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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

FOR WIRELESS TELEGRAPIIISTS

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.
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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
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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

&//>/;>/”
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Fic. 14. Marconi Power Condenser Arrangement of Plates.
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