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RADIO TELEGRAPHY
NATIONAL RADIO INSTITUTE - - WASHINGTON, D.C."

THEORY AND CODE LESSON ‘NO. 6

We submit the following exercise for sending practice. By this time
you have cultivated an even “sending hand” and yout may time yourself
and advise us how long it takes you to complete this exercise.

1 2. 3 4 5
EISH TMOEH, ANEOT UDANE VBDUN
SEHI SOMET HAMEN NOMEU DOUBA
HISE METOS8 THENA UHMAN NTEHB
ISEH HOTSM RSTON THENU MUROB
EHIS ETOMH AEIHM DONUT DBSAYV

6 7 ] 8 9 10
RXKANB WGRNK PCWKGFLECK ZXPCW
HTRUK HAWKG HRCSP PROWL SWZPX
MEKARNWEKGR MEPRUSFRGH WZPXK
KVDRNBEWRO IPDCK LWEKVCZGXNC
TRSKOGMRWK WNPRCBFCRLPCRZX

11 12 13 14 15
GYCWX JGWRS 12345 67890 2V7HS
KZFQL CYQZJ 31HVE 80679 0038B 6
YPZGQ KHJPL 25031 14BHG6 148%K7
CFYQW FGWIJIX SHS2V V5907 28036
YLZPH UVYCP 4D4135 02863 41970

16 - 17 8
3619V 19748 H3I914
8HS520- 36201 25G37

. V7B43 74359 8V 4B

209Y1 10763 J7HGS5I1
6U305 48942 0Q386

Up to this time we have said little, if anything, about the art of good
receiving. This art consists principally in possessing a fdirly accurate
knowledge of just what an entire word sounds like taken as one com-

“bination.

In other words, one should be able to understand a word spoken in
the wireless telegraph language by means of the International Morse Code
symbols as readily as he does the same word attered by mouth in the
language of any national tongue with which he may be familiar.

One of the most important tendencies the beginner should try to avoid
is striving for speed in sending and receiving umtil he has learned to make
and understand all the symbols correctly and without hesitancy. Speed
will come natural as: you progress. .




PRODUCTION QF ELECTROMAGNETIC WAVES.
Complete instructions for operating the Natrometer are sent with
the machine. You should note how you can get many different combina-
tions from one set of dials; how you can set the dial shifting device so
that the entire dial will be sent to you through the phones in one con-
tinuous message.

Remember the privilege you have of exchanging dials is free. All
we ask is that you take particular care to pack the dials so that no damage
will occur en route and to inclose with your dials name, address and
student aumber and. sufficient postage to cover return charges. New sets
of dials are not sent upon request except when our records show that you
have returned one set. Always return your set when you. desire a new one.

You know the conditions which must be complied with before the
machine is sent. You may not have the Natrometer at this time, but
these words should be carefully noted just the same. Proficient and
accurate sending can easily be acquired by imitating the dot and dash
messages which are sent to you through the phones. Remember, hundreds
of wireless operators all over the country are going to hear you send when
you are working, so do not neglect to acquire a distinctive and accurate
hand in this art. It is very common to hear operators remark that the
operator at ————— (mentioning the call letters) is the clearest they ever
heard. Take pride in your sending.

This assignment is also devoted entirely to one topic—the production
of electromagnetic waves. You are now ready to begin the study of this
assignment..

No doubt you have noted already how some of the principles you
learmed are-applied to things with which you come in comtact almost
every day. If you will recall in your mind the principles and definitions
upon which these things are being operated, this course will prove doubly
interesting and fascinating. Continue to do that and the matter of
memorizing some of them will be easy.

In the preceding instruction papers the subjects of elementary elec-
tricity and magnetism is treated in a very brief manner. A student makes
better progress when he is not required to read a mass of unnecessary
detail, and for that reason only the essential facts have been covered.
After he has obtained a grasp of the subject, the.student should read
other books on radio in order to get a hroader understanding of the theory
and practice.

Paper No. 5 treats of the motor generator in detail, as it is advisible
that the student have a thorough understanding of this important part
of the radio set. The rules given for the proper upkeep of the motor
generator should be committed to memory, as the aperator is required
to give the machine daily attention.
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PRODUCTION OF ELECTROMAGNETIC WAVES.

Wave Motion:—This article treats of the principles of wave motion
and the methods by which waves are produced. The art of wireless
telegraphy is based on the fact that a wave motion can be set up which
will travel to great dstances. The use.of waves for purposes of com-
munication is not entirely confined to wireless telegraphy, the heliograph,
the transmission of sound through water and through air, being common
examples of the transmssion of ntelligence by means of waves.

The most common example of wave formation is that produced by
casting a stone into a pool of water. Surface waves of circular form
radiate from the point where the stone strikes the surface and travel
outward. The stone as it strikes the water gives it an up and down
motion and we see alternate crests and hollows.

Another example of wave formation is that of a rope, one end of
which is fastened to a hook in a wall and the other end given an up and
down motion. A wave travels from the hand to the wall and then is
reflected back again to the hand. The difference between this type and
the first is that this wave travels in a straight line while the other radiates
in all directions in a horiz-ontal‘ plane:

Still another type of wave motion is that seen on a windy day- on’
a field of grain. The wind striking the stalks, bends them over, thus
displacing other stalks, which in turn displace more stalks until finally
the displacement travels over the entire field of grain.

Tn any type of wave motion, two things are necessary—first, a dis-
turbance, and second, a medium through which a displacement may
travel. In the case of the stone thrown into the water, the stone is the
disturbance and the water is the medium. In the case of the human voice
the vocal cords supply the disturbance while the air is the medium through
which the sound waves travel. ) )

A point not always understood is that a wave travels but the medium
does not. If a chip is placed on the surface of a pond and a wave motion
is set up, it will be seen that as the wave passes, the chip is raised up and
down but is not carried with the wave. The particles making up the
medium move only a very short distance when a wave motion travels
through it, vibrating a short distance to either side of their normal position
of rest. A piano wire when struck vibrates back and forth alternately,
compressing and rarifying the air adjacent to it. This compression of the
particles close to the wire is communicated to-the particles nearby and
thus the compression will travel through the air at a certain velocity until
its energy is exhausted. The rarification of the air occurring: after a com-
pression is also transmitted alternately with the compression. This type
of wave moton is termed a pressure wave.

The type producéd on the surface of a substance as when a stone is
thrown into a pool is called a height wave, as the particles forming the
medium have an up and down vibration.
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PRODUCTION OF ELECTROMAGNETIC WAVES.

The velocity of any wave motion is the distance it will travel in one
second and depends upon the nature of the medium. In air the velocity
of a sound wave is 1090 feet per second, in water the velocity is 4700
feet per second, while in steel the wave travels at the rate of 16,400 feet
per second. )

The length of a wave is the distance from the crest of one wave to
the crest of another or from the trough or hollow of one wave to the
trough or hollow of the next.

The amplitude of a wave is the highest point reached in a positive
or negative direction. It is measured from the norinal level or base line.
As a wave travels away from ifs source its amplitude ceases, until finally
it dies out entirely.

The frequency of a wave motion is the number of waves occurring
per second. '

The relation between the frequency, wavelength and the velocity is
given by the following formula:

v
W.L.=——— —where F. equals frequency.
F
300,000,000 V. equals velocity.
W.LV—m—r W. L. equals wavelength.
F .

The ethér is an invisible medium through which wave motions of
various lengths are propagated. The most common wave motion in the
cther is light. Light waves are about 15 millionths of an inch in length,
x-rays have a still shorter wave length, while heat waves have about the
same length as light. Electric waves, as used in wireless telegraphy range
from 100 to 20,000 meters in length. The velocity of all forms of waves
in the ether is 300,000,000 meters or 186,000 miles per second.

The Condenser:—In the production of electric waves we make use
of high voltage, high frequency currents. The frequency employed in most
stations ranges from 1,500,000, down to 15,000 cycles or oscillations. As
a general rule, ship stations employ a frequency of 500,000, while amateur
stations employ currents whose frequency is of the order of 1,500,000
cycles. To designate currents whose frequency is above 10,000 cycles,
the term radio frequericy is used, while for those frequencies below 10,000
we use the term audio frequency.

There are several methods for the production of currents of radio
frequency, the most important being:

1. The discharge of a condenser.

2. The high frequency alternator.

3. The Poulsen arc.

4, Vacupum tube generator.

-
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PRODUCTION OF ELECTROMAGNETIC WAVES.

The first method is employed on most ship stations and .in the
In the high power stations the second
and third methods are in use, but the fourth method is only in the ex-
perimental stage at the present time.

greater proportion of coast stations.

In this paper we will consider the condenser method of producing
radio frequency currents. The condenser is a device consisting of two
metallic plates separated by a non-conductor called a dielectric, and.has
the ability to store up energy in electrostatic form. A- common type,
shown in Fig. 52, the condenser consists of a glass jar coated inside.and

————00

Fiq. 52. Leyden Jar.

C-1-

=

c-3

ﬁg.,sa. Series Connection of Condensers.

ﬁg.S‘k Parallel Connection of Condensers.

out with tinfoil or copper to about three-quarters of its height. If the

condenser is counnected to a source of current, a charge or quantity of
electricity will be placed on the plates.

Upon removal of the charging

source and the substitution of a wire which touches one of the coatings
and almost touches the other, a discharge in the form of.a spark will
occur at the gap. This discharge appears to be but one spark, but

actually consists of a series of sparks.
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In 1838, Prof. Henry, of Princeton, discovered that this discharge of
a condenser was oscillatory, or in other words that the current passed from
one coating to the other across a gap and then back again, and that this
back and forth discharge would continue until the gnergy of the charge
was dissipated. The discovery of this fundamental fact marked the be-
ginning of the development of radio telegraphy. '

The two plates of the condenser appear to have unequal charges and
when the connection between the two plates is close enough a discharge
from the positive side to the negative side takes place. This discharge
appears to produce a heavy charge on the negative plate, making it
positive and the other plate negative. Owing to resistance and other
losses some of the energy of the charge is lost and the succeeding oscilla-
tions are not so strong, having less and less amplitude, until finally equil-
ibrium is restored. The energy of the charge is convérted into heat and
into ether waves. The frequeéncy of the oscillations of a condenser are
exceedingly rapid and are not under control.

The capacity of a condenser is dependent upon:
1. The size of the plates.

2. The number of the plates.

3. The dielectric material.

4. The thickness of the dielectric.

The farad is the unit by which capacity is measured, but on account
of its size, a smaller value, called a microfarad, equal to one millionth of
the larger unit is employed. The standard Leyden jar used by the radio
companies and the navy has a capacity of about .002 microfarad. This
condenser is used in a large percentage of the ship installation, and in
many of the land stations.

In addition to the Leyden jar condenser, we have:
1. The oil plate.

2. The compressed air.

3. The Dubilier or mica condenser.

4. The moulded condenser.

The oil plate condenser consists of plates of glass coated with tinfoil
or copper and immersed in a tank of oil. Alternate layers are connected
to one main lead and the remaining layers to the other lead. The oil
prevents brush discharge (leakage around the edges of plates).

The compressed air condenser consists of two sets of metallic plates
insulated from each other and placed in a tank in which there is an air
pressure of 250 pounds. Air at this pressure is a very good dielectric.

The mica condenser as developed by Dubilier is composed of several
sections sealed in an aluminum case. Each section consists of over a
thousand alternate pieces of mica and tinfoil. The sheets: of mica are of

6
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larger size than the sheets of tinfoil. Several sections are piled one on
top of the other and an adhesive substance is forced through the con-
denser to fill up all pockets or cavities and cover the tinfoil with a tin

coating. If a puncture should occur, the adhesive flows into the hole and

heals it. The special construction of this condenser reduces the brush
discharge about the edges of the condenser plates to a very low degree.

The moulded condenser is made of sheets of tinfoil or copper em-
bedded in an insulating compound which hardens when cold. This com-
pound forms the dielectric and at the same time keeps moisture away
from the plates. '

The dielectric between the metallic plates affects the capacity of the
condenser. The term used to denote the ability of a material to conduct

the electrostatic lines of force is called the specific inductive capacity or

the dielectric constant. Air is said to have a dielectric constant of one,
while castor oil has a constant of 4.8. The best grade of glass has a
constant of 9 and a condénser having glass as the dielectric would have
9 times the capacity of the same condenser having air as the dielectric.
Therefore the dielectric constant of a substance may be defined as the
ratio of the capacity of a condenser having it for a dielectric to the capacity
of a like condenser having air as the dielectric.

A condenser is said to have a capacity of one farad when one coulomb
will charge it to one volt potential.

The formula for the capacity of a condenser may be given as follows:
2248K A  where A equals area of opposed surfaces in sq. inches.
C=
10107 K equals the dielectric constant.
- T equals the thickness of the dielectric in inches.
C equals the capacity in microfarads.

In order to get various values, condensers may be connected in several
different ways, such as series, parallel or seried parallel. In the series
connection the outside coating of one condenser is connected to the inside
coating of a second, the outside coating of the second to the inside coating
of the third and so on until all the jars are connected.

‘When condensers are connected in series, the resultant capacity is
found by the formula:

1 where C is resultant capacity.
C=- C-1 is capacity of one condenser.
1 1 1 C-2 is capacity of second condenser.
— b —_t— C-3 is capacity of third container.

C-1 c2 C3

It will be seen that the capacity of several condensers in series is
less than the capacity of the smaller condenser. For'instance, take three
condensers of the following capacities: .001, .002 and .003 microfarad—
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I 1
Cm— = — -t
: I i 11
+ + — = — = + —
001 002 003 006 06 006 006
1 i .006 .
= ~ 22— .00054 microfarad.
11 1 11
.cob

Thus the resultant capacity is less than the least of the three.

If the three condensers are connécted ‘in parallel, however, the re-
sultant capacity will be the sum of the three. Such a connection is shown
in Fig. 54. The following formula is used to calculate the capacity of
condensers in parallel:

: C=C-1+C2+C3
Substituting: :
S C =.001 + .002 + .003 = .006 microfarad.

A |
o)

I

Fig. 55. Series-parallel Connection of Condensers

|
l
O

| 3
Fig. 56. Closed Oscillation ~Circuit.

A third method of connecting condensers is called the series parallel
connection, and is shown in Fig. 55. If two banks of condensers connected
in parallel are connected in series we have a condenser of the series parallel
type. It has the advantage of having a greater dielectric strength. Instead
of having one thickness of dielectric to withstand the high voltage, the
two Dbanks in scries have a double thickness of dielectric.

8

e



PRODUCTION OF ELECTROMAGNETIC WAVES.

Oscillatory Circuits:—We have already considered the discharge of
a condenser across a gap and have learned that it is oscillatory and of very
high frequency. If we insert a coil in series with the condenser and spark
gap, we reduce the frequency of the oscillations. To understand this, let
us consider what is meant by frequency.

Frequency may be defined as the rate at which the oscillations occur
per second. Then, if a certain number occur in one second the length of
time necessary for one oscillation to be produced will be one divided by
the frequency. We call this quotient the period. In other words, period
is the timie necessary for omne oscillation to occur. If we insert a coil of
wire in series with the spark gap and condenser, we have obviously increased
the length of wire necessary for the discharge to travel over, hence it
will take a longer time for the oscillation to pass from one coating to the
other and back again. If it takes a longer time for one oscillation to occur,
evidently there will n6t he as many oscillations per second in the circuit.
We can vary the frequency then'by making a change in the number of
turns of the coil in series with the condenser and spark gap. By an
increase or decrease of the size of the condenser we may also vary the
frequency. The reason for this is, that it takes longer for a charge to be
placed over a large condenser than it does for a small one, ‘

A circuit, containing inductance and capacity, in which oscillations
may occur is called an oscillatory circuit. An example of such a circuit is
shown in Fig. 56. If the resistance of an oscillatory circuit is too high, no
oscillations will occur. It is necessary, therefore, in order to have oscilla-
tions in a circuit, to have the resistance below a certain critical value.

" To obtain a low resistance for high frequency currents such as we
encounter in radio circuits, we must use conductors of a large surface
area, such as large wire, stranded wire, copper ribbon or copper tubing.
High frequency currents travel on the outer surface penetrating but a
very short distance into the eonductor. The resistance of a conductor will
be different for a high frequency current than for direct current. The
number of oscillatiofis in a circuit, for each charge of the condenser de-
pends to a great extent upon the high frequency resistance.

The Spark Discharge:—If the condenser is given a charge by some
source of high voltage current, such as an induction coil or transformer,
all the energy is, at the instant, in eclectrostatic form being stored up in
the coatings of the condenser. If the spark gap made of two rods of
brass or zinc, in series with the condenser and inductance has the proper
separation, the strain in the condenser will cause a discharge to occur
from the positive to the negative side of the condenser. During the time
the condenser is discharging across the gap and passing through the
inductance coil, the energy is electromagnetic in form and lines of force
are produced about the coil, but as long as the energy is in the condensers,
it is electrostatic. This change from one form to another continues until
411 the energy is dissipated. When a discharge occurs across the gap,

9
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the inductance of the coil opposes the flow of current, hut thé instant

the current starts to die down, an induced current in the same direction

" as the dying current is set up and due to this extra current a posmvc

\charge is placed on the plate that an instant before had a negative charge,
but is not so great as the first positive charge, due to resistance losses,
brush discharge, and to loss of energy by radiation. This discharge across
the gap continues, first in ene direction and then in the other until the
energy is dissipated. The amplitude decreases in proportion to the charges

on the plates, finally dying out entirely, as illustrated in Fig. 58. E
Damped Oscillations:—The decrease in the amplitude of the oscilla-
tions mentioned above is called damping or decrement. The number of

oscillations occurring before the charge in the condensers is entirely
dissipated is dependent upon the resistance of the gap and circuit as well
as to the loss due to radiation. If the resistance is too great, there will
be no oscillations in the circuit, the discharge being in one direction only.
Hence, the actual number of oscillations produced by one charge in the
condenser depends upon the resistance and other losses in the circuit.

Fig.57.-  Undamped wave.

1

' l
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FI'Q; 58. Damped wave .
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Fg 59. Direct Excitation of Aerial.
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PRODUCTI.ON' OF ELECTROMAGNETIC WAVES.

Frequency has Deen defined as the number of cycles or oscillations
occurring per sccond. This-definition will apply to alternating current
as supplied by a gencrator of continuous oscillations or cycles, but will
not apply to damped oscillations as generated by the charge and discharge
of a condenser. It is rather the rate at which the oscillations occur. It
is well for the student ¢o remember that an oscillation and a cycle are
identical, the first term being applied to high frequency currents, while
the latter is applied to low Irequency currents.

In oscillatory circuits the frequency depends upon the size of the
condenser and the inductance. Capacity is measured in microfarads and
the inductance in centimeters or millihenries.

This frequency will he the rate at which the oscillations occur, but the
actual number will depend upon the damping of the trains of oscillations.
Such a circuit as we have described above is called a closed oscillatory
circuit and is shown in Fig. 56.

Open Oscillatory  Circuit:—In the closed type of oscillatory circuit,
we have.a condenser and a coil of wire in shunt to each othet. The coil

" of wire has the property of inductance and is of very low resistance. In

following formula:

the open oscillatory circuit one or more wires are suspended in the air,
either in a vertical or horizontal position, and have théir lower terminal
grounded. The capacity of such a circuit is supplied not by an artificial
condenser, but lies between the wires as one plate and the earth as the
other side of a condenser. The inductance is located in the wires, lead-in
and in the coils in series with the ‘elevated wires. If a spark gap is
placed in series with the wires and the ground, and a spark coil or
transformer has its terminals connected to either side of the gap, a dis-
charge can, be made to occur across the gap. In this circuit a charge
has been given to the aerial and ground. The action is identical with
the closed circuit, with the exception that this type of circuit will radiate
a large proportion of its energy in the form of electromagnetic waves.

The relation between the oscillations in the open oscillatory circuits
and the electromagnetic waves will now be considered.

If a charge is given to the aerial by means of a transformer or other
source of high voltage alternating current, oscillations occur up and down
the aerial circuit, each oscillation causing a wave to be radiated from the
aerial. For each charge given to the aerial and ground, a series of waves
will be radiated, equal in number to the number of oscillations in the
discharge. The number, length and height above the earth of the elevated
wires will determine the {requency of the waves radiated.

The wave length of an open oscillatory circuit is calculated by the

where W. L. equals wave length,
W. L.=38VLC L. equals inductance in centimeters.
C. equals capacity in microfarads.

11




PRODUCTION OF ELECTROMAGNETIC WAVES.

When we speak of the wave length of an’ oscillatory circuit, we have
reference to the length of wave which will be radiated by such a circuit.
The frequency of the waves radiated will equal the frequency of the oscilla-
tions in the circuit.

Most ships and shore stations handling commercial business operate
on the following wave lengths: 300, 450, and 600 meters. The high power
commercial stations use much longer wave lengths, while naval stations
range in wave length from 150 to 20,000 meters.

If a charge is given to the aerial and ground, the energy is in elec-
trostatic form and there are lines of static force between the aerial and
the earth. When the discharge occurs across the gap the energy is con-
verted into electromagnetic form and the lines of magnetic force are at
right angles to the static lines of force. These static and magnetic lines
represent a strained condition of the ether about the aerial circuit and
as the currents oscillate up and down the aerial circuit, this strained con-
dition radiates in every direction with the velocity of light.

Logarithmic Decrement:—In the article on damped oscillations, we
considered the decrease in amplitude of the high frequency oscillations
produced by the charge and discharge of a condenser. The series of
oscillations produced by the discharge of a condenser is called a train of
oscillations. The condenser is charged 200 to 1000 times per secoiid,
giving an equal number of trains of oscillations. Each train of oscilla-
tions consist of a number of oscillations of decreasing amplitude. This
, discharge of the condenser may be compared to the actioni of a pendulum.
If the pendulum bob is pulled to ome side and released, it will swing
back and forth. The distance 'the bob will swing from the vertical line
through its beating will be less and less each swing, until the friction
at -the bearing and air resistance bring it to rest. The friction and air
resistance correspond to the resistance and other losses in the oscillatory
circuit and as -the former causes the decrease in amplitude of the pendulum
hob, so do the losses of the oscillatory circuit cause the oscillations to de-
crease in amplitude. Damping or decrement are synonymous and mean
decrease in amplitude. If the oscillation train in the open radiated circuit
of a transmitter is highly damped; the wave motion radiated from the aerial
will be scattered over a wide range of wave lengths. Modern sets are
tuned to radiate and receive on specific wave lengths and if a transmitter
sends signals on many wave lengths at the same time interference is
caused. To prevent such an interfering wave, the radio laws state that
the logarithmic decrement shall not be over 2. To understand this it
will be necessary to explain briefly what is meant by logarithms.

A logarithm of a number may be defined as the exponent of the power

to which the base must be raised to equal the number. In the Briggs

system the base is ten. The logarithm of 100 is 2, that is 10 must be raised
to the 2nd power to equal 100. The logarithm of 1000 is 3, because 10
must be raised to the 3rd power to equal 1000. Th¢ logarithmic decrement

12
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of a train of oscillations is the Naperian logarithm of the ratio of the
amplitude of one oscillation to the amplitude of the succeeding oscillation
in the same direction. The Naperian system of logarithms iz different
from the Briggs system im that 2.718 is the base instcad of 10. In this
system the logarithm of a number is the exponent of the power to which
2.718 must be raised to equal the namber. In Fig. 58 the amplitudes are
indicated by a, a-1, a-2, a-3, a-4, a-5 and a-6. When the condenser dis-
charges, the first alternation is the largest and therefore the ratio would be:

a a-2 a-4

The ratio of (a) to (a-2), (a-2) to (a-4), (a-4) to (a-6) is constant. The
logarithm of the ratio (a) to (a<2) to the base of 2.718 is the logarithmic
decrement. In other words, the logarithmic decrement is the exponent
of the power to which 2.718 must be raided to ecqual the ratio of (a) to
(a-2). The law states that this exponent must not be greater than .2,
If an oscillation train has a logarithmic decrement of 12, the number of

N
| -

Fig.6l. -Industively leglpIed,' Set.
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oscillations will be 24. The formula for computing the number of oscilla-
tions in an oscillation train, when the log. decrement is given is:

4,605 + decrement

Oscillations =
) ] . decrement
Substituting the log. decrement of 2, .
’ 4.605 + .2
Oscillations = ————-——— = 24 oscillations

2

A logarithmic decrement of .3, greater than the law allows will give 16
oscillations per train of oscillations, while a log. decrement of .1 will give
47 oscillations to the train. The greater the number of oscillations per
train in an aerial the less will be the interference, as the energy will be
confined to one wave length. -

An increase in the log. decrement above .2 will decrease the number
of oscillations in the train, while a decrease in the log. decrement. will
result in an increase of the number of oscillations per train. A sharp
wave may be defined as the wave motion radiated by a transmitter when -
the energy is confined to one frequency or wave length. A broad wave
may be defined as the wave motion radiated by a transmitter when the
cnergy is spread over a wide range of wave lengths.

Resonance:—The open oscillatory circuit is a very good radiator of
electromagnetic waves and the aerial circuits of the majority of stations
are Duilt on that principle. A high frequency current may be produced
by the discharge of a condenser through a coil of wire and a spark gap.
This type of circuit is called a closed oscillatory circuit and is a gooed
oscillator but not a good radiator. In the transmitter we make use of
both types, the closed circuit is used in generating the high frequency cur-
rents and the open circuit for the radiation of the waves. In order to
transfer the energy from one to the other, it is necessary for the two
to be in resonance, and to be in inductive relation with each other. We
say two circuits are in resonance when the product of the inductance and
capacity of each are equal. The frequency of the two circuits will be the
same and consequently the wave 1e11gfh will be the same. If two tuning
forks are placed near together, and one of them is vibrating, the second
one will be set into wibration by the first, provided they have the same
frequency. To have a maximum transfer of energy from the closed to
the open oscillatory circuits of :a wireless transmitter, it is necessary that
the two have the same wave length.

Aerial Excitation:—The most simple methed of producing electro-
miagnetic waves in the ether is by direct excitation of the open oscillatory
circuit. A spark gap is placed in series with the elevated or aerial wires
and the ground. The terminals of the secondary of the transformer or
induction coil are connected to either side of the spark gap, as shown in
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Fig. 59. The capacity of an aerial circuit is supplied by the aerial and
ground and the inductance by the aerial wires and lead-in. If the aerial
is charged Dby the transformer, a spark will occur across the gap and

_oscillations will flow in the aerial circuit. These oscillations will set up

electromagnetic and electrostatic strains in the ether, which will travel
from the aerial with the speed of light. The disadvartages of this type
of excitation is that the aerial is subjected to a very high potential from
the secondary of the step-up transformer, and unless considerable induc-
tance is added in the form of coils in the aerial eircuit, the wave radiated
is highly damped and causes much interference to other stations.

Conductively Coupled Sets are connected as shown in Fig. 60. One
inductance coil is employed for both the aerial and closed circuits. A
clip connection represented by the arrows is employed for variation of

_inductance. The efficiency of the conductively coupled set is fairly high

and has the advantage of simplicity. When the condenser discharges
across the gap, oscillations flow through the turns of the clogsed circuit,
setting up lines of force about the coil and inducing a current in the
aerial circuit. Part of the current actually flows by conduction into the

" aerial circuit.

The Inductively Coupled Set is the most widely employed of the
three different methods of excitation and although it is very little, if any,
more efficient than the conductively coupled, the coupling of this type
is more easily adjusted than is the conductively coupled transformer. This
method is illustrated in Fig. 61.

The two circuits have no metallic connection with each other, the
energy being transferred by means of electromagnetic induction. The.
two circuits must be tuned to resonance in order that a maximum transfer
of energy will occur. . The advantage of the inductively coupled set over
the conductively coupled or direct excited set is that a sharper wave can
be radiated—that is, a wave whose energy is all sent out at one frequency.
If the two inductance coils are placed too near each other a broad wave
will be radiated, but if the two coils are at the proper distance apart, a
sharp wave is produced. . The reason for this action is due both to the
gap used, and to the mutual induction between the two coils. If a straight
gap is used it does not immediately return to its state of high resistance,
when the discharge of the condenser is complete. The condenser dis-
charges, oscillations flow in the closed circuit, producing lines of force
about the primary coil and induce a current in the secondary coil of the
aerial circuit. The current in the secondary sets up lines of force which
cut the primary and tends to induce a current back in the closed circuit.
If the spark gap has not returned to its state of high resistance, there
will be a considerable transfer of energy back into the closed circuit.
This transfer of energy back into the closed circuit causes a change in
the inductance of the aerial circuit and consequently a variation of the
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wave length radiated. . This variation of wave length is usually such that

two wave lengths are radiated, one longer and one shorter than the
wave length to which the aerial circuif is tuned. The disadvantages of

this .double wave radiation are first; that a receiver can only be tuned

to ‘one of the waves, the energy in the other being lost, and second, the
double wave creates unnecessary interference. The remedy for this con-
dition ‘is to separate the two, coils until but one wave is radiated.
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QUESTIONS
THEORY LESSON No. 6.

(Answer the following questions and submit your answers to the Institute
for grading.)

These questions should be answered in ink on the standard size
sheet of paper (eight and a half by eleven inches).

The student’s name and initials, address and his class uumber must
appear at the top of each sheet.

The questions should not be written out but the number written
down and the answer immediately after it.

Leave a one and a half inch mar\gin (for correction purposes) and
write only on one side of the paper.

The student must not copy his answers word for word from the
paper, but above all things be fair with himself.

121. What is meant by the amplitude of a wave?

122. What is the velocity of electromagnetic waves?

123. 1If the frequency of a wave is 500,000, what is the wave length?

124. Define radio frequency; audio frequency. '

125. Name four methods of producing high frequency oscillations.

126. What does the capacity of a condenser depend upon?

" 127. Name five high potential condensers.

128. Explain what is meant by dielectric constant.

129. Explain the three methods of cennecting condensers.

130. What 'is meant by the frequency of an oscillatory [ircuit?

131, What is an oscillatory circuit?

132. What two forms does the energy of an oscillatory circuit take?

133. Why does the amplitude of the train of oscillations decrease?

134. 'What is meant by damping or decrement?

135. By the frequency of an oscillatory circuit, do we mean the
actual number of oscillations occurring in the circuit?

136. What is the difference between an oscillation and a cycle?

137. What does a closed oscillatory circuit consist of?

138. Describe an open oscillatory circuit.

139. What is the formula for the wave length of an open oscillatory
circuit?

140. Tf the oscillation frequency is 500,000 in the aerial circuit, what

is the frequency of the radiated waves?
141. What is meant by logarithmic decrement?

142, How many oscillations will occur in a train of oscillations whose
decrement is .27

143. Explain resonance.
144, Name and explain brefly the three}aethods of aerial excitation.
145. Which method is the one employed by the majority of stations?

17

o




j.‘ PR

TR T

'r

e
§

1

HES,
4% L

ve o dpas

T

Wy
A

e e
St 2

A

RN

G LA
vy B
i LR

TONA|

LiRAD

03 pxs

1o

W

EPS)
R
2

i
fie:

P

.

W
N

zw.{"v! :




RADIO TELEGRAPHY
NATIONAL RADIO INSTITUTE - - WASHINGTON, D. C.

THEORY AND CODE LESSON NO. 7

Summary of Previous Instruction Papers.—The first four instruction
papers present the elementary principles upon which the science of radio
telegraphy is based. These first four papers are very important and should
he reviewed by the student from time to time until he understands and can
apply the principles taught thercin. Among these principles, a knowledge
of Ohm’s law is very essential to a proper understanding of the operation
of a radio set. In preparing this course of lessons, only the essential facts
bearing on the theory and operation of radio apparatus have been given.
Supplementary reading on the art may he found in any library. Among
nuwmerous textbooks on the art of radio communication the following are
especially valuable to the student preparing for the operator’s license:
“Wireless Telegraphy,” by Rupert Stanley, and “Practical Wireless Tele-
araphy,” by . E. Bucher.

The student should make sure that he understands cach instruction
paper before starting the next, and in case he does not understand certain
statements made in the lessons, he should ask the school for further ex-
planation.

In instruction paper No. 7 a practical discussion and explanation of
the actual instruments emploved in a transmitting set is given. The dif-
ferent instruments will be taken up in the order of their connection in
the set.

A fundamentel circuit diagram of a marine type of transmitter is
shown in Fig. 62. This type of =ets produces damped waves.

The [ollowing instruaments are shown in the diagram:
1. The direct current line switch.

2. T'he starting box.

3. The motor generator.

4. The field rheostats.

3. Protective devices.

6. The alternating current line switch.
7. Muvasuring instruments.

8. Reactance regulator.

9. Key.

10, Step-up transiormer.



TIHE TRANSMITTING SET.

1. Safely gap. K
12, Choke coils.

13. Condeusers.

4. Spark gap.

15, Oscillation transfdrmer.
16.  Acrial tuning inductance.
17. Short wave condAcnscr.
18, Hot wire ammeter.

19, Ground.

. .
Shups Gen_ Storage Battery [ Aecial
[ pS———"
ies Aerwl
Series inductence

Condenser

Automatic
Starter

e

Safety G o

T Grosnd

=)
Protoctiye Res.Rod

Fig.62 Fundamental Circuit Diagram of Transmitter.
4-0 q

The direct current line switch connects the motor {o the source of
direct current, whether it be storage battery or ship's generator. Tt is
equipped with fuses capable of carrying a current somewhat heavier {han
that which the motor requires. 1In case, the current becomes too heavy,
the fuses melt and break the circuit.

The starting box is a device used in starting a metor. Due to the
winding on the motor armature being of very low resistance wire, if the
current should be allowed to flow directly into the motor armature, a
burnout of the winding would probably occur. When the motor is run-
ning, it generates a current whose strength is proportioned to the speed
and which flows opposite in direction to the current which drives the
motor. This oppesing current offers resistance to the driving current.

2



THE TRANSMITTING SET.

To prevent any damage being done to the motor, a device called a
starting box is employed. It is a variable resistance and is so arranged
that when the direct current switch is closed the current must flow through
all the resistance of the starting box. That is, when the motor is first
started all the resistance of the starting box is conneccted in series with
the motor armature, thus preventing any damage being done to the
windings. As the handle of the starting box is moved over the contacts,
the resistance is gradually cut out and the motor speeds up in proportion.
As the motor speeds up the counter e. m. f. produced in the motor armature
increases in value and acts as a resistance to the incoming current and
prevents any damage to the armature windings when the motor is run-
ning at full speed. This is the reason why the resistance of the starter
is only needed at the time of starting. A description of the starter has
been given in the paper on motor generators.

The motor generator consists of a motor and generator on the same
shaft and frame. The motor is driven from a source of dircct current
having a potential of 110 volts and delivers about 4.3 horsepower in the
two kilowatt type. The generator is rated at two kilowatt and delivers
current at a frequency of 60 to 600 cycles. The modern motor generator
is of the 500 cycle type, while another type of motor generator recently
placed on freighters and small passenger ships produces a current at 120
cycles and has a power of one-half kilowatt.

Two field rheostats are employed to control the motor and generator. The
The motor field rheostat regulates the speed of the motor generator and con-
sequently controls the frequency, while Hhe gencrolor field rheostat controls
the woltage of the generator, and consequently the power delivered.

The alternating current line switch enables the gencrator armature
to be disconnected from the primary of the step-up transformer.

The protective device may De cither the resistance rod or condenser
type. The device has three leads, two are connected to the parts to be
protected and the remaining. one to the ground. The function of the
protective condenser or resistance rod is to conduct to the ground those
high frequency, high voltage currents induced in the motor or geucrator
circuits from the closed or open oscillatory circuits. These high frequency,
high voltage currents, in sceking the easiest path to the carth, may
puncture the insulation of the windings, unless above devices are employed.

The measuring instruments employed in the circuit connected to the
armature of the generator are: the voltmeter connected across the leads
from the collector rings; the ammeter in series with the circuit; the watt-
meter in series and in shunt to the circuit; and the frequency meter in
series with the circuit.

The reactance regulator is a device placed in series with the primary
of the tranfsormer for regulation of the current flowing therein. It con-

3
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sists of one or more layers of heavy insulated wire wound over an iron
core. By means of taps leading out from a number of turns, the inductance
may be varied. In another type the iron core is so constructed that it
can be pulled in or out, and thus allow variation of the inductance of the
coil. The flow of an' alternating current through a reactance reglator
is accompanied by a rise and fall of the lines of force about the coil.
This rise and fall induces what is termed an electromotive force of self
induction, which acts as a resistance to the flow of alternating current
threugh the coil, and for this reason can be used to regulate the flow
of current in the primary of the step-up transformer. By thus regulating
the current flow, the power delivercd at the secondary of the transformer
is also under control. As explained above, the action of this reactance
is regulated by means of the tap switch or by withdrawal of the iron
core from the winding.

The inductance is at maximum when all the turns are in circuit and
therefore the current is a minimum. By reducing the number of turns the
current fow will increase. In the other type of reactance regulator, the
current is a minimum when the iron core is completely within the coil.
By removing the core partially the inductance can be reduced propor-
tionately and thus increase the flow of current. One type of reactance
regulator is shown in Fig. 63.

The transmitting key is cmployed to make and break the current
flowing in the primary circuit of the step-up transformer into long or short-
pulsations. This key is of the same type as the regular telegraph key,
with the exception that it is of heavier construction. The contact points
are made of silver and are much larger thau those of the ordinary tele-
graph key. A large percentage of the ship sets arc operated with a
current in the primary circuit of 25 amperes or less, but in large stations
much greater currents must be broken, and the usc of the hand operated

Winding

Iron Core.

e

] L, .
Ficj. 63. Reactance Coll.
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key is not feasible because of the heavy arcing at the contacts. A relay
key is ewrployed to break these heavy currents and consists of an electro-
magnet and a bar. The bar takes the place of the lever of the ordinary
key and has a contact of silver which makes connection with a stationary
silver contact. The. current from a small battery or other source fows
through the clectromagnet, giving the bar an up and down motion. The
local current is controlled by a small telegraph key and can be thus
broken into dots and dashes of the code. A stiff spring is attached to
the bar to keep it under tension, and to pull the two contacts apart when
the circuit is broken by the small key. This spring breaks the circuit
so rapidly that there is very little arcing at the contacts.

In the case of the hand operated key, arcing may be minimized by
shunting the contacts with a condenser, inductance or a resistance.

In some stations a break key is employed which operates as follows:
When the key is pressed to make a dash or dot, two extra contacts on the
key are closed, short-circuiting the receiving set so as to prevent damage to
it by the high voltages flowing in the sending circuit. This key enables the
operator to listen in, in the intervals between the dots and dashes.

The primary of the step-up transformer is connected in series with
the key reactance regulator and gencrator armature. It cousists of two
layers of heavily insulated wire about an iron core. If this primary is
properly designed no reactance regulator is nceded.

The key circuit is the ternt applied to the circuit containing the alter-
nator armature, the reactance regulator, measuring instruments, primary
of step-up transformer and the key. This is a circuit of low voltage and
low frequency, having currents of a frequency of 60 to 600 cycles and a
voltage of 110 to 500.

The secondary of the step-up transformer is a winding of many
hundreds of turns which in the casc of the open core is wound over the
primary winding, and in the closed core transformer is wound over one
of the legs of the reactangular core.

The number of turns in the secondary depends upon the voltage de-
sired at its terminals. The size of the wire ranges from No. 28 to 32,
and is cotton, silk or enamel covered. The potential at the secondary
terminals of step-up transformers in low power radio sets ranges from
7,500 to 30,000 volts.

The safety gap is a spark gap placed across the terminals of the
secondary of the step-up transformier and acts as a protection to the sec-
ondary and to the condenser in case the oscillation circuit spark gap is
lengthened abnormally. A spark occurs at the safety gap whenever the
strain becomes abnormal, preventing puncturc of the condeusers or of the
insulation of the secondary winding.

5
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The choke coil is a term applied to a form of reactance connected in
the leads from the secondary of the step-up transformer. The function
of the choke coil is to prevent the passage of the high frequency, high
potential energy of the closed oscillatory circuit back into the secondary.
The resistance which a reactance offers to the passage of an alternating
current’ depends directly on the frequency. If the frequency is high the
resistance to the current offered by the counter e, m. f. will he high;
but if a low frequency current is flowing the resistance will be low. Hence,
the low frequency, high potential current from the secondary may pass
to the condenser, but the high frequency, high potential current of the
closed circuit cannot pass back into the secondary of the step-up trans-
former. If the current produced by the discharge of the condenser is
allowed to pass back into the secondary, it is liable to puncture the in-
sulation of the windings.

The condenser in many ship sets consists of a battery of copper-plated
Leyden jars. The oil plate condenser is rapidly becoming obsolete, and
is found ouly on ships equipped several years ago. The condenser is diffi-
cult to repair in case of puncture of the dieletric, while the Leyden jar
can be replaced instantantously. The compressed air condenser is em-
ployed in several large stations, but is very seldom found in low power
sets. A new type of condenser which promises to replace practically alt
the old types of transmitting condensers is the Dubilier mica condenser. It
has the advantage of being self-healing in case of puncture and of being
economical in space. The function of any condenser is to producc high
frequency oscillations.

The charging circuit includes the secondary of the step-up transformer,
the choke coils, the safety gap and the condenser. It is traversed by a
low frequency, high potential current ranging in voltage from 7,500 to
30,000 volts.

The spark gap. The function of the spark gap is to prevent the dis-
charge of the condenser until the latter is charged to the proper potential and
then to form an casy poth for the discharge, after which it returns to its
Former state of high resistance. For many years the straight gap shown in
Fig. 64 was used, but due to its inefficient action has become obsolete. It con-
sists of two rods of zinc about 34-inch in diameter and separated a distance of
14 to 1% inches, depending upon the power employed. Radiating fins are some-
times placed on the rods in order to cool the gap quickly. The great disad-
vantage of this gap is that it does not regain its state of high resistance quickly
enough after a discharge, and therefore the next discharge of the condenser
will occur too quickly. The ideal closed circunit stops oscillating as soon as the
oscillations have been built up in the aerial circuit.

There are two types of rotary gap, the non-synchronous and the syn-
chronous.
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One type of non-synchrotious gap is shown in Fig. 65. In another
form, a disc having a number of electrodes arranged about its outer cdge
is placed on the shaft of a small motor. Two stationary clectrodes are
placed on opposite sides of the disc so that the spark occurs from one
electrode to omne of the disc electrodes and then to the other stationary
clectrode. In another form a number of electrodes are placed in the shape

S}inn ary Electrodes .

Adjusting
Rod
. \ _

Muffling Druvm _
Fig. 66. Synchronous Rofary Gap.  Fig. 6% Straight Gap.

Copper Pidte )
Fibre GasKet nd View

F{qAGS. Non—synchronous Gap. qu.G'] Cross-section of
Quenched Gap.

of a circle on two semi-circular frames in such a way that the electrodes
face the center of a circle. One terminal of the condenesr is connected
to one of the semi-circular frames, and the other terminal of the closed
circuit is connected to the other frame. A metallic bar is placed on the
shaft of a small motor and revolves within the circle of stationary elec-
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trodes. The metallic bar has an clectrode on either end, and when the
condenser discharges, the spark occurs from one of the electrodes on one
of the frames to the revolving bar and thence to the corresponding electrode
on the other frame. This type is shown in Fig. 65. Either type of gap
has a speed of 1800 to 2500 rcvolutions, and due to the large number of
dischargings of the condenser a more musical note is obtained with the non-
synchronous gap than with the straight. Every time the revolving electrodes
come opposite the stationary electrodes a discharge occurs, and the spark
frequency will be equal to the number of electrodes multiplied by the revolu-
tions per second. In the case of the non-synchronous gap having ten electrodes
and a speed of 40 revolutions per second, the spark frequency would be 400
per second. Hence, the spark frequency may be defined as the number of dis-
charges of the condenser occurring per second. An advantage of the non-
synchronous gap is that it produces a musical note from a 60 cycle source of
supply. It also has the adwvantage of cooling itself and thus quenching the
oscillations in the closed circuit after the aerial is set into oscillation.  The
motor of a non-synchronous gap is usually driven at such a speed that 300 to
400 discharges occur per second.

The synchronous gap consists of a disc placed on the shaft of the
motor generator and a number of electrodes equal to the number of field
poles of the generator. The disc being on the shaft must revolve at the
same speed as the generator armature. Two stationary electrodes are
placed as shown in Fig. 66, being separated from the revolving electrodes
a distance of ahout .005 of an inch. In a previous instruction paper we
learned that onc alternation occurs each time the armature winding passes
a field pole. Hence, if at the instant an alternation is produced, two electrodes
on the disc arc brought opposite the stationary electrodes, the condenser being
charged by ithe alternation will discharge ocross the gaps. The alfernation
places a charge on the condenser and the condenser discharges almost instan-
taneously. The reason that this type of gap is called synchronous is that the
discharge occurs at the same instant as the alternation. The advantage of this
gap over the others is that it gives a wuniform discharge and each discharyge
has the same power as another. This gap is used ‘on many of the high power
damped wave stations, and is the only type that can be used for very high
powers. When used with the 500 cycle generator, 1000 discharges occur per
second and a high, clear note in the phones of the receiving station is the result.
This is the only frequency that can be used to any advantage in the tropical
regions, where the atmospherics are bad. A third advantage is that it tends to
prevent the oscillations in the aerial circuit from being transferred to the closed
circuit and therefore brings about better radiation. A fourth advantage is that
this gap can handle very large powers. As seen in the figure, the gaps are
surrounded by a muffling drum which deadens the sound of the spark and at
the same time produces a blast of air for cooling of a quenched gap. The
synchronous gap illustrated in an example of the type used on the Marconi
Panel sets. An adjusting handle is shown in the figure, which allows the
most suitable sparking point to be found. It allows a rotation of the stationary
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clectrodes through a small arc. The distance between the stationary and mov-
able electrodes is actually greater than the value of .005 inch stated above,
because the condenser will begin to discharge before the disc electrode reaches
its closest position to the stationary and will continue to discharge until the
electrode has passed the stationary electrode a certain distance.

The quenched gap is the most efficient spark gap in use. As shown
in Fig. 67, it consists of a number of copper discs from three to six inches
in diameter and separated by insulating washers of micanite, treated paper,
fibre, or other insulating material. This type is merely a series gap with
a space of about .01 inch Dbetween the discs. The sparking surfaces in
the case of the six-inch size of disc are about two and one-half inches
in diameter. At the outer edge of the sparking surface a circular groove
is cut in the disc so as to prevent the spark from carbonizing the insulating
washer and thus shortcircuiting the gap. The space between the copper
discs is airtight which helps to quench the oscillations at the end of a
discharge and at the same time renders the discharge noiseless. In the
Marconi type, 1,200 volts per gap are required for efficient operation.

The advantages of this type of gap are:

1. It quenches the oscillations in the closed oscillation circuit at the
completion of the discharge and thus allows the aerial circuit to oscillate at
its own frequency and damping. '

2. Due to the above, the sccondary and primary may be placed in very
close inductive relation to each other, thus insuring a maximum transfer of
energy to the aerial and hence o 'large radiation of energy.

3. It has no moving parts.

4. Tt is noiseless.

5. It is synchronous if adjusted properly.

6. It allows the employment of the loww wvoltage transformers.

By quenching of the oscillations we mean that the oscillations in a
circuit are brought to an end. All that is required of the closed oscilla-
tion circuit when the condenser discharges across the gap is that it
oscillate only long cnough to set up oscillation in the aerial circuit of the
proper amplitude. Thus, the condenser is charged by one alternation, a
discharge of the condenser occurs across the quenched gap and oscilla-
tions occur in the closed circuit. As soon as these oscillations die down
to a very low value, the resistance of the gap becomes very great and
prevents the induced oscillatigns in the aerial from setting up oscillations
back in the closed circuit. With the straight gap, as soon as the spark
discharge occurs, the air between the eclectrodes Dbecomes heated and
ionized and hence reduces the resistance to a very low rate. Oscillations
are induced in the aerial circuit, which by setting up lines of force about
the primary induces a current back .into the closed circuit. This transfer

9
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and retransfer causes alternately an increase and decrease of the induc-
tance of the aerial circuit with a consequent increase and decrcase of the
wave length. This causes the simultaneous radiation of two waves: of
different length and consequently a division of the energy between the
two. As it is impossible for a receiving set to receive the energy of two
waves at the same time, part of the energy of the transmitter is wasted,
and interference is caused.

This action of a straight gap is one of its great disadvantages. To
prevent a straight gap from causing‘ the radiation of two waves or a
broad wave as it is somectimes called, the primary and sccondary must be
placed considerable distance apart. This separation necessarily reduces
the transfer of energy, so a reduced range is the result of the radiation
of a strictly sharp wave. With the quenched gap, however, this retransfer
of cnergy is reduced to a very small value, and enables us to place the
primary and sccondary in very close inductive relation, with the result
that therc is a large transfer of energy to the aerial circuit.

The primary of the oscillation transformer may consist of a coil of
copper wire or tubing wound in the form of a cylinder. In another type it
consists of copper ribbon wound in the form of a spiral. In either the
inductance may be varied by mecans of plugs or clips. The function of the

- primary is to transfer the energy of the closed circuit to the secondary of the
acrial circuit and also to provide the inductance of the closed circuit.

The closed oscillation circuit consists of the condenser, the spark gap
and the primary of the oscillation transformer. This circuit is the
source of the high frequency oscillations that produce electromagnetic
waves about the aerial. The condenser discharge is only one of several
methods used to produce high frequency oscillations. It is the most com-
mon method in use, but is rapidly becoming obsolete in high power radio
transimission. ‘

The secondary of the open or radiating circuit may be a coil of heavily
insulated wire wound on an insulated cylindrical frame, or may consist
of copper ribhon wound in the form of a spiral. This sccondary coil is

placed in inductive relation to the primary and in series with the aerial
and ground. Its function is to absorb the energy of the closed circuit.

The oscillation transformer consists of the primary of the closed cir-
cuit and the secondary of the aerial circuit. It is so constructed as to
allow a close or loosc coupling of the two coils. That is, the secondary
may Dbe placed close to the primary or may be placed at various distances
from the primary. The helix type is shown in Fig. 68, while the spiral
type is shown in Fig. 69.

The aerial changeover switch is a device employed to switch the
aerial from the sending to the receiving set or vice versa. When sending,

10
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owing to the delicate nature of the receiving apparatus, it ns necessary to
disconnect the recciving instruments from the aerial. Upon pressing the
key, very high voltages are present in the circuits of the transmitter and
aerial, and thus makes nccessary the employment of a switch that places
a wide gap between the connectians of the aerial and the receiver when
the switch is in a sending position. The connections of one type are

X7J
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Fig.68 Helix Type Oscillation Transformer

F[q.6q, Spiral  Oscillation Transformer

shown in TFig. 70. This switch is so arranged that when in the receiving
position, the generator field circuit, the key circuit and the motor hlower
circuit are open, the aerial and ground being connected to the receiver.
When in the sending position the three transmitting circuits are closed,
the aerial and ground are connected to the transmitting set and certain
delicate parts of the receiver are protected from the high voltages by

11
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short-circuiting devices on the switch. The reason for opening the gen-
erator field circuit while receiving is to reduce the induction from the
current flowing in the motor circuits. The key circuit is opened to pre-
vent accidental discharge of condenser while receiving and consequent
damage to the receiver. The motor blower, used to keep quenched gap
cool, is opened in order to reduce noise while receving faint signals."

This article will be referred to when receiving apparatus is taken
up. After studying receiving sets, the student will understand how the
aerial changeover switch affects the receiver.

The aerial tuning inductance may consist of a coil of stranded copper
wire wound in the form of a cylinder. Another type is made by winding
copper strip in the form of a spiral. The inductance may be varied by con-
necting more or less turns in circuit by means of a clip. The function of the
aerial funing inductance is to tune the aerial circuit to a wave-length longer:
than the natural wave-length. (By natural wave-length we mean the wave-
length radiated by the acrial and ground olone with no added inductance or
capacity.) In the modern panel type of set this inductance is continuously
variable and allows very sharp tuning of the aerial circuit. Due to the high
voltages encountered in the aerial circuit the turns ot the inductance are
separated a half-inch or more and are wound on a hard rubber or procelain
support. ’

The aerial of most ship sets consists of two or more wires stretched
between the masts and separated by- wooden spreaders. The function of the
aerial of the transmititng set is to radiate energy i the form of electromagnetic
waves., The aerial will be treated very fully in a following instruction paper.

The short wave condenser. We learned that the aerial tuning in-
ductance enables the aerial circuit to be tuned to a wave-length longer than
the natural wave-length., In order to tune the circuit to o wave-length shorter
than the natural wave-length, @t is necessary to use a. short wave condenser.
We learned in a previous paper that the resultant capacity of two condensers
in series is less than the capacity of cither. The aerial and ground form a
condenscr and this capacity combined with the inductance of the aerial gives
the aerial circuit a natural wave-length. If this capacity is reduced by placing
a condenser in series with the aerial a decrease in wave-length will be the
result. In one form of this short wave condenser, two Leyden jars are placed
in series with the aerial and in another form several plates of glass coated
with tinfoil or copper are placed in series with the aerial. The reason for
having the jors or plates in series is that such @ connection increases the dielec-
tric strengtl of the condenser.

The aerial ammeter is an instrument connected in series with the
aerial and ground, its function being to mecasure the strength of the current in
amperes. This enables the operator to determine whether he is getting proper
radiation from the set and also allows the placing of the aerial and closed
circuits i resonance.

12



THE TRANSMITTING SET.

It is usually of the hot wire type, the expansion of a wire from the
heating effect of the current being utilized to miove a pointer over a cali-
brated scale. This instrument is fully described in Instruction Paper No. 4.

The ground forms an important part of the aecrial circuit and is
merely a metallic connection with the moist carth or body of water. In
airplanes the ground is replaced by a counter-poise. The counterpoise in
most cases is merely the metallic parts of the'airplane. such as the engine
and guy wires. The aerial consists of a suspended wire or perhaps of a
number of wires stretched above the planes. In dry countries, where it
is difficult to find moist earth, a counter-poise is made by constructing a
network of wires three or four feet above the ground. On shipboard the
ground connection is made to the steel hull, except in the case of wooden
ships, where connection is made to a sheet of copper or brass fastened
to the hull of the ship below the water line. The ground appears to form
one plate of a condenser, with the aerial as the other plate.

Gen. Freld

Aerial
—Rec. Set
~Detector

«~Phones

Mofoiglower 5k —

Key Cireut 1= =

Oscil. Transformer.

F:'g. 70. Aerial Changeover Switch .

The open or radiating circuit consists of the acriel, aerial switch,
acrial tuning inductance, secondary, the aerial ammeter, the short wave
condenser and the ground. This circuit is traversed by high frequency, high
potential currents which set up electrostatic and magnetic strains about the
aerial. These strains in the ether radiate in every direction with the same
velocity as light.

A Brief Description of the Action of a Transmitting Set.—The gen-
erator produces alternating current at a frequency depending upon the
speed of the armature and the number of field poles. This frequency in

13
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modern panel sets is usually 500 cycles. As the armature passes a field
pole one alternation is produced, and as it passes the next field pole of
opposite polarity, an alternation of current in the opposite direction is pro-
duced. These two alternations constitute a cycle, and in one revolution of the
generator armature the number of cycles will equal the nwmber of field poles
divided by two. This alternating current flows through the key circuit and is
broken up into dots and dashes by the key. Each dot has a length of about
one-fifteenth second, and therefore in the case of a current having a frequency
of 500 cycles per second each dot made by the key will allow 33 cycles or 66
alternations pass through the primary of the transformer. A dash will be
ahout three times as long as a dot, so a total of 99 cycles or 198 alternations
will pass each time the key makes a dash..

In passing through the transfomer, the alternating current is raised
in voltage from 110-500 to 7,500-30,000, but the frequency remains unchanged.
In the charging circuit the high voltage from the secondary charges the
condensers, each- alternation placing a charge on the condenser when a
synchronous gap is used. The condenser immediately discharges across
the gap and through the primary of the oscillation transformer. For
cach dot made by the key there will be 33 cycles or 66 alternations and
therefore 66 charges and discharges of the condenser. When the con-
denser discharges across the gap, a number of oscillations occur in the
closed oscillation circuit. The discharges of the condenser are equal in num-
ber to the alternations of the generator, and the nwmber of discharges per
second is termed the spark frequency. The train of oscillations produced by
each discharge of the condenser do not have a constant amplitude. That is,
cach oscillation of the train has a lower amplitude than the oscillation pre-
ceding it. The currents produced by the discharge of a condenser are termed
“damped oscillations.” This damping or decrement varies with different cir-
cuits.. The train of damped oscillatiotis in the closed circuit in flowing through
the primary, induces a train of oscillations in the secondary of the aerial cir-
cuit. The damping of this train is not necessarily the same as the train in the
closed circuit. Usually there are a great many more oscillations in the aerial
circuit trains that in the closed circuit trains. When a good spark gap is em-
ployed, the resistance of the closed circuit is very high until a discharge
occurs, then the resistance drops to a very low value, due to ionization of the
air. As soon as the train of oscillations has been set up in the aerial circuit
the closed circuit has served its purpose, and hence there is need of only a few
oscillations i each train of the closed circuit. The quenched gap regains its
state of high resistance as soon as the train dies to zero and thus prevents any
retransfer of energy from the open to the closed circuit. The advantage of
this action of the quenched gap is that it allows the aerial circuit to oscillate
at its own frequency and damping. It is very desirable that the trains in the
aerial circuit have as many oscillations as possible because this makes for sharp
tuning and prevents interference.

The reason for the quenching of the gap is that when the oscillations
die out, the gap immediately cools and thus becomes of very high re-
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THE TRANSMITTING SET.

sistance. The resistance of a gap when no current is passing is several
thousand ohins, but when the condenser discharges this drops to about
one ohm.

Each train of oscillations in the aerial circuit causes a train of waves
to be radiated, ecach oscillation setting up a wave. The frequency of the
oscillations produced by the discharge of o condenser may be defined as the
rate at which they occur, and nat the actual number really present in the
circuit,

Nearly every standard marine type of transmitter is provided with
means for shifting to wave lengths of 300—450-—600 meters by the move-
ment of a handle. This handle operates three contact arms which move
in unison and changes the turns of inductance in the closed and open oscil-
latory circuits, also cuts in and out the short-wave condenser.

The complete wiring diagram and details of these changes will be
given in later books.

QUESTIONS
INSTRUCTION PAPER No. 7

These questions should be answered in ink on the standard letter size
sheet of paper (eight and a half by cleven inches).

The student’s name and imitials, address and his class number must
appear at the top of each shect.

The questions should not be written out, but the number written down
and the answer written immediately after it.

The student must not copy his answers word for word from the
paper, but above all things be fair with himself.

146. Draw from memory a fundamental circuit diagram of a trans-
mitting set. (Before answering this question, be able to draw from mem-
ory). ’

147. Namec the instruments which make up the complete transmitting
set.

148. Of what does the key circuit consist?

149. Of what voltage and frequency is the current which flows in the
key circuit?

150. Explain the two types of reactance regulator,

151. What is the voltage and frequency of the current which flows in-
the charging circuit?

15
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152. What instruments are included in the charging circuit?
153. What is the function of the spark gap?

154. Name the different gaps in use.

155. , What determines the frequency of the closed circuit?

156. If a synchronous gap is employed, what is the spark frequency
when using a 500 cycle motor generator?

157. What arc the advantages of the rotary gap over the straight
gap? ’
158. Name the advantages of the quenched gap over the other gaps.

159. What is meant by “quenching of the oscillations?”

160. What is the function of the primary of the oscillation trans-
former?

161. What is the purpose of the aerial changeover switch?
162. What is the function of the acrial tuning inductance?
163. What is the function of the short wave condenser?

164. Why is the short wave condenser made by placing jars or
plates in series?

165. Of what does the aerial circuit consist?

CODE LESSON No. 7

Commercial Form for Recording Radioc Messages

Send on Practice Set and Memorize Form:

POZ DE KGJ
P NR 4 WDS 35 RDO FLD 5:02 PM
TO: '

The Confection Shop,

22nd and Broadway,

New York City.

Ship at once COD all available supply of candy
such as your last shipment  Very satisfactory Cus-
tomers very much pleased with this style of confection

Hybob Confectionery Company



THE TRANSMITTING SET.

TRANSMISSION OF MESSAGES.NO. 7

The form consists of:

1. Prefix:
a. Prefix for any commercial radiogram is the word radio.

2. Office of origin:
a. This designation shall be transmitted by NAME.

3. Number of message:
a. Each message shall be numbered in sequence.

4. Check:
a. Consists of number of words included in the address, text and
signature.

5. Date and hour of filing:
a. Shall always be transmitted to the coastal station.

6. Address and route: .
a. Must consist of at least two words, name of address and des-
tination (ship or city).

7. Text:
a. Must be sent exactly as rececived.

8. Signaturé.

9. End of message:
a. Message is terminated by ommmemme followed by the call let
ters of the sending station and by the signal exwmor=me

Acknowledging or received signal,
1. Send call letters of the station which sent the message.
The reccived signal eemme

Number of message, or numbers of first and last messages of a series.

Bl

Call letters of the receiving station.
Examples: .
NMO emmo | NAM mmomm
NAR omme 14 NWQ pmmommm

Ship kmo sending to nar a plain commercial message filed on
board at 4 P. M. of the twelfth after receiving “IK.”
nzm 0 mxen 0= Tadio Kingwilliam 2 S twelfth 4 P, M.meme ¢ oe== to Brown
175 King Street New Orleans meme 6 emmm  Arrive tomorrow e o emsm
Jones emmemme KMO memeonem

Copyright 1919 by James E. Smith
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SHOW YOUR COLORS
There’s nothing like having a pennant tacked on the wall of your room

to show the colors of your school--your colors,

This Institute has Just received a supply of beautiful pennants--blue
and gold--as the 111uatrat10n below shows.

Not one student will want to pass up this chance to get a life-long
remembrance of the N. R. I. Pennants are used more today than any

other emblem to signify enthusiasm and allegiance. A finer emblem

can not be had.

Pin your $1 bill to this paper, write your name, address, and student
number on back, and your pennant will come forward at onc¢e postage
prepaid. That’'s all it costs-~$1.00--for a fine blue and gold N. R. I.
Pennant--just what you have always wanted to show yocur friends--to
keep with you in your study room.
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NATIONAL RADIO INSTITUTE
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Answers to Instruction Book No. 7.

See Figure 64.

Main line switch, starter, mobor generator, field rheostats, protective devices,

generateor line switch, sasuring instruments, power regulator, key, step-up trans-
former, safety gap, choke coils, tramsmitting condensers, gpark gap, oscillation tran3-
former, aerial tuning inductancs, short wave condenser ,hot wire ammeter and ground.

The key circuit contains the A. C., generator armature, line switch, protective device,
voltmetsr, ammeter, wattmeter, key, power rsgulator, and primary or low tension.side
of the step-up transformer.

110 volts and 500 cycles.

There are two types of power cr reactance regulators. First type has taps Dbrought on
from a coil, wound on an iron core to contact points so the number of turns of inductance
sn De varied. The second type has a fixed number of turns on an iron core which is mov-

$52%

ahle, and drawing the iron core out of the coil the inductance is lesgened, or reduced.
500 cycles at voltages from 7,500 to 30,000.

Tha charging or high tension power circuit contains the secondary or high tension side

of the step up transformer, safety gap, choke coil, and transmitting condensers.
The spark gap allows the transmitting condensers Lo charge 10 the proper amount “and
then discharge thru the closed cscillatory circuit, offering a small resistance. \
Plain or siraight gap, synchromnous rotary £2p, non-synchrenous gap and quenched gap.
The frequency of the closed oscillatory circuit depends on the product of the capacity
and inductance in this circuit.
The sgpark freguency would be 1,000 per second.
1% gives a Petter note, offers less resistance during discharge, better insulation dis-
charges,and keeps much cooler. : ‘
The advantages of ths guenched gap are: The quenching of the oscilliiocns near the end
of sach wave train when the energy becomes small;. a closer coupling which allows 2
transfer of maximum energy to the aerial cirecuit; noiselsss; no moving parts; it is
a synchronous when properly adjusted, and the use of a lower voltage transformer.
Quenching of the oscillations means that the cscillations are stopped Dy the actien
of the gap when the amplitude of wave ig built up in the open circull and Dbecomss Vsry
small in the closed circuit. This allows time for gap to cool off and prevenits energy
working back from the open into the closed circuit,
The primary of the oscillation transformer serves 1Lwo purposes. TFirst, to act &g &
verisile induction to adjust the closed circuit to a given wave length; and second, iV
ensrgy from the cleged (o the open circuiv. _

switch is to change the elecirical connections from the sending
tug and vice versa as desired.
setance is used to adjust the radiating (or aerial) circult 1o a
g tha that obbainable by the secondarycoil of the oscillaticn transformer.
4 weve condenser is placed in series with the open circuit to obtain wave lenglhs
than those obtained otherwise.
the jars in series, causing them to sland a greater dielectric strain and also

ase the capacity which is desired.

opent or radiating circuit consists of the aerial, aerial switch, loading ceil (cr
ser.el tuning iuductance), secondary of oscillation transformer, hot wire ammeter, short
wave condenser and ground.
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RADIO TELEGRAPHY
NATIONAL RADIO INSTITUTE - - WASHINGTON, D. C.

,THEORY AND CODE LESSON NO. 8

In General. In the previous instruction paper, in the discussion of
a transmitting set, we explained the function of the apparatus employed
in the oscillatory circuit. . In this paper, we will discuss in detail those
parts of the open circuit which actually produce the electro-magnetic
waves in the ether. These parts are known as the aerial and ground.
Some writers use the term antenna in place of aerial. The report of the
standardization committee of the Institute of Radio Engineers defines
the term amtenna as follows: Antenna——A. system of conductors de-
signed for radiating or absorbing the energy of electromagnetic waves. .
Dr. Zenneck in his book “Wireless Telegraphy” defines ‘“Antenna” as the
open oscillatory circuit” and ‘“aerial” as that part of the antenna which is
elevated. A majority of the radio engineers use the term interchangeably.
The function of an aerial is twofold:

1. To radiate'energy in the form of electromagnetic waves.

2. To absorb energy from péssing electromagnetc waves.

Previous to 1888, Heinrich Hertz had set up electromagnetic waves
by using two metallic plates in place of an aerial and ground. Hertz
found that, if a spark gap was energized by .an induction coil and the
two metallic plates were connected to either side of the gap, oscillations
would occur in the circuit made by the two plates and spark gap. The
apparatus was termed the Herizian oscillator and the waves set up by it
were called Hertzian waves. The ether (the invisible medium supposed
to permeate all space) in the vicinity of the metallic plates is alternately
electrically and magnetically strained. That is, as the current flows to or
from the metallic plates, the ether is magnetically strained, but during
the time the electricity resides in the plates, the ether is electrically or
electrostatically strained. These experiments of Hertz were the first to
be made using an open oscillatory circuit. :

Professor Popoff of Kronstadt, Russid; seems -to have been the first
to use an elevated wire as one terminal of the open oscillating circuit.

Tn 1895, Marconi employed a wire raised high in tHe air as one ter-
minal of the oscillating circuit and the ground as the other terminal.

In 1897, Marconi, by the use of an elevated wire, was able to com-
municate a distance of about 45 miles, and had discovered that by in-
creasing the height of the elevated wire, the distance of transmission
could be increased.

In 1901, he communicated a distance of 200 miles, using an aerial
300 feet high. It was formerly the belief that electric waves were propa-
gated in straight lines, similar to light waves, but after this notable ex-
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THE ANTENNA

periment by Marconi, it was disclosed that electric waves seem to follow
the curvature of the carth, and that the range increased in proportion to
the height of the aerial.

The open oscillating circuit, open radiating circuit, aerial circuit and
the antenna circuit all refer to the circuit consisting of the aerial, in-
ductance coils, series condenser, ammeter and ground. While this paper
deals with the subject of antenna, it should be understood that this in-
cludes the action of the ground. When oscillating currents flow in the
aerial circuit, the ground and aerial are charged alternately, neither being
more important than the other in the radiation ef waves. Recent radio
developments lead modern radio engineers to believe, that for receiving
purposes at least, there is no necessity for an elaborate and costly aerial
system. The invention of the underground and loop aerials give promise
of very simple and compact aerials in the future. Air craft radio sets
make use of an aerial wire and in place of a ground, use the metallic
parts of the airplane or dirigible, such as the engine, guy wires, etc.

The student should understand that the aerial and ground form a
condenser, the aerial wires being one plate and the ground the other with
air as the dielectric. . The two important properties of radio: circuits, in
ductance and capacity, are possessed by the aerial circuit. The length,
number, and height of the aerial wires determine the capacity and induc-
tance possessed by the aerial. If we increase the size of the aerial, we in-
crease its capacity and this will change the length of the radiated wave.
The wave length of an open oscillatory circuit may be calculated from the
formula: ‘

Wave length—=38 VL C.
"where L=Inductance in centimeters.
C=Capacity in mids

This formula only holds true with those aerial circuits having no coils
in series with the aerial and ground. Hence, it can be seen that the size
of an aerial depends upon the length of the wave to be radiated. The
selection of the wavelength to be employed depends upon two factors:

1. The power of the transmitter.- . .
2. Space available for erection.

It can be shown that the power, a given aerial can handle depends
upon the capacity of the aerial, and upon the voltage of the charging cur-
rent. Hence, in order that power sufficient to transmit messages a given
distance may be efficiently handled it is necessary to have an aerial of
the proper dimensions. - ’

The-space available for erection of an aerial determines the type of
aerial and to a certain extent the power employed.

2



THE ANTENNA

The length of wave radiated by an oscillatory circuit, consisting
merely of aerial and ground is called the natural wavelength. To increase
the length of the waves radiated it is necessary to add inductance in the
form of a coil and to decrease the wave length, it is necessary to employ
a short wave condenser. A coil of wire used for increasing the radiated
wavelength is called a concentrated inductance. To calculate the length
of wave radiated with such a coil in the aerial circuit a new formula must
be employed.

Wave length=59.6 VI C.

The reason for this is, that, in the first case the inductance was dis-
tributed over the whole circuit, while in the latter, concentrated inductance
is present in the coil. An aerial will not be efficient with a radiated wave
length greater than four times the natural wave length of the aerial circuit.
Hence, there is a limit to the size of the concentrated inductance in the
circuit. The student should remember that the natural wavelength of an
aerial depends upon the height, length and number of wires in the air
The natural wavelength of a simple horizontal aerial may be determined in
an approximate manner by multiplying the total length of aerial and lead-
in by 4.5. '

Types of Aerial. Modern types of aerials may be c‘fassiﬁed as follows:
1. Vertical aerials.
. Inverted L.

. T type.

S N

. Umbrella type.

ot

. Triangular aerials.

N

. Rogers underground aerial.

~Ny

. Loop aerials.

8. Weagant.

The most simple form of aerial is the vertical wire suspended by an
insulator from a mast. This is the type used by Marconi in 1896. A later
development of the vertical aerial consists of a number of vertical wires
arranged in the form of a fan, being connected to one conductor at the
lower end and then connected to apparatus. The upper ends of the wires,
in such an aerial, should be well insulated. The vertical aerial radiates
as well in one direction as in anothér, but equally as good results may
be obtained with a less expensive type of aerial. It is not suitable for
ship sets due to. the fact that the ship’s smokestack and derricks would
not permit its erection. The vertical aerial is not used at the present
time except for airplanes, balloons and dirigibles.

3



THE ANTENNA

The inverted L flat ‘top aerial is merely a horizontal continuation of
a vertical aerial, as shown-in Fig. 71." - It 'was invented by Marconi in
1905 and proved very efficient for long range commtunication, due to the
fact that it is directional. - That is, it radiates energy in a direction oppo-
site to the free end, better than in any other direction. The action of
the horizontal directional aerial in receiving, is to absorb energy from a
direction opposite to the free end. Thus, a directional aerial on the
Atlantic coast for reception from Europe would have its free end point-
ing west from the receiving station. In high power stations, this hori-

it

hy,

"‘"lu.,

12. T Aerial .

el
=y ”""'ﬂx.
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zontal aerial may be over a mile in length, consisting in the casec of a
transmitting station of a large number of wires spaced three or more feet
apart and in the receiving aerial of two wires. This is the type used in
the high power stations of the Marconi Company. This type is also
used on a majority of ships equipped with wireless. It is' especially
adapted to ships, the 'wites being strung up Dbetween the masts above all
of the ship equipment. The lead-inh to the instruments can usually be
connected so as to cause but little inconvenience in the operation of the
ship. : o ‘

The “T” type aerial is very similar to the inverted I, the only dif-
ference Dbeing that the aerial lead-in is connected at or near the middle
of the horizontal stretch of wires, instead of at the end. The T type,
shown in Fig. 72, is used on those ships whose horizontal stretch is so
very long that with the inverted connection, the natural wave length de-
pends upon the distance from the apparatus to the free end of the aerial,
we can see that the T type would have a smaller natural wave-length.
The T type aerial merely reduces the inductance ‘and not the capacity
of an aerial.

The Umbrella Type Aerial. This aerial derives its name from its
form. Tt consists as shown in Fig. 73 of a tall mast from the top of
which many wires radiate to shorter masts arranged in a circle about
the larger mast. The lead-in extends from the station to the ends of
wires meeting at the top of the large mast. This type of aerial is em-
ployed in German high-power stations and in a number of army stations
of the United States built several years ago. It is also employed in some
portable sets, but is becoming obsolete, due to the greater efficiency of
more modern types. It is not as good a radiator as the horizontal aerial,
but the waves which it sets up possess good tuning qualities. That is,
the signals from a station employing an umbrella aerial are confined prac-
tically to one wavelength and do not cause much interference to stations
receiving other wavelengths.

The triangular or V type of aerial is supported by three masts and
may be horizontal or inclined. It has directional characteristics.

The Underground Aerial. This aerial is a development made by Dr.
Rogers during the world war. It is a radical departure from old methods
and has given very striking results, but is still in an experimental stage.
Its possibilities for transmitting are apparently slight, but future experi-
ments may cause it to be adapted for both sending and receiving purposes.
At the present time it is used to some extent for receiving loug distance
stations. )

One method of construction of the underground aerial is as follows:
Wires either bare or insulated are buried to a depth of three feet in
trenches radiating from the receiving - apparatus. The length of these
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wires depends upon the wavelengths of the stations to be received. This
aerial gives better signals in the receiver when in fresh water or very
wet ground,

The advantages of the underground aerial are, that it enables a
transmitting station to be received without interference from others, that
it reduces to a considerable extent the interference caused by static, and
that the cost of construction is comparatively small. It has been stated
that this aerial is far superior to the raised or elevated aerial when re-
ceiving from long wave stations. The reason the underground aerial
allows reception without interference is due to its directional effect. It
receives best in the direction in which the aerial wires are laid. In Fig.
74 is shown a diagram of the underground aerial. As shown in the figure
the receiving sets is connected in series with two buried conductors. In

To Receiver

Earfh Wire
V //// T \,)

el

Fig. 7% Roger's Underground Aerial .

8 spreader.

rod insulators

uI-pap>

way 3 UyS‘

< halyard

Fl'g.']S. Marconi  Ship Aertal

the discussion of the elevated aerial, we mentioned the fact that the
aerial and ground form a condenser. In the case of the underground
aerial the wires form a condenser with the ground, the difference being
that the dielectric is very much thinner. The second advantage, that
of reduction of static interference, is due probably to the fact that the
earth shields the wires and prevents the picking up of all stray waves.
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(By static interference, we have reference to the stray waves set up in
the ether by lightning and by other unknown causes. These strays, as
they are sometimes termed, in certain regions and at certain seasons
reduce the efficiency of a receiving set by being louder than the signals.)
This reduction of static is not total and at certain times the static seems
as bad on the underground aerial as on the elevated, but the former allows
reception even during the most scvere electrical storms, when receivers
using the clevated aerial find it necessary to suspend work.

The Loop Aerial. This is another development brought out during
war times, and which possesses certain advantages over both the elevated
and the underground. It might be stated here, that the development
of the underground areial and the loop aerial are the result of the won-
derful increase in sensitiveness of detecting instruments. It can be proved,
that the underground aerial, the loop and the tree wireless were tried
years ago, but owing to the insensitiveness of detectors at that time very
poor results were obtained.

The loop aerial consists of either a frame several feet square, having
many turns of wire wound on it or of a spiral coil wound on a flat

frame. The terminals of the loop are connected to the receiving apparatus

in the same manner as an aerial and ground in the old type of receiver.
It does not give the intensity of signals that the clevated or underground
aerial does, but has the advantage of compactness and economy of space.
It was used in the trenches during the world war to some extent, having
the double advantage of secrecy and safety. If a loop 4 to 8 feet square
with 50 or more turns of wire is employed in conjunction with suitable
receiving apparatus, the signals from European stations may be copied.

The Weagant Anti-static Aerial. This is an invention recently made
by Mr. Roy Weagant, Chief Engineer of the American Marconi Company.
This aerial consists of two low horizontal loops extending out from the
receiving aerial, one pointing in one direction and the other in the opposite
direction. In one arrangement the space between the wires of each
loop was 15 feet, each loop being about 3 miles in length and suspended
by masts 30 feet in height. Special receiving apparatus is used with
this type of aerial to bring about the climination of static. This invention,
although it gives very good results at the present time, is still in the ex-
perimental stage. Hitherto, at certain seasons of the year, it was im-
possible to do continuous receiving owing to the effects of static, but
according to the claims of the inventor, with the new invention, such
reception is now possible not only with lesser amounts of power, but
with a much less expensive antenna structure at the receiving station. He
also states that the great barrier in the way of high speed telegraphy as
well as satisfactory radio telephony has been removed by his invention.

Type I Aerial Switch. The wirinvg connections for type I aerial
change over switch is shown in fig. 75-A. The binding posts 2, 4 and 5

7
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short-circuit the crystal detector and the head telephones during trans-
mission. Binding post No. I connect to aerial binding post No. I of the type
106 tuner. Contacts 11 and 12 close the circuit to the primary winding
of the transformer. Binding posts 7 and 8 close circuit to Automatic
Starter. Binding posts 9 and 10 close circuit to Generator Field. The
binding posts 6, 7, 8 and 9 of the type 106 tuner are connected to the four
binding posts of the battery box as shown.

TO TRANSMITTER

\4

RECEIVER TYPE N2 106

PHONES5

%) 7

&~

I!”
L=
—
L - |

BATTERY
BOX

ANTENHA SWITCH
TYPE N2l

Fic. 75A.

The Ship’s Aerial. The aerial in which the student of this course
is cspecially interested, is that used aboard ships. In the majority of
vessels, especially of the passenger or freight type, the “Inverted L” or
“T” type is being employed. The length of the horizontal portion of the
ship’s aerial depends upon the distance between the ship’s masts. This
ranges from 75 to 250 feet and the height above the water from 50 to
150 feet.

The number of wires varies from 2 to 8, the majority of ship aerials
having from 4 to 6 wires. Large vessels usually employ 2 wires, while
small vessels may have from 4 to 8. These wires are spaced from 214
to 4 feet apart.  Silicon bronze or phosphor bronze stranded wire is used,
each cable consisting of 7 strands of No. 21 bare wire. Hard drawn

8
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THE ANTENNA

copper or aluminum wire may be used but have less elasticity and tensile
strength than silicon or phosphor bronze wire, Stranded wire is used
because such construction reduces the resistance of the conductor to
high frequency currents.

Ships sets employ wavelengths ranging from 300 to 600 . with corre-
sponding frequencies ranging from 1,000,000 to 500,000 oscillations per
second. Currents of the above frequencies oscillate in the aerial circuits
and as they travel on the outer layers of a conductor, it is necessary to
provide aerial wires having proper surface area. Unless low resistance
conductors are provided,. much energy will be converted into heat. The
resistance of many ship aerials is as low as 2 ohms. Not only is energy
lost by high resistance of the aerial circuit but the trains of oscillations
are damped out with the result that a broad wave is radiated. (By broad
wave, we mean a wave which can be heard over a wide range of wave
lengths and consequently cause interference to other stations.)

In erecting an aerial, spreaders are used to keep the wires spaced the
correct distance apart. . They are uspally of spruce and range from 12 to
20 feet in length. To attach the spreader to the supporting halyard, an
arrangement called a bridle is attached to the ends of the spreader, as

. B5—Brass rod

Fig.Te. Bradfield DecK Tube. Fig.71. Flectrose Deck Insulator.

shown in Fig. 75. - This bridle is of marlin rope threaded through hollow
hard rubber tubes. The space between the tubes and the rope is filled
with melted sulphur, which after. hardening serves to-keep moisture out
of the rope. The middle portion of the bridle is-fastencd by a shackle
to the galvanized stcel cable called a halyard. The halyard passes through
the pulley or block at the top of the mast, and is fastened to a cleat at
the bottom. The aerial wires are insulated from the spreader by hard
rubber rod, electrose or by porcelain insulators. In- some installations the
only insulation is that between the spreader and the-halyard.

9



THE ANTENNA

To prevent the aerial from being twisted by the wind, guy ropes are
attached to the ends of the spreaders and fastened to a lower part of
the mast. Two hard rubber rods are connected hetween the spreader and
the rope to prevent leakage in wet weather.

In the inverted L type the lead-in wires are attached to6 the end of
the stretch wires. The lead-in consists of as many wires as are in
the aerial wires. These wires converge at the lower end where the
lead-in is attached to the apparatus.

The International regulations require that a ship be equipped to send
and receive waves of 300 and 600 meters and the United States regula-
tions give the standard ship wave lengths as 300, 450 and 600 meters.

In designing an aerial for a ship it is necessary to take into con-
sideration what dimensions will cause a maximum radiation on all three
of the standard wavelengths. In order to get efficient radiation on the
principal wavelengths of 600 meters it is necessary to have a natural
wavelength less than 600 meters. As stated in another part of this instruc-

- tion paper, the natural wavelength depends upon the length of the aerial

and lead-in, the number of wires, their height above the water and the
spacing between them. It is also somewhat affected by the proximity
of metallic structures near the aerial, such as masts, smokestacks and
guy wires. An approximate value of the natural wavelength may be
calculated by multiplying the length of the aerial and lead-in by 4.5. Most
ships have a natural wavelength ranging between 300 and 500 meters.
With such natural wavelengths, to radiate a 600-meter wave it is neces-
sary to add inductance in series with the aeral. To get a 300-meter and
450-meter wave, it is necessary to use a short wave condenser in series
with the aerial to reduce its effective capacity. In case the natural wave-
length is less than 450 but greater than 300 meters it will be necessary
to use the short wave condenser, ouly for the latter wavelength. The
capacity of ship aerials range from .0009 to .0015 microfarads as a general
rule,

The Deck Insulator. Many different forms of deck insulators are in
use. This device is employed to connect the apparatus in the radio cabin
with the aerial lead-in. Owing to the high voltage produced by the
transmitter the deck insulator must withstand 30,000 volts potential. The
American Marconi Company employs two types, called the Bradfield
Tube and the Electrose deck insulator. The first type, shown in Fig.
76, is a hard rubber tube about 2 inches in outside diameter and several
feet in length. A hrass rod extends through the hard rubber tube and is
threaded on both ends. A funnel-shaped metal hood is placed over the
top of the tube and serves to protect it from moisture. The brass rod
extends through this hood,and is connected to the lead-in by means of
a nut. At the point where the tube goes through the deck, it is threaded

10
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and is held in place by two wooden blocks screwed on the threaded tube,
one above and the other below deck.

The electrose deck insulator, shown in Fig. 77, is moulded about a
brass rod and has a corrugated surface. It is held to the deck in a similar
manner to the Bradfield Tube, a threaded electrose nut heing used instead
of wood to clamp it to the deck. On account of the extensive surface
supplied by the corrugations, it is difficult for leakage to occur over the
surface of the insulator to the deck.

The Ground Connection. The necessity for a ground has been dis-
cussed quite fully in preceding papers as well as in the early part of this
paper. Some parts of the earth’s surface are much more conductive than
others. Moist earth or sea water form the most conductive ground ob-
tainable, but wherever the soil is dry or rocky, it is difficult to get a
suitable ground connection. It is very necessary that the ground be of
high conductivity if efficient results are to be obtained.

The lead from the apparatus to the ground connection should be
short and of very high conductivity. The flow of current in the aerial
circuit is greater at the ground connection than at any other part of the
aerial circuit, while the voitage is of less value at this point than at any
other part of the circuit.

In the case of steel ships, the ground is obtained by connecting the
apparatus directly to the steel deck of the radio room.

In wooden ships it is necessary to place a copper plate on the hull
of the ship below the waterline and have as short a lead as possible con-
necting it with the apparatus. In some wooden steamers, the ground
lead is connected to the propeller shaft, making contact with water by
means of the propeller.

In land stations, zinc or copper plates are buried to a depth which
will insure connection to moist earth.

In high-power land stations, a very elaborate ground arrangement is
employed. A number of large zinc plates are buried in the ground in
the form of a circle, making connection with the station in the center of
the circle by means of large copper conductors. From the large plates
other conductors lead outward radially from the station to other plates
buried in the earth. Where the station is located near a body of water
metallic plates may be placed in the water and thus make a very good
ground conmnection.

In dry countries or where the soil is rocky and of poor conductivity
a counterpoise may be employed. This consists of a wire network placed
at various distances above the ground, usually not more than ten feet
and insulated from the ground. This counterpoise forms a condenser

11
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with. the earth and by covering a .greater area th’an the aerial, it reduces
the density of the aerial lines of force and thereby: allows ithem to enter
the earth with less difficulty.

) Aifcraft make use of counterpoise grounds. The aerjal usually con-
sists of a wire having a weight at its end, and arranged so that it may
be suspended at the proper distance by means of a reel. The counter-
poise comnsists of the metallic parts of the airplane, such as the engine,
tanks, guy wires, etc. In some cases a horizontal aerial is stretched be-
tween two parts of the airship. '

Proper Care of the Aerial. The aerial and aerial lead in should be
kept taut at all times to prevent swinging with the roll of the ship, and
hence probable grounding to guy wires or other metallic structurés.

3

On account .of the high voltages employed the hard rubber rod
insulators may in time have their insulation destroyed. The current leaking
over the surface finally carbonizes it, making it more and more conductive,
until finally a great percentage of energy is led directly to the ground.

To test an aerial for leakage, a gap may be inserted directly in series
with the acrial and ground and energized by an induction coil or trans-
former. If a good spark occurs at the gap, the insulation of the aerial
is good, but if a weak straggling spark or no spark at all is obtained,
there is probably a bad leak present at some portion of the aerial. The
aerial should be inspected, and if an insulator is found which has a charred

" surface, it may be tentporarily repaired by scraping the surface and paint-
ing with varnish or vaseline. |

The result of poor insulation of the aerial is poor radiation. That
is, the range is reduced if part of the current leaks to the earth. What
would be poor insulation for the transmtiting' set may be very good insula-
tion for the recetving set.

All joints in the aérial should be“soldered to prevent-corrosion and
keep resistance low. Low resistance at the joints is not so 'important
with the sending as with the receiving. In receivng, .very weak currents
are present in the aerial circuits, and therefore any resistance teads to
weaken the strength of the signals.

QUESTIONS

Instruction Paper No. 8.

These questions should be answered in ink on the standard letter size
sheet of paper (eight and a half by eleven inches).

The student’s name and initials, address and his class number must
appear at the top of each sheet.
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The questions' should hot be written "out, But the number written
c_lown and the answer written immediately. after it. . .

Leave a one and a half inch margin (for correction purposes) and
write only on one side of the paper.

The student must not copy his answers word for word from the
paper, but above all things be faiir with himself.

166.
167.

What is the function of an aerial?

Name the various types of aerials and describe briefly the four

most important types.

168. In selecting a wavelength, what factors must be considered?

169. Define natural -wavelength.

170. What types of aerials are used on ships? [

171. How many wires are used in the average ship aerial?

172. How is the aerial insulated? .

173. On what wavelengths do ships of the merchant marine operate?

174, How do you obtain wavelengths above and ,below the natural
wavelength?

175.

Does the capac1tv of the aer1a1 have anythmg to do w1th the

power it can handle efficiently?

176.
177.
178.
179.
180.
181.
182.

183.
is poor?

184,
185.

Name two different types of deck insulator.

Describe the ground connection used aboard ' ships.
Describe the ground connection used in iancl stations.

Is the curfent or voltage greater, at the ‘ground' connection?
What is a countefpoise? Describe it, .

What care should be taken of the aerial and lead-in?
Why ‘should ‘all joints in an’aerial be soldered?

What is the effect on the radiation if the insulation of the aerial

What effect has the height of the antenna on the range?

How would you test the insulation of an aerial?
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ABBREVIATIONS USED IN RADIO COMMUNICATION.

Memorize the Following Abbreviations:

Abl)i’;en‘im' Questions. Answer of Notice.
.
PRB'' | D6 you wish to communicate by means | I wish to communicate by means of
of the International Signal Code? the Intérnational Signal Code.

QRA ‘What ship or coast station is that? This is ..........

ORB What is your distance? My distance is ..........

QRC What is your true bearing? My true bearing is ........ degrees

QRD | Where are you bound for? I am bound for ..........

QRF | Where are you bound from? I am bround from

ORG What line do you lelong to? ‘I belong to the .......... Line

QRH What is your wave length in meters? | My wave length is ........ meters.

. OR]J How many words have you to send? | I have .......... words to send.
QRK How do you receive me? 1 am receiving well.
ORL Are you receiving badly? Shall I|I am receiving badly. Please send 20.
send 207

QORAM | Are you being interfered with? L am being interfered with.

QRN Are the atmospherics strong? Afmospherics are very strong.

QRO Shall 1 increase power? Increase power.

ORP Shall I decrease power? Decrease power.

QRQ Shall T send faster? Send faster.

QRS Shall I send slower? Send slower.

QRT Shall I stop sending? Stop  sending.

QRU | Have you anything for me? I have nothing for you.

ORV Are you ready? I am ready. All right now.

QRW | Are you husy? I am busy (or: I am busy with ... ).
Please do not interfere.

Examples of How Two Stations Would Use These Abbreviations:
Station A. QRA? [What is the name of your station?]
Station B. QRA Campania [This is the Campania.]

Station A. QRG? [To what line do you belong?]

Station B. QRG Cunard QRZ [I belong to the Cunard Line.
signals are weak.]

Your

(Station A then increases the power of its transmitter and sends:)
Station A. QRK? [How are you receiving?]
Station B. QRK [I am receiving well.]

QRB 80 [The distance between our stations is 80 nautical
miles. ]

QRC 62 [My true bearing is 62 degrees.] Etc.
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121,

122.

123

124,

125.

126.

127..

133.

134,

'Answerfs t0 lnstruction Book No. 6

The amplltude of a wave 1s the maximum helght or depth from a plane mldw@y between
these two points.
The velocity of electro- -magnet waves is QOO 000, OOO meters, or 186,000 miles per
gecond. . - :

V ) 300,000.000

'Wave length (1) = - or ------w--~- = 600 meters.

. - 500,000 . . : ,
Rad10 frequency is a frequenry above 10 OOO 080111at10ns per second while audio

- frequency is 10,000 or -less osolllatlons per second and -can-be heard by the ear,

Radio frequency cannot be detected by the ear. .
First, discharge of a condenser through a gap and 1nductance,A..
Second, by the Arc Transmitter.

Third, by the high frequency alternator.

Fourth, by the vacuum tube transmitter.

The capacity of a condenser depends on:

First, Size of plates.

Second, Number of plates.

Third, Quality of the dielectric.

Fourth, Thinness of the dielectric. ,

First. The Leyden jar or glags plate condenser.

gecond. The mica or Dubilier condenser,

Third, Compressed air condenser.

Fourth. The oil plate condenser.

Fifth. The moulded condenser.

. Dielectric constant of a substance igs a number which indicates how much larger

capacity is possessed by a condenser with this substance used in the place of air.

. The three methods of connecting condenser are: series, parallel and series parallel.
. The frequency of an oscillatory circuit is the number of oscillations (back and

forward motion of the current) occurring per second.

« An oscillatory circuit is one containing 1nductance and capacity of such values as

to allow oscillation to take place.

. First, the electro-static form where the energy is stored in the condenser plates,

then the electro-magnetic, when it is in the form of a current flows with magnetic
lines linked with it. :

The energy is used up as the current oscillates and this causes a decrease of

the strength or amplitude between two successive waves in a train.

The damping or decremeni is the decrease in strength or amplitude between two
successive waves in the same wave-train. The law says that all transmitters shall
emit a sharp wave. A sharp wave is one in which the logarithmic decrement per
complete oscillation shall not exceed .2.

. No, we mean the rate of occurrence or the number per second if they should endure

for that time.

. Cycles and oscillations are the same, but cycles refer to frequencies of 1,000 or
“less, while oscillations refer to high frequencies as used in wireless wave and
usually above 20,000 per second.

(OVER)



137. The closed oscillatory circuiticonBidts of the transmitting condenser; spark - i b
gap and primary coil (or inductance) of the escillation transformer. ‘ :
- - ) s
138. The open bacillatory circuit is made up of the ‘aerial, an ‘inductahce (variable !
number of turns in a 0311)'and the ground connection. i ;
PSS 0 N S 4 S TR B T CHED sy . i o U ey
139; W, L. = 38 - V-L-€-— = Leinductance in -centimeters: - «-r- oo o
C=capacity in microfarads (in f) 1,
140, The freguency of the wave sent out ig ¥he saie or' 500,000 waves per second. »f
141, The logarithmic decrement is the logarithm of the decrease 1n amplitude between 5
two successive waves in a train. : BT Sk 9 ”*f !
142, There will be 24 oscillations in the train which has a decrement of 2. ‘ A

143. Two circuits are said to be in resonance when the' product of Capatity times’
inductance is the same in each or the number qfﬂpsclllatlons in edch cirduit is
the same. COL LT LT :

144. Direct excitation is where a gap‘is put in the’ plain’ aerlafmaha a*high potential
connected across the gap conductively coupled- ‘Wheré one Goil or helix is put in
the aerial circuit.and the power erB connected “HO this helixd Inductlvely 5

18 Goupled whHeré two 'cdils - Tate Used ¥ onetdGil Yin ‘the derfalciroust and’ andther
in the power circuit, and the energyfls transfbrredvby&mutal 1nduct10n.

145, The Inductive colpting 5" dlmost’ un;véFBally used, e o f
2 RF Lk T !
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168,
169,
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171,
172,

173.
174,

175,
176,
177,
178,

179.
180.

181.

182,

184,
'185.
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Answers to Instruction Book No. 8

The aerial serves two pburposes. TIirst, a radiator of electro-magnetic waves; and
second, as & receiver of current from waves as they pass the aerial,

Vertical, inverted L, T type, umbrella, Triangular, Roger's undergound, Loop and
Weagants aerial. The inverted L and T aerials mostly used on ships, while the
umbrella type. is employed for portable use and the loop aerial for direction,
finding station, and portable inside aerials.

The wave length of a transmitting station depends on the power of the transmitter
and the space available for the erection of the aerial. _

The natural wave length is the wave length which the aerial and ground alone,
without any added inductance or capacity, will send out.

The flat-top T or inverted L.

4 to 6 wires are used in ghips' aerials.

Each wire is insulated from the gprsaders at each of the ends by 4-inch to 9-inch
electrose insulators, and the two spreaders are further insulated from the pole or
mast by large 10 to 16 insulators.

Ships use wave lengths of from 300 to 600 meters.

Wave lengths above the natural are obtained by adding a loading coil in the open
circuit, and shorter waves are obtained by putting a short wave condenser in the
open or aerial circuit.

The greater the capacity of an aerial the larger ithe amount of power it can use.
The Bradfield and the Electrose deck insulators.

The ground on board a ship is made to the steel hull of the vessel,

For high-power land stations a very elaborate and expensive ground is made by bury-
ing in the ground, zinc or copper plates with copper wires radiating from these.

In some cases a network of coprer wire with soldered Joints is put 1 to 2 feet
underground by plowing deep furrows. Where the land is dry or rocky a counterpoise
(a. network of copper wire ) is supported and insulated about a foot above the ground
on wooden pegs. w

The current flow is greatest at the ground lead connection.

A counterpoise is g large amount off sheet metal or wires spread out in 8pace and
insulated from the ground and acts as a ground to form one plate of the condenser,
with the aerial as the other.

The wires making up the aerial and its lead-in should be kept taut at all times to
prevent grounding by their swinging against scmething as the wind blows or the ship rocks.
The jointec in az serial and all parts of a receiver should be soldered to insure a
low resistance path and allow maximum current and energy for the receiver and also
a small waste of power in transmitting. . ‘

Tho radiction is greatly reduced and may become reduced to point where transmission
i3 impcssible if aerial insulation is poor. :
The higher the aerial the greater the range for the amount of power sent out.

By coanecting a high voltage across a small gap in the aerial circuit, and if a spark
Jumps the gap it shows the insulation to be good, ' :
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RADIO TELE

NATIONAL RADIO INSTITUTE

GRAPHY
WASHINGTON, D. C.

THEORY AND CODE

LESSON NO. g

CODE LESSON NO. 9.

Abbreviations Used in Rad
v

Memorize the Following

io Communication

Abbreviations:

Abbrevia-
tion

Question

Answer or Notice

Shall I stand by?

When will be my turn?

Are my signals weak?

Are my signals strong
Is my spark bad?
Is my tone bad?

Is my spacing bad?

What is your time?

Is transmission to be in alternate order
or in series?

What rate shall T collect for?

Is the last radiogram canceled?

Did you get my receipt?

What is your true course?

Are you in communication with land?

Are you in communication with any ship
or station (or; with ?

Shall T inform that you are calling
him?

Is calling me?

Will you forward the radiogram?

Have you received the general call?

Please call me when you have finished
(or: at o’clock).

Is public correspondence being handled?

Shall T increase my spark frequency??

Shall T decrease my spark frequency?

Shall T send a wave length of
meters?

Stand by. I will call you when required.
Your turn will be No.
Your signals are weak.
Your signas are strong.
The tone is bad.

The spark is bad.
Your spacing is’ bad.
My time is
Transmission will be in alternate order.

Transmission will be in series of 5 mes.
sages.
Transmission
messages.
Collect
The last radiogram is canceled.
Please acknowledge.
My true course is degrees.
T am not in communication with land.
I am in communication with
(through
Inform

will be in series of 10

You are being called by ........
I will forward the radiogram.
General call to all stations.

Will call when I have finished.

Public correspondence is being handled.
Please do not interfere.

Increase your spark frequency.

Decrease your spark frequency.

Let us change to the wave length

meters,

of

Send each word twice.
in receiving you.
Repeat the last radiogram.

I have difficulty

1 Public correspondence is any radio work
wave lengths.

‘When an abbreviation is followed by a mark of interrogation
tion indicated for that abbreviation.

In General:

offieial or private, handled on commercial

, it refers to the ques-

THE RECEIVING SET.

In the two previous instruction papers the transmitting

set and the acrial were the subjects of discussion. and the following may
be considered a summary of what the student should know regarding the
production of electromagnetic waves: In marine installations:
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THE DAMPED WAVE RECEIVING SET

1. Direct current from the ship’s gencrator is converted into an
alternating current of preper voltage and frequency by the motor gen-
erator.

2. The alternating current from the armature of the generator flows
in the key circuit where it is broken up into the dots and dashes of the
International Morse Code.

3. This current, whose voltage is raised to a high value by the step-
up transformer flows into the condenser, charging it to the proper po-
tential.

4. After a charge is placed in the condenser, a discharge imme-
diately occurs across the gap and through the primary of the oscillation
transformer. This discharge consists of a series of oscillations and is
termed a train or group of oscillations. The number of groups or trains
occurring per second is determined by the number of complete discharges
of the condenser, the latter being dependent on the type of spark gap and
frequency of the generator.

5. The energy of the trains of oscillations produced in the closed
circuit of the inductively coupled set is transferred to the aerial circuit by
electromagnetic induction in the oscillation transformer. The trains in the
aerial circuit alternately produce a magnetic and a static strain in the
ether adjacent to the transmitting aerial, which travels from the aerial with
the velocity of light. At the present time the damped wave transmitter
is found in the majority of installations. The wavelengths employed by
ship and coast stations range from 200 to 10,000 meters, and the fre-
quencies corresponding to the above wavelengths from 1,500,000 to 30,000.

The student should understand that the transmitter is a source of high
frequency oscillations, cach oscillation in the transmitting aerial producing
a wave, and therefore the frequency of the oscilfations in the aerial circuit
must be equal to the wave frequency. In:damped oscillation circuits, by
the term frequency, we mean the rate at which oscillations are produced,
not the actual number really present.

The transmission of signals between a sending and receiving station
may be compared to the transfer of energy between the closed and aerial
circuits. The principal difference being that in the former the distance
between the circuits is very great, and the energy induced in the receiving
aerial is of very low value.

The problem involved in designing an efficient receiver is to utilize
the minute currents induced in the receiving aerial in such manner that
suitable audible or visible indication is given to the operator.

The energy of the radiated waves appears to decrease as the square
of the distance; that is, the energy received at a distance of ten miles from

2



THE DAMPED WAVE RECEIVING SET

a transmitter compared to the energy received at a distance of 20 miles
would be as 20 squared is to 10 squared, or 400 is to 100, Therefore, at
20 miles the energy received would only be 4 of that at 10 miles,

The flow of an oscillating current in the aerial of the transmitter pro-
duces a moving train in the ether which upon reaching the vicinity of the
receiving aerial induces an oscillating current of the same frequency in the
aerial circuit, provided it has the same wavelength as the transmitting
aerial, This instruction paper deals with the apparatus employed to make
an audible or visible indication of the currents induced in a receiving
aerial by passing waves.

There are two general types of receivers, those for damped and those
for undamped waves. This paper will be confined to the treatment of the
damped wave receiver.

Early Methods: The first device used to give an indication of the
passage of electric waves was the resonator of Heinrich Hertz and Sir
Oliver' Lodge. It consisted of a loop in which was inserted a very small
gap. If this device is placed in the vicinity of an oscillator and is of the
correct dimensions a spark will occur across the gap when the oscillator
is in action.

It was never more than a laboratory arrangement, being sensitive
only when very close to the source of waves.

The coherer, a device invented in 1890 by Prof. Branley, was made
into a practical detector of electromagnetic waves by both ILodge and
Marconi. A glass tube, a fraction of an inch in diameter, has within it two
silver plugs, between which is placed a mixture of nickel and sllver filings.
The above arrangement is called a coherer and is placed in series with
the aerial and ground. If an electric wave from a distant station strikes
the aerial, an oscillating current will be induced in the aerial circuit, which
in passing through the coherer causes the filings to place themselves end
to end, and lowers the resistance to a very low value. Connected to
the ends of the coherer is a circuit consisting of a battery, relay and a
tapper. As the aerial current passes through the coherer, the lowered
resistance allows the local current to flow through and actuate the relay.
The tapper jars the tube and rearranges the filings, which are again
placed end to end by the next train of oscillations. This device is used
with a Morse register, which prints the dots and dashes on a strip of
paper. It is not particularly sensitive and is unreliable. Marconi dis-
carded the coherer in 1901, in which year he invented the magnetic de-
tector.

The magnetic detector is a simple, reliable device consisting of a
bundle of soft iron wires passing over two small wooden pulleys, each about
four inches in diameter. One of the pulleys is rotated by clock-work,

3



THE DAMPED WAVE RECEIVING SET

causing the iron band to move slowly in front of two small permanent
magnets. The iron band passes through a small glass tube on which two
coils of wire, in inductive relation to each other, are wound. The iron
band is magnetized as it slowly moves past the permanent magnets, this
magnetized condition remaining in the band for some time.

The aerial and ground are connected in series with one of the coils on
the tube, while the telephone receiver is connected in series with the other
coil. If a train of oscillations, induced by a passing wave train is flowing
through one of the coils, the lines of force from the magnetized iron band
will be partially neutralized or destroyed. This reduction of the number of
lines of force flowing through the telephone circuit will cause a current to
flow through the phones. FEach of the following wave trains set up this
momentary current, with the result that a buzz is heard in the phone.

It is much more sensitive and reliable than the coherer and was in
use for many years in stations equipped by the Marconi company.

In both the coherer and magnetic detector arrangemients it may be
seen that a direct aerial connection is used. That is, these two devices are
connected in series with the aerial and ground. It is well to observe that
no provision is made for tuning the circuit, and in consequence these de-
tectors will receive stations, transmitting on various wavelengths. The
natural wavelength of the aerial would have a tendency to confine the re-
ceived signals to the same length, but for the resistance of the detector
itself. If too much resistance is placed in series with any oscillatory cir-
cuit, the oscillations induced in it will not be confined to any one wave-
length. ) -

In 1904 Dr. J. A. Fleming invented the Fleming valve detector.. It
is a reliable and very sensitive device, much superior to both of the earlier
types of detector. The theory of its action will be taken up later in the
section on detectors.

The electrolytic detector is very sensitive and reliable, although diffi-
cult to adjust. It consists of a small glass cup, in the bottom of which the
end of a small platinum wire is exposed. A few drops of a solution of
one part nitric acid to five parts water covers the exposed platinum wire
in the cup. A piece of wollaston wire (a platinum wire, one thousandtih
of an inch in diameter and silver plated) is caused to just touch the solu-
sion in the cup, by means of a screw adjustment. This detector is used in
conjunction with a local battery current, and the action is as follows:

A local battery current flows through the detector as connected, in
¥ig. 81, and, according to one theory, forms hydrogen gas bubbles which
collect about the platinum electrode and insulate it, thus causing the cur-
rent to cease flowing. As soon as a train of oscillations passes through
the detector the bubbles are destroyed and the current flows again. Imme-
diately after the oscillation train ceases, the bubbles again insulate the

4
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THE DAMPED WAVE RECEIVING SET

platinum wire. Therefore, a momentary flow of current occurs through
the telephone receiver, once for each wave train passing the aerial. This
detector is obsolete at the present time.

Receiver Circuits:
Modern receiving circuits may be classified as follods:

(1) Simple receiver.

(2) Conductively coupled receiver.
(3) Inductively coupled receiver.
(4) Capacitatively coupled receiver.

The coherer and magnetic detector are placed directly in the aerial
circuit, and as a result the signals received will not be confined strictly to
one frequency. If many transmitting stations are in the vicinity, a receiver
of either of the above types will receive the signals from any or all of
them, and conscquently it will be difficult for the operator to do efficien:
receiving. The reason for such action of the coherer and magnetic de-
tector is that, being in series with the aerial and ground, the resistance is
mmcreased and the result is that the trains of oscillations are damped.

To understand the action involved in modern receiving apparatus it
will probably be best to explain a simple type of receiver.

The essential clements of a simplc recetver arc: Aerial, detector. indi-
cating device and ground. The detector may be of the crystal rectified type,
such as galena. Galena is an ore, its chemical composition being lead and
sulphur, and has the property of “unilateral conductivity;” or, in other words,
it will allow electricity to flow through it in one direction but not in the
other. In a common form it consists of a.piece of galena held in a cup and
a fine wire, which makes light contact with it.

The telephone receiver is used in modern sets to make the signals
audible to the operator, and is a very sensitive device, being almost as sen-
sitive to weak currents as the delicate galvanometers used in laboratories.
Further on in this paper a coinplete discussion will be given of the action
of the telephone. A modern telephone receiver as used in wireless crcuits
is most sensitive to currents whose frequencies range between 300 and 600
cycles. When we consider the fact that the frequencies of the oscillatory
currnts flowing in radio circuits usually range between 15,000 and 3,000,-
000 cycles, we,can understand the futility of connecting a receiver directly
i the aerial circuits for reception of signals. Some means must be em-
ployed to alter the incoming currents, so that they will give an indica-
tion in the phones. At this point it may be well to remark that the
detector does not detect, but merely alters the incoming radio currents.

As explained in an ecarlier instruction paper, the oscillations prodiced
in the transmitting aerial are damped. That is, each discharge of the con-

5



THE DAMPED WAVE RECEIVING SET

denser produces a train of oscillations of decreasing amplitude; and as the
number of discharges range between 200 and 1,200, the number of trains
will be the same. There is an interval of time between each group as
shown in Fig. 78 (a). Each of these trains or groups sets up a corre-
sponding wave train which, upon passing the receiving aerial, induces a
train of oscillations in the aerial circuit. For instance, in Fig. 79 (a) we
have a circuit consisting of aerial, crystal d®tector, telephones and ground.
The action in such a circuit is as follows: Each passing wave train in-
duces a train of oscillations in the aerial circuit. The galena detector,
such as was described above, will allow half of each train to flow through.
This action causes a charge to be placed on the condenser formed by the
aerial and ground, and after a wave train has passed, this charge passes
through phones to the earth, creating a single click. The student should
take note that the sound in the phones is not due to the oscillations, but
to the group or train of oscillations. The tone in the telephone receiver
will be dependent upon the wave train frequency, and as the latter de-
pends upon the spark frequency, we may say that the tone depends upon

Fig. 80. 'The Galena Detector

Courtesy of DeForest Radio Telephone and
Telegraph Co. g

the type of spark gap at the transmitter, The simple receiver is broadly
tuned, due to the resistance which the detector offers to the circuit, and
it will receive loudest those signals sent on waves, whose length is nearest
the natural wavelength of the aerial.

The conductively coupled receiving circuit is shown in Fig 79 (b).
In this circuit a variable inductance is in series with the aerial, variable
condenser and ground. The detector is shunted about the coil and the
phones about the detector. This arrangements cenables the aerial circuit
to be tuned to wavelengths greater or less than the natural wavelength of
the aerial. It allows a greater wavelength than the natural, due to the
increase of inductance that is possible with the noil. We know that the
wavelength is greater if the inductance is increased and that the same
is true with respect to an increase of capacity. The variable condenser
may be employed to reduce the cffective capacity and thus allow a reduc-
tion of the wavelength below the natural wavelength of the aerial,
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The circuit can be made more efficient by inserting a varable con-
denser across the two leads to the detector. The type of condenser used
i both the aerial circuit and across the detector is shown in Fig. 83.

The wvariable inductance is sometimes referred to as a two slide
tuner. One slide is connected to the aerial and the other to one side of
the detector. With this hookup the circuit consisting of the turns in
shunt to the condenser and the condenser itself form an oscillating circuit.
When this circuit has the same product of inductance and capacity as
the circuit consisting of the acrial, the turns of the coil and the ground,
the two circuits are 1 resonance and the loudest signals will be obtained
from a given station. The turns of the coil in series with the aerial form
the primary winding, while the turns in shunt to the variable condenser
form the secondary winding. The current flowing in the aerial circuit in
flowing through the primary winding, sets up lines of force in the space
about the coil, inducing a similar current in the secondary winding. Part
of the current flows directly to the detector by conduction and for that
veason it is called a conductively coupled circuit.

The inductively coupled receiver, shown in Fig. 82, is the most com-
mon receiver in use at the present time. An arrangement shown in Fig.
26, called a receiving transformer or loose coupler is employed in this
circuit. It consists of two cylindrical coils of wire; one coil called the
secondary telescopes into the larger coil, known as the primary. The pri-
mary is in series with the aerial loading coil, variable condenser and
ground; while the secondary is in shunt to a variable condenser. The
detector and phones are connected in series. The inductance variation in
the loose coupler is usually by tap switch, but in some types the pri-
mary winding is varied by means of a slider. The tap switch consists of
a handle which makes connection with a series of contacts, these being
connected by short pieces of wire to different turns of the coil By ad-
justing the handle any number of turns may be included in the circuit.
The action occurring in this type of circuit will be taken up in another
part of this instruction paper.

The capacitively coupled circuit is shown in Fig. 83. This type of
circuit differs from the inductively coupled receiver in that the energy in
the aerial circuit is iransferred by condenser coupling. As shown in the
figure, two condensers, C-1 and C-2, control the energy transfer from the
aerial circuit to the secondary circuit. They do not have any effect on the
tuning of the two circuits, merely acting as an “energy controller.”” There
is no magnetic action between the two inductance coils, as they are con-
structed at right angles to each other.

Many advantages are claimed for this arrangement. In the inductive
type of set the adjustment of the coupling between the primary and sec-
ondary required considerable space, while in the capacitative receiver the
coils are fixed and very compact. The adjustment for coupling merely
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Fig. 79. A. B.—Simple Receiving Circuits.

consists in turning the knob of the coupling condensers, which is much
easier than changing the coupling of the inductively coupled set.

The .secondary circuit may be calibrated, allowing the circuit to be
adjusted instantly to any given wavelength. The advantages of this cir-
cuit may be summarized as follows:

(1) Compactness.

(2) Ease of operation.

(3) Calibration of secondary circuit.
Functioning of Receiving Set:

In order that the student may have a thorough grasp of the action of
the most common form of the receiving set, the function of each part will

be explained.

The principal parts of the inductively coupled set shown in Fig 82 are:
The Aerial Circuit: »
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Aerial.

Aerial tuning inductance.

The variometer.

Primary of receiving transformer.
Variable condenser.

Ground.

The Secondary Circuit:

49
(@)
3)
)
)
(6)
@

W

Secondary of receiving transformer.
Variable condenser.

Detector.

Potentiometer and battery.
Telephones.

Fixed condenser.

Buzzer tester.

— aerial ]

potentiometer

«batfery

Fig. 81. Conductively Coupled Set.
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Fig. 82. Inductively Coupled Receiving Set.
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The electromagnetic waves from a distant station strike the aerial of
the receiving station and by the action of the electric and magnetic fields of
the wave, an oscillating current is induced in the aerial circuit. If the aerial

aerial 7

« coupling condenser
secondary

L
primary — ;L‘L_
Vad
Al
—lz  couplhg condenser

Fig. 83. Capacitatively Coupled Receiver.

yinner winding 3 inner coil revolves
h with Wnob.

m .~ binding  post

Fig. 85. Variometer.

circuit of the receiver has the same wave length as the aerial circuit of the
transmitter, the frequency of this induced current will be the same as that
flowing in the transmitter circuits.

The function, therefore, of the receiving aerial is to absorb the eneryy
of passing waves.

The aerial tuning inductance, sometimes called the loading coil, allotws
the aerial circuit to be tuned to a wavelength greater than the notural wave-
length of the aerial. It may consist of a single layered solenoid winding,
the turns of which are varied by means of a tap switch, or the multilayered
coil made by winding many turns of wire on a spool. The latter has the
advantage of compactness and if wound by modern methods will be supe-
rior to the solenoid type of coil.

10

ni, e



THE DAMPED WAVE RECEIVING SET

The variometer is a device used to obtain close or conbinuous variation
of the inductance in a circuit. It is used in the aerial circuit of some forms
of receiving scts in order to tune sharply to a given wavelength.

In the form used for receiving purposes it may consist of two coils of
insulated wire wound on two cylinders, so arranged that one cylinder may
revolve within ihe other as shown in Fig. 85. If the coils are connected in
series and are in such a position that the direction of winding is the same
in cach, the inductance of the two coils will be a maximum. In other
words, if the magnetic fields of the two coils coincide, then the inductance
will be a maximum; but on the other hand, if the inner coil is revolved one-
half revolution, then the two fields will oppose and the inductance will
be a minimum. Intermediate positions of the inner coil with respect to
the outer will give corresponding values of inductance.

The primary of the receiving transformer transfers the energy of ad-
vancing wave troins to the secondary by electromagnetic induction. In a
simple type of receiving transformer the primary is a single layer of insulated
wire wound on a cylinder of cardboard or other insulator. The cylinder may
be 3 to 8 inches in diameter and up to 16 inches in length. A tap switch or
slider allows variation of the number of turns in the circuit. The secondary
coil is of similar construction, but is of smaller diameter, in order to allow
it to slide in or out of the primary.

A tap switch allows variation of the inductance of the secondary wind-
ing, and as shown in Fig. 86, the secondary is mounted on two rods which
support it and allow a variation of its position with respect to the primary
coil. When the two coils are close to each other, the secondary being
within the primary, the mutual induction will be a maximum and alarge
percentage of the energy flowing in the primary will be transferred to
the secondary. When the primary and secondary are in such a position,
they are said to be closely coupled; but if the two coils are placed some
distance apart, they are said to be loosely coupled.

The variable condenser employed in practically all receiving sets
consists of two sets of semi-circular plates, one set of which revolves
within the other. In Fig. 84 is shown a common type of variable con-
denser. When the movable sct of plates are entirely within the sta-
tionary set, the condenser has a maximum capacity; but when the movable
set is entirely outside of the stationary, the capacity is a minimum. Inter-
mediate positions give values of capacity in proportion.

The wariable condenser . series with the aerial and ground allows the
aerial circuit to be tuned to wawvelengths less than the natural wavelength of
the aerail. This can be understood when we consider the action of two con-
densers in series. The resultant capacity of two condensers in series is
less than the least of the two.

The aerial and ground form a condenser and a variable condenser in
series with the above will enable the effective value of capacity to be
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reduced, consequently we may reduce the wavelength of the aerial circuit
to values less than the natural wavelength.

The ground or earth has been explained quite fully in the paper on
aerials. .

" The secondary of the recciving transformer absorbs the energy from the
aerial circuit. By placing the secondary coil in close or loose inductive relation
to the primary, the transfer of energy may be controlled. If a close coupling
is employed, there will be a maximum transfer of energy and this will cause
damping of the incoming oscillations. The result of this action is the reception
of a broad range of wavelengths, while in the event that loose coupling is em-
ployed, if the two circuits are in resonance, only the wavelength to which the
set is tuned will be received.

Tha wariable condenser employed in the secondary circuit supplies the
capacity necessary to allow adjustiment to various wavelengths, and also allows
a very sharp adjustment of the wavelength.

The secondary winding of the receiving transformer usually is equipped
with a tap switch and will allow adjustment in steps; but to enable the
circuit to be tuned to wavelengths between steps, the condenser is used.
That is, one tap on the switch may cnable a given length of wave to be
received, but the next tap will give a larger value; and for adjustment to
wavelengths between these two value we may use the variable condenser.
In order to absorb a maximum amount of energy from the trains of
oscillations in the aerial circuit, it is necessary that the circuit consisting
of the secondary winding and the variable condenser be in resonance with
the aeral circuit.

Detectors:

Under the heading of “Receiving Circuits” the galena type of detector
was discussed in a superficial manner.

Devices such as the galena arrangement do not “detect” but merely
alter the incoming trains, so that they will give an audible indication in
the telephone receiver.

The so-called detector has been defined by the standardization commitice
of the Institute of Radio Engineers as “that portion of the recciving apparatus
whicl is connected to a cirewit carrying currents of radio frequency and in
conjunction with a self-contained or separate indicator translutes the radio
frequency into a form suitable for operation of the indicator. This translation
may be effected cither by the conversion of the radio frequency energy or by
means of the conirol of local encrgy by the received energy.”

The two principal modern detectors are the crystal rectifier and the
vacuum valve.

12
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Fig. 88. Receiving Circuit for Fleming Valve.
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Fig. 89.

Receiving Circuit for Three Electrode Valve.

The former in most cases converts the incoming radio frequency
current into a current that will give audible indication, while the latter,
in its modern form, controls the local energy by a relay action.

The crystal rectifier converts the incoming trains of oscillations into
a pulsating direct current, each rectified train combining in the condenser
and then discharging through the telephone receiver. Thus the current
of possibly 500,000 cycles per second is converted into a pulsating current

whose frequency is equal to the spark frequency of the transmitter and
is therefore probably less than 1,200.

The potentiometer is used with some types of detector, the most
common type being the carborundum crystal.
this crystal is silicon carbide.
of about 400 ohms.

The chemical name for
The potentometer is a variable resistance
It is connected in shunt to a battery of two dry cells,
and as shown in Fig. 82, the two leads from the potentiometer are con-
nected to the telephone receiver and one side of the fixed condenser. By
variation of the movable contact on the potentiometer we may vary the )
voltage of the local current which flows through the detector and tele-
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phones. If the slider is at one end, the voltage will be a minimum; but
as the slider approaches the opposite end the voltage will increase to a
maximum.

vimary windin end view
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secondary winding of secondary

/Tap switch ~
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Fig. 86. Receiving Transformer.
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Fig. Characterist’c Curve of Carborundum.

The carborundum detector gives the loudest response in the telephone
at a certain critical adjustment of the potentiometer. That is, when the
voltage flowing through the detéector is of the correct value, the detector
is most sensitive. An arrangement such as shown in Fig 87 is called a
characteristic curve of a carborundum crystal and illustrates the fact
that the crystal does not obey Ohm's law. Ohm’s law states that as the
voltage increases the amperage will increase. If we vary the voltage
applied to the carborundum detector from a low to a high value by means
of the potentiometer and if we measure the flow of current through the
crystal by means of an ammeter we will find that the flow of current is
not proportional to the voltage. We may plot the results of such an
experiment on a sheet of cross section paper, as shown in Fig. 87. The
values of the voltage applied are found on the lower edge of the paper,
while the current in millionths of an ampere is fouand on the left-hand
edge of the paper.

As the voltage increases the current increases more and more rapidly.
At the lower voltages on the curve the current increases slowly, while

14
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later the curve bends sharply upward, showing that the current is increas-
ing more rapidlv. As the voltage increases from one to two volts the
increase in currents is not near so much as when the voltage increases
from two to three.

Suppose the voltage applied to the crystal was adjusted to the voltage
just below the point at which the curve bends sharply upward. If incom-
ing oscillations of certain voltage, due to the passing wave, flow through
the detector, the total voltage applied to the crystal will be the sum of
the two. Therefore, if a train of oscillations is rectified by the crystal,
the pulsations of current that pass through the detector will cause an
increase of current flow in the phones, with the result that louder signals
are produced than if the potentiometer and battery were not used. The
alternations flowing through the detector in the opposite direction, in
addition to being weak, oppose the applied voltage and reduce the current
flowing through the telephone.

To get the best results with a carborundum detector it is necessary to
vary potentiometer adjustment until the critical voltage is found, which,
added to the voltage of the incoming oscillations, will cause a large in-
crease of current in the telephone. Carborundum crystals require a heavier
pressure from the opposing contact than other crystals. Different points
on the crystal may possess different degrees of sensitiveness, and it is
also well to remember that the two-cell battery must be so connected to
the potentiometer that the current will flow through the crystal in the right
direction.

The telephone receiver is a very important phrt of the receiving set.
Its adoption brought about a great increase in the range of radio stations.
It consists essentially of a permanent magnet, a coil of wire, and an iron
diaphragm. These three are held in their proper relation to each other
by a hard rubber or aluminum shell. The permanent magnet in the ordi-
nary type of telephone receiver is of the bar type, and is placed very
close to the diaphragm, but far enough away to allow it to vibrate. The
permanent magnet attracts the iron diaphragm and therefore places it
under a constant tension,

A coil of small insulated wire of many hundreds of turns is placed
about the end of the bar magnet, near the diaphragm. If a current flows
through this coil, the magnetic field produced will either assist or oppose
the field of the permanent magnet. Hence, if it assists, the diaphragm
moves closer to the magnet; if it opposes, the field of the permanent mag-
net will be partially neutralized and a diaphragm will move away from
the magnet. These vibrations will set up sound waves, Even if very
weak currents flow, the very minute vibrations will cause a sound, as
only a few millionths of a watt are required to produce a sound in a
sensitive receiver,

The receiver employed in radio is of the watch case type. Its con-
struction is similar to the other and perates on the same principle.
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The sensitiveness of any telephone receiver depends upon the frequency
of the current, the construction, the number of turns and the size of the
wire used. For a given receiver the sensitiveness will depend upon the
frequency of the incoming current. The receiver will be the most sensitive
to currents whose frequency is the same as the natural frequency of vibra-
tion of the diaphragm. Modern receivers are more sensitive to currents
whose frequency is about 500 cycles, which frequency has the same effect
as a pulsating current whose frequency is 1,000.

The natural frequency of vibration of the diaphragm will depend upon
its weight and thickness; therefore, a transmitter whose spark frequency
is about 1,000 will give a louder signal in the telephone receiver than one
of lower frequency. A current of 500 cycles would consist of 1,000 alter-
nations and therefore would produce 1,000 vibrations of the telephone. -

The magnetizing force of any current carrying coil of wire depends
upon the product of amperes and turns of wire. This is termed “ampere
turns.” That is, one ampere through 100 turns would have the same
magnetizing power as 100 amperes through one turn.

Hence, to get the loudest response in a telephone from very weak
currents, it is nccessary to use many hundreds of turns of wire, and due
to the limited space we must use very small insulated wire. The smaller
the wire the greater the resistance, which accounts for the fact that all
sensitive telephones are of fairly high resistance. Low resistance tele-
phones may he used with some types of detector and give very good
response; but for the crystal detector, telephones having 1,500 to 2,000
ohms resistance are best.

Another type of telephone receiver is that developed by T. Baldwin.
This receiver has a mica diaphragm, a permanent magnet, a coil of wire
and an armature. It is much more sensitive than any of the iron diphragm
type. It operates on the principle of the polarized relay:

The function of the telephone receiver in the receiving set is o render
audible the rectified trains of oscillations.

The fixed condenser usually connected across the telephones stores up the
pulsations of the rectified train of oscillations and then discharges through
the telephone receiver, giving one sound or click per train. In Fig. 78 (a),
(b), and (c) is shown the action occurring in the detector circuit. In Fig.
78 (a) we have the trains of damped oscillations, in Fig. 78 (b) the rectified
trains, and in Fig. 78 (c) we find the rectified trains combined by the fixed
rondenser into ome charge for each train of oscillations. It can be seen that
no matter how high the frequency of the individual oscillations, the frequency
of the trains of oscillations determines the note heard in the telephones.

Detectors: In the preceding papers the detector has been defined as
a device which alters the incoming oscillation trains in order that they
may cause an audible sound i the telephones. Detectors for damped
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oscillations may be divided into two gencral classes; those that rectify
and those that vary a local source of current.

According to censtruction, practically all detectors belong to the
crystal or vacuum valve type. The wvacuum valve detector has been so
highly developed in recent years that it promises to render ohsolete all
other forms of detectors. All crystal detectors operate on the principle
of rectfication.

The crystal detectors operating without local battery are: galena,
silicon, zincite-barnite and iron pyrites.

Those that require local battery are: Carborundum and zincite-bornite.

The carborundum detector is very reliable, is fairly senstive, and has
been employed on marine installations of the Marconi Company for several
years.

The galena is considered one of the most sensitive crystal detectors
but is very easily thrown out of adjustment by mechanical vibration, by
dscharges of atmaspheric electricity or by strong signals. The Telefunken

Fig. 84. Variable Receiving Condenser
Courtesy of the DeForest Radio Telephone & Telegraph Co.
Company of Germany employed the galena detector to a considerable

extent until recent years. The galena crystal is mounted in a cup and
is so arranged that it makes light contact with a fine copper wire.

The iron pyrites are also mounted in a cup and make contact with a
gold point or crystal of antimony.

The vacuum valve is known by a number of names, such as audion
audiotion, electron relay, etc.

»
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The first type of vacuum valve was invented by Dr. J. A. Fleming
in 1904, and is called the Fleming valve. It consists of a small electric
lamp with a small filament, about which there is a cylinder of sheet copper
connected to the outside of the lamp by a platinum wire.

The lamp is lighted by a 4 to 8 volt battery, the brilliancy of filament
being controlled by a 10-ohm rheostat. In Fig. 88 is a drawing of a re-
ceiving set connected to a Fleming valve. One side of secondary variable
condenser is connected to the copoer cylinder about the filament and the
other side is connected to the telephone receiver. The other side of the
telephone receiver is connected to another resistance which is shunted
about the filament battery.

The action of such a detector is as follows:

When a filament is lighted, small negative particles of eclectricity
called elecirons are thrown off from filament. If trains of oscillations are
flowing in the receiver circuits due to passing waves, the copper cylinder
will be given a positive and negative charge alternately. When charged
positively, the electrons from the filament will be attracted to the plate
and there will be a passage of negative eclectricity to the cylinder. The
next charge of the train of oscillations will be negative, and as “like
charges repel,” the electrons will not be attracted. Hence, the detector
acts as a rectifier, allowing current to fow through the phones only at
the times the cylinder is charged positvely. The pulsations of each rectified
train appear to combine and then discharge across the tclephone receiver
as a single click. This detector is sensitive and very reliable, but has been
superseded by the more sensitive three electrode vacuum valve.

In 1904 Dr. Lee de Forest invented the first form of the three electrode
vacuum tube. Dr. de Forest, in developing this detector, had in mind a
relay and not a rectifier, such as the Fleming valve. In Fig. 89 is shown
a diagram of a receiving circuit using the audion, as it is called by the
inventor. '

It differs from the Fleming valve, in that an electrode made of a
coiled wire or perforated cylinder is placed between the filament and the
plate. This grid, as it is called, makes a relay of this detector instead
of a rectifier.

As shown in Fig. 89, the grid is connected to one side of a condenser,
and the other side of the condenser to the secondary winding of trans-
former. The plate is connected to the positive side of a 30 to 60 volt
battery, the battery being in series with the telephone receivers. The
other terminal of the telephone is connected to the filament terminal, the
remaining terminal of the secondary winding being also connected at this
point. When the filament is burning, electrons are thrown off which are
attracted to the plate, duc to the fact that it is charged positively by the
battery. A flow of negative electricity is said to flow from the filament
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to the plate; but as we usually consider the current as flowing from the
positive pole of a battery to the negative pole, we consider the current as
flowing from the plate to the filament and thence through the phones
back to the battery. Therefore, as long as filament is burning, there will
be a flow of current through the phones; but owing to the fact that it
is steady, no vibration of the diaphragms will occur.

If oscillations are flowing in the receiver circuits, alternate positive and
negative charges will be given to the grid. When the grid is charged nega-
tively no current flows from the grid to the filament, but when the grid is
charged positively current passes from the grid to the filament. In other
words, when the grid is charged negatively, the electrons will be repelled
and no negative flow of clectricity will occur; but when the grid is charged
positively the electrons will be attracted and a negative flow to grid will
occur. This latter is identical to a flow of current from the grid to the fila-
ment. The student should take note that during the times that the grid is
charged negatively no current passes; therefore, a negative charge piles up
in the grid condeuser on the side next to the grid. This negative charge
causes a decrease in the flow of electrons to the plate and consequently the
flow of current from plate to filament is reduced. After a train of oscilla-
tions has passed, the negative charge leaks off and the plate current returns
to normal. Thus, each train of oscillations reduces momentarily the flow of
current through the plate circuit. This reduction of current causes a click
in the telephone receivers, the number of clicks per second being dependent
upon the number of trains of oscillations.

Hence, it can be seen that if each of the trains of oscillations is pro-
duced by a train of waves, and each train of waves by a train of oscillations
in the distant transmitter circuits, the number of clicks in the telephone
depends upon the spark frequency of the transmitter.

The subject of vacuum valves will be continued in the following in-
struction paper:

Static: Static, also known as “atmospherics” or “strays,” is a form
of disturbance which interferes with the reception of signals. It is mani-
fested by discharges through the receiving set, which cause crackling noises
in the telephone receivers. One form of static is due to electrical storms,
whose approach is made known to the radio operator by an increasing
number of irregular clicks in the telephone receiver. The origin of other
forms of static has not been satisfactorily explained, many theories being
advanced as to their source. The interference due to static is more serious
during the summer months in temperate zones than at any other time,
while in the torrid zone this interference is a serious problem at all times.
In the Pacific Ocean, north of 34 degrees north latitude, static is very
light, and due to this fact exceptonal ranges are attained by radio stations
operating in this part of the world.

Radio transmitters using a spark frequency of about 1,000 have less
difficulty in transmitting through static interference than do stations hav-
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THE DAMPED WAVE RECEIVING SET

ing lower frequences. The reason for this is that the signals are of higher
pitch than the static, and therefore easier to copy. A station using a 120
cycle synchronous set is almost impossible to copy through bad static inter-
ference due to the similarity of the sounds produced in the telephone re-
ceivers. Static interference may be reduced somewhat by loose coupling
of the receiving transformer and by the use of a detector whose sensitive-
ness is just sufficient to render the signals readable.

Buzzer Tester: Some types of detectors, such as the crystal, may
have varying degrees of sensitiveness, certain points on the face of the
crystal being more sensitive than others. To determine when a detector is
in the most sensitive condition, a buzzer tester is employed. The buzzer
tester is merely a combination of a buzzer, battery, push button and a small
inductance. This arrangement is shown in Fig. 82, connected in inductive

relation to a part of the aerial circuit. In some cases no inductance is used,
the buzzer circuit being connected by a wire to the aerial circuit. If the
button is pressed, the interrupter on the buzzer will break up the current,
causing the current strength to rise and fall. This interrupted current will
induce another current in the circuits of the receiver. If the detector is
properly adjusted, this current will be rectified, producing a note in the
phones identical with that of the buzzer itself. In the case of a crystal
detector, the contact is varied until a sensitive spot is found on the face of
the crystal, at the same time varying the potentiometer (if used) until
signals are a maximum. When using the vacuum valve, the huzzer tester
is not so necessary, but may be employed, as it tests the circuits of the
receiver as well as the detector itself.

Adjustment and Care of Apparatus: The student should now have a
fairly comprehensive grasp of the function of the different parts of the
receiving set.

In order to assist the new operator in placing a receiving set in opera-
tion, the following suggestions may be followed:

1. Trace out connections of receiver from the aerial to the ground,
comparing with schematic wiring diagram of the set.

2. It is well for the new operator to inspect the interior of the receiver
box and note the method of varying coupling, inductance and capacity.

(a) When listening for signals, use close coupling of primary and
secondary. '

(b) Use a large value of inductance in the primary and a small value
of inductance in the secondary.

(c) Adjust detector and potentiometer, using test buzzer as an excit-
ing medium.

(d) Vary the serics condenser in the aerial circuit and also the scc-
ondary condenser,
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THE DAMPED WAVE RECEIVING SET
(e) If secondary circuit is calibrated, it can be set instantly to the
wavelength desired, and then it is only necessary to vary the aerial circuit.

(f) It is well to remember tllqt different aerials require different
- adjustments of the primary circuit of the receiving set.

4. A loose coupling and very close adjustment of the two circuits to
resonance may reduce interference from static or from stations to a
minimumn.
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QUESTIONS

THEORY LESSON No. 9

These questions should be answered in ink on the standard letter size
sheet of paper (eight and a half by eleven inches).

The student’s name and initials, address and his class number must
appear at the top of each sheet.

The questions should not be written out, but the number written down
and the answer written immediately after it.

The student must not copy his answers word for word from the paper,
but above all things be fair with himself.

186. Into what four types may receiving circuits be classified?

187.  Why is it necessary that a detector he used in receiving circuits?

188. 'What is the advantage of varying the coupling of the receiving
tuner? ’

189. What coupling is used when it is desired to receive on a wide
range of wavelengths?

190. Describe a buzzer tester. What is the use of a buzzer tester?

191. What are the least number of pieces of apparatus necessary to
receive signals? Give diagram.

192.  Describe fully a direct or conductively coupled receiving circuit.

193. Draw a diagram of a modern type of inductively coupled receiver,
showing all apparatus used, including the buzzer tester.

194. Describe the capacitatively coupled receiver.

195. Name the principal parts of a receiver of the inductively coupled
type.

196. Give diagram of a set employing a carborundum detector.

197. 'What is the function of a potentiometer?

198. What is the function of a variable condenser in shunt to the
secondary winding of a receiving tuner? )

199. What is the function of a detector?
200. Explain briefly the function of a telephone receiver.

201. Why should the coupling be reduced when receiving to the point
where signals are just readable?

202. How do you protect the receiving set from the local transmitter?
203. Explain the action of a vacuum valve detector.
204. Name some of the crystal detectors.

205. Give diagram of a receiver circuit employing a vacuum valve
detector.
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186.

187.

188.

189.

190.

L9l.

192,

193.

194.

195.

196.

Answers to Instruction Book No. 9

'4;5-'

Receiver .circuits may be divided into four types. (1) Simple plain receiver,
inductively coupled, conductively coupled and statically or capacity coupled
‘receivers., :

The detector is necessary to stop one-half of each wave in the train so that
the telephone receiver will respond to the incoming waves. The detector
with stooping condenser causes one discharge of current thru the phones of
gach wave train. ‘ - :

The advantages of the varying couplinge are: lst, to tune broadly so as to
pick up a number of messages; 2nd, by loose coupling to get selective tunlng
and elimiate the undesirable waves.

A tight or close coupling is used for receiving on a wide range length.

A buzzer tester consists of a small buzzer, a dry cell, key or switch and

‘a'small coil of wire for coupling it to another circuit, The buzzer serves

as feeble transmitter to excite the receiver so the operator may test his
detector for sensitiveness.

An serial, crystal detector with phone across it and a ground. BSee Figure 79a.

A direct or conductively coupled receiving circuit consists of a coil or

helix in series between aerial and ground and connected across this same °
coil is the secondary receiving circuit with a detector and stopping condenser
in series and the phone shunt around the condenser.

See Figure 82,

In the statically or capacity coupled set two wires are brought off the turns

of the primary tuning inductance, one wire being connected to one set of the
plates of a variable condenser and the other wire to a set of plates of another
variable condenser which has its movable plates mounted on the same shaft. The
other set of plates for each two condensers has the two wires leading off to
secondary receiving circuit, as shown in Figure 83. The energy is transferred by
gtatic induction thru the two coupling condensers to the secondary or detector
circuit,

The parts of a receiver are: aerial, loading inductance, primary of receiving
transformer ,short-wave condenser and ground for the primary circuit. The second-
ary circuit has secondary coil of -receiving transformer, variable tuning condenser,
detector, stopping condenser, phones and buzzer tester.

See Figure 82 and put carborundum crystal in the detector.



127.

198.

199,

200.

201.

202.

203.

204,

205,

To place an initial pressure on the crystal thus making it more sensitive to
responding to the incoming waves. >

. L
The secondary tuning condenser is for very fine tuning which cannct be obtained
by turn variation on the secondary coil of the receiving transformer.

The function of a detector is to receive the energy in the form of radio oscilla-
tions and effect a change so the impulses on the phone will he in one direction
and at an audio frequency.

The telephone receiver changes the electrical impulses made upon it into.sound
waves for the ear by the vibratory motion of the diaphram.

The coupling is reducsd to eliminate all interfering waves.

The reoeiﬁing circuit is protected from‘damage due to nearby transmitters by
the short circuiting of the detector with a switch.

The uecondary 1is connected between the fllament and grid, while the phone circuit
is in series with a high voltage battery and connected across plaue and filament,
the positive pole of the battery being connected to the plate: - When the filament
is lighted negative electrons flow outward from the filament to the plate,
uniting with positive charges from the battery which cauces a steady flow of
current thru the phones. When the oscillations from the incoming waves are
impressed on the grid condenser the negative charges repel the negative charges
from the filament and stop the flow of current. When the wave lrain is over

the negatlve Charge leaks off the grid condenser and the current increases

ite flow; thus each train of waves changes the current and makes a click.

Galena, silicon, carborundum and perikon crystals are used as detectors.

See Figure 89.
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RADIO TELEGRAPHY
NATIONAL RADIO INSTITUTE - - WASHINGTON, D. C.

THEORY AND CODE LESSON NO. 10

WARNING MESSAGES
QST QST QST de NAA NAA NAA
S. S. Merrimack reports water-logged hull N. Long. forty-six

eight W. Lat. thirty-nine six. Stump of mast projecting ten feet
out of water. Dangerous to navigation.

QST de NAA
Derelict three masted schooner Mabeldavis in position N. Long.
thirty-nine ten W. Lat. forty-three twenty-six.

METHOD OF CALLING THE NEAREST STATION

Stations desiring to enter into communication with ships, with-
out, however, knowing the names of the ships within their radius
of action, may employ the signal m=er=me mm mmom= [signal of in-
quiry.] After a station in that locality has answered the call, communi-
cations are transmitted by the regular method.

Practice on Sending Key

SAQN DAKM ONLOR =~ PAZYD KKNYO
DOLTZ NOQAL  PZBOJ RIVOM QOLYM
CANDZ  POZXQ NOLQY  KYQOB  YZLER
DOZEQPAMEL NOQEZRAZEL HYFOWQALPO
DPZOKNOTUE MAKOKTUBREZ YOZEHJOKYQ
PODUMQOZYL TUYOWPENOK KIWEFMAREW
1259078296 4102617901 3708529071
0095843210 6102859021 5820634821
6802645210 5102148739 5762093845
OAZPN NOLYJ PETER JOHNZ KQKYK
KYCYO PAZOM NOLUJ JIWQO KAMPY
GOHJK  AOYKN AEYO] OELYU  PANZA

WEATHER REPORTS
QST QST QST de NAA NAA NAA
USWHB. District of Columbia and Virginia, Partly cloudy
with occasional showers probably tonight and Sunday. No material
change in temperature. Gentle to moderate south winds.

1 -



THE RECEIVING SET FOR UNDAMPED WAVLES.

CODE TEST

RHUAZ BWCLX SVTND OKFYE PIQJG
UBLVD FPJHZ CSNKE QRAWX TOYIG
HABCX VNOFEIJGRUZWLST DKYPQ
ACYOE JUWSD YQHBX NFINZLTKPG
ZXDEGRBSOP HWVKI UCTFQ ALNY J
PIQJG MKFYLE SVTND BWCLX RIOUAZ
TB{YIGQRAVVXEKNSCFPJHZUBLVD
DRKYPQ ZWLSTURG]JIVNMFE HABCX
LTKPG NFINZ YQHBXJU\VSD ACYME
ALNY JTUCTFQ HWIKYV PMSRE GEDXZ

19328 47650

346091 08725

82543 70169

52187 63904

06714 35892

25439 86017

73150 92486

68902 14573

97065 21348

40876 59231

PRESS SCHEDULES OF SPARK STATIONS.
Metres
Call Station T.ength Time
Wave

NAA Washington, D. C......... 2500 10.00 P.M. 75th Meridian
NAR Key West, Fla............ 1500 10.00 P.M. 75th Meridian
NAX Colon, Panama............ 2400 10.00 P.M. 75th Meridian
NPG San Francisco, Cal........ 600 1.15 AM. Local Time
KHX Honoluly, Hawaii......... 600 11.30 P.M. Local Time
NAH New York, N. Y......... 1500 9.00 P.M. 5 A.M. Local Time
NPL San Diego, Cal........... 2400 ...
BZM St. Johns, N. F........... 1500 7.30 AM. (GMT)
VCU Barrington Passage, N. .. 1500 8.00 AM. (GMT)
B7ZL Demerara, British Guiana.. 1300 6.00 AM. (GMT)
BZN Falklands ................ 4300 3.30 AM. (GMT)
BYZ Malta (Rinella)........... 2650 9.00 AM.7.00 P.M. (GMT)
OAZ San Cristobal, Peru....... 1500 2.00 A.M. 3.30 P.M. (GMT)
'BXY Hong Kong, China........ 2000 9.45 P.M. (GMT)
BXW Singapore ................ 2000 9.15 P.M. (GMT)

2
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THE RECEIVING SET FOR UNDAMPED WAVES.

BZE Matara, Ceylon........... 2000 845 P.M. (GMT)
BZF  Aden, British Somaliland.. 2000 7.30 P.M. (GMT)
BZH Scychelles .............. .. 2000 9.45 P.M. (GMT)
BZG Mauritius ............ ..., 2000 10.30 P.M. (GMT)
BZI  Durban, South Africa..... 2000 3.15 P.M. (GMT)
VMG Apia, Samoa ............. 2000 11.30 AM. (GMT)
VLA Awanui ................ .. 2000  7.15 AM. (GMT)
VLB Awarua, Australia ........ 2000 1045 A M. (GMT)
VID Darwin, Australia ........ 850  6.30 P.M. (GMT)
VKT Naura, Australia ......... 2200 7.00 P.M. (GMT)
VIP  Perth, Australia .......... 1500 4.30 P.M. (GMT)
VJZ  Rabaul, Australia ......... 2900 6.00 P.M. (GMT)
VIS  Sydney, Australia ........ 2000 3.30 P.M. (GMT)
VIT  Tounsville, Australia ..... 1000 4.30 P.M. (GMT)
VIF  Woodlark, Isl, Australia.. 1000 5.00 P.M. (GMT)
UA Nantes, France ........... 2400 3.30 ‘A.M. 3.45 P.M. (GMT) .
FL Paris, France ............ 2500 3.00 P.M. (GMT)
YN Lyons, France ........... 5000 8.00 AM. (GMT)

TIME SIGNALS BY ARC STATIONS

Wave
Call Station Length Time
Metres
NSS . Annapolis .............. 17000 11.55 AM. to Noon
9.55 to 10 P. M.
NBA Balboa Panama ........ 7000 455 to 5 A.M.
12.55 to 1 P.M.
NPO Cavite, P.TI........... .. 5000 1055 to 11 A.M.
9.55 to 10 P. M.
NPL San Dicgo, Calif........ 2400 11.55 A.M. to Noon
NPH San Francisco, Calif.... 4800 11.55 A.M. to Noon
NPM Pearl Harbor, Hawaii... 11200 © Daily at 180th Meridian

Noon Time

Undamped Waves: In the preceding papers we have been
dealing with damped electromagnetic waves. Such waves are pro-
duced by damped oscillations and occur in groups.

Damped oscillations are the result of a condenser discharging
through a spark gap and a coil of wire. \We learned that if the key
of a damped wave transmitter were depressed a number of groups
waves equal to the spark frequency (the number of complete dis-
charges of condenser per second) would be radiated. As the ve-
locity of electromagnetic wages is about 300,000,000 meters per
second, one wave train will have traveled a certain distance from
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THE RECEIVING SET FOR UNDAMPED WAVES.

the aerial before the next one leaves. Hence, there is a considerable
space between consecutive groups.  The student should bear in mind
that each train or group of waves is produced or set up by a train
of oscillations.

In this paper we are dealing with undamped or continuous
waves.

Undamped waves may be defined as those of constant amplitude
and continuous formation. A comparison of the two types of waves
is given in Fig. 90. It can be seen that the number of waves radi-
cted per second will be far greater with the undamped than with
the damped, owing to the continuity of the former. II we take as
an example two transmitting stations, one of the stations being un-
damped and the other of the damped type, each radiating waves
6000 meters in length, the number of waves radiated by the damped
wave station will depend upon the wave train frequency and the
number of waves per train, while the number of waves radiated by
the undamped set may be determined by dividing 6000 into 300,-
000,000. The latter is true, for the reason that if waves travel 300,-
000,000 meters per second, the number leaving the aerial per sec-
ond must be equal to 300,000,000 divided by the wavelength. 1f
the logarithmic decrement of the damped transmitter is .2, there
will be 24 waves per train; and if a synchronous gap is used with a
500 cycle source of supply the spark frequency will be equal to
the number of alternations of the source (1000). =

The actual number of waves radiated will be 1000x24 or 24000
Dy the damped transmitter, while the undamped station will radiate
300,000,000 divided by 6,000 or 50,000 waves. Undamped or con-
tinuwous waves have also been defined as those radiated from a con-
ductor in which an alternating current flows.

That is, undamped waves are radiated from an aerial in which
undamped oscillations are flowing. The oscillations are generated
at the present time by any one of the three following methods: The
high frequency alternator, the vacuum valve generator and the Poul-
sen arc generator.

A description of these three methods will be given in the latter
part of the course.

The undamped wave system of communication is rapidly
replacing the older method, due to the following reasons:

4
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THE RECEIVING SET FOR UNDAMPED WAVES.

1. "As the waves are of constant amplitude there is no decre-
ment and consequently they are confined to one wavelength or fre-
quency.

2. Being continuous, the amplitude need not be so great, and
therefore lower potentials may be employed.

3. Radio telephony is made possible.

4. The tone of the received signals can be controlled by the
receiving operator.

5. The efficiency of the undamped system is far greater than
that of the damped.

The Undamped Wave Receiver—In the preceding paper
the apparatus employed in damped wave reception is the subject of
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THE RECEIVING SET FOR UNDAMPED WAVES.

discussion.  We learned that the note in the telephones is depend-
ent on the number of wave trains cutting the receiving aerial per
second and that the fumction of the detector is to so alter the trains
of oscillations induced in the aerial by the trains of waves that one
sound for each train is heard in the phones. The student should be
very careful to get the distinction between the terms “wawve fre-
quency” and “spark frequency.” The “wave frequency” of modern
radio stations ranges hetween 15,000 for the large stations to 3,000,-

000 for the small short wave stations, and consequently is of too.

high a frequency for indication in the telephone. (By wave fre-
quency we mean the rate at which the waves are pr oduced and not
the actual number of waves. )

As stated before, the human ear will not respond to vibrations
above 20,000 per second and the telephone is most sensitive to vibra-
tions in the neighborhood of 1,000 per second.

The “spark frequency” of modern sets usually ranges be-
tween 120 and 1,200, and as each spark is the source of a wave
train, we have a frequency which will give response in the telephone.

(By spark frequency is meant the number of discharges of con-
denser per second.)

The detector of damped waves merely rectifies the trains of
oscillations induced in the aerial by passing wave trains, each recti-
fied train flowing into the condenser connected across the phones
and in the interval between train discharges through the phones as
one click; hence the spark frequency, the oscillation frequency of
transmitter, the wave train frequency, the oscillation train fre-
quency in the receiver and the vibration frequency of the telephone
diaphragm are equal in number.

Owing to the fact that undamped waves do not occur in
groups but are of continuous formation, we can not use the damped
wave detector for continuous wave reception. If by some means
we chop up the continuous flow of oscillations either in the trans-
mitter circuit or in the receiving circuit into an audio frequency stic-
cession of trains or groups we may then use the rectifying detector
for reception.

The means used in making continuous or undamped waves
audible may be listed as follows:

6
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THE RECEIVING SET FOR UNDAMPED WAVES.

1. By means of a chopper in either the transmitting or the
receiving set.

2. The tikker.

3. The slipping contact detector.
4. The rotating plate condenser.
5. The Goldschmidt tone wheel.

6. The heterodyne receiver.

7. The regenerative vacuum valve.

The first four methods actually break up the continuous waves
into groups of audio frequency while the last three employ other
means for obtaining the same result.
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The Chopper: This is a device for making and breaking
the circuit in either the transmitter or the receiver. It is an inter-
rupter and derives its name from the fact that it chops up the
continuous flow of oscillations into groups of audio frequency. If
the chopper is employed in the aerial circuit of the transmitter, the
groups of oscillations cause groups of waves to be radiated which
travel to the distant receiving stations, where groups of oscillations

7



THE RECEIVING SET FOR UNDAMPED WAVES.

are produced in the receiver circuits. With this arrangement the
damped wave receiver will reeive from the undamped station, but
the transmitter when equipped with a chopper ceases to be an un-
damped wave station. The great disadvantage of the chopper as
connected in the transmitter is that it reduces the range to a con-
siderable extent. A better method is to place a chopper in the re-
ceiving circuit and break up the oscillations there, the detector recti-
fying the groups.

The Tikker: This is identical with chopper as described
above except that this device is employed in receiving sets. It
interrupts the circuit at various frequencies between 400 and 1,000.
This device is usually connected as in Fig. 93, the secondary cir-
cuit consisting of the secondary coil, the secondary variable con-
denser, the tikker, telephone condenser and telephones. A small
metal disc having teeth cut in its periphery is mounted on the shaft
of a small electric motor, the spaces between the teeth being filled
with insulating material. A spring brush bears on the edge of
the disc, alternately making and breaking contact with the disc.
A second brush makes continuous contact with the side of the disc.
As the motor revolves the circuit is made and broken at a rate de-
pending upon the speed and the number of segments on the disc.

The action is as follows: The brush at one instant makes con-
tact with the metal disc, and if signals are being received the second-
ary condenser will discharge through the disc into the telephone
condenser. The next instant the brush rests on insulation and the
circuit is broken. During this interval in which the circuit is broken
the condenser discharges through the telephones. The secondary
condenser discharges at a regular rate into the telephone condenser
but will not be charged to the same potential each time, and for this
reason a rough note is produced in the telephone. This rough note
is the principal disadvantage of the tilker detector, while is sim-
plicity and sensitiveness may be given as its advantages. It is a cur-
rent operated device, giving best results in a circuit where there
is a maximum of current rather than voltage. It is rapidly being
superseded by a more modern detector called the regenerative vacuum
valve.

The Slipping Contact Detector: This instrument operates
on practically the same principle as the tikker but is of different

8



THE RECEIVING SET FOR UNDAMPED WAVES.

construction. A plain brass pulley is mounted on the shaft of a
small electric motor. A spring wire is mounted on a standard in
such a manner as to bear in the groove of the pulley. A second
brush makes a sliding contact with the side of the pulley. This de-
tector is connected in the circuit as shown in Fig. 93. As the motor
revolves the spring wire makes a contact of varying resistance;
one instant there is good contact and the next a poor contact. The
result of this action is-that when a good contact is made, the sec-
ondary condenser dischiarges into the telephone condenser;.and at

Aerial I}
Sgeondary % < Tikker Wheel.
Primary ~—;7 7
{ mfd. condensger
Condenser—»

(2 O «Tel Receiver
Earth —— =& )
Fig.93. Diagram of Connections for TiKker.
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Flg 94%. Production of an. Audio-frequency by
the action of a Tone Wheel.
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the times of poor contact or high resistance, the charge is not
strong enough to pass to the telephone condenser. In the intervals
between the low resistance contacts the condenser discharges through
the phones. This detector is also a current operated device. Both
the tikker and the “slipping contact” detector will make damped
waves audible, but due to the low note of the signals are not usually
employed for that purpose. The capacity across the phones for
either detector should be about one microfarad.

The Rotating Plate Condenser: Suppose that the second-
ary condenser in Fig. 97 is shunted by a small air condenser, the
movable plates of which are fastened to the shaft of a small electric

9



THE RECEIVING SET FOR UNDAMPED WAVES.

motor. If the large condenser is adjusted to such a value that
the addition of the maximum value of the rotating condenser will
place the secondary circuit in resonance with the incoming signals,
each time the shaft of the motor revolves there will be an impulse
of the telephone diaphragm. The tone depends on the speed of the
condenser motor. The rotary condenser method is not used to any
great extent. ‘

The Goldschmidt Tone Wheel: In the discussion of the
tikker we spoke of the irregular note produced in the phones and
explained that this was due to the fact that the secondary condenser
does not always have the same potential when the circuit is closed.
A detector called the tone wheel operates on a similar principle to
the tikker, but with this difference: the tone wheel has as many as
800 segments and revolves at a very high speed, interrupting the
circuit many thousands of times per second. Tt may be adjusted
so that it will interrupt the circuit in synchronism with the incom-
ing oscillations. If oscillations were flowing through the receiver
circuits at a frequency of 50,000 cycles, and the tone wheel inter-
rupted the circuit at 50,000 times per second, the result would be
a rectification of the current, and 50,000 pulsations would flow into
the telephone receiver. As this is too high for audibility no sound
would be heard in the telephones. Suppose the tone wheel is ad-
justed so that the circuit will be interrupted 49,000 times per sec-
ond. In Fig. 94 is shown the resulting action. It can be seen
that, due to the slower rate of the interruptions as compared with
the oscillations, each succeeding oscillation will be interrupted at
a different point. The result of this is a current of low frequency
flowing through the phones as illustrated by the curve. Thus, for
every fifty oscillations induced in the receiver aerial by continu-
ous waves (6,000 meters) there will be one pulsation in the tele-
phone receiver.

By variation of the speed of the tone wheel the tone of the
signal may be regulated. It is connected in the circuit in the same
manner as the tikker, with the exception that no condenser is placed
across the telephones. In the tikker wmethod of reception the cir-
cuit is interrupted at an audio frequency and the telephone con-
denser is charged and discharged at the same frequency. In the
tone wheel method the circuit is interrupted at a radio frequency

10



THE RECEIVING SET FOR UNDAMPED WAVES.

(above 10,000) only slightly different from the f%quency of the
inconfing oscillations. The tone wheel is not used extensively, hav-
ing the disadvantage of not being adapted to the reception of short
wave-lengths..

Fig. 95. The three electrode vacuum
tube.

Courtesy of

The DeForest Radio Telegraph & Telephone
Co.

The Regenerative Vacuum Valve: We will now consider
the most important receiving device in use today. The vacuum
valve bids fair to replace all other types of detector due to its mar-
velous sensitiveness and dependability. In the preceding instruction
paper the action of the Fleming valve and the three electrode valve
is explained. In order that the student may understand the' rather
involved action of the three electrode valve as used for the reception
of undamped waves we will discuss the elementary theory more in
detail.

In the first place, to understand the action occurring in a vacuum
tube, a knowledge of the electron theory is essential.

All matter is considered as being composed of molecules, -For
instance, the smallest particle of water is called a molecule; but
if we allow a current of electricity to flow through water we can
separate it into two gases, viz., hydrogen and oxygen. The chem-
ical formula for water is 120. By this we mean that two atoms
of hydrogen and one of oxygen combine to form a molecule of
water, the molecule being defined as the smallest subdivision of a
substance obtainable, without dissociating the substance into its ele-
ments.

11
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Filament

& Hu'gh Vol?age Battery

10 ohm Rheostatl

(i

14.-6 volt tilligmmeter

Fig. 36 Duh(jram of bulb Showfntj Flow of*
Etectrons

Aerial
Seconduy
Lorge Varisble Gondenser l Detecter

Primary —» - Small Gondenser
%
NMotor

fPhones

— Earth

Fl'g 97. Receiving Circuit in whith a
Ro‘raﬁng Plate Condenser is employed.

The electron theory states that each normal atom of a sub-
stance consists of equal amounts of positive and negative elecericity.
These equal amounts neutralize each other and therefore the atom
has no detectable charge. The atom is assumed to have a nucleus
of positive electricity which can not be removed, and that the nega-
tive electricity surrounds this positive charge. The negative charge
exists in the form of electrons whose mass or weight is said to be
1-1800 of that of a hydrogen atom. The electrons or negative
particles may be separated from the atom, and an atom which has
a deficiency of electrons is said to be positively charged; but on
the other hand, if an atom has an excess of electrons, it is considered
as being negatively charged. The atom was considered for many
years as being the smallest subdivision of matter; but, according
to the above theory, the electron is a still smaller subdivision.

To summarize the above:

1. An atom consists of a positive nucleus about which are
clustered negative electricity in the form of electrons.

12



THE RECEIVING SET FOR UNDAMPED WAVES.

2. An electron is considered as being the smallest particle of
matter carrying the smallest known charge of electricity.

3. An atom possesses a positive charge when minus its normal
number of electrons.

4, An atom possess a negative charge when it has more than
its normal number of electrons.

5. Negative electricity can be removed from an atom but
positive electricity can not.

In accordance with this theory, a current of electricity is a
stream of electrons guided by a metallic conductor.

Before the electron theory was developed, the assumption was
made that the flow of current in the external circuit was from the
positive pole of the source to the negative pole, but this will con-
flict with the above definition of a current. A dry cell, for example,
when connected in circuit is said to have an external current flow
from the carbon to the zinc pole; but according to the theory the
flow is from the zinc to the positive pole in the external circuit.

(The student should remember that the current is still con-
sidered as flowing from the positive to the negative pole in the
external circuit, the flow of electrons being in the opposite direc-
tion.)

Any incandescent lamp has a current flowing through its fila-
ment. This current consists of a flow of electrons, part of which
are employed in heating the filament to an incandescent state. A
part of the remaining eléctrons is set into vibration and is thrown
off, filling the immediate space about the filament. As the filament
grows hotter, more electrons are thrown off until the point is
reached when, due to the law that “Like charges repel and unlike
attract,” the electrons about the filament repel those coming out
and the emission of electrons is brought to an end.

In the two electrode vaccuum valve circuit, shown in Fig. 90,
if the positive pole of a high voltage battery is connected to the
plate and the negative pole to one side of the filament, the plate
will be charged positively. According to the electron theory, this
means that there is a deficiency of negative electricity. If the fila-
ment is burning the electrons thrown off by the filament will be

13
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attracted by the plate and we will have a flow of electrons from
the filament to the plate. That is, we will have a current of elec-
tricity flowing from the filament to the plate, if we follow the elec-
tron theory. But in accordance with the old theory, electricity
flows in a direction opposite to the flow of electrons. The student
should take careful note of this confusing point.

In Fig. 95 a photograph of a vacuum tube is shown. As illus-
trated in Fig. 906, as long as the filament is burning, electrons will
be thrown off from the fillament; and if the plate is charged posi-
tively there will be a constant flow of electricity in the plate cir-
cuit. A 4 to G volt storage battery is employed to light the fila-
ment, the strength of the current being regulated hy a ten ohm
rheostat in series with the circuit.

A twenty to one hundred volt flashlight or storage battery has
its positive pole connected to the plate. In Fig. 89, instruction
paper No. 9, a-receiving circuit is illustrated, in which a three ele-
ment valve is connected. As explained in the above-mentioned
paper, there is a constant flow of electricity through the telephon=
receiver while the filament is burning. When no signals are heing
received, this current is a steady direct current, and does not pro-
duce any vibration of the telephone diaphragm. The grid, consist-
ing of a coil of wire or perforated metal plate, is placed befween
the filament and plate. The grid in series with a condenser is
connected to one side of the secondary variable condenser. A pass-
ing wave train will induce a train of oscillations of decreasing
amplitude in the receiving circuit. These oscillations are of high
frequency and place an alternate positive and negative charge on
the grid.

The space surrounding the filament is filled with electrons
(negative electricity), and if the grid is charged negatively there
will be a repelling of the electrons emitted by the filament, due
to the law that “like charges repel, unlike attract.” This repelling
of the electrons thrown off by the filament lessens the number which
reach the plate and consequently a reduction of the plate current
is the result. The next alternation of the incoming oscillations
places a positive charge on the grid and the result is an increase in
the plate current. It can be seen then that an incoming group of
oscillations will cause the plate current to oscillate at the same’

C 14



Pt e £

THE RECEIVING SET FOR UNDAMPED WAVES.

frequency. DBy this we mean that the plate current will rise and
fall at the same frequency, not that it will reverse its direction,
as do the incoming oscillations. This repeating action will be con-
sidered more in detail later. We are more interested at the present
moment in the rectifying action of the vacuum tube. If the grid
1s charged negatively it will repel the electrons from the filament
and no current will flow from the grid to the filament. If, how-
ever, it is charged positively a current will flow from the grid to
the filament (identical to an electron flow from filament to the
grid) ; therefore, half of the alternations of each train will pass
through from grid to filament, but the other half will be stored
up in the grid condenser. This charge will pile up during the
passage of a train of oscillations, thereby increasing the negative
charge on the grid. This action tends to decrease the flow of elec-
trons from filament to plate and consequently reduce momentarily
(during the passage of a train of oscillations) the flow of current
through the phones. Between the passing of two trains of oscilla-
tions there is a short interval of time, and during this interval the
negative grid charge leaks off. The next train gives rise to another
reduction of current, the number of reductions of current per sec-
ond being dependent upon the wave train frequency. If the spark
frequency of the transmitter is 1,000, 1,000 wave trains will be
radiated and as a result there will be 1,000 reductions of current
in the telephones of the distant receiving set. A reduction of cur-
rent results in a vibration of the diaphragm of the telephone re-
ceiver; and with a frequency of 1,000, the note will be high and
clear, which is very desirable in radio reception, especially in locali-
ties stbject to atmospherics. The above is a description and explana-
tion of the three electrode valve as used in damped wave reception.
The student will observe that the vacuum valve acts as a relay, the
rectifying action being a means to that end.

As this instruction paper deals with wundamped recciving, we
will now consider the action of the valve when employed for that
purpose. In music we may have two piano wires of slightly differ-
ent vibration frequencies. If the two wires are caused to vibrate,
they will each set up a sound wave, but due to interaction between
the two, a third wave whose frequency is the difference between
the two fundamental waves, will be heard. This third sound wave
is called a “Deat” note. In organ music the production of “beats”
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is especially noticeable. The student will observe that the “beat”
note is of low frequency, being the difference between the frequencies
of the two fundamental waves.

Advantage was taken of this phenomena by Reginald Fessen-
den a number of years ago. He provided a source of high fre-
quency oscillations at the receiving station and caused this current
to be superposed on the incoming undamped oscillations set up by
the waves from a distant station.

The Irequency of the local current is adjusted to a slightly
different frequency from that of the incoming signals, and the
interaction of these two currents produces a “beat” current of audio-
frequency. For example, suppose that the incoming current is in-
duced by waves having lengths of 4,000 meters. The frequency of
the current set up in the receiving circuits will be 75,000 oscilla-
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THE RECEIVING SET FOR UNDAMPED WAVES.

tions per second. This is far too high to give indication in the tele-
phone receiver or the human ear. However, if the local source of
current supplies a frequency of 74,000 oscillations to the receiver
circuits, the two will react, producing a beat current of 1,000 cycles
which after rectification will give a high clear note in the telephone
receiver. This arrangement was called by Fessenden a “hetero-
dyne.” In Fig. 98 is shown a diagram of the connections for
heterodyne receiving. As illustrated the local source of current is
inductively connected to the aerial circuit of the receiver. The re-
sulting “beat” current is rectified by a detector, as shown in the
figure.

The question might be raised as to the necessity for rectifica-
tion if the “beat” current is of audio-frequency. This can be ex-
plained by reference to Fig. 92a, b, ¢ and d. This “beat” current
is made up of groups of oscillations as shown in Fig. 9Zc, which
must be rectified hefore they will produce a sound. The amplitude
of the local current is large and therefore the resulting audio fre-
quency current will have a very large amplitude as compargd fo the
incoming oscillations. This amplifying action is one of the great
advantages of this system of receiving.

Either an arc generator, high frequency generator or a buzzer
may be used as the local source of current, but it is preferable to
employ a generator producing purely undamped oscillations.

A vacuum valve if properly connected will generate undamped
oscillations, and is placed in inductive relation to the aerial circuit.
in the same manner as the generator illustrated in Fig. 98.

The “regenerative” vacuum valve detector is a modern develop-
ment of the “heterodyne” or “beat” principle. Captain E. H. Arm-
strong was the first to experiment with this type of receiver.

In the discussion of the three electrode vacuum valve as a re-
ceiver of damped oscillations we learned:

1. That as long as the filament is burning there is a flow of
direct current in the plate circuit and that this current being steady
gives no indication in the telephone receiver.

2. That the oscillating currents set up by passing waves place
alternate positive and negative charges on the grid, with the result
that the plate current rises and falls at the same frequency.
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This oscillating grid potential may be of very low value but
will cause a relatively strong oscillating plate current. If by any
means we can increase the oscillating grid potential there will be
a further increase in the plate current.

If this oscillating plate current, being of the same frequency
as the incoming current, could be impressed on the latter at the
proper time, the potentials on the grid would be amplified and con-
sequently a stronger plate current would flow.

In Fig. 99 is given a diagram of a circuit arranged so that part
of the energy of the plate circuit may be transferred back into the
secondary circuit for amplification of the grid potentials. The plate
current can only increase to a certain value for a given tube and
hence the degree of amplification is limited.

At the same time that this amplification is occurring local oscil-
lations are being generated in the vacuum valve circuits. To under-
stand the functioning of the vacuum valve as a generator, the fol-
lowing action must be taken into consideration.

While the filament is burning a steady plate current of about

four thousandth ampere is flowing through one of the coils of the.

coupling transformer (see Fig. 99). As long as.this current is
steady, no current will be induced into the secondary circuit by
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THE RECEIVING SET FOR UNDAMPED WAVES.

the action of the coupling transformer. [f, however, the voltage
of the plate circuit is changed for any reason, as by the opening
of a switch in the plate circuit, an e. m. {. (potential) will be set up
in the secondary circuit. Suppose this action places a positive poten-
tial on the grid, the result is that the plate current is increased. An
increased plate current will cause a further transfer of energy to
the secondary and a larger grid potential. This increase of plate
current finally ceases, and the voltage of the grid falls to zero. The
plate current then drops, placing a negative potential on the grid by
inductive action, with the result that there is a further decrease of
plate current. This decrease will eventually cease and the grid
charge will again fall to zero, resulting in a rise in the value of the
plate current. If this action is carefully studied, it can be clearly
seen that there is an oscillating rise and fall of the current in the
plate circuit, independent of the incoming oscillations.

The frequency of this generated current will depend on the
values of the inductance and capacity in the grid circuit.

The interaction of this local current with the incoming oscilla-
tions gives rise to a “beat” current as described in the discussion of

‘the “heterodyne.”

In Fig. 100c, the “beat” current is illustrated. It is seen to
consist 0f groups of increasing and decreasing amplitude. As the
amplitude of a group increases a negative charge is placed on the
grid, thus decreasing the plate current through the phones. A
decrease in the amplitude will allow this negative charge to disap-
pear and the plate current through-the telephone increases. This
increase or decrease of current through the phones occurs at an
audio frequency. Such an action as is explained is above called
“regeneration” or “reaction.”

As illustrated in Fig. 100a, b, ¢, the two currents interact
with each other and the addition and subtraction of amplitudes
produces the “beat” current. That is, when two positive amplitudes
occur at the same instant, the two will add together to form a large
amplitude of the beat current. The next two amplitudes, how-
ver, due to the difference in freqnecy may not occur sinwultaneously ;
therefore the resulting amplitude of “beat” current will be less. This
action continues, producing oscillations having a periodic variation
of amplitude.
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The processes of amplification, regeneration and detection are
all accomplished by the use of one vacuum tube.

In Fig. 99 1s shown a circuit in which these three processes
are accomplished.- In order that the student may have a clearer
understanding of the action taking place in such a circuit we will
consider the various instruments and their function.

The following insrtuments are employed :

The aerial.

o

The aerial tuning inductance.

The varieometer.

joN]

4. The receiving transformer.

5. The short wave condenser.

6. The ground connection.

7. The secondary loading coil.

9. The tickler coils (coupling transformer).
10. The grid condenser.

11, The grid leak resistance.

12, The vacuum tube.
13. The “A’ storage battery of 4 to 6 volts.
14.  The fillament rheostat.
15. The “B” flashlight or storage battery of 20 to 100 volts.
16.  The telephone receivers.
17. ‘Condenser in shunt to phones and battery.
18, The plate inductance.

This receiving set will respond to both damped and undamped
waves. There are many different ways of connecting instruments
for reception of undamped waves, but this may be considered a
standard method. The dimensions of the coils and condensers are

- dependent on the wavelength of the signals to be received. The
inductances may be either of the single or multiple layered types,
while the condensers if variable are usually the semicircular rotary
plate type, and if of fixeds capacity they are made of tinfoil with
mica or paper dielectric. The rotary variable condenser is described
and illustrated in the preceding instruction paper.
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Oscillations are induced in the aerial by passing waves if the
aerial circuit is properly tuned.

The aerial tuning inductance allows adjustment of the
aerial circuit to wavelengths greater than the natural wavelength
of the aerial circuit. It may consist of an insulating tube four to
seven inches in diameter and of the desired length wound with a
single layer of No. 20 insulated wire. The number of turns is
varied by means of a tap switch. ‘

The variometer is described and illustrated in Instruction
Paper No. 9. This device allows a minute variation of the induc-
tance. TFor instance, we may vary the inductance in steps by means
of the switch on the aerial tuning inductance, but to obtain a value
between steps we can use the variometer. This enables the set to
be tuned to exact resonance with the desired wavelengths. This is
specially desirable when receiving undamped waves which, having
no decrement, are very sharply tuned.

The receiving transformer transfers the energy of the in-
coming oscillations from the aerial circuit to the secondary circuit.
The variable coupling between the primary and secondary winding
enables the set to be tuned sharply to one wavelength, thus pre-
venting the reception of undesired waves.

The short wave variable condenser is connected in series
with the aerial and ground and is of the type shown in Fig. 84.
Tt enables the wavelength of the aerial circuit to be adjusted to a less
value than the natural wavelength of the aerial circuit.

The function of the ground has been fully explained in pre-
vious papers.

The secondary variable condenser of the same type as
shown in Fig. 84 is connected in shunt to the secondary of the re-
ceiving transformer and one of the coils of the coupling trans-
former. Its action has heen fully explained in preceding papers.

The secondary loading coil enables the secondary circuit
to be tuned to long wavelengths. It is connected in series with the
secondary winding of the receiving transformer.

The coupling transformer shown in Iig. 99, sometimes re-
ferred to as tickler coils, enables the two processes of amplification
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4

and regeneration to take place. It may consist of two single
layered coils, connected in series and arranged so that the coupling
may be varied. The middle point of the two coils being attached
to one side of the filament. In some sets these two coils are of
the multi-layered type, the coupling being varied by changing their
relative positions.

The function of the tickler coils is, first to transfer part of the
energy of the oscillating plate current set up by the incoming oscil-
lations back into the grid circuit, thus producing amplification;
and second, to enable the tube to generate oscillations of high fre-
quency.

The function of grid condenser in this circuit is to produce
an audio frequency variation of the plate current through the
phones by storing up the negative charge of the rectified beat cur-
rents.

The grid leak resistance placed about the grid condenser
allows the negative charges stored up in the grid condenser by
the rectifying action of the bulb to leak off after the passage of a
train of oscillations. If allowed to remain this negative charge
may neutralize the effect of the positive charges placed on the grid.
The resistance may be very high, ranging from several hundred
thousand to five million ohms, depending upon the apparatus in
the circuit, -

A simple grid leak may be made by drawing a line in India
ink Detween two points on a piece of paper, and then mounting the
piece of paper in such manner that binding posts through a piece
of hard rubber will make connection with the ends of the India
ink line. The line of India ink has a very high resistance and will
not allow the condenser to discharge as fast as it is charged, but
is low enough to allow a sufficient leakage to prevent paralyzing
of the bulb.

The vacuum tube has been described and explained quite
fully. It consists of an evacuated glass bulb having a tungsten fila-
ment, a coil or perforated plate called a grid and a cylinder or
plate of metal called the plate. The grid is placed between the
filament and the plate. Tt is made in a number of different styles.
A modern type of bulb is shown in Fig. 95.
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The “A” storage battery or filament battery has a potential
of 4 to 6 volts. It is used for lighting the filament.

The filament rheostat is employed in regulating the bril-
liancy of the filament. If the filament brilliancy is increased, more
electrons will be thrown off. The rheostat is, therefore, a means
of regulating the plate current.

The “B” battery of 20 to 200 volts is connected in the plate
circuit. It may be of either the storage or flashlight type. This
battery supplies the current which flows through the phone circuit.
The increase or reduction of the current at an audio frequency gives
signals in the telephones. The positive side of the battery is
attached to the plate. The potential is varied by means of either
a switch or rheostat.

The telephone receivers are connected in the plate circuit
in series with the “B” battery. The resistance of the telephones,
if of the magnetic type, is usually 1,500 to 3,000 ohms to each case.
Telephone receivers used for wireless reception are of the double
watch case style, having a band which fits over the head.

In Fig. 99 is shown an inductance connected in the plate cir-
cuit. This coil allows the plate circuit to be tuned to approxi-
mate resonance with the grid circuit.

The condenser shunted about the phones and high voltage
battery acts as a by-pass for the high frequency oscillations in the
plate current. That is, due to the impedance (resisttance plus
reactance) of the magnet coils in the telephone receivers, consider-
able resistarice is offered to these currents; but by placing a con-
denser in shunt, a low resistance path is provided. (Alternating
or oscillating currents may pass through a condenser but direct
current cannot.)

The Cascade Amplifier: In the discussion of the regen-
erative vacuum valve we mentioned the fact that in the circuit of
Fig. 99 amplification occurred. The amplification or strengthening
of the currents flowing in a receiving circuit may be also brought
about by what is termed the cascade amplifier.

The cascade amplifier is an arrangement of a number of
vacuum valve circuits by which the plate current of the first flows
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into the grid circuit of the second, and the plate current of the
second into the grid circuit of the third until all the valves are
connected. As many as eight vacuum tubes have heen so connected.

In Fig. 101 is shown a diagram of the connection of an ampli-
fier. In place of the phones in the plate circuit of the first tube a
condenser is connected. The terminals of the primary of a trans-
former are connected to the two terminals of the condenser, while
the secondary terminals are attached to a second variable condenser
across the grid and filament of the second valve, All the valves
are connected in this manner. The transeformer connecting the
tubes may De either of the air core or the iron core type. If an
air core transformer is employed, radio frequency (above 10,000
per second) oscillations will be transferred to the second valve,
while the iron core type will transfer an audio frequency current
to the second value. In the place of the transformer a resistance or
reactance may Dbe connected and will serve the same purpose. A
two-step amplifier, such as is illustrated in Fig. 102, if properly
designed, will amplify signals to 10,000 times that from the detector
itself,

Constructional Details: In the various diagrams or hook-
ups there are coils such as loading inductances, the primary and
secondary coils of the receiving transformer, the plate inductance,
the two coils of the coupling transformer, and coils of the ampli-
fying transformer. For many years inductances employed in the
radio receiving circuits were of the single layered type, the insu-
lated wire being wound on cylindrical tubes of cardboard, hard
rubber or other insulating material. In some cases the coils were
of large size and of inconvenient length. In recent years many new
developments in the design of inductance coils have been made.
Multi-layered coils of small dimensions, having the same value of
inductance as the former large coils, are now found in receiving
apparatus. The disadvantages of the simple multi-layered coil is that
it has a large value of capacity. This is, two adjacent layers will
form a condenser. This capacity effect is undesirable in inductance
coils and its elimination is very essential. TIn efforts to reduce the
“inherent capacity,” as it is called, various types of windings have
been devised.

It is impossible to construct coils with a zero capacity, but it
1s possible to eliminate a considerable percentage of the capacity.
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The effect of capacity in a coil is identical to the effect produced
on a coil by placing a condenser in shunt to it. The presence of
this capacity complicates the design of a receiver, it has undesirable
effects on the operation of the set, and tends to increase the self-
inductance of the coil itself at different frequencies. Various meth-

Fig. 102. The two step
amplifier.

Courtesy of

The DeForest Radio Telegraph &
Telephone Co.

ods of winding the wire in the multi-layered coil have been employed
for the purpose of partially eliminating this capacity.

In Fig. 103 is illustrated a method called “bank winding.”
The first turn of wire is considered as being marked (1), the second
(2) and so on, as shown in the figure. In this method the first
and last turns are separated a considerable distance, while in the
old method of winding, in which one layer of wire is wound on
the other, there is a considerable voltage between turns of different
layers. This can be readily understood if we consider that the volt-
age induced in a coil is dependent upon the number of turns. An-
other method of winding coils is to separate the different layers by
strips of insulating material. This increases the distance between
layers and thus reduces the capacity of the coil.

A method recently developed by a private manufacturing com-
pany employs a peculiar type of winding, in which the turns of
one layer are wound at an angle to the turns of another layer.
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Irrespective of what type of coil employed, the unused
turns of the coil affect the operation of the receiving set. A device
called a “dead end” switch is sometimes employed which discon-
nects from the circuit all turns not actually needed. This prevents
the inductance and capacity of the unused turns from interfering
with the action of the circuit.

No iron cores are employed in radio frequency circuits. If
iron is present, there will be much loss of energy, due to eddy cur-
rents in the iron,

The reactance effect of a coil having an iron core is also much
greater than when no iron is employed. The audio frequency trans-
former, sometimes employed to transfer energy from one vacuum
valve circuit to another in the cascade amplifier, has an iron core.

Radio frequency currents differ from direct currents and low
frequency currents in that they have a tendency to travel on the
outer surface of a conductor. The reason for this is that when a
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current flow is set up in a conductor, it takes a longer time for the
current to reach its steady value at the center of the wire than
it does at the outer edges. It can be seen that if the current reverses
rapidly as radio frequency currents do, sufficient time will not be
given for the current to reach its maximum value at the center of
the wire before it reverses. This non-uniform distribution of cur-
rent is termed the “skin e¢ffect,” and due to the .electricity being
confined #o the outer layers the resistance effect.in a wire is greater
than if employed for carrying direct current. There would be a
large waste of metal if wires were made large enough to supply a
sufficient surface area to carry a ‘high frequency current without
loss, and for that reason tubular conductors, stranded wire, and
brass or copper strips are usually employed to carry high frequency
currents. '

In receiver circuits, a conductor made up of a number of
strands of small insulated wire is very commonly used, and is called
Litzendraht wire. As many as 48 strands of No. 38 wire are com-
bined to form a single conductor in one standard form of high fre-
qitency cable.

The Loop Aerial Receiver: In the instruction paper on
aerials the loop or closed coil aerial was described. This aerial is
especially adapted to long undamped wave reception and for direc-
tion finders. This aerial, as installed for the reception of undamped
wave signals, usually consists of a rectangular coil of wire. This
closed coil or loop is connected as in Fig. 104 with a condenser
across its terminals. This condenser is of the rotary variable type,
and in the majority of sets does not exceed .001 microfarad capacity.

The detector and telephones are connected to the terminals of
the variable condenser. All the tuning of this type of circuit is
made by adjustment of the variable condenser.

For a wavelength of 2,500 meters about 960 feet of wire may
he wound on a frame 6 to 10 feet square. DBy connecting cascade
amplifiers or regenerative hookups in conjunction with a loop aerial
transatlantic signals have been copied in the United States.

This method of receiving has the advantage of simplicity and
compactness, but requires more sensitive detecting apparatus than
does the ordinary receiving circuit.
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QUESTIONS
Theory Lesson No. 10

These questions should be answered in ink on the standard
letter size sheet of paper (eight and a half by eleven inches).

The student’s name and initials, address and his class number
must appear at the top of each sheet.

The questions should not he written out, but the number written
down and the answer written immediately after it.

The student must not copy his answers word for word from
the paper, but above all things be fair with himself.

206. Define undamped waves.
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