondence secret, write them ~n Mystocode. - ;- 10c 
13 Curious Love Lellers that read 1wo wa~S- Nothin_R vulgar, bul so rtp­

f"Oaring funny, they make you lau~h_ They_hckle your JOY nerves. - - 10c 
4 Hi~h Grade Formulas for makm5: Pans,an Perfume Po"_der, Eye-glass 

Cleaner, and 2 01hers. All--.b1g money make~s, and regular Jn1ce is - - Sl.00 
Copy of our Big Trick & ~ovelly Ca1alog including sample: of stage mon-

ey. formul.1s, etc. and spectal bargain olfer_s, worth at least ;- - - l0c 

tv~tv\~'1~1;h~::ti;~~~ Y~b~v':~i~i b: ~ee;t~: ;~i';o~;;af:'(d;• :;,~ 15C 

H Welworth Co. Box 278, Indianapolis, Ind. 

EXPERIMENTAL SCIENCE PUBLISHING CO., INC. 
1311 G Street N. W. 
Washington, D. C. 
Circulation Department 
Gentlemen: 
Enclosed find $ _____________ for which send to my address 

[below] ______________ years subscription to the EXPERI-
MENTAL SCIENCE. Subscription rate, $1.50 yearly. 
Pacific Radio News and E. S. combined subscription for 1 
year, $2.50. 

Name ----------------------------------------------

Address-------------------------------------------­
City 

State 

Occupation-----------------------------------------­
I am interested in Radio, Chemistry, Physics, Electricity, 

or 
=-------------llllll!U~S~E!!l!!T~H~A~T~B~L~A~N~K~---■-----■•.~.-•1----■·l? 
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!. le!lrnWIRilI~S 
~ At Home by Mail 

4 Pages. 15 Cents a CGpy, Postpaid 

"NECESSARY FOR THE SEAFARER" 

World Schedules 

boys. Salaries up to $3,500 a year 
Beginners paid $125 a month plus Room 
and Board, which means more than $200 
at the start. One of our recent grad-
uates is getting $6,000 a year. Oppor­
tunity to travel or locate in land radio 
offices. We train you by mail in a 

By 
Preu, Weather and Time Signals Compiled from Official Sources 

the National United Radio Telegraphers' Association, 
24 and 26 Stone Street, 
New York City, N. Y. 

' 

Attractive positions open for men and 

Publishers of "The Radio Telegrapher," 
Offlcfal Organ. 

short time--some have completed the 
course in 10 weeks and less. No previous ex­
perience necessary. First correspondence radio 
school in America. Our new automatic WIRE­
LESS INSTRUMENT FURNISHED EVERY L==================================:!.J 
STUDENT. 

Send for FREE BOOK, "Wireless the 

Opportunity of Today." 

NATIONAL RADIO INSTITUTE, 

Dept. 577, Washington, D. C. 
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Company Capitalizations 
HOW TO CAPITALIZE sent free on request. 

Glascock. Patent- Co., 214 McGill Building, 
Washington, D. C. 

----------■----·--·······-
Wireless 

BALDWIN PHONES SPECIAL REDUC­
TION. The U. S. Navy, the British, 
French and several other European govern­
ments, in addition to most professional 
operators, have selected BALDWIN phones 
as their standard of electromagnetic receiver 
excellence. 

The reason for this preference is apparent. 
Exceptional sensitiveness combined with rug­
gedness gives BALDWIN phones their pop­
ularity. The diaphragm is made of the 
finest quality selected mica with the force 
concentrated at the exact center as in high 
grade phonograph reproducers. 

The small armature is pivoted and designed 
to act as a fulcrum when connected to the 
diaphragm by a small link. There is no 
tension or springing of metal as in ordi­
nary receivers. Four-pole pieces of a single 
solenoid act upon both sides of a highly 
balanced armature. 

Signals that cannot be heard with the best 
types of ordinary receivers become easily 
readable with the BALDWIN PHONES. 

Improved type E $19.00. REGULAR PRICE, 
$20.00. 

Original type C $15.50. REGULAR PRICE, 
$16.50. 

These BALDWIN MICA DIAPHRAGM AM­
PLIFYING TELEPHONES, which are 
shipped direct to us from John Firth and 
Company, Inc., are absolutely guaranteed to 
prove fully satisfactory. 

THE KEHLER RADIO LABORATORIES, 
901 West First Street, Dept. E. S. Abilene, 
Kansas. 

RADIO INSTRUMENTS OF ALL KINDS for 
sale or trade. What you got? What do you 
want? AgentR wanted. Write. W. J. 
Dembiczak, 62 Cedar St., Bridgeport, Conn. 

Rubber Stamps 
RUBBER STAMPS MADE TO ORDER. 

McCadden Company, Zanesville, Ohio. 

Stammering 
ST-STU-T-T-TERING AND STAMMERING 

cured at home. Instructive booklet free. 
Walter McDonnell, 146 Potomac, Bank 
Building, Washington, D. C. 

Printing 
2,000 lx2 LABELS, $1.25 ; SAMPLES. I. 

Wolf, Labels, Station E., Desk I, Phila­
delphia. 

PRINTING OF ALL KINDS done at reason­
able prices. Agehts wanted. Write. W. J. 
Dembic.zak, 62 Cedar St., Bridgeport, Conn. 

Chemicals, Laboratory Supplies 
CHEMICAL LABEL BOOK, containing one 

hundred gummed, attractively printed names 
of chemicals and reagents most used in the 
laboratory. 35 cents prepaid. Nothing like 
it at the price. Neat, useful, handy. D. 
ALTMAN COMPANY, 223-225 East 110th 
Street, New York. 

FOR YOUR LABORATORY I RECIPES, 
FORMULAS AND PROCESSES, Henley's 
20th Century book of 800 pages, containing 
over 10,000 formulas always needed in your 
laboratory. Price $4.00. Book Department, 
Experimental Science, 1311 G St., Washing­
ton, D. C. 

LATEST illustrated folder of something new 
in chemistry. This and big chemical mail 
for 4c stamps. Amido Apparatus Com­
pany, 3118 14th St., Washington, D. C. 

LUMINOUS PAINT makes watches, etc., vis­
ible by night. Experiments in April E. S. 
can be done with it. 25c, 50c, $1.00 Bottles, 
p. p. Schnoor, 1342 W. Pleasant St., Daven-
port, Iowa. • 

CHEMICAL SCIENCE, a 100% chemical maga­
zine. Contains many chemical stories, hints, 
etc. for amateur chemists. Sample copy 10c. 
Walter Hunter, Swedesboro, N. J. 

CHEMISTRY at a glance. Learn Qualitative 
Analysis by the Modern Simplified Chart 
Method. Charts complete, One Dollar. ·Ad­
dress, Technical Charts, Dept. H-1, 1038 
West Chicago Avenue, Illinois. 

--··-·········-----■------
Scenery For Hire 

COLLAPSIBLE SCENERY FOR ALL 
plays. Decorations. Amelia Grain, Phila­
delphia. 

For Inventors 
-:OMP ARE our prices with those of others. 

Glacock Patent Co., 214 McGill Building, 
Washington, D. C. 

Miscellaneous. 
"THE GREATEST INVENTION OF THE 

AGE-The Duplex Hair Cutter. Just comb 
your hair and It cuts it at the same time. 
Easier than shaving. Guaranteed to save 
its cost many times every year. A child can 
use it. Worth $5.00. Samples sent post­
paid for only $2.00. Send today." GOR­
DON'S SPECIALTY HOUSE, Box 1323, 
San Francisco, California. 

AGENTS-Best little vest pocket article on 
the market. Sells on sight for 35c. Every 
woman a possible customer. Cost you. eight 
cents each. Sample o'ne dime. GORDON'S 
SPECIALTY HOUSE, Box 1323, San Fran­
cisco, California. 

WHAT KIND OF A DEAL are you getting 
from the Patent Offict' 7 Glascock Patent 
Co., 214 McGill Building. Washington, D. C. 

Research, Technical Investigations 
STUCK ON A CHEMICAL OR ELECTRICAL 

PROBLEM 7 I solve it for five dollars. 
Special connection with largest college in 
the United States. W. Stedman Richards, 
Consulting and Research Chemist, 220 Wash­
ington St., Boston, Mass. 

Books 
"OLD SECRETS AND NEW DISCOVER­

IES," a wonderful book of 250 pagee. It 
tells how Spiritualists do many mysterious 
tricks and how you can perform Spirit 
mysteries before your friends. How to cure 
Sleeplessness. How to make a clock for 
only 25c. Make a candle burn all night. 
Lovers' Secret writing ink. To bore holes in 
glass. Remedy for Drunkenness. Cure for 
Stammering. To tell the sex of eggs. To 
produce rain. Jockey tricks-How to make 
a horse temporarily lame. To make him 
stand by his food and not eat it. To make 
a true pulling horse balky. To cure a 
balky horse. To make an old horse appear • 
young. To make a white star on a horse's 
head, etc. These horse secrets are now sell­
ing for $1.00 each. Our price for the entire 
book of secrets is only $1.00. GORDON'S 
SPECIALTY HOUSE, Box 1323, San Fran­
cisco, California. 

BOOKS. ALL KINDS. Lists. Higene's. 
X-2441 Post Street, San Francisco. 



How About That 
Radio Telephone Set? 

2% Discount OFF LIST PRICES 
FOR YOU 

2% Discount 

C. W. APPARATUS RECEIVING APPARATUS 

I Mfd Condenser, 500 Volts ____________________ $1.25 Simmons Short Wave Regenerative __________ $29.75 
Radio Frequency Choke CoiL __________________ 2.00 
Audio Frequency Chokes _______________________ 5.00 
Complete FILTER Circuit, ready to connect in 

circuit _______________________________________ 15.00 

A. &. P. Transmitting Tube ____________________ 7.50 
Modulation Transformer _______________________ 5.00 

Simmons Detector-Two Stage Amp. _________ 58.50 
Simmons Control Panel_ ______________________ 15.00 
Grid Condenser-Hermetically Sealed__________ .50 
G. R. V. T. Socket_ ____________________________ 1.75 
Cunningham Audiotron Detector ______________ 5.00 
Cunningham Audiotron Amplifier ______________ 6.50 
Radiotrons UV200 ______________________________ 5.00 

Panel Type Condensers Radiotrons UV20L _____________________________ 6.50 
23 plate .0005 mfd capacity ____________________ 4.50 A. &. P. Electron Relay Tube __________________ 6.00 
43 plate .001 mfd capacity ____________________ 5.00 

Bakelite cut to all sizes. 
Century Buzzers for Mod=CW _________________ 2.50 

A. &. P. Amplifier Tube ________________________ 7.00 
Connecticut Condensers ________________________ 6.50 
Federal Amplifying Transformer ______________ 7.50 
Grid Leaks _____________________________________ 1.25 

C=Z Filament Protective Device ________________ 5.00 Variable Grid Leak _____________________________ 3.00 

Radio apparatus of all descriptions manufactured. What do you require? 
specifications of what you want and we will quote you prices for your approval. 
est grade of workmanship. Radiophone installations complete. 

Send in 
High-

We maintain an Information Bureau for our Customers. 

CRESCENT CITY RADIO COMPANY 
P. 0. Box 1104 NEW ORLEANS, LA. Department P. 

Federal Radio Microphones 

No. 261=W 

Desk 
Microphone 

Set 
Price $6.50 

THE RESULT OF EXTENDED RESEARCH TO 
PRODUCE A MICROPHONE TO GIVE CLEAR 

AND DISTINCT VOICE TRANSMISSION 

A' O·I HOT WIRE AMMETER 
B, 0·500 VOLT METER 
C, DCMIL·AMMETH 
D • TJIAN:'iMITTINq TUBE 
E , qRID RE:'il:'iTANCE 

-2¾-W. 

~ 14ze-w -fIG.5-
c1ecu11 5HOW1Nq HOW TO CONNECT fEDERAL MICROPHONE5 TO RADIOPHONt TRAN~MITTER. 
llOTH HAND AND DE~K MICROPHONE~ 5HOWN IN PIA()RAM. 

No. 260-W 

Hand 
Microphone 

Set 
Price $7.00 

Jfl'rhrral IDrlrpQnur & IDrlrgrapQ Qtn. 
Buffalo, New York, U. S. A. 

"Sederal" .Jl,adio :Jl.eeessories :Jl.re :i'he Standard 

Write for Bulletin No. 102=WB &. C. Circular 



.. 

~ADIO APPARATUS 
Distributors of Reliable Radio Apparatus to Schools, Colleges, Radio Clubs and 

Experimenters All Over the World! 

"PITTSCO" 

The Sign of Service! 

All We Ask is a Chance 

to Prove It! 

AMPLIFIERS 
No. RORJ Grebe 2 step ________________________ $50.00 
No. RORK Grebe 2 step with automatic fila= 

moot control_ _____________________________ 55.00 
No. RORD Grebe Det. and two step Amplifier 

with filament controL _____________________ 75.00 

AMPLIFYING TRANSFORMERS 
No. 226=W FederaL _____________________________ $7.50 
No. A=2 Acme unmounted ______________________ 4.50 
No. A=2 Acme semi=mounted ___________________ 5.00 
No. A=2 Acme mounted ________________________ 7.00 

AUDION CONTROL PANELS 
No. RORA Grebe in cabinet, hinged top, splen= 

did value __________________________________ $12.50 
No. RORH Grebe in cabinet with tickler con~ 

nection.s --------.-------------------------- 17.00 
No. ZRD Clapp=Eastham, latest_ _______________ 12.00 
No. P=l Paragon=Adams=Morgan's latest prod= 

uct ,--------------------------------------- 6.00 
"B" BA TT ERIES 

No. 762.3 Small Standard's 22.5 V ________________ $1.50 
No. 7625 Large Standard's 22.5 V ________________ 2.65 
No. 7650 Large Standard's 22.5 V. Variable in 

steps lJ; volts ______________________________ 3.50 
No. 703 Set of 10 flashlight cells, 45 volts __ 

7 
_____ 3.50 

COILS-Litz. 
No. LL=300-while they last_ ___________________ $1.95 
No. LL=750-while they last_ ___________________ 2.70 
No. LL=l00O-while they last_ __________________ 2.95 

CONDENSERS (Variable) 
No. C=l Connecticut, .001 mfd, ___________________ $6.50 
No. C=2 Connecticut .001 mfd. panel mtg, _______ 6.50 
No. 1 Chelsea .0012 mfd., mtd, ___________________ 5.00 
No. 2 Chelsea .0006 mfd., mtd,----------.--------- 4.50 
No. 3 Chelsea .0012 mfd. unmtd. with New Bak= , 

elite Dials --------------------------------- 4.75 
No. 4 Chelsea .0005 mfd., unmtd. with New Dials 4.25 
No. 5 Chelsea Dial, ¼" or 3/16" shaft, 0=180°, 

splendid value ________________________________ !.00 

CONDENSERS (Fixed-Grebe) 
No. ROC,C Grebe .0002 mfd,------------~-------- 1.00 
No. ROCD Grebe .0005 mfd. ______________________ 1.20 
No. ROCE Grebe .001 mfd, ______________________ 1.60 
Nu. R.OCA Grebe .0005 and .5 megohm __________ 1.20 
No. RO(:B Grebe .0005 and 3 megohm ___________ 1.20 

HOT WIRE METERS 
No. 1,27 General Radio 1, 2, 3, 5 or 10 amperes, 

flush or front of board ____________________ $7.75 

"PITTS CO" 

Service Reaches All 

Over the World! Why 

Not Let it Reach You! 

OMNI GRAPHS 

No. 2 Large, 15 Dials __________________________ $30.00 
No. 2JR Large, 5 Dials ________________________ 22.00 
No. 5 Medium, 1 DiaL _________________________ 12.00 

REGENERATIVE RECEIVERS 

No. CR=3 Grebe 175=680 M. "Relay Special"----$65.00 
No. CR=3A Grebe 175=375 M. Tube Control self 

contained ---------------------------------, 45.50 
No. CR=5· Grebe's Latest "Super=Special" 175= 

3000 M. with Tube Control Self Contained. 
A Complete Set_ ___________________________ 80.00 

/ No. CR=6 Grebe 175=680 meters Det. and 2 Step 
Amplifier, Self Contained. Complete SeL_200.00 

No. CR=7 Grebe 500=20,000 M. Long Wave Spe= 
cial. Complete SeL _______________________ 210.oo 

TELEPHONES 
Type C. Baldwin's Navy Standard _____________ $16.50 
Type E Baldwin's very sensitive _______________ 20.00 
Type F Baldwin's Small Type Supersensitive __ 21.00 
Brandes Superior's (New Head Band)________ 8.00 
Brandes Trans Atlantics (New Head Band) ____ 12.00 
Brandes Navy Type (New Head Band) ________ 14.00 
Western Electric's 2200 • ohms __________________ 14.00 

VACUUM TUBES 
No. UV =200 Radiotroin Detector ----------.------$5.00 
No. UV =201 Radiotron Amplifier ________________ 6.50 
No. UV=202 Radiotron Trans. Tube _____________ 8.00 
No. C=300 Audiot~on Detector __________________ 5.00 

(New Type) 
No. M=l Electron Relay ________________________ 6.00 
No. M=Z Moorhead Amplifier ___________________ 7.00 
No. M=3 Moorhead Transmitter ________________ 7.50 

ROTARY GAPS 
No. P=l Bell Rotary, Just Out! 1 K.W. Type __ $55.00 
No. P=2 Benwood's, 8, 10 or 14 point types _____ 30.00 
Rotors Only --------------------,--------------- 8.00 
Hyrad Rotors only, 9ZN Type, 1 K.W. size ____ 10.00 

TRANSFORMERS (Trans.) 
No. T =1 Thordarson-Type "R" ¼ K.W. 8000 

V. -----------------------------------------$15.00 
No. T=Z Thordarson Type "R" ½ K.W. 10,000 

V ----------------------------------------- 23.00 

(These are Splendid Values) 

OUR NEW CATALOG #22 IS OUT! 

It Contains Over 100 Pages, 150 Illustrations and 600 Items. Send 10 Cents in Stamps for It. 
Not ONE Radio Man Should Be Without It ! ! 

F. D. PITTS CO., INC. 
12 PARK SQUARE, Dept. K, BOSTON 11, MASS. U.S. A. 

I 


