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PREFACE TO THE SIXTH EDITION

rj[‘HE aim of the Handbook of Technical Instruction for
Wireless Telegraphists is to provide simple instruction
for sea-going operators and others in the general
principles and practice of marine wireless communieation,
illustrated by apparatus developed by British wireless
companies. The Handbook provides a complete theoretical
course for the P.M.G. certificate.

This work was first published in 1918 under the authorship
of Mr. J. C. Hawkhead to meet the needs of sea-going
opcrators for a textbook on spark and magnetic detector
communication. The present author undertook its revision
in 1915 and at intervals since, as the art of marine wireless
communication progressed, has produced further editions
when necessary to keep pace with the frequent changes in
design and technique.

The Handbook associates a complete course in the theory

ol wircless communication as applied to the service of ships,
with comprehensive deseriptions ol the latest designs ol
wircless transmitters and receivers actually installed and
operated at seca. In this respect it is the only work of its
kind, as rapid progress in design renders apparatus quickly
obsolete, and this fact has discouraged other authors from
including many examples of commercial apparatus in their
mstructional literature.
. However, although this disability exists, when once a set
Is installed on a ship it may be years before it is replaced by
another. During this period of years it may come under the
charge of several operators, so that the descriptions given
temain of practical use for a considerable time, especially if
they are typical of a particular trend in design.

In the present edition there has been a rearrangement of
pllzll)ters. With the exception of a few examples retained to
llustrate principles of working, all apparatus described is in
actual use afloat.
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Trawler apparatus is dealt with as a separatc subject.
Depth sounding has a chapter to itself. The Audio Relay
Service which broadcasts the ship’s band performance and
ship’s information throughout the vessel has also been allotted
a separate chapter. The remarkable developments in valve
and receiver circuit technique, in which the marine receiver
now participates to the same extent as the broadcast receiver,
are fully described. There is more information about short
wave working. Details of transmitters which employ
telephony are to be found associated with telegraphy sets,
as in the general casc there is no strict division of function,
both forms of transmitter being employed for navigational
purposes.

The author desires to record herc the material help he has
received from Mr. L. E. Q. Walker in all scctions of the work
of revision, and in the preparation of the new chapters for
this edition, to whom he tenders his grateful thanks; he
desires to make special acknowledgment to Dr. S. H. Long
for much useful advice in the revision of the chapters dealing
with Marconi apparatus, to Mr. N. P. Hinton for information
on the depth sounding equipment, and to Mr. W. Legg for
his helpful recommendations in the revision of those sections
of the work concerned with Siemens apparatus.

The book owes much of its general interest to the wealth
of photographs, circuit diagrams and other information
placed at the disposal of the author by Messrs. Marconi’s
Wireless Telegraph Co. Ltd., Messrs. Siemens Bros., Radio
Communications Co. Ltd., British Wireless Marine Service,
and the Marconi Sounding Device Co. Ltd. For the kind
assistance given by these organisations he expresses his

warmest thanks.
&‘@M

Chelmsford, 1939
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Handbook of Technical Instruction
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CHAPTER 1
THE ELECTRIC CHARGE AND THE CONDENSER

Frictional Electricity

“EVERAL hundred years ago it was discovered that a piece
,S of amber rubbed with silk acquired temporarily the
power of attracting certain light bodies, such as small pieces
of paper, feathers, straws, ete.

Other substances when rubbed together were found to be
similarly affected. Such bodies were then said to be “ elec-
trified ” or charged with electricity, the word * electricity ”
being derived from the Greek work elektron,” meaning amber.

Positive and Negative Charges

Both the rubbing substance and the substance rubbed become
charged, and il part of the charge of one of them is given by
contact to a third body, such as a pith ball suspended by a silk
thread, it can be shown that the two original charges are different
in character, as this third body is attracted in one case and repelled
n the other.

One of the substances is said to have a
the other a ““ positive ”’ charge.

The Electron

f We now know that all substances contain a number of in-
t?ltely small bodies called ‘ electrons,” and these bodies all have
i:i(slame value of negative charge which cannot be further sub-
EfeE ed. The electron is, in fact, the ultimate unit of negative
o }}“lClty. Under certain conditions, such as by {riction, some
. StffSe electrons can be detached from a gu})stance, .and the
y Lul‘(;ie then shows the characteristics of positive electrification.
all itOI cr that a snbst‘ar_lce should show no electrification at
. e,c g must possess a sufficient number of these detachable or free
rons to balance and neutralize the effect of all the positive

1 1

3 »

‘negative ”’ charge,
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charges in the body. The positive charges reside in the atoms
of all substances, and cannot be separated from the atoms.

If the number of electrons is increased beyond the value required
to neutralize a body, the body is thereby given a ‘‘ negative >
charge which is denoted by the sign (—); if the number of
electrons is diminished, the positive charge predominates, and
the body is said to have been given a ‘ positive > charge, denoted
by the sign (+).

Electrification by friction consists in the transference of elec-
trons from one of the substances rubbed, which thereby becomes
positive, to the other substance, which becomes negative.

Conductors and Insulators

All substances can be divided into two classes :

1. *“ Conductors ”’ in which the free electrons are able to
move about without much difficulty, and

2. ““non-conductors,” or “insulators’ in which the elec-
trons constituting a negative charge are not casily able to
move away from the part of the surface where the charge has
been deposited, nor are electrons in the neutral part of the
body able to pass to that part which has become positively
clectrified owing to the removal of electrons.

When two bodies are electrified by rubbing, the negative
charge is separated from the positive charge on one and trans-
ferred to the other by direct contact, the two bodies usually
employed for this purpose being both non-conductors so that the
charges remain on the parts of the surface which have been
rubbed, and there is no leakage due to the bodies having been
handled. ’

A non-conductor becomes an insulator when it is used to
support a conductor in order to isolate a charge given to the
conductor.

Unlike charges attract each other, and like charges repel.
The portions of charge of similar sign on a conductor will there-
fore also repel each other, and the charge will be distributed all
over the surface of the conductor, and there will be no charge
below the surface.

In order that a conductor may show that it receives a charge
when it is rubbed, it must be held by an insulating handle to
prevent the charge disappearing, owing to an inflow or outllow
of electrons from or to earth through the body of the experi-
menter, which is also a conductor, as this would bring the con-
ductor to the same electrical condition as the earth, the earth
being the practical standard of neutral clectrification.

The Gold Leaf Electroscope

The measurement of electrification or electric charge can be
conveniently arranged by applying the two principles mentioned
above. In fig. 1, a metal rod fitted in the head of a bell-jar
supports at the bottom two strips of gold leaf.

2
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a charged pith ball is made to touch the metal knob at the
of the rod, the charge conveyed to the rod-—which is in-
O] ted by the glass jar support—distributes itself all over the
Sudaand over the gold leaves. . )

19 As the charge on one of the gold leaves is of the same kind
s the charge on the other, there will be mutual repulsion between
{t]hem, and as the leaves are very
light, the charges are ablg to
move the leaves apart. They
Jiverge, and as they are pro-
tected from air movements by
the glass jar, the amount of their
divergence can be shown to be a
measure of the strength of the
charge, and is accordingly used ? .
for this purpose.

Il

—METAL ROD

GLASS TUBE
<———WOODEN PLUG
7

GLASS

\ |~ VESSEL

Static Electricity and Electro-
statics

The electric charges generated
by friction are stationary or L-GOLD LEAVES
‘““static ”’ in character with re-
|

gard to the bodies on which

they are generated, and the laws

governing their behaviour com- -

prise the science of ‘¢ electro- F16.1. The Gold Leaf Iilectroscope.

statics.” '
The charge exercises an influence throughout the surrounding

?ipace, and this sphere of influence is called * the electrostatic
eld.”

Electric Induction

When a charged body is brought near an insulated conductor,
the conductor becomes charged without direct contact with the
charged body, due to the influence of this electrostatic field.

t is then said to be charged by * electric induction.” The
two induced charges remain on the conductor, but they separate,
the charge of unlike sign piling up on that part of the surface
nearest to the exciting body, and the charge of like sign piling
P on the surface furthest away [rom the exciting body.

But both induced charges remain on the body, and when
the exciting charge is taken away from the conductor, or is dis-
charged by allowing it to leak away to the earth, these two
charges once more combine, and the conductor again becomes
heutral,

In order, therefore, to give a permanent charge by induction
0 a conductor, means must be provided for allowing the charge
of the same sign as that on the exciting body to leak away to
€arth before the exciting body is removed, and the following
foutine must therefore be carried out.

3
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(a) The exciting body is brought near the insulated
conductor, when the two charges on the conductor separate.

(b) The conductor is then earthed, when the charge of
the same sign as that on the exciting body leaks away.

(¢) The connection to the earth is then removed. when the
charge of opposite sign to that of the exciting body flows all
over the conductor.

(d) The exciting body is now removed, when the insulated
conductor will be found to have retained its charge.

Now suppose the exciting body is also an insulated conductor,
and it is not removed from the neighbourhood of the insulated
conductor in which it has induced an equal and opposite charge,
but is assembled with it to form a single unit, the plates being
separated by an airspace.

Dielectrics

As the air in this space is an insulator, the positive charges
on the one plate cannot jump across and unite with the negative
charges on the other plate, but these two groups of charges are
straining to get to cach other and the air in the intervening
space, which is subjected to the electrostatic field associated
with these charges, cxperiences the effect of an electric strain.

Its function in this case, therefore, is something more than
that of a simple insulator, it transmits clectric force by induction,
and therefore it is called ““ a diclectric.”

The Condenser

The complete assembly of two conductors separated by a
dielectric is called *“a condenser.”

The diclectric is usually of very small thickness, and the
conductors present large surfaces to the dielectric. In place of
air, the dielectric may be glass or mica, or any gaseous, liquid,
or solid non-conducting material.

The conductors may be solid metal plates, or metal foil. If
foil is used with a solid dielectric, it is made to adhere to the
dielectric, in which case the conducting surfaces are relerred
to as the ** coatings ” of the condenser.

The Leyden Jar

Onc of the earliest forms of condenser is the Leyden Jar.
This consists of a flint glass jar coated for about one third of its
height on its inner and outer surfaces with tinfoil (fig. 2). The
mouth of the jar is fitted with a wooden stopper, through which
passes a conducting rod, with chain or contact springs at its end,
to make connection with the inner coating. The external end
of this rod is usually fitted with a brass ball, or terminal.

The condenser provides a means of storing up electrical energy,
as when once charged, it will retain its charge so long as the
insulation between the two coatings remains etfective.

4
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To discharge the condenser, the two coatings must be brought
to metallic contact, or they must both be connected to earth.
Stored energy is potential energy, and the amount of potential
clectrical energy which can be given to a condenser depends
srimarily on the nature of the dielectric. ‘
! That this must be so follows from what has already been said.
The positive electrification is spread over the whole of the inside
surface of one coating as evenly and as widely apart as the
mutual repulsion of the individual positive charges can bring
about, and there is no electrifi-
cation within the thickness of Q
the coating. ] )

Similarly, the negative electri- -
fication is spread all over the g
inside surface of the other coat-
ing, and there is no electrification
in the thickness of this coating
also.

But the clectrostatic field as-
sociated with each positive and
negative charge extends from

n

~CONDUGTING ROD

FLINT
GLASS JAR

INNER TINFOIL
COATING

the positive charges on one face oyrer
of the diclectric through the T COATING
thickness of the material to the

i | __SPRING
ncgative charges on the other S SPRING

face, and this field tends to pull
the two groups of charges together
so that the dielectric material IS §. 2. The Leyden Jar Condenser.
under clectric strain.

In fact, it is the dielectric which holds the charge.

This can be demonstrated by employing a Leyden Jar with
removable coatings. If by means of insulated tools it is taken
apart, and the dielectric is placed temporarily on a sheet of
glass or other insulating material, the two coatings can be shown
by a pith ball test to possess little or no charge. The coatings
can also be brought in contact, when, should there be any minute
charge on them, it would be ncutralized.

. Onscarefully reassembling the condenser, once more employing
msulated tools for this purpose, and on again testing for electric
charge by Dith ball, or better still, by gold leaf clectroscope, the
condenser will be found to have retained practically the same
amount of charge as before, the dilference being due to losses
El(:;?“gh leakage which are unavoidable in carrying out such a

o The charge, therefore, resides in the dielectric, to which it
. iilnff:l‘lorcd by the electrostatic field, and on the coatings whereon
H § Iree to move, the coatings having the function of conveying

'€ charge to the dielectric, and on discharge, of collecting it

again from the diclectric.
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Relation between Quantity, Capacity and Voltage

As the condenser is a storage vessel, it has similar properties
to other storage vessels, such as that possessed by a tank for the
storage of water. The tank storage, for instance, at any par-
ticular moment, is a specific quantity which may be denoted by
the symbol Q, and the quantity in this case is measured in
gallons. This quantity can also be expressed as the product of
two factors :

(a) The capacity of the tank per unit head of water,
that is per foot of depth, which we can indicate by the
symbol C, and

(b) The head of water in the tank in feet, which can be
indicated by the symbol V.

Then
(R =0,

There is also a certain limiting quantity Q, having a head V,
which if exceeded results in the tank overflowing.
Here

Ql == C Vlo
It will be noted that the term C remains constant, and that
the quantity varies with the head.

In a similar way an electric condenser, such as a Leyden Jar,
can be given a certain quantity, or charge of electricity Q,
measured in ¢ coulombs,” and this quantity can be found from
the product of the two factors:

(@) The capacity C of the condenser in * farads,” this
being the quantity of electricity required to raise the elec-
trical head, level, or potential of the condenser by one
practical unit, and

(b) The diflerence of electrical level, V, called the Potential
Difference of the two coatings of the condenser, the unit
being the ““ volt.”

Then _
Qeoulombs = Cfarads X Vooiss,

Condensers are usually rated to work at a certain voltage which
it is not safe to exceed, as to do so would involve the risk of the
charge spilling over, a spark occurring for instance from the
terminal of the Leyden Jar to the outer coating, or the con-
denser ‘* breaking-down,” by means of a spark puncturing the
glass. If this working voltage is V,, the safe charge Q, forthe
condenser is :
Ql = C X Vl-

Specific Inductive Capacity
It has been shown that the charge in the condenser resides
in the material of the dielectric as a field of electrostatic strain
linking the two oppositely charged surfaces. -
The capacity of the condenser therefore depends entirely on

6
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the dielectric, in the first place on its di'mensiops,‘ and in the
second place on the character of the n}atfzrlal, for it is reasonable
to cxpect that a material such as air interposed between two
& positely charged conduc’cors‘ would have a different effect
on the electrostatic field s’cre’cchlmg‘between these two gonductors
than would a sheet of glass, for instance, and this is actually
found to be the case. |

For the same difference of electrical level, V, between the
two conductors, the intensity of the elec’grostatlc field through
the glass is much greater than through air, and the condenser
with glass dielectric holds a greater charge and therefore has
o larger capacity than the condenser with air dielectric. In
order to compare different materials in this respect, air 1s fcaken
as the standard, and if we have two condensers of 51m11a1" dlmeq-
sions, but one has an air dielectric while the other has a diclectric
of some other substance, then the ratio of the capacity of this
last condenser to that of the air condenser gives a figure of -
comparison between air and the substance which is called the
“specific inductive capacity ”’ of the substance, or its
« Jielectric constant.” Thus, if glass is stated to have a specific
inductive capacity, or dielectric constant of six, we ‘understand
therefrom that the capacity of a condenser in which glass is
used to separate the two plates is six times that of a condenser
having plates of the same area and the same distance between
them, but employing air as the separator. ) )

A table of specific inductive capacities for various materials
is given below:

Air 1.000 Paraffin wax 2 to 2.3
Ebonite 2.7t0 2.9 Porcelain 4.4 to 6.8
Flint glass 7 to 10 Quartz 4.5

Mica 57to7 Paraflin oil 4.6 to 4.8

Dielectric Strength

There is another important property possessed by materials
used as diclectrics in condensers and as insulators, that of “ di-
clectrie strength ” or the ability to resist breakdown under electric
stress. Tt is influenced considerably by the length of time the
stress is applied, by the character of the electric field as deter-
nined by the shape of the conductors by means of which the
charge is applied, and other factors which will be discussed more
fully’in a later chapter.



I}

HANDBOOK OF TECIINICAL INSTRUCTION

CHAPTER 11
THE CONDENSER IN PRACTICE

Capacity of a Conductor

S a charge can be imparted to a single conductor, the
conductor is said to have capacity. In this case the
electrostatic field stretehes between the conductor and the carth
__which includes all neighbouring conducting bodies—and the
combination of conductor, surrounding air, and carth forms an air
condenser.

Spring Analogy of a Condenser

One way of explaining the action of a condenser is to compare
Rt it to a spring, as the equation
which shows the relation be-
tween the electrical displacement
and the electric force causing it in
the one case is similar to the
equation which shows the re-
lation between the mechanical
displacement and the mechanical
forece applied in the other.

Fig. 8 shows a spring carrying
a pan at its lower end, attached
to a horizontal beam at its upper
end. If a weight of one pound
be placed in the pan, the spring
will stretch through a distance
which we will call Y. It is found
that this distance is exactly proportional to the foree applicd,
that is to say, if two pounds are placed in the pan, the spring
stretches twice the distance that it does with onec pound. Y
is called the yield constant of the spring.

Now this yield constant, or the compliance of the spring per unit
load, is comparable to the capacity C of a condenser, which is the
strain imposed on the dielectric per unit of electric force applied,
the mechanical force F corresponds to the electric foree V, and
the linear displacement of the spring S is equivalent to the total
clectric displacement in the dielectric of the condenser, Q; and
the equation S=Y X F has the same form as that for the charge
in a condenser, namely Q= CXV.

8
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Fig.3. Spring Analogy of a Condenser.
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Capacity of a Plate Condenser

When the distance between the two plates of a condenser is
small compared with the linear dimensions of the plates,

;'tzrgapacity can be caleulated from the formula
Ax K
C = 2=
47d
where C = capacity in cms.

A = area of plate in sq. cms.

K = dielectric constant.

d — distance between the plates in cms.
The capacity in this case is much too small to be stated in practical
units, that 1s in farads, or even in microfarads, and smaller units
pased on the electrostatic system of measurement are therelore
employed.

To reduce electrostatic units to practical units, the capacity
i centimetres is divided by 900,000, which then gives the value
in microfarads.

When the distance between the plates is not very small com-
pared with the other linear dimensions, the electrostatic field
[rom the edges of the plates increases the capacity above that
given by the formula.

In the case of an air condenser K=1, as the dielectric constant
of air is taken as standard.

Condensers Arranged in Parallel

A larger capacity than that given by onc condenser such as a
Leyden Jar may be required. Then several such jars ma be
employed connected in parallel. All the inside coatings are
metallically joined together and so are the outside coatings.
Then if C,, C,, Cs, and C, are individual capacities of the jars,
and C is the resultant capacity,

| C=C1+C2+C3+C4-
I the thickness of the dielectric is the same in each case, adding
condensers in parallel is equivalent to increasing the area of the
plate surface without altering the thickness of the dielectric.

Condensers Arranged in Series

‘ A smaller capacity than that given by one condenser, such as
@ Leyden Jar may often be required. Then several such jars
May be employed connected in series, or what is sometimes called

n cascade.”

}lus is carried out as illustrated in fig. 4.

The outer coating of the first jar is connccted to the inner
Coating of the second, and so on throughout the series. All
inle Jars except the last have their outer coatings as well as their
. ler coatings insulated. The outer coating of the last jar is
Onhnected to earth.

N l_the areas of .the coatipgs are the same for all the jars, con-
ecting the jars in series is equivalent to adding the thickness

)
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of the dielectrics without altering the plate area, and the capacity
is reduced in proportion. The total capacity of the separate
capacities in scries is then found from the reciprocal rule
1 1 1 1 1
C =B 1 CrabCaints
This equation may be proved as follows : Suppose a charge
Q be given to the inner coating of the left-hand jar in fig. 4. This
charge Q attracts or induces a negative charge, which can be
written —Q, on the outer coating of the first jar, and repels a
charge 4+ Q to the inner coating of the second, and so on through-
out the system. Thus the charges of all the jars are the same.
Let the potential of the inner coating of the first jar be V,,
and the potentials of the successive inner coatings of the other

Eete—
|

|

Fie.4. Condensers Connected in Series.

jarsbe V,, Vo, Vi oo . Va, and let the capacities of the respective
jars be C,, C,, C;,. .. .Ca.

If Q is the number of coulombs displaced through a condenser
when the potential difference between the plates is one volt, we
shall have V times that displacement when V volts are applied.

Thercfore the quantity in coulombs is equal to the product
of the capacity and the voltage to which the condenser has been
raised by a charge, or

Q = CV.

From this equation we obtain a series of similar equations in
connection with the cascade arrangemnent.

The potential of the first jar is equal to the difference of potential
between its inner coating and the inner coating of the second jar,
because the latter is connected to the outer coating of the first.

Therefore, because

Q=0C (Vl - Vz)

Vi Vo =¢

10
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nd in a similar way

(Ve V)=
(Vo — O) =(%

the latter potentia]_bging obtained because the potential of the
outer jar is zero, as it is earth connected.

The sum of all the right-hand sides of these equations is equal
to the sum of all the left-hand sides. Adding them all together
then, we get 1

QR,Q,Q,Q, Q Q
Vo A LB e
1 S 5 Cz+C3+C4+C5"""""'Cn
1 1 1 1
. v, AL . 1
or = Qg s o)
But if C be the total capacity of the system
v, = %
Substituting the value of V, in the last equation we get
Q L e 1
5 = Q( P =
=W tn et e
Dividing each side by Q we finally get
c C1+ C2+C3+(_34 ...... .

which it was desired to prove.

Types of Condenser

It is often required to obtain
this 1o oL (;1: n a compact form of condensecr, and
1. By using a design which is equivalent t i
o empl
a r‘l)umber of condensers in parallel. 4 N
2. By employing where circumstances allow, a material
Thas qclekilctrzlc fwhlch has a high dielectric constant.
¢ standar g i i
LN type.l orm of small air condenser is an example of
t is made up of a number of i i i
. ! of interleaving vanes which a
arran. 1 1 1 o
(g 5g;t-3d in two groups, a terminal being provided for each group
Or];d]?scl; ncig}lllbouri(;lg pair og vanes with the air between them
small condenser, and the total capacity is pr ti
O,t}IO number of pairs of vanes. PR Sl DR
¢ standard form of mica cond i
- orm _ enser is an example of the
- Cgilidbtype. As indicated in fig. 6 sheets of mica takepthe place
maje etween the metal plates. In practice the plates, or foils,
- of'?s close contact as possible with the mica, and arrangements
en made to exclude air altogether.

11
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Two practical forms of mica condensers are illustrated in fig.
In the condenser on the right the copper foil plates are separated
by thin plates of mica and are clamped between two metal plates
by means of screws. The plate and dielectric system is dipped In

7.

I[N S (L
Trc. 5. Fixed Air Condenser (diagrammatic).  Frc. 6. Mica Condenser (dingrammadtic).
molten wax before mounting to exclude moisture and dirt. In
the left-hand type the condenser elements and mica plates are
held together by a spring steel clip, and are mounted in an ebonite
container, the interior of which is illed with wax and further
protected by a screwed on cover.

The Telephone Condenser

This has sheets of tinfoil as conductors, the alternate sheets
being separated from each other by a mica dielectric. The
condenser is divided into three parts, varying amounts being
placed in the circuit by means of brass plugs and sockets. A
sketch of the connections is shown in fig. 8.

Five brass blocks are disposed on the ebonite top of a teak
box as shown. Three condenser groups of .055, .11 and .22

Trg. 7. Marconi Clamped Mica Coudensers.

microfarads respectively, are fixed in paraflin wax in the wooden

box. One side of each group is connected to the block A, the

other sides being connected respectively to blocks marked 50,

100, and 200 respectively (Jars¥). Three brass plugs
% 1 Jar = g4y microfarads.

12
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are provided, by means of which any separate condenser, or
combination of condensers, may be joined across the terminals,
py plugging on to block B. Seven different values are thus
obtainable.  The capacity 1s large in comparison with the

A T m { M ]
O F OF
: 011 g
9n3‘§T mtd |t (a) (b)
116, 8. Telephone Condenser Plug Fig. 9. Variable Air Condcnser
Board. (diagrannatie).

outside dimensions of the instrument, because, as it has to stand
only low pressures, the distance between the conductors or the
thickness of the dielectric need only be small, thus allowing for
the placing of a large number of sheets providing a large area in
a small space. In old ship receiving installations, this condenser
was conneeted across the two telephone terminals.

Variable Air Condenser

The last example illustrated a method of varying the capacity
of a condenser by plugging in different sections. This mcthod
has its advantages, but it is an
adjustment by steps, it does not
provide a continuous adjustment
over the whole range of capacity ob-
tainable which is often called for.

The variable disc air condenser
does this. It possesses two sets of
semicireular vanes, one set fixed, the
other rotatable on a spindle. In the
position («) fig 9, when they do not
interleave, the capacity between the
ﬁxq(l vanes I, and the moving vanes
M is a minimum. When the con-
denser is charged, a stray field does
exist between the two groups of
vanes, but it is very small.

In the position (b) the moving
Vanes are in the position which gives
Naximum capacity.

A variable air condenser manufactured by the Marconiphone

Ompany is illustrated in fig. 10. This condenser possesscs many
Points in design which are typical of high-class condenser
construction. i

T'1g. 10. Marconiphone Variable Air
Condenser.
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The condenser has a maximum capacity value of .0005 mfd.
and a minimum value of approximately .00005 mfd. The end
supports for the vanes are made of pressed bakelite, the vanes
and the spacing washers, etc., are made from brass, and the two
turning dials from ebonite. The spacing of the vanes is
approximately 0.1 inch.

Contact is made to the rotor by means of two gold wires which
rub on a groove cut in the rotor spindle. The wires are kept at
constant tension with the shaft by means of a spring which pulls
their ends together. The ends of the wires are taken to a solder-
ing tab from which the connection from the rotor is taken. The
bottom end of the rotor shaft is supported by a cone-ended
serew which can be tightened to prevent any play in the shaft.
The top end of the rotor shaft is mounted in a bearing which can
be adjusted to give the correct spacing between the rotor vanes
and the stator vanes. The main condenser consists of nine moving
vanes and ten fixed vanes. In addition to this there is a sub-
sidiary condenser consisting of one fixed and one movable vane
which acts as a vernier condenser of fine adjustment to the main
condenser. The rotor of this vernicr condenser is actuated by
means of a shalt running down the centre of the main condenser
rotor shaft, and ending in the small turning knob shown at the
top of the main turning dial.

In the most simple type of variable condenser, the rotor and
stator vanes are semicircular in shape. This means that the
capacity of the condenser varies directly as the dial reading.

In some cases, however, this relation is not convenient, ‘and
other shapes of rotor vanes are made to give different relations.
Thus for some purposes the vanes are made in such a shape that
the capacity varies as the square of the dial reading, ete.

Variable Ebonite Disc Condenser

By employing double sets of vanes and ebonite dises instead
of alr, a variable condenser can been obtained which gives the
maximum capacity for its volume, and a maximum range of
capacity adjustment.

In the form in which it may still be found on some old Marconi
ship equipments, its dimensions are 4” diameter, 13" in height and
it gives a maximum capacity of 10,000 cms. The conductors
consist of two sets of interleaving zinc vanes, and, as alrcady
mentioned, the dielectric consists of a number of thin circular
sheets of cbonite. In each set, half the vanes are held in a fixed
position in the container whilst the other half are all capable of
being turned through 180° by the movement of an ebonite handle
mounted on the top of the cylindrical container.

Fig. 11 (a) (b) and (c) show the disposition of the movable
vanes with respect to the fixed vanes for capacities of minimum
value—which is very low—half the total value and the total
value respectively. T, and T, are the main terminals of the
condenser, the former being permanently connected to the
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movable vanes at V’; and to the fixed vanes at V,, while the
Jatter 18 connected to the movable vanes at V', and to the fixed
vanes at V.. In fig. 11 (a), it
is seen that both the movable
and fixed vanes connected to the
terminal Ty are in the right-
hand bank, and the movable
and fixed vanes connected to
the terminal T, are in the left-
hand bank. Thus the capacity
of the condenser in this position
is practically zervo, the elfect
across the opposing edges of the
vanes along the centre being
negligible. If the vanes V', and
V’, be moved together into the
position shown in fig. 11 ()
they interleave with the fixed
vanes connected to the opposite

terminals, the resulting effective /'Vfﬁ%\ }
capacity areas being shaded in 4 i} ‘Vﬁ’é,f;;/;’,%% V4
the figure. If the moving vanes 4 | Effoj’/}%’?%
be taken through another 90 / PRG )
degrees, as shown in fig. 11 \;—“ e t
(c), it is seen that the whole cWe 21 i | p
arcas of the vanes are active, X% s | /1
as those connected to one ter- (V&Q//ﬁ%'{ Vo .2
minal completely interleave with Jl’ e 3
those connected to the other. | W2 )

This, of course, means that the
condenser has a maximum capac-
ity, and it is easily seen that a
condenser of this type is con-
tinuously adjustable, so that
cxtremely small variations ol
capacity may be obtained.
brass contact piece, C, is
attached to the movable vanes
connected to the terminal T,, and
If the handle be turned a little
beyond the maximum capacity
Point, C makes contact with a
stop C,, which is permanently
Connected to the terminal T,
“hus shorting the condenser. One
ion ﬁthese condensers is shown Flg;)ih.ensl\;frcolr;liatzf:risilélef OEbon_irt;G_e ll)isc
lig. 12, To each of the ter- k R R
Sn,el;na; blocks i e half, and maximum capacity.
5751 o ﬁ)fed vanes ; and each standard B, supports at the top an
¢x which overhangs the scale, and at the base a flexible vertical
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brush which can be seen bearing on a brass contact strip S, that
connects to one set of moving vanes.

Between the two contact strips is a safety spark gap, G, having
a width of .01”7. The ebonite below and behind the gap is cut
away to incrcase the surface insulation. One only is shown in
the illustration ; thereis, however, a second diametrically opposite
to it. The gaps protect the sheets ol thin cbonite dielectric from
puncture when exposed to excess voltage. Carc should be taken
to keep them frce from dust, and no grit should be allowed to get
under the brush contacts. In the actual condenser illustrated

3074

ATENE WY 1OU0E .S 08
e "

Tig. 12. Marconi Variable Ebonite Disc Condenser.

B, Index and Brnsh Standirds, G, Protector Gap, 8. Movable
Tanes Contact Strips. 1. Terminals.

the short circuit is arranged by the brushes bridging the gaps G.
The stops C are simply serewed into Lhe ebonite ; they do not
connect to the moving vancs.

High Voltage Condensers

When a condenser is required to be charged to a high potential,
the insulating property of its diclectrie, or its diclectric strength
must be considered.

A piece ol glass placed in the elcctrostatic ficld extending in
air between two conductors, causes the lines of foree to concentrate
as they pass through the glass, the intensity of the field in the
air to that in the glass being in proportion to the dielectric con-
stants of the two materials. Although glass in this way appears to
offer an casier path for the electrostatic field it does not follow that
the glass will break down easier under the clectrostatic strain,
in fact, it is the dircet opposite ; less voltage is required to break
down a given thickness of air than an equal thickness of glass,
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and glass is therefore a better insulator than air, and more suitable
in this respect for a high voltage condensecr.

Mica again, is still more suitable than glass. The dielectric

strength of various substances are given in the table below :

TABLE OF APPROXIMATE DIELECTRIC STRENGTHS.
DIELECTRIC STRENGTII.

. SUBSTANCE. (V. per m.m.)
P-N40% 56 600000000600000 4,800
Celluloid ............ 22,500
Ebonite .............. 35,000
Rubben . v L. 5811 10,000 to 25,000
Mica) (B0 B TR 17,000 ,, 28,000
Porcelain ............ 16,350
Parallin wax.......... 8,100
Shellac .........oonn 10,000

Power Condensers

It may be required to subject a condenser to periodic high
voltage charge and discharge many times per second, when, in

Tre. 13. Marconi Glass P'late Power Condenser.

ﬂ(lglthn to the strain imposed on the diclectric by the high
g?‘tillt]al’ there is a strain due to the number of reversals of
s dg,e per second which generates heat. The heat is said to
ue to the dielectric hysteresis of the dielectric material.
cOncA)ndenser working under such conditions is called a power
e t'enser,, and it must be designed not only to resist the dis-
Ptive effect of the high voltage applied to it, but also the
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tendency to break down as a result of the heat generated in it
under working conditions.

If a large capacity is required to work at high voltage, the
condenser will take up considerable space.

As an example the condenser employed on an old type of
Marconi wireless installation to be found still on many ships may
here be described. It is contained in a lead-lined teak container,
and the dielectric is best flint glass (fig. 13).

The condenser is split into two separate banks, each bank being
carried in a zine cradle to facilitate its removal for purposes of
repair or adjustment. In each bank there are 85 sheets of zine
shaped as shown in fig. 14 and 86 sheets of glass. The zincs
are alternately arranged with the lugs as shown, a sheet of glass

BRASS BOLT
~

BRASS
WASHER

. GLASS
PLATE

&//>/;>/”

sl s

Fic. 14. Marconi Power Condenser Arrangement of Plates.

being placed between every two adjacent zines. It is thus seen
that 17 zines have one lug near the right-hand edge of the glass
plates, and 18 zincs have one lug near the left-hand edge of the
glass. The 17 plates are connected by means of brass bolts
supplied with washers, to keep the lugs in a rigid upright position.
The height of the brass bolts above the top edge of the glass
plates is fixed by means of small leather stools, not shown. The
18 plates are similarly connected together. Only 34 of the 36
glass plates are active, the remaining two being guard plates.
Each set of zines has two brass bolts, one through each set of
lugs, thus ensuring a perfectly rigid disposition between the glass
plates. Each bank is similarly built up and stands in its cradle
on a cork pad, being packed on the sides with paraffined, or oiled,
white wood. Small U-shaped copper strips are used to connect
the bolts of the two sets of 18 zines, the two cradles being so placed
in the container that the 18 zines of each are in line.

The lid of the container is fitted with four brass terminals, each

18

FOR WIRELESS TELEGRAPHISTS

« through heavy ebonite bushing. One of these terminals

Pa'ssgl;ked with a cypher and has no internal connection. Two
N -n]lﬁnals marked “ seventeen ’ are each connected to the middle
t‘?lone of the bolts connecting each set of seventeen zincs. The
?ourth terminal marked 86 is
connected to the middle of one

of the bolts connecting one set | o 17 0 17
of 18 plates.

The two parts of the condenser
may be very quickly placed
cither in parallel or series by
means of two brass connecting | gg 17 36 17
strips, each being drilled at one
end and slotted at the other.
When the two StriPs e parallel F1a. 15. Marconi Power Condenser
to each other, as in fig. 15 (a), Series-Parallel Strips.
the two halves of the condenser ) I
arc in parallel, as is seen from the conventlppal dra}vmg of the
condensers. When they are in a diagonal position, as in fig. 15 (b),
the two halves are connected in series. Since each half is exactly
similar to the other, the capacity of the parallel arrangement is
four times that of the series arrangement, because for parallel
capacities :

ta) by

C = Cl + Cl =3 2Cl
and for series capacities :

 FRLIT S L - C,
g0t Ve
The capacity of each half is about .0825 microfarad, so that
the capacity of the series arrangement is .0168 microfarad and
that of the parallel arrangement is .065 microfarad. !
The glass plates are {;,th of an inch thick, and each plate is
separately tested to stand a maximum voltage of at least 27,000
volts. The main terminals are the ones marked 0 and 17 on the
same bank. The condenser tank is filled with high flash insulating
oil which prevents brushing at the edges of the plates, and by
conveying some of the heat away from the glass, lowers its
temperature and therelore reduces the risk of breakdown.
Modern power condensers of all makes use either high grade
Indian ruby mica, pure oil, or air as the dielectric. VWhen mica
1s used the condenser is assembled under pressure in metal con-
tainers from which all the air has been rigorously excluded.
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CHAPTER III
DIRECT CURRENT AND OHM’S LAW

Static and Dynamic Electricity

O far we have considered the effect of an electric charge
b which is held in position on a conductor, or in a condenser,
and is therefore in the *‘ static ” state; but when the charge is
in movement, when it is in the act of charging the condenser,
or the condenser is discharging, or the charge is made to flow
along a conductor, an entirely different set of phenomena then
make their appearance. A continuous passage of such charges
along a conductor constitutes an ** electric current,” and this
is the form in which electricity is employed for ordinary land
telegraph purposes.

Electric Circuit

* Continuous current ”’ or *‘ direct current” is current elec-
tricity in its most simple state. It requires a complete
conducting path leading from and returning to the source of
electrical energy before the current can flow, and all the charges
in solid conductors move continuously in the same direction.
If a liquid conductor forms part of this path, there are move-
ments of positive charges in the liquid in one direction, and
movements of negative charges in the liquid in the other direc-
tion, as will be explained later, but in solids the only charges
which can move are electrons, and these are all negative.

The complete path taken by the current is called the ‘ circuit.”

Electric Quantity, Electric Current, and Potential Difference

When we have to deal with moving charges their raie of
movement becomes a matter of consequence, that is, the quantity
of electricity which moves past a given point in a standard time.
A quantity of one coulomb passing in one second constitutes
one ‘ ampere,” and the ampere has been made the practical unit
of current.

Before a current can flow in a closed circuit a difference of
electrical level or * potential difference,” indicated by the con-
traction *‘ P.D.” must exist, and this is measured in * volts.”
The difference of potential gives rise to a current which flows
through the circuit in order to equalize the potential at all points,
and the force which drives the current is called the * electro-
motive force ”* of the circuit or the ¢ E.M.F.” Its value is given
by the algebraic sum of all the potential differences in the circuit
and it is therefore measured in volts.
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jstance : :
Re;‘;e rate of flow of a stream of water is proportional to the

ovence of level of the source and the bed of the stream, but
d‘ﬂel] ssened the more the flow is restricted by the presence of
i lsld:rs and winding channels which wear down the current by
bour osing frictional resistance. ) ) T
mtIe pa similar manner the direct current in an electrical circuit
1 211(15 in the first place on the E.M.F., and in the second place
FCpel.sely on the electrical “ resistance  which absorbs energy
}?(‘,’m the circuit and dissipates it in the form of heat. y =

The unit of electrical resistance is the * ohm,” and is that
resistance which will a}low a current of one ampere to flow through
it when a potential difference o‘f one volt is established between
the beginning and end of the resistance. 'y

If a suitable machine is employed, the {rictional method ean
e used for generating a continuous current, bufc it is cl.lml).er-
some and it is not suitable for low voltage 10\&" resistance circuits.
A more simple method of E.M.F. generation will now be described.

A * direct current ’ requires :

1. A difference of potential between two points on a
conductor, one of the points being always above the potential
of the other, although the difference between them may not
be constant. _

2. A closed or re-entrant circuit, every part of which
conducts although the conductivity from section to section
may vary in degree and in character.

The Voltaic Cell

The simplest way to produce a difference of potential by an
EM.F. which is large enough to be easily detected is by
chemical action in what is known
as a * voltaic cell.”

In its primitive form this cell
consists of two plates of different
metals immersed in acidulated
water.

Thus, in fig. 16, A and BB are
plates of zinc and copper re-
Spectively, placed in the vessel,
C, which contains water to
Which a little sulphuric acid
has been added. .
be; copper wire, FI—copper Fic.16. A Simple Voltaic Cell,

éing a good conductor—con-
nects the tops of the plates together through an instrument, E,
Which is inserted in the circuit for the purpose of detecting the
Passage of a current. D is a key by means of which the circuit
(t:a“ be opened or closed. On pressing D, the indicator shows

hat 4 current flows through the circuit, and the action then
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observed in the cell itself is that bubbles of gas are given off at
the copper plate, and the zinc plate is gradually eaten away.
What actually happens in the cell itself will be explained in
a later chapter; it is sufficient for the present to state that
chemical action is always associated with the setting free of
electric charges from the molecules of the liquid, and as the
chemical action is much more violent with the zine than with
the copper, more charges are set free at the zinec than at the
copper. A difference of electrical level or difference of
potential is established between the two metals, and if the
plates are connected by a conductor outside the liquid, a flow
of electricity will take place through the conductor, tending to
equalize their potentials. '

Hydraulic Analogy of Electric Circuit

A hydraulic analogy is illustrated in fig. 17. In this case a
jar, J, containing water is connected by means of a rubber tube,
T, to the glass tube, G. When
the level of the water in the jar
and in the tube is the same no
water passes from the jar to the
tube.

If, however, the jar J, is
raised to a higher level, water
flows through the rubber tube
into the glass tube, G.

The action in the electrical
circuit is very similar. If the
plates, A and B, in the vessel,
C (fig. 16), are both of the same metal, whether zinc or copper,
they will have the same electrical level or potential and there
will be no passage of electricity when the key at D is pressed ;
but if one plate of each metal is used, the plates will have
different electrical levels or potentials, and a passage of electricity
is at once indicated.

The potential difference or electrical pressure between the
two plates corresponds to the difference of water pressure in
the two containers, J and G, due to their difference of level.

As the rubber tube offers a path for the passage of the water,
so the copper wire affords a path for the passage of eclectricity,
and a stopcock inserted in the rubber tubing would perform a
similar function to that performed by the key in the electrical circuit.

The less negative of the two metals in the cell, that is the
copper, is called the positive, and the part of the copper plate
outside the liquid is called the positive pole of the cell, the
negative pole being the corresponding part of the zinc plate.
When the two poles of the cell are connected by a conductor
such as a copper wire, the electrons on the zinc plate in excess
of those on the copper plate flow through the wire from the
zine to the copper, and so constitute an electric current.
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«his current will continue as long as chemical action in the
: ﬁid continues, and as long as there are more electrons set [rce
1qthe zine plate than at the copper plate the current will always
he in the same direction. It 1s qni-directional current“of.tﬂxis
character which s called * continuous current :: or ‘ direct
pul‘l‘eﬂt,” and is indicated by t.he contraction ¢ D.C.

Ve can link up the conception
of a current flow with the release
of a charge given to a condenser
1,y the aid of the following

analogy.

Hydraulic Analogy of Electric
Condenser

Fig. 18 shows a water circuit,
in which A is some form of
rotary pump, B is a chamber in D
the circuit, and CI) is an elastic
partition which is so fixed across Fie.18. Hydraulic Analogy of Electric
the chamber as to prevent the il
passage of water {from one side to the other.

If a foree be applied by means of the pump, the elastic parti-
tion will stretech and there will be a displacement of water through
the circuit, which depends on the amount of * compliance * in the
partition under the applied pressure. If the pressure be suffi-
ciently increased, the partition will break down and the water
will then circulate uninterruptedly. It is readily seen that the
strength of the partition, equivalent to dielectric strength,
depends on the material and on its thickness, and the amount
of displacement equivalent to electric charge, depends on the
material and on its area.

In fig. 19 an electrical circuit is shown in which a condenser,
C, consisting of two metal plates separated {rom each other by
- means of a sheet of glass, is con-
‘ nected through a current indi-

JIC= cator I, to a source of current, B,

which may be applied or cut off

8 by means ol a key, K. Before

‘ s the circuit is closed, the indi-

i L W " J cator needle shows no deflection.

On closing the circuit, however,

Y619, © TG " a kick of the needle indicates the
- 19, Condenser Circuit and Iydraulie .

Analogy. passage of a quantity of elec-

tricity, which it has been stated

“cpends on the pressure applied and on the capacity of the con-

enser, which latter in turn depends on its area, dielectric

‘Onstant, and the distance between the two plates.

I the pressure is increased beyond a certain point the dielec-

'lic will be pierced by a spark, and the condenser will break

“own and a current will flow. The dielectric thus corresponds

23




IIANDBOOK OF TECHNICAL INSTRUCTION

to the elastic partition in the water circuit. Again, il the circuit
be made and then broken, at the same time affording a circuit
for a condenser discharge through the wire, W, shown in the
diagram, the indicator needle gives another kick, becausc a
reverse current due to the dilference of potential between the
two plates now takes place through the circuit. In the case of
the water circuit, if the force applied to the elastic partition
ceases to act, the energy stored up in the stretched elastic forces
a flow of water in the opposite direction to the original displace-
ment, and equal to it in quantity, and thus the analogy to a
condenser is complete.

Relation between Current, Potential Difference, and Resistance

Now that we have seen how electricity may be set in motion
it becomes necessary to examine the conditions which decide
its utility from a practical point of view.

That is to say, we must study the relationships which exist
between Current, Potential Dillerence, and Resistance, and
the application of the units by which these dimensions are
measured.

A reference to fig. 17, will help us to understand these relation-
ships. The higher the jar J is raised with respect to the tube
G, the greater will be the amount of water transferred to the
latter in a given time, as the pressure which causes the water to
flow is determined by the dilference of level.

If now the rubber tube T be removed, and another one of
much smaller diameter be substituted, a less volume of water
would pass through it in a given time than would pass through
the original tube. If this tube were then filled with sand an
even smaller quantity of water would pass in the same time.
It is thus seen that the dimensions of the path through which
the water flows and the obstruction encountered alfect the volume
of the water which passes in a given time.

If we turn to the electrical circuit shown in fig. 16, we find a
similar state of affairs. The instrument E is capablc of giving
us an idea of the amount of electricity flowing in the circuit, a
large dellection of the needle indicating the passage of a greater
quantity than that indicated by a small deflection.

We find by experiment that if the wires FI' are replaced by
extremely fine wires of the same material, a much smaller de-
flection of the needle results. The quality in virtue of which
the wire effects the passage of electricity is known as its resistance,
and we find that under steady current conditions the amount of
current varies inversely as this resistance.

We understand by this that if the resistance be doubled, the
current will be halved, or that if the resistance be halved, the
current will be doubled.

Again, if by some means we can increase the difference of
pptentlal between A and B, we find the current is increased in
direct ratio, which is to say, that when the difference of potential
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bled, the current becomes doubled, and if the difference

js dou ntial is halved, the current becomes halved.

of pote
Ohm’s Law

From these two relationships a law known as “ Ohm’s Law ”

named after a distinguished German physicist—has been

ulated, Viz': P e
fOI;{‘I}lle Current is equal to Electrical Pressure divided by
Resistance. If the letter I be used to reprcsent current, E to
represent pressure or electro-motive force, and R to represent
resistance, this law can be written thus:
E

I=I—{

Now the ampere is the practical unit of current, the volt i§ the
practical unit of E.M.T., and the ohm is the practical unit of
resistance. Therefore, in any circuit where two of these quanti-
ties are known, it is easy to calculate the third. The relationship
existing between these units may be expressed as follows :
In a circuit of one ohm resistance, a pressure of one volt
will force a current through the circuit of one ampere.

Relation of Resistance to Physical Properties of Conductors

Now the resistance of any conductor depends on its size and
on the particular material of which it is made.

Just as the internal diameter of a water-pipe determines its
capacity for conducting a flow of water, so the cross-sectional
area of a conducting wire determines its resistance to the passage
of a current of electricity. That is to say, the thicker the wire,
the less will be its resistance. A wirc of a certain cross-sectional
arca will have half the resistance of a wire of half this area.

Just as greater force is required to send water through a long
Pipe than is required to send it through a shorter one, so greater
pressure is required to send electricity through a long conductor
than through a short one. A wire three miles long has three
times the resistance of a similar wire only one mile in length.

Again, if two wires are taken of the same length and cross-
Scctional area but of different materials, they are found to have
a different resistance. The resistance of a unit centimetre cube
of any material is called its * specific resistance.”

€ can sum up the above observations as follows :

1. Resistance is inversely proportional to cross-sectional
area,

2. Resistance is directly proportional to length. _

3. Resistance is directly proportional to the specific
resistance.

Therefpre resistance equals specific resistance multiplied by
Ngth divided by cross-sectional area, or, where R represents
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resistance, ! represents length, a represents cross-sectional area,
and p represents specific resistance.

l
R—pX—a

As wires have a circular cross-sectional area, and the diamefcer
may be known but not the area, the formula for the calculation
of the area of a circle may be given :

7 X diameter?
4

where = is the ratio between the circumference and diameter of
a circle, and is equal to 8.1416.

Area = = 7854 X diameter?

Combination. of Resistances

If a current passes through several resistances in succession,
as in fig. 20, the resistances are said to be joined in ‘ series.”

If the current divides through
several resistances and the dif-
ferent portions reunite where the
other ends of the resistances
make connection with the circuit,
as in fig. 21, the resistances are
said to be joined in ¢ parallel.”

The adding of resistances in
series is equivalent to increasing
the length of the conductor so
that the total resistance is equal
to the sum of the separate re-
sistances.

When resistances are arranged

. ] in parallel, however, several

Fig. 21. Reslizia;rll;:;s‘ Connected in paths being Ubered . ot ® Xhe

passage of the current, it is

equival ent to increasing the cross-sectional area of the original

conductor. The current passing through the separate resistances
is prop ortional to the * conductivity ”” of each path.

The conductivity of a conductor is the reciprocal of its resis-
tance—that is to say, it is equal to unity divided by the resistance
in ohms.

We can say, therefore, that the amount of current passing
through difference resistances joined in parallel is proportional
to the reciprocals of the resistances ; and that the total resistance
of resistances in parallel is equal to the reciprocal of the sum of
the reciprocals of the separate resistances.

Now if we take a circuit in which it is desired to find the
current flowing at a given E.M.F., it is necessary to take into
account the total resistance of every part of the circuit. If
the source of supply be a primary cell, the internal resistance
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¢ the cell must be reckoned with. This varies in different
? pes of cell, and depends on :

1. The resistance of the elements, depending on the
material and size.

2. The resistance of the electrolyte, depending on the
material and the distance between the plates.

The rules for finding the internal resistance
of a battery consisting of many cells are given R

in Chapter V.

Potential Slope

So far we have only considered Ohm’s Law T
with respect to the whole length of any circuit.
It holds good, however, for any portion of a :
circuit, and consequently, provided that we Tic 22 A Simple

0 . ectrie Circuib.
know the resistance between any two points,
we can easily caleulate the difference of potential between these
two points.

Let us take a simple case for an example. We will assume that
the cell in the accompanying figure (fig. 22) has an E.M.F. on
open circuit of two volts, and an internal resistance of two ohms.
It we connect up to the external circuit R, which we will censider
to have a resistance of two ohms, from Ohm’s Law we have

LM e O

242 2
that is to say, a current of half an ampere is flowing in the circuit.
Now Iet us take that portion of the circuit consisting of the cell

alone and again apply the law. If I =% E =1 x R, there-

fore E =; X 2 =1, which tells us that on the closed circuit

the difference of potential be-
tween the two poles of the cell
has fallen to one volt, or that
a pressure of 2 — 1 volts has
K been required to force a current
of half an ampere through the
T RO T internal resistance of the cell.
F G G B If the difference of potential be
RESISIEEES B AR calculated through the external
portion of the circuit in a similar
= way, it will also be found to be
one volt.
t If the resistance of the ex-
iel‘nal portion of the circuit be great in comparison with the
nter_nal resistance, the latter can be neglected, as its intro-
ction into the denominator will only make a very slight
!lerence in the final result of our calculation.

27
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Let us consider a circuit of the following type (fig. 23). The
external resistance between A and B is 20 ohms. The K.M.F.
of the battery shall be taken to be of such a quantity as to
produce a difference of potential between A and B of ten volts.
Now if the wire be of uniform size between A and B, according
to the laws of resistance half the wire will have half the resistance
of the whole, thercfore the resistance between A and C (which
latter point we will take to be equidistant between A and B)
will be 10 ohms. Applying Ohm’s Law the difference of potential
between A and C is found to be 5 volts.

A very simple method of finding the difference of potential
between any two points of the wire AB is as follows. From A
draw a line AE perpendicular to AB and allow its full
length to represent 10 volts. Now divide it into ten equal
parts. Each part will represent 1 volt. From E draw a
line to B. :

The line EB is known as the potential slope. It affords us
a means of quickly finding out the difference of potential between,
say, the two points F and G. Proceed as follows.

From I and G draw two per-
o pendiculars FH and GK. From
i H and K draw the lines IIL and
KM perpendicularly to the line
SR SCIRFAST AE. Then the length of the line
RESISTANCE COIL LM will give the difference of
potential between F and G.

TF1e. 24. The Potentiometer. The Potentiometer

Although the necessity of using
the above method for calculating drop of potential may never
arise during the work of a wireless operator, it will enable him
better to understand the working of an instrument called a
potentiometer, which is used in many types of apparatus to be
described later. Thisis an instrument used for varying the differ-
ence of potential between two given points at will, and consists of
a resistance wire permanently fixed across a source of supply, {rom
which tappings can be taken, one usually being fixed and the
other variable, by means of a sliding contact as shown in fig. 24.

Calculation of Resistance

We shall now restate the theory of electrical resistance and
give some examples of its application.

Three important relations are used in the calculation of the
resistance of conductors to Direct Current. These are :

1. Obm’s Law which states that “The diffcrence of
potential between any two points of a conductor in
which a current is flowing, bears to the cwrent [lowing
through the conductor a constant ratio, which is defined
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as the resistance of the conductor between the two

oints.”
Referring  to the figure (fig. A d
25), we may express this mathe- x
atically as : Va s Ve

va — Ve = IR.
Fig. 25. Potential Difference between
\Where Two Points on a Wire.
Va4 is potential at A
V3 is potential at B
I is current flowing from A to B.
R is resistance of conductor from A to B.

2. In general, the resistance of a conductor varies with
the temperature, and it is found that this variation can be
given, to a sufficient degree of approximation by the relation

1{l = Ro (1 + a,t)

R: = Resistance at t°C.
Ry = I ,, 0°C.
o« = a constant which is termed the

temperature coefficient of resistance of the conductor.

3. The resistance of any material is generally given in
tables as the resistance in ohms per centimetre cube at 0° C,
which is called the “ specific resistance >’ and is denoted by p.
Hence, to find the resistance of a conductor of length [
and cross section a, we have the relation :

l
R=pa

Example

Find the resistance of an annealed copper wire 100 yards long
ol sizec No. 18 S.W.G. at 15° C, and find what potential would
heed to be applied to this wire to pass a current of 2 amperes.

he value of p for annealed copper wire is given as 1.594 X 10°8
OhIns per centimetre cube at 0° C.

1e value of [ is given, i.e. 100 yds. or 9148.9 cms.

1e value of g can be obtained from tables and is found to be

0 X 7 sq. cms.
énce the resistance at 0° C. of the sample is :
R, — 1.52:44 % »91;&3.9

He ) 10 0612 X w©

Ice its resistance at 15° C. will be
( Ry; = 1.25 (1 + .00425 X 15) = 1.33 ohms.

T ; ;
o };i figure 00425 being the temperature coeflicient of resistance
Nealed copper.)

= 1.25 ohms.
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Calculation of Voltage or Potential Difference

To determine the voltage needed to pass a current of 2 amperes
through the wire, we can make use of Ohm’s Law quite simply :

Vi— Vg =1IR =2 x 1.33
= 2.66 volts.
Example
An electric motor is driven from current supplied by two
leads, each 80 feet long, and
having a total resistance of .75

? | ohms (fig. 26). The supply volt-
229 Y | ageis 220 and the current taken
{ by the motor is 10 amperes.

! 30ft. g

Find the effective voltage at
the terminals of the motor.
ol . . Let us call the potential at
F1a. 26. Volt Drop in Motor Supply Mains. p
s B iy T motor end of the leads V.
Now a resistance of .75 ohms needs a potential difference
of ;

I XR =10 X .75 = 7.5 volts

to produce a current flow of 10 amperes. Hence this potential
will have to be subtracted from the 220 v main supply to give V.

Hence

V = 220 — 7.5 = 212.5 volts s

which gives us the required result.

In considering the effects of D.C. voltages applied to conductors
we may take three cases :—

(1) Resistances in Series

When all the conductors form a single closed circuit, the
current through each conductor is the same, say I. Hence we
may write :

I3R = SE

The prefix X in front of a letter is a mathematical convention
and is used to denote the sum
of all the quantities of which the R
letter is the generic symbol. :
Thus 3R denotes the sum of all R
the resistances which occur in = v
the particular problem under
investigation.

(2) Resistances in Parallel
It is possib]e to connect two F16,27, Calculation of Resistance in

points in a circuit by a number ot

ol conductors in such a way that each conductor takes a certain

proportion of the total current, no part of this current passing

through more than one conductor (fig. 27).
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If the resistances of the conductors be

Ry RS ERA L a4 ™
the total resistance of the path from A to B will be given by
— 1
sy
S5

The conductors are then said to
o) be arranged in parallel.

For resistances in parallel, the
graphical method due originally
to Sylvanus P. Thompson is

N // D very useful.
A (074 B Consider four resistances A, B,
AN P c | C and D in parallel. Any base
o ]Z\ line is taken and on this a vertical
o\l cqual to A is drawn on any arbi-

trary scale. Draw second vertical

RESULTANT OF ABCD. | B at any point in base, equal

: — to B in same unit. Then OR

T'ic. 28. Caleulation of Resistances in  jg pesultant of A and B to same

Parallel by Graphical Construction.

scale. Set up C anywhere, com-

bine C and OR, resultant is PQ which combine with D. The
construction is shown in Fig. 28,

(3) The General Case

In the case where the conductors in a circuit form a net-
work we have two laws, due to
Kireholf, which enable us to
solve problems connected with
such networks casily. These are :

1. The algebraical sum of
the currents at any junction
of conductors must be zero.
Here we must introduce
Some convention, such as
regarding all currents which

Ow into the junction as
Iv:(fgltlve, and all currents
ti Ollllcgs [ﬁza?:?\fe 0(1) rtl\l‘ti ]E_ng' F1g. 29. Calcllql_labi’on of a Resistance

Y o 21 = 0. etwork,

2. In any closed cireuit,
the algebraical sum of the products of the current and re-

lsllls(ilil_IICe_of eqch part of 'the circuit is equal to the electro-
1ve foree in the circuit or

IR = 3E.

Example

€t the network be as illustrated above (fig. 29), and let a
31
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potential difference of 10 volts be applied to the points A and B.
Let the resistances of the various arms be as marked. Let the
currents in the arms be 4, 4, ...... , and let the battery be
delivering a current i,.

Then {rom the first law

W — 1 — 1, =10
U 13 — 4% =0
By — 1y, — 15 =0
iy + 45— 12, =0

and from the second law

65, + 8i;, — 1, =0

i, + 4iy — 26y — i, =0

4gy, — Bi; — 203, = 0

Gil + 4i2 + R),ir, = 10 ete.
These equations are not independent, but it can be shown that
as many independent equations can be obtained as there are
variables, in this case six. Hence it will be seen that the values
of

Fo oty 15 WK
can be found. The equations may be solved in the ordinary
way, although this will be found to involve a great deal of work.
A knowledge of determinants is necessary, however, for the quick
solution of the equations, but a description of the method would
be out of place here.
Sufficient has been said, however, to show that the solution

of such a problem is merely a. question of time.

FOR WIRELESS TELEGRAPHISTS

CHAPTER 1V

SCALAR AND VECTOR QUANTITIES AND CURVE
PLOTTING

Scalar Quantities
OST quantities which are met with in Scientific Invesliga-
tions can be divided into two classes : Scalar quantities
and Vector quantities.

Scalar quantities are those which can be completely and
uniquely represented by a single magnitude associated with
a unit. Thus when we talk of a weight of three pounds, we
specify firstly the unit—a pound weight—and secondly the
number of units contained in the quantity under consideration :
j.c. three. Similarly when we speak of a time, say  three o’clock
p.m.” we specily the unit (understood) an hour, and the number
of units, three. In this case by a convention, we understand
the expression “ three o’clock * to signify a time three hours
later than some arbitrarily chosen time, in this case twelve
noon.

Operations with scalar quantities such as addition, subtraction,
ete., merely involve the arithmetical addition, subtraction, ecte.,
ol their magnitudes. No difficulty is experienced in this, and
the processes are self evident.

It is always necessary, however, to take particular notice
of the units in which the quantities are expressed. Thus, for
Instance, it is obviously impossible to add together three pounds
weight of some material, and two miles. We cannot immediately
i;;gqf:g:ether such quantities as 4 pounds per sq. inch, and 8

logrammes per sq. em., even though they both represent
pressures, until we have reduced them to the same kind of units.

Vector Quantities

Veetor quantities are only completely defined when the
1. Unit of measurement
2. Number of units
b 3. Direction )
lour}\)\?mﬁed' Thus when we talk of a velocity of 3 miles per
dil‘ectioe only completely specily that velocity if we define in what
s dirn It occurs. It is usual, and indeed necessary to give
and fin e((iletlpn with reference to some other arbitrarily defined
atas direction. 1In this way we define a wind as say blowing
Peed of 60 m.p.h. from the S.W. This means that the
L. Direction is given—from a point S.W. of North, which
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is the fixed direction relative to which all other directions
are given.

2. The unit is defined—miles per hour.

8. Number of units is given—®60.

Co-ordinates

In general, however, a more convenient system of corellating
directions is used. This is—for two dimensional space—the
system of co-ordinates, first used by Descartes and called the
Cartesian system. :

A simple system of co-ordinates is given in fig. 80. We must
first take some fixed point O, which we may call the 01'1g1n_of
co-ordinates. If two straight lines are drawn through this point
and mutually perpendicular, we may take these as the two fixed
directions to which we refer any other directions. They are
called the x and y axes respectively.

Unless other conditions are specified, it is usual to make the
x axis parallel to the top edge of the paper, and the y axis per-

| {

d y
DIRECTION 1

o X DIRECTION ——

F1g. 80. Cartesian System of Co- Fia. 81. Specification of a Point
ordinates. by Co-ordinates.

pendicular to this and parallel to the side of the paper. It should

be clearly understood, however, that this is by no means essential

and is merely done for the sake of clarity and symmetry of appear-

ance. (Such a system is called an orthogonal two dimensional
set of axes.)

We now have four regions :
(a) That lying above the @ axis and to the right of the Y
axis.

(b) That lying above the # axis and to the left of the y axis.
(¢) That lying below the z axis and to the right of the Y
axis.

(d) That lying below the z axis and to the left of the y axis.

We shall refer to these later.

Any point can be uniquely specified with reference to these
axes by means of two co-ordinates (or measurements taken in a
particular way).

Thus (fig. 81) we can define a point P as lying at a point (z y)
on the system, if its distance from the y axis measured in a
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arallel to the @ axis is @, and its djst;mce from the 2

Pdvr({ in a direction parallel to the y axis is y: Lo

as easure(case the distance @ is said to be the ° absril,ssa of
In S}wh 22 d th,e distance y is said to be its “ ordinate. .

the POlnt’ & e mentioned above the existence of four regions.

‘e hav . 3 3 ] g
Nowtwea]:l d absciss® are given certain conventional signs in
3 S
Ordinate

Al .
these regions: These Sl

Region. : T| Abscisse. Ordinates.
— ; | '
a I + 5
b | i_ | +
¢ l aF -
d — =

This is clearly indicated in fig. 82.

b?.‘_ Xop——n X, -?a
Yo ¥,
# '
T t T
¥3 Ya
cl¢-—)(3 a— bt X4 "id

L

f § ; m— ——
Tio. 32 Foaiive and Nogative Ropiesa RGN ol ot Cortesn e,

Thus in the case of four points, @, b, ¢ and d, given in fig. 33, the

co-ordinates would be as follows :

a: ¥, -

b: -xs Y-

c: -Ts ~Ya-

d: x4 “Yu-
(all @’s and y’s being themselves positive).
Curve Plotting

Let us now transfer our attention from the point I’ to the axes
Z and y. :

By choosing a number of values of & an_d noting the corre-
Sponding values of y, we obtain data for plotting a series of points,
each one of which can be expressed by means of th(; qo-ordmates

and y, and if these points, when plotted, are all joined up, by
dl-awing a straight line from cach point to the next, we obtain
what is called a curve, which expresses graphically the general
relation between the two dimensions # and y. Thus if we can
‘épresent a certain relationship by an equation such as

WA=
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we see that the value of X depends on the value of Y, or that if Y
increases in value, X also naturally increases, and vice versa.

Take a sheet of paper on which a number of straight lines are
ruled, dividing it up into a number of equal squares, and lect
the side of one of these squares in a horizontal direction represent
a unit or fraction of a unit of the type required to measure X, and
the side of one of the squares in a vertical direction represent a
unit or fraction of a unit of the type required to measure Y.
Draw a horizontal line AB (fig. 84) sufficiently long to represent
the maximum value of, say, X. Then AA (which is zero) would
represent a zero value of X and AB the maximum. From A
draw a line AC sufficiently long to represent a maximum value
of Y. Then AA would again represent a zero value of Y in this
case, and AC the maximum.

Now let us take the points D, E, and F, along AB representing
different values of X. Substituting these values in our equation
Y =X—2 we can calculate the corresponding values of Y. Make
the points, G, Hand K, represent
these values along the line AC.
Now if we draw lines from D,
E and F, at right angles to AB,
and also draw lines from G, H
il : and K at right angles to AC,

o]

T these lines will intersect at the
ZJG“““ points L, M and O. Through
2 L, M and O, draw a line. This
© A : B | line is the curve representing
~ABSCISSA— the relationship between X and

e BT TES Y. Although the line may be

a straight one it is still called a
curve, and such a straight line
would indicate that X wvaried
uniformly as Y. In the curve deseribed only positive values have
been taken for X and Y. If, however, it is desirable to represent
negative or minus values for these two quantities, the lines AB
and AC require to be continued in the opposite directions, namely,
from A horizontally to the left, and from A vertically downwards.

Then if any point P be taken on the curve, projections from
this point on AB and AC would give the respective values of X and
Y represented by such a point. Suppose such projections be
the points S and T, then AS and AT are called the co-ordinates
of the point P. AS is called the ‘‘ abscissa,”” and AT is called the
‘“ ordinate.”

Fi1e. 34. Curve Plotting.

The Sine Curve and Log Curve

In connection with curve plotting, we may quote two very
important relations which are given by
Yy = asine
and y =2ban
respectively.
36
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first of these two equations will, when plotted, give what

The I s the sine curve, in which the ordinate is everywhere

is kno‘g’ir(lm(nl to the sine of the abscissa. This curve will be fully
propo ) Chapters X and XIIL.

discu® nd relation finds many applications in radio work. It

e seco
m:;/hbe also expressed as

n = log. ![{

~ample of this relation plotted on ordinary graph paper
: ‘\llve?ihl f?g. 85, for n = 2 and b = 1.
® %&1‘1 importunt case arises when @ = 10, and also when @ — e
(thelbasc of naperian logarithms), for then in the one case we shall
have a curve of logarithms to base 10, and in the other we shall
have a curve of natural or na-
crian logarithms.
It either of the above loga-
yithmic curves are plotted on /
aper having a logarithmic scale
for both # and y values, we shall
obtain a straight line the slope of
which will be equal to n (fig. 86).

Operations with Vector Quan-~

10 ﬁg 30 40 50 60 70 80

B
[=}

I~

Y VALUES ——

S
~

For fixing the position of a ar
point, in some cases the method e
described on p. 84 isnot so con- / X
venient as to specify )

1. The angle which a line
drawn from the origin to the ~ | 4
point would make with the Y e A
x axis and

2. The distance from the g, 35. A Log Curve Plotted on
origin to the point along this Squared Paper.
line. I

Thus we may define the point P situated as shown in fig. 87
by' the co-ordinates (r,0). ) i I

The dimension 7 is always taken as being positive, and 0 is
leasuted in an anti-clockwise direction. Both the co-ordinates
0 this case then are always positive.

t is also convenient to represent the angle 0 by two known
lengths,

'};;)ls an angle can be defined by its tangent. In fig. 38 tan 0
=q =
Then 6 ig the angle, the tangent of which is a/b.

CRl C 1
This s usually written 6 = tan Z
Then 4 line having a certain direction which is represented

by the co-ordinates 7,0, can also be defined by r, tan _1(; where

10j -
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{ e
an 0 b

Now if either of these expressions is completed by
stating the necessary unit, we shall have a convenient repre-

sentation of a vector. Thus the expression (AB, tan »* g) feet/sec.
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Fic. 36. A Log Curve Plotled on Log Daper.

gives us the following specification. It defines a quantity which
we know

1. Is a velocity.

2. Is measured in feet per second.

3. Has a scalar magnitude of AB, and

4. Isinclined at an angle whose tangent is a/b to the x axis,

this angle specifying the direction of the velocity.

It is more usual, however, to write (AB, [tan - g) feet/sec.

to distinguish this vector from the definition of a point which

lies at a distance AB from the origin at an angle tan _12 from
the z axis.

Having now obtained a simple method of representing a vector,
let us see what can be done in the way of operating on it. We
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. ]y cannot add and subtract in the same way as we can
cel'tal.n yuantities, for the addition of vectors implies the idea
scfaéilc joint effect of their vector characters, and not merely the
o

adition of their scalar magni-
a

t“(%,e:étors are, in fact, added
i subtracted by means of a p
b rallelogram construction such s
ag has been made quite familiar P
in a special case by the parallelo- t
oram of forces in mechanies.
® Thus if we have two vectors P
and Q, where P for convenience

=
stands for AB [ian % and Q

we can add

’

1a F16.37. Polar Co-ordinates.

for AB' [tan 5
them by drawing two lines P and Q which represent P and Q in
direction and magnitude, as adjacent sides ol a parallelogram, and
taking that diagonal of the parallelogram which passes through the
intersection of P and Q as the resultant or sum of the two vectors,
paying due attention to the directions of the separate vectors and
their resultant.

Subtraction can easily be performed in the same manner for
P-Q =P (—Q) and —Q is a vector having the same
length but opposite direction to Q.

The multiplication and division ol vectors is quite a diflferent
Ilna.tter, and is far too complicated a process to be considered
1ere.

Mathematical Definitions

There are many quantitative relations which cannot be ade-
quately expressed without employing the mathematical terms
‘ function ** and ¢ dilferential coefficient,”” and we shall therefore
now proceed to define these terms.

Function

If two quantities are connected so that when
one of them is altered in value the other also
alters in value, then the one is said to be the
function of the other.

Thus because the arca of a triangle of con-
stant height is proportional to the length of its
base, the area is a function of the base.

— As further examples, consider the algebraic
Fio. 38. 4y Angle expressions y = 3z -4 ory = aw + b where a
and its Tangeny. ~ and b are constants, or agam y = 6, then in

Var: each of these y is an algebraic function of .
ariable

The quantity 2 is called the independent variable and the
39
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quantity y, which is the function of z, is called the dependent
variable, because its value is dependent on the value given to 2.

Some functions cannot always be evaluated exactly in numerical
terms. Sin z, cos z, log z, etc., are examples of such functions,
and are said to be transcendental.

It is usual to indicate the variable of which an expression is a
function by the prefix f, etc., such as f (z), ete.

Thus the expression 422 + 9 may be represented by f (z).

If values of 1, 2, 8, 4, etc., are given to the variable z, the
value of f () becomes 13, 25, 45, 78, etc. For equal increments of
x the function increases in an unequal manner. A function of @
need not necessarily increase with @, it may decrease. The change
in the function may be positive
or negative, or it may be zero,

Y according to the type of the
equation connecting it with the
o variable.

Differential Coefficient

501 Q In fig. 89, x the variable as
abscissa is plotted against y its
A P function as ordinate for the
cquation
, . ) = 62,
. 1 2 3 4 X | When
r=1y= 6
Fia. 39. The Ditferential Slope. r =2y =24
r =3,y = 54
By increasing @ from 1 to 2, an increment of 1, y is increased

from 6 to 24, an increment of 18.
Then
increment of y 18
incrementof 2~ 1
Also by increasing @ from 2 to 3, an increment of 1, y is increased
from 24 to 54, an increment of 30.
Then
increment of y __ 30

increment of x 1

and so the ratio of the increments varies at every part of this
curve. But if instead of taking the increment of y over compara-
tively large steps on the curve such as from P to Q, we take it at
any point P for the smallest increase of  possible, then this will
be equivalent to the point Q moving as close as possible to P,
and the line joining P and Q then becomes indistinguishable from
the tangent to the curve at the point P.
If these very small increments of y and « are denoted by dy
and dz, then
increment of function y _ dy
increment of variable « dx

40
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> on the curve OPQ to the axis z, al}d this ratio is cal'led
L o ‘tial cocfficient or first derivative of the function
1Helmct to the variable, and is generally referred to shortly
with refpgerivative.” In other words, when two quantities are
s the to cach other, and one of them is alfgered, the
aela.fgiive is the rate of change of one of them with respecct
eri
o the Oglfgﬁon with differential coefficients there are two cases
o ctqllul-u- importance in alternating current work as showp‘m
of PAMC ey “Since we are dealing with sinusoidal quantities
C]mptcer)articularly interested in the rate at which the sine curve
}\'e(ﬂ:li nlring with the angle. This rate of change can be expressed
]ii the Tollowing way :=—
If y = sin ma

then dy = m ¢0S M.
1€ de

Similarly for the cosine curve:—

dy
dx

If y = cos ma = — m Sin mx
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CHAPTER V
PRIMARY BATTERIES

N Chapter IIT we found that a direct current consisting of a

movement of electric charges, or electrons travelling always

in the same direction, could be produced by employing a simple
cell in a closed conducting circuit.

We have now reached the stage at which it becomes necessary
to examine more closely the processes which take place in the
simple cell, and set free the electrons composing the current
stream.

Ultimate Particles of Matter

As a neccssary introduction we shall consider some of the
fundamental facts relating to the ultimate particles of materials
between which the forces of chemical action take place.

A substance may be inechanically divided into quite small
particles, 100,000 or more to the square inch, and yect each one
of these particles may consist of many different materials.

By chemical means sub-division may be carried very much
further, so that the different materials can be finally separated
out. A substance which cannot be broken up by chemical means
into different materials is called an “ element.”

Thus copper, which cannot be split up into anything else
but copper, is an element. Copper can, however, be chemically
combined with other elements and such a combination is known
as a “ compound.”

The smallest portion of an element which can take part in
chemical action is called an ““ atom.”

The smallest quantity of either element or compound which
can have a stable independent existence is called a ‘ mole-
cule.”

The elements and compounds are represented for convenience
by symbols.

Thus “ Cu” represents one atom of copper. It also repre-
sents one molecule of copper, as there is only one atom in the
molecule ; but one molecule of oxygen which contains two atoms
is represented by “ 0,.”

Copper can be combined with sulphur and oxygen to form a
compound called copper sulphate. A molecule of this compound
would be represented by CuSO,, implying that it contained one
atom of copper, one atom of sulphur, and four atoms of
oxygen.
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quations

Chemical E
Whenever chemical action takes place a rearrangement of
Itoms of the different elements involved is the result, and

g 2 is either given up or absorbed.
' llggf rearrangement. of the atoms is conveniently shown in
= }orm of an equation in which the elements are represented
R their chemical symbols. Thus, 211, 4 O, = 2H,0, which
}:ldicates that two molecules of hydrogen are required to unite
with one molecule of oxygen in order to form two molecules of

water.

Electrolyte and Ions

Now in the simple cell just described the liquid is acidulated

ater.
qut)fu-e water is chemically inactive and is a non-conductor,
so that it can neither produce a difference of potential between
two metals immersed in it, nor, supposing such a potential
difference to exist, could a current flow through it.

The addition of the acid makes the water both chemically
active and a conductor ; the nature of the water is changed, it
becomes an ‘ electrolyte.”

It is necessary here to state clearly what conductivity in a
liquid implies.

In solid conductors it is the negative charges, the clectrons

alone, which move and constitute a current, but in liquids the
electric charges are carried by the molecules themselves or by
groups of molecules, or by broken-up molecules in the form of
atomic groups or single atoms, and these electrified particles
are all called * ions.”
_ There are negative * ions > which have one or more electrons
n cxcess of the number required for the particle to be elec-
trically neutral; and there are * positive ions’ which have
one or more electrons less than the neutralizing number, and
these two kinds of ions, under the influence of a common potential
difference, will move through the liquid in opposite directions.

Now all matter contains electricity. If it does not show any
clectric charge the internal positive charges of the molecules
arc balanced by the internal negative charges, and if a liquid is
to, O¢ Inade a conductor this electrical equilibrium must be upset.

'he acid which is added to the water does this. It causes

'€ water molecule to break up into oxygen, which carrics a
lgative charge, and hydrogen, which carries a positive charge,
and s split up itself into two oppositely charged parts, H,
Eosm‘ve and SO, negative. The free oxygen has a strong
toegllcal affinity for zinc and copper and is therefore attracted
Vor ¢ two plates so that they each become surrounded by a
COn}t" thin film of negatively charged molecules, and these films

nue to grow until the attraction of each plate for the oxygen
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in the electrolyte is balanced by the repulsion of its respective
film.

When equilibrium is established, the film round the zinc
contains many more oxygen molecules than the film round the
copper, and as the metals being conductors take up the charges
from the gas, the zinc becomes much more negative than the
copper ; a dilference of potential is established between them
so that if the plates are connected by a conductor outside the
liquid a flow of electricity takes place through the conductor
tending to equalize their potentials.

Battery Current Action

When a current flows in the external circuit the action in the
cell itself is as follows :

The flow of the electrons through the copper wire to the copper
plate increases its negative potential to an extent which causes
it to drive away the negatively charged films of oxygen in the
electrolyte, and the positively charged hydrogen ions are at-
tracted. Those which actually touch the plate are neutralized
and rise through the liquid and escape. _

At the zinc plate the rush of negative electron charges away
from it along the copper wire causes a momentary shortage of
electrons at the lower part immersed in the liquid so that it
becomes positively charged, and this immediately causes more
negatively charged oxygen atoms to join the film in the liquid,
and thus creates a flow of negatively charged ions towards the
zince.

This flow includes both the oxygen and the negative SO,
group or acid ‘ radical.”

Also, as the electrons, which are the actual current carriers,
are those which help to tie the molecules in the zine plate together,
the shortage of them causes a weakening of the molecular bonds
and allows the negative charges in the electrolyte to pull off many
zinc atoms, which then unite with the acid radical to form an
electrically neutral zinc sulphate, ZnSO,, thus :

Zinc -+ Sulphuric Acid = Zinc Sulphate 4- Hydrogen,
or Zn -+ H,SO, — ZnSO, + I,

the chemical affinity of the zinc and the acid radical being greater
than that of the zinc and oxygen, the oxygen being employed
as long as the current flows in renewing the film round the zinc
plate from which the top part of the zinc draws its negative
charge.

And thus the action continues during the whole time the
two plates are connected outside the cell by a conductor, and
until the acid in the electrolyte or the zinc or both have been
completely used up.

The simple cell just described is known as a
cell as only one liquid is used.

<

*single fluid
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An ode and Cathode
hhc zinc in the electrolyte (fig. 40) is the ¢ positive element,”
| the copper in the electrolyte the *“ negative element.”
“rhe positive element is also called the ‘“ anode’ and the
 ative element the ‘* cathode,” although the original meaning
¢ {hese two words denoting the entrance and exit respectively
of the current must be understood now to apply solely to the
ion of the positive ions in the electrolyte, as it is the negative
moving in the opposite direction which give the direction
l.e cutrent in the external circuit.

‘

8]

POSITIVE

=TT UE

NEGATIVE _
POLE

POSITIVE d NEGATIVE
ELEMENT —— ELEMENT
OR OR
ANODE CATHODE

BATTERY SOLUTION DILUTE SULPHURIC AGID(HQ SO,,)

Fi6.40. Components of Simple Cell.

Substances other than copper and zinc may be used as elements,
h as platinum and zine, carbon and zine, etc. The positive
'ment is that which is most readily attacked by the acid.

Polarization

" It has been stated that bubbles of hydrogen are evolved at
llic copper plate. Some of this hydrogen rises to the surface
ol the liquid and escapes into the air. A part of it, however,
lheres to the copper plate, and after the cell has been working
a short space of time the plate becomes almost covered with
A thin film of hydrogen. The hydrogen is found to have a much
ligher potential with respect to the zinc than the copper has,
nd the consequence is, of course, that the difference of potential
Ctween the ftwo plates is decreased. Hydrogen also offers a
“reater resistance to the passage of electricity. It is seen, there-
e, that a cell of this type very rapidly loses its efliciency.
en the copper plate has become covered with the film of
lydrogen the cell is said to be * polarized.”
The potential of the zinc clement is 1.86 volts and that of the
opper element .81 volt. The effective difference of potential
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or ENM.F. is therefore expressed by 1.86 — .81 = 1.05 volts.
Now, the potential of hydrogen is about 1.8 volts. The difference
of potential at polarization therefore becomes 1.86 — 1.3 = .56
volt. The polarization of a single-fluid cell can be reduced by
such devices as roughening the surface of the negative element
or by keeping it in motion. Neither of these devices, however,
arc much used in practice. To get over this trouble another type
of cell is used in which provision is made for the combination
of the hydrogen with other substances immediately it is produced.

The Léclanché Cell

This is perhaps the best known of this type. It usually con-
sists of a square glass jar containing a saturated solution of

CARBON ROD
ZINC ROD __
POROUS POT
OQUTER GLASS JAR CONTAINING
CONTAINING CARBON ROD AND
SAL—-AMMONIAC MANGANESE DIO XIDE
SOLUTION WITH CRUSHED

CARBON

Fic.41. Léclanché Cell.

ammonium chloride, which is known commercially as sal-
ammoniac. A porous pot, containing a carbon rod in the centre
packed round with manganese dioxide (MnO,) and crushed
carbon, is placed inside the glass jar. The top of the porous
pot is sealed with pitch, a small hole being left for the escape of
the gas produced by chemical action. The carbon is the negative
element. A zinc rod is also placed in the sal-ammoniac solution,
thus providing the positive element. The porous pot allows the
solution to make good contact with the crushed carbon and
manganese dioxide (fig. 41).

The action of this cell is as follows : The sal-ammoniac attacks
the zine, forming a double chloride of zinc and ammonium.
Hydrogen is liberated, which combines with a certain amount
of oxygen, supplied by the manganese dioxide, to form water,
thus preventing the polarization of the carbon or negative
element. :
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The Dry Cell

A very common type of prixmary ‘c‘ell (fig. 42) and almost the

ly type with which the average wireless telegraphist will come
= tact is known as the dry cell. The action of this cell is
. Z(i)sr:aly the same as that of the ‘ Léclanché.” It possesses
t;g advantages, however, of cleanliness and portability. This
cell consists of a zing case which acts as a container al}d at the
same time as the positive element. It is protected and insulated
on the outside by means of a cardboard sheath. In the centre
is fixed a carbon rod, carrying a terminal at its upper extremity,
which is surrounded by a mixture of manganese dioxide and
graphite or crushed carbon. Between this mixture and the
zinc container a lining of plaster
of Paris and CI]]oul]‘, m01s’ienelcl CARBON
with a saturated solution of sal- | pirop seal—— =
ammoniac, is placed. The top \
is filled in with a padding of -
cotton-wool or sawdust and
sealed with pitch or marine glue, o
through which two small glass | pepoLarizen 17
tubes run to afford an outlet for 3
the gases produced by chemical
action.

This cell cannot be used for |ELECTROLYTE
any protracted period of time ‘
Evlthout polarization taking place
0 some extent. The manganese
dioxide only liberates oxyggen——
which., it will be remembered,
combines with the liberated hy-
drogen to form water—slowly
and consequently after a certain
'F:)‘;lg, 11‘111:01'(3 hydrogen is liberated than can be dealt with. If left
R lt ltle‘ while, howeyer, the pell recovers. It wil} be under-
ik herefore, that this type is very useful when intermittent

i }cs required, as in the case of electrlq bells, ete.
A]tllourr]‘lvcit cells described are of the single electrolyte type.
have dZalimr 1s very improbable that a wireless operator will
of & cell of gs with any qther type of primary cell, a description

of the double-fluid type may be useful.

ZINC

F16.42. Section through Dry Cell.

The Danje]) Cell

Thi : :
lavixlll; ;ell 15 usually made up with an earthenware container
eylinde, Pv(])l‘ous pot inside it. The negative element is a copper
Placed iy "z] uch rests in a saturated solution of copper sulphate,
IMmerge,| illlc Olll’gel- jar, and the positive element is a rod of zine
Porous pot, (ﬁg‘ Zgl)l.tc solution of sulphuric acid contained in the
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The action is as follows: The zinc is attacked by the acic
and gradually eaten away, zinc sulphate (ZnSO,) being forme
in solution. Hydrogen (H,) is evolved at the copper plate an
combines with the SO, group contained iu the copper sulphat
(CuSO,) to produce sulphuric acid (H,SO,), which percolate
through the porous pot and maintains the strength of the origina
acid. It will be seen that when the SO, group is taken {rom th
copper sulphate (CuSO,), copper should be left. As a matte
of fact pure metallic copper is deposited on the copper plat

' in the form of a black powder.

+POLE
1 —POLE S
i ? el
i it §'§m|
. / N
I % o
CAGE_CONTAINING ' g N-—EARTHENWARE JAR
COPPER SULPHATE — 9 Ao
CRYSTALS 4 g N
g =
POROUS POT—— N H 1 - ; | —COPPER CYLINDER
7
7 N
foaeiie 4
N 7 7 i S\
DILUTE — N V] % N 2ZINC ROD
SULPHURIC ACID N ; 7 N
\ 7 ?
COPPER SULPHATE [N f - ¢ 7
SOLUTION N 7 %
N- 7 z N
U 7z
N .7
AASSSAOENNNNNN NN SO\

F16.43. Section through Daniell Cell.

The lollowing equations illustrate the action :

Before the circuit is complele.
Porous Pot.
Sulphuric Acid, Zine.
H,SO0, Zn
Outer Jar.
Copper, Copper Sulphate.
Cu CuSO,

After circuit is complete.
Porous Pot.
Sulph. Acid + Zine = Zinc Sulphate + Hydrogen.
H,SO, + Zn = ZnSO, + H,
Outer Jar.
The liberated H, passes to the outer jar, where :
Copper Sulph.+ Copper+ Hydrogen= Sulph. Acid + Copper
Copper Sulphate.
CuS0, + 2Cu + H, = H,S0, + 8Cu + CuSO,
48
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Solution 1 .
Satur:;:ddescriptions of the Léclanché and Daniell cells, use is
In i

ion ¢ saturated solution.”
made of t.hieedxgﬁistion is a solution containing as much of the
A satu}? ;s possible to dissolve. When copper sulphate is added
solute a5 1 \\I/)ill dissolve until a certain point is reached, after.
.1, any additional copper sulphate remains at the bottom ol
Whlcrl sel containing the solution. i
the \e? case of the * Daniell 7 cell, it is seen that the copper
In ttle is being continuously decomposed by the liberated
sulpha en In order to maintain the solution in the outer jar
hydrog(f;in-t of saturation, it is usual to provide a cage in which
Pt r{.lg 1f),-opper sulphate crystals are placed, which will gradually
giussolve to replace ‘that which
has been split up during the pro-
duction of pure copper and sul-
phuric acid.

COPPER

Local Action

In cach of the cells deseribed
it is stated that the zinc element
is gradually eaten away. This
action only takes place when the
circuit is complete, but under
certain conditions the eating
away will be excessive. Com-
mercial zine invariably contains
certain impurities, usually small
quantities of such materials as
copper, arsenic, lead, etc. 'When [
such impurities are on the surface of the zinc rod used in a
cell the following action takes place. In the accompanying
figure (fig. 44) Z represents the zinc rod and C a particle of
copper impurity greatly magnified. When such a rod is immersed
In dilute acid a local miniature cell is formed, the zinc being the
Positive element and the copper impurity the negative, the
small space between being filled with dilute acid. Thus a zinc
rod containing many impurities would be rapidly eaten away
€Ven on an open circuit.

Fie.44. Local Action.

Amalgamation

llMost metals very easily form an alloy with mercury, such

alloys bemg called ““ amalgams,” and the process producing them

€ing known gg amalgamation.” A zinec rod may be amal-

8aMated as tollows :

Zin Sing a greasy cloth to prevent burning of t}le fingers, tl}e

aci:i rod is first” cleaned with dilute hydrochlorlc. or sulphuric
: ercury is then rubbed over the rod until it presents
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a bright and shiny surface. When such an amalgamated zin
rod is used in a cell the zinc in the amalgam covers the who
surface of the rod exposed to the acid and the conditions f
local action are thus prevented.

In the case of the “ Daniell  cell local action is avoided i
a different way. It will be remembered th
zinc sulphate 1s spontaneously formed in th
{ action of the cell. When zinc sulphate tak
the place of the sulphuric acid local action i

Flm avoided. If, therefore, the action be allowe

o, to take place for some time before the cell i
actually required it becomes unnecessary to us
anything more than water in the zine cell at the commencement.

There are many other types of cells, such as the * Bichro
mate,” “ Bunsen,” ‘ Grove,” etc., but as a knowledge of thes
types is not necessary, no description of them is given here.

Arrangements of Cells

When two or more cells are joined together in order to produe
additive effects, the arrangement is called a battery. The cell
like resistances, may be arranged
in either series or parallel.

To join cells in series, the :'_L :L :L :L

F1a.46. Cells in Parallel,

negative pole of one cell must
be connected to the positive
of the next, and so on, as in
fig. 45. To join them in parallel
all the negative poles must be
connected and all the positives, as in fig. 46.

A combination of these two arrangements may be taken
known either as a parallel-series or a series-parallel arrangement
Such an arrangement is shown in fig. 47.

As is seen in the figures, it is usnal to represent the positiv
pole of a cell by means of a long thin line, and the negative b
means of a shorter and thicker one.

When a number of cells ar
joined in_series, the total pres-
sure or E.M.F. is equal to the
sum of the individual E.M.I.’s,
and the total internal resistane
of the battery is equal to the
sum of the individual internal
resistances.

In a parallel arrangement of
the cells, provided that they are
all of the same type, the total EM.F. is equal to the E.M.F.
of one cell, and the total internal resistance is equal to the internal
resistance of one cell divided by the number of cells in parallel.

A series arrangement is made when greater E.M.T. is desired
and a parallel arrangement when current is the chief object.

50

fi——r—s

+
|

lii——i—i

Fia. 47. Cells in Series-Parallel.

¥OR WIRELESS TELEGRAPHISTS

iti i tions for the

i ition to provide full equa rt
We arc Ikl)o“blllrrln’i IE):\SV of the quantities in circuits containing
i N
. 1 resist in a circuit
aterics: ; the total external resistance \
b"‘,}]ms it repleselt},ginal resistance of each cell employed, E

ber of
- represcht " of each cell, n represents the num
;ell)‘l'gsents- Ellsw‘zl:ldop represents the number of cells or rows
cells used 10 Serliﬁe’ it will be easily seen that the fo.llowmg
of cel.]S % I:i?i I 00(,1 for the three different arrangements :
equations hold & 3 i
Series— R l;'_ nr
Parallel— I= Tt

EP

n
Series-Parallel— 1= 2 L
p

Maximum Current from Battery

i sideration of Ohm’s Law shows us that we obtain
t‘hf} xliit\lfmcl?rrxll amount of current from a given numbe‘r of cells
when the external resistance is equal to the internal resistance
of the battery.

Let N equal the number of cells. )
n equal the number of cells in series.
p equal the number of groups in parallel.
r equal the internal resistance of each cell.
E cqual the EM.F. of each cell.
R equal the external resistance.

Obviously np equals N.

It is required to prove that to obtain the maximum current we
must arrange the cells so that

R =1;)r (total internal resistance)

AS stated above— I= - R S (1)
R
) p
Hrom which we obtain the following :—
— - PO 2)
B L= Rp + nr (
i np = N7 AR 3)
y substituting in equation (2)
= N e 4)
I = Fip Th A (
51
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Now NE is a constant. That is to say, its value cannot
changed without altering the total number of cells. Therefo
in order that the expression in equation (4) may have a maximu
value the denominator (Bp -+ nr) must be a minimum.

In order to find the condition when this denominator is
minimum we must first square both sides of equation (4), givin
us

N:E?
I2 kg NS e LB e (5)
Now (Bp + nr)? = (Rp — mr)? + 4Rpnr
Substituting this value in equation (5) we get
It — N:E? (6)

(Rp — nr)? + 4Rpnr

Now (Rp — n7)* must always possess a positive value, bein
a perfect square, and thercfore in order that the denominat
In equation (6) may be as small as possible (Rp — nr)? must
equal to zero, which is when

Bp —nr =0
or B el
P

When we have a number of cells at our disposal and we desi
to find out the arrangement which will give us the maximu
amount of current through a circuit of known external resistane
the following formula can be used, using the same lettering

before : Ul
/NR
n = p

or to express the relationship in words, the number of cells i
series is equal to the square root of the product of the tota
number of cells and the external resistance divided by th
internal resistance of one cell.

The proof of the correctness of this formula is as follows
As previously proved

R must equa] ”g .................... (7)

But N = np, therefore p = 1]:/'

Substituting in equation (7) we get

nr n?
n
BN
or n2 —= S
r
RN
therefore n = =
52
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the number of cells to be used in serieg, and it

Y qzains to divide the total number of cells by this figure
only Y& the number of parallel groups. ) )

o obta! nctice it will be found that the figures arrived at by this

In P&aof calculation are very seldom whole pumbers. As

[ 1(:,tl.10 ossible to have a fraction of a cell, however,.lt is necessary

it is 1P the arrangement most nearly approaching the result

o e

E ]11 1? 1;a,lculations. It is necessary, of course, that there should

gf tqln cqual number of cells in each series group, otherwise we
OK:

ave one group forcing a current through another on
Sllolll1cjltllc>q}vtlle unégqual E.M.F.’s which would be set up, a state
e hich must very carefully be avoided when using cells

irs w -
ior£ ;g?;hel, as it would result in the running down of one lot, and

cause scrious deterioration.

equals
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CHAPTER VI

ACCUMULATORS

Electrolysis

UST as chemical action can be utilized for setting clectricity
J in motion, as described in the previous chapter, so clectricity
in motion is capable of setting up chemical action. When

a current is sent through certain liquids, they are split up into
their component parts. If a current is sent through water, which
Is a combination of gaseous elements hydrogen and oxygen
represented by the formula I1,0,

w the water is split up into these
two gases. Thusif C (fig. 48) re-
:‘/NODE presents some form of primary

cell, and V is a vessel containing
g water, when the ends of the
=N wire W are placed in the water,
bubbles of gas arise at either end

HYDROGEN |-

(gggﬂ-‘gg) = ] of the wire, which on examina-
OXYGEN tion prove to be bubbles of oxy-
ELEGTROLYTE Canion gen and hydrogen respectively.

(WATER WITH LITTLE

R A If a little sulphuric acid be added

to the water the action is in-
creased, as the liquid then offers
less resistance to the passage of
the current—perfectly pure water, as pointed out in the preceding
chapter, being a non-conductor.

The process which decomposes the liquid by the passage of a
current is called * electrolysis,” the liquid being known as the
*“ electrolyte,”” and the ends of the conducting wires * electrodes.”’

The whole arrangement of the vessel, electrolyte and electrodes,
is known as an electrolytic cell, and the electrode connected
to the positive pole of the battery is called the ** anode,” the
one connected to the negative pole being called the * cathode.”

The substances into which the electrolyte is split up are called
*“ions,” and as the hydrogen appears at the cathode it is called
the * cathion,” the oxygen being called the ‘“ anion.”

During the electrolysis of any solution which results in the
formation of hydrogen or any of the metals, the latter travel
from the anode to the cathode, hydrogen and the metals are
deposited on the cathode.

The formula of water has been given as I,0, implying two atoms
of hydrogen to one of oxygen in every molecule. Kxperimentally
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found that two volumes of hydrogen are given off to one of
ou

it is !
oxygen: e, we have a simple method of finding out the
Here, therefOrative poles of a cell or other source of current,

ositiV<131ea£1;1u;lcigo-f supply be connected up to a simple electrolytic

for, if ;s will be given ofl more freely at the electrode connected

11, ]
gg theg negative pole.

Simple Accumulator

are attached to the ends of the conducting wires
) I ]f:e(il I;l?tfﬁe dilute acid, several changes are found to take
= when the current is passed through. The strength of the
l?geis affected, and a change takes place in the composition at
:ﬁe surface of one of the lead plates. These changes will be
i re fully later.
dlslcfui;id;iom(;ry cyell is now disconnected from the electrodes,
and an external circuit closed upon these, a current is found to
flow, and gradually the platels z:re fotuhnd to approach their original
-e and the acid 1ts original strength. '
Sta\k?htrllda certain pointghas been reached the cell is found to be
incapable of producing further current. To summarize the
above, we find that by passing a current through the electrolyte
and clectrodes we have produced a type of cell capable in turn
of producing a limited amount of current. Such an arrange-
ment is therefore called an ‘ accumulator,” storage ba‘ttery or
secondary cell. The names ‘ accumulator” and * storage
battery ** are really misnomers, as they do not store up a supply
of electricity as such as a condenser does; they do, however, store
up some of the energy supplied to them. What really happens,
is, that the electricity supplied produces chemical action, and
when the supply is cut off and an external circuit joined across
the electrodes, an opposite chemical action in the sccondary cell
sets electricity in motion. The chemical action in the first case
has converted one of the lead plates into lead peroxide (PbQ,),
and we thus have two dissimilar plates immersed in dilute acid
as In the case of the simple cell. i
An accumulator therefore differs from a primary cell in that
electrical energy must first be supplied to the accumulator before
1t can give any out, whereas a primary cell actually generates
electrical energy from its own internal chemical action. Any
orm of primary reversible cell may thus be used as an accumu-
lator, for, if a current be sent through it in a direction opposite
0 that produced by the action of the cell itself, deposition takes
Eace at the natural positive element, and the natural negative
ce‘i{ne“t 1s dissolved. Chemical energy is thereby stored in the
-~ di]and may be liberated by allowing the cell to discharge in the
ele Qt;ary way. It is generally cheaper, however, to provide new
odes than to produce them electrolytically.
" two ways, at least, a practical form of accumulator has been
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devised, the first is known as the ‘““lead ”’ cell, and the second
as the * nickel-iron ”’ or *‘ Edison >’ cell.

The Commercial ‘‘ Lead > Accumulator

The simple lead accumulator just described is not in a form
which would prove of much use in practice. It will be readily
understood that the greater the surface presented to the elce-
trolyte the greater will be the storage capacity of the cell. For
this reason the practical accumulator is usually made up of
several positive and negative plates grouped as shown in fig. 49,
and interleaved. There is always one more negative than positive

-

[POSITIVE]

16,49, Accumulalor Plales,

plate in order that both sides of every positive plate may be acted
upon.

The positive plate consists of a frame made of lead strengthened
with antimony, containing a number of holes into which a paste
made of red lead and sulphuric acid is pressed.

The negative plate is made of chemically pure lead. Each
cell consists of one set of positive and one set of negative plates
fixed in a container, which for use at sea usually consists of a
lead-lined teak box. As it is extremely important that the
opposite plates do not touch at any point, separators are intro-
duced which usually take the form of glass rods, perforated
ebonite or celluloid sheet, or thin boards of specially pre-
pared wood. In the type of accumulator used at sea the
separators are of the last-mentioned type, and an idea of their
a})pearance will be better gathered from the accompanying
illustration (fig. 50).

It will be seen that the boards are grooved on either side, this
being to allow the acid to have better access to the surface of
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lates when packed for transport are generally

the Platfls' b}rfr h((;isr')cance-pieces pof ordinary wood. These must
teved without fail and replaced by the proper separators
E tting in the electrolyte. The edges of the two kinds of
[ates are prevented from making
tact along the lead lining by
collans of ebonite sheets at the
;nic?es, and by being supported
on an insulating rack set in the
pottom of the container, an illus-
tration of which is given (fig. 51).

The Action of the Accumulator

When such accumulators are
received from the manufacturer
they invariably require a long
initial charge. That is to say,
a current from a dynamo or prim-
ary battery must be sent through
them for at least thirty hours.
This current produces chemical
action, which results in the ‘
negative plate being reduced to pure lead in a spongy state,
while the positive plate becomes almost entirely lead per-
oxide.

After a normal discharge—that is to say, after as much current
las been taken from the accumulator as is consistent with the
well-being of the plates—about half the lead in the negative
plate and half the lead peroxide in the positive plate is converted
into lead sulphate. At the same time the strength of the acid
drops, as part of it is taken up in the formation of this sulphate.
'he strength of the acid is therefore a good indication of the
condition of the cell.

When charging, the action is exactly the reverse, the plates
arc once more converted into their
original state and the acid rises
toits original strength, provided

the accumulators are in good
condition,

be rem
pefore pY

F16. 50. Wooden Separator of Accumu-
lator Plates.

Chemical Equations of Accumu-
lator

. The Process of charging may 5
iy e e 1. ol S o e
Hpgsitive plate : PbSO, + SO, + 2H,0 + aq = PbO, +
250, - aq.
- Negative plate: PbSO, +H, + aq = Pb + H,S0, + aq.
the process of discharging by
57



S

HANDBOOK OF TECIINICAL INSTRUCTION

Positive plate: PbO, 4+ H,50, + I, 4 aq = PbSO, -
2H,0 4 aq.
Negative plate: Pb + H,80, + O 4 aq = PbSO, +
H,0 4 aq.
where aq. represents water in the electrolyte.
For simplification, the prelimi-

nary reduction of the pasted | =21 26
ositive plate from red lead | & 2OPN 1T 1T 2 lozin

(Pbs0,) to lead peroxide (PbQ,) | xH,q[ | | | B o 2,3§:

1s not given. 02174 22 (:32
Thus during charge, the elee- | o 18 ER

trolyte gains sulphuric acid and 0123456789101

its density rises, while during il ik

diSCha’rge’.the reverse operation Fio. 52, Charge and Discharge Curves
takes place. for Lead Cell.
Charge and Discharge Curves for Lead Cell

Charge and discharge curves for a lead cell are given in fig. 52
above.

The storage capacity of a battery is stated in ampere-hours,
and as a very rough rule if the discharge rate is increased, the
time of discharge is decreased in the same proportion.

The Hydrometer
An instrument ecalled a hydrometer is used for testing the
specific gravity of the acid. It
indicates the proportion of the
weight of a given volume of the
liquid to the weight of an equal
volume of water at the same
temperature. Different types of
accumulators require acid of
slightly different strength. That
B | made by the Chloride Accumu-
: lator Company requires acid of
an initial specific gravity of 1.215.
That is to say, if one cubie
centimetre of water weighs one
gramme, one cubic centimetre
of this acid weighs 1.215
grammes.
=2 There are several different
T types of hydrometers. When a
EMBEDDED IN body floats in any liquid we know
that the weight of the liquid
F1c.53. Construction of Ilydrometer. gll'sflllici)% dl;.equzl :10 rrf}})lli K;:lgl}(l:
meter may therefore be made as follows : into a tube, A (fig. 53),
a sufficient quantity of lead shot is placed—held in position by
paraffin wax—to make it float in water up to, say, the level B.
It this water be at a temperature of 4 degrees centigrade this
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! ]-cpr(‘sellts a specific gravity of 1. Dilferent standard
leve -ons of known specifie gravities may then be taken, and it
So.lufi]e found that the tube will float in them so that more or less
wl”'t)will be immersed. Thus in aleohol and certain oils the
Oflle would sink deeper because their specific gravities are less
t?,)n that of water. In a solution of salt or sulphuric acid the
211?)6 would be less deeply immersed, indicating a greater specific
oravity. If then, as stated above, certain standard solutions
be taken, a graduated scale can very easily be marked on the
outside of the tube. For taking the specific gravity of the acid
in accumulators this type 1s not very convenient, as the plates
usually oceupy all the space in
the container. An alternative
form of hydrometer is therefore RUBBER
very often employed. This con- TEAT,
sists of a glass tube, as shown in
fig. 54, fitted with a rubber teat
very similar to the ordinary foun-
tain pen filler. Inside this tube
are different-coloured glass beads,
each of which would float in a
liquid of a eertain specific gravity.
A table is supplied with the
instrument giving the specific MEEROW
gravities corresponding to the

QL ASS
TUBE

~—

different beads. In order to test 2;}35
the specific gravity of the acid in PURPLE _ |/
an accumulator, it is only neces- L0

sary to insert the end of the tube
in the liquid and to squeeze and
rclease the teat, which exeludes
the air and allows a little of the RUBBER TUBE
acid to fill the tube. The read-
Ing corresponding to the parti- F1c. 54. Suection ITydrometer.
cular bead which (loats nearest

the centre of the tube gives the specific gravity of the acid.

iIl?di:alftid ;}1’(}3)6 supplied to operators the specific gravities

YellonyAR e e 1.170
Blue p{. BT ) A 1.185
Pump e 1.200
Charging
As

and glPl”ewously stated, new cells require a long initial charge,
efoms eat care must be taken that certain conditions arc satisfied
of the ?ﬁmm‘enclng. The positive pole of the source of supply
of the aC arging current must be connect‘ed to the positive pole

metlf(::umulator battery, and the negative pole to the negative.

d of distinguishing the polarity of the charging loads
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has been mentioned under the heading of *“ Electrolysis,”” wher
it is stated that gas will be more freely liberated from the electrod
in connection with the negative pole of the source of supply.

In order to test properly for polarity two small pieces of lea
should be connected to the ends of the two supply mains, thes
pieces of lead forming the electrodes in a simple electrolyti
cell ; a resistance such as a lamp being included in the circui
if the voltage is high. Tt would be seen that the electrode fro
which gas was being evolved less freely would turn brown, du
to the [ormation of lead peroxide. As a rule, lead-covered cabl
is used in a wireless installation, and strips of the lead sheathin
may be conveniently used for this test. Another simple wa
of testing is by pressing the end of the two wires on to a piece of
damp blue-print paper. The paper under the negative wir
turns white.

The positive pole ol the accumulator can be recognized a
follows : It is always of a chocolate-brown colour, and the past
can readily be recognized in th
lead frame. All the positiv
plates in a cell are joined togethe
by means of a lead strip, whie
is usually painted red, and thi
pole piece is generally insulate
from the cover of the container b
means of a piece of red rubbe
tubing. In the type of accumu
lator supplied to ships the pol
piece is of round section, an
the upper extremity appears as a circle (fig. 55(a)).

All the negative plates are similarly joined together by mean:
of a lead strip or bar, but in this case it is painted black, and th
insulating tube is of black rubber. The pole piece is generall
filed in such a manner that its upper extremity appears as i
fig. 55(b).

The outside of the container and cover are also marked witl
the following signs :

Positive - Negative —

When building up an accumulator cell great care must b
taken that the plates are so placed in the container that the pole
coincide with these marks. Belore making the actual connection:
between the dynamo and the accumulator battery, it is necessar,
to see that the terminal pressure of the former is greater than tha
of the battery. Otherwise the battery would discharge itsel
through the dynamo, as its pressure is acting in an opposite
direction to that of the charging current.

Assuming then that the charging current at our disposal 1
of suitable power (its voltage should be at least 10 per cent
higher than that of the battery), the acid is put into the cell
until it rises about half an inch above the level of the top edge
of the plates, and the connections are made. The reason tha
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Fig. 55. Positive and Negative Poles
of Ship Accumulator.
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. adding of the acid is left until all else is ready for the commence-

1“2 of charging is that it would needlessly attack the lead
i1 added earlier. .

Guitable measuring instruments are used in the circuit, which
- dicate when the battery is fully charged or discharged.

"\, instrument called a voltmeter indicates the potential
but in order that this reading may be a truc indication
)i the condition of the cell it must be taken when the cell is
Jelivering current. When the cell is not flelivel'lng current it
usually shows a pressure of two volts, which does not depend
smeh upon the extent to which the cell has been charged or
ischarged. If a cell gives a pressure much below two volts
hen no current is passing it is usually in a very bad state.

As the process of charging continues, it is found that the specific
aravity of the acid slowly rises. The voltage also rises, slowly
2t first and then more rapidly, until the difference of pressure
between the poles of each cell is about 2.6 volts.

Now the specific gravity of the acid rises most rapidly in the
parts adjacent to the plates. The dilference of pressure depends
to a great extent on the specific gravity. When the charging
is stopped the specific gravity of the acid becomes uniform,
and that of the part adjacent to the plates is slightly lowered,
with a resulting decrease in pressure, and it is found that shortly
alter cutting olf the charging current from a fully charged cell
its potential difference drops to about 2.1 volts. If the voltage
of a cell {ails to rise properly towards the end of the charge it is
an indication that it is in a bad state.

difference,

assing

A cell is fully charged when the specific gravity of the acid
ccases to increase. After this point is reached the charging
current is only being used to decompose the water in the cell
mto hydrogen and oxygen. Bubbles of these gases then rise
to the surface. Usually there is a sufficient number of these
small bubbles at the end of a charge to give the acid quite a milky
appearance. The current required for charging accumulators
Vvaries in different makes, and of course the supply has to be
{}eglllated in accordance with the makers’ instructions. When
f-le correct charging current is used and the cells are gassing
‘eely at both positive and negative plates, the current should
rrf reduced to one-half and charging be continued until they once

Ore begin to gas. At this point charging should be stopped.
Dlscharging

'.I‘he value of the current taken from the accumulators must
‘harexceed the maximum specified by the makers. As the dis-
T isgg continues, the specific gravity and the voltage slowly drop.

rop must not be allowed to fall below certain limits. The

\
aﬁ}}‘age of a cell when delivering normal current should never be
ved to fall below 1.85 and the specific gravity below 1.170.
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Faults—Sulphating

The most common fault is known as sulphating. When the
cell is being discharged it has been stated that lead sulphate
forms on both plates. This lead sulphate is in such a form
that it is easily soluble during the charging process under normal
conditions. When a cell is discharged below the limits given,
or even when a discharged cell which has not been allowed to
discharge below these limits is left inactive for any length of
time, the sulphate appears to work out to the surface of the
plates in the form of crystals, which are almost insoluble and very
difficult to remove. This sulphate is a very poor conductor, and
offers great resistance to the passage of the current, and conse-
quently the efficiency of the cell is very much impaired.

A sulphating cell may be easily detected because the specifie
gravity of the acid at the end of a charge will be less than it was
at the end of the first charge. This is because the plates have
not liberated as much acid during charge as they took up during
discharge, as part of the acid has been used to form the insoluble
sulphate. The remedy for this is extra charging. The faulty
cell must be cut out of the battery after a charge and replaced
during the next charge. When a cell is very badly sulphated the
sulphate is seen adhering to the plates, and it is extremely difficult
to remove. Infact, it is often found cheaper to supply new plates.

Buckling

When lead or lead peroxide is converted into lead sulphate,
the latter has a much larger volume than either of the former
materials. Actually the volume of lead sulphate is about twice
the volume of a corresponding quantity of lead peroxide and
about three times the volume of a corresponding quantity of
metallic lead. When, therefore, an accumulator is discharging,
the paste in the positive plates and the lead in the negative plates
graclually expand. This expansion has a great tendency to cause
buckling of the plates, and is largely responsible for the dropping
in voltage during discharge. As the material expands it closes
up the pores, thus preventing the acid from coming into contact
with the whole amount of active material. This expansion of
active material, together with violent gassing and local action
—which is an action similar to that described in connection with
the primary cell—results eventually in the disintegration of the

lates.
y In the type of accumulator supplied with wooden separators
the buckling and disintegration are to a certain extent prevented.

If any foreign conducting matter is allowed to fall between
the opposite plates the resistance at this point is lessened, and
unequal action takes place with unequal expansion of different
parts of the same plates, and a consequent twisting or buckling
ensues.
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‘on :
Local Actf‘; ¢ of local action than that already explained takes
Another };Ecumulator' This takes place between the lead of

lace i;t?\?e plate and the lead peroxide with which it is coated.
the po

1 el ened more or less by the coating of lead sulphate
This a%ﬁlgnaizstilglslsitself causes to be formed on the lead.
which -(ller to reduce local action as far as possible great care
y (1))1@ taken that the electrolyte is as pure as possible when
]-r?l;:tﬁrst made up, and that no metallic impurities are allowed
i

to fall into the cell when 1n use.

Evaporation : X !

The liquid in the cell gradually ‘ shrinks in volume. This
shrinkage is usually due to evaporation of water, and must be
compensated for by the addition of pure distilled water. Some
Joss also takes place on account of the splashing caused by gassing,
but splash boards are usually supplied which fit closely over the
top edges of the plates, and this loss is very small. Should any
of the acid be accidentally spilled, dilute acid of the original
specific gravity must be added.

Growths on Plates

If a flake of paste from the positive plate falls on to the negative
plate it will discharge itself as well as that part of the plate on
which it has fallen. During the next charge this projecting
flake will be converted into spongy metallic lead, and during the
ordinary working of the cell will tend to grow larger and larger,
and if not removed may finally short circuit the cell by touching
the opposite plate.

The Management of Accumulators

Cells should not be discharged at a greater rate than that
specified by the makers, nor should the discharge be continued
beyond the point at which the voltage during discharge has
dropped to the limit mentioned—i.e. 1.85 volts.
ells should not be allowed to remain discharged longer than
hecessary, and when they are charged they should be fully charged
at a rite not exceeding that specified ; and prolonged or violent
gassing should be avoided.
watch should be kept on the specific gravity of the acid in
€ach cell when the charge is apparently complete. 1If it is not up
c‘i)rcStfmdard strength in any cell that cell should be cut out of
in (1)11::1 during discharge and replaced during the next charge
Thel €r to remove any insoluble sulphate by extra chargmg.
. uaCtlon of sulphating is also indicated by an abnormal dropping
}le voltage during discharge.
0 level of the electrolyte must be kept above the tops of the
€S as explained.
€ cells should be regularly inspected to see if there are any
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The electrolyte consists of a solution of potassium

HANDBOOK OF TECHNICAL INSTRUCTION

flakes or growths in such a position as to be liable to short-circuit
the cell. If found, they should be scraped off. The terminals

ide. ) :
should be coated with vaseline to prevent sulphating. En : cells of this type are sold, perhaps the best of which are

. Nife > cells, which operate on the Edison principle but which
‘ N:3 been much improved. - : +,
av his type of cell, the positive plates are separate irom the
Int Jates by means of hard rubber strips, and the plates
llcgeytlYgrp olarity are connected to a rod which is taken up to
o ningl of the cell. The container is made of steel, all joints
the Ton elded to eliminate leakage of electrolyte. All the stgel
being ¥ the manufacture of the cell is treated with a special

gliecir(l)lllytically deposited coating of nickel to prevent corrosion

Jectrolyte. .
byTt}?eee‘leeiiroly}‘:icc reactions of this type of cell are too complicated

i in detail. A brief account of the changes involved
J:;l)al;? ﬁ:)‘isgver, be beneficial to a fuller understanding of its

ion. . : ang g
ac'tll‘he discharged cell contains, in the positive electrode, nickel

hvdroxide in a low degree of
oxidation. The negative electrode 5 -
contains a mixture of cadmium 3;‘"'«HA{RiGE VOLTAGE
and iron oxides. When charged, : : AEREREE
the oxygen from the cadmium SCHARGE. 1 ==
and iron oxides is used to oxidize -

the potassium hydroxide, and n

Treatment of Cells when Not in Use

When a battery is to be left for any considerable time in an
inactive state special steps must be taken to prevent deterioration.
If it is to be left for only a month or so it is only necessary to giv
it an extra charge after seeing that each cell is in a good condition.
Should it be left for a longer period than this the following steps
' should be taken.

The battery should be given an extra charge, and after car
| has been taken that every cell is in a good condition, the aci
* should be poured off and the plates, where possible, placed t
| soak in pure distilled water for about twenty-four hours. They

should then be taken out of the water and allowed to dry, after-
wards being replaced in the dry containers until required for
further use. On being brought into active service again they
must be given a long charge, as it is necessary to remove certair
salts from the negative plate which are formed by oxidation du
to exposure to the air.

In cases where it is possible to give the battery a prolongec

charge about once a month, it is quite unnecessary to remove
the acid, ete., as such periodic charging, combined with an

!
T

VOLTS
lole]

aldigil

;.)(;:fislioirrllz:lle Eﬁglé)};ieir:ﬁedlscharge, will keep it in a good conditiol the reduced cadmium oxide and REE| .;J_: )rJ ]
i iron oxide are left in the negative i
plate as pure cadmium and iron
The Character of the Lead Accumulator respectively. Tia 155, ORI s
Certain disadvantages attend the use of the lead cell, the most It will be appreciated from the for Nickel-Iron Cell.

above description, that unlike
the lead cell, the electrolyte does not undergo any change in
the process of charge or discharge. It does not enter into any
permanent chemical union with the electrodes, but appears to
function only as a liquid conductor. In view of this, the density
of the electrolyte does not change appreciably during charge or
dlscharge. This although detrimental in some respects, as it
does not allow the state of charge or discharge to be reckoned
fl‘Om‘ the S.G. of the electrolyte, is advantageous in that no detailed
gravity records need be taken or kept.

esults show that this type of cell has a fairly uniform discharge
Vvoltage of 1.2 volts per cell. On charge, however, this voltage
Iises from 1.2 to 1.4 (which value it maintains for some time)
and then to 1.7 volts per cell.

uring charge, some of the water in tlie electrolyte is
OecomPOScd and appears as a mixture of hydrogen and
Xygen.‘ It is therefore essential that some means of outlet
eseprqwded for these gases. During discharge, no gas what-
ail’tli‘gl'l)i evolved, and the cells may therefore be kept quite

5

important of which are as follows :

1. Acid is used as the electrolyte.
2. The plates are weak mechanieally.
8. The cells are very heavy.

The advantages of the lead cell are :

1. The voltage is very constant.
2. The voltage is high per cell.
8. The internal resistance is low.

It is due to these last facts that the lead cell will probably
never be entirely supplanted.

The Nickel~Iron Accumulator

A type of accumulator invented in its original form by Edison
and recently elaborated, possesses many advantages over the
lead cell. The cell—sometimes known as the nickel-iron cell—
has for its positive electrode, a plate of nickelled steel which is
impregnated with nickel hydroxide. The negative plate consist
of iron and cadmium oxides contained in a nickelled steel frame-
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Charge and Discharge Curves for Nickel-~Iron Cell

Charge and discharge curves for an accumulator of this type
are given in fig. 56.

Character of Nickel-Iron Accumulator

The nickel-iron cell possesses many advantages over the lead
cell, chief among them being :

1. No harm can be done to the battery by either over-
charging or over-discharging.

2. No acid is used in the electrolyte.

3. The batteries are stronger mechanically.

4. Upkeep is cheaper as the cells do not require so much
attention.

5. No gases are evolved during discharge.

The disadvantages of the cell are :

1. The irregular form of the voltage time curve when on
charge or discharge, and in particular the large drop in
voltage at the commencement of the discharge.

2. The larger number of cells for a given voltage.

Accumulator Batteries for Ship Wireless Use

The requirements of wireless sets have been responsible for
many new types of accumulator design. In the case of the valve
transmitter which relies on batteries for either filament lighting
or main power supply, the type of battery generally used on
board ship is the lead cell which is contained in a lead-covered
wooden case, the active plates being suitably insulated from
each other and the case. These batteries are made with capaci-
ties of the order of 200 amp. hours, and are found to be most
suitable for general work on board ship. The space occupied
by a bank of say 50 of these cells is not large and very good
performance can be expected from them.

In the case of some lifeboat sets, and in other wireless installa-
tions, the Nife battery is used. These cells are provided enclosed
in a plated-iron case, and are almost totally enclosed by this
case. They are made in capacities of the order of 100 amp.
hours.

Receiver Batteries

Accumulators are now almost universally employed for both
high tension and low tension supplies for multivalve receivers.
In the case of small ships’ receivers, high tension accumulators
are not needed, however, as the drain on the battery is only very
small and dry cells can therefore be used.

The advent of the dull emitter valve, needing a potential of
2 volts and passing currents of the order of .06 amp. in the fila-
ment, has been responsible for the production of batteries which
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i i i be used
e a VeIy large r:;?:we capacity, but which can only
hta a slow d.ISChar%;pe o.f low internal resistance lgad cel} is not
The .Orduflarﬁse in cases where only a slow intermittent ghscharge
conven! e ? I'r if such a battery were used, its full capacity could
re(j,_ od as., before it was exhausted, it wquld have to be
be utilized, revent sulphation. The batteries mentioned
have beeII)l specially designed to meet these requirements
above 1% specially formed, thick positive _and negative platfes.
ax}lld 112;: bg left inactive for months at a time without suffering
They S X
o dde?%?%g?t;ery is also made in very small capacities
Thlsb{;ypit to be used for high tension on receivers or small
- ena'tt?ers The cases are usually cast in glass to contain
trg r;(s)rrélo or 30 cells and consequently the completed battery gives
! volts.
: ?lt%rgis(:)fnugyg:a Gl())au;teries (nickel-iron cells) are not able to
sulpilate or to become deficient through belng left inactive, the
i type of cell can therefore be used for slow discharges.
O‘Iidmargwtt};gies are also made in small sizes and.mounted in a
goilejeeniént form for the supply of recciver high tension voltages.

not
recharged to
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CHAPTER VII

MAGNETISM

_ LECTRICITY and magnetism are very closely associated.
P It has so far been possible to study the production and
the elfects of electric currents without reference to magnetism,
and it is now proposed to apply the same method to magnetic
phenomena by discussing that section of the subject which can
be studied without reference to electric currents.

Lodestone

In certain parts of the world—notably Norway, Sweden, and
parts of America—a peculiar type of iron ore is found. If a piece
of lodestone be suspended so that it is free to turn in a horizontal
plane it takes up a position with its longer axis pointing north
and south., The ancients utilized this Jbroperty of the ore as a
means of guiding their ships across the wide tracts of ocean, and
for this reason it became known as leading-stone, or lodestone.
Originally the mineral was found mostly in Magnesia, in Asia
Minor, and it is from this source that such words as magnet,
magnetism, magnetic, etc., have been derived. Lodestone has

the power of imparting this property of magnetism to certain
other substances.

Artificial Magnets

It a rod of hard steel be stroked continuously in the same
direction with a picce of lodestone, after a while it will be found
that the steel possesses similar evidences of magnectization. If
suspended by means of a thread, it will be found to always point
in a northerly and southerly direction. It will be found to possess
the power of picking up pieces of iron or steel, and if it be plunged
into a quantity of iron filings and withdrawn it will be scen that
the filings have adhered to it, particularly at two well-defined
points. These points are known as the poles of the magnet, and
are called the north-seeking and south-secking poles, or simply
the north and south poles respectively.

The First Law of Magnetism

If two such steel magnets be taken and one of them be sus-
pended, on bringing the second one near it in various ways,
the following elfects are produced.

On approaching the north pole of the suspended magnet with
the north pole of the other, the former swings round in a direction
which places its north pole as far away as possible from the
approaching north pole of the second magnet.
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i free
ffect is produced when the south pole of the
is I'm(;de to a}pproach the south pole of the suspended
magnet 1 When the north pole of the free magnet is brought
magnel the south pole of the suspended magnet the latter is

towa(ll‘dso swing so that it comes to rest in a position as near as
fozrsljble to thebapproaching north pole.
po

From these facts we see that—

. Like poles repel each other.
fl_’. Unlik}e poles attract each other.

A slmlla

: : slall

se, although the north-seeking pole is usually terme
; o cfil}lll ;)ec;le, it is in reality a south pole, and the south-seeking
tne]:enfi)s really a north pole. This will be readily understood
R;c;len it is remembered that unlike poles attract.

netic Induction '
M??a stecl magnet be taken and a piece of soft iron be placed in
contact with it or in clqse proximity to it, this piece of 1(11'on is
found to possess magnetic properties, and it can be proved that
the end ol the iron]neareit the pole of the magnet possesses
i larity to that pole. ' s

Op})t? SiI: esz?i(zl th;:c magnegsm has been induced in this piece of
iron. If the magnetizing influence be removed, by either pakmg
away the magnet or the piece of iron, the latter will be found
to contain no remaining trace of magnetism, or at least very little.

On performing the same experiment with a piece of hard steel,
however, it is found that it retains a certain amount of m‘agnetlsm
even after the magnetizing force has been removed. This mag-
netism is called residual magnetism, and it is found that: the
harder the steel used the greater is the amount of this residual
magnetism. |

Under the heading * Artificial Magnets ™ it was stated that
a piece ol hard steel could be magnetized by stroking with a
magnet. If the same experiment is tried with a piece of soft
iron no or very little permanent magnetization results.

k24

Theory of Magnetism

~ When a steel magnet is subjected to blow§ from a hamnger
1t is found to lose its magnetism. When a piece of steel which
is undel‘going the process of magnetizatiqn is tapped with a
lammer in a certain way the magnetization is accelerated. )
hen a magnet is heated to a red heat it loses its magnetic
Properties, ur
. When a very long magnet, say a magnetized knitting-needle,
1S broken up into a great number of small parts, each part is
found to pe o complete magnet in itself.
. All these facts agree with the theory that has been put forward
' explanation of omagnetism. It is thought that all the mole-
cules, or crystal groupings of molecules, in a magnetic substance
are complete permanent magnets. Under ordinary circumstances
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these infinitely small, permanent magnets are lying in a haphazard
fashion in all sorts of directions, so that the resultant magnetic
effect is nil.

Under the influence of some strong magnetizing agent, however,
the molecules are rearranged so that they are lying in symmetrical
lines throughout the length of the magnetic substance in such
a manner that the unlike poles of each adjacent molecule are
together. The accompanying

RSN 777N | diagram will help to explain this
DNNCANLEYZN | idea (6a. 5. .
BEFORE MAGNETISATION It will be seen from this theory

that it is impossible to have a
magnet with only one pole.

This theory is quite consistent
with the behaviour of steel and
soft iron under magnetizing in-
fluences, for it can be readily
understood why hard steel, in
which the molecules are more closely packed than in soft iron,
takes a stronger force for the rearrangement to take place. At
the same time, once this rearrangement has been accom-
plished it requires a correspondingly great force to place the
molecules in their original state of chaotic disorder, thus
explaining why hard steel retains its magnetic properties
indefinitely.

iy —
AFTER MAGNETISATION

Fig. 57. Molecular Arrangement in Iron
Before and After Magnetization.

Lines of Force

As a magnet has the power of inducing magnetism in a neigh-
bouring piece of iron, its force must be exerted at a distance,
and we can easily find in what
manner this force is distributed B Yy
round a magnet. ¥ & 71y

Let us take an ordinary bar | .\ ' g

i

magnet and lay over it a sheet b :
of stout paper. If then a pepper- ~= oot et
box filled with fine iron filings be | .-~ Z-7i=

used to sprinkle the filings over A
the paper, each separate filing, | ~ / |\
under the influence of the mag-
net, becomes a small magnet,
and the filings arrange them-
selves with unlike poles together
along certain lines closed upon
the ends of the bar magnet, as in fig. 58. We thus see that the
force of a magnet appears to be along these lines defined by the
filings, and consequently these lines are called lines of force.

=

Fia. 58. Magnetic Field Round Bar
Magnet.

Attraction and Repulsion

By taking different combinations of magnets we can use the
filings to demonstrate the effcct of one magnet upon another,
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or instance, fig. 59 shows the lines from two like
being df‘verted into a pg]ane at right angles to the length of
poles nets, and this behaviour indicates the repulsive force
the mﬁ;g;ists between the two like poles.
whwhh next diagram (fig. 60), the unlike poles of two bar magnets
Jite ent to each other, and the lines appear to stream across
e adla(fe to pole. They may be likened to stretched elastic
g dpowhich tend to shorten and draw the two poles nearer
thre%] sr Thus unlike poles attract one another. In order to
e fh:;t the lines of force do not exist only in one plane, but
Shorlthey pass through the medium surrounding a magnet in all
thz-t tions, the experiments shown in fig. 61 (a) and (b) may be
dn(:,lce In fig. 61 (a) the filings erect themselves when the paper
mall cld over the end of one pole of the magnet ; ‘and in fig. 61 1))
l\;htare the paper is slipped over the end, the filings radiate from

and so on-
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LW 1 :: 1 e
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aEne ..
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e
4 iy b
Fia. 59. Magnetic Field Between Like Trc.60. Magnetic Field Between Unlike
Poles. Poles.

the pole in the plane of the paper which is at right angles to the
length of the magnet. ] ) ‘

Again, if we take a bar magnet with a piece of iron near one of
its poles we find the distribution of the lines of force very much
as shown in fig. 62. The lines of force appear to be bent over
from their original position as though the piece of iron offers an
easier path, or, in other words, as though the piece of iron has
the power to concentrate the lines of force through a smaller space.

Permeability
. The property possessed by magnetic substances of concentra-
tng the lines of force is known as permeability. It is found
that soft iron has much greater permeability than steel, by which
We mean that it has a much greater concentrating effect on the
lines of force than steel. ‘s
S the magnetizing force increases, so does the permeablllty
2P to a certain point ; it then commences to decrease. This
Implies, that after a certain strength of magnetizing force has
Hfgn Teached, any further increase will not result in any large
éease of the number of lines passing through the iron. The

Atter is then said to be in a state of magnetic saturation.
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Magnetic Field

The whole medium which is permeated or occupied by
magnetic lines of force is called a magnetic field. Magnetie
fields are compared one with another in terms of their inten-
sity. A magnetic field of unit strength is one in which only
one line of force exists per unit area. That is to say, that if
a plane at right angles to the direction of the lines of force be
taken and divided up into squares measuring one centimetre
each way, in a field of unit intensity only one line of force
would pass through each square. Thus if, say, ten lines of

force exist per unit area the field is said to be more intense than

one in which less than ten lines exist.

Terrestrial Magnetism

The earth behaves as if it is a huge magnet. It has a north
and a south magnetic pole, between which poles exist lines ol
force similarly disposed as in the case of a bar magnet.

it b

o A ':_“ S e,

N N =
RS R
/// 1A = --/ \

L 1y e
(a) b) i \ /
F1a. 61. Magnetic Field Round One Pole Fig.62. Distortion of Field due to Soft,
of Magnet. Iron,

A compass needle or any suspended magnet always sets itself
along these lines of force.

The magnetic poles are situated at some distance from the geo-
graphical poles, and from London the north magnetic pole is some
16} degrees to the west of the true north. This angle is called
the angle of declination, and is found to vary from year to year.

If a magnet be suspended in such a manner that it can swing
in a vertical plane, even though it be perfectly balanced before
being magnetized, it is found to incline towards the north pole.
The angle of inclination is called the angle of dip, and at the
north magnetic pole the needle is found to point straight
downwards.

In diagrams illustrating magnets and the lines of force set up
by them, it is usual to fix arrow-heads to the lines. This does
not indicate a flow along these lines, but merely shows the
direction of the force exerted.

The force is always exerted in a direction from the north pole
to the south pole outside the magnet, and from the south pole
to the north pole inside the magnet, and is therefore the direction
in which a little north pole would move if placed on the line of
force outside the magnet.
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CHAPTER VIII

ELECTRO MAGNETISM

ic Current
t Deflected by an Electric ' _ '
Magn:his chapter, we shall examine thg manner in which an
lec‘tric current is found to be assoqla’ged' with a mz'a.gnet}C
field e'md the various ways in which this intimate relationship
ield, @

e yarent. , i
E rIrEas(ir?apgnetic needle be placed directly over a wire carrying a
current a?ld in such a manner that its axis is parallel to the
wire, the ncedle is found to deﬂeqt. ' _ !

T},le direction of this deflection depends on the direction o

the current through the wire and on the position of the poles of
the necdle.

mpere’s Rule A '
ATﬁe famous scientist whose name has been given to the unit
ol current, formulated a rule by which the relation between the
deflection and the direction of the current can be very easily
remembered. _— ; _ |

If a man were to swim along a wire in the direction of the
current-flow, facing the needle, and with his han'ds outstretched,
the north pole of the needle will always turn to his left hand.

If now a wirc be taken of such a shape that after the current
through it has passed in one direction over a magnetic nce‘dlc
it can pass in the dirvectly opposite dlrectlpn under th_e needle,
whatever the power producing this deflection may b’e it should
now have a greater effect. For, applying Ampere’s rule, the
swimmer would now be on his back and his left hand would be
in the same direction as that already taken by the north pole
ol the needle,

Galvanometer .
I then we take a coil of wire, wound as in the accompanying
diagram (fig. 63), a small current produces a sufliciently accumu-
lateq elfect, after passing through the many turns, to cause a
¢onisiderable deflection of the needle.
1S arrangement is used largely to detect the presence of a
aorrent, when it is made up into a convenient form and called a
galvanometer.” More will be said on this subject later.

Current Associated with Magnetic Field . .

m ust as a magnet has been shown to have the power of inducing
agnetism iy o piece of iron at a distance from it, so a current
ASsing through a wire has this power.
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A very simple experiment sufficiently demonstrates the [ae
that magnetic lines of force are set up by the passage of a current,
In fig. 64, a wire is shown passed vertically through a sheet o
stiff paper. If a current be now forced through the wire, an

F1a. 63. Galvanometer Coil and Needle.

DIRECTION
OF CURRENT

Fic. 64. Magnetic Field around a Wire-
Carrying Current.

F1a.65. Solenoid and Magnetic Field.

of force produced around each

resultant lines of force passing th

iron filings be scattered over th
paper, they are found to take u
a position in the form of con
centric circles with the wire a
a centre. It is found that if th
current be increased the influene
over the iron filings is mor
strongly marked, and that il i
be decreased the opposite effee
is produced.

Each of the iron filings whils
under the influence of the curren:
possesses the propertics of a smal
magnet, and if the polarily o
these magnets be examined it i
found to depend upon the diree
tion of the current. The figur
shows the corresponding polarit
or direction of strain along th
lines of force for the two dirce-
tions of current along the wire,

Maxwell’s Corkscrew Rule

The following is an eas
method of remembering the rela-
tive directions of current and
lines of force. If we screw a
corkserew in the direction of the
flow of current the corkscrew
rotates in the direction of the
magnetic lines.

The Solenoid"

If a piece of wire be wound in
the form of a helix, as in fig. 65,
and a current be passed through
it, it is found to act in the same
manner as a bar magnet. Such
an arrangement is called a sole-
noid, and it is seen by applying
the law just given that the lines
adjacent turn of wire will give

rough the centre or along the axis

of the coil. If this arrangement be suspended so that it can
swing in a horizontal plane, it will take up a position pointing
north and south. The polarity of course is decided by the
direction in which the current is passing through the wire.
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nets . .
Electrofgslzgs take a single turn of wire round the edge of a thin
Now

i d cut the whole arrangement in two along a dia-
disc Ofolllljoilhgndisc. We should then have a sectional view as
lneter o 6.
shown 11 g g'Ec'hgjc it is possible for us to pass a current through

Imagmturn of wire and let us examine the effect. The lines

this ha set up in the form of

of forcl(t?ric cireles round the wi;'e P N Y L
Cogiﬁmuwh the iron disc, and in e\ LS|
clu. g SO convert each part into a A Y A T
(0’1;17 magcnet, so that the dise ST S
f)?:lcomcs a bundle of very small v, ‘"‘/'/,’,","\\‘\\‘\\\\_" v,
magnets all lying with themr S o R
north or south poles uppermost, (A0 AR LR S
according to the direction of the

current. If nox;r we take a greixt Fic. 66. A One-Turn Eleciro-Magnet.
» of similar arrangements )
:;ltlen;]k;gllﬂ(()l have the equivgalent of a bar of iron wrapped round with
a coil of wire (fig. 67), and we should have the small magnets lying
in a similar position to that taken up by‘:clrlc molecules of th‘e ba’x,'
magnet, as explained under the heading, ““ Theory of Magnetism.
A bar or rod of iron round which is wound a coil of wire con-
veying a current is called an electro-magnet. |
%o;’v, in the previous chapter it has been explained that the
permeability of iron enables it
to concentrate lines of force.
It will be easily seen, therefore,
that we have here a means of pro-
ducing a very powerful magnet.
As was explained a little way
back, the intensity or strength of
the magnetic field depends upon
the strength of the current pro-
ducing it. In the case under
consideration, therefore, any in-
erease in the current will prOduce F1e. 67. A Mulli-Turn Electro-Magnet.
4 corresponding increase in the ]
agnetism of the iron bar. Again, if we increase the number of
turns of wire round the bar we have a greater number of lines
of force passing through it. sl o
© can say, then, that within certain limits the strength of
QleC'Cl‘o-magnet depends on the number of amperes flowing
a“d. Upon the number of times these amperes pass round it, or,
2% 1t is more usually expressed, the strength depends on the
“Mpere-turns.”’

'e"meability 2 )
€ shall now examine in more detail‘ phe behaVIQur of iron
"l subjected in a solenoid to a magnetizing current.
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The magnetizing force, which is denoted by the symbol H,
is given by the product of current I, and turns N, or H o< N I.
Further, as the strength of the magnetic field produced by a
solenoid in air, which is called the Ifield Intensity, is also given
by this same product, the symbol H is used in addition to repre-
sent field intensity in air.

If we take a long solenoid with an iron core, and pass currents
of different values through it to magnetize the iron, it will be
found that the values of the strength of the magnetic field in
the iron, which is called the Flux Density, and is denoted by the
symbol B, compared with the values of the strength of the
magnetic field in air H, for the different magnetizing forces
applied will produce curves similar to one of those shown in
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F1c. 68. Magnetization ““ B-II ” Curves.

fig. 68. The “B-H” curves of fig. 68 show, for instance,
that the ampere turns which produce a field strength of 5 lines
per sq. em. when the solenoid has an air core, produce a field
strength of 11,500 lines per sq. ecm. in a soft iron core placed in the
solenoid. But when a cast iron bar is used an II value of 5
corresponds to a B value of 8,400, or again, when a bar of steel
is used, an H value of 5 corresponds to a B value of 1,100. The
relation of the magnetic field strength produced in any material
to the field strength produced by the same magnetizing force
in air is called the “ Permeability ”” of the material, the symbol
for which is p. Then p = 1}31 Thus the permeabilities of
the soft iron, cast iron, and steel samples quoted above for a
magnetizing force H of 5, are

Soft iron = 2,800

Cast iron = 680

Steel = 2220
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o curves of fig. 68 show, however, that permeability varies
s ach material with the magnetizing force.

for €ae" 've f ft 1 It commences to rise slowl

er the curve for soft iron. It cc ] Y,
thgr? Isfégpl]y, finally bending over until it is almost horizontal.
Saturation

e rise becomes very gradual or almost ceases as for
]VZE}zlserLft}iI exceeding 20, th}(; l:iron is said to be satura}ted.
gzturation occurs at about 15,000 lines per sq. em. for soft iron,
which is more than twice the saturation value for cast iron.
In the designing of an electro-magnet, account must be taken
of the saturation point, for with a given current, any increase
of turns above a certain number would be so much waste copper.

Retentivity ) ]

A piece of soft iron loses a]mo_st all its magnetism as soon
as the magnetizing current is switched off. Its retentivity is
low. That part which remains is called Residual Magr_letlsm.
For certain pieces of apparatus, such as t.ransformers, .whlch are
discussed in a later chapter, this is a very important point.

A piece ol steel, however, retains a large proportion of the
magnetism after the magnetizing current is switched off. Its re-
tentivity is high as its residual magnetism is high. Steel is there-
fore used to make permanent magnets.

Cycle of Magnetization

Let us now consider what happens to a piece of iron when
it is subjected to a magnetizing force first in one direction, in-
creasing to a maximum and then diminishing to zero, and
next in the opposite direction, increasing again to a maXimum
and finally diminishing once more to zero. When the current
through the magnetizing coil is first switched on and is then in-
creased so that the value of H increases, the flux density B
which results gives rise to the magnetization curve OAC (fig.
f59)f,‘1 which is of the same type as the magnetization curves shown
in fig. 68.

Having arrived at C, which is somewhere near the saturation
point for this particular specimen of iron, if we now slowly
reduce the magnetizing force H, we shall find that the values of
B do not fall on the eurve OAC, when plotted against H, they
Produce a new curve CD which at zero magnetizing force shows
that the_ iron still retains a large proportion of its flux. This is
the Residug) Magnetism of the specimen.

I reversing the current producing the magnetizing force,
; € residual magnetism gradually disappears as the current is
ficreased, and at length reaches zero at the point E.
Y lt)vvlll be noted that a considerable demagnetizing force had
and eﬂe}nployed to completely remove the residual magnetism,
Meas 1s demagnetizing force as indicated by the value at E
wit] ures the *“ coercive force ”’ of the specimen, or _the strength

1 which the specimen holds its residual magnetism.
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The effect of still further increasing the magnetizing force in
the direction H,, is to cause the iron to be magnetized in the
opposite direction until with a sufficiently high value of H,,
the iron becomes saturated at some point F. If we make the
maximum value of H;, at which measurements are taken, the
same as the maximum value of H, and then commence to reduce
the magnetizing force once more to zero, the part FG is added
to the magnetization curve which will be found to be similar to
the part DC, also the residual magnetism has a value G equal
to the original value D, but the sample will be magnetized in
the opposite direction.

We have now to start again with the magnetizing force once
more in the original direction, and it will be found that as it is
increased, a closed curve is

B completed by the addition of
C | the section GKC.
e o The iron will then have been

taken through ore complete cycle
of magnetization.
- E 4 The original magnetization
4 0 K " | curve OAC can only be repeated
by completely demagnetizing the
iron so that at zero magnetizing
force there is no magnetic flux.
From the description given
1 above of the behaviour of iron
as it is taken through a com-
F1e. 69. A Complete Cycle of Magnetiza- p]ete cye]e of magnetization, it
ion e Jen, will be seen that the molecules
of iron appear to resist any change in their magnetic state, so
the magnetization itself always lags behind the magnetizing force.

Hysteresis

This lag is called * hysteresis,” and the closed curve of fiz. 69
is called a ‘“ hysteresis loop,”” and inasmuch as its area is deter-
mined by the residual magnetism and the coercive force required
to remove it, this area actually represents so much energy ex-
pended on the iron in changing the position of the molecules to
enable them to pass through one complete cycle of magnetization.

Iron which is subjected to an alternating current magnetizing
force, passes through one complete cycle of magnetization for
every cycle of current, and owing to hysteresis it absorbs energy
from the circuit every cycle, and this energy is dissipated as heat.

Electro~-Magnetic Induction

It has already been shown that a magnetic field is set up round
a conductor through which a current is passing. Faraday dis-
covered that the inverse of this action can take place, and that
when magnetic lines of force cut a conductor or vary in such a
manner that the number of lines cutting the conductor is changed,
an E.M.F. isinduced in that conductor.
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sent a conductor to the ends of which a sensitive

T An?etlg) rg‘r, is connected (fig. 70). If the horsehoe magnet,
ga]vanobrougilt quickly towards the conductor, as shown by the
NS, bea deflection of the needle of the galvanometer takes place,

:oh denotes that a current has been set up in AB. The needle
.‘Yhflsund to return immediately to its original position when the
]r;agnet comes to rest, thus showing that the current set up i1s
only of & momentary nature. SR ’

It the magnet be rapidly withdrawn, a second deflection o
the needle takes place, this time in the opposite direction, and

i is only of a momentary nature.
th]]s)gl-?gcist(})le ¥notion of the magnet the lines of force cut through
the conductor in varying number. The nearer the magnet is
brought the greater is the number of lines of force cutting throqgh
AB, and in accordance with the above law a current of varying
value is set up. When the magnet has come to rest, the lines
of force being stationary, no further induced effect'ls produced,
and the momentary nature of the current is explained. When
the magnet is removed the number of lines cutting through AB
is rapidly lessened and a current is once more induced, but in

osite direction.
th(la\T(c))E)vpif the time occupied in moving the magnet towards the
conductor be varied, we find the following effect. The quicker
the movement the greater is the induced E.M.F. Thus, if the
movement were to take place in one second, we should find an
E.M.F. ten times the strength of that which would be produced
if the movement occupied ten seconds.

This is expressed in the following important law :—The value
of the induced E.M.F. is directly proportional to the rate at
which the magnetic lines cut the conductor, and to the number
of lines cut. '

Now it is readily seen that the same effect is produced when
the magnet is kept stationary and the conductor moved, and
1t is on this principle that the
machine called the Dynamo is
constructed. And alternatively,
if both the magnet and the
conductor rvemain stationary, | a
but the field of the magnet is
;’;’ealgeﬂ'ed or removed, while this

aking place, then again

an EM.F, will be produced in the

gondUCtor. This is the principle
the Induction Coil.

arrow,

The Induction Coil

C();:f h'e Pl‘inciple of the induction Fig. 70. Electro-Magnetic Induction.
of l.ls that a very large number i i
andmkages of a magnetic field with a coil of wire are made

roken suddenly, and many times per second. As the rate
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of change of the linkages is extremely great, the E.M.F,
induced is sufficiently large to produce a spark across the
terminals of the coil. Fig. 71 illustrates the general principle on
which the induction coil works.

P is the winding of an electro-magnet supplied with current
from a battery B, S is a solenoid consisting of a great number of

turns of insulated wire. When the circuit is closed by means
of the key, K, the lines of force set up in the electro-magnet pass
through the coil, S, and induce in it a momentary current. The
momentary nature of this current is indicated by a kick of the
galvanometer needle, G, and is due to the fact that the current
very soon reaches a constant strength and the number of linkages
of lines of force ceases to vary. If the circuit be interrupted, a
second induced E.M.F. is created in the opposite direction. It
is found that the ratio between the induced E.M.F. and the
E.M.F. of the inducing current is approximately the same as
that between the number of turns in the solenoid and the number
of turns round the electro-magnet.

The electro-magnet winding is called the primary, and the
conductor winding the secondary. A commercial induction coil
comprises, in addition to the arrangement described, some
means for making and very rapidly breaking the circuit con-
taining the electro-magnet winding and battery. As the magnetic
field in the iron core is constantly growing and dying away, if
the core were solid, this would produce strong eddy current
heating elfects. The core is therefore made of iron wire which
is equivalent to fine lamination, and this prevents, or very con-
siderably ~reduces, the eddy
current loss. A more detailed
account of an actual coil will be
given later.

Transformers

A piece of apparatus somewhat
similar in construction to the
induction coil may be used in
connection with alternating cur-
rent. Two coils of wire may be
so arranged that when a current
passcs through one, which we shall call the primary, an induced
current is set up in the other, which we shall ecall the secondary,
at either a higher or a lower voltage than that of the primary
current. No primary-circuit breaking device is necessary, as in
the case of the direct-current induction coil, because, as has been
pointed out, the momentary value of an alternating current
15 continuously changing, and therefore if such a current be
used in the primary winding, a continuously varying intensity
of the magnetic field is taking place. It will be seen that there
are four cousecutive variations in the number of lines passing
through the coils during one cycle of current. A gradual
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one direction, a deprease in the same (111'e§;:110u, rz:ll;
d ase in the opposite direction, and a decrease in the sa
”?Cretion as the last increase.
dlrlefcthere are more turns in the
secondary winding than in the
imary, the secondary voltage
wrm be higher, and ‘1‘:he trans-
former is called a * step-up
transformer. If the primary has
more turns than the secondary,

ill be
voltage of the latter will b A e 7 -
%c})lv?fer, and the gransfom;er is Fe.1 o iy
a “step-down” trans-
(I':gll‘lrfl(ir. A parg of the primary may b: ‘tap le((i1 :g“tguﬁrﬁ-;ﬁ
, in which case the arrangement 1s calle to-
?ecr(:)e(tl'a’l;y./&ls in the case of the indﬁctlon coil, an iron core is usedut(}
('(())I;lceni:rate the magnetic field, and the cqil:‘e is Ilammaiée(i a;;::at }fe
: ts in it. n som s
to the field to prevent eddy curren RlIche B
rangement of the two coils is identical with tha
igla nv%hen the transformer is said to be of the open-core type (f}lg
72 Ea)). Another type of transformer is, however, more genera o
used in which the core forms a continuous iron (cllrcult, thg ;111‘11(1;1:?12 }1’-
i und round one part of it and the secondary round ¢
ggﬁg;gn fig. 72 (b). r_[I‘)hiS is known as a closed-core transfoil:rrller.
The ,open-core type is used only in wireless apparatus ol low

power,

Eddy Currents . . ‘

We have seen that when a magnetic field which ‘tc-uts a;
conductor changes in intensity, either by ‘g‘rowmtg ) l: 1(:;1g:e
or by growing weaker, or alternatively remaining ha 3 o
strength, but moving nearer to, or further away {from the condu a

0 ¢ . y ich results in a
an KM.F. is induced in the conductor whic ;
EMEO current if a complete electric

circuit is provided for it.
Such currents are not restricted
to wire circuits. If a sheet of
metal (fig. 78) is interposed in a
magnetic field so that 1t cuts the
lines of force at right angles,
circulating currents called “‘eddy-
currents >’ will be induced in it

strength of the field
F16, 73. 1ddy Currents Produced in a WheneveI: th.e g(t_i o
late through it is varied, no m

Met: a Varying Magnetic . N :
Fi'ztljl e how this variation is brought
about, and weaker currents will

be induced in it if the plate cuts the lines at an angle but not at

right angles. . . .
t’Only gin the case when the plate is parallel to the ]linestwlgll
o currents be induced. As soon as the magnetic field cut by
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the plate reaches a steady value, or disappears, the currents
cease. While the change in the magnetic field continues, the
whole sheet of metal may be disturbed by currents of this nature,
and energy is taken out of the magnetic field to make good the
wastage caused by the resistance of the plate to the flow of these
currents, this energy being dissipated as heat. Masses of metal
forming part of a magnetic or electric circuit which are ex-
posed to a varying magnetic field are therefore laminated

parallel to the field in order to prevent such losses taking place
in them, i
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CHAPTER IX
SELF-INDUCTION

Inertl'a w necessary to consider a very important property
o rslece)ssed by all”circuits in which an electric current 1s
ﬂowirrl);.s This isI tge Igroper’t’y of self-induction, or, as it 1s more

i ¢ Inductance. 1 )
bmf'ﬁ}e’ r;ilgﬁga adopted in most text-books to explain this property
is to show the analogy that exists between 1t and mechan}ca{
inertia. A brief explanation of what is meant by mechanica
i ia i re necessary. \
me\%i?e;s ;hrilr:rflojumps on t)cz a bus travelling at a high speed he
is conscious of having to grip tightly to the rail and feels a.1 strong
strain on the arms. After a little while he can relax the grip
and maintain a footing on the vehicle without any difficulty.
It is seen, therefore, that his body offers some resistance to an
increase in the rate of motion from a walking or running pace to
the pace of the bus. Again, if a man steps off the bus when 1t
is travelling at high speed he must run a little way or otherwise
be thrown to the ground. From this we see that his body offers
some resistance to a change from the high speed of the bus to
the lower speed of walking. ) ! \

Again, we know that a strong force is required to bring a
heavy vehicle from a position of rest to a state of motion, but
after the vehicle has once begun to move it only requires a small
force to maintain this motion, If the force be suddenly removed,
the vehicle does not immediately come to rest, but, unless brakes
be applied, continues to move for some time. If some obstacle
1s placed in its way, disastrous results may ensue.

Now, the property in virtue of which a body resists any change
of motion is called its inertia. A law showing the relationship
between the mdtion, mass of a body, and the force required to
overcome this inertia is very easily found.

Mass, Velocity, and Acceleration

If a mass of one pound be allowed to fall from a height, the
orce of gravity is the only force applied to it causing its motion.
t is found experimentally that such a mass falls 16.1 ft. during

€ first second after it has been released. During the second
>econd it is found to fall 48.8 ft., and during the third second
1t falls 80.5 rt. Its speed is thus increased or accelerated at the
rate of 39,9 ft, per second per second. The force exerted on the
mass by gravity is equal to the mass, and in the present case is
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a force of one pound. If, then, a force of one pound will aceelerate a
mass of one pound at the rate of 82.2 ft. per second per secoud,
a foree of one pound would only accelerate a mass of 32.2 pounds
at the rate of 1 {t. per second per second. A mass of 32.2 pounds
is called an engineer’s unit of mass, therefore we can say that a
force of one pound is required to give an engineer’s unit of mass
an acceleration of 1 [t. per second per second. If, then, we say
a body has m units of mass, we easily see that the force required
to give it an acceleration of a feet per second per second is
obtained from the equation :
F = ma

Inductance

The analogy existing between the inductance of an eclectrical
circuit and mechanical inertia is so close that a very similar
equation for an electrical circuit can be stated to the one given
above,

Before considering the equation, however, it is better to com-
pare an electrical circuit with the bus spoken of at the beginning
of this chapter.

It has been stated that unit current signifies the passage of
unit quantity past any point in a conductor in unit time.

That is to say, that current, instead of being expressed as
amperes, may be expressed as coulombs per second ; or as the
total electrical mass moved per second. This may be compared
with the mechanical mass of the bus, if due allowance is made
for the fact that the mass of the bus is constant whatever its
speed, whereas the electrical mass in the current increases with
the electrical speed.

We have shown that the speed of a bus is only gradually
acquired on the application of a certain force. We might expect,
then, that the strength of current in a circuit gradually rises on
the application of electrical pressure. We have stated that on
the force being withdrawn from the moving bus it comes gradu-
ally to rest after having travelled some distance. We might
expect, then, that a current would continue to flow for some time
after the electrical pressure has been withdrawn. Finally, we
have stated that if a moving bus is suddenly stopped by the
interposing of some obstacle a smash takes place. We might
then expect that if an attempt were made to stop the passage of
a current suddenly some analogous display of energy would
take place.

It is often very difficult to find any such results. If an electrical
circuit supplied with a measuring instrument be suddenly switched
on to a source of supply, the needle of a well damped instrument
immediately comes to a fixed position, indicating a steady current.
According to Ohm’s Law this is exactly what should happen,

for it states that I = % If the current be suddenly switched

off, the needle does not usually indicate a gradual falling of
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oes this sudden stoppage of the currentI in most
K t anything resembling a mechanical smash-up.
cases bun'%(‘i?: uconta%lining a large electro-magnet, however, the
L B (ixlolds good. The current is found to mount up gradually
analOg;’ino theb circuit, and on breaking it suddenly the current
3"62 ‘30(1; cease suddenly, but dies away gradually.
o

urrent. neither d
c

ntal Proof of Inductance ‘
hows a simple arrangement for demonstrating
t continues to flow even after the supply has

Experime
TFig. 74 s
that the cl;rren
fesn O O i itch to the ends of
ins are connected through a swite :
tl SUI\)\glll}:lilr?; of an electrto-magnet, AB. A galvapometer is
o d across the points, A, B. When the switch is closed a
J,On-l(;nt passes through the electro-magnet and part of it through
(tll11:3r ;alvanometer, producing a deflection in the latter towards,
say, the right. The current passes through the electro-magnet
in a direction from A to B, If
the switch be suddenly opened, |
the galvanometer needle is found A\%&swncn
to be deflected to the left, show-

ing that the current is still flow-
ing through the electro-magnet in -
the same direction—namely, from ALV LY
A to B—and through the galva- ELECTRO-MAGNET
nonieter from B to A.

Again, the third and final effect —(D—

is produced in the form of a |
spark. If the current through g, 74, Self-Induction Producinga
a very powerful electro-magnet Current  Kick.”
be interrupted suddenly, a large | [
spark may take place at the point of interruption, and the
current continuing through the coil may be at a pressure suffi-
ciently powerful to break down the insulation of‘ the windings
unless special precautions are taken. It is usual in the case of
large magnet windings to put a resistance across the ends at
the same time that the circuit is broken, thus allowing a suitable
path through which the current may expend itself. ) |
In order to investigate the conditions governing this action
let us consider the accompanying figure (fig. 75). Bis a battery
connected through a variable resistance, R, and a current-
Measuring instrument, A, to an electro-magnet, E. T
clore ‘any current is passing through the magnet windings
l_]o.llnes of force exist with the exception of those due to the
residual magnetism of the core. When the battery is switched
(\)\f; 2 current flows and increases the number of these lines. Now
is €never the number of lines of force linked with a conductor
denomed, an E.M.F. is induced in that conductor. The effect
Wigends on the rate at which the number of lines of force linked
! the conductor varies, and if each line of force passes through
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a great number of turns it is linked with the circuit a corre-
sponding number of times. Thus in fig. 76 the thick line repre-
sents the conductor and the thin one a line of force linked with
it. If the conductor be given three turns instead of two, one of
the ends must be bent round and threaded through the closed
line of force again. Thus we see that where two linkages existed
before three linkages now exist. Therefore, if we gradually
vary the resistance R, thus by Ohm’s Law gradually varying
the current through the circuit, we continuously vary the number
of lines of force linked with the magnet and produce in the magnet
coils an induced current.

Lenz’s Law

Now Lenz experimentally proved that a moving field induced
by a current, by virtue of its electro-magnetic effect, always tends
to stop the motion which produces it. The same result follows
when the inducing current is started or stopped and the circuit

3. /
9

e

R

—

F16. 75. Experiment on Self-Induction. F1e. 76. Linkage of a Line of Force.

remains stationary, for the effect on a neighbouring circuit of
starting a current is the same as when the conductor carrying a
current is brought up from an infinite distance.

Therefore we see that the E.M.F. of the induced current is in
a direction tending to stop any increase of the original current.
If the current be slowly decreased, the number of lines of force
is being altered in an opposite sense and the induced 1.M.F.
Is consequently reversed. That is to say, the direction of the
induced E.M.F. is such as to prevent the original current being
decreased. Now, the rate at which the number of lines of force
is being changed depends upon the rate at which the current
is changing.

If we so arrange our circuit that a current of one ampere flows
during the first second, a current of two amperes during the
second second, a current of three amperes during the third
second, and so on, we can say that we have an electric accelera-
tion of one ampere per second. This can be further expressed
as an electrical acceleration of one coulomb per second per second,
and it is seen to be very similar to our expression for the accelera-
tion of mass—i.e. one foot per second per second.
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Unit of Imiuct?mcfe EM.F., the volt, is the E.M.F. induced in a

Now, hen the number of lines of force linked with it changes

circuit W hundred million, or 108, per second.

at the rate ok (Z,I:; 4 circuit in which a current of one ampere
If we %g%nes of force linked with it, we can say that a current
roducei_n in it at the rate of one coulomb per second peI;

acceleé‘aisl cgausing an increase of lines of force at the rate of 10
econ

]SineS pel‘ second.

AT i i ing up an opposing E.M.F. of one

This }r);:mlg;}s’egatg a II))ressu}:apof orgle volt must be
volt, therei(ﬁ‘e ;:fginalycurrent to overcome this back pressure in
2 heﬂ ts(J,)IIO\:/3 the current to accelerate at the rate stated. Such
3 '(35 in which a change of current of one ampere per second,
° clI‘Cl.lla, hundred million additional or fewer magnetic llneg to
‘l:)aul?rcied with it, is said to have a unit coefficient of self-induction,
1 unit inductance. The unit of inductance is called the Henry.
01‘Now if the current in a circuit is accelerating at more than
one ampere per second, the back or opposing E.M.F.t}v;'lltltl}o;e
correspondingly greater. We can express this by saylngt. a 1 te
force required to overcome the back E.M.F. is propor 1onzfc 0
the rate of acceleration. Again, if the circuit is of such a type
that the rate of increasing of the lines of force is greater thag
10% for an acceleration of one ampere per second, the mdu(;e
back E.M.F. will be still further increased and a corresponding
increase will be required in the applied E.M.F. to overcome it.
We can express this by saying that the force required to over-
come the back E.M.F. is proportional to the rate of increase
of lines of force per unit acceleration. But this rate of increase
of lines of force divided by 10% gives us the inductance of the
circuit ; therefore we can say that the force necessary to over-
come the back E.M.F. set up in a circuit by a constantly varying
current through it is proportional to the electrical acceleration
and to the inductance, or, if @ represents acceleration in coulombs
per second per second and L represents the inductance of the
circuit, then the force required is F = La. J

his we sce is very similar to the equation for the force required

to overcome mechanical inertia due to mass and mechanical
acceleration.

The inductance of a circuit depends on its shape and on the
bresence of iron in it, as these factors have a determining influence
on the number of lines linked with a ecircuit.

In fig. 77 a length of wire is given one turn round each of two
Pleces of iron. If a current be passed through the wire, it 1s
Seen that the number of linkages is twice as great as it would

ave been had the wire only been taken round one piece of iron.
fige ic wire is taken twice round one piece of iron each turn is
fglked‘ with twice the number of lines and therefore we have

Ur times the linkages, so we see that if n turns of wire are

taken round a piece of iron in which N lines are set up by one
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turn a total linkage of #2N lines is formed. This is the reason
that the effects of inductance
in a circuit containing a large
clectro-magnet are so strongly
marked.

The Self-Inductance of a
Solenoid

If we consider the case of a

solenoid whose length is great

compared to its cross sectional

- | area, of m turns per cm., and

_— ‘J cross scctional area A, with an
iron core of permeability u, it

Fic. 77. Linka.ges and nuimber of Turns. may be S]]o\vn that the Se]f_
induectance of the solenoid, per unit length, will be
L = 47n2Ap cms.

or for a length
L = 47n?Alu cms.
This expression may be taken as a rough approximation to
determine the order of the self-inductances used in radio work.
If the solenoid has an air core u = 1 and the formula becomes

L = 47n2Al cms.*

For more accurate results, the formula becomes complicated.
For this reason curves have been drawn up by which the in-
ductance of a solenoid may be obtained easily if its constants are
known. Such curves have been given from time to time in various
wireless books and periodicals.

A formula due to J. II. Reyner gives the inductance of single
and multi-layer coils direct and is correct over very large ranges
of dimensions. This is

n2D? D—2.25d
Y e )
All dimensions are as indicated
in Fig. 78, and are in centimetres.
L is then given in micro-henries.
The first term only is required
for a single-layer coil, the second

term being a correction {for D
multi-layer coils.

# = number of turns T ]

D = diameter of coil { =

1 = length of coil by
The Variometer Fio. 78. Calculation of the Sell

An inductance coil in which Inductance of Solenoids.

the total self-induction can be varied continuously by altering
*1 em. = 10-9 henries = 10-3 micro-henries.
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tual induction between different parts of the coil, is
puitual,

1 a variometer.
Calllgchsually consists of
on the same axis.

th and Decay of Currentina Circuit containing Inductance™
oW

Gr- otential difference be applied across a 1:esista.nce, the
Il a through the resistance will immediately rise to a value

current " ' . '
wiven by I = ﬁ where E is the value of the potential difference
X d R is the value of the resistance. When the circuit is broken
zllxle current will at once fall to zero. ' !

If the circuit contains inductance as \\(ell as resistance, the

rrent takes time to rise to the value given above, and con-
Cursely when the circuit is broken the current does not fall
ivrflmedi’atcly to zero but decreases at a definite rate. y

The expression giving the value of current at time ¢ after the
application of the potential difference is

Rt
E (1 —e L)

a fixed coil in series with a movable coil

‘=n
where I3 = resistance in circuit
— induetance in circuit
E = potential difference applied.
Similarly the expression for the current at any time ¢ after the
opening of the cireuit is
I N
i=h e L
It will be seen that in both cases the rate of rise or 'fall of the
current depends on the ratio of inductance to the resistance.
When the time elapsed after

b

closing the switch is equal to 1%

A . 1
the current has risen to (1 — é)’

Or to about 63 per cent. of its
final value. This time is known
as the ““ time constant ”’ of the
Circuit and is of great use in
Many radio problems. Curves
Showmg the rise and fall of
furrent in an induective circuit
ire given in fig. 79. ]/
trib ¢ question of energy dis- WAEF S
loution during the above

Phenopy, o i g ise and Fall of Current
€nag Fic. 79. The Rise and Fall of Curren
143, is disgiE page in an Inductive Circuit.

It ;slt Is recommended that the student should omit this in a first reading.
of cop“t in here, however, to complete the argument. The analogous case
Ndenser discharge will be found in page 141.
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CHAPTER X
DYNAMO ELECTRIC MACHINES

Conductor Rotating in Magnetic Field

T we take a coil of wire so arranged that it is capable of being
I rotated in a magnetic field, according to Faraday’s law
given on p. 78, Chapter VIII, we should expect an E.M.F. to be set
up in it during rotation, as it would be continuously cutting
through the lines of force.

The direction of this induced E.M.F. would vary according to
the polarity of the magnets producing the field and according to
the direction of rotation. In fig.
80 N and S are the poles of two
magnets. ABCD is a coil of wire
capable of rotation on a
horizontal axis XY, which is at
right angles to the direction of
thelines of force, shown as dotted
lines between N and S.

Fleming’s Rule

Before discussing the effect
produced by rotation it is
necessary that Fleming’s rule
showing the relationship between
motion, magnetism, and induced
E.M.F. should be given.

Place the thumb, the first,
and middle fingers of the right
hand at right angles to each other as in fig. 81, then, if the
thumb points in the direction of motion, and the first finger in
the direction of the magnetic lines, the middle finger will point in
the direction of the induced E.M.F. If the left hand be used the
law is applicable for determining the direction of rotation
of a motor. This may be remembered by thinking of *‘ thuMb *
as representing Motion, and * Forefinger ”’ as representing Field.
Applying this simple rule to fig. 80, we readily see that the
direction of the induced E.M.F. in ABCD, when moving in the
direction shown, is as indicated by the arrow-heads, for the lines
of force in the field are from the north pole to the south pole,
as explained on page 72.

As the portion AB is moving upwards against the lines near
the south pole, the portion CD is moving downwards through
the lines near the north pole, thus the E.M.F.’s produced tend
to force a current through the conductor in one direction.
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1
The current on
vertically above C

133 lasts in this direction until the part AB is

After this position has been passed an application of the rule
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l DIRECTION OF INDUCED CURRENT

given shows that the current now
induced in AB is in the reverse
direction, and that it continues
in this direction until CD is ver-
tically above AB.

A little reflection shows that
the strength of this current as
well as its direction varies.

When the portions marked AB
and CD are moving through the
upper and lower parts of the
circle of rotation, it is seen that for
a short time they are practically
moving in a direction parallel

to that of the lines of force,
and consequently as the rate of
cutting is so very slow, the induced E.M.F. is correspondingly
small. As a matter of fact, when the two parts are vertically
one above the other there is no induced E.M.F., or, as it is usually
stated, the E.M.F. has a zero value.

The rate of cutting gradually increases until the two parts AB
and CD are exactly opposite the centres of the magnetic poles.
It is obvious that this is the case, as the conductor at this stage
ol its rotation is cutting the lines at right angles. At this Ipoin’c,
therefore, we find a maximuni induced E.M.F. The value ol
the EM.T. then gradually decreases until the two parts are once
more vertically one above the
other, this time the part that was A
formerly uppermost occupying O
the lower position.

In fig. 82 the sections of the
parts AB and CD of the moving
conductor shown in fig. 80, are Cq "
Yepresented by the points A and Bs 1
B.If the conductor be moved
at a uniform speed it will pass B
Xlt]g the positions shown at AB,,
of t and A,B; in equal periods By
t\\-olme-’ as the angle between any B

adjacent positions is 80°.

]e" Passing from AB to A,B,
b YHUmbt‘er of lines of force cut
thg) I?Portlonal to the length of ] )
of Iinne AC,. During the next two periods of 80° the cutting
and igs 1s Fl‘oportlona to the lengths of the lines C,C, and C,C,,

o will be seen that these lengths gradually increasc through

Irst quarter revolution.

If16. 81.  Fleming’s Rule.

Fra. 82. The Variation in the Rate of
Cutting of the Magnetic Field by a
Rotating Conductor.
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Thus, to summarize the action, we find that during one-half
of a revolution an E.M.F. is induced in the conductor which
starts {from a zero value, gradually rises to a maximum value,
and again gradually falls back to a zero value.

\e_o 210 240 270 300 3 80

0 150

F16.33. Construction of a 3ine Curve.

During the next half-revolution a similar rise and fall of E.M.T.
takes place, which is, however—as previously pointed out—
in the opposite direction.

The current resulting from such an E.M.F. is known as an
alternating current, and such a current can be graphically repre-
sented by what is known as a sine curve.

The Sine Curve

The sine curve can be constructed as follows :—

With the point A as centre on a line AB, describe a circle of
radius AC (fig. 88). Divide the circumference of the circle and
the line CB into the same number of equal parts, say twelve.
I'rom the points on the circumference of the circle draw horizontal
lines and from the points on the line CB draw vertical lines.
Numbering the lines as shown, a curve may be drawn through
the points of intersection of the correspondingly numbered lines.
Now if we take a right-angled
A triangle ABC, as shown in fig. 84,
the ratio of AB to AC is called the
sine of the angle ACB.

/ That is to say :

A
/ A]g = sin ACB,
c

B and if AC is unity, then AB = sin
F1c.84. The * Sine ” of an Angle.

ACB.

Turning back then to fig. 83, we
see that if CB represents 3860
degrees, and if the maximum ordinate or radius of the circle be
called unity, any ordinate FG, which is the same length as the
perpendicular subtending the angle shown by the abscissa CG,
1s therefore equal to the sine of this angle CG.
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, now how this curve applies to the‘case of a conductor
To Shg“rynarrnetic field, we shaﬁ use as ordinates the values of
cuttl%g inducbcd, and as abscissa the angular distance through
M. "the coil moves as it rotates, and commence with the

which t in such a position that AB (fig. 80) is vertically

conductor at res

ab'i{;;Zn the first point can be represented by C (fig. 82), as the
. o is zero and the E.M.F. induced is zero, the relative position
b f oles for this diagram being shown dotted. On rotating to
0! t:acorfzher point 30° a certain number of lines of force are cut by
:ﬁ?moving conductor and the corresponding point is markgd off
on the curve. This is done for an angle of rotation of 60° and
then for 90° at which point the E.M.F. is found to rise to a
maximum, after which, it again falls until CD is vertically above
AB (fig. 80). Thus the curve
takes the appearance shown in
the first hall of fig. 83. IFurther
rotation ol the conductor now
causes the K.M.IF. induced to
flow in the opposite direction,
and by the time thc part AB
oncc more reaches its original
position vertically over CD, the
curve has once more returned
to the horizontal line AB.

We thus see that the E.M.F. ! Vo
follows a curve as in fig. 83,
during one complete 1'evo%ution
of the conductor, and this curve
represents one complete eycle of
alternating E.M.F. An  alter-
nating current which is represented by a sine curve is called a
simple harmonic or sinusoidal current.

s /"NDIRECTION OF
&5 /] ROTATION

Fic. 85. The Commutator.

Commutation

Let us now carry our attention back to fig. 80. If the con-
ductor ABCD be cut between C and B and the two ends joined
to two half-rings of copper mounted on a cylinder of insulating
Material, as in fig. 85, we find that the current forced through
an external circuit connected to two carbon or copper brushes,
0 ﬁxed that each one is in contact with the copper ring at

lzimetrlcally opposite points, is no longer of an alternating type.
en the accompanying diagram it will be seen that although
. sCu}'rent I the conductor is still alternating as before the
L. OF the external circuit alternately make connection with
t ernalen('l of the conductor, so that the current through the ex-
i Circuit is continuously passing in the direction shown by
arrow-hea.
Sula(;iCause this arrangement of two copper half-rings on an in-
"8 cylinder commutes or changes the alternating current
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induced in the conductor into a continuous or direct current in
an external cireuit, it is called a ¢ commutator.”

Pulsating Current

Although this external current is called a direct or continuous
current it still fluctuates in value, rising from zero to a maximum,
and so on as before. The curve
of this current, however, differs

AN Al N A from that of the alternating cur-
[0 VILITNATITIN | rent in that each half is above
the zero line, as in fig. 86.

Now let us consider the factors
which control the induced E.M.F.

Let N equal the total number of lines of force between the
magnet poles, and n equal the number of revolutions per second
of the conductor. Then—

The time taken for one revolution equals

F16. 86. Pulsating Current Curve.

1
— second.
n

The time for one half-revolution equals

on second.

The mean rate at which the part AB of the conductor cuts
the lines of force is therefore the number of lines cut divided by
the time taken in seconds per half-revolution, or—

N :
mean rate = = = 2nN lines per second.

2n
In the ordinary way of reckoning, when a conductor cuts lines
of force at the rate of one hundred million per second, an
E.M.F. of 1 volt is induced.
100,000,000 is usually written 108,

Therefore an E.M.F. of 21%?/: is set up in the part AB of the

conductor under consideration. An equal E.M.F. is set up in
the part CD ; thus, adding the two together, we see that during

q ; . 4nN
one half-revolution the mean induced E.M.F. is ;:)8

It can now be seen that any increase in the value of either
n or N will give a greater value of induced EM.F. Now it has
been previously shown how iron has the power of concentrating
a magnetic field. If, therefore, the conductor ABCD be wound
round a piece of iron of such a size that it almost takes up all
the space between the poles of the magnets N and S, the field
through which the conductor has to pass is greatly intensified.
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clopment of Armature

DeI‘;l actual practice the iron round which the conductor is wound
i of a cy]indrical shape, with slots all round the periphery. If

solid piece of iron of this type is rapidly rotated through a
i cticfield it acts as a circuit of one turn and * eddy currents
mig;let up in it which tend to produce heat and waste energy.
EIL; order to prevent these eddy currents the iron * core,” as it
is called, is built up of thin sheets or laminations of iron all
clamped together in the required form.

Now the rotation of one coil of wire even on such an iron core

Fre. 87. A Four-Goil Armature Winding with Commutator.

xgﬁ{g II‘)é‘O(ﬂlce only a very small EM.F., and the current which
A nature,su » 88 1s seen by the curve, would be of too pulsating
rou; dwihuse several coils of wire, however, suitably disposed
commut f eorg and connected to a corresponding number of
at t esaa Or pieces, we can increase the induced E.M.F., and
as to marlne time so tone down the pulsating nature of the current
E.MF {?1 1t to all intents and purposes a current of constant
Mutato, € connections for a four-coil and four-part com-
Point 4 al‘rgngemer}t are shown in fig. 87. Starting from the
first 1, ,tan following the yvmdlng round without reference at
Circyjt ande commutator, it is seen that the coils form a closed
Bf the 1 are electrically in series with one another in the order
£0 the fo mbers marked on them. As regards the connections
ur segments, W, X, Y, and Z, of the commutator, it is
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seen that at two of these, X and Y, the E.M.F.’s in the windings
are both directed from (at X), or both directed towards (at Y),
the junction with the connecting wire. At the other two, Z and
W, one E.M.F. is towards the junction, and the other is directed
from it. If, therefore, brushes be placed on X and Y, they supply
current to an external circuit, whilst for the moment Z and W
are idle bars. The development
of the curve for the current

/N /) A0 produced in the cxternal circuit
,= ‘ can be seen in fig. 88. The

two thin curves show the cur-
rents produced when the brushes
Fio. 88. Development of Direct Current. are 1In COllt_aCt with the two
different pairs of commutator

bars. The thick curve shows the resultant current, and it is
seen that this current never reaches the zero value.

'
I
\
i

L

Dynamo

A machine capable of producing current on the principles
explained above is called a *“ Dynamo.”  The moving portion, con-
sisting of iron core, conductor windings, and commutator, is
called the armature, and the fixed portion consists of the frame-
work of the machine and the magnets, which are called * field
magnets.” The latter are never permanent magnets, as shown
in the explanatory diagrams, but are invariably electro-magnets.

Armatures are wound in many different ways and are of
different types. There are ring armatures, drum armatures
(which are of the type described above), and open-coil armatures.
The different ways of winding, such as lap winding, wave winding,
ete., do not directly concern the wireless operator.

The Motor

Now, it will be found that as the current taken from the dynamo
is increased, the more power is required to turn the armature.
This power is necessary to overcome the force thal exists between
the lines produced by the field magnets and those produced by
the induced current in the armature.

If then, instead of turning the armature by means of mechanical
power we pass a current through it, lines of force are produced due
to both the ficld current and the armature current, and the
reaction between them causes the armature to rotate.

Now, il we presume that the armature of the dynamo is driven
in a clockwise direction, the force which the driving power has
to overcome must be exerted in a counter-clockwise direction.

We thus see that if a current be sent through the field-magnet
windings in the same original direction, and if a current be sent
through the armature windings in the same direction as that
taken by the induced current when using the machine as a
dynamo, the armature will be forced to rotate in a counter=
clockwise direction.
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dynamo converts rpechanical power into electrical power.

When electrical power 18 cpnverted into mechanical power by
ch a machine the machine is called ** a motor.”

st When used as a motor it is readily seen that it can be acting
as a dynamo at the same time. Tha..t is to say, because the
armature is rotating through a magnetic ﬁeld an E.M.F. will be
induced in the armature w1nd1ngs.. Bu_t it _ha.s been stated that
the armature 1s rotating in an opposite direction to the mechanical
rotation produced_wheq working as a._dyna.mo, therefore the
F.M.F. produced will be in the opposite direction to that produced
when working as a dynamo.

Again, it has been stated that the current used for driving
the machine as a motor is in the same direction as that produced
in the armature when the machine
is used as a dynamo.

Jirom these considerations we
see that the E.M.F. produced
by induction when the machine
is acting as a motor is in the §ice
opposite direction to the E.M.F.
of the current used to drive it o
as such. ¢

The field windings and arma-

s <

|
il

ture windings of motors and
dynamos may be connected up
in different ways. The field may
_l)e in series with the armature, >
it may be in shunt B
armature; or a combination of AN e RN A e IRl
these two arrangements may be
used. In a motor used for wire- Fia. 89. Shuni-Wound Machine,
less purposes the great desidera-
tum is a constant speed under varying loads. The type most
suitable for these conditions is the shunt-wound variety.
. In the accompanying fig. 89 it is seen how the field winding
1S In shunt with the armature winding. There is usually a
Celi’lCa.ln amount of residual magnetism in the ficld magnets.
1_ev(;aln'usmg the macbin‘e as a (‘lyn_a.mo,‘ and the armature is
Currewtng’ an E.M.F. is induced in it, fchls E.M.F. pl:oducing a
o T Tl}r:' the field coils, thu§ increasing the intensity of the
incréqs 1fs'mcrease in field intensity causes a corresponding
still }uf't 1(1) ll}ducecl armature E.M.F., which in turn once more
i er increases the field current and the magnetic field.
ViOust Ocess is continued up to a certain point, when, as pre-
- ar}: e)f{plalneq, the cores of the field magnets become sa.tux:a.ted
inCreasZ lurther increase of ﬁeld current produces no appreciable
s in field, and the building-up process therpfore stops.
maximur}:lomt, unles§ the‘Speed pf the armature is 1llcreasg:d, a
When it | current is being delivered to the external circuit
1s closed. The value of the current passing through

d 07
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any part of the external circuit in accordance with Ohm’s Law
depends on the resistance of the particular part, and on the
terminal E.M.F.

Because the current used in the field coils represents so much
waste energy as far as the external circuit is concerned, care is
taken in the designing of the machine to obtain the maximum

effect with the smallest current. In the chapter on electro-

magnets it was shown that the amount of magnetism in an
electro-magnet depends on the ampere turns. The energy loss

is proportional to the square of the number of amperes, but is -

directly proportional to the turns—the resistance. Obviously it
1s most economical to use as many turns, and therefore as little
current, as possible to obtain a given strength of field, in order
to make the energy loss a minimum. The field magnets of a
shunt-wound dynamo, therefore, are wound with a great number

DYNAMO MOTOR

F16. 90. Similar Machines used as Dynamo and Motor Respectively.

ol turns of comparatively thin wire, and thus, the resistance
being great, only a small portion of the induced current is taken
from the armature to excite them, leaving the greater part for
delivery to the external circuit.

The fact that the current passing through the coils of a motor
is opposed by a back E.M.F. may be tested experimentally.

In the accompanying fig. 90 two machines of identical con-
struction are shown, in this case series-wound machines—the field
windings being in series with the armature windings—being
represented to simplify the diagram. The onc on the left is being
driven as a dynamo by means of, say, a steam engine. This
dynamo generates current, which is forced through the windings of
the machine on the right. It will be seen that the direction of the
current through the field windings in either machine is the same,
but that the current through the dynamo armature is in the
reverse direction to that through the motor armature. The
latter will therefore rotate in the same direction as the dynamo
is being driven. G represents a galvanometer in the circuit.
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h the motor causes the armature to Izotate,
The clll‘I'erll{t ]%‘,hI\SIOIEl‘g is produced, as shown by a decrease in the
and a bac of the galvanometer needle. As the speed of the
deflection reases this deflection becomes gradually less and less,
Jrote mi?hah‘the back E.M.F. is increasing. As the two machines
Shov.vlngt'cal in construction it would be expected that when the
= ldenf 1thc motor has reached the same number of revolutions
speed 0 nd as that of the dynamo, the back E.M.F. would be
- Sle(t:O the E.M.F. produced by the dynamo. As a matter of
et I :(; is impossible, as the friction, iron, and copper losses in
N tllond machine have to be taken into account. Neverthe-
- Sefhe gradually decreasing galvanometer deflection con-
1flasss’ively proves that a back E.M.F.is set up in the motor coils.
‘ u.]ust another illustration of the ability of a machine, such as
has been described, to act as a dynamo or as a motor, may be
g“iffar; shunt dynamo be used to charge a large battery of accumu-
lators and the prime mover of the dynamo be cut ofl, the cu.rlrem%
then flows from the battery, and passing j:hrough the‘cms‘ o
the dynamo forces its armature to rotate still in the same direction.

Direction of Rotation

A carelul perusal of the foregoing experiments and diagrams
shows that in a shunt motor as described, if the direction of the
current through either the field coils or the armature coils be
chauged, the direction of rotation is changed ; but if the direction
of the current be reversed through both the field and the armature
the two changes have an opposing effect and the armature still
rotates in the same direction. p, LT |

If a back E.M.F. is set up in a motor when rotating, it is obvious
that the current passing through the armature must be con-
trolled by the difference between this back pressure and_the
pressure applied. The actual value in amperes is obtained by
dividing the excess pressure in volts by the resistance of the
armature in ohms.

Now, wherever energy of one kind is used to produce energy
of another kind there is bound to be some energy wasted in the
orm of friction, heat, etc. In the case of a motor, therefore,
sufficient energy must be applied to overcome the amount of

Mmechanical work to be done and to supply the power wasted
In doing it,

Speed Regulation

.. Now, g motor is self-regulating as regards the amount of power
It uses. That is to say, the armature will rotate at the speed
neeessary to set up such a back E.M.F. that the amount of current
Tontrolled by the difference of pressure between the applied

‘F. and this back E.M.I%. is just sufficient to do the work
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required of the machine. It has been explained elsewhere that
the amount of back E.M.F. depends on the rate of cutting lines
of force ; hence, if the magnetic field be an intense one the arma-
ture need only rotate at a slower speed to produce the required
opposing pressure than would be necessary if the field were a
weak one.

We have here, then, a means of regulating the speed of the
motor. If a regulator consisting of a variable resistance bhe
inserted between one of the supply mains and one end of the
field magnet windings, the current passing through these windings
can be regulated in such a way as to increase or decrease the
intensity of the field produced, according to the conditions
demanded by the work to be done,.

If no mechanical work is being done by the motor—that is,
if it is running free—the armature rotates at such a speed as to
give a back pressure almost equal to the applied pressure, and
consequently the current through the armature is only of a
sufficiently small value to provide the energy wasted in the
armature, ete., as heat and friction.

When mechanical energy is taken from the motor the speed
is slightly reduced, and consequently the back E.M.F. is reduced,
thus giving a greater difference between applied and back E.M.F.,
which is great enough to force the necessary increase in current
through the armature corresponding to the extra driving power
required.

The twisting force which makes the armature of a motor
rotate is proportional to the strength of the magnetic field.
and to the strength of the current passing through the con-
ductors that are under the influence of the field.

As the strength of the field depends on the amount of current
passing through the field coils, it is readily seen that to start
a motor from a position of rest when most twisting force is re-
quired, it is necessary to force a large current through both
the field and armature coils. Now the amount of current depends
on the pressure, so that it is usual to apply the full available
pressure to the field coils when starting.

In the case of the armature we must take another fact into
consideration. When it is at rest there is no back E.M.I., and
consequently, if we were to apply the full available pressure to
the armature, the current would then be sufficiently strong to
injure seriously the windings, as great heat would be produced,
and the latter would be short-circuiting the source of supply of
current.

In order to avoid overheating the armature in this way, a
resistance is usually inserted in the circuit through which the
armature current is flowing, of such a value that when the full
available pressure is applied to this resistance in series with the
armature, the strength of the current which flows is not much
more than the strength of current which flows when the motor
is running and the full power is being taken out of it.
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g Arrangements i

Jer to understand the starting arrangements properly,
- e theoretical diagram of the connections is given (fig. 91).
a SO the supply leads is connected to the moving arm of the
One .Of resistance regulator. The end of the resistance first
Stm‘tméq +t with the moving arm is connected to one end of the
P acnrne’c winding, and the other end of the resistance 1s
field n']czela directly to one of the brushes resting on the com-
ponne A common lead is finally brought from the other end
mutf,tmﬁeld magnet winding and the other commutator brush
i E(eto the return supply main. Where a field regulator is
bacd it is inserted between the end of the resistance first making
usetz,xct with the moving arm and the first-mentioned end of the
?i(:lld magnet windings, as in the diagram. Connections are made
from different points of the re-
sistance to brass studs, over
which the end of the regulating
handle moves.

When the arm of the starter
is moved on to the first stud,
the field current is a powerful
one and the armature current 1s
of a strength dependent on the
resistance of the starting re-
sistance together with the
resistance of the armature as
explained. Fi.91. Diagram of Motor Control

The armature now begins to Connection.
turn until it has acquired a speed
capable of producing a back E.M.F. as near the supply IE.M.I%.
as the losses in the machine will permit. The armature current
then falls to a minimum and the motor runs at a constant speed.

The handle is now moved over to the next stud, and because
the current through the armature now increases, the motor
specds up until once more the back E.M.F. has increased to a
Maximom and the speed has become constant. This process
1s I‘_(’{-eatcd until finally all the resistance has been cut out, alter
which the motor is ready for work. Reference to the diagram
.S]“?W§ that as the resistance is cut out of the armature circuit
It is introduced into the field-magnet circuit. The resistance of
the_ ﬁeld-magnet winding is, however, much greater than the
r?[SIStance of the starter, so that the field current is only slightly
3; e&'t_ed by this introduction. As a matter gf fact, in the machine
rései tm standard Marconi sets, the connections are such that the
ﬁnaﬁlance 1s again cut out of the field circuit when the handle

¥ comes to rest on the last stud.

No-Volt Release

ma lfChe _magnetizing current be suddenly cut off when the
¢Mne is rotating at a high rate of speed there will be no
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setting-up of a back EM.F. The result would be a great rush
of current through the armature and a consequent burning of
the conductors. In order to provide against the risk caused
by an accidental cutting off of this current a small electro-magnet
is inserted in the field circuit in such a position that it exerts a
sufficiently strong attractive power over a small piece of iron
carried by the starter regulating handle to hold the latter in
position on the final stud, against the force exerted by an an-
tagonistic spring also connected to the handle. This electro-
magnet loses its holding power as soon as the current ceases to
flow through its winding, and the handle is released, and under
the action of the antagonistic spring flies back to its original
position, thus also cutting off the current through the armature
coils and causing the motor to come to a standstill.

Of course, such an interruption of the current through the
field circuit, and continuation of the current through the armature
circuit, only takes place when a break occurs in the former circuit,
This electro-magnetic release, or ““ no-volt * release as it is usually
called, also prevents an accident of another kind. If the handle
of the starter were fixed in its final position by means of a hook
or catch of some description, it would remain in this position
even il the supply of driving current were cut off from, say, the
engine-room. Now, if the supply were to be suddenly switched
on again from the cngine-room, it is seen that it would be equi-
valent to starting the motor under conditions which it has been
explained must be avoided. That is to say, it would be the
same as trying to start up with too strong an armature current,
and disastrous results would follow.

Over~Load Release

In large machines another electro-magnet is often inserted in
the main circuit in such a position that if the current becomes
too strong for the safety of the machine, the no-volt release is
short-circuited and the driving current thus switched off. This
will be more fully described later.

Motor Generator

Dynamos and motors are specially constructed according to
the current and voltage which they are required to produce or
use. If, then, we have current at, say, 100 volts pressure and
desire to use current at 300 volts, it is an easy matter to arrange
for a motor driven by current at 100 volts to drive a dynamo
constructed to deliver current at 800 volts. Of course a certain
amount of power would be lost in the arrangement, as electrical
energy is first converted into mechanical energy and the resulting
mechanical power reconverted into electrical power. Such
an arrangement of a dynamo and motor coupled together
mechanically is called a ¢ motor generator.” ¢
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Converter ‘
it has been stated that the currents induced in the
e of a dynamo are commuted into continuous currents
means of the commutator.
ips’ dynamos are con-
t?gg;eflh gn th};s principle. For
f\ reless telegraphic purposes we
senerally require the original
alternating current, and it is
often convenient to obtain it by
reconverting the commutated
current back to its original state.
For this purpose a mac,}}lqe
called a ‘“rotary-converter ™ 1s
lied.
SUII)E fig. 92 it is seen that two
complcte rings have taken the
place of the commutator shown
i fig. 85. Il the two b}'us}}es
connecting the external circuit be placed one on each of these
rings the current in the external circuit is also of an alternating
character. Inatype of generating machine called an ¢ alternator ”
such rings are provided instead of the commutator.

The rotary-converter is fitted wifth1 both these arrangements—
namely, a commutator and a pair of slip-rings.

Direyct current from the ship’(s1 dynamo is brought to the com-
mutator end of the armature an
is used to drive the machine as a
motor. Tappings are taken from
the armature coils to the slip-
rings, and when an external cir-
cuit is joined across these rings
alternating current is forced
throughit. Figs. 93 (a)and 93 (b)
illustrate the arrangement in a
siniple way.  The same lettering
18 used in each figure. A and B
arc two carbon brushes making
contact with the bars, C and D,
of the commutator, K ; F and G
4re two slip-rings, with which the
carbon brushes, H and K, are
making contact. From the points
CL?\II% M on the armature coil
Tresed tappings are taken to the )

Prings.  Now, when C is vertically above D, as shown in fig.
i rg‘tl), ﬁnd if the current enters at the brush A, a portion will pass
ture gh the armature coil, CLMD, and be used to drive the arma-

round. If an external circuit be joined between H and K,
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it will be in shunt with the part LM of the coil CLMD, and con-
sequently a certain current, depending for its value on the resis-
tance of the external circuit, will pass through it.  The direction
of the current through the various parts of the armature and
external circuits is shown by means of the arrow-heads, and in
fig. 93 (a) it is seen that the direction in the external circuit is
trom K to II. After the coil has passed through half a revolution,
however, the position of the commutator bars C and D with
respect to the brushes A and B has been reversed. The slip
rings have also turned through half a revolution, the whole

pr——

)
[
-

Fig. 94. 1} kw. Rotary Converter with Starter and Field Regulator.

A, Avmatare. B, Brush Gear. C, Commutator. F, Field Regulator. H, Boss of Starter
tlandle, containing Spring, I, Resistance *“ In" Stop. L, Stanfler Lubricator. M, Con-
verter. N, No-Volt Release. O, Resistance **Out™ Stop. R, Slip-Rings. 8, Starter.

arrangement being mounted on the shaft XY ; and by following
the arrow-heads indicating the direction of the current it is seen
that the direction through the external circuit is now from H
to K. Thus in one complete revolution of the armature of such
a machine, which is a two-polar machine, we have a complete
cycle of alternating current.

The type of machine shown in fig. 94 is supplied with four
field poles, and the arrangement of the armature windings and
tappings is such that two complete cycles of alternating current
are produced per revolution. Thus, 1f the machine is driven at
a speed of 1,800 revolutions per minute the number of cycles
per second is 1,800 x 2

G0 = 60
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A brass plate is usually aflixed to the fl'a}nework, on which
Jong other values is engraved—*‘ 50 - 60~,” indicating that the
e chine delivers alternating current at 50 to 60 cycles per second,
nmording to the speed at which it is being driven.
aC(I‘t will be found on many ships equipped with old type 1} kw.
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1"1@. 95. 11 kw. Converter Wiring Conneclions.

gllla)l‘clom spark apparatus, and a few details of the usual power
itsleﬁ'}-’ equipment provided and a description of the converter
O should prove helpful to those who at any time may have to
i tf“te such sets. In general, the description with small modi-
atlons applies to machines of other makes.

Ope;’\'g main leads from the sh(iip’s dynamo are brought into the
ro ating room and connected to a double-pole knife switch.

M this switch onwards the care and management of the
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wireless apparatus lies entirely in the operator’s hands. The
operation on closing the switch, puts the supply on to the converter,
through its starter, and field regulator as shown in fig. 95.

The Starter

The starter consists of a series of resistance coils, mounted in
a cast-iron case on the front of which is a slate face fitted with
brass contact studs, no-volt release, starting handle and (in
some cases) an overload release. Tappings from the series of
resistance coils are brought to the studs on the face of the starter.
Fig. 96 shows the connections of a starter which is generally
used in a 1} kw. set, and which is not fitted with an overload
release. The three terminals marked L, I, and A, are connected
to “line,” “field,” and ‘ armature ” respectively. An internal
connection connects the terminal L with the moving arm or
starting handle H, which carries
a small soft-iron armature, S, on
one side of it. The under side
-of the arm H is supplied with
a spring contact brush of lamin-
ated copper, and the first stud is
N ———fh bevelled in order that this brush
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may ride easily on toit. A light
spring fitted with a carbon con-
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& ! | tact forms an extension of the
u | | brush, on which it first makes
SO O et 3 circuit with the active studs.
L F A The carbon therefore takes any
sparking which may occur and
Fig.96. Connection of Starter. thus saves the main contacts
from burning. The first active
stud is connected by means of a short straight wire, W, to one
end of the no-volt release winding N, from the other end of
which a connection is taken to the terminal F. As is seen from
the diagram, the first stud is also connected to one end of the
series of resistance coils, the other end being connected directly
to the terminal A. The connection at N between the first stud
and the winding of the no-volt release is also in metallic con-
nection with the soft-iron frame or core on which the wire is
wound.

The Field Regulator

The field regulator is somewhat similar in appearance to the
starter. It consists of a series of resistance coils, connected to
a set of brass studs fixed on the face of a slate slab. The first
and last studs are respectively marked “in” and *‘ out.” Two
terminals are supplied at the baseof the slate face, the left-hand ter-
minal being connected internally to the pivoted end of the regula-
ting handle, and the right-hand terminal being connected internally
to the last stud marked ““ out.” The left-hand terminal is also
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onnected to the *“in” end of the resistance, to prevent the
feld circuit being broken as the result of a bad contact made
by the regulating handle. The handle is of a much lighter
pature than that of the starter: the brush contact has only to
carty small field currents, and
as it must be capable of being
left permanently on any stud,
the handle—unlike that of the
starter—is not fitted with a
spring return. Fig. 97 shows
the connections of the field re-

gulator.

Design of Rotary Converter

The machine itself possesses
a cast-iron magnet fitted with
four poles, arranged with like
poles opposite each other as  ri.97. Connection of Field Regulator.
shown in fig. 98. The action
of the machine can be understood by considering it from the
following simple standpoint. The armature coils are wound at an
angle of ninety degrees, and each of them can be looked upon as
a polarizing coil. ~ Thus in fig. 98 the armature is shown with a
certain polarity marked on each of four equal parts of its peri-
phery. Then it may be said that while N, is attracting S, S,
1s repelling it, both forces tending to drive the armature in the
direction shown by the arrows. A consideration of each separate
set of poles will show that this
force is continuously in the same
direction.

Brush Adjustment

The armature, as previously
stated, is fitted with a commu-
tator at one end and two slip
rings at the other. The direct
current is supplied to the arma-
ture through four carbon brushes
connected in pairs as in fig. 99.
It is found that these brushes
must rest in one particular
Igfﬁltlop on the commutator,
bru‘;i‘l\;’;s: s tagklng between the

nd the copper segments g, 98, Diagram II i i
ggsueS, with the resr')ult t}glat the oy aa Mo:gi‘tmtmg it i
Ve"f;mutator gets burnt and de-
Spacgs wha‘t are‘known technically as * flats,” so that in a short
Bocic of time it has to be re-turned on a lathe. The exact
in ad10n is found by experiment, and is usually a little distance
vance of the line joining the centres of two opposite fleld
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magnets, as in fig. 99. This position is generally fixed by the
makers, but provision is made for adjustment. The brushes are
placed in brush-holders, which are fixed on supports attached to
a movable end-plate in the frame of the machine. This plate
is so arranged that it is capable of rotation through an angle
large enough for all possible brush adjustments.

Fig. 100 represents a view of the machine at the commutator
end. S is the end of the shaft, C is the outer cover of the ball
bearing, ' the movable end plate which carries the brush-holder
supports shown at M. In order to rotate F—and therefore to
alter the position of the brushes—the clamping bolts L must

|

Fig. 99. Connection and Disposition of Fic.100. The End-Plate Brush-Holder
D.C. Brushes. Caxrrier.

first be slackened. When the right brush position has been found,
the operator must not forget to tighten up the bolts L again.

Brush-Holder

A diagrani of the brush-holder is shown in fig. 101.

C is a cast brass clamp, through which the bolt B passes, and
is used for clamping the holder to one of the supports previously
mentioned. Two plates, P, are riveted to this clamp, and at the
point L between these plates a pin carrying the spring is fixed.
One end of this spring is fitted with a wooden handle, H, and
the other end catches under a copper hook, G, which is permar-
ently fixed to the carbon brush, D. The handle II may be
moved in the direction shown by the arrow, and this movement
puts tension on the spring S, thus causing the brush to make
contact with the commutator K. The straight part of the spring
fitted with the handle, moves through a toothed slot in the curved
piece of brass shown at W, and by engaging in any tooth it is held
in any particular position. The carbon brush D is supported at
right angles to the commutator. It requires to be an easy fit
up and down in the holder, but to have a minimum clearance
in all other directions. It is electrically connected to the holder
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py means of the flexible connection, shown partly in continuous
and partly in dotted line, held in position by the screw X. The
commutator 18 wider than the brushes, and consequently in order
to ensure equal wearing of the
whole surface the brushes are
« staggered.”’ Fig. 102 illus-
trates what is meant by this ex-

ression. A and B are diamet-
rcally opposite each other on
the commutator, both being
nearer the side marked L. The
prush C is diametrically opposite
another one, which cannot be
shown in the drawing, but which
we will call D.  The brushes C
and D are fixed nearer the side F1c.101. The Brush Holder.
R of the commutator. Thus a

art of the commutator which can be represented by the line

Y is being evenly worn by the brushes.

Slip~Rings

Two brassrings are mounted on, and carefully insulated from, the
shaft at the end remote from the commutator. These rings are also
insulated from each other by means of a fibre ring. Four carbon
brushes are used in connection with these slip-
rings, being connected in pairs in a similar man-
ner to those used on the commutator. One
pair of connected brushes is used in connection
with each ring. This end of the shaft over-
hangs the machine, and it is convenient to ar-

range a rocker to carry the brush-holders on 2
the outside of the frame. This rocker is shown
L R

In fig. 108. Itis cast in two halves, A and B, ET——g
the two portions being clamped together round oA\
2 part of the main casting by means of the =1
:grews Cand D. At E, F, G, and H insulated e

andards are fixed to which the brush-holders R

May be clamped. If the dotted circle repre-
p otted circle repre B

sents the outside of the slip-rings, the position
Iolfatt(}:le brush-holders and Fl))l'us:lgles is é) proxi-
. thy given by the straight lines terminating
Bt :h(izlr(éllg. It 1slusual to fillx this rolcke}i‘ }S10 o i 1 T
) mping lugs are horizontal. e g ‘

Iigmtll?ln of these brushes with respect to the BmShest:&r?ommw
ing (g l?gnets is immaterial, and if any spark-

akes place it may be put down to dirty or uneven contact.

Connecti ons

he (s} o . -
that nnections are shown in fig. 95, where it will be seen
One end of the field winding is connected to one of the D.C.
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brushes, the other end being continued through an insulated
hole in the frame of the machine marked “ field.” A connection
from the brush which is connected to the field winding is brought
through another insulated hole in the frame marked * line,”"
while a connection from the remaining brush is brought through
a third hole in the frame marked ¢ armature.”

Reading from left to right the holes through which the cable
connections pass are marked respectively * armature,” “ field,”
and “ line.”

A connection is taken from the cable marked *line ” to one
pole of the main switch, and another from the cable marked
« gymature ”’ to the terminal similarly marked on the starter.
The cable marked * field”’ is connected to the terminal under
the stud marked * out > on the
field regulator,—that is to say,
the right-hand terminal.

A connection is taken [rom
the “in ” terminal of the field
regulator to the terminal marked
“field > on the starter, and
finally a connection is made
between the terminal marked
“line ” on the starter to the
other side of the main switch.

The connecctions marked A,
B, and C, are made with 7/16
L.R.V.B. (indiarubber vulcan-
Fic.103. Diagram of A.C. Brush Roeker. jzed braided) lead - sheathed

cable, and the connections
marked D, E, are made with 3/22 L.R.V.B. lead-sheathed cable.

The machine is built for a normal voltage of from 80 to 110
volts direct current, but is used on voltages as low as 60, and *
as high as 130, with satisfactory results. "The normal speed is
1,500 to 1,800 revolutions per minute, and the variation obtain-
able by means of the field regulator is approximately 10 per
cent, down and up.

Starting

After seeing that the handle of the starter is in the “ off ™
position, and that the field resistance is all out, the main switeh
may be closed and the handle H of the starter pulled over on to
the first stud. The field magnets are now cxcited by the passage
of the full current available, as there is no resistance in the field
circuit.

The current through the armature windings has to pass
through the total resistance in the starter, but since the arma- -
ture is not rotating there is no back E.M.F. to oppose that of
the mains, so that a considerable current (about 14 times the
full working current) passes through the armature, reacts with
the field, and starts the armature rotating. When the machin€
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uired a constant speed with the handle on the first stop,
dle may be carried forward on to the next one. This
n may be carried on, only passing from one stop to the
%, machine has come to a constant speed, until the

dle comes to rest against the no-volt release, when it will
hanheld there by the magnetic pull of the latter, provided the
bengion of the antagonistic spring in the handle is not too great.
'j;et ‘this point, the resistance—which is gradually put into the
field circuit as it is taken out of the armature circuit—is once
more cut out of circuit altogetlier, beczyuse, as previously stated,
the magnet winding and the connection to the first stop are
poth connected to the metal bobbin of the no-volt relcase. The
machine is now found to be running at a constant steady speed.
It a greater speed be desired, it is necessary to put n a little
extra field resistance, or if a slower speed be required, the removal
of a little field resistance has the desired elfect, these operations
being ellected by turning the handle of the field regulator either
towards ¢ in,” or *“ out,” as the case may be.

has acd
he han

crat1o
bt after th

Care of Machine. Lubrication

Brass cups are fitted over the bearings, which must be kept
full of grease. Occasionally the cups must be taken off and as
much of the old grease as it is possible to get at must be removed,
the ch being refilled with clean grease. The cap of the cup
must also be filled before replacing. Generally, it is not necessary
to feed down much grease on to ball bearings, especially if they
remain cool.

Commutator

It is found that a certain amount of the carbon of the brushes
is worn off and adheres to the surface of the commutator. It
this be allowed to remain, sparking will ensue to the detriment
ol the machine. This carbon is, however, very easily removed
with a clean rag. If it cannot be removed in this manner, a
plece of very fine glasspaper may be used, and applied to the
commutator whilst it is running, by means of a wooden block
s0 shaped as to fit on the surface of the commutator. On no
account must emery cloth be used. It may be found advantageous
Ooccasionally to wipe the commutator with a cloth smeared with
Jtl}l\St a trace of clean vaseline, alterwards removing as much of
¢ vascline as possible with a clean cloth.
(ulthe machine must be kept as frec as possible from oil and
enss . The tension on the brushes must be just sullicient to
mame good eclectrical contact with the commutator. In a great
(‘arrelly cases, commutators have been.groove.d and scored through
= tﬁssness on the part of operators in putting too much tension
Shoulde brushes. When the machine is revolving slowly, there
With be none of the shrieking sound which 1s occasionally met
e A_lly pronounced noise is a clear indication that the brushes
Pressing too tightly on the commutator.
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Brushes

The brush-holders should be so arranged that the brushe
project about a quarter of an inch before thay reach the co
mutator. It will be found that after putting in a new brus
a certain amount of sparking may take place. This will soo
rectify itself, as the surface ol the brush adapts itself to th
radius of thc commutator. The upper end of the brush isfitt
with a copper connection, and care must be taken that the brus
is never so far worn that this copper comes in contact with th
commutator, as this would result in great unevenness bein
produced.

The correct position for the brushes is that in which theyar
placed when a chisel mark on the end plate carrying the brus
holders coincides with a second chisel mark on the frame
the machine.
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CHAPTER XI
MEASURING INSTRUMENTS

Need for Quantitative Measurements ‘
N order to obtain an exact knowledge of what is happening
in an electrical circuit, we must ma}ke quantitative tests
or employ quantitative indicators in that circult. )
When a Direct Current is employed, we may require to know
the values of : "y
1. The Electro-Motive Force, E, driving the Current.
2. The Potential Difference, V, between certain points in
the circuit. .
3. The Current, I, through the circuit.
4. The Resistence, R, of the circuit.
5. The Power, W, or the rate of expenditure of electrical
energy in the circuit. ) ]
6. The total encrgy supplied over a period of time to a
circuit. .
With alternating current there are in addition other quantities
which require to be measured, but these will be discussed in a
later chapter.

Current Measurements

In Chapter III, we found that by Ohm’s Law, for Direct Current,

the three factors, Current, Electro-Motive Forcﬁ and Reiistan‘ge

. . Ao B
for the complete circuit, are related, so that I = RO I— TR
where the Potential Difference and Resistance of only part of
the circuit between A and B are known, and given any two of
thesg factors, the third can be found.

Direct Current measurements are largely made by the aid of
indicating instruments which make use of this principle, as they
have been calibrated by employing two of these factors of known
amounts to produce a movement over a scale proportional to
the third factor.

Current is measured in Amperes, and the indicating instrument
employed for very small values of current is called a Galvano-
meter. Another form of instrument is used for larger values of
current which is called an Amperemeter, or more generally, an

Mmeter,
The D’Arsonval Galvanometer

« Thle”D’Arsonval galvanometer, which is in very general use for
nul” or * balanced current >’ working—as for instance in the
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Wheatstone Bridge circuit to be described later—consists (see
fig. 104) of a very light coil of wire W, wound on a hollow former
and suspended so that it can turn freely on its axis in the air-gap
between the poles of a permanent magnet NS, and its own fixed
iron core C.

A mirror M, sends a reflected beam of light on to a scale, usually
at about one metre’s distance, and the dellection noted is roughly
proportional to the current flowing through the coil. The
instrument is made *“ dead-beat  so that the coil tends to come to
rest as quickly as possible. This galvanometer is employed for
steady direct current measure-
ments, and its scale requires to
be calibrated.

The Ballistic Galvanometer

The * Ballistic” galvanometer
differs from the above in that its
damping factor is very low. The
coil is allowed to swing as freely
as possible, as it is the amplitude
of the first swing and not the
steady dellection which is re-
quired. One method of measuring
the capacity of a condenser is to
charge it to a known potential,
and then to discharge it through
the coil of a ballistic galvano-
meter. The amplitude of the
first swing of the coil, as shown
Fre. 104. The D’Arsonval Galvanometer. by the travel of the light spot on

the scale, is proportional to the
total quantity of electricity in the discharge, and knowing the
potential of the charge, the capacity of the condenser can be found.

For commercial work, compact pointer indicating instruments
are a necessity. Galvanometers with pointers can be obtained
sensitive enough to give a current reading as low as 10 micro-
amps. Such instruments are called micro-ammeters or milli-
ammeters.

The Ammeter

The ammeter is connected in series in the circuit, and as all the
current passes through the instrument, the first essential of a
good ammeter is that its internal resistance or the volt-drop
across it should be so low that it has a negligible effect in reducing
the current it is required to measure.

Moving Coil Ammeter

_ In the Moving Coil type of ammeter, the principle of working
is similar to that of the D’Arsonval galvanometer. The current
to be measured passes through a pivoted coil M (fig. 105), which is
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placed in the field of a permanent magnet, and carries a pointer
\which moves over a sc@le.

The magnetic field is made radial, and of constant intensity
over the full range of movement
of the coil by the soft-iron yoke
. so that the deflection of the
coil which is controlled by the
spring W, is directly proportional
to the current flowing through
it. and the scale is therefore
evenly divided.

As the direction of the swing
of the coil depends on the direc-
tion of the current passing
through it, this instrument is
not suttable for alternating cur-
rent work, as the coil movement
cannot follow the rapid reversals
of current, the effects of which therefore cancel out, and no
deflection takes place.

F1e. 105, The Moving Coil Ammeter,

Moving Iron Ammeter

In the Moving Iron type of ammeter, the current passes through
the turns of a fixed coil, and produces a magnetic field along its
axis. A piece of soft iron reacts to this field, and its movement
is shown by a pointer.

There are several forms of this
type of instrument, the Weston
model, being one of the best
known, is illustrated in fig. 106.
The field produced in the so-
lenoid magnetizes the two soft
vanes, M, which can move, and
F which is fixed, to the same
| polarity. They repel each other,

and produce a scale which is

20 50 compressed at the beginning,
o £ and is usually fairly evenly di-
° vided from the centre to the end,

that is over an arc of about 45°.

Some soft iron instruments
have a scale which closes up at
both ends.
of,l;lﬁe scale can be modified to some extent by varying the shape
inst-e fixed and moving iron members of the repulsion type of
it rument, and this is often done when it is particularly required

Ael‘ to have an open centre or open end type of scale.
a3 iélﬁ)ther type of moving iron instrument 1s the attraction type

e employs the principle that a piece of soft iron tends to
attracted "into the solenoid. In this case also the scale is
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closed at the lower end, but the centre and upper end can be
modified by choice of suitable dimensions and shape of the
solenoid and moving iron.

In all moving iron types of instruments, the movement is in
the same direction whichever way the current flows, so that they
can be used for the measurement of alternating currents. They
are calibrated to be accurate at a particular frequency, and unless
specially designed, they show errors at other frequencies, which
may be small or large according to the make of the instrument.

Dynamometer Ammeter

The Dynamometer type of ammeter (fig. 107) employs some-
times one, sometimes two fixed coils F, in series with one moving
coil M, and the current to be measured is passed through this
combination. Two magnetic fields are produced which react
together and cause the pivoted
coil to deflect over a scale which
is closed at the beginning and
opens out more and more to-
wards the end.

The deflection is proportional
to the product of the flux in the
fixed coil and that in the moving
coil, but as these two are both
- proportional to the same current
which is flowing through both

in series, the deflection is pro-
W\/ portional to the square of this

current, thus giving what is
known as a square law scale.

As the currents in the coils
are either both negative or both
positive, the product is always
positive, the deflection is always
in the same direction, and this
type of instrument can therefore
be used for alternating-current
measurements.

F16.107. The Dynamometer Ammeter.

The Hot~-Wire Ammeter

The Hot-Wire Ammeter (fig.
108) demonstrates a very im-
portant principle on which many
electrical measuring instruments

Fre.108. The Hot-Wire Ammeter. work, that the heating effect

of a current can be used to
measure the value of the current.

In this case the current flows through and heats the stretched
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fine wire ACB and the sag which results CC, when the wire expands
is taken by the spring I%Fl by means of a silk thread EF, E,F,
which is wrapped round the spindle of the pointer P, thus con-
verting the linear movement of the expansion into a radial
movement of the pointer. The vertical wire from C is used to
magnify the deflection CC, to EE, and thus increases the
sensitivity of the instrument.

The scale is fairly close at the beginning, and opens out pro-
gressively wider towards the end. Tt is another “square law *
scale.

The heating is proportional to I?R, and whether the current is
positive or negative the deflection is always in the same direction,
and so this type of instrument is suitable for the measurement of
alternating as well as direct current.

The Shunted Ammeter

Tt often happens that the value of the current to be measured
is greater than the limiting current for which the ammeter winding
or heater wire is designed.

A heavy terminal low resistance ‘‘ shunt’ may then be em-
ployed, connected across the terminals of the ammeter. The
current to be measured under such conditions divides between the
path through the ammeter winding or heater wire, and the path
through the shunt in the inverse proportion of their resistances,
and to obtain the value of the total current, the reading shown
on the ammeter scale must be multiplied by the multiplying power
of the shunt.

This is a method which can safely be applied to all the types
of instruments we have just considered, when using direct current,
but with alternating current, there are decided limitations to its
employment, and certain safeguards are necessary to ensure
accuracy. This subject will be further discussed in a later chapter.

Potential Measurements

_ Electro-Motive Force, and Potential Difference are measured
in volts, and the measuring or indicating instrument employed
is either (1) an Electrometer, if it is the potential of the charge
on a condenser which has to be measured, or (2) a Voltmeter
if a steady potential is to be measured, and when a pointer
indicating instrument can be used.

An instrument which measures E.M.F. or P.D. must be con-
nected across the terminals of the supply of the E.M.F., or the
two points in the circuit between which the P.D. is to be measured,
and it follows that a true measurement can only be taken if the
E.M.F. or P.D. concerned is not altered by connecting the instru-
ment to the circuit. The energy absorbed by such instruments
must therefore be negligible compared with that available in the
source of the E.M.F. or that which is absorbed in the section of the
circuit across which the P.D. is to be measured.
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The Quadrant Electrometer

This takes the form of a condenser of extremely small capacity,
having four fixed quadrant boxes, A, B, C, D cross-connected in
pairs as shown in fig. 109, and a light aluminium vane E which
can swing between the top and bottom leaves of the boxes and
is supported by a conducting thread.

If the potential to be measured is applied to one pair of
quadrants, the other is connected to earth or ground potential,
and the vane is charged to a high potential by means of a Leyden
jar, the vane will swing to set itself in line with the quadrants
of opposite potential to its own. This will be resisted by the
torsion of the thread, and the actual deflection of the vane as
indicated by a mirror M, and a light spot reflected on a scale
allows the potential to be calculated.

If instead of measuring the potential of a condenser charge
we wish to measure a sfeady small potential, whether direct current
or alternating current, there are usually pointer instruments
obtainable which are suitable for the purpose.

The Electrostatic Voltmeter

The Electrostatic voltmeter is a particularly useful instrument
because (1) it absorbs no power; (2) it can be used with equal
accuracy on D.C. or A.C. of any
frequency.

The movement is less robust
than that of any of the other
types of voltmeter and its cost
is higher.

Its principle of working is simi-
lar to that of the electrometer.

A moving vane of aluminium
C, is suspended so that it can
swing freely in two hollow quad-
rants A and B (fig. 110), to one of
which it is electrically connected.

On applying the supply volt-
age, one of these quadrants and
the vane will be at one potential,
the other quadrant will be at the
opposite potential.

The vane which is controlled
either by gravity or by a spring
will be repelled from the quad-
rant to which it is electrically
connected, and will be attracted
to the other quadrant, the torque
exercised being taken up either

Fi6.110. The Flectrostatic Voltmeter. Py lifting the centre of gravity
of the vane or by coiling the

spring as the case may be, the scale reading as shown by a

pointer being proportional to the square of the E.M.F. applied.
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Moving Coil Voltmeter .

The Moving Coil voltmeter has a similar movement to the
ammeter of the same type, but as the P.D. across its winding is
considerably greater than across the winding of the ammeter, and
because the current through the instrument has to be kept down
to the lowest limit in order that the energy losses may be as
small as possible, fine wire coils are used which are generally supple-
mented by a pure resistance winding connected in series. For
high voltage instruments, the resistance may be so large that it
has to be accommodated in a separate box. This type of instru-
ment cannot be used for alternating current work.

The Moving Iron Type of Voltmeter

This is similar to the ammeter of the same type, but has coils
of fine wire which may be supplemented by a pure resistance
connected in series.

This type of instrument can be used for D.C. and for A.C. on
the one particular frequency for which it is calibrated. On other
frequencies it may give incorrect readings, but the accuracy
obtainable varies greatly with the make ol the instrument.

Dynamometer Voltmeter

The Dynamometer type of voltmeter is similar to the ammeter
of this type except for the resistance of its windings.

It can be used for D.C. or A.C. and is practically independent
of frequency errors. The movement of the pointer is proportional
to the mean square of the P.D. measured, but as the instrument
is required to be direct reading, the scale is marked with the
square root of these values.

The Milli-Voltmeter and Shunt

A well-known method of measuring current is to insert a
known resistance in series in the circuit of such a low value that
it does not appreciably reduce the current, and the volt-drop or
potential difference is then measured across the resistance.

As V =1 x R, I = V/R or the current flowing through the
resistance can be found by dividing the voltmeter reading by the
value of the resistance.

As the resistance is low, the volt-drop will be low and a very
low reading voltmeter—called a * milli-voltmeter ’—is therefore
used for the purpose.

In practice, the voltmeter when so employed, is calibrated in
amperes.

Resistance Measurements

Resistance is measured in ohms, and can be obtained for any
coil by using special direct reading pointer instruments such as
the “ Ducter ” for low values, and the ““ Megger ** for high values,
but the more usual method is to measure 1t by means of an in-
strument known as the ¢ Wheatstone Bridge,” one form of which
is the “ Slide-Wire Bridge.”  Alternatively it is often calculated
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from the measured values of I and E and therc are a number
of other possible methods which
need not be described here. o

Wheatstone Bridge

The principle of the Wheat-
stone Bridge can be made clear A
by reference to fig. 111. If ADC
and AEC are two branches of
a common circuit BAC, there
will be a fall of potential along B P
ADC which must be the same
as the fall of potential along AEC
and if a current indicator G is Fra.111. The Principleof the Wheatstone
connected to any point E on one Bridge.
of these branches it is possible
to find some equivalent point D on the other branch having the
same potential as E, at which no current will flow through the
indicator,

When this adjustment has
R S been found, the bridge is said to
be ‘“ balanced.”
ol ] Then if P, Q, R and S are the
' respective resistances of the four
© arms of the bridge when in
D ® balance, then Vp or the fall of
DT potential along P, is equal to Vg
the fall of potential along R;
and similarly V, the fall of
potential along Q is equal to V,
Frg. 112. The Slide-Wire Resistance the fall of potential along. S.
e Also, as no current flows through
G, the current I through P is the same as the current I through
Q, and the current I; through R is the same as the current I
through S.
By Ohm’s Law

Ip — P’ IQ T Q’

Mehss SUaer

—I—; = R, and —I;‘ =
Hence

E = YP/,IP o Y_E Ve - Vi/Iz R

Q Vo/ls Ve Vs Vs/1s S
Then

P R P

Q = § or R = S Q

FOR WIRELESS TELEGRAPHISTS

The Slide~-Wire Bridge

This instrument, which is illustrated in fig. 112, can only test
over a limited range of resistance values, R being the unknown
resistance, S the standard of comparison, and P and Q the two
Jengths into which the wire is divided by the slider at D to obtain
a balance so that no current flows through G.

The Post Office Wheatstone Plug Bridge

This is shown diagrammatically in fig. 118, and works on
the same principle, but it is so constructed that it can be used
to measure resistance values over an extremely wide range, such
as from .001 ohm to 10 million ohms, or 10 *“ megohms.”” This is
obtained by making a permanent circuit connection at the point
D, and providing a series of resistance coils in the ratio arms P
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Fia. 113. The Post Office Type Wheatstone Plug-Bridge.

and Q and in place of the standard S, which can be cut out of
circuit by means of short-circuiting brass plugs, so that a very
wide range of ratio, and a wide range ol standard resistance
adjustable in small steps is provided.

In the small bridge illustrated in fig. 112, there are three coils
of 1 ohm, 10 ohms, and 100 ohms at each ratio arm, these two
arms forming the top line of brass plug blocks starting at the
key connection to the middle block, and extending right and
left. The maximum ratio obtainable is therefore 100—1, and
the minimum 1—100.

The measuring arm allows any resistance from 1 to 11,110
ohms to be inserted in unit steps in the circuit. The actual circuit
connections are indicated by the lettering, the unknown resistance

eing connected to the two terminals RR.

To measure its value, proceed as follows: Commence with
2 one to one ratio by removing for instance the 10 ohm plugs
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from the two ratio arms; then by removing plugs as found
necessary from the measuring arm, endeavour to balance the
bridge so that on first depressing the battery key KB, which
applies the EM.F. to the circuit, and then depressing the galvano-
meter key KG which completes the bridge, no deflection 1s
obtained.” The unknown resistance is then obtained as before
by multiplying the value in the measuring arm by the ratio of

the two resistances in the ratio arms, or R = S ~.

Where an equality ratio is used such as 1/1 or 10/10 or 100/100,
the measuring arm gives a direct reading, but the accuracy 1s
not so great as can be obtained if full use is made of the ratio
arms. Thus, a two figure resistance which measures 50 ohms
with an equality ratio may measure 50.01, for instance, if a ratio
of 1 to 100 is used.

Fig.114. The Megger.

Resistances greater than the maximum in the measuring arm
are measured by employing a high ratio, and resistances less than
the minimum by employing a low ratio.

The galvanometer used for workshop tests can be a sensitive
pointer instrument, and for higher grade testing, a D’Arsonval
galvanometer such as has already been described.

The Megger

The ““ Megger” or “ Ohmmeter” is usually employed to
measure insulation resistances of the order of 200 megohms down
to 200,000 ohms, but instruments are also made which give
readings down to 1,000 ohms.

This instrument (fig. 114) has a moving part consisting of a
current coil and a potential coil joined together on a common
spindle with their magnetic axes at a particular angle, which
moves in the field of a permanent magnet.

The reaction between the field and the current in the current
coil produces a torque in one direction, while the reaction between

122

FOR WIRELESS TELEGRAPHISTS

the field and the current in the potential coil prodices a torque
in the opposite direction, so the resultant deflection is proportional
to ¥ = R.

Connection to the instrument is made at the ‘ Line ”” terminal
marked L, and the ¢ Earth *’ terminal marked E.

The source of testing E.M.F.is a hand driven magneto geuerator,
the handle being fitted with a free wheel attachment to the gear-
ing, and the generator armature with a friction clutch drive, which
releases when the driving speed exceeds a certain fixed value,
and so maintains a constant E.M.F. as long as the handle is
turned at about this critical speed.

The Ducter

This instrument is designed on similar lines, but is intended
for the measurement of extremely low resistances down to
0.0005 ohms.

The Frequency Meter

If we wish to measure the number of cycles per second of an
alternating current within the range 10 to 1,000 cycles per second,
it is usual to employ an instru-
ment called a *“ Frequency
Meter.” Of the several forms
this may take, the most direct
method for determining such fre-
quencies is by means of a series
of steel reed R (fig. 115), with
whitened ends, which are graded
in size and therefore in different
periods of mechanical vibration,
and are subject to the magnetic
pullics ad eleCtrofma’gnet M. This Fre. 115. Hartmann and Braun Frequency
magnet is energized by current Meter.
through the winding W, and if
this current has the same frequency as that of any one of the tuned
reeds, that particular reed will respond and vibrate strongly, and
its whitened end which shows on the front of the instrument will
appear to broaden out and so indicate the frequency of the supply
current. Reed frequency meters, like voltmeters, are connected
direct across the supply.

Power Measurements

In previous chapters we have not had occasion to discuss the
Power employed in an electric circuit, but the importance of
knowing the rate at which energy is supplied to, or dissipated
in a circuit, is too obvious to require argument.

Mechanical power is measured in foot-pounds per second; a
force applied to a mass of so many pounds lifts it against gravity
so many feet per second, and the power applied is given by the
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product of the mass by the feet per second lifted, or, alternatively,
the force applied may lift so much mass per second a given
number of feet, as in the action of a mechanical conveyor, or
by a load travelling up a moving staircase, the mechanical power
still being measured by the product of the mass per second, and
the number of feet it is lifted.

The last case is the analogy of electrical power which can be
defined as the electrical mass in coulombs which every second is
raised to a potential of so many volts in the electric circuit.
But one coulomb per second is one ampere, so that electrical
power is measured in volt-amperes, and a unit of power is
developed in a circuit when one ampere flows at the electrical
pressure of one volt. The unit of power is called the Watt, and
the practical unit is 1,000 watts, or one kilowatt, which is approxi-
mately equal to 1} horse-power, one horse-power being equal
to 550 foot-pounds per second.

One method of measuring the electrical power supplied to a
circuit is to obtain readings of current and voltage by using
instruments of the type already described, and then multiply
the values together. 'Fhis can be done for direct current only.
Under certain circumstances, a correction factor is required for
calculating A.C. power in this way called the ‘‘ power factor,”
which will be discussed in a later section.

Wattmeter

The Wattmeter is a direct reading instrument having a move-
ment which responds to the resultant of the current and E.M.F.
effects of the circuit and so can be calibrated to indicate in watts.
It works on the dynamometer principle, but its two coils are not
connected in series as in the ammeter and voltmeter of this
type, the main coil which is fixed carries the curreni, and the
moving coil which is in series with a fixed resistance is connected
across the circuit supply and so carries a current which is propor-
tional to the E.M.F. applied.

The reaction between the field due to the ‘‘ current’ coil,
and the field due to the ¢ volt » coil causes the volt coil with its
pointer to turn on its axis, the turning moment being resisted by
a spring, and the deflection is calibrated in watts, the readings
on A.C. being ‘‘root-mean-square’ values (see Chapter XIII).
The D.C. watts, or kilowatts, shown by the wattmeter, agree
with the product of current and volts obtained from the readings
of the circuit ammeter and voltmeter, but with alternating current,
unless the circuit contains only resistance and no capacity or
inductance, this agreement does not ocecur, the true watts as
shown by the wattmeter being less than the ** volt-amperes.”

This is due to the current being out-of-step, or *“ out-of-phase ”
with the E.M.F. so that the combined effect is less than it would
be if they were in step, or *‘ in-phase.”

In order to obtain the true power supplied by alternating
current to a circuit, the apparent power as given by the
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voltamperes must therefore be multiplied by a constant called the
“ Power Factor,” this constant being determined by the electrical
characteristics or the ‘‘ reactance >’ of the circuit.

Energy Measurements and Electricity Meters

Finally, it may not be sufficient for us to know the rate at
which energy is supplied to a circuit, we may also wish to know
the total amount of energy supplied over an interval of time to a
circuit, the instantaneous values of the true watts must be added
over the total period.

Watt-Hour Meter

For this purpose a watt-hour meter is employed, and the result
of the integration is expressed in watt hours, or kilowatt hours.

A common form of D.C. watt-hour meter consists of a small
commutator motor, the fixed field coils of which are connected
in series with the load, and carry the main current as in the
dynamometer wattmeter, while the armature coils in series with a
resistance are connected across the supply terminals and so carry a
current proportional to the E.M.F. applied.

The motor contains no iron either in the main coil field, or in
the armature, so that all magnetic effects are directly proportional
to the current flowing through the coils.

On the main spindle below the armature is fitted a magnetic
brake device, a disc of copper or aluminium which rotates between
the poles of a permanent magnet, and so forms a magnetic brake,
the eddy currents induced in the rotating disc causing a torque
which opposes its motion. The spindle gears into a light train
of counter wheels which indicate on dials the total number of
revolutions of the armature since the last time they were set,
and therefore the integrated energy given to the circuit in the
interval.

A commutating watt-hour meter can also be used for alternating
current on a non-inductive load, as the currents in the field and
armature coils then reverse at the same time, and the armature
therefore continues to rotate in the same direction, but on a
reactive load, and particularly when the power factor is low, an
error arises for which a correction is made by means of a non-
inductive shunt placed across the field coils of the instrument
and called a “lag coil.”

The Induction Watt~-Hour Meter

This is very generally used for alternating current.

If we have two coils of equal magnetic strength placed with
their planes perpendicular and having currents flowing through
them which are 90° out of step with each other, it can be shown
that the resultant field at the axis of the two coils has a constant
Intensity, but it rotates in direction with a constant angular
velocity so that it moves once round the axis in the time required
for one complete cycle of current to pass through the crossed coils.
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If we now place a metal cylinder on the axis, this rotating field
will cut the cylinder, induce currents in it, and the cylinder will
revolve in the same direction as the field rotates.

In the practical case, fields of the potential and current coils
are strengthened by the use of laminated iron yokes, and these
two fields are applied at right angles to a copper disc which takes
the place of the cylinder mentioned above. A magnetic brake
is used, and the disc spindle drives the gear of a counter as before.

126

FOR WIRELESS TELEGRAPHISTS

CHAPTER XII
SWITCHBOARDS AND SWITCHGEAR

The Function of Switchgear
~7~HE function of switchgear is to control the distribution of
the power derived from the main generating equipment
and to protect the electrical network and apparatus connected
thereto from overloading. This function is carried out in the
switchboard which consists of the bus-bar system which receives
the power from the generator and the controls for the various
circuits including those of the generating plant. In addition,
the switchboard usually incorporates the measuring instruments
which are required for the installation, and the actual regulation
of the generating plant may also be effected at this point.

Whereas in the case of low power, all the switches, regulators,
etc., can be actuated by hand, in the case of high power and high
voltages it is necessary that automatic control be used.

In addition to this, where high voltages have to be considered,
further precautions have to be taken to reduce to a minimum
the possibility of any insulation failure which may affect either
the operator or the apparatus.

Switches

Under the above heading can be included all instruments
the purpose of which is to break or make any cireuit, at will.

For circuits involving low currents, these consist of movable
blades bridging two contacts. For large currents the blades may
take the [orm ol brushes.
~ For high voltage alternating currents, the switch may be
immersed in oil, and the actual make and break of the currents
take place in this medium.

Circuit Breakers

The ordinary switch, when fitted with an automatic opening
device is termed a circuit breaker. These can be divided into
two classes.

1. Air-break circuit breakers.
2. Oil-immersed circuit breakers.

All air-break circuit breakers can be considered under two
headings, viz. : the * fixed ”” and * loose ’ handle pattcrns.

In the fixed handle pattern, the circuit breaker can be held in
position by the action of the operator, and until this handle is
released, the automatic gear is rendered inoperative.

The loose handle type is arranged in such a way that it can

127




HANDBOOK OF TECHNICAL INSTRUCTION

automatically open up again the moment it is closed if the
automatic gear acts.
A typical example of such a circuit breaker is shown at FEDC
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F16.116. Marconi Battery Charging Switchboard.

in fig. 116. If, on closing the switch, too heavy a current flows,
the solenoid pulls an armature towards it releasing a trip, and
causing the breaker to open again. This action occurs irrespec-
tive as to whether the handle is held up or released.
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For the breaking of high voltage high-current circuits, oil-
immersed circuit breakers are generally employed. In these the
whole of the actual breaking mechanism is immersed in oil, but
in marine radio practice, the power dealt with is generally not
sufficient to justify the use of oil-immersed circuit breakers.

For operating large switches, electrical devices are sometimes
employed. These generally take one of three forms.

1. A motor operates springs which perform the opening
and closing of the switch.

2. A solenoid is employed for closing, and another solenoid
or spring is used for opening the switch.

3. A motor, geared in a suitable manner, closes and opens
the switch directly.

Circuit breakers of the above types may be equipped with
various forms of automatic devices.

Maximum or Overload Devices
These are relays which cause the switch to open if the current
{lowing exceeds a certain value.

Reverse Current Devices

In this case relays are provided to open the switeh if the
direction of the current should suddenly change, i.e. as in the
case of a main generator charging switch.

Low Volt Devices

Circuit breakers are often equipped with relays which cause
them to opecrate on the potential falling below a certain value.
Such low volt relays are largely used on circuits which convey
power to motors, as it is essential that these motors, once having
stopped on account of low-voltage, should not automatically
restart on the supply voltage being restored.

Minimum Relays

These are set to operate when the current falls to a predeter-
mined value below normal, and are usually employed in connection
with battery charging.

Time Limit Devices

Time limit devices are used for delaying the action of any relay
for a predetermined time interval.
Insulators

_All insulators used in conjunction with switchgear may be
divided into four principal classes :

1. Pillar insulators which are used for supporting conductors
which are under mechanical pressure.

2. Pin insulators which carry out a similar function to
(1) but may be used in the open where they are exposed to
rain and generally more severe conditions.
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3. String insulators used for suspending conductors from
overhead supports.

4. Bushes which are used for carrying conductors through
sheets of metal, or other conducting or semi-conducting
material.

The types of insulators usually met with in radio apparatus
consist of classes (1) and (4).

The greatest voltage ordinarily met with on the transmitting
apparatus of marine wireless installations is of the order of 10,000
volts and for conductors at this voltage pillar type insulators are
usually employed. These are generally made from porcelain
and vary in dimensions from 1” to 6” high and from }" to 2"
in diameter. Such insulators are usually ribbed or corrugated
to provide longer leakage paths.

The bushes are generally of ebonite for low voltages and of
porcelain for high voltages.

String insulators are used for supporting aerials and are gener-
ally built up from units to form a chain. Illustrations are given
in Chapter XVIII.

Fuses

In cases where the employment of overload cut-outs are not
desirable, metal links can be inserted in a conductor which melt
and break the circuit when the current passing through them
exceeds a certain value. They are usually made of metal with
a low melting point such as lead or tin.

Their use is generally confined to low current circuits. On high
current circuits the amount of metal to be melted would be con-
siderable, it would be difficult to control and quench the resulting
arc, and the risk of damage to the apparatus would be great.

Voltage Regulation

This plays an important role in radio transmitter adjustment.
The life of transmitting valves is considerably shortened if the
wrong voltage is applied to the filaments.

The regulation of the generators themselves is effected by means
of regulators or rheostats placed in the excitation circuits. These
rheostats are usually controlled by hand but can also be auto-
matically actuated by motors which revolve the switch arms.
Relays can be introduced which cause the actuating motors to
revolve in one or other direction, according as the voltage of the
generators rise or fall. In this manner the voltage of the system
can be kept remarkably constant.

Automatic regulators are often employed, which usually control
the field of the exciter. Such regulators may be applied to control
groups of machines, or may be installed to control separate units.

Meters

For the correct and rapid estimation of the performance of
any electrical installation, it is essential that the currents and
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voltages present in the various circuits should be easily ascer-
tainable, and to this end, ammeters and voltmeters are inserted
:n these circuits. In dealing with alternating currents, 1t 1s often
cssential that we should know the exact frequency of the supply,
and frequency meters are therefore found on the main transmitter
switchboard. _ ‘

A description of thesc instruments has already been given In
Chapter XI, and we shall now see to what uses they are put in
typical switchboard design.

Marconi Battery Charging Switchboard

A typical battery charging switchboard of the simplest type is
shown in fig. 117. It will be seen that it consists essentially of two
circuits, one for the dynamo, and the other for thq battery.
Each of these circuits is protected by an isolating sw1’§ch A, B,
and the dynamo circuit has a circuit breaker in it to disconnect
it from the battery. The other components of the switchboard
are:

Fuses in each lead of the battery and dynamo circuits.

A guard lamp to indicate when the main supply is connected.

A voltmeter switch to enable the voltage of the circuit to
be rcad when desired.

A lamp for the general illumination of the switchboard.

The fuses are of the cartridge type, i.e. they consist of the fuse
wire completely enclosed by a cardboard cover, the space between
the cover and the wire being
filled with some non-inflammable

2 material to prevent the molten
& metal being scattered about in
£3 the event of the fuse blowing.
5 The main circuit breaker is
2 of the overload type, i.e. it is

provided with a magnetic device
which causes the breaker to open
if the current passing through it
exceeds a certain specified figure.
An adjustment is provided to
enable this figure to be altered
if desired. The action of the
breaker is as follows. When
the main current which passes
through the solenoid C exceeds a

LF = ¥
L SATIES PINAD certain value it causes the shoe
W — to trip the blade of the breaker.
Fic. 117, Wiring Diagram : Marcont The voltmeter switch enables

e Sy o the voltage of either the battery

or the dynamo to be obtained. y N A
It will be seen that, if the batteries are being floated,” i.e
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are being charged and discharged at the same time, the ammeter
will register the difference between the charge and the discharge

currents.

FOR 220 V. FOR 110 V. FOR 65V.

y

CHARGING MATS

Fig. 118. Diagram of Connections,
Charging Board BS31/A.

Means are provided for altering
the zero position of the needles

cmc%;gsn C‘RCU'ESgQC'RCUgn of both the ammeter and the
pe—pat 250 | 7 voltmeter. Where the per-
B o e s | formance of the system is needed
A { accurately, it is advisable to check
- N—X each of these zeros before taking
readings. If they should be

wrong a slight turn on the ad-
justing screw will be sufficient to
bring the needles to the correct

positions.
WORK CHARGE MAIN
SWITCH
/ ! ,| & FUSES
e T
ol o MAINS
i I PSS, Y [
IDLE DISCHARGE AT —
+| o o) SHIP'S
C\pg;_ 9 MAINS
T Ll
Xy es SWITCH
z & FUSES
20 DISCHARGE o i oo
MAT BATTERY
- O —
K o ° 3 TO L.T. SUPPLY
BATTERY MAINS OF TRANSMITTER

16, 119. Connections of Charging Board
BS31/A to Ship’s Mains and Battery.

Marconi Battery Charging Switchboard, Type BS31/A

This type of battery-charging switchboard provides for charging
batteries ol 18 to 24 volts and for the periodic discharge of these
batteries when lying idle. Interchangeable resistance mats of
6w, 12.5w and 25w are provided for ships’ mains voltages of
25 volts, 110 volts and 220 volts. The battery is discharged
when nccessary through a 2w discharge resistance mat.

A 10-0-10 ampere ammeter and switches for charge/discharge
and work/idle are provided.

A diagram of connections on the switchboard is shown in
ig. 118 and of the method of connecting to a transmitter in
fig. 119.

Marconi Battery Charging Switchboard Type 242/D

The latest type of battery-charging switchboard is known as
type 242D. A diagram of its connections is shown in lig. 120.

The switchboard is designed to charge two banks of L.T. and
two banks of IL.T. accumulators simultancously. Rectifiers can
be incorporated in it to prevent discharge ol the accumulators in
the event of failure of the mains supply current. Suitable
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L,
CHARGING
LAMPS

RECTIFIERS FOR
242DR. ONLY

o
o
3
P
=
3
<
14
1€

+ FLT.9 +L.T.q

4 +H.T.o +H.T.q
TEST | REGEIVER| BATTERY BATTERY
LT,

BATTERY BATTERY

Fig. 120. Battery-Charging Switchboard Type 242D. Diagratn of Conneetions.

charging rates can be selected by utilising lamps of various values
in candle power. A table showing these is given below.

The normal use of the switchboard is shown in fig. 121 (a), and
lic. 121 () shows how the board can be used to give two separate
1.T. and two separate I1.'T. supplies for diffcrent receivers.

It should be noted that separate 120-volt IL'T. batteries can
only be used when a 220-volt mains supply is available.

CHARGING RATES FOR 242 D. AND 242 D.R. CHARGING BOARDS

‘ 212DR, | 202D.
Carbon Rectifier in | Reelifier out of
Buttery Main Filament Circuit | Cireuit Remarks
Yolls Lamps Charging Rate | Charging Rate
LT 2y 110 | 2-50 c.p. in 2,25 amps. 2.25 amps, Thig is the total I.71.
parallel charging  rate  when
220 250 ¢.p. in | 1.75 amps. 1.75 amps. charging  one 1.
parallel battery. 1f the two
1./1.’s are on eharge at
the same time these
rutes would be hulved
TLT. 48y 110 One 8 c.p. 130 m/amps,
One 16 c.p. | 120 m/amps. | 220 m/amps.
One 32 c.p. 190 m/amps.
One 50 c.p. | 220 m/amps.
111 72y 110 One 16 c.p. | 120 m/amps. |
One 32 c.p. 250 m/amps. o
No lamp l 110 m/amps. Short  Cireuit  Adaplor
| | fitted in socket. lies.
of rectiliers in the
| charging circuil only
M v | 1L e B
HT. 48v ‘ 220 One 16 c.p. | 140 mjamps. | 190 mfamps. |
. One 32 c.p. | 230 mfaps.
TLT. 79v 220 | One 16 c.p. | 160 mfamps,
‘ One 32 c.p. 170 m/famps. | 250 mfamps. |
e One 50 ¢.p. 250 mfnps.
T 120y | 220 | One 52 c.p. 170 mjamps.
One 30 c.p. 140 mjamps. 250 mfamps.
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Siemens Switchboard, Type SB68

Front and back views and a diagram of counections of a
switchboard manufactured by Messrs. Siemens Bros. are given in
figs. 122, 128, and 124. The explanatory list at the bottom of the
diagram of connections will make the action of the component
parts clear.

FOR WIRELESS TELEGRAPHISTS

Control of the following circuits is provided.

L.T. circuits I and II for receivers.
H.T. circuit for receivers.

Ship’s mains circuit.

. Emergency mains circuit.

. Emergency battery circuit.

LINKS_CONNECTED BEHIND

o g o 10

A.C. mains circuit.

ERMINAL BOARD

LINKT CONNECTED BEHIND

TERMINAL BOARD

H.T. BATTERIES
@

REMOVE THIS LINK BEHIND
TERMINAL BOARD

<+ + + + + + + & +
o o 9 O-—f=+—0
\ T
H.Tq \\ HT.o HTq H.T.o MAINS LT LT.o Ears TEST
REC.] \REC.| BATT.| BATT. BATT. BATT. REC.
\
A
T ° ) T ) o T—-d -I-—o
1 l l l l l Y
- + + MAINS - 4+
72V. 120V. LT
REG. REC .
o 0 o O (L Q o 0O
- +| |- + - +} - +
72V. 4BV. L.T. BATTERIES

REMOVE_THESE LINKS BEHIND
TERMINAL _BOARD /|

4BV.,72V.,0R 120V,
H.T. BATTERIES

(b)

+ + + + + + + x+
° ° o o o—-X
\\
HT.1 \HT.ol HT.1| HTo LT. LT. LT.
REG.| \REC.| BATT.| BATT,| MAINS gatt.| ears| REc.| [ TEST
\
7 e e S e
= = & MAINS l + i i
HTq  HT. LT.
REC.  REGC. REC, IF;ET(.'E?
1 2 1 2
o oflé o 6 ol o o
4] | B 2 &S

L. T. BATTERIES

Fre. 121.

134

T16.122. Siemens 1} kw. Main and Batlery Charging Switchboard, Type SBG8—
Front View. i

Voltmeters are provided for reading :

1. Main or battery voltage.
2. L.T. or H.T. battery voltage.
3. A.C. voltage,

and an ammeter for indicating the discharge current from the ship’s
mains,
The H.T. and L.T. accumulators are charged through one or
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more lamps according to the voltage of the ship’s mains and the
current required.

All the circuits are efficiently fused and an automatic circuit
breaker is included in the main supply.

This design is typical of that used in marine wireless installa-
tions, and the principles laid down in the beginning of the chapter
will be found to be adhered to in the construction of the switeli-
board, as shown in the front and back views in the photographs.

NI
ACCUMULATOR

Fllea SHEY]
[ CIRCUIT

STARTER |
+ - b !
D.C. MAINS EMERGENCY
BATTERY
I1G. 124. Siemens 14 kw. Main and Battery Charging Switchboard, Type SB68—
Wiring Diagram.
F, Fuses for A.C. and D.C. mains and emergency battery.
F, Fuses for L.T. batteries.
M, D.C. main switch,
M, Ewmergency main switch.
My A.O. main switch.
¢, and O, L.T. battery charge/dischinrge switches.
H L8 switeh,

L 5 (13 "
B Overload cut out main hreaker.
L,and L, H.T. charge lamps.

Ly Ly Ly and Lig LT, chavge lamps.
A, Main ammeter.

V, V,and V, Voltmeters.

S, and 8, Yoltmeter switches.

projecting through the front of
a panel.  Such a switch is of
course of no use for heavy cur-
rents, but is admirably suited for
a voltmeter circuit. A diagram

Q-J [ in ﬁ!_;". 125.

O == of a switch of this type is shown

The switches for the receiver

= o L.T. and ILT. batteries are the

T1c. 123, Siemens 1} kw. Main and Battery Charging Switchboard, Type SB68— three which are mounted on the

] - TAC S ebonite blocks in the centre of
Referring to the front view, the instruments are all of the : the board.

moving coil type, with the exception of the voltmeter on the 9@ L The main breaker is shown on

extreme right of the photograph, which is of the moving iron s v the extreme left of the board

type. The voltmeter switches are mounted on either side of S @ : under the left-hand instrument.

the H.T. charge/discharge switch immediately under the in- o " This is actually in series with

struments. These voltmeter switches are of the type : one side of the mains switch

wherein a series of blades separated by ebonite insulation are Tra. 125, Voltmeter Switch which is shown immediately to

brought into contact one with the other by means of an arm i ’ J the right. The emergency mains
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switch is the second from the right and connects up the emer-
gency mains to the emergency battery. Lastly, on the right is
the A.C. switch in the keying circuit of the transmitter.

Fuses for the various circuits are at the bottom of the board
and consists of two mains fuses, two receiver L.T. battery fuses,
two emergency battery fuses, and two A.C. mains fuses.

The switchboard S.13.68 has, to a large extent, been superseded
by the S.B.190, a photograph of which is shown in fig. 126. It
will be noticed that the majority of the fuses have been replaced
by small cireuit breakers which serve the dual function of switch

and fuse.

TFig. 126.—Siemens SwitchboardType SB 190
138
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CIIAPTER XIII

ALTERNATING CURRENT EFFECTS, AND VECTOR
DIAGRAMS

A Swinging, or Alternating Current
HEN we were considering the production of an electric
current by rotating a coil in a magnetic field so that
it cut through the lines of force, we found that it was easier to
produce a current which flowed through the circuit first in one
direction increasing {rom zero to a maximum and then falling
to zero again, and afterwards flowed in the opposite direction
increasing from zero to a maximum and then decreasing to zero
once more, this sequence being repeated rhythmically as long
as the machine rotated—than it was to produce a current which
flowed through the circuit always in the same direction.

In fact, the alternating cur-
rent stage preceded the direct
current, stage, the machine gener-
ating alternating current which
was then rectified or transformed
into direct current by means of
a commutator and stationary
brushes which were added to the
rotating armature.

The Conical Pendulum and Har-
monic Motion

Physies abounds in instances
of this swinging of energy above
and below a zero line of equili-
brium, and this behaviour of
electric and magnetic energy, its
meaning and its results demands
our close study.

A mechanical parallel is af-
forded by the conical pendulum. A uniform cireular motion seen
edgewise becomes an accelerated motion along a line as illus-
trated by the projection shown in fig. 127, the conical pendulum
bob apparently moving faster at the mid-point of its swing in
front of the eye of thc observer than when it reaches the extent
of its travel and swings back again. '

If, as in this case, the acceleration is proportional to the distance
of the moving point from the centre of the swing, this is called
a “simple harmonic motion.”
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Fi1c¢. 127. Conical Pendulum and Har-
monic Motion.
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The Pendulum and the Sine Curve

Let us follow the motion of the moving bob and plot its dis-
placement from a zero line X X, (fig. 128), at equal increments of
angular swing which are equivalent to equal increments of time.
Then when the bob has reached the point 30° on its circle of swing,
the extent of the swing away from the zero line is 30a. Now
30q is the sine of the angle through which the bob has swung
since leaving the zero line, taking the radius as unit length.

Similarly, when the bob reaches the point 60° on the circle
of swing, the displacement will have increased to 60b. Also
when the bob has reached the point 90° on the circle of swing,
it will have reached its maximum displacement, which is called
the * amplitude of the vibration,” and the sine of the angle will
be unity.

If further positions of the bob are chosen, and the extent of
the swings are transposed as before, the curve so formed will
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Fig. 128, The Conical Pendulwn and the Sine Curve.

commence 1o fall, it will pass through zero and then rise on the
negative side. The next complete swing of the pendulum can
be transposed in the same manner with the result that a periodic
curve is formed. This is another example of the * sine curve,”
which was first referred to in Chapter X.

The importance of this curve is that it represents a simple
vibration, and the system which gives rise to it, whether mechani-
cal or electrical, possesses a simple harmonic motion of only one
frequency ; and any departure from a sine curve indicates a
compound vibration of two or more frequencies.

The Vibrating Strip Spring

A simple harmonic motion need not, however, be necessarily
circular, or conical.

In the case illustrated in fig. 129 a vibrating strip spring with
a heavy bob at the end is made to inscribe its motion on a moving
band of paper, and we sce that its accelerated motion measured
in the plane of the motion gives the same result as can be obtained
from the uniform motion of a conical pendulum bob, a sine
curve. The linking of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>