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These sketches show the details of bringing the lead-in from 
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Page 13 
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Small insulators should be 
placed in tandem in the aer-
ial as shown here, or else a 
long corrugaed insulator 
should be used. The lead-in 
wire should come in through 
a porcelain tube. The article 

on Page 11 explains it 
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A TALK ABOUT MAGNETISM 

••• 

• ••• 

• ••• 

`k 

The process of "induction" in radio may be roughly compared 
to the swirl of air blowing a paper when an express train 

passes. The article explains it. 

The great majority of beginners 
in radio find it difficult to under-
stand the reasons for the things 
they do in operating their sets 
principally because of their inabil-
ity to get a clear mental picture 
of just what magnetism is and 
what it does. 
Without this definite view of 

magnetism they cannot under-
stand the principles of "induc-
tion," and as radio is founded up-
on the phenomenon of induction 
they are handicapped at the start 
in understanding their sets. 

If I may be permitted to make a 
comparison that is not really an 
accurate one I will try to tell you 
something that may give you a 
better idea of this fundamental 
subject. 
Almost everybody has stood on 

a station platform when an ex-
press train went thundering by 
and had to hold his hat on his 
head or have the hat blown off. 
When a train dashes by at sixty 
miles an hour alone- a track it 
creates in the air an extremely 

strong current, and this current, 
striking your hat or a piece of 
paper or the dust along the tracks, 
is capable of imparting definite 
movement to these objects. 

You can easily see that this 
movement is due to the train, al-
though the train and object are 
not in any way connected to each 
other. It is impossible for any 
object to move through the air 
without creating a greater or less 
amount of this force in the air, 
and this force striking another 
object will exert upon it a force 
that will depend in amount upon 
the mass and speed of the original 
object that is creating it. 

Whenever a current of electri-
city flows through a wire it cre-
ates in the ether about it a force 
or an amount of motion that 
mio;ht be pictured mentally as 
something like the force or mo-
tion created in the air by the ex-
press train. The principal differ' 
ence is that, whereas the air is 
sucked along in the direction of 
the train, the current of electri-
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city throws its influence out at 
right angles to the direction of its 
motion. 

Also you must remember that 
when we deal with magnetism we 
are not dealing with a motion in 
the air, but in the ether which is 
in every object that we know of. 
Just as it is impossible for any 
material object to move through 
the air without creating a disturb 
ance, so it is impossible to send a 
current of electricity through a 
wire without creating a disturb-
ance in the ether around that 
wire. We can make the similarity 
go farther by saying that just as 
the air current created by the 
train is capable of imparting act-
ual motion to your hat, so the 
field of magnetism thrown out by 
the electric current in the wire 
will, if it be permitted to cut 
through another wire, create a 
current of electricity in the sec-
ond wire, though they are not con-
nected. 

A direct current which moves 
steadily in the same direction 
builds up this field of magnetism 
and the magnetism is capable of 
adding to the momentum or force 
of that current, just as it is the-
oretically conceivable that the 
strong current of air created by 
the train might serve to push the 
train farther along in its own 
path if the engine were suddenly 
stopped. 

When we have an alternating 
current of electricity the current 

induced in a nearby wire will also 
alternate. This you can under-
stand if you will imagine a double 
track railroad running north and 
south with a piece of paper lying 
between the two tracks. 

When an express train goes 
north the paper is sucked in that 
direction. Then comes an express 
train going south and the move-
ment of the paper is reversed and 
it goes in that direction. 

So it is with an alternating cur-
rent of electricity, which is first 
positive and then negative many 
times a second. The field of mag-
netism created by the positive 
current is the opposite to the field 
created by the negative current, 
and if you have another wire 
within reach of this magnetism 
the current created or induced in 
this second wire by magnetism 
will alternate in unison with the 
alternating currents in the first 
wire though they will be in oppo-
site directions. 

It is important to know that 
you can insulate electricity so 
that it will not go through the in-
sulation from one wire to the 
other, but there is no way of in-
sulating magnetism. That is why 
we insulate wire on our coils. 

It keeps the electricit- in the 
original wire, but the magnetism 
rushes through the insulation and 
creates electricity in the second 
wire. 

"COUPLING" IN THE TWO-SLIDE TUNER 

"I cannot understand," writes a 
reader, "why it is we use two 
slides on a two-slide tuner and 
how it is possible for any of the 
current to get to the crystal and 
to the phones. I was always told 
that a current follows the path of 

least resistance, and I should 
think that it would come in from 
the aerial and go around the 
windings of the coil and escape 
directly to the ground without 
any of it going into any other 
nart of the circuit." 
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A current of electricity flowing through the wire of one coil 
sets up a flow of magnetism in the ether about it. It is a 
magnetic cyclone. This magnetism cuts through the insula-
tion on the second coil and creates a separate current of 

electricity in its wires 

This brings up a very interest-
ing phenomenon of the tuning 
coil, whether it is of the two-slide 
or the one-slide variety. In order 
to understand this, we must un-
derstand the meaning of the word 
"coupling" and the word "induc-
tion." 

Everybody is familiar with the 
old-fashioned loose coupler and 
the modern yariocoupler. In each 
of these instruments there are 
two separate coils of wire. One 
of them, the primary, receives the 
signals from the aerial and con-
ducts them to the ground. In this 
process, the electrical currents 
send out a field of magnetic influ-
ence all around them and this 
magnetic field, rising and falling, 
creates an entirely separate, but 
similar, current of electricity in 
the wire of the other coil, which 
is known as the secondary. 

This creation of current in the 
second coil by means of the mag-

netism thrown out by the other 
coil is called "induction." The 
amount of induction is governed 
by the position of the secondary 
coil with relation to the primary 
coil. This position is varied in the 
loose coupler by sliding one in 
and out of the other and in the 
yariocoupler by turning the ball-
shaped form around on its axis. 
When the windings of the second-
ary coil are close inside and par-
allel with the windings of the 
first, we say that the "coupling is 
close"; when they are far away or 
turned in a different direction, the 
"coupling is loose." 

When the coupling is close, the 
secondary coil, through the pro-
cess of induction, will extract a 
great deal of energy from the pri-
mary coil and this may be of such 
an extent as really to amount to 
a resistance in the primary circuit 
and prevent a great deal of the 
original strength of the signals 
going to the ground. 
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The strength is transferred to 
the secondary circuit and goes 
around t through the detector 
and the phones. When the coup-
ling is very close, the signals are 
strong, but it is impossible to 
tune out interference. We say 

that the signals in the primary 
circuit are "damped" too much. 

In the next article, I will show 
how this process of induction and 
of damping is also present in the 
two-slide tuner. 

MORE ABOUT THE TWO-SLIDE TUNER 

The windings of a slider-coil act as both primary and second-
ary. The "coupling" depends upon the amount of wire that 

is used in common by both circuits 

In the last article I explained 
how a current of electricity in one 
coil—the primary—sets up a min-
iature cyclone of magnetism in 
the ether about it, and how this 
magnetism, cutting through the 
insulation of another coil—the 
secondary — creates another sepa-
rate current in its wires. 

With a two-slide tuner the por-
tion of the coil included between 
the aerial circuit and the slider 
which goes to the ground connec-
tion is the primary. The portion 
between the aerial connection and 
the other slider is the secondary 
coil. 

Just as though there were two 
separate coils, the current in the 
primary induces a current in the 
secondary and this secondary cur-
rent steals energy from the pri-
mary. 

The amount of this stealing de-
pends upon the number of turns 
of wire in the primary, which are 
also used in the secondary. The 
more turns of wire that are com-
mon to both circuits, the closer 
the coupling and the louder the 
signals, but this close coupling 
means a greater "damping" in the 
primary, and, therefore, less abil-
ity to exclude interfering signals. 
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The fewer the turns of wire 
that are common to both circuits, 
the looser the coupling and the 
better the chances of tuning out 
interference, although the signals 
will be weaker. 

Without a variable condenser in 
the circuit of the secondary it is 
necessary to have as many turns 
of wire in the secondary as are in 
the primary, if not even more. 
This means extremely close coup-
ling and unsatisfactory tuning out 
of interference, but it is necessary 
because we must have the second-
ary respond to the same wave 
length as the primary, and with-
out a condenser this wave length 
is very largely governed by the 
number of turns of the coil. 

In order to permit us to use 

TO 
STORAGE 
BATTERY 

fewer turns of wire in the second-
ary we insert a variable condenser 
"across" the coil, and this gives us 
sufficient added wave length to 
enable us to cut down the number 
of turns of wire used in this cir-
cuit and, therefore, to loosen the 
coupling, because we are enabled 
to move the secondary slider 
closer to the aerial connection and 
thereby reduce the number of 
turns of wire on the coil that are 
common to both circuits. 

For this reason a variable con-
denser in the circuit of either a 
single or double slide tuner is not 
only a convenience, but gives us 
a much better chance to tune out 
signals that we do not wish to 
hear. 

TAPPING YOUR B BATTERY 

TO 
PLAIE OF 
MPLI PIER. 
TUBE 

TO 

PLATE OF 
DETECTOR TUSK 

The lead from the B battery to the detector bulb should be 
tapped with a switch blade so that you can vary the voltage 

which you use 

In virtually every hook-up shown connected to the positive 
which is given for the audion bulb side of the B battery, without any 
nowadays the telephones are provision being made to change 
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the amount of voltage which the 
battery is to supply through the 
phones to the plate connection. 

In every case it is wise to put 
an attachment on your set, so that 
you can vary this voltage, within 
certain limits, so far as the detec-
tor tube is concerned. This state-
ment applies both to the full size 
audion bulb and to the little pea-
nut tube. 

With amplifiers the amount of 
voltage does not seem to matter 
much. I usually put 45 volts on 
all of my radio frequency ampli-
fiers, 60 volts on the first stage of 
audio frequency, and the full 90 
volts on the second stage, and also 
on the third stage if I use three 
steps. This, however, is not abso-
lutely necessary. 

If you are using only 45 volts 
altogether, you can put that on 
all of the amplifiers at once, whe-
ther they are audio or radio 
frequency and even though you 
are using one type without the 
other. It is, generally, a safe rule 
to assume that the more voltacre 
you nut on your audio frequency 
amplifiers the stronger will be the 
signal in your -hones or loud 
speaker. 

This is true up to about 120 
volts, though I do not advise any 
more than this with the ordinary 

of transformer. It is likely 
to burn out the windings. 

Most people use sets consisting 
of detector and two steps of audio 
frequency amplification. For 
them I advise two 45 volt batter-
ies. The first step of amplifica-
tion should have about 60 volts on 
its plate and the second sten 
should have the full 90. 

Now we come to the question of 

the voltage to be taken from the 
B batteries for the detector tube. 

Most hook-ups indicate 224 
volts, but I have invariably found 
it a great advantage to be able 
to vary this voltage. This is be-
cause the most efficient voltage to 
put on the plate of the detector 
will depend very largely upon the 
brilliancy with which the filament 
of your detector tube is burning, 
and this in turn will depend upon 
the condition of your storage bat-
tery, or of your dry cells if you 
are using a peanut tube. 

I am showing in the illustration 
the ordinary type of 45 volt B 
battery. This has one connection 
for the minus side. Then in the 
middle there is a row of five con-
nections for the various voltages 
of the plus side, from 164 to 224 
volts; finally, in the other corner, 
there is a connection marked plus, 
which gives the entire 45 volts. 

You should put on your nanel 
an arc of contact points and a 
switch blade, similar to the ones 
by which you tap your coupler. 
The wire from the switch blade 
shaft should go to the telephones 
and plate of the detector tube, 
and the contact points in the arc 
should be wired to the five con-, 
nections in the row in the middle 
of the battery. 

Thus turning the switch blade 
will enable you to vary the volt-, 
age on the detector from 16-4 to 
224 volts. 

You will notice that there is a 
blank contact between each two 
points that are wired to the bat-
tery. This is necessary to prevent 
the short circuit which would 
occur if the switch blade should 
happen to bridge two "live" con-
tact points. 
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QUEER THINGS HAPPEN IN RADIO 

This is the control panel by means of which the operator at 
the broadcasting station is able to watch the currents that 

are sending the concerts into the ether 

Many times when you are listen-
ing in with your receiving set 
something will happen that will 
make you think one of your con-
nections has come loose or your 
battery has gone dead or your aer-
ial has broken down and you will 
jump up to make a hurried search 
for the trouble when, before you 
can even touch the set, the signals 
will come in perfectly once more. 
With certain types of concerts 
this will happen quite frequently 
and it is usually a great puzzle to 
the listeners in. 

But the trouble is not in the re-
ceiving apparatus. It is at the 
transmitting station. 

The correct transmission of a 
radio concert involves more skill 
-- the nart of the transmittinz 
operator than the public realizes. 
He has to be almost as clever with 
his instruments as the pianist or 

the violinist is with his. 

Only a few nights wt..° I was 
listenirnr on my own receiving set 
to a very fine tenor singing an 
aria from "Faust." He came to a 
sustained high note, when sudden-
ly the tone began to come in all 
chopped up as though he were 
slarning his lips with his hand 
while he was singing. The friends 
who were listening in with me at 
once thought that the singer was 
at fault. But he was not, 

It is a remarkable feature of 
radio transmission that a high 
tone, even when sung fairly soft-
ly, will send more current into 
the transmitting aerial than a low 
tone sung very loud. Naturally 
these instruments must have some 
sort of safety valve to keep them 
from damage when the currents 
become too strong. Two of the 
most ordinary forms of safety de-



Many a man has invested a tidy 
sum of money in a radio set and 
has heard it work beautifully in 
the store where he has bought it 
and then has failed to get any sat-
isfaction out of it when he took it 
home. He will hear faint signals 
perhaps, but will not get anything 
like the strength of signals that 
he had every reason to expect. 

In almost every case he blames 
the set or the salesman or he goes 
frantically over all of his wiring 
to find out where the trouble is, 
when, as a matter of fact, the 
whole fault lay either in his aer-
ial or his ground connection. If 
you hear signais at all in your set 
you may be fairly sure that the 
various pieces of apparatus are 
correctly connected. 
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vices are gaps across the aerial 
lead and circuit breakers in the 
instruments. 
The safety gap is set at such 

distance that no spark will pass 
across it under ordinary currents, 
but, when the currents build 1,- to 
such a strength that they might 
endanger the set the,, will iump 
across this gap in the form of 
sparks and so go directly to the 
ground. Each time there is a 
spark, the current is grounded and 
none -ets into the aerial and so 
no signal goes out. 
This is what happened to the 

tenor during that "Faust" aria. 
The currents built un under the 
influence of his high note until 
they were too strong to be safe 
and then they were passed into 
the (mound through a series of 
sparks across this cra n. The 
suarks were the cause of the chop-
nine up of his sustained high note 
because they diverted the signal 
from the aerial straight into the 
ground. 

Frequently, while the signals 
are coming in beautifully they 
will suddenly stop, there will be 
dead silence for a moment and the 
signals will go on again as though 
nothing had happened. This is 
because the circuit breaker has 
opened: 

Here too you will usually find 
that this happens on a high note. 
The circuit breaker works by 
means of electro-magnets which 
get their electricity from the cur-
rent that is going out into the 
transmitting aerial. When this 
current becomes so strong as to 
be dangerous to the set, these 
magnets build up sufficient force 
to pull a switch open and all 
transmission is stopped at once. 

The pause that you will notice 
at this time means that the oper-
ator has quickly turned an instru-
ment to reduce the current and 
has reached over to close the 
switch again. 

LOOKING FOR TROUBLE IN YOUR SET 

The trouble then narrows itself 
down to certain possible faults. 
It sometimes may be corrected by 
shifting the connection that goes 
from the minus side of your B 
battery. If it is connected to the 
plus of your filament battery try 
it on the minus or if it is on the 
minus try it on the plus. 

It may be that the storage bat-
tery is not delivering sufficient 
voltage to the filament of your 
bulbs. If you have to turn your 
rheostats all the way on to the 
extreme position this is probably 
the case. If you are working with 
a storage battery you should test 
the solution with your hydrome-
ter, and if it is below 1200 velur 
battery needs a boost. If you are. 
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When signals are fainter than they ought to be you should 
test your batteries for both volts and amperes 

using a dry cell and a peanut tube 
get a new dry cell. 

It may be that your B battery 
has run down and will not deliver 
sufficient voltage to the plate. 
Every radio fan should have a lit-
tle voltmeter that reads up to 
fifty volts and should test his B 
battery whenever his signals are 
getting weak. Usually the B bat-
tery will give warning when it is 
beginning to die down. This 
warning takes the form of a loud 
crackling in the -hones constant-
ly. Users of the peanut tube 
should also have one of those lit-
tle ammeters which sell for about 
$1 and which read up to 30 am-
peres. The dry cell that lights the 
filament should be tested with 
this constantly. 

With this test you should place 

one connection of your ammeter 
on a connection of the dry cell 
and then just touch the ammeter 
wire lightly to the other connec-
tion. Do not put it there and 
hold it there long. With a new 
dry cell the needle should shoot 
all the way over to 30. If the dry 
cell is about worn out the needle 
will not go above 15. Any read-
ing below 20 means that you need 
a new dry cell. 

The B battery for the detector 
bulb should test at least 18 volts 
and ought to test 22 for the stan-
dard bulb and should show at 
least 38 for best results with a 
peanut tube. 

In other words the amperage on 
a B battery can fall quite low as 
long as the voltage keeps up elope 
to its maximum. 

INSULATORS IN YOUR AERIAL 

There is another and altogether 
too common reason for weak sig-
nals beside those that I dealt with 
in the last article. This is either 
leakage or resistance in the aerial 
and ground circuits. 

Bad insulation in the aerial is 
probably the most common fault 
of radio installations by novices. 
The average beginner will buy the 
cheapest aerial insulator it is pos-
sible to find and will use all of 
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his money in imnroving his re-
ceiving apparatus. He totally 
loses sight of the fact that even 
the best possible receiving set will 
not function satisfactorily unless 
the aerial is correctly insulated 
and the ground connection is as 
free of resistance as it is possible 
to make it. 
Bad insulation in the aerial will 

permit the currents to leak out of 
the circuit and be absorbed by 
nearby objects so that only a 
small part of the total strength of 
signals manages to reach the de-
tector. 
At the very best, the currents 

induced in the aerial by radio sig-
nals are exceedingly weak. We 
need every tiny bit of them in 
order to make our apparatus func-
tion properly. If we permit some 
of them to leak around faulty in-
sulators, we rob the detector of 
the current it requires to function 
and it cannot therefore give us 
the service that we expect of it. 

It is worth while in the very 
beginning to buy the best insu• 
lators. These should be at least 
six inches long and should be heaed 
vily corrugated if you are going 
to use the kind which has an eyei 
let in each end. If you are going 
to use what is known as "strain" 
insulators— that is, the kind in 
which the loops of the aerial and 
the rope pass through each other 
with the insulator between them 
—I advise putting two or three in 
tandem in each place where one is 
ordinarily called for. 
The reason for this is quite sim-

ple. In these "strain" insulators 
the aerial wire and the rope are 
quite close together even though 
they have the material of the in-
sulator between them. In wet 
weather the rope will become 
soaked with water and will then 
be a good conductor of electri-

city. Now, we know that two 
conductors of radio frequency 
currents, placed close together, 
act like the two plates of a con-
denser, and, even though the aer-
ial lead-in will tend to carry the 
currents from the aerial wire to 
the set, the wet rope, acting as the 
other plate of the condenser, will 
absorb a great deal of this energy 
and steal it from the aerial wire 
before it has a chance to get to 
your detector. If you only have 
one of these small insulators a 
wet rope will rob you of a great 
deal of this current. It is there-
fore good practice to put two or 
three such insulators in series and 
each one will lessen the amount 
of this stealing. 

You will find thesé insulators 
pictured on Page 2. 

The ground connection is 
quite as important as the insu-
lation of the aerial. Here we 
have a somewhat different prob-
lem. Our object is to furnish as 
easy a path as possible for the 
currents to escape from the re-
ceiving set after they have given 
us their signals in the telephones. 

The very best ground that the 
amateur can have is a cold water 
spigot. This does not mean ne-
cessarily that you must run a long 
ground wire from the room in 
which you have your set all the 
way through the hallways of your 
house to the kitchen or the bath-
room. It is almost always possi-
ble to run the ground wire out of 
the same window through which 
you bring in your aerial lead, run 
it along the side of the house and 
in at the bathroom window and 
there vou can make a good con-
nection to the cold water spigot 
or the pipe which leads to it. Be-

-fore making this connection be 
very sure to scrape off the pipe so 
that it is perfectly clean and 
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bright and solder your wire there 
if it is possible. If soldering is 
not feasible, get a regular pipe 
clamp which can be screwed up so 

that the connection is absolutely 
tight. Uàe regular seven strand 
aerial wire for this ground wire. 

THE LEAD-IN FOR YOUR AERIAL 

In most of the articles that the 
beginner sees dealing with the 
construction of an aerial he will 
notice that great attention is paid 
to the mast and the insulators and 
such things, but most writers 
seem to. overlook instructions for 
telling what to do with the lead-
in, which is the name that we give 
to the wire or wires leading from 
the actual aerial to the receiving 
set. 

If you are putting up an aerial 
consisting of one wire, you know 
that this same wire should be con-
tinued on down to the lightning 
arrester and led from there 
through a porcelain tube into the 
house and attached to the aerial 
binding Post on the receiving set. 
Just here the beginner meets his 

first stumbling block. How is he 
going to bring that wire through 
a porcelain tube through the win-
dow frame? 
One of the sketches in the illus-

trations on Page 2 shows the best 
way to do this. 
Get a board about three inches 

by one inch and cut it such a 
length that you can raise the low-
er sash of the window, insert the 
board and close the window down 
tightly upon it so that it will not 
allow the cold air of winter to 
come in. 
Then, instead of boring an un-

sightly hole through the window 
sash or frame, you bore the hole 
through this board, insert your 
porcelain tube, pull your lead-in 
wire through, stuff the porcelain 
tube full of friction tape to keep 
out the air, and you have a snug 
and neat job. 

With an aerial consisting of 
two, three or four wires, we bring 
all of these wires down from the 
spreader just as though each one 
were a single wire aerial and then, 
just before fastening them to the 
lightning switch or lightning ar-
rester, we clamp them in one of 
those handy little aerial clamps 
or connectors and then bring 
down a single wire from the con-
nector to a strain insulator and 
then to the switch or arresten 

It is perfectly possible to bring 
this wire in directly, but the fire 
underwriters require that an ar-
rester be used and common sense 
requires that you use such a 
switch as is shown in the picture. 

This switch is not of much val-
ue in the winter time when there 
are no thunder storms but in the 
summer time, unless you put the 
switch in the lower position so 
that any electricity from the aer-
ial will go directly along the 
switch blade to the outdoor 
ground, you are likely to endan-
ger or damage your set from the 
fact that even distant lightning 
flashes will induce quite strong 
currents in the aerial and these 
currents may be strong enough to 
damage the delicate windings in 
your telephone receivers or your 
transformers. 

It is also undoubtedly a fact 
that an aerial which is grounded 
by a lightning switch of this kind 
is the best lightning rod and the 
best protection for a house from 
lightning that any one has yet 
invented. 
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With the aerial and the lead-in 
from the aerial disposed of, we 
can now turn our attention to the 
ground wires, and then we will 
have the aerial question finished. 

Many amateurs ground their re-
ceiving sets on their lightning ar-
resters or on the ground connec-
tion of their lightning switch. 

Under ordinary conditions, this 
is all right, but it is bad practice 
in case of a severe lightning 
storm. The lightning switch on 
the outside of the house should 
have its own separate ground and 
this is usually not difficult to ar-
range. 

Most houses have an outdoor 
spigot for a connection to a hose 
and this spigot makes an excellent 
ground. The wire from the light-
ning switch to this spigot can be 
a heavy solid wire or it can be 
three or four lengths of your reg-
ular aerial wire twisted together. 

BOARD 

RECEN !NG 5ET 

SPIGQ1 ASAN INDOOR GROUND • 

This illustration shows the 
complete installation of a set 
with the aerial, lead-in, light-
ning switch, porcelain tube 
and the outdoor and indoor 

grounds 

The spigot or the pipe to which 
it is attached must be scraped ab-
solutely clean and bright and the 
wire fixed to it with a regular 
pipe clamp tightly screwed up. 
This connection can be greatly 
improved if you can fix it with 
solder. 

If such a spigot is not available, 
you can drive a galvanized pipe 
into the earth and fasten the 
ground wire in the same way to 
that. To make a good ground, 
however, this pipe should have its 
end in earth that is always moist, 
and it is better to use three or 
tour such pipes and run one 
ground wire to each of them. 

Inside the house, there is no bet-
ter ground for the receiving set 
than the nearest cold water spi-
got. Make this lead from the set 
to the spigot as short as possible 
and be even more careful of a 
good bright connection between 
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the wire and the snigot than you 
are in the case of your outdoor 
feround. 
The ground wire indoors should 

be insulated, although this is not 
absolutely essential, but vou must 
be careful that it does not come 
anywhere near one of the wires 
of your house electric lighting 
system. Most houses are lighted 

by alternatinm current and this 
current is capable of inducing 
other currents in any nearby 
wires. 

If it should harinen that such 
currents are induced in your 
ground wire they would travel up 
to your receiving set and would 
almost surely interfere with your 
gignals. 

THE HANDIEST KIND OF TAP SWITCH 

This clever form of mounting for a tap switch and contact 
points makes it unnecessary to bore the circle of holes which 
have heretofore been such a nuisance to the amateur work-

man 

How many radio fans have 
sworn softly under their breath at 
the job of drawing a circle for the 
contact points for tapping their 
coupler, and have done even 
worse, when, after measuring over 
carefully the spots for boring the 
holes for the points and boring 
through the panel, have had their 
drill slip and found the two metal 
heads touching? Everybody. 
That makes it unanimous. This 
has been the great bugbear of 
every man or boy who has tackled 
the job of mounting a radio re-
ceiving set on a panel. For a year 
or more we have all been doing it, 
and have grown gray haired in 
the attempt to master the prob-
lem. 

During recent months, however, 
several firms have placed upon the 
market a little piece of apparatus 
which saves us every bit of this 
trouble and which, on that ac-
count. is well worth the price of 
something like two dollars that 
the different makers are asking 
for it. 

This device works on the prin-
ciple of a rheostat. It has a knob 
and a dial for the front of the 
panel, and for the back of the 
panel it has a circular mounting, 
which contains ten or twelve 
switch points, and a blade which 
revolves from one to the other, 
just as the blade of a rheostat 
runs over the coil of resistance 
wire. 
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When you have this mounted, 
you make a little mark on the 
panel and, as you turn the knob, 
the dial on the front revolves 
with the knob, and the number 
that comes opposite the mark on 
the panel indicates which contact 
point the blade is resting on be-
hind the panel. 

For this piece of apparatus it 
is, therefore, necessary to bore 
only a big hole for the shaft to 
revolve in, and the one or two 
holes for the set screws which are 

to hold it snug and tight against 
the panel. 
The contact points are also fine 

examples of the thought and care 
that are being given to radio to 
make the work as easy for novices 
as possible. One type which has 
particularly attracted my atten-
tion has a slit cut in the contact 
points and it is merely necessary 
to force the end of a wire into 
this slit, squeeze the two sides 
tightly together with the pliers 
and let a drop of : older fall upon 
it. 

THE STANDARD SERIES-PARALLEL SWITCH 

AERIAL 

,h-SPIGOT 

VARIO 
COU PLE 

CI 

k• SERIES 
PARALLEL SWITCH 

This arrangement shows the 
standard type of "series-par-
allel switch" and the way it 
should be connected to the 

instruments 

In articles in the past we have 
given :everal forms of what is 
called a "series-parallel switch." 
All of these forms were home-
made and would probably not ap-
peal to the man who is very par-
ticular about the appearance of 
his set and who does not mind 
spending a little money to have 
everything the best that can be 
obtained, 

For this man there is a special 
switch for this purpose, coming in 
the form of a neat knob with two 

blades attached to it and the shaft 
to go through the panel so that it 
can be turned from one side to the 
other. There are a number of 
different makes of this switch on 
the market, but they are all virtu-
ally the same. 

For the benefit of those who 
have not seen our other articles, 
I might explain briefly that a ser-
ies-narallel switch is one which is 
designed to change the connection 
between a coil and a variable con-
denser. The ordinary way of 
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hooking up the tuning coil or the 
coupler with the aerial and 
ground is to have the variable 
condenser in what is known as 
"series." This means that the in-
coming signals must go through 
one of these instruments before 
they pass through the other one. 

The effect of hooking the con-
denser up in series with the coil 
is to make the combination re-
spond best to shorter wave 
lengths than the coil alone would 
pick up. 

The other way of hooking the 
two instruments up is called "par-
allel" or "shunt" or "multiple"— 
that is, they are arranged in such 
a way that the incoming radio' 
signals divide and go through 
both instruments at once from the 
aerial and then join again and go 
to the ground. This means that 
the combination responds best to 
the signals of a longer wave 
length than the coil would handle 
alone. 

In almost every case it is a dis-
tinct advantage to have the in-
struments hooked un with this 
double switch.. It gives flexibility 
in tuning that will some times 
mean the difference between good 
and ordinary signals. 

The standard series - parallel 
switch which is shown in the illus-
tration requires eight contact 
points and these are usually to be 
found inclosed in an envelope in 
the box with the switch. It is a 
very simple matter to make the 
connections necessary and the 
best method is probably the one 
shown in the diagram. 

Hooked up in this way, the two 
instruments are in "parallel" 
when the switch is to the right 
and are in "series" when it is to 
the left. The dotted lines merely 
represent the two metal blades 
that come on the switch, and if 
you will follow them you can 
trace the course of the signals on 
the two settings. 

NOTES ON HONEYCOMB COILS 

So many readers have written 
in lately asking about the three 
honeycomb coils that I recently 
threw together this hook-up, 
which I have not used for some 
time, and have been operating it 
so as to refresh my memory as to 
its peculiarities. 

I think perhaps the interest in 
this arrangement is caused by the 
fact that so many of the radio en-
thusiasts are becoming fascinated 
with the dot and dash code, by 
which they can get away from the 
concerts entirely once in a while 
and try to copy the messages that 
are so constantly being shot 
through the air. 

The illustration shows the sima 
pie way in which I always put to. 

gether sets which I want to exper-
iment with, and, while it is not 
given as an example of the way 
to mount a receiver for perma-
nent use, I feel that those who 
like to experiment will get some 
hints from it. In assembling this 
set I included all of the various 
things which I have seen advocat-
ed to get special results and gave 
them a very thorough tryout so as 
to be able to tell you which are 
worth while and which are not. 

The result is that I advise using 
two 23-plate condensers and one 
43-plate hooked up by the method 
which I will give in my next arti-
cle. but while the illustration 
shows two potentiometers I do not 
advise either one if you are going 
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This is a method for roughly hooking up the honeycomb coil 
set to test out various ideas. The long thin sticks are 
fastened to the dials of the variable condensers so as to avoid 
the electrical influence of the hand while tuning. This is 

known as "body capacity" 

to confine yourself to a one-bulb 
set. 

• 
If, however, you are going to 

use amplifiers on the hook-um one 
of these potentiometers is well 
worth while, as I will indicate. 

The condensers which I show in 
this illustration are what are 
known as "table mounted" types 
—that is, they can be set flat on a 
board and screwed down or can be 
used the same way on the front of 
a panel; they are not designed to 
have the plates on the back of the 
panel and the knobs on the front. 
They are very neat and compact 
units molded into a solid form and 
the 23-plate type is scarcely larger 
than the dial and knob which you 
will find on your panels. 

• I strongly advise the beginner 
to use this hook-up first with only 
one bulb until he becomes thor-

oughly acquainted with it. He 
can then take another one of the 
hook-ups recently given, one 
showing one stage of audio fre-
quency amplification and the 
other showing two steps. He will 
find these on pages 27 and 28 of 
the December number of E-Z 
RADIO and can add a step of 
radio frequency. 

With this outfit the whole world 
is right in your home and you will 
have not only the concert broad-
casts but everything up to the 
trans-Atlantic stations, providing 
you make a collection of the pro-
per sized coils. 

These coils are usually referred 
to according to the number of 
turns of wire around them and 
there must be a combination of 
three—the primary, secondary and 
the tickler —and it is also neces-
sary to knew whether the double 
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switch shall be set in the series or 
parallel position. Following are 
the usual combinations: 

For the amateur station wave 
lengths from 145 to 350 meters, 
thirty-five turns for the primary, 
twenty-five for the secondary and 
thirty-five for the tickler; double 
switch in series. 

For the broadcasts and ordinary 
commercial stations wave lengths 
from 300 to 700 meters, primary 
75, secondary 50, and tickler 35; 
double switch in series. 

For special commercial stations, 
wave length 635 to 1660 meters, 
primary 150, secondary 100, tickler 
75; double switch in series. 

For navy stations, wave lengths 
845 to 1970 meters, primary 200, 
secondary 150, tickler 100; double 
switch in series. 

For Arlington time, weather 
and press, wave length 1420 to 
2850 meters, primary 300, second-
ary 250, tickler 150; double switch 
in series. 

For navy ship arcs, wave length 
2550 to 4250, primary 200, second-
ary 300, tickler 150; double switch 
in parallel. 

For Navy land station arcs, 
wave length 4200 to 6300 meters, 
primary 500, secondary 400, tick-
ler 200; double switch in parallel. 

For foreign and press, wave 
length 6250 to 14,500 meters, pri-
mary 1250, secondary 750, tickler 
400; double switch in series. 

Foreign and press wave length 
13,600 to 21,000, primary 750, sec-
ondary 1250, tickler 400; double 
switch in parallel. 

THE COMPLETE HONEYCOMB HOOK-UP 

With the hook-up given in this 
article and a few observations 
that are to follow, I think that we 
may safely leave the three honey-
comb coil receiving set, confident 
that any amateur, with a little 
patience, will be able to get very 
satisfactory results with it. 

The diagram (riven here shows 
the arrangement just as complete 
as it is possible to show it. When 
the blades of the double switch 
are on the left-hand side, the pri-
mary coil is in "parallel" with the 
forty-three-plate condenser and 
the wave lengths are increased. 
When the switch blades are to the 
right, the coil and the condenser 
are in "series" and the shorter 
wave lengths will be received. 
This is an important part of the 
apparatus, and it is necessary to 
know in hunting for various sig-
nals whether your switch should 
be in Parallel or series. That was 

indicated for each class of sta-
tions in the last article. 

I am also showing here a single-
bladed switch which engages ei-
ther one of the two contact 
points, and when this switch is on 
the rieht-hand contact point the 
concerts will not interfere as the 
tickler coil is not in the circuit. 

This is for the reception of 
spark signals without interference 
from those who use what is 
known as "continuous waves?" 

I am showing a double circuit 
jack in place of the phones in or-
der to answer the natural question 
of those who will wish to add am-
plification later on. For those 
who do not, it is only necessary to 
say that the telephones are con-
nected in the place of the two out-
side blades of this jack and the 
inner blades and the binding posts 
can be ignored.' 
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This is the complete hook-up for three honeycomb coils. 
If you use potentiometer, disconnect wire from plus storage 

to minus B. Connect as in dotted lines. 

I am also showing in dotted 
lines a potentiometer which I ad-
vise if you are going to use either 
radio frequency or audio fre-
quency amplification. 

If you use this potentiometer 
you must not connect the plus side 

of the storage battery to the mi-
nus side of the B battery, as is 
shown by the solid lines. The po-
tentiometer takes its place in this 
connection and enables you to 
make finer tuning. Connect it as 
shown by the dotted lines in this 
diagram. 

A SUMMARY ON HONEYCOMBS 

Let us summarize the three hon-
eycomb coils now and then drop 
the subject convinced that we 
have said about all that the ama-
teur can use. First, the beginner 
will want to know just what size 
coils he will need for the various 
purposes. 

Perhans it might be well to give 
an idea of what can be done with 
this hook-up. I take from my log 
at my station in Delanco, N. J., 
fourteen miles from Philadelphia, 
some notes of Saturday evenine, 
November 25. 

Through the early part of the 
evening I naturally heard all of 
the Philadelphia stations, but had 
no difficulty in tuning them out 
and getting Newark and Pitts-
burgh and then later in the eve-
ning, using only one tube—and a 
"bootleg tube" at that — I heard 
the end of the concert by the St. 
Louis Symphony Orchestra from 
the St. Louis Post Dispatch sta-
tion, "Miss Jones announcing," 
requesting all who heard the con-
certs to send a card to the radio 
editor. 
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These are the two standard 
mounts for honeycomb coils. 
To the right is the "panel" 
mount for the front of the 
panel. Above is one for 
mounting on a table or the 

top of your cabinet 

Then I heard the concert from 
W D A J, the Atlanta and West 
Port Railroad Company broad-
casting for train No. 36, and also 
the Atlanta Journal office. 

Then came the Drake Hotel, 
Chicago, sounding as if he were 
in the next room, and thankin.z 
Mr. Sellers, of Chambersburg, Pa., 
for calling him on the lonp• dis-
tance phone to sa» that his con-
cert was coming in fine. 
I also heard him give his regular 

lesson in the dot and dash code, 
the lesson for that night being the 
letter "C" and reviewing "A" and ,137. 

Perhaps it will be interesting 
for those who have tried the hook-
up to know just how I tuned in 
the Drake Hotel. 

I used a 75 turn coil for the pria 
mary, a 50 turn for the secondary, 
and a 35 turn coil for the tickler, 
with the double switch set in the 

parallel position. 

My 43-plate condenser was set 
at 58, my secondary condenser at 
60, and my tickler condenser at 
70. The rheostat which controlled 
the brilliancy at which the bulb 
was burning was set at just about 
one-half full value. 

Incidentally let me say that the 
setting of the rheostat will do as 
much to bring in perfect signals 
as anything else. 

"Body capacity" is one of the 
drawbacks of this hook-up, but I 
have avoided this by removing 
the knobs of my variable conden-
sers, taking strips of thin wood 
about six inches long, boring a 
hole through one end and screw-
ing the knob down again with 
this long stick under it so that I 
can move the dial by means of the 
stick, and thus get very fine ad-
justment with no trouble at all 
from body capacity. 

RADIO FREQUENCY FOR THE HONEYCOMBS 

The amateur who installs the perfectly simple matter later to 
three honeycomb coil set described put ahead of it a stare of radio 
in the last article will find it a frequency amplification. This is 
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This is the best method of adding radio frequency amplifi-
cation to a honeycomb coil set without a transformer 

designed to increase the distance 
over which a set will receive. 
This can be done without the use 
of an expensive transformer and 
the unit containing the step of 
radio frequency can be mounted 
in a panel that can be set along-
side of the tuner and can be built 
to match it. 

This step of amplification uses 
what we call a "tuned plate" cir-
cuit and enables the operator to 
get amplification over a much 
wider band of wave lengths than 
is possible with a transformer. 

The apparatus necessary for 
this step of radio frequency am-
plification follows: 

Single mount for honeycomb 
coil. 

Forty-three plate variable con-
denser. 
Bulb socket. 
Rheostat. 
Amnlifying bulb. 
Honeycomb coils of various 

sizes. 
In the diagram I am showing on 

the right-hand side the series par-
allel switch and the first honey-
comb coil of the tuning set de-
scribed in the last article. You 
will notice that the binding post 
to which the aerial is attached in 
the other set is now connected to 
the plate screw on the amplifying 
socket and the binding post to 
which the ground was attached in 
the other set is now connected to 
the 45-volt positive tap of the B 
battery. 

In this circuit the series-parallel 
switch of the tuner must always 
be set on the parallel side, which 
means that the upper blades are 
turned to the left. 

This arrangement is a very good 
one, but it is impossible to give 
exact dimensions of the honey-
comb coils required. The second-
ary, and tickler coils of the tuning 
set will remain as they were be-
fore the addition of the radio fre-
quency step, but the coil that was 
the primary will have to be 
changed and it is probable that 
the original primary coil can be 
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inserted in the single mount of 
the radio frequency step. 

Its place in the three-coil mount 
will then probably have • to be 
taken by a smaller coil. 

In this set the wave length is 
first found by means of the single 
honeycomb coil and the variable 
condenser to which it is attached 
and the amplification is then gain-
ed by tuning the second variable 
condenser which is in parallel to 
the first of the three coils. 

It will also be found necessary 
to alter the relative positions of 
these three honeycomb coils in a 
way that is different from that 
without the radio frequency am-
plification, but a little practice 

will enable you to master the dif-
ficulties of this set and you will 
find that while nearby stations 
are not amplified in volume the 
distant ones will come in consid-
erably louder. 

You will also notice that the 
rheostat on the amplifying tube 
plays a very important part in 
this tuning and that there is a 
critical point of brilliancy at 
which the amplifying bulb burns 
where you will get the most am-
plification and turning the fila-
ment a little dimmer or a little 
brighter will make you lose it. 
You must be patient with this 
hook-up, but you will find it well 
worth while. 

RADIO FREQUENCY FOR A COUPLER SET 
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Here is a simple method of adding a step of radio frequency 
amplification to a coupler without a transformer 

The radio enthusiast who is 
using a set consisting of a vario-
coupler and either one or two var-
iometers and who desires to try 
the much-advertised radio fre-
quency amplification can very eas-
ily do it without the expense of 
an amplifying transformer. 

The system shown in this dia-
gram uses what is called the 
"tuned-plate" circuit, and this sim-
ply utilizes the primary of his 
present coupler and the variable 
condenser which he is now using, 
but in this case it is absolutely 
essential that the variable con-
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denser be hooked up in parallel 
with the coupler and not in series 
with it. This can be done by sim-
ply changing the wiring. Shift 
the connections so that one wire 
runs from the aerial binding post 
to one blade of your ta' % switches 
and another wire runs from the 
aerial binding --st to one side of 
your variable condenser. Then a 
wire goes from the other side of 
your variable condenser to the 
ground binding post, and another 
wire goes from the ground bind-
ing post to the shaft of your other 
switch blade for the taps of your 
coupler. 

I am showing here an ordinary 
single slide tuner connected ahead 
of the radio frenuency. but its 
place can be taken by any kind of 
a tapped coil. As a matter of 
fact, your coil need not be tapped 
if your object is to receive only 
the broadcast concerts on 360 or 
400 meters. You can use a spider-
web coil containing eighty turns 
or you can wind a coil of forty or 
fifty turns around an oatmeal box 
or a salt box. 

The adjustment of this first 
part will not be particularly crit-
ical, so far as finding the signals 
is concerned, although, of course, 
you will find one point at which 
you will get the greatest strength. 

The most critical adjustment 
will be found in the second vari-
able condenser, which is already 
in your receivine set. You will 
also find that the adjustment of 
the brilliancy at which your am-
nlifyine bulb burns is fairly crit-
ical, and there will be one point 
at which you will get the loudest 
signals, and these signals will rap-
idly decrease as you make the 
filament either brighter or dim-
mer than that particular adjust-
ment. 
Do not attempt to use this 

tuned-plate method of amplifying 
if your present tuner is what is 
called the "single circuit." If, 
however, you are using one or two 
variometers in what is known as 
the "short wave regenerative" cir-
cuit, this hook-up will be a very 
efficient means of getting greater 
distance for your signals. 

USING THREE SPIDER WEB COILS 

The radio receiving set which 
uses three honeycomb coils has 
long been a favorite with amateur 
operators and has many advan-
tages which justify its popularity. 
It is, however, rather an expens-
ive outfit for the man who is just 
starting in or whose finances are 
very limited. 

This fine hook-up, however, 
need not on this account be aban-
doned, because it is perfectly pos-
sible for anybody to make an ex-
cellent substitute for himself. 

Three spider-web coils used in 
exactly the same hook-up and 
mounted according to the method 
which I will give will accomplish 

even better results on the wave 
lengths used in broadcasting than 
will the three honeycomb coils. 
The spider webs, however, by con-
sideration of size, are limited in 
the band of wave lengths to which 
they will respond, but this limita-
tion will not in the least affect 
the beginner, who is interested 
only in broadcasting. For him 
the spider webs make an ideal 
outfit. 

The main expense attached to 
this hook-up lies in the necessity 
of two variable condensers, one of 
forty-three plates and one of 
twenty-three. These are made ne-
cessary because the spider web 
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Here is a fine hook-up by means of which three home-made 
spider web coils will bring in the broadcast concerts in 

great shape 

coils as used here are not tapped Any kind of insulated wire will 
and we must have some way of do for these coils, and it will not 
varying the wave length of the make much difference whether it 
first and second coils which we is silk, cotton or enameled. The 
call the primary and secondary. size can be Nos. 28, 26 or 24. 

In cutting out the cardboard 
forms for these coils you can use 
any odd number of spokes that 
you want, from five to fifteen, 
but it must be an odd number. 
They must always be wound on a 
form of which the inside or hub 
is two inches in diameter, as any 
smaller hub means cutting too 
close and will weaken the card-
board. It is best to use the red 
fiber board that you can buy in 
a store that sells office supplies. 

The primary and secondary 
coils should each have seventy 
turns of wire. In counting your 
turns do not forget that when you 
count thirty-five turns on one side 
of the spoke, there are also thirty-
five turns on the other side and 
you have seventy turns in all: 

The third coil, which we call 
the tickler, should have forty 
turns on it, and the man who does 
not mind going to the troubfe of 
soldering a few taps 'ill get even 
better results by putting on fifty 
turns and tapping it at thirty, 
thirty-five, forty, forty-five and 
fifty. This tickler and, in fact, all 
ticklers, still seem to defy all 
attempts at making rules for 
them, and I have frequently 
found that I get best results by 
using thirty-five turns and later 
the same evening shifting to 
forty-five turns for exactly the 
same concert or else reversing the 
process. It is, however, perfectly. 
possible to use an untapped tick-
ler of forty turns, though there 
may be times when it may be 



E- Z RADIO 

somewhat difficult to prevent 
whistling in the phones. 

When you wind these coils be 
sure to mark on both sides of 
your hub an arrow pointing in 
the direction in which you have 
wound your turns. This is very 
important, because, when you 
mount your coils, you must do it 
with all of the turns going in the 
same direction. This is not so im-
portant with just the primary and 
secondary coils, but when you in-
troduce a tickler, the current 
from the B battery must flow in 
the correct direction with relation 
to the current in the secondary 
coil or you will not get the regen-
eration or boosting 1"- the 

strength of signals, which is a 
great advantage in this hook-up. 

You must also be very careful 
to connect the various pieces of 
apparatus to either the inside 
wile or the outside wire of each 
coil just as shown in the illustra-
tion. 

If for any reason you are un-
able to make your bulb "oscil-
late" — in other words, to get a 
whistling or a groaning or a fry-
ing sound in the phones—the 
chances are that you are sending 
your currents in the wrong direc-
tion and you can correct the trou-
ble by reversing the two connec-
tions to your tickler coil. 

MOUNTING THREE SPIDER WEB COILS 

Here are front and back views of an easily constructed 
mount for a hook-up employing three spider web coils 

It is not a difficult matter to 
build a mounting for three honey-
comb coils because honeycomb 
coils are small and compact and 
strong. 

When, however, we attemnt to 
ubstitute spider web coils for 
_hem we present ourselves with 
rather a difficult problem because 
spider webs of the size necessary 
will be at least five inches in di-
ameter, and, as the‘, are wound 
on cardboard forms, they will not 
be very stiff and strong. Conse-
quently they will always be like-
ly to vibrate, and a coil which vi-

brates or shakes will produce a 
most annoying wobble or tremolo 
in the phones. 

It is therefore necessary to de-
vise a form of support which will 
give the coils a solid backing and 
keep them from shaking when 
they are being moved closer to-
gether or farther apart. 
I am giving here a very simple 

and efficient mount which I have 
devised for my own use, but it is 
perfectly easy for a man with a 
little mechanical cleverness to 
devise a better one. For those 
who do not have this cleverness 
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this mount will be found very 
easy to construct and perfectly 
satisfactory to operate. 
The main feature of this mount 

is, of course, the method by which 
the three coils are moved closer 
together and farther apart. The 
center coil, or secondary, is al-
ways stationary in a three-coil 
mount, and tuning is accomplish-
ed by moving the primary and 
tickler closer to it or farther 
away from it. 

In this mount I accomplish the 
results by opening and closing the 
coils like the leaves of a book, but 
it could be just as well accom. 
plished by mounting them on rods 
and sliding them back and forth 
like the coil of a loose coupler or 
by pivoting them and opening 
and closing them like a fan. 

In this particular case I made 
one of the spokes of my second-
ary coil two inches longer than 
the others, and this extra length 
is used to fasten the coil to a little 
triangular piece of wood which is 
mounted on the back of the upper 
part of the panel just about in 
the middle. This leaves the whole 
coil suspended in such a way that 
it would shake badly and spoil the 
signals, and so to prevent this I 
bend a strip of brass into a right 
angle, screw one side of it firmly 
to the baseboard, and fasten the 
lower end of the coil to the up-
right portion by means of a paper 

On each side of this center coil 
I mount two pieces of thin board 
on hinges screwed firmly to the 
baseboard. These two pieces of 
board must be cut away at the 
corners wherever it is found that 
they will interfere with the 

strings which are used to operate 
them, and this can best be decided 
by setting the boards up before 
the hinges are screwed into the 
baseboard. 

On each side of the back of the 
baseboard I mount two strips of 
board to take the brass shafts 
which are shown in the picture 
and which are used to wind up 
the threads that pull the coils to-
gether. This shaft need not be 
brass, as a matter of fact, and a 
good piece of round wood can be 
used Just as well. Later I will 
give the details of this part of 
the apparatus, but at present it is 
only necessary to say that turn-
ing these shafts winds up the 
thread and pulls the opposite coil 
up to the center coil. 

In order to accomplish the ne-
cessary pull in the opposite direc-
tion when you want the coil pull-
ed away from the center one, you 
attach another thread and tie it 
to a rubber band strong enough 
to pull it back when the pull on 
the shaft is released. 
These various threads can be 

led through screw eyes mounted 
wherever it is convenient, and 
there is no set rule for puttimz 
any of the operating mechanisri 
together; the object simply is to 
keep both of the outside coils 
firm and steady and be able to 
move them back and forth in such 
a way that a fine adjustment is 
possible. 
This fine adjustment is abso-

lutely necessary in this hook-up, 
fpr a difference of a thirty-second 
of an inch or even less will mark 
the difference between clear sig. 
nais and bad distortion. 

SOME DETAILS OF THE THREE-COIL MOUNT 

The pictures with this article better idea of the details of the 
will probably give the reader a three spider web coil mount 
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Here are some details of the construction of the mount for 
three spider web coils which has been described in these 

articles 

which I have been describing than 
any written words could do. The 
most important part of it and the 
one which will puzzle the begin-
ner is the method of mounting 
the part of the apparatus by 
which we wind up the threads 
which pull the two outer coils 
atrainst the stationary center one. 

As I have said, the rod used for 
this purpose can be of wood or 
brass or any other material, or a 
meat skewer will do as well as 
anything else. 

The drum on which the thread 
is wound is simply a wooden tin 
pot knob or a furniture knob 
such as you can get in a five-and-
ten-cent store, or a spool. 

First bore through the knob a 
hole big enough to take the shaft 
and then drill through the side of 
the knob a smaller hole for an or-
dinary wood screw. When the 
knob is slid on to the shaft to the 
proper position this wood screw is 
screwed down tight and thus it 
holds the knob firmly on the shaft 

and also acts as an anchor around 
which the end of the thread can 
be tied 

On the front of this panel I 
have showed four dials, the two 
upper ones being for the shafts 
which move the primary and the 
tickler coils and thus vary the 
"coupling," and the two lower 
ones for the two condensers. 

I am showing these two conden-
sers mounted in this way only be-
cause of the prevailing craze to 
have all parts of the tuning appa-
ratus mounted on the sanie panel, 
but I cannot too strongly empha-
size the fact that these condensers 
should be kept farther away from 
the coils than is shown in this ar-
rangement. Mounted as they are 
indicated here, they will do the 
work, but it makes an extremely 
difficult job of tuning because it 
seems to create more whistling in 
the phones than when the conden-
sers are mounted on separate pan-
els and are removed from too 
close proximity to the coils, 
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The switch blade and switch 
points which are shown in the 
front view given on Page 26 are 
used to vary the amount of the 
tickler coil employed in this cit.-, 
cuit. 

In using this arrangement it 
will be found that the brilliancy 
of the filament has a great deal to 
do with clear reception of signals. 
This brilliancy is, of course, con-
trolled by means of the rheostat. 

I usually start hunting for sig. 
nais by bringing the top of my 
tickler coil within a half inch of 
the top of my secondary and have 
the primary coil about twice as 
far away. I turn the rheostat un-
til the bulb begins to groan and 
then turn it down just enough to 
make the groaning stop. Then I 
vary the knobs of the two conden-
sers and usually find a point on 
them where the bulb will start to 
groan again. This means turning 
the rheostat down a little more to 
stop the groaning. 

With the condensers left at that 
point I vary the coupling of both 
the primary and tickler coils, and 

soon a point is found with the 
tickler coil quite close to the sec-
ondary where there is quite a 
whistling or hissing in the phones. 
This means that the bulb is oscil-
lating and the signals are usually 
found very close to that point. It 
is usually cleared up by moving 
the primary coil a little farther 
away, and this usually brings in 
the signals. 

For ordinary amateur aerials it 
will be found that the first con-
denser will be set around 30 or 40 
and the second condenser around 
10 or 20 for the broadcasting sta-
tions and the 600-meter code sta-
tions are brought in with the two 
condensers set somewhere be-
tween 60 and 80. 

This will be found one of the 
most efficient sets that the ama-
teur can build and some idea of its 
capabilities can be gained when 1 
say that on this particular one 
shown in the picture, using only 
one bulb, I have many times 
clearly heard the broadcasting 
from Atlanta, Ga., in my station 
at Delanco, N. J., 800 miles away. 

A SET TUNING WITH CONDENSERS 

Probably nothing discourages 
the average novice from building 
his own receiving set more than 
the necessity of "tapping" his 
coils or else of mounting slides or 
switch blades upon them. 

Tuning sets which do their tun-
ing by means of changing the 
amount of wire employed are 
about the only ones that are put 
on the market and they are very 
widely written about in all radio 
publications. 

It is, however, quite possible to 
put together a set which avoids 
all necessity for tapping coils and 
also does away with another an. 
noying complication, and that is 

some arrangement for changing 
the "coupling" or the position of 
one coil in relation to the other. 
I am giving here a hook-up for a 

set which uses two fixed coils and 
these coils can be placed any-
where on the table or on the pan-
el without any coupling between 
them. In fact, they must not be 
sufficiently near each other to 
have any mutual influence. 
This set is coupled and tuned 

entirely by means of three var-
iable condensers and, as we speak 
of condensers as "capacity," we 
call this kind of set "capacitative-
ly coupled." 
The operation of this set is not 
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Here is a receiving set using only variable condensers for 
tuning. It is one of the easiest for the novice to make and 

operate 

nearly so difficult as spelling or 
pronouncing its name. 

All of the adjustments neces-
sary for receiving the concerts are 
made by the three variable con-
densers shown and, as unmounted 
variable condensers are now quite 
cheap, it makes this set a very 
moderately priced one and per-
haps the easiest one of them all 
for the beginner to build and use. 

The left-hand variable conden-
ser governs the wave length, the 
center one adjusts the balance be-
tween the two parts of the circuit 
or the "coupling," and the right-
hand one does the fine tuning and 
eliminates interfering signals. 

The hook-up as given is not the 
very best for such a set, but will 
be very satisfactory for the ama-
teur who is not handy with tools 
and who has not much money to 

spend. It would be a better ar-
rangement to insert a variometer 
in place of the wire running from 
the plus of the B battery to the 
plate connection on the socket. 
If you care to make this change---
and it is well worth while—run a 
wire from the plus of your B bat-
tery to one binding post on the 
variometer and another wire from 
the other post on the variometer 
to the plate binding post on the 
socket. 

The coils which I show in the 
picture are the spider webs and I 
am using them only because they 
are the easiest to make and occu-
py less room in the cabinet. It 
will be just as satisfactory to use 
coils wound around a salt box or 
a paper mailing tube or around 
anything else, but for a salt box 
the coil on the left should be only 
about twenty-five turns and the 
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coil on the right should be slight-
ly less. 

Do not leave these two coils on 
the same salt box, but cut them 
apart, as they must be set about 
six inches from each other in re-
ceiving. 

You can use any kind of cotton-
covered wire from No. 28 to No. 
22. 

There are only two points in the 
illustration that need explaining 
and they are the metal strips each 
with four bolts or binding posts 
on them. 

I am using them only because 
the average novice would find it 
very difficult to make satisfac-
tory connections from the dia4 

gram of this set as usually given. 

If you will study this picture 
you will see that one metal strip 
connects virtually all of the in-
struments on one side and the 
other strip connects virtually all 
on the other side. These strips 
may be brass or tin and you sim-
ply punch four holes in them to 
take bolts or binding posts or else 
solder the wires directly on them. 

I have found this set to give 
signals just about as strong as th6 
average one using tuning coils, 
but not quite so strong as the set 
using a variocoupler and two var-
iometers. It is, however, much 
the easier set to operate and I 
find it unusually good in tuning 
out interference4 

A "CAPACITATIVELY COUPLED" PANEL 

Here is a neat panel mounting for the "capacitativeh 
coupled" hook-up given on Page 30 

The novice who tries out the 
"capacitatively coupled" circuit; 
which I have given, will undoubt-
edly want to mount it on a panel 
and for his benefit I am giving 
here a suggestion for a good-looki 
ing outfit and a list of prices 

which includes absolutely every-
thing he needs so that any one 
contemplating using this set will 
know exactly what finances he 
must be able to handle. 

Perhaps the question of cost 
should be taken up first because 
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that is the one that most all of us 
have to consider primarily. Here, 
then, is a list of the things that 
you must buy: 

Three variable condensers 
at $2   $6.00 

Phones   5.00 
Storage Battery  20.00 
B Battery   2.50 
Rheostat   
Socket   
Grid Condenser  
Wire   
Bulb   
Aerial Outfit 
Panel Material   

1.00 
.75 
.33 
20 

5.00 
1.50 
1.50 

Total  $43.80 

If you insert a variorneter—and 
as I said in my other article it 
strengthens signals considerably— 
you will have to add to this list 
$3.00 to $6.50, depending on the 
make you buy. You will notice 
that I am not including any cost 
for coils in this list, because in 
this particular set there is no ex-
cuse for even a one-armed man 
not constructing the extremely 
simple coils required. 

In fact, they are so simple that 
if you take two empty spools and 
wind a couple of hundred feet of 
insulated wire upon them you can 
call them coils and your set will 
operate. 

And while we are on the subject 
of coils let me say that the best 
size will depend to a very large 
extent on your aerial and ground 
equipment and that, if your aerial 
is less efficient than the ones usu-
ally installed, you will need a few 
more turns of wire than I gave in 
my instructions in the previous 
article. 

It is best to get the 43-plate 
type of condenser for all three 
used in this outfit. 

If, in tuning in your first sig-
nals with this hook-up, you find 
that you are using your left-hand 
and right-hand condensers very 
near the 100 mark it will be wise 
to add a few more turns of wire. 
to your coils. In estimating this, 
do not use the signals from a very 
near station to guide you because 
these signals will come in so 
strong that you will not need 
very accurate tuning to get them. 

But, if you hear a fairly distant 
broadcasting station using a 360-
meter wave length, and you find 
either of your condensers set close 
to the 100 mark for best strength, 
put enough turns of wire on that 
particular coil to give you that 
same signal with your condenser 
set at 50. You will then have 
your set adjusted for best results 
with stations using either a short-
er or longer wave length. 

In the panel which I am giving 
in the picture I am showing the 
dials of the condensers on the 
front with the bulb set on a little 
shelf above the middle condenser. 
This makes the best-looking panel 
if you are using only these instru-
ments. 

If, however, you are using a 
vanometer also, put the variome-
ter dial to the right of the con-
densers and then you can mount 
the bulb in the middle with the 
rheostat dial on the panel and 
with the two other dials on each 
side. 

In this arrangement, your two 
coils are mounted on the base 
board, one at the extreme left and 
the other at the extreme right. 
The two metal strips, each with 
four connections, as shown in the 
previous hook-up, can be mounted 
on the base next to them and all 
the connections made so that they 
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do not show on the front. In 
fact, it makes a better-looking job 
to put the aerial and ground 
binding posts and the two storage 
battery binding posts on the base 
and set your B battery behind the 
panel and then the only connec-

tions that show on the front are 
the two binding posts for the 
phones. 

These, too, can be eliminated by 
getting a phone plug and jack, 
the two together costing $1.80. 

IMPROVEMENT FOR YOUR TWO-SLIDE TUNER 

TWO SUDE 
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This hook-up shows how to add two spider-web coils to a 
two-slide tuner to get a full regenerative effect 

Any one who feels inclined to 
use two fifty-turn spider web coils 
hooked up as a variometer as de-
scribed in the November issue, 
but who is at present using a two-
slide tuner or even a single slider, 
and does not want to invest in a 
variocoupler, can still keep his 
coil and get all of the tuning ef-
fects of the spider webs. 

In the illustration accompany-
inm. this article I am showing a 
two-slide tuner, but a single slider 
can be used in exactly the same 
hook-up with only one change. 

This change consists in remov-
ing the wire running from one 
side of the variable condenser to 
one of the sliders and connectinre 
it directly to the same slider to 

which the ground connection is 
wired. The rest of the apparatus 
then stands as shown. 

It is, however, very well worth 
while to put the extra slider on 
the tuning coil, especially as it is 
now possible to buy a brass rod 
and a slider in the five-and-ten-
cent stores and mount it yourself. 

The hook-up as given in the 
illustration has all of the benefits 
of a variocoupler or a loose coup-
ler, and the two spider web coils 
connected to the plate of the tube 
give you full regeneration. 

As I explained in the November 
issue, these two coils are wound 
on cardboard forms, each of 
which has a spoke extended so 
that they can be pivoted together 
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and can be opened and closed like 
a fan. The windings of the two 
coils are connected by soldering 
the last turn of one coil to the 
first turn of the other. 

This hook-up is especially good 
with the little peanut tube, but it 
is also very efficient with the full-
sized bulb, that requires a six-volt 
storage battery. 

I am showing a fixed condenser 
of .001 mfd. capacity connected 
from one side of the spider web 
coils to the minus side of the 
B battery, and this will usually 
result in better signal& 

The variable condenser should 
be .0005 mfd., or twenty-three 
plates. A forty-three-plate con-
denser can be used there, but the 
smaller size gives sharner tuning, 
and an eleven-plate or a nine-
plate will be even better. 

The two binding posts that are 
marked A battery connect to the 
plus and minus side of the storage 
battery if you are using a six-volt 
tube or to the dry cell if you are 
using a peanut tube. 

Do not forget that the center 
binding post of the dry cell is pos-
itive and the side one is negative. 

ANOTHER "SHORT-WAVE REGENERATIVE" SET 

A hook-up of this kind gives you all of the benefits of the 
"short-wave regenerative" set without the expense 

The amateur whose pocketbook 
is very limited but whose dreams 
in radio are of the far-famed 
"short - wave regenerative" set 
need not do without the joy of 
this tantalizing hook-up nor need 
he spend much money to get it. 

Any boy can now buy the mak-
ings of a two-slide tuner for less 
than a dollar and this will take 
the place of the variocoupler and 

do everything in the tuning line 
that a variocoupler will do. Any 
boy can also hook up two 50-turn 
home-wound spider webs for use 
as a variometer by the method 
that I described in the November 
issue, and, with two of these in 
his circuit in addition to the two-
slide tuning coil, he has what 
amounts to the short-wave regen-
erative set. This hook-up is an-
other one that will work well 
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with the peanut tube or it can be 
used with the standard-sized tube. 

Like the hook-up using the var-
iocoupler and the two variome-
ters, it is extremely sensitive and 
requires the very finest kind of 
tuning to get results, being only 
for the man with sufficient pa-
tience to overcome the howling 
and squealing of the tube while he 
is tuning the set. It will give sig-
nals that are hard to surpass so 
far as volume of sound is concern-
ed. 

The difficulty in tuning comes 

first in eliminating the howling or 
whistling, and, second, in clearing 
up the distortion of signals so 
that they come in as pure tones. 

For the man who has a two-
slide tuner and who is willing to 
buy the two variometers, these 
variometers can be substituted for 
the spicier web outfit shown in the 
illustration. 

This will enable the amateur to 
use his tuning coil with all of the 
benefits of regeneration while he 
is saving up sufficient money to 
buy a variocoupler. 

ABOUT THE RINARTZ CIRCUIT 

Here is an interesting and simple way for the beginner to 
try the famous Reinartz circuit 

Amateurs all over the country 
have been in a great furore lately 
about several newly developed 
hook-ups which are said to be giv-
ing remarkable results. One of 
these is known as the Reinartz cin 
suit, and it has proved so interest-
ing to skilled amateurs that they 
have carried on a great many ex-

periments with the idea of simpli-
fying the arrangement. 

I have purposely refrained from 
dealing with this circuit because 
in its earl ,, forms it was too com-
plicated for the average becrinner 
to handle. 

I noticed, however, in a recent 
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issue of "QST," the very wide-
awake organ of the Amateur Ra-
dio Relay League, there is a letter 
from J. E. Stuart, of Montana, 
giving a very interesting modifica-
tion of the original circuit and 
claiming for it results that are 
quite remarkable. 

In the illustration printed here 
I have simply taken his hook-up 
as given in diagrammatic form in 
"Q S T" and have translated it into 
pictures and have also substituted 
the more easil- made spider-web 
coils for the variometers which he 
recommends. 

Those who are skillful enouch 
to make variometers, however, 
will be interested to know that he 
recommends larger than ordinary 
instruments having rotors four 
and one-half inches in diameter. 
These instruments can be put in 
place of the two sets of spider-web 
coils which I show here, and the 
extra wire that taps the first one, 
coming from the minus side of the 
filament, is supposed to tap the 
middle of the outside coil of the 
variometer. 

For the arrangement that I 
show here you should make spi-
der-web coils of about seventy 
turns each on a form with a hub 
two inches in diameter. 

In both cases one spoke of each 
form is extcnded and two of them 
are pivoted through these spokes 
so that the coils can be opened 
and closed like a fan. 

The two coils are connected to 
each other, the outside turn of 
one being connected to the inside 
turn of the other coil. 

In the first pair of coils the wire 
from the filament connection on 
the socket is tapped at about the 
fiftieth or fifty-fifth turn on one 
coil only. 

The fixed condenser between 
the two pairs of coils is a regular 
grid condenser of about .0005 mfd. 
but vou must be sure that it does 
not contain the ordinary grid 
leak. The grid condenser with 
the leak goes in the line from the 
first pair of coils to the grid con-
denser on the socket. 

REGENERATION WITH THE SPIDER-WEB COILS 

Every time I give a hook-up 
calling for the use of a variome-
ter I have a sort of guilty feeling 
because it brings up to my mind 
a picture of the thousands of ra-
dio enthusiasts who really cannot 
afford one of these instruments, 
and I know from sad experience 
of my own that a home-made var.. 
iometer seldom gives satisfaction 
very long. 

It is a perfectly easy matter to 
wind this instrument, but the 
problem of constricting the shaft 
bearings in such a way that they 
give perfect electrical contact 
even when the shaft is spun like a 

top is too much for the average 
man or boy unless he is quite 
skilled in the use of tools. 

I can, of course, give directions 
for building one of these instru-
ments which will be almost as 
good as the bought article and I 
will do this in the near future, 
but it really takes a practiced 
hand to do it correctly. 

Any one who examines the 
hook-up given in the last article, 
will, if he understands the princi-
ples of radio, see the advantage 
to be gained by putting the vario-
meter in the plate circuit. I 
should say that it adds something 
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By means of two home-made spider-web coils the full benefits 
of regeneration can be gained with this hook-up 

like 75 per cent to the efficiency 
of the hook-up and it may even 
double it. Therefore it is decided-
ly desirable. 

But it is possible to get almost 
the same efficiency with a little 
different arrangement which does 
virtually the same thing and 
which anybody can make. This is 
simply two spider-web coils of 
about fifty turns each. I am 
showing in the illustration the 
form of spider-web coil mount 
which was described in the June 
issue of E-Z RADIO, in which I 
also gave full instructions for 
winding spider web coils. 

Any method by which the two 
coils can be moved closer together 
or farther apart will answer the 
purpose perfectly well. You can, 
if you wish, make one spoke of 
each coil longer than the others 
and then pivot these two coils so 
that you can open and close them 
like a fan or you can mount them 
both on a rod through the centers 
so that you can move them closer 
together or farther apart in any 
way you desire. 

You will notice by the hook-up 
that one of these coils is connect-
ed to the rotor form on the vario-
coupler and also to the grid con-
denser. The other coil is connect-
ed to the plate of the bulb and 
also through the phones to the 
plus connection of the B battery. 

This accomplishes the operation 
known as "feed back" and feed 
back causes "regeneration." 

In other words the strong cur-
rents of the B battery go through 
one of these coils on their way to 
the plate and the magnetism 
thrown out by the current going 
around the turns of this coil cuts 
through the windings of the other 
coil and causes in them a similar 
current which boosts up the sig-
nals as they come in from the 
aerial. 

If you fail to get "regeneration" 
on your first trial, try reversing 
the connections of the second coil. 
That is, hook the phone wire to 
the lower binding post and the 
plate wire to the upper one. 
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THE TUNING COIL WITH THE GIBBONS HOOK-UP 

Owners of a single or double slide tuning coil can use it in 
this arrangement to get all of the benefits of the famous 

Gibbons hook-up 

Among the many unusual or 
freak hook-ups which have been 
given in this series of articles 
there is none that has brought a 
more widespread response from 
readers than the Gibbons hook lip 
with its several adaptations to 
different pieces of apparatusd 

I have recently been trying it 
with a single slide tuning coil and 
I am giving here the best method 
of making the connections, confi-
dent that amateurs who have this 
type of coil cannot do better than 
try this arrangement. 

It is good for either the full 
sized audion bulb or the peanut 
tube, although I recommend it for 
the latter. In almost all hock-ups 
for either the single slide or the 
double slide tuning coil the aerial 
lead-in is connected both to the 
start of the coil and to the grid 
of the bulb. 

In this Gibbons hook-up, how-
ever, it connects to the start of 
the coil and the plate of the bulb 
and the plate connection also runs 
to the phones. 

The slider runs both to the grid 
condenser and to a 23-plate or 
.0005 mfd. variable condenser. If 
you have a two-slide tuning coil, 
you can have one of the sliders 
go to the grid condenser and the 
other one go to the variable con-
denser though you will find that 
these sliders will usually tune best 
when they are fairly close togeth-
er. 

The little oblong marked A rep-
resents a small strip of tin or 
brass which makes it easier to 
hook up the several connections 
necessary at this point. Wires 
should be run from this strip to 
the variable condenser, to the 
minus side of the dry cell, if you 
are using the peanut tube or the 
minus of the storage battery if 
you are using the standard sized 
tube, another wire from the minus 
side of the B battery, another 
wire to the ground connection and 
another to one of the filament 
connections on the socket. 

If you do not care to use this 
strip of tin you should scrape off 
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the insulation from the ends of 
these live wires, twist them to-
gether, make a good connection 
with a drop of solder and wrap 
them with insulatinc, tape. 

In using any form of this Gib-

bons hook-up, you must "check 
up" on the wiring with the most 

extreme care because the slightest 
mistake will mean that you will 
not get any signals. 

You may get even better results 
by disconnecting the wire from 
minus B battery to the metal strip 
and connecting it from minus B 
to plus A battery. Try it. 

THE VARIOMETER IN THE DOUBLE CIRCUIT 

VARLOMEI, 

This hook-up gives an efficient method of inserting a plate 
variometer that is different from the one previously given 

In our recent series of articles 
showing the method of building 
up from the simplest form of bulb 
set to the full short wave regener-
ative set we learned of two meth-
ods by which we could add a var-
iometer . to the hook-up known as 
the single circuit. 

In this series we began with the 
single circuit and kept the instru-
ments hooked up that way until 
we arrived at the full short wave 
regenerative set and then it was 
necessary to disconnect the whole 
thing and connect it up again. 
This was because in the single cir-
cuit set there are two connections 
to the lead-in from the aerial. 
One of these connections goes to 

the outside winding of the vario-
coupler and the other one goes to 
the grid of the audion bulb. It 
was necessary to disconnect be-
cause, in the full short wave re-
generative set, the aerial lead-in 
has only one connection—and the 
grid of the audion bulb is connec-
ted to the wire on the rotor of the 
variocoupler. 

The first method is called the 
single circuit because the bulb is 
thus attached through its grid con-
nection directly to the aerial. 

The latter method, however, is 
a double circuit because the elec-
trical impulses caused in the aer-
ial by the received signals go 
straight through the aerial and 
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the outer winding of the vario-
coupler and so to the ground. 
They do not reach the bulb direct-
ly at any point, but their influ-
ence is transferred from the out-
side windings of the variocoupler 
by means of the magnetism that 
the electrical impulses cause and 
this magnetism "induces" or 
causes a similar current of elec-
tricity in the wire that is wound 
around the rotor form. It is this 
rotor wire that carries these in-
duced currents to the grid and fil-
ament connections of the bulb. 

As the impulses travel directly 
through the outer winding of the 
variocoupler first, we call that the 
"primary" winding. These im-
pulses, creating currents in the ro-
tor windings, make the rotor what 
we call a "secondary," and the cir-
cuit containing the rotor windings 
and the parts of the bulb to which 
it is attached is known as the sec-
ondary circuit. It is thus a double 
circuit. 

• 

Those who wish to add a vario-
meter to their coupler can use the 
hook-up that is given in the dia-
gram with this article. This 
places the variometer in what we 
call the plate circuit because it 
is in the line going from the plus 
of the B battery through the 
phones to the plate. 

This is an excellent hook-up as 
given here and most fans will 
prefer to use this method as shown 
after they buy their first vario-
meter. 

This is probably the best scheme 
and then when you buy your sec-
ond variometer you simply insert 
it in the line between the grid 
condenser and the rotor of the 
variocoupler and you have the 
full short-wave regenerative set. 

I know many successful ama-
teurs, however, who use this hook-
up exactly as given here and pre-
fer it to the one using the two 
variometers. 

4 
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