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A WORD TO THE BOY

Wireless is a thnllmg pastime.

Fancy a boy sitting in his room at home with his ﬁngers on
a telegraph key and a telephone receiver to his ear listening-in
to the news of the world as it is flashed out from the great coast
stations or by ships far out at sea! It’s a great experience.

Yet thousands of boys are doing this wonderful thing every
day and night of the year, and you, my young friend, can do it
a8 easily as they, for any boy can own a real wireless station, if
he really wants to.

If you have sharp eyes, you will see everywhere you go webs
of wire spun from the housetops and barngables, or spanning
backyards, and often frontyards, too. These wires are not
clothes lines; no, indeed! They have a far higher and, I should
say, as useful a purpose as clothes lines, for they are wireless
wires.

These wires are called aerials by wireless operators. The
word aerial may sound a little hard at first, and there are some
other words used in wireless that are hard for the outsider, but
they get to be very common words to the boy who puts up his
own station, for there is no lesson so easily learned as the one
taught by the thing iteelf, and no school like that of doing
things yourself. Some of these aerials have a stretch of only
twenty to thirty feet of wire, while others have upwards of
1,000 feet, the amount depending on the place, the pocket-book
and the boy.

But you don’t need to spend a lot of money to put up a good
wireless station, for I have many boy friends who made all the
apparatus they use, except the telephone receiver, and their sta-
tions work as well as those of some others I know who bought
their outfits ready for use.

vi



viii A WORD TO THE BOY

To be a wireless boy and make your own apparatus is to have
the kind of stuff in you of which successful men are made—men
who, if they were shipwrecked on a desert isle at daybreak, .
would have something to eat by noon, a spring bed to sleep on
by night and a wireless station the next day sending out S O S
to ships below the horizon, for help.

All you need to do to become a member of the great and
growing army of wireless boys is the desire to own a station, and
the rest is easy. A reading of this book will point the way, and,
if my advice is followed, a successful station will result.

But if you should have any trouble and if any questions
should come up which puzzle you, if you will write to me, I shall
gladly do all I can to help you.

A. Freperick CoLLINS,
“The Antlers,” Congers, New York.



CONTENTS

PART I

A SMALL WIRELESS OUTFIT
CHAPTER
TaE SENDER

I
II. TeHE RECEIVER . . . . . .
III. A Cuear AiriasL WIRE
IV. Learning THE Morse Cobr
V. How WireLEss WORKS

PART IT
A LONG DISTANCE WIRELESS SET

TreE TRANSMITTER

TuE RECEPTOR . . .

A Goop AiriaL WiRe SysTeMm
TuniNe TRANSMITTERS AND RECEPTORS

=R= =i

PART III

PAGE

12
23
34

54
81
110
134

INDUCTION €OIL TRANSFORMER AND ELECTROLYTIC

INTERRUPTOR

How 10 MakeE A Havur-Incr Inpuction CoiL
How T0 MARE A ONE-HaLr KiLowarr TRANSFORMER
Userur INFORMATION

HE m-

DictioNarRY oF WoRrDS, TERMS. AND PHRASES .

INDEX
ix

153
171
196

201

. 215



xii LIST OF ILLUSTRATIONS

FIG.

41.—International Morse Code .

42.—First aid to remembering the code

43.—Length of dash .

44 —Space between two letters

45.—Space between two words

48.—Abbreviation in code .

47.—A current of water flowing i in a c01l of plpe
48.—A current of electricity flowing in a coil of wire
49.—A bar of iron magnetlzed by current of coil
50.—Currents are set up in the secondary by magnetlc hnes
51.—How a rubber ball bounces

52.—Electric current in an aérial wire

53.—Electric waves around aérial

54.—Electric waves thrown off by aérial

55.—Magnet and diaphragm of telephone recelver :
56.—A strong current pulls diaphragm to magnet
57.—When current stops diaphragm springs back

58.—The human ear showmg ear-drum and auditory nerve .

59.—Symbols used in wireless telegraphy .
60.—Diagram of condenser, spark-gap and tuning coil-
61.—Diagram of alternating current circuit .
62.—Support for key .
63.—Side view of key
64.—Top view of key
65.—Key complete .
66.—Cross section view of water res1stance
67.—Top view of water resistance .
68.—Cross section of collar . .
69.—Cross section view of Leyden jar .
70.—Spring of Leyden jar
gt —-Leyden jar complete .
72.—Top view of Leyden jar condenser
73.—Leyden jar condenser complete
74.—Top view of spark-gap
75.—Side view of spark-gap .
76.—End view of spark-gap
77.—Adjusting screw support
78.—Adjusting handle
79.—Brass spark electrode
80.—Spark-gap complete
81-82. —Top and side view of tumng 0011
83.—Top view of spring clip

84.—Side view of spring clip .
85.—Tuning coil complete .
86.—Plan view of instruments on table
87.—Wiring diagram of connections
88.—Transmitter complete and ready for sendmg



LIST OF ILLUSTRATIONS xiii

FIG. PAGE
89.—Wood core of tuning coil . . . . . . 82
90.—Checks of coil . . . . . . . 83
91.—End view of tuning 0011 . . . . . . 84
92.—Cross section of tuning coil . . . . . . 84
93.—Binding post with wood screw . . . . . 85
94.—Slides for tuning coil . . . . . . . 85
95.—Brass plate for contact sprmg . . . . . 8
96.—Contact sprmg finished . . . . . . 85
97.—Contact spring on glider - . . . . . . 86
98.—Top view of tuning coil . . . . . . . 87
99.—Receiving tuning coil complete . . . . . 88

100.—Side view of crystal detector . . . . . 88

101.—Top view of crystal detector . . . . .. o

102.—Brass holder of crystals . . . . . .

103.—Brass finger contact . . )

104.—Phosphor-bronze contact sprmg (plate) . . . 91

105.—Phosphor-bronze contact sprmg (bent) . . I |

106.—Brass collar . . . . 92

107.—Brass arm for adJuetmg screw . . . . . 92

108.—Adjusting screw . . . . . . . .92

109.—Brass spring . . . . . . . . . 93

110.—Brass support rod . . . . . . . . 93

111.—Adjusting nut . . . . . . . . 93

112.—Crystal detector complete . . . . . . 94

113,—Tin foil laid up with mlca . . 95

114.—Diagram showing how mica and t1n f01l are lald up . 95

115.—Condenser with soldered ends . . 96

116.—Condenser complete . . . . . . . 96

117.—Head telephone receivers . . . . . 98

118.—Top view of water pontentlometer . . . . 99

119.—Side view of water potentiometer . . . . . 100

120.—End view of water potentiometer . . . . 101

121.—Brass arm for water potentiometer . . . . 101

122.—Upper copper electrode . . . . . . . 102

123.—Adjusting disk . . . . . . . 102

124.—Lower copper electrode . . . . . . . 102

125.—Water potentiometer complete . . . . 103

126.—Plan view of receptor table (aérial wues) . . 108

127.—Wiring diagram of reception with potentlometer . 104

128.—Wiring diagram of receptor with potentiometer . . 105

129.—Receptor complete and ready :for recelvmg . . 107

130.—Pole—on top of house . . . . 110

131.—The spreader for the ends . ... . . . . 113

132.—The middle spreader . . . . . . . 113

133.—Leading-in spreader . . . . . . . 113

134—Withe with two eyes . . . . . . . 114

135.—Electrose ball insulator . . . . . . . 114



xiv LIST OF ILLUSTRATIONS

FIG. PAGE
136.—S hook . 114
137.—S hook lmkmg ball 1nsu1ator w1th withe 114
138.—Brass spreader stop . . . 115
139.—Thimble . . . . . . . . . « 115
140.—Shackle bolt . . . . . . 115
141.—Tackle block . 115
142.—Joining the steel wire . 116
143.—Insulated support for aérial wires . 117
144.—Brass stops on aérial wire 118
145.—Leading-in insulator . . 119
146.—Leading-in insulator through wmdow 120
147-148—Top and side views of hghtmg sw1tch 120
149. —Angle contact plate . . 121
150.—Top view of anchor gap . . . . . .121
151.—Anchor gap complete . 122
152.—Base and contact supports for aenal sw1tch 123
153.—Contact lever for aérial switch . . 124
154.—Side view of aérial switch . 125
155.—Aérial switch complete . . . . 126
156—The metal ground 127
157.—Plan view of transm1tter, receptor and sérial switch
connectéd together . 130
158.—Wiring diagram of transmltter, reeeptor and adrial
switch . . . . 132
159.—A pair of tuned pendulums 135
160.—A pair of tuned Leyden jars . . 136
161.—Non-tuned open oscillation circuit 139
162.—Strongly damped oscillations . 140
163.—Tuned closed oscillation circuit 140
164.—Feebly damped oscillations 141
165.—Coupled open and closed oscillation circuits for trans-
mitti 142
166.—Coupled open and closed osclllatlon clrcults for re-
ceptor . . 143
167.—Intermittent direct Ccurrent produced from electnc o8-
cillations . . . . . . 145
168.—Simple hot-wire ammeter—top v1ew . . . . 147
169.—Simple hot-wire ammeter complete . 148
170.—Cheap hot-wire ammeter . v 148
171.—Diagram of wave meter and sendlng tumng c011 149
172.—Fixed and movable plates of variable condenser 150
173.—The condenser complete . . . 150
174.—The wave meter complete . . . . . . 151
175.—Top view of base . . . . 154
176.—Base turned upsxde down. Showmg 1nslde . 154
177.—Base block . v 155
178.—Core of coil . . . . . 155



LIST OF ILLUSTRATIONS

Fia.

179.—Cross section of induction coil
180.—Cheeks of induction coil
181.—Cross section of winding maclnne
182.—End view of winding machine .
183.—Testing wire of secondary coil
184.—Top view of induction coil . .
185.—Parts of interruptor . .
186.—Guide for laying up condenser
187.—Wiring diagram for induction coil
188.—Magnetic lines of force in coil
189.—Core of transformer

190.—How staggered joints are made
191.—How transformer core is insulated
192.—Wood core for winding primary coil
193.—Cheek with hole for leg of core
194.—Top view of transformer in cross section
195.—One of disks or pies for secondary
196.—Side view of winding machine
197.—~End view of winding machine
198.—Cheek for winding coil

199.—Wood core on which pies are wound
200.—Iron spindle for winding machine
201.—Taping up pie . . .
202.—Insulation and pies of secondary .
203.—Laying up secondary coil .
204.—How pies are connected together
205.—One-half-kilowatt transformer oomplete
206.—Side view of electrolytic interruptor
207.—Top view of electrolytic mterruptor
208.—Lead electrode . .

209.—QGlass or porcelain tube .

210.—Copper rod electrode and lead handle
211 —Ad]ustlmt blocks

212.—Electrolytic mterruptor in perspectlve
213.—Brown and Sharpe wire gauge
214.—Vertical aérial .

215.—Horizontal F (inverted L) aerlal
216.—Horizontal T aerml

217.—Fan aérial . . .
218.—Umbrella aérial

219.—A simple crystal detector

L I I T )

. 193

PAGE
156
157
159
160
161
162

| 164

166
167
170
171

. 118

174
174
175

118

177
178
179
180

| 181

182
184
185
186

| 186

187
189
190
191
192

194
194

201
203
203
204
204
204
205



THE BOOK OF WIRELESS

PART I

A SMALL WIRELESS OUTFIT

CHAPTER I
THE SENDER

Before trying to make a wireless telegraph outfit to send and
Teceive messages over long distances, it is better for a beginner
to put up a small set first and learn how to work it and how it
works. .

The very first thing to do is to get all of the parts of the
sender and the receiver; connect them together, and put up an
aérial. The next step is to learn the wireless code, that is how
to use a telegraph key to make the dots and dashes which repre-
sent the letters of the alphabet and then—practice awhile.

When you can send and receive five or ten words a minute it
is time to get a larger set and when you are ready for a larger
set, a larger set will no doubt be ready for you.

All of the parts of the sets described in this book may be
bought of dealers in electrical supplies, or they may be made at
home. For the beginner it is, perhaps, better to buy certain
parts ready made, especially the spark-coil, as the results will be
surer. :

If, on the other hand, you want to make the parts of either
of the sets described, drawings will be found with the sizes
marked on them and if you will but follow as well as you can
the simple directions which I have given you cannot go wrong.
So now get busy. :
1



2 THE BOOK OF WIRELESS

Every wireless station is made up of three distinct parts:

(1) A sender, also called a transmitter,

(%) A receiver, also called a receptor, and

(3) An aérial wire, also called an antenna, and a ground.
The sender will be described in this chapter.

There are four separate
pieces of apparatus which go to
make up this sender, and which
with a suitable aérial and
ground, will send messages over
a distance of a quarter to half
mile. g

These pieces of apparatus
are:

(1) A battery, for pro-
ducing a current
of electricity,

(2) A telegraph key, for
making and break-
ing up the battery
current into dots
and dashes,

(3) A spark-coil, also
called an tnduc-
tion coil, which
changes the current from the battery into high
pressure electricity, and

(4) A spark-gap, in which sparks are set up by the high
pressure electricity.

The Battery.—A battery for producing a current of elec-
tricity is made up of five or six dry cells connected together with
Ppieces of copper wire.

A single dry cell is shown in Fig. 1. It is made up of a stick
of carbon set in a tall cup formed of sheet zinc, the space in be-
tween being filled with a paste which acts upon the carbon and
zinc and produces an electric current.

F1a. 1.—A Dry CELL.
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Look again at Fig. 1 and you will see that secured to the
upper end of the carbon is a binding post and that to the upper
edge of the zinc cup is fastened another binding post. Binding
posts are used to make it easy to connect the ends of wires to
the carbon and to the zinc. Fig. 2 CREW
shows the kind of binding post that

is used on dry cells and is drawn wRe GOES vt
full size. HER

Five or six dry cells when con- SCREW FASTENED
nected together will give enough ON ZINC OR CARBON

current to work the spark-coil. Fre. 2:}?%:?‘3&?:’” Usep
These cells are connected with each )
other as shown in Fig. 3, that is the zinc of one cell is con-
nected with the carbon of the next cell by a piece of copper wire
about 3 or 4 inches long.

Any kind of copper wire will do for the connections but the
kind known as bell wire, that is copper wire No. 18 Brown and
Sharpe gauge covered with cotton thread and soaked in paraffin,

F16. 3.—A BATTERY oF DRrY CELLS.

such as is used for connecting up electric bells, may be bought for
10 or 15 cents a half-pound—about 75 feet—and a half-pound
will be enough to connect up both the sender and the receiver.

The Telegraph Key.—This need not be a regular telegraph
key, but instead it may be a simple strap-key as shown in Fig. 4.
A strap-key can be easily made by cutting a piece of spring sheet
brass, or even tin will do, 4 inches long and } inch wide, as
- shown in Fig. 5, and drilling a hole % inch in diameter through
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F16. 4.—THE StRAP KEY COMPLETE.

each end; then bend it at one end as shown in Fig. 6. This
piece of brass is called a strap and from this comes the name,
strap-key. :

F1a. 5—Brass STrAP FOR KEY.

For a button, cut off the head of a clothes-pin and screw it
to the long end of the strap with a round-headed screw. Make
a wood base 43 inches long by 2% inches wide and 4 inch thick

T
w
%
X

e e e e e

F1a. 6.—Brass STRAP BENT.

and drill three holes, each } inch in diameter, through the base
as shown in Fig. 7.
Screw the short end of the strap to the board at the place
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marked X so that the screw holding the button and the strap
together will be directly over the hole at the other end of the
base and which is marked contact screw. Put a machine screw
having a nut on one end through this hole so that the head of the

]
- V.S Vel ]
1 T2 "

HOLE FOR
©3NDING POST

SCREW
o / X HOLE FOR =
_ CONTACT-©
— SCREW =
HOLE FOR —
4 Welome POST__

F1a. 7—THE Basg as It Looks WHEN FINISHED.

screw is on the bottom and the end sticks through the top of the
board about % of an inch and then screw on the nut.
Next screw on two binding posts to the back of the board and

" F1a. 8.—B1npING PosT UsED ON . 9.—Woop SCRE
KEY AND SPARK-COIL. Fia BinpiNg PosT. v

the key is ready to be wired up. These binding posts are a little
different from those used on dry cells (see Fig. 2) in that they
have holes drilled through them so that the ends of the wire can
be slipped into the holes and are held tight when screwed down,
as shown in Fig. 8 and Fig. 9.
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Take some bell wire and connect the strap of the key, by
bending one end of a wire around the screw, which holds it to
the board, to one of the binding posts; then loop the end of
another piece of wire over the screw and under the nut in front
and connect with the other binding post. The dotted lines in
Fig. 4 show how the key is connected up.

The Spark-Coil.—The spark-coil, or induction coil, as it is
often called, which is used to change the battery current into a

F16. 10.—THE SPARK-CoiL COMPLETE.

current of high pressure to make jump sparks is shown in
Fig. 10.

The coil, it will be seen, is mounted on top of a polished
wood base, and is covered with a thin sheet of hard rubber or
bookbinder’s cloth. On top of the base at one end of the coil is
mounted an interruptor—a device which makes and breaks the
battery current several hundred times a minute. A full-sized
view of the interruptor is shown separately in Fig. 11.

Also at the right-hand end of the top of the base are two
large binding posts, one for connecting in the wire from the bat-
tery and the other for connecting in the key.

" Now every spark-coil, or induction coil, is formed of a little
roll of soft iron wires, called a core, and around this core is
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wound two or three layers of rather thick, insulated copper wire,
that is wire that is covered with cotton thread; this coil of wire
is called the primary coil and the ends of this coil are connected
to the large binding posts on the base through the tnterruptor.

ARMATURE
ADJUSTING
SCREW
(0]
ADJUSTING
vuaaxrme/ 7 —?:%g::_w
SPRING v
VIBRATING_-T
SPRING CONTACT
POST POINT
BASE

Fi16. 11.—INTERRUPTOR OF SPARK-COIL.

Around the primary coil is wound another coil of very fine in-
sulated copper wire called the secondary coil. A glance at Fig. 10
shows another pair of binding posts on top of the coil. The ends
of the secondary coil, in which the high pressure currents are
set up by the current from the battery, are connected with these
binding posts.

The spark-coil shown in Fig. 10 is about 8 inches long, 4
inches wide and 5 inches high. When the coil is connected with
a battery and two wires are screwed into the upper binding posts
and the ends of these wires are drawn half an inch apart a
bright, crackling spark will jump across the gap thus formed,
and this is called a spark-gap. v

~ The 8park-Gap.—The spark is a very important thing in
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wireless telegraphy, in fact the distance over which messages
can be sent depends very largely upon the length and the kind
of spark a coil gives. A thin, red spark has very little sending
power, but a fat, snappy spark will send over long dlstanees if
the aérial and ground wires are right.

CoiL

Fia. 12.—Spmx-éu oN THE CoIL.

For sending wireless messages a spark-gap formed of a pair
of brass balls, or any other metal such as copper or zinc, and
having a diameter of # inch or larger, is needed. Pieces of stiff
brass wire 4 inches long and which will slip through the holes
of the binding posts as shown in Fig. 12, must be screwed in,

e kg

F1a. 13.—SPARK-GAP MapE oF ZiNnc Rob.

or soldered to the brass balls. The wires are bent up to keep
the spark away from the coil.

I do not know of any maker of spark-coils who supply coils
with spark-gap balls fitted to them. If brass balls are hard to
get, or cost too much, another way to make a spark-gap is to
cut off two pieces of brass or zinc rod having a diameter of at
least § inch, and have each piece § inch long. Round the edges
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off with a file and screw in, or solder on, the brass wires as
shown in Fig. 13.

This ends all the work to make the spark-coil complete, and
all that remains to be done is to wire up the different parts and
connect the spark-coil with the aérial and ground wire.

Connecting up the Parts.—Before connecting up the sender,
the parts should be placed on the table or bench which is to be
used for operating. The key should be placed on the right-hand
corner nearest the operator; the battery near the right-hand
corner away from the operator and the spark-coil a little to the
left of the key and between the key and the battery.

F16. 14.—How THE SENDER 18 CoNNECTED UP

The purpose of this plan is to have the key in the handiest
position for the operator, the battery out of the way and the
spark-coil where the adjusting screw of the interruptor is within
easy reach. '

One of the wires of the battery is connected with one of the
binding posts on the base of the spark-coil, and the other wire
of the battery is connected with one of the binding posts of the
key, while the other binding post of the key and remaining bind-
ing post of the spark-coil are connected together, all of which
is clearly shown in the outline drawing, Fig. 14.

After the aérial wire is put up it is connected with one of
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the spark-gap binding posts while the other spark-gap binding
post must be connected with a sheet of zine, or of copper, buried
in the earth, or if a water- or a gas-pipe is at hand the ground
wire can be soldered to it as explained in Chapter III under the
heading of Aérial Wires and Grounds.

Adjusting the Sender.—Two adjustments will have to be
made before messages can be sent and both of these are on the
spark-coil.

First set the spark-gap balls a half inch apart and then turn
the adjusting screw of the interruptor, which is shown in Fig.
10 to the right until the contact point just touches the vibrat-
ing spring of the interruptor.

Now press down the button of the key and if the interruptor
is in adjustment a stream of sparks will jump between the brass
balls of the spark-gap. Turn the adjusting screw of the inter-
ruptor a little at a time until the sparks are white and crack
clear and sharp. This done set the spark-gap balls so that they
are only 3 inch apart. The sender is now in adjustment
and ready for operation.

All through this chapter I have told you what to do but there
is one thing I must caution you not to do, and that is not to hold
down the strap of the sending key any longer than it takes to
make a dot or a dash. If you do not heed this warning your
battery of dry cells will soon run down and you will have to buy
new ones or else close up shop.

CosT oF SENDER WHEN BouGHT oF DEALERS

6Drycells at 20C. .. .ccvvverveeneerennsassocecnnns $1.20
Nickel-plated strap-key ......c.veveveeeeierienanns .50
Bell Wire . ..veeieeieneeenreeeenrenconorastoannnse .10
Spark-coil, 3-inch spark...........coiiiiiiiiiinn, 6.00
Brass balls, per pair, 3-inch diameter.............. .50

Attaching brass rods to brass balls................. .25
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Cost oF MATERIALS To MAKE SENDER

6 Dry cells at 20c. . ..$1.20
Strap-key, brass, 10c, screws, 5c 2 bmdmg posts,
J0C tiivireeaneerneeeaassocecsonnsansaccenns

Bell wire, 50 t0 75 feet. oo .vveveneeneeneennnennens .10
Spark-coil, 3-inch spark....... feeeteeteaancenaenn
Interruptor ...cieciiiiiieneeeeetetnenecareannas 1.00
Secondary wire No. 32, Brown & Sharpe gauge..... 1.50
Primary wire No. 16, Brown & Sharpe gauge. ...... 25
Iron wire for coil. ...oovvevieiinienennennenannns .10
Tin foil for condenser. .. .......coveveeeeieeiaanns 20
Brass rod for spark-gap........ooceietiiiiiannens 10
Attaching brass rod to brass balls............... .. 25
4 Binding posts.........c.... N eeeserestsrtesnannn . .25
Shellac varnish ......ccovevveiiereecaraneneenns .. 10
Total tovveeiieeeeennnnenreessseennseeeacnne $5.30

11



CHAPTER 1I
THE RECEIVER

A wireless telegraph receiver is a very simple affair and,
with the exception of the telephone receiver which you will have
to buy, the whole thing can be easily made and at a very small
cost.

. The receiver I shall describe in this chapter will receive
messages over far longer distances than the sender you have just
made will send. In fact, it is much easier to make a receiver
which will receive messages over long distances than it is to
make a sender which will send over equal distances. Usually,
when you have made your receiver and connected it up with your
aérial, you will find there is a high power station somewhere
within your range.

There are four parts to this receiver, and with an aérial wire
that is high enough and long enough, messages may be received
from stations of from ten to fifty miles away, the distance, of
course, depending largely upon the adjustment of your detector,
and the power of the station that is sending.

*The various pieces of apparatus are:

(1) A dry cell, for providing a current of electricity,

(2) A switch, for cutting off the current from the dry
cell when the receiver is not in use,

(3) A detector, for changing the feeble electric waves,
which strike the aérial wire from the sending sta-
tion, into stronger electric currents produced by
the dry cell, and

(4) A telephone receiver which changes the strong elec-
tric currents from the dry cell into sound waves
so that the ear can hear them as dots and dashes.

12
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X
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Fi1g 16.—Tor or Base SHowiNG WHERE HoLEs ARE DRILLED.
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14 THE BOOK OF WIRELESS

You don’t need to bother just now about how the different
parts of the receiver work, the main thing is to get the apparatus
set up and in working erder.

The Dry Cell.—The dry cell is exactly like the one shown
in Fig. 1, on page 2 ; one dry cell will give all the current needed
to work the detector and the telephone receiver.

The Switch.—To make a switch, saw out a block of wood

3 inches long, 2 inches

- wide and % inch thick,

as shown in Fig. 15;

Q Q s the next drawing, Fig.
16, shows the top of the

1142 board, or base, as it is
Fia. 17.—ConTact LEVER SHOWING Size ;:lallled. Now drill two
AND WHERE HoLes ARE DRILLED. oles %

u”’t

inch in diam-
eter through the board
13 inches apart at the places marked with the circles.

In making this base and others for different parts of your
wireless apparatus the sharp edges of the wood should be
emoothed off with sandpaper as this not only makes the blocks
look better but prevents their
edges from getting dented. A
coat of shellac varnish will also
give them a more finished ap-
pearance.

The next thing to do is to
cut a strip of sheet brass # inch ;
wide and 2 inches long. This /
strip is called a contact lever ._Z_ .
for the reason that it makes
contact with another part of FIo: 18.—Cmm.m'vmn Wira
the switch. .

Near the ends of the contact lever and at the places where
the circles are drawn in Fig. 17, drill two holes 1} inches apart;
make a little wooden knob or handle about # inch in diameter
and } inch long and screw one end of the contact lever to it
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HANDLE

CONTACT .
'-EVE’\ RWOOUOND HERAD
WASHER == D SCREW
—
NUT, FLAT HEAD
NU WASHERS: MACHINE SCREW

F1a. 19.—Cross SectioN VIEwW or SwITCH.

with a round-headed brass wood screw; this will leave the round
head of the screw projecting from the bottom of the brass lever.
The lever with the handle is shown in Fig. 18.

F1a. 20.—Swrrce CoMPLETE.

Through the other hole of the lever slip a machine screw
1 inch long, put on a couple of brass washers to raise the lever
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from the base a little; push the screw through one of the holes
in the board; put on another washer, and last of all screw on a
nut to keep the lever from working loose, but the lever must
move smoothly back and forth.

Through the hole in the base under the handle of the lever
put a flat-headed machine screw § inch long and screw a nut
on underneath the base. Now when the lever is brought
to the middle of the base the round head of the screw which
holds the lever and the handle together and the flat head of the
screw on top of the base will meet exactly and so make contact
with each other. A sectional view of the switch is shown in
Fig. 19.

The switch when it is finished looks a little different from
the one shown in Fig. 20, for this is a picture of a switch that
was bought ready made; but they work just alike.

The Detector.—Though the detector is the chief part of a
wireless telegraph receiver, this one is much easier o make than
the switch just described. Make a base of wood 3 inches long, 24

3/1

141

F1a. 21.—BasE oF DETECTOR.

inches wide and } inch thick, as shown in Fig. 21. Drill two
holes  inch in diameter and about 1 inch apart at the places
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marked with circles, as in Fig. 21. Take two flat-headed ma-
chine screws § inch long, and push them through the holes in
the base; over the end of each screw slip a brass washer and
screw on a binding post. -

Before the binding posts are screwed down tight cut off two
_pieces of bell wire each about 6 inches long and scrape the ends
bright; also scrape off the cotton covering of the wire, or insula-
tion as it is called, for about an inch in the middle of the wire.

F1a. 22.—DEeTECTOR READY FOR UsE.

Now around each screw and between the washer and the lower
end of the binding post loop the middle of one of the wires and
screw down the binding post tight.

This leaves the four ends of the wires free; one of the ends
is connected with the dry cell and the other end from the same
binding post is connected with the aérial wire; one end of the
other wire is connected with the telephone receiver and the other
end from the same binding post goes to the ground. These
wires are shown and marked in Fig. 22.

To complete the detector slip into the hole of each bmdmg
post a piece of lead 1 inch long and v inch in diameter. To
obtain the right kind of lead simply split a lead pencil, take
out the lead and cut or break off two pieces each 1 inch long.
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The best kind of lead is fairly soft, and is used for drawing.

Care must be taken not to tighten the thumb screws of the
binding posts too much or the leads will be broken.

Now take a common steel sewing-needle, about No. 9, and
weight it by fastening a lead bullet to the middle of it with a
drop of sealing wax and lay it across the leads. (See Appen-
dix F.) :

The Telephone Receiver.—While there is not very much
to a telephone receiver, yet it is a piece of apparatus that is hard
to make, and especially one good enough to use for wireless
work. It requires a skilled workman and fine machine tools to
meke one good enough for even this small set. I shall not,
therefore, encourage you, whether you are a beginner or an ex-
pert operator, to try to make your own telephone receiver, but
it is well to know the names of the different parts which form
it. How it works will be told in Chapter V.

A telephone receiver is formed of five chief parts, and these
are:

(1) A thin, round piece of sheet iron called a disk, or
diaphragm,

(%) A small electromagnet, made of a magnetized steel
bar and wound with very fine silk-covered copper
wire, .

(3) A metal case which holds the electromagnet in place,

(4) A cover, having a small hole in it and which screws
on to the case and holds the iron digk, or dia-
phragm, in place, and

(5) A telephone cord, that is a pair of very flexible in-
sulated wires bound together.

Each part of the telephone receiver, except the: telephone
cord, is shown separately in Fig. 23, and the receiver is shown
put together in Fig. 24. The telephone cord is shown in Fig.
25.

The magnet is screwed to the bottom of the case and the
ends of the fine wires of the magnet are connected to two screws
in the side of the case and to which the telephone cord is con-
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nected. The screws are insulated with little rings of hard rubber
slipped over them and these keep them from touching the metal
case. If the screws were not insulated in this way the elec-

Magnet ‘ Cover
F1a. 23.—TELEPEHONE RECEIVER TAKEN APART.

tricity from the dry cell would flow from one screw to the other
across the case instead of flowing through the coil of fine wire
around the magnet.

The edge of the disk of sheet iron just fits the outside edge
of the case but does not touch the top of the magnet, a space

F16. 24—RucEIVER COMPLETE. F1a. 25.—TELEPHONE CORD.

being left between them of about gy inch. The cover when
screwed on the case holds the iron disk firmly by its edge, but
does not touch it anywhere else, and this allows it to vibrate
freely.
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The receiver shown in Fig. 24 is called a watch-case receiver,
because it is about the size of a watch. A watch-case receiver
nickel-plated and with a hard rubber screw cap weighs about
6 ounces and can be bought for 75 cents or $1.00. An ordinary
telephone cord 3 feet long can be bought for about a quarter.
It is shown in Fig. 25.

Connecting up the Parts.—When all the parts of the re-
ceiver are at hand set them on the operating table to the left

F1a. 26.—RECEIVER CoNNECTED Up.

of the sending apparatus. The detector should be placed on the
side nearest the spark-coil and not closer than a foot from it.
The switch should be placed to the left of the detector leaving
plenty of room between them so that the telephone receiver can

r~
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be laid on the table when you are not using it. The dry cell
may be set back of the switch and the detector where it will be
out of the way. The proper places for all these parts on the
table are clearly shown in the outline drawing Fig. 26.

First connect the free end of the wire which is fastened to
the binding post of the carbon of the dry cell to the back screw
of the switch by looping it between the washers. Then connect
the free end of the wire attached to the binding post of the zinc
of the dry cell with one of the wires looped around the right-
hand binding post of the detector. The other wire connected
with this binding post of the detector is also connected, later on
as we shall see, with the aérial switch which is described in
Chapter III.

Next, one of the ends of the wire which is looped around the
left-hand binding post of the detector is connected with one of
the metal tips of a wire of the telephone‘cord while the other
tip of the same wire is connected with one of the screws in the
telephone receiver case. The other wire which is looped around
the left-hand binding post of the detector connects with a wire
which goes to the plates buried in the ground or to the water-

-or gas-pipe.

An end of the other wire of the telephone cord is connected
with the remaining screw in the telephone case and the last con-
nection is made by fastening the remaining tip of the telephone
cord between the washer and the nut on the front screw of the
switch, all of which is clearly shown in Fig. 26.

Adjusting the Receiver.—The only-adjustment of the re-
ceiver needed is to move the needle of the detector now and then
to a different place on the pencil leads. From the connections
shown in Fig. 26, it will be plain that when the switch is closed,
that is, when a contact is made by throwing over the lever to the
right and when the sewing-needle is laid across the pencil leads
of the detector, the circuit will be completed and the current
from the dry cell will have a free path without a break in it
to flow through and so must pass through the detector and the
telephone receiver.
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When the switch is closed and the telephone receiver is held
to the ear a slight sound, something like bacon frying in a
skillet, can be heard. If, now, the detector is connected to an
aérial wire and a ground and some operator from a station that
is not too far away is sending, you will be able to plainly hear
the dots and dashes as he clicks them off with his key, and if
you can read the International Morse Code you will have the
pleasure of picking the messages right out of the air as they
shoot by at the speed of light.

Cost oF RecEIVER WHEN PaRTs ArRE BouGHT

SWitch vivveeerircicercoccttonccrscscsccnnnas ¢ .30
Telephone receiver .......cccceveeecseecsess 75 to 1.00
Telephone cord ......cecoveevevescccccsccscanses . 28
Detector® ......... Ceecscestsesttectscscotornsns .50

20

Total .u.............................m..n‘z.zs

SwWitch ccoeeevrersocerssrcscccssceassoscssossssas ¢ .10
Telephone receiver .......ccvceeeeeeess N5 to 1.00
Telephone cord . ...cccveeeeecceerstonscsscasscnnes 25
Detector (2 binding posts). . P [
Drycell ..ccoiveciieeiesecreesseosonsssscsscsses 20

TOtAl +uoveeececevsococersasssscassasasacans $1.65

1Tt is doubtful if the detector I have described can be bought ready
made, but any electrician will make it for you at a cost of not more
than 50 cents.



CHAPTER III

A CHEAP AERIAL WIRE

Although the aérial wire is merely two or three wires strung
between two high places it is an important part of wireless and
it must be put up right.

There are three things which go to make a good aérial and
these are:

(1) To have the wires as high as possible,
(2) To have as long a stretch of wire as possible, and
(3) To have the wires well snsulated at the ends.

The first thing to do is to choose two places as high and as

far apart as you can find and one of which is near your operat-

F16. 27.—A#£R1AL SusPENDED BETWEEN HoOUSE AND BarN.

ing room, and still have a clear sweep between them, that is,
there should be no trees or anything else in the way to interfere.

One end of the aérial should be put up so that it will come
close to the room where your wireless set is located. Suppose,
for example, that your house and the barn are 100 feet apart.
Then the aérial wires can run between the gable ends of the
house and the barn as shown in Fig. 27. If there is no barn
on your place, attach the end of the aérial to a chicken-coop or

23
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even to a near-by fence. Whatever you do though, get the aérial
as high above the ground as you can.

There are five parts to an aérial and these are:

(1) The wire, of which the aérial is made,

(%) The spreaders, for keeping the wires apart,

(3) The insulators, for keeping the wires from touching
the spreaders,

(4) The rope, for suspending the aérial, and

(5) The leading-in wire, which connects the aérial wires .
with the sending and receiving apparatus.

Kinds of Wire.—Any kind of wire will do for an aérial,
but aluminum or copper wire about § inch in diameter makes
a very good one, that is if the aérial is a short one. Iron wire is
much cheaper than copper wire, but it is not nearly as good for
wireless work. If you want to use iron wire, try to get regular
telegraph wire; this iron wire is galvanized, which means that
it is plated with zine. Galvanized iron wire is better for aérials
than ordinary iron wire as it does not rust and conducts elec-
tricity better.

If neither copper wire nor galvanized iron wire can be had,
use any kind of wire you can get and never mind the size as long
as it is strong enough to hold together when strung up. Get as

9‘0 ' © o"

F1a. 28.—SPREADER WiTH HoOLES.

many feet of wire as you need for the distance between the places
where you intend to suspend the aérial. When you have the wire,
cut it in half and lay the two pieces side by side on the ground.

The Spreaders.—These are merely sticks of wood to keep
the wires apart when they are in the air and to prevent them
from getting twisted. For an aérial 100 feet long a stick, or
spreader, at each end will be enough. For longer spans than
100 feet a spreader should be placed in the middle of the agrial.

For the spreaders get two sticks about 4 feet long, 1 inch
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thick and 3 inches wide, and bore a hole # inch in diameter and
3 inches from each end; also bore two more holes of the same
gize at each end but 6 inches nearer the middle of the stick than
the outside holes. Fig. 28 shows the spreader and the places
where the holes are to be bored.

The Insulators.—Just as ordinary telegraph wires are
looped around glass insulators to keep them from touching the

F1a. 29.—PORCELAIN INSULATOR.

telegraph poles, so the ends of the aérial wires are passed through
porcelain insulators to keep them from touching the spreaders.
These insulators are tubes made of porcelain and are about
% inch in diameter and 4 inches long. One end of the insulator
is bulged out so that it cannot slip through the holes in the
spreader. Fig. 29 is a picture of one of these insulators.

PORCELAIN . :
-m'r 4NSULATOR e 75{"‘
WIRE

TSSPREADER

1} P I}

~

F1a. 30.—SPREADERS WITH INSULATORS AND WIRES.

Four porcelain insulators will be needed for the aérial—two-
at each end. Push an insulator in the outside hole of each
spreader. Now lay a spreader at each end of the wires on the
ground with the heads, or bulged part of the insulators away
from each other as shown in Fig. 30. Then slip the ends of the
wires through the insulators and twist the end of each wire
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around a nail so that the wires cannot slip out after the aérial is
hoisted into the air and drawn up tight.

The Rope.—The next step is to fasten a rope to each
spreader. Each piece of rope should be about 15 feet long, more
or less as may be needed; put an end of one piece of the rope
through the holes in a spreader, loop it back and splice, or tie it
to the other part of the rope so that it cannot work loose. Fasten

F1a. 31.—RorE THROUGH SPREADER.

a piece of rope to the other spreader in the same way. Fig. 31
shows how it is done.
The Leading-in Wire.—The wires which connect the ap-
paratus with the aérial are formed of:
(1) The bridle, or loop of wire whose ends connect with
the wires of the aérial, and
(2) The leading-in wire, or wire connecting with the
bridle and which is brought in the room through
the window and connects with the aérial switch.
The Bridle—To make the bridle, take about 8 feet of wire
and twist one end to one of the aérial wires and twist the other
end around the other aérial wire. These wires should be soldered
to the aérial wires in order to make good connections. This is
the part of the aérial wire which is called the bridle.
The Leading-in Wire.—To the middle of the loop, or bridle,
so formed, twist and solder another piece of wire and be sure
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this is long enough to reach down and through the window and
to your apparatus. This piece of wire is called the leading-in
wire. It is shown in Fig. 32.

F1a. 32.—AfriaL CoMPLETED AND Pur Ur.

The Leading-in Insulator.—The aérial wire must not touch
trees, buildings or other objects, but of course it must be sup-
ported in the air by something, so porcelain insulators are put
in the spreaders to keep the wires from touching the wood. This
is done to keep the electricity on the wires from running away
and soaking into the wood.

Now this same thing will happen when the leading-in wire
is brought from the outside of the house into the operating room
unless it is well insulated. An easy way to insulate the lead-
ing-in wire is to bore a hole  inch in diameter through the
window sash and push a porcelain insulator as shown in Fig. 29
through it. The end of the leading-in wire of the aérial is
pulled through the insulator in the window sash and brought
down to the aérial switch in the operating room to which it is
connected.
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The Aérial Switch.—The purpose of the aérial switch is
to connect the aérial wire first to the sender and then to the
receiver, or the other way about, depending on whether you want
to send or receive a message.

One thing is certain, the sender and the receiver must not be

11 !

M

cvny |
T | bq
l O—-ﬁoie O-%'HoLe TTobsHoLe
| |
15 W
! 5
l K"T i .
H g/ v R
O
° [}
T [
| Il |
H ""HOLE 1§"HOL .
I i| o ol |-
O
: ! | o
! ) 4
i U —— -
1 ] .
L- .

. Fia. 34.— F1a. 33.—BasE or AERIAL SWITCH. Fia. 35.—
LEVER oF StrIP oOF
AERIAL Brass oF
Swirca. LEVER.

connected to the aérial wire at the same time for the reason that
the spark from the spark-coil would burn out the detector when
messages are being sent ; nor should they be connected when re-
ceiving a message, for much of the current set up in the aérial
wire by the incoming waves will flow through the sender and so
weaken the message.
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To make an aérial switch, get a board about 10 inches long,
% inches wide and 1 inch thick. Drill three 3-inch holes at the
places marked with circles as shown in Fig. 33. Make a lever
of a piece of wood 1 inch wide, § inch thick and 10 inches long;
drill a -inch hole at the place marked with a circle, and round
off the other end with a knife to make a handle as in Fig. 34.

Cut a strip of sheet brass 7 inches long, } inch wide and &

CONTACT

STRIP OF BRASS (SCREW N
WASHERS WOOD LEVER ¥ I]] HANDLE)

——80.

0/
F1a. 36.—CRross SECTION OF ABRIAL SWITCH,

inch thick and drill a hole in each end so that when the strip
of brass is laid over the wooden lever the holes will come exactly
together. This piece of brass is shown in Fig. 35.

The next thing to do is to put a wood screw through a hole
in the strip of brass and screw it in the wood lever nearest the
handle so that the head of the screw sets in flush, that is, even

) NP7
F1a. 37.—BRrass STRIP FOR Fiq. 38.—CoNTACT SPRING.

CoNTACT SPRING.

with the surface of the strip of brass. The lever is attached to
the board by putting a machine screw 1% inches long through the
upper hole in the board (see Fig. 35) and the upper holes of
the wood lever and the brass strip; before putting on the lever a
couple of brass washers should be slipped on the screw so that
the under part of the lever will be raised away from the board
a little and can be moved freely from side to side.
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A cross-sectional view, as if the switch was split right down
the middle, is given in Fig. 36 and shows how the washers and
screws should be placed through the lever and the board. One
thing more, cut out two pieces of spring brass 2} inches long and
# inch wide, and drill a -inch hole in one end as marked by the
circle in Fig. 37; then bend the strips into the shape shown in
Fig. 38 and screw one to the left-hand side of the board and the

2
%
F1a. 39.—A#riaL Switca COMPLETE.

other to the right-hand side of the board. Put the screws in
from the back of the board and screw two nuts on each screw on
top of the brass contact springs.

A wire is connected to each of these contact springs and
another wire is connected to the top screw of the lever. These
connections are easily made as the wire is bent round the screw
between the nuts and the latter are then screwed down tight.
Fig. 39 shows the aérial switch complete. '

The Ground Connection.—There is one thing you must
look after to put your station in working order and that is
the ground. To ground an apparatus means to connect it with
a sheet of metal that is buried in the ground, or some metal
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object such as a gas- or a water-pipe which leads to and runs
into the ground.

A fairly good ground can be made by soldering a heavy wire
to a sheet of zinc 3 feet by 4 feet and burying the zinc in the
ground deeply enough so that it will always be moist. The
ground wire need not be insulated from the building but it can
be brought into the house and led to the operating room in
any way that is easiest.

Connecting up the Sender and Receiver to the Aérial

and Ground.— Connect the top wire of the aérial switch to the
leading-in wire of the agrial. To the left-hand lower wire of
the agérial switch connect the wire of the binding post of the
detector marked fo aérial as shown in Fig. 40, which is a com-
plete wiring diagram of the whole station. Connect the right-
hand lower wire of the aérial switch to the binding post of the
‘spark-gap marked fo aérial switch. Connect the wire of the
binding post of the detector marked ground with the sheet of
zine buried in the ground; and finally connect the binding post
of the spark-gap marked fo ground to the same wire that the
detector is connected with and which leads to the zinc plate in
the ground. In other words, one sheet of zinc furnishes a
ground for both the sender and the receiver. All of the con-
nections are clearly shown in the outline drawing Fig. 40.

A single pole, single throw switch must be connected in be-
tween {fje top wire of the aérial switch and ground wire as
shown in Fig. 40. This switch is to protect your apparatus
from what jg called static electricity, that is electricity which
charges the air and the ground just before the coming of a
storm. When sending and receiving this switch is open, but
always close it when you are through working. A switch of this
kind can be bought, or if you want to make one you will find
the drawings, Figs. 147 and 148, and description needed on
.page 151. " Before using your set read the Fire Underwriters’
Rules given in Chapter III, Part III, page 199.

To send a message throw the lever of the aérial switch to the
right and work the Morse key. To receive a message throw the
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aérial switch to the left; close the receiver switch and hold the -
telephone receiver to your ear.

When you have finished throw the lever of the aerlal switch
to the right as for sending, and always leave it in that position
except when you are listening-in, as this prevents static elec-
tricity from charging the aérial wire. When you have com-
pleted your set you can connect your receiver with the aérial
and listen-in, but you must not connect your sender to the aérial
and send until you have obtained a license from the Government
as explained in Chapter ITI, Part ITI.

CosT oF MATERIALS TO MAKE A 100-FOOT AERIAL !
250 feet of No. 14 Brown & Sharpe gauge copper

WIPE ¢ eeeveevnronsoncnsnccsnnsccennsosnnoas $1.50
Or 250 feet of galvanized telegraph wire............ .60
2 4-foot spreaders .......veeiiiiniiiiientncnnans .20
5 porcelain insulators (4 for aérial and 1 for leading

1) TN eeeene .50
80 feet of §-inch manilla rope.,....cccocvveeennn. .60
Total cost for aérial with copper wire........... ..$2.80

Total cost for aérial with telegraph wire........... 1.90

Afirar Switcn

Board ...c.iiiiiiiiiieiiiiiiiieeenenn eeeeenaas $ 20
Screws, washers and nuts. ............co000eenee.. .15
Strips of brass....coviiieiiieeiencrerancaecanne 10
Total .......... Cetertrenneeeeannn PETRPRPREY 45

Grouxp
1sheet of zinc 3 x4 feet. ..ovvvvrvierrinnroennnnns .50

Total cost of aérial, aérial switch and
ground .............. ...$3.30 or $4.20

1 These are only approximate prices. Very often enough wire, rope,
wood and zine can be found in the cellar, attic or woodshed to make the
aerial, switch and ground.



CHAPTER 1V
LEARNING THE MORSE CODE

In the early days of North American history certain tribes
of Indians had a crude way of sending signals without wires.
When the Indians went on the warpath and they wanted to
signal to others of their tribe some distance away that they were
ready to scalp the pale-faces, which was usually at night, one of
the braves would place & burning arrow in his bow and shoot
the flaming signal high into the air. The distant watchers who
were in on the secret would know at once what was meant when
they saw its light. It was a way to signal without wires but it
was not wireless telegraphy as it is done to-day. We have to
remember though that the Indians were savages while we are
highly civilized, or think we are.

The point I want to bring out, though, is that a burning
arrow, the letters of the alphabet or the clicking of a telegraph
instrument may mean whatever we have agreed beforehand that
they shall mean. In other words they are merely codes, that is
signs and signals which convey our ideas to others.

The Code.—In real wireless telegraphy, a code of dots and
dashes is used by operators to send and receive messages. The
word code in telegraphy means a set of electric impulses or sig-
nals, arranged in advance and which can be sent from one sta-
tion to another station by the use of proper apparatus.

This code is formed of a number of dots and dashes, and
each letter of the alphabet is represented by a dot, a dash, or by
dots and dashes together. For example, suppose you are at one
end of the table and I am at the other end and we each have
a pencil. Now suppose I tap three times on the table with my
_ pencil like this @ @ @ and that we have agreed before-
34
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F1a. 41.—INTERNATIONAL MORSE CODE.
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hand that when I make three taps, or dots, on the table you
are to understand it to mean the letter S; suppose we have
also agreed that when I tapped the end of the pencil on the
table three times but held it down a second or so between the
taps like this [} ] N B it vill mean the let-
ter O. '

Now if I tapped out on the table three dots, @ @ @,
three dashes, ] NI M . :0d again three dots,
@ ® @ jyou would read it as S O S, and this is the signal
a ship sends out at sea when she is in distress.

Just so with all the other letters of the alphabet; thus A
is a dot and a dash like this @ [JJllll; B is a dash and
three dots, [l @ @ @; C is a dash, dot, dash, dot,
B @ Bl @ :20d s on.

The dot and dash code, originated by Samuel F. B. Morse,
the inventor of the telegraph in 1844, is still used by operators
of land lines in this country and this code is called the American
Morse code. In this code there is one letter that has a longer
dash than any of the others and there are several letters which
have longer spaces, or time intervals, between the dots than
others; and these things make the code a little harder than it
would be if the spaces were all the same.

The International Morse Code.—In Europe someone, some-
where, sometime, thought he would make the code invented by
Morse a little more simple and so he got up the code shown in
Fig. 41. This code is now in use all over Europe and for this
reason it is called the Continental Morse code.

Since the wireless telegraph was invented in Europe, when it
came to be put on ships that sailed across the ocean, it was natu-
ral that the Continental code should be used ; when the wireless
_telegraph finally reached America and it was installed on ships
in the coastwise trade it was also natural that the American
Morse code should be used.

When the wireless telegraph came into common use and there
were hundreds of shore stations on both sides of the ocean, and
every ship had a set, it became necessary for all operators to use
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the same code, so that ships in distress could communicate with
any other ship or shore station.

For this reason all the countries sent representatlves to the
International Radiotelegraphic Convention, which met in Lon-
don in 1912 (see Chapter III, Book III, page 196), and they
all agreed that their countries would use the Continental Morse
code for wireless telegraphy and so it is now known as the Inter-
national Morse code.

How to Learn the Code.—It is much easier to learn to
receive the Morse code for wireless work than for ordinary
telegraphy since in wireless the dots and dashes are heard as
buzzing sounds of different lengths in the telephone receiver,
whereas, with the wire telegraph the difference between a dot
and a dash is known by the length of the spaces between the
clicks made by the sounder.

The first thing to do is to study the Morse code until you
have learned the dots and dashes of all the letters by heart. If
you have a good memory this will be an easy matter, but if you
haven’t a good memory you still have the satisfaction of know-
ing that once you have learned the code you will never forget it.
The arrangement shown in Fig. 42 may help you to remember
the code letters:

The idea is to make all of the dots and all of the dashes fol-
low in a natural order. The figures of the Morse code are ar-
ranged exactly on this basis and you will be able to remember
these with the slightest effort.

A good way to practice sending and receiving, if there is no
other station near you, is to stretch a wire across your room and
connect one of the balls of your spark-coil to it.and connect the
other ball to a wire fastened to a piece of zinc or copper about
a foot square and which is laid on the floor. This makes a little
sending station in your own room and you will not need a license
to operate it. '

By holding the telephone receiver to your ear with your left
hand and working the sending key with your right hand you can
send messages and hear them at the same time. This will give
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you the practice you need until you have mastered the code.
When you can send five words per minute, each word to have at
least five letters in it, without a mistake, you are well on your
way to secure a license and become a real operator.

From five words per minute work up to ten or twelve words
per minute; when you have reached this point wireless will be

N
t23 1
Fi16. 43—LENGTH F1a. 44.—Space BETWEEN Two
oFr Dasa LETTERS.

.

easy sailing for you and it will not be long before you can re-
ceive as fast as the best operators can send.

In learning to send remember that (1) a dash is equal to
three dots; (2) the space between parts of the same letter is
equal to one dot, as shown in Fig. 43; (3) the space between
two letters is equal to three dots as shown in Fig. 44, and (4)
the space between two words is equal to five dots as shown in
Fig. 45. '

In sending be careful to make your dots and dashes sharp
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F1a. 45.—SpAcE BETWEEN Two WoORDS.

and clear, which means that all the dots are of exactly the same
length; all of the dashes the same length, that is, three times
the length of the dots, and that the space intervals between
them are equal.

Signals of Transmission.—The following signals are taken
from the rules and regulations adopted by the International
Radiotelegraph Convention of 1912.
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(1) Ships in distress shall use the following signal:

The operator is to repeat this signal at brief intervals and then
follow with the necessary particulars.

“Whenever you hear a ship calling S O 8 you must stop send-
ing and do not commence again until you are sure that the
messages between the ship that called and the ones which an-
swered have ended.

(2) When you want to call a station send this signal first:

Then send the call letter of the station you want and repeat this’
three times; next send the abbreviation for the word “from,”

which is
L NN ) o

(3) When you and the station you have called are through
sending messages send this signal :

and end by sending your own call letters.

Abbreviations in Code.—The following abbreviations are
used and understood by all operators and for this reason they
are called conventional signals. After you have learned the
Morse code well you should practice on these:

For instance, suppose you want to send the word “under-
stand” ; now instead of spelling this word out in full you simply

send
N N N N

and the operator who is receiving your message will know what
you mean.
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N
F16. 46.—ABBREVIATIONS IN CODE.
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CHAPTER V
HOW WIRELESS WORKS

“How do you send wireless messages; and how do you re-
ceive them ?”

These are the questions most often asked the boy who owns
a wireless station, and he should be able to explain how these
things are done as well as to understand them himself.

In sending and receiving wireless messages there are some
things the eye can see and the ear can hear. For instance, when
a message is being sent the eye can see the lever of the key move
up and down under the fingers of the operator; and when the
lever of the key is pressed down the eye can see a stream of
sparks, or lightning on a small scale, jump between the brass
balls of the spark-gap, and the ear can hear a lot of crisp, crack-
ling sounds which is really thunder, caused by the miniature
lightning.

When a message is received there is nothing for the eye to
see and but little for the ear to hear, but that little may mean a
great deal especially if it is an S O S signal from some ship in
distress. The sounds heard are just faint buzzings of the dia-
phragm of the telephone receiver like a fly in an uncorked bottle.

But there are other things that take place, other forces that
are at work, both at the sending end and the receiving end, and
in the space between, which neither the eye can see nor the ear
can hear, and to understand what is going on we must know a
little about electricity and its twin brother magnetism.

- What Takes Place When the Key Is Closed.—Now al-
though neither electricity nor magnetism can themselves be seen,
we can get a pretty clear idea of how they work by comparing
them with things which we can see. Thus electricity behaves

42
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very much like water. We can think of a battery as being a
pump, in fact it is an electricity pump; the coils of wire of the
spark-coil and the wires that
connect the key and the bat-
tery may be likened to a pipe
in which the water flows, while

pump, such as is used on an
automobile engine, be con-
nected with a coil of pipe at i

one end and the other side of

the valve with the intake of Vm

the pump as shown in Fig. 47. Fio. 47—A o1 o Waram
Now when the pump is turned * Frowing v a Comw or PrrE.
by a crank and the valve is set

8o that the water can get through it there will be a constant flow
of water through the coil of pipe; but if the valve is turned so

the key is a valve for turning &
on and off the electricity. &
Let the outlet of a rotary ( = :3 :RY °
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F1a. 48.—A Current oF ELecTriciTY FLOWING IN A CoIL or WIRE.

that it is closed, of course no water can flow through the pipe or
circuit.
The same thing happens when the lever of a telegraph key is
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pressed down for this closes the circuit, that is when the wire,
or path, which includes the primary coil of the spark-coil is
made by the key the electric current is forced through it by the
battery. When the lever of the key is up, the circuit is broken
and the current can no longer flow through the wire of the spark-
coil. This arrangement is shown in Fig. 48.

The interruptor of the spark-coil is used to make and break
the battery current a
large number of times,
while the key is closed
so that the agérial wire

BATTERY g - and ground wire can be
z & rapidly charged and
23 discharged through the
5 spark-gap to make the
w o
)3 sparks follow each

other quickly. The
purpose of the inter-
ruptor of the spark coil

F1a. 40"—A BAR oF IRON"MAGNETIZED BY Is to mt.a,ke and bresk
CuURRENT OF CoOIL. the primary current

very rapidly and this
changes the direction of the current in the secondary coil several
hundred times a minute.

If an insulated wire, called a primary coil, is wound round
a bar of iron as shown in Fig. 49, and a current is sent through
the coil of wire by a battery, the iron bar will be magnetized,
that is the ends of the bar will attract needles, the blades of
pocket-knives and other steel things to it. Such a bar of iron is
called a core.

Again if a large number of turns of fine insulated wire is
wound around a primary coil which has a core in it as shown in
Fig. 50, and a current is sent through the primary coil, the iron
bar will be magnetized as before and the magnetism will set up
another, or a secondary electric. current in the fine wire which
forms the secondary coil.
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In this way electric currents can produce magnetism and in
turn magnetism can produce electric currents. Further, mag-
netism can pass right through glass or the cotton covering of
insulated wires and for this reason the electricity in the primary
coil can be changed over, or transferred to the secondary coil
though they are insulated from each other. Each time the pri-
mary circuit is closed by the key a current will flow through

E —
28 A
o Q.
o> 4 3
@
z< X
<2 g
20l a
o @
a w
@D
] |—y
.\\QV/ J
AN V4
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the secondary coil in one direction and each time the primary
circuit is broken by releasing the key another current will flow
through the secondary coil in the opposite direction.

But the fine wire, or secondary coil, does more than to merely
produce these alternating currents, as currents which flow first
in one direction and then in the other are called, for it also
raises the pressure of the currents.

To illustrate what it meant by saying that the pressure of
the electric current is raised, let’s see how water from a hydrant
acts when it is forced through a nozzle. The pressure of the
water from the hydrant though the hose may not be very great
and without a nozzle a large amount of water would spout out
a few feet only; but screw on a nozzle, that is a tube having a



46 THE BOOK OF WIRELESS

very small hole in the end, and though a smaller amount of
water will squirt out of it, it will squirt much farther for the
pressure of the water has been raised.

What the 8park Does.—The same thing takes place in a
spark-coil. The amount of electricity in the fine wire of the
secondary coil is very much less than that in the primary coil,
but the secondary coil raises the pressure of the current so that
by the time it reaches the spark-gap balls it jumps right through
the air between them.

When the electricity jumps across the gap it burns up the air
between the spark-gap balls and the burning air makes a flash
which we call the spark. As fast as the air is burned up in the
spark-gap the air around it rushes in to fill up the empty space
and this inrushing air makes the crackling sound; the same
thing happens when an electric light bulb is dropped on the
floor; the bulb has had the air pumped out of it and when
broken the air around it rushes in and makes a crack like a pistol
shot.

What High-Frequency Currents Are.—Now that we have
an idea as to how the spark-coil changes the low-pressure current
of the battery into high-pressure currents which make the jump
sparks, we will follow this up and find out what the spark has
to do with the aérial and ground wires.

In some ways an electric current also acts very much like a
rubber ball and this is the case with electricity in an aérial and
ground wire. If you throw a rubber ball on a sidewalk it will
bounce quite high the first time, not so high the next time and a
little lower each time, until it no longer bounces at all, but lays
at rest on the walk. If we make a line on paper to show how the
ball bounced it would look about like that shown in Fig. 51.

: When you raise a ball ready to throw it on the sidewalk

force is stored up in it and all that is needed is to let it go. Just
so with the electricity in or on the aérial and ground wires
before the spark takes place.

There is power back of the ball and power back of the elec-
tricity in the aérial and ground wires; making the spark is just
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like throwing the ball, they both release their stored-up energy;
the ball on striking the sidewalk bounces up into the air, while-
the electricity on reaching the end of the ground wire bounces
up to the top of the aérial wire, and just as the ball bounces into
the air every time it strikes the sidewalk, so the electric current
bounces to the top of the aérial wire every time it strikes the
ground.

BALL JUST
BEFORE
THROWN

F1g. 51.—How A RusBER BaLL BouUNCEs.

You may wonder how the electric current in the aérial can -
pass between the spark-balls on its way to the ground and back
again, since air is an insulator. It is because the spark has
burned the air out of the gap and this hot space makes as good
a path for the electricity as though the brass balls were connected
at that instant with a copper wire.

Just as a ball can be started bouncing again after it is at
rest by throwing it on the sidewalk so a current in the aérial and
ground wires can be started by pressing down the key and mak-
ing a spark.

Thus, we find that every time a spark jumps between the
balls a current of electricity surges up and down the aérial and
ground wires and if we could trace its motion on paper as we
have the rubber ball we would have a wriggly line like that
shown in Fig. 52. _

While it has taken a long time to explain about the current

~
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in the aérial and ground wires, it travels up and down faster
than the mind can think, that is to say a million times every
second, more or less.

How Wireless Waves Are Made.—The purpose of the cur-
rent surging up and down the aérial wire of the sending station
is to send out waves to the receiving station. An easy way to

/ '

[ /
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F1a. 52.—ELECTRIC CURRENT IN AN AERIAL WIRE.

understand how this is done is to pick up a dozen stones and .
stand on the bank of a pool of still water.

Throw a stone into the center of the pool and you will see a
ripple or small wave form in a ring around the place where the
stone struck the water, and you will also see that the ring
spreads out in every direction and as it grows larger it also
grows weaker until it can no longer be seen.

After this experiment throw one stone in the pool after an-
other quickly and a number of waves always traveling toward
the edge of the pond will be set up and follow each other.

This is a fair picture of what happens when the electric cur- -

1,
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rents run up and down the aérial and ground wires every time
a spark jumps between the balls of the gap.

The running currents set up waves in space which travel
away from the aérial in every direction, growing larger and
weaker until they can no longer be detected.

How Wireless Waves Travel.—All around the aérial wire,
everywhere as far as the eye can reach and beyond the space is
filled with a substance of which
electricity is made and which is P
perfectly still, just as the pool of V" 2NN
water is still before the stones are (\*}\ \(_—_2 2/)>

thrown in, and, too, just as little :"‘".'"‘:-‘:'/
waves are sent out by the stones WWW'
striking the water, so the currents

running up and down the aérial E

and ground wires strike this great

pool called the ether and sets it Fie. ﬁa?ﬁ“m.w‘m

into motion, and ripples or waves
are sent out all around the aérial wire, somewhat after the man-
ner shown in Fig. 53, but instead of being simple rings of elec-

F1c. 54.—ELEcTRIC WAVES THROWN OFF BY ARRIAL.

tricity they are shaped more like the half of an orange, as shown
in Fig. 54.

How Wireless Waves Are Detected.—As you learned in
building the wireless set, the detector of the receiver is con-
nected with an aérial and ground wire when receiving just as
the spark-gap is connected with the aérial and the ground when
sending. The detector has been called a wireless eye, for it
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detects or makes known that which our eyes are unable to see,
and that is feeble electric currents.

Going back again to the experiment of throwing stones into a
pool of water, if you will put a cork on the still water near the
edge of the pool, you will see the cork bob up and down every
time a stone strikes the water, or rather as soon as the wave
set up by the stone reaches the cork. The cork is then a kind
of crude detector. .

When the electric waves sent out by the aérial wire of a
sending station strike the aérial wire of a receiving station, elec-
tric currents are set up in the aérial of the receiving station and
run up and down the aérial wire through the detector and the
ground wire exactly like the electric currents set up in the send-’
ing aérial, as shown in Fig. 52.

Where the water waves caused the cork to bob up and down,
the electric waves set up electric currents in the aérial wire and
these cause the pencil leads and the steel needle of the detector
to draw together, or cohere, and then the current from the dry
cell can flow through the detector more easily than when the
needle lays loose on the leads—that is when they are not co-
hered—and a sound is heard in the telephone receiver.

Just the instant that the electric current stops running up
and down the aérial wire and through the detector, the needle
and the leads break apart and this prevents the current of
the dry cell from flowing through the detector and the telephone
receiver, and little or no sound is heard.

How Electric Currents Are Changed into S8ound Waves.
—We have seen how a current of electricity flowing through a
coil of wire which is wound on a soft iron core makes a mag-
net of it. -

The magnet of a watch-case telephone receiver is very small,
as Fig. 55 shows, and is a thin flat piece of steel which is in
itself a magnet; this magnet forms the core on which is wound
a large number of turns of silk-covered copper wire which is
almost as fine as a hair.

When the current from the dry cell is allowed to flow through
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the coils of the magnet by the detector, the steel core is mag-
netized still more and any change in the amount of current
flowing through the coils will vary the strength of the magnet.

When a high-frequency current is set up in the aérial wire
by an incoming wireless wave this current causes the steel needle
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- BACK.

to cohere as we have seen, and on this taking place the current
from the dry cell can flow through the detector and the coils
of the magnet of the telephone receiver.

When the current stops flowing in the aérial wire the needle
and the leads break apart again of their own accord and this
gerves to break the circuit and so there is no current to affect
the coils of the telephone magnet.

This is the way that high-frequency currents running up
and down the aérial and ground wires and through the detector
change the amount of current from the dry cell which flows
through the coils of the telephone magnet, and this, of course, -
changes the strength of the magnet.

The soft iron disk or diaphragm of the telephone (see Fig.
55) is set over very close to the end of the magnet. The edge
of the diaphragm is held fast between the case and the cap of
the receiver, but the center of the diaphragm which is directly
over the magnet is free to move, or vibrate.
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Now since every change in the amount of current which flows
through the coil of fine wire changes the strength of the mag-
net which forms the core, the diaphragm, since it is of soft iron,
is pulled in toward the end of the magnet, as in Fig. 56, and
when released it springs back as in Fig. 57. As the diaphragm
moves to and fro very rapidly, or vibrates, under the action of
the changing strength of the magnet it gives out a sound like a
honey bee on a flower.

How the Message Is Heard.—We have just seen that the
diaphragm of a telephone receiver vibrates and that this vibra-
tion is the cause
of the buzzing
sound we hear.

Now let’s see
just why a dia-
phragm when it
vibrates sets up
what we call a
sound, and let’s
see just how our
ears hear the air
waves which we
Fia. 58.—THE HuMAN Ear, SHOWING EAR-DRUM call sound. .

AND AUDITORY NERVE. ) When the dia-

phragm vibrates it

causes the particles of air all around it to dance exactly in step

with it and if the telephone receiver is held close to the ear the

air which is set into motion cannot get away, but is held like a
cushion between the diaphragm and the drum of the ear.

The human ear (see Fig. 58) is very much like a telephone
receiver in that it also has a thin diaphragm, which we call the
drum, but instead of being worked by an electromagnet it vi-
brates whenever the air outside the ear is set into motion;
this being the case when the diaphragm of a telephone receiver
sets the air into motion the drum of the ear vibrates exactly
with it. :
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Connected with the ear-drum is an apparatus which ends in
the auditory nerve and this nerve in turn leads to the brain.
The ear-drum acts as a sender and the auditory nerve as a wire
and when the ear-drum vibrates the brain is set a-tingling and
this is what we call the sense of hearing.

This then is what happens when you hear the sounds a tele-
phone receiver makes as it buzzes out the dots and dashes. The
telephone receiver, then, makes a buzzing sound as long as the
needle and the leads of the detector remain cohered, which is
only as long as the electric waves last which strike the agrial.

It must be clear now that for whatever length of time the
key at the sending station is pressed down the telephone receiver
will buzz at the receiving end. This is how wireless works in
about as few words as it can be told.



PART II

A LONG DISTANCE WIRELESS SET

CHAPTER I
THE TRANSMITTER

After you have put up and used the small wireless set, the
making of a long distance set described in this chapter will not
be a very hard thing to do and its operation will be a real
pleasure.

The transmitter is made so that waves of a given length can
be sent out and the receptor is made so that different lengths of
waves can be received. The Government will not permit you to
use a wave length that is more than 200 meters long, that is,
656 feet, but with the receptor waves of almost any length can be
received and you can listen-in to almost any station that is
sending.

All of the parts of this set are made of materials that are
easily gotten and they are put together in as simple a fashion as
possible.

There are two things, though, you should know something
about before you try to make and use this larger set. The first
is how to read diagrams and the second is the first principles of
the electric current.

How to Read Diagrams.—In wiring together the different
parts which go to make up the sender, but which we will from
now on call the fransmitter, and the receiver which is better
called the receptor, to keep it from being confused with the tele-
phone receiver, the following symbols, which are called conven-
tional symbols, will be used. When an arrow is marked across
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a symbol, it means that the apparatus represented is adjustable.
As an illustration, suppose we want to show a condenser, a
tuning coil and a spark-gap connected together. It is not neces-
sary to draw a com-

[— | plete picture but
C.ONTNGSERJ merely draw the
O symbols represent-

ing these parts as
shown in Fig. 60.
Things to Know

about a Current.

F1a. 60.—D1aGraM oF CONDENSER, SPARK-GAP —In. t.he chapters

anp TuniNg CoiL. describing the

small wireless set

the words current and pressure were used a great deal. A point

has now been reached, though, where something more definite

must be known about an electric current if a good station is to

be built.

An electric current flowing in a wire, like water flowing in

a pipe, has both guantity and pressure. When we speak of a

current we usually mean both the quantity of electricity and the

pressure which moves the quantity along the wire. But strictly
speaking, current means quantity.

(1) A current or guantity of electricity is measured by
a unit called the ampere just as water is measured
by a unit called the gallon.

(2) The pressure of electricity is measured by the volt
just as the pressure of steam is measured by the
pound.

(3) The watt is the unit of work done, or the unit of
work capable of being done by an electric current,
just as horse-power is the unit of work done or
capable of being done by steam or water flowing
in a pipe.

To find the number of wafts a current of elec-
tricity develops multiply the amperes (quantity)

SPARK GAP

TUNING
COIL
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by the volts (pressure). Seven hundred forty-six
watts are equal to one horse-power.

(4) When electricity is forced through a wire the wire
opposes the passage of the current; this is called
the resistance of the wire and resistance is meas-
ured in ohms. It is just the same with water
forced through a pipe for the size of the pipe and
the friction due to the water rubbing along the
pipe offers a resistance to the flow of the water.

A Long Distance Transmitter.—In up-to-date wireless
stations transformers have taken the place of induction coils
which were formerly used and alternating current is employed
to operate the transformers wherever it can be had.

Where only direct current is to be had the transformer can
also be used, but an interruptor, which will also be described, is
required. So whether you have alternating or direct current,
the transmitting apparatus is just the same—except for the
interruptor.

When I say that this is a long distance transmitter, I mean
long as compared with the one previously described. The United
States Government will not grant a license to any boy whose
station is fitted with a larger transformer than one kilowatt.*

Unless you use a very large aérial, a 4 kilowatt transformer
will give you all the power you need and this is the size I have
taken for this set. A } kilowatt transformer will give you a
sending radius of from 25 to 100 miles.

The different parts required for this transmitter are:

(1) A source of current to operate the transformer,

(%) A transformer for stepping up the low-pressure cur-
rent of the lighting mains, which is about 110
volts, to a high-pressure alternating current of
about 10,000 volts,

(3) A resistance for regulating the amount of current
supplied by the alternating current mains to the
transformer,

1One kilowatt is equal to about 11§ horse-power.
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(4) A telegraph key, for making and breaking up the
alternating current which supplies the trans-
former into the Morse code of dots and dashes,

(5) A condenser of Leyden jars which is charged by the
high-pressure currents set up by the transformer
and which discharges through

(6) A spark-gap and so sets up sparks, and

(7) A tuning coil through which the high-frequency cur-
rents set up by the spark-gap surges into the
aérial and ground.

If a direct current is used then

(8) An interruptor will be needed to make and break the
current in the primary coil.

The Source of Current.—To obtain an electric current
sufficient to operate a transformer, the current should be taken
from the mains of an electric light or power plant.

A battery powerful enough to work a transformer would be
very costly to buy and to keep up. For this reason it is assumed
that you have electric current for lighting purposes in your oper-
ating room.

In Fig. 47, page 43, a picture is shown of a pipe and a valve
which resemble a battery connected with a coil of wire and a
telegraph key. In these cases the current of water or of elec-
tricity always flows in the same direction.

An alternating current is different from a direct current in
that it changes its direction 120 times a gecond, more or less.

In a piston pump every time the piston moves up the water
will be forced through the coiled pipe in one direction, and
every time the piston. moves down the water will flow in the
other direction, so that if the piston is moved up and down like
a pump-handle when pumping water, the water in the pipe will
move first in one direction and then in the other direction regu-
larly. In other words the water in the pipe will alternate in
direction. ,

This is also true of an alternating current of electricity and
a machine for producing alternating currents, called a generator,
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is so built that the current changes its direction 120 times a
second, or makes 60' complete reversals, or cycles as it is called,
a second. A diagram including a generator, a primary coil of
a transformer and a key is shown in Fig. 61.

The Transformer.
—A transformer for ALTERNATING
using alternating GEggRRE'lEEg;
current is even a
simpler piece of ap-
paratus than an in-
duction coil, since it
does not have an in-
terruptor.

A transformer
comprises three
parts, and these are
(a) a core, (b) a
primary coil, and
(c) a secondary coil.

The core is
formed of pieces of
thin sheet-iron. See
Fig. 189, page 171.

A primary coil of
heavy insulated wire
is slipped over the F1a. 61.—D1AGRAM (?1: é&nli:EnNAme CurRENT
leg of the core, the
ends of the coil leading to a pair of binding posts mounted on
the cheeks of the coil so that a connection can be made with the
regulating resistance and one of the wires of the lighting mains.
The secondary coil of fine wire is slipped over the other leg of
the core and the ends of the coil are connected with the battery
of Leyden jars. See Fig. 88, page V6.

The size of this transformer is about 6 inches high, 94 inches
wide and 11% inches long. It weighs about 25 pounds and is
rated at 3 kilowatt, about Y of a horse-power.

A

PRIMARY
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A complete description of how to construct a } kilowatt
transformer is given on page 171, Chapter I, Part III.

The Key.—A key having large contacts is required for
breaking the current that feeds the primary coil of the trans-
former where upwards of 10 amperes are used.

A good substantial key can be made by following the draw-
ings shown in Figs. 63, 64 and 65. The base is a block of wood
3 inches wide, 6 inches long and § inch thick.

The supports which hold the lever up off the base are pieces
of brass about § inch thick, } inch wide
and 1 inch high. The lower end is bent
over } inch while in the upper end of each
support there is drilled a 4 inch hole and
through the lower edge two 4 inch holes
are drilled as shown in Fig. 62.

The lever, shown in Figs. 63 and 64,
| is a straight bar of brass # inch thick,
Fia. 62.—SUPPORT FOR inch wide and 5 inches long. A 3} inch

" Key. hole is drilled through each end of the

lever, one for the adjusting screw (see
Fig. 63) and the other for the screw holding a silver contact
disk on one side and a hard rubber button on the other side. A
% inch hole is also drilled through the thin side of the lever and
at a distance of 13 inches from the end in which the adjusting
screw is placed. This hole is for the screw that holds the lever
between the supports. All these holes are to be tapped with what
is called 8-32 tap (see Appendix C) ; that is threads have to be
cut in the brass where the holes are drilled.

The upper silver contact disk (see Fig. 63) is soldered to
the head of a flat-headed machine screw which is screwed through
the lever and into the hard rubber button. The lower silver con-
tact disk is also soldered to a flat-headed machine screw, a
washer is put on and the screw set in a hole in the wood base.
In the bottom of the base a hole § inch in diameter is bored
halfway through to meet the hole in which the contact screw is
set and on the bottom of the screw is placed a nut. The silver
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disks, which are about ¢ inch thick and 4 inch in diameter, may
be bought of almost any jeweler for about a quarter, while the

Fi1a. 63.—SmE View or KEv.

hard rubber button may be bought from a dealer in electrical
supplies for about 6 cents.
The brass supports are held to the base by machine screws

F16. 64.—Top ViEw or KEv.

with nuts put on them, a hole being bored out of the bottom
of the base for this purpose. The lever is held in place between
the brass supports by a machine screw as shown in Fig. 64. The
S spring is made of a strip of spring brass and is screwed to
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the base but not to the lever. A flat-headed machine screw is
screwed through the back of the base under the adjusting screw
and serves as a stop for the lever, that is it prevents the front
end of the lever from flying up when released. Finally two
binding posts are screwed on the back of the base.

The lever is connected with one of the binding posts by a
piece of insulated wire hooked around one of the screws which

F16. 65.—KeEY COMPLETE.

holds the supports to the base, as shown in Fig. 63. The lower
contact is connected to the other binding post, but this connec-
tion is not shown. Fig. 65 shows the key complete.

The Water Resistance.—Where an alternating current is
used, some means must be provided to allow a certain amount
of current, which must be neither too large nor too small, to
flow into the primary coil of the transformer.

The amount of current depends upon the size, or capacity,
as it is called, of the Leyden jars. If the primary current is
larger than the jars can take, the spark will be thin and red;
if the current is too small, the spark will be weak. Hence a
variable resistance is needed to get the amount of current that
is exactly right for the capacity of the Leyden jars.

There are many ways to regulate the current flowing into
the primary coil, but a water resistance is the easiest and cheap-
est to make. Take a gallon jar, either of glass or of earthen-
kvare, and make a wood cover to fit it as shown in Fig. 66,
which is a cross-sectional view of the resistance.

On the wood cover screw two binding posts near the edge



F16. 66.—Cross SEcTION VIEW OF WATER RESISTANCE. ’
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(see Figs. 66 and 67) and in the center screw on a brass collar
having a flange and fitted with a thumb screw. This collar
should have an inside diameter of } inch, and be about 1} inches

BINDING

F16. 67.—Tor ViEw oFr WATER RESISTANCE.

high. It is shown full size in Fig. 68. It is connected with one
of the binding posts by a bit of heavy insulated wire.

Now solder a disk of copper, or galvanized sheet-iron, of
such size that it can move freely up and down in the jar, to one
end of a brass rod!inch in diameter and 4 inches longer than
the height of the jar.! To another disk of copper, or galvanized
iron, of the same size as the first, solder a piece of rubber-covered
wire and after placing this disk in the bottom of the jar bring
the wire up the side of the jar and connect the end with the
other binding post. :

*As gallon jars vary in height and diameter, the length of this
rod cannot be accurately given.
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Pour # gallon of water into the jar; throw in a handful of
salt, and this piece of apparatus is ready for use.

The Condenser.—With an alternating current transformer
the current at the ends of the secondary coil is so large that
when the first spark passes, the current continues to flow across
the gap in the form of a flaming arc.

To produce a succession of sparks a condenser is used and
the Leyden jar condenser is one of the best known forms. When
the current from the ends
of the secondary coil charges
the Leyden jars, these dis-
charge across the spark-gap
and this sets up high-fre-
quency electricity.

To make a condenser get
six half-gallon glass jars
and a pound of tin foil.
Clean and dry the jars thor-
oughly ; next cut the tin foil
into strips which will just
cover the inside and the Fiq. 68.—Cross Secrion or CoLLar,
outside of the jars to within
one-third of their tops. To fasten the sheets of tin foil to the
jars get some shellac varnish and lay it on the inside of the jars
first ; take a sheet of tin foil and place it inside on the surface of
one of the jars and rub out all the wrinkles and uneven places.

A circular sheet of tin foil must also be placed in the bottom
8o that it will overlap the sheet of tin foil around the inside.
Next shellac the outside of the jar and cover it with tin foil the
same way. When all the jars are done, shellac them all over,
inside and out, glass and tin foil, several times, allowing enough
time for them to dry after each coat is put on.

The covers for the jars should be made of wood and turned
in a.lathe to fit the necks closely. To each cover a binding post
is screwed and to the screw of the binding post on the under
side a thin brass spring is fastened as shown in the cross-sec-
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tion view of Fig. 69, while Fig. 70 is a view of the spring in
perspective. This spring will pass through the neck of the jar
BINDING and once inside will spring
POS ;‘{ woopTop  out and make a good contact
SN\ MK \ \\\ w"i.th thg inner coating of tin
X\\\\\\\\\\\\\\ N\ f.01l. Fig. 71 shows a Leyden
GLAgg Jar complete.
JAR To hold the jars in posi-
tion make a wood box 17
inches long, 12 inches wide
and 6 inches high and screw
on four porcelain insulators
to the bottom. Solder a piece
g of wire to a sheet of zinc or
; brass, lay it in the bottom of
i  the box and connect the wire
to the screw holding a bind-
ing post to the outside of the
box, as shown in Fig. 72.

The jars are set in the
box on the sheet of zinc or
Fia. 69.—Cross Szcrion VIEW oF brass and this connects. all the

LEYDEN Jar. outer surfaces of the jars to-

' gether. The binding posts

on top of the jars are connected up with pieces of heavy insulated

wire as shown in Fig. 72. By this arrangement any one or any

number of jars can be cut in or out and this makes the Leyden

jar condenser adjustable. Fig. 73 is a picture of the condenser
complete.

The Spark-Gap.—A spark-gap apparatus to carry half a
horse-power or more of electricity must be of goodly size or
there will be a great loss of energy, due to overheating.

A spark-gap for 3 kilowatt set should be mounted on a slate
or marble base 43 inches long, 3 inches wide and 4 inch thick
as shown in Figs. 74, 75 and 76.

Make two supports of brass rod 1§ inches long, 1 inch wide
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and } inch thick, as in Fig. 77. Drill two holes in one end of
each support and tap the holes to fit 8-32 machine screws which
are to hold the supports to the slate base. :

F1a. 70.—SPRING OF F16. 71.—LEYDEN JAR
LEYDEN JAR. COMPLETE.

In one of the supports drill a hole s inch in diameter and
thread it with a # inch. tap cutting 18 threads to the inch to fit

1.7
+—f

7~ N
7 S /
% JAR JAR JAR
/_
% !
Rt “BRASS PEAT =1 &
7
JAR JA JAR _?
7777,

F1a. 72.—Top ViEw or LEYDEN JAR CONDENSER.

the adjusting screw, see Figs. ¥4 and 75. Cut a slot with a
hack saw in the top of the support, down through the hole and
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to # inch below it. Through the upper end of the support, and
at right angles to the big hole and the slot, drill a hole for a set

F1a. 73.—LeYDEN JAR CONDENSER COMPLETE.

screw. The purpose of the slot is to give plenty of freedom to
the adjusting screw when needed and when the proper adjust-

F1a. 74.—Top ViEwW or SPARK-GAP.
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ment has been made to permit the set screw to draw the ends
of the support together and so hold the adjusting screw tight.
The other support is like the one just described except the

BRASS OR ZINC

- - - AR IaTIAtA

F16. 756.—SmE VIEW Or SPARK-GAP.

large hole near the top is § inches in diameter and is not
threaded and the set screw reaches through the support to the

HANDLE

BRASS
SUPPORT

——— g — —— -
G. 76.—END VIEW OF SPARK-GAP.

hole only, as shown in Fig. 74. The two supports are now
screwed to the base as shown in Figs. 75 and 76.
To make the adjusting screw cut a piece of brass from a
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rod § inch in diameter and 2} inches long, cut threads on this
rod so that it will fit the threaded support. On one end of the
adjusting screw, screw a disk of hard rubber or hard wood

o —

3

SET
-~H---- CREW

! |

1 %I’

LOT

ADJUSTING
SCREW HOLE y

r—.-—--‘-‘l—.—-—u:
Fi1a. 77.—ApJuUSTING SCREW SUPPORT.
# inch thick and 1 inch in diameter, as shown in Fig. 78. Now

screw the adjusting screw in the support. For the stem cut a
piece of brass 1} inches long and thread it at one end; slip it

Fi1g. 78.—ApJusT- Fi1g. 79. — Brass
ING HANDLE. SPARK ELECTRODE.

through the hole in the other support and screw up the set -
screw, as shown in Fig. 74.

Make, now, two spark electrodes of brass rod 1 inch in diame-
ter and 4 inch thick and drill and tap threads in these (see Fig.
79) and screw one to the end of the adjusting screw and the
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other to the end of the stem, and the spark-gap is completed
as shown in Fig. 80.

The Tuning Coil.—This simple but important device is the
chief means by which the transmitter is tuned and waves of the
greatest force are sent out.

A tuning coil for sending is merely a large number of turns
of heavy wire wound in a spiral form or heliz, as it is called.

To make a tuning coil, cut out two disks of well-seasoned

F1a. 80.—SPARK-GAP COMPLETE.

wood 1 inch thick and 7} inches in diameter. Screw on with
round-headed wood screws to these disks 8 sticks of hard wood
4 inch square and 134 inches long, as shown in Figs. 81 and 82
and so forming a sort of drum.

Next get 32 feet of brass wire } inch in diameter and
wind it on a form made of wood that is about 7 inches in diame-
ter so that the turns of wire are close together. When the.
wire is taken off this form and placed over the drum it will be
found to fit it snugly. Turn up one end of the wire and cut
threads on the end so that a binding post can be screwed on
to it. Thread the other end the same way. Pass the bent end
through a hole in the top of the disk as shown in Fig. 82, screw
on the binding post and slip the other end through a hole in
one of the lower strips and screw on another binding post.

To hold the wire in place drive insulated staples over the
turns of wire where they cross the strips. Finish the tuning
coil by screwing on to the bottom three blocks of wood, or better,
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Fias. 81 and 82.—Top anxp SipE ViEw or Tuning CoiL.
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porcelain knobs, for legs, all of which is shown clearly in Figs.
82 and 85.

To connect the coil with the other parts of the apparatus
and with the aérial wire make three clips of brass as shown in
Figs. 83 and 84. Cut six strips of spring brass § inch wide and
2 inches long as shown in Fig. 83; bend the end of each piece
to fit the wire of the coil and place the straight ends of a pair of
these pieces on opposite sides of a thin piece of wood, hard fiber
or brass and drill a hole through them for a small machine
screw; push this screw through the pieces and screw a small

QT 0

Fig. 83.— Tor VIEW OF Fi1g. 84.—SmbE VIEW OF
SpriNg Curp. SeriNg Cuip.

binding post on tight as shown in Fig. 84. The coil complete
is shown in Fig. 85.

Connecting up the Apparatus for Alternating Current.—
Having all of the parts of the transmitter at hand, lay them out
on your operating table somewhat after the plan shown in Fig.
86. It really doesn’t matter just how the different parts are
placed on the table, though the key should be conveniently near
the right-hand lower corner and the water resistance close to
it on the right-hand side so that the current can be varied
easily. .

The transformer may set well back and the spark-gap can be
screwed to the wall where its action can be easily seen and yet
be well out of the way. This will be better than to have it
screwed to the table in the position shown. The tuning coil
should be set so that the clips can be changed from one turn of
wire to another easily. The condenser will seldom have to be
touched.

. In bringing in the electric light leads see that they are
properly put up in accordance with the Fire Underwriters’ Rules
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which will be found in full in Book III, Chapter III, page 199.
While all of the connections are shown in the plan view

F1g. 85.—TunNiNG CoiL COMPLETE.

Fig. 86, the wiring diagram, Fig. 87, gives a clearer idea of
the connections. For wiring up the different parts, use No. 12



THE TRANSMITTER 5

or 14 insulated electric light wire. The transmitter complete

is shown in Fig. 88. \

F1a. 86.—PLAN ViEwW OF INSTRUMENTS. ON TABLE.

Connecting up the Apparatus for Direct Current.—Where
direct current only is to be had an electrolytic interruptor must

F1a. 87.—WirmNG DiaGrAM oF CONNECTIONS.



F1a. 88.—TRANSMITTER COMPLETE AND READY FOR SENDING.
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be used to operate the transformer. When an electrolytic inter-
ruptor is used the water resistance is not needed, as the amount
of current can be varied by adjusting the interruptor.

The interruptor is connected in the primary circuit exactly
the same way as the water resistance so that no change in the
wiring need be made. The construction of an electrolytic inter-
ruptor is given in Part III, Chapter II, page 191.

Adjusting the Transmitter.—After the apparatus is set up
and connected with the aérial and ground raise the upper plate
of the water resistance to nearly the top of the water so that the
resistance will be high and hence keep too large a current from
flowing through the primary of the transformer.

Have about four of the six Leyden jars connected together
and set the spark-gap electrodes so that the gap is about 3 inch
long. Now close the switch in the main line circuit, close the
key and watch the spark-gap. If no sparks pass, open the switch
and let the plate down in the water a little farther. Repeat this
operation until a good spark takes place in the gap.

When too much current flows in the primary of the trans-
former the spark will be red and stringy, and when this is the
case use either less current or connect in more Leyden jars. The
larger the number of Leyden jars the greater the amount of cur-
rent which flows in the primary coil. When the current and the
Leyden jars have been adjusted so that a good, white, snappy
spark results, the switch is again opened and the spark-gap elec-
trodes are separated until the gap is about 4 inch wide.

Now change the position of the clips on the tuning coil, that
is those clips which connect with the spark-gap and condenser
until the longest sparks possible take place in the gap when
the apparatus is roughly tuned.

A much better and easier way to adjust and tune the ap-
paratus is to use a hot-wire ammeter and this piece of apparatus
ig described in Chapter IV, Part II, page 146.
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Cost oF TRANSMITTER WHEN BouGHT oF DEALERs®
1 % kw. transformer..........c.ceovvvvveeen....$20.00

1 regulating resistance ............eceveieenenn. 6.00,
1 telegraph key......covvviveeiiininnneennnne.. 450
1 switch (double pole)....... eeereeeneas Ceeeaen 50
1tuning coil ....vviniiiivieninnnnnenannn Ceeees 10.00
1 condenser of 6- one—gallon or 12 half-gallon jars.. 15.00
1 spark-gap ........... R X 111
1 fuse block ............ A 7
1 roll of electric light wire............. ereneees .50
'1 dozen porcelain insulators............ PN 25

Total ...... e eteraeeneaees ceeeeneeeee...$62.00

Cost oF TransMITTER WHEN HoMeE MADE

3 kw. transformer?

17 pounds sheet iron @ 6c.. e, ..$ 1.02
3 pounds No. 13 double cotton-covered magnet
WIre (@ 85C. oo vvvivernrvennrnnernnnnnnnns 1.05
5 pounds No. 34 double cotton-cov: ered magnet
wire @ $1.10............. eeees Ceerisee 5.50
10 yards empire cloth............cccvvvvvenen... 5.00
Base for coil.................. e eeeeeeeeaeaaas 25
2 binding posts............e..un Ceeeeteee e ens .20

Total covvrveennrneneeeeneeennenn...513.02

Water Resistance

1 1-gallon jar or crock. ......cvvvveevuenennn. ...$ .10
2 dishes of zinc or brass.......... eeeeees eeeee 25
1 brass collar with set screw.............ccvtn.. . .50
2 binding posts «.....ocuveernnnn. Ceeeieaenes oo 220

1Dbrass 1od «.vvvee i iineniernreneeacennnseanees 25

Total ....... Cereeeeneeann teeeeeneea.. $1.30

IThe prices of the various parts of the apparatus as given below

are only approximate and it is well to get prices from a number of
dealers before buying.

* A full description with drawings for making a 1% kilowatt trans-

former is given in Chapter I, Part I1I, page 153.
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Telegraph Key

Wood base «ueveveninineiiniiiiiiiiiirnennnnn. $ .10
Brass bar ...ooiiiiiiiiii i 20
Adjusting SCreW ........eeevviiiiienineeeeannns .10
D110 o) 103 o 7 S .30
31705 10
2 silver contacts....... et ittt 25
T =3 - T .05
2 binding Posts...ovveerrieieir it i, 20
Switch double pole. .. ...c.coviiiiiiiiiiii .. .50
Fuse block ..covvvinninininiiiiiiiiiiiiiinenn.. 25

Total ovveveriiiieiiiiiieennnnn, $2.05

Leyden Jar Condenser

6 1-gallon glass Jars. .. .....ovvvveernnnnennnnnn. $ .50

1pound tin foil........covviiviivnneenrinnennn. .60
6 turned wood COVErs..........ceeuvenvenennnnnn 30
7 binding Posts «eeeeereeninreernienneencenanns (0]
1 pint of shellac varnish.............c.ovvvennn. .10
Sheet brass for springs. .. ...coovviiiiviineennn. 25

Wood box ..vevvvieninnennreieecnnenncnannnses 100

Total v vvviiiinnenenerernenneneeennns $3.45
Tuning Coil

2 wood dishes (top and bottom)................. $ .20
8 wood strips 13} inches long.............ccc..... 25
32 feet of %-inch brass wire...........covenu.... 1.50
Brass wood SCrews. .......ccvvviiiiinneneneennas 10
Insulated staples ............covviiiinnnnnnnnn. .20
3 porcelain insulators ................ciinnnn. .06
4 binding Posts ..cevveviiniiiiieriiianieianaens 40
Spring brass for clips......ccoiviiiiiiiiiiine.. 15
Flexible lamp cord for clips.......ccvvveevennens . .80
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Spark-Gap

1 slate base «.cvvvieniiiiiereeniienineeennennn. $ 25
2 brass supports cut and threaded................ .50
1 adjusting screw threaded...................... 25
1 stem (threaded) ........coovviiiiiivenneennn. 15
1 hard rubber handle.............c.covvna.t. 25
2 iron electrodes drilled and tapped.............. .50
2 binding posts .....cviiiiiiiiiieiiititeittaann .20

Total covvvevrieenenneeennceeeoeannnns $2.10
Roll of electric light wire......cocecveverearnens .50
1 dozen porcelain insulators............ccevunn.. .30

Total cost of transmitter............. $26.02



CHAPTER II
THE RECEPTOR

A good wireless receptor which will give you a lot of pleasure
and service can be easily made—except the head telephone re-
ceiver—by following the drawings and descriptions given in
this chapter.

While this receptor is not the best that can be made, still
messages up to 500 miles or so can be received with it, the dis-
tance, of course, depending upon the length and height of your
aérial, the power of the sending station and the adjustment of
the apparatus.

There are a large number of wireless boys who have only a
Teceiving apparatus connected with their aérials,. and although
they cannot send messages they can receive them from any
station within their range.

The Government has a great wireless station at Arlington,
Virginia, which has a sending range of over 3,000 miles and
there are other Government stations scattered all over the United
States, all of which send out the standard time daily and if you
live within signaling range of one of these stations you can re-
ceive the correct time every day without cost. A Government
license is not required where only a receiving set is used.

The various parts needed for a receiving set are:

(1) A tuning coil, for tuning the aérial wire so that waves
of only a given length can be received. Thus any station can be
tuned in or out as desired.

(2) A crystal detector, for changing the high-frequency cur-
rents which surge in the aérial wire and tuning coil into a direct
current, capable of operating the telephone receiver.

81
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(3) A small condenser, which with the tuning coil and the
‘detector forms a closed circuit. .

(4) A telephone recewver, for changing the direct current
passing through the detector into sound waves so that the ear
hears them as dots and dashes.

(5) An adjustable resistance, called a potentiometer, for

F16. 89.—Woop Core or Tuning CoiL.

regulating the amount of current flowing through the detector
from a dry cell.

(6) A dry cell for producing the current which flows through
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