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Fig. 23.
Two stages of high frequency, one rectifier, and one stage of low frequency are used
in the pack set. This is an enlarged view of the receiver cabinet with the side, which forms
a table, let down

Fig. 24. In this photograph is a small portable transmitting and receiving set. On the right is
shown the hand generator for supplying high-tension current to the transmitting valves.
The armature is driven at a speed of 80 revolutions per minute
Courtesy Marconi's Wireless Telegraph Co., Ltd.
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speed constant under these conditions
necessitates skill in operation.
A portable set of much larger dimen
sions than those previously illustrated is
shown in Fig 22. This is a combined
transmitter and receiver, made purely for
telephony working.
Its general design
follows the other sets, with the exception
of the fact that both sets are housed in
the same cabinet. The result of this is to
make it rather bulky for ease in transpor
tation. On the left of the cabinet is the
tuner, the controls of which are very
simple.
Coarse wave-length tuning is
effected by a plug and jack system. Most
of the transmitting gear is concealed
behind the trellis screen, but large holes
are cut in the woodwork above this so
that the instruments may be easily read.
It will be noted that plug-in connectors
are used for the microphone.
The receiver is a six-valve instrument,
and is capable of long distance reception
combined with loud signals. Tuning is
accomplished by means of two stud
switches, and a variable condenser and
reaction coupling.—R. B. Hurton.
POSITIVE CHARGE. A body is said to
be positively charged when it has a
deficiency of electrons or negative parSee Electricity ;
tides of electricity.
Electron.

POTENTIAL

POSITIVE PLATE. Name given to one
of the plates of an accumulator. There is
always one less positive plate than nega
tive plate in an accumulator, so that both
sides of every positive plate may be acted
upon. See Accumulator; Accumulator
Plate ; Storage Battery.
POSITIVE POLE. In a cell this is the
name given to the terminal from which
the electric current in a circuit connected
to the cell flows. It is the pole towards
which the cunent flows inside the cell.
In the simple voltaic cell, for example,
epnsisting of two elements, zinc and cop
per, the terminal connected to the copper
element is the positive pole. The positive
pole of a battery is usually marked with
the positive sign, + in red. This sign
appears, for instance, very clearly on an
ordinary Ever-Ready dry battery. The
positive connecting terminal in these
batteries is usually shorter than the nega
tive terminal to distinguish the two ter
minals still further. See Battery ; Cell;
Dry Cell; Negative Pole.
POTASSIUM.
One of the metallic
elements. Its chemical symbol is K, and
its atomic weight 39'03. At normal tem
peratures potassium is soft and malleable
and easily cut with a knife. It is widely
distributed in its compounds, and does
not occur uncombined.

POTENTIAL: ITS NATURE & MEASUREMENT
By Sir Oliver Lodge, F.R.S., D.Sc.
By simple analogy and lucidly stated illustration our distinguished author and Con
sultative Editor makes clear the nature and application of potential in its various
forms, with particular reference to electrical and magnetic potential.
See also
Electricity ; Energy ; Force.

The term “ potential ” is often felt
difficult, partly because of its adjectival
form. It may be taken as an abbreviation
for “ potential energy,” since it means the
potential energy of a unit. The potential
at a place is the potential energy of the
appropriate unit situated at that place.
It represents a certain unknown state or
local condition of the ether, and it is
measured by the amount of work the unit
can do in falling thence to zero potential,
or the work that has to be done in lifting
the unit to the potential required.
If it be asked, What kind of a unit ?
that depends on the kind of potential.
We may have electric potential, magnetic
potential, gravitation potential, and heat
potential; "and the unit accordingly would •
•be either the unit of electric charge, or a

unit magnetic pole, or a unit of matter, or
a unit of heat.
Heat potential is better known as tem
perature.
For it is temperature that
regulates the potential energy of heat,
meaning the useful or available energy of
heat, which depends entirely on difference
of temperature. If everything was at the
same temperature there would be no
available heat energy. But when things
are at different temperatures, like the
boiler and condenser of a steam engine,
everyone knows that useful work can be
done by taking the heat from the hot body
to the cold one through a proper arrange
ment of mechanism, such as was devised
by James Watt and others. And the
amount of work that can be got out of a
given quantity of heat depends on the
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difference of available temperature. So a
red-hot body is at a high potential, in
other words, at a high temperature.
Similar considerations apply to gravi
tation. Gravitation potential is commonly
called level or height. If everything were
at the same level no work could be done.
But if weights arc raised from a low level
to a high one, they can do work in falling
back, if they are supplied with the appro
priate mechanism : as'Xvhen you wind up
a clock. A level surface is all at one
potential, and is sometimes called an
equipotential surface. A level surface is
not flat : it is curved like the earth. The
sea has a level surface, except in so far
as it is disturbed by wind ; and conse
quently, when calm, has no available
energy, for it has nowhere to drop. Its
potential is zero. A mountain lake has a
level surface and is all at one potential ;
but that potential is not zero. It can be
allowed to fall to or towards the level of
the sea, through turbines or water-wheels,
doing work in the process. Hence a
mountain lake has energy ; and the energy
depends on its potential, that is, on the
height it is above the level of the sea.
Potential Difference is the Important Thing

Potential is always relative. It may be
able to drop to sea level at once ; it may
be only able to drop a certain height into
some lower reservoir. The important
thing, therefore, is the difference of poten
tial. It is the difference of potential or
level in a waterfall which allows it to be
used for power purposes. It is just as
important to have a low tail-water as a
high supply-water. Just as in a steam
engine it is as necessary to have a cold
condenser as a hot boiler. The available
driving force, or potential energy per
unit, depends on difference.
The unit in the case of gravitation and
matter is a pound or a gramme, or it may
be a ton. Potential energy depends,
therefore, on two things, the amount of
water available and its height. The poten
tial energy of a lake, for instance, depends
not only.on the height, but on the amount
of water in the lake. Potential energy
has two factors, of which potential is one.
The energy of a mass m at a height h
depends of course on the intensity of
gravity, and therefore is represented by
wigA. The potential energy per unit, or
in other words the potential, is simply
This represents the work that can
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be got out of every pound or ton in falling
through the height h, if the machinery is
perfect—which of course in practice it
never is. The potential gh represents the
ideal, which can be aimed at, partially
attained, and never exceeded.
Now apply this to electricity. The
earth may have a lot of electricity, just
as the ocean has a lot of water ; but since
it is all at the same potential—except in
so far as it is disturbed by unknown
influences causing earth currents—it is
no more available for power than is the
water of the sea. Consequently the earth
is said to be at zero potential. The act of
charging an insulated body is equivalent
to raising its potential, and is analogous
to raising a weight, or making a body hot,
as by lighting a fire. Potential energy
is therefore at once conferred upon such
a body, and the energy depends both on
the potential and on the quantity of
charge. If the body has a large capacity,
it is like a big lake, and a quantity of
electricity can be stored in it, which there
fore possesses considerable potential energy.
But it has no more potential than a thing
of small capacity at the same height. The
availability of electric energy is relative,
as in all other cases, and depends on its
being able to run down through appro
priate mechanism to some lower level.
Difference of potential is the important
thing; and this is called electro-motive
force, or E.M.F., or voltage, since it has
become customary conventionally to
measure potential in volts ; just as tem
perature is measured in degrees, and height
in feet.
Moderate Potential, Great Energy

In the most important applications of
electric energy the quantity dealt with
is large and the potential only moderate.
Thus the electric supply of a town is
pumped up at the generating station to
ioo or it may be 200 volts. And from the
high potential network of wires the
charge may be led through electric motors,
so as to propel machinery like a lathe, or
so as to drive a tramcar ; a fresh amount
being constantly supplied by the generat
ing station. Electricity always has to
be pumped at one end and utilized at the
other. Hence in electric power we have
nothing but transmission of energy. It
would not do any work of itself ; it has to
be pumped up, as by a dynamo or battery’,
and then utilized.
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The same is really the case with water,
only the sun does most of the pumping up
by evaporation. It rises as vapour, and
descends as liquid. And during its descent
part of its energy can be utilized in the
service of man.
It is owing to the sun, also, that heat
energy is available. The past sunlight
has stored some of its energy in wood and
coal ; and when this is liberated at a high
temperature, as by combustion, part of
it can be utilized. So that, whether in a
furnace or a waterfall, we are using, or
allowing to nm to waste, part of the energy
either of ancient or of comparatively
recent sunshine.
Potential in Millions of Volts

Electricity, too, is sometimes pumped
up to a high potential by natural forces not
fully understood, and we thus get the
energy of lightning. But it has not been
found feasible to utilize that, although the
potential is so extraordinarily high as to be
reckoned in millions or billions of volts.
It is. too violent, and therefore either runs
to waste, or does damage, in its fall to the
earth potential or zero.
The potential to which a charged con
denser is raised is measured by a volt
meter (q.v.). And the quantity discharged
from it per second is measured by an
ampere meter (q.v.), the available energy
being the product of the volts and am
peres, one volt-ampere being called a watt,
which is the 7^ part of one horse-power.
Electric devices for using electricity
have attained a high perfection, and ac
cordingly they are much more efficient
than either hydraulic or heat engines.
There is always some waste, represented
by the heating of the wires which carry
the current ; but it is possible, by the use
of good conductors, to keep the waste
quite small.
When a condenser or any insulated body
is very highly charged, the electricity
tries to escape by breaking down any thin
or weak part of the insulation ; and when
this thin or weak part is a layer of air, the
result is a spark, and the length of the
spark gives a measure of the potential. A
spark through a flat film of air 1 millimetre
thick corresponds to a potential of 3,000
volts. If the layer of air is a centimetre
thick, the potential needed to break it
down is 30,000 volts. But if the conductors
on either side of the film are curved, like
knobs, then the breaking-down is easier,
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and less than 30,000 volts would give a
centimetre spark, but not very much less,
unless the knobs are quite small.
What really breaks air down is not
potential, but what is called “ tension,”
which is dependent on surface density, the
charge per unit area at any place. The
tension depends on the square of this den
sity. And accordingly a conductor, which
is necessarily all at one potential when no
currents are circulating, is able to discharge
more easily from a projecting knob or edge
or point than from a flat surface. Hence if
disruptive discharge and leak are not
wanted, sharp edges and points are to be
avoided on all conductors at a high potential.
When currents are flowing steadily, they
always flow from high potential to low,
just as water and heat do. When the
conductor is a good one, the difference of
potential between two points is but small;
it may be a small fraction of a volt. The
difference of potential between any two
points of a conductor, divided by the
current which is flowing through that con
ductor, is a measure of its resistance. A
volt divided by an ampere is called an
ohm (q.v.), while a volt multiplied by an
ampere is called a watt. One gives the
resistance, the other gives the power or
energy expended in that conductor per
second.
How Potential is Measured

An instrument for measuring the differ
ence of potential between two points of a
conductor through which a current is
flowing is called a potentiometer or an
electrometer. Such an instrument may
have many forms. The two points of the
conductor to be measured may be tapped
off by suitable thin-wire electrodes, and the
difference of potential between these two
tapping wires may be measured by an
electrometer, or else compensated by an
opposition battery, such as a Daniell cell.
If a Daniell cell is able just to stop any
current from being tapped off, its E.M.F.
is known to be equal to the 'tapped differ
ence of potential, and in that case it would
be just about a volt. A potentiometer
proper always compensates the difference
of potential to be measured, and the effect
of this compensation is ascertained by
means of a sensitive galvanometer, which
shows when the compensation is perfect
by indicating no current. This is called a
null method. For further explanation see
the heading Potentiometer.
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Magnetic Potential.
The magnetic
potential at a point is the potential
energy of unit pole if placed there ; just
as the electric potential at a point is the
potential energy of unit charge at that
point, and the gravitation potential at any
level is the potential energy of a pound or
gramme il raised to that level. But mag
netic potential is peculiar, because lines
of magnetic force are closed curves. Such
curves surround every flowing current ;
and if a magnetic pole is put near a current,
it will move along those lines of force,
and therefore circulate round and round
the current for ever, i.e. as long as the
current lasts—as Faraday succeeded in
demonst ra t i ng experiment ally.
Accordingly the magnetic potential near
a current is a many-valued function. It
has no particular value. If a current’s
strength is I, magnetic potential changes
by 4^1 every time the current is sur
rounded, that is every time the magnetic
circuit is completed. This is a measure of
the magneto-motive force. If the current,
instead of threading such a circuit once,
threads it n times—as it easily can in a
coil of wire, then the magneto-motive
force is 41ml. And this is what generates
the magnetic field. If the magnetized core
of the coil of wire is replaced by an iron
ring, so that the current is flowing n times
through and back outside that ring, then
the iron is subject to this magneto-motive
force 4^1 ; and the total amount of mag
netism induced in it—or what is called
the total induction—is the magneto-motive
force divided by the “ reluctance ” of the
iron, reluctance in magnetism taking the
place of resistance in electricity.
The resistance of a circuit is its length
divided by its cross-section and its con
ductivity, I divided by Ak. The reluct
ance of the ring of iron is its length—
that is, its mean circumference—divided
by its cross-sectional area and by the
permeability of its material, commonly
called m, and is therefore

— the m for air
Am,
being called 1.
This is the principal
or main theory for electro-magnets in
general.
If the magnetic circuit had different
portions in series, as, for instance, if the
iron ring had a gap cut in it, so that part
of the circuit was air, then the reluctances
of the different portions would have to be
added. If the air-gap were narrow and of
breadth x, while the iron, as before, was of
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length I, the total reluctance would now be
Z
x
A
And when the iron is of good quality, so
that m is something like i.ooo, the second
term is the more important of the two ;
and accordingly a first approximation to
the total reluctance in such an electro
magnet with an air gap is 4*’»I; which
is often called the ampere-turns, divided

by -y, that is to say
4?rWl A
X

A magnetic potentiometer is an instru
ment devised by Professor A. P. Chattock,
whereby the difference of magnetic poten
tial between any two points can be
ascertained.
It consists of a flexible
solenoid of wire, such as a coil of wire
wound on a solid indiarubber tube or long
cylinder, and connected up to a ballistic
galvanometer. The two ends of this
solenoid are first placed at the two points
to be measured, and the indiarubber is
then quickly bent, so as to short circuit the
ends or bring them together, thus changing
from the potential to be measured to zero.
The sudden change of magnetic potential
sends a wave of current round the coil, and
the ballistic galvanometer measures that
wave, which is proportional to the differ
ence of magnetic potential. The instru
ment can be calibrated by using it first to
measure a known magnetic potential.
To measure the strength of a magnetic
field, other devices are employed. One is
to have a small, carefully wound thin coil
at the end of a rod, place it in the magnetic
field, connect it to a ballistic galvanometer,
then suddenly snatch it out and read the
galvanometer deflection.
Another plan
is to make use of the property, discovered
by Professor Righi of Bologna, that the
resistance of a wire of bismuth changes
considerably in a magnetic field. Hence if
a little coil of fine bismuth wire is connected
to a Wheatstone bridge, so that its
resistance can be measured, and if it is
then placed in the magnetic field, and its
resistance measured again, the change of
resistance gives a means of determining
the strength of the field.
POTENTIAL DIFFERENCE. Difference
of electrical pressure between two points
on a conductor carrying an electric current.
It is usually abbreviated P.D. See Electro
motive Force ; Potential; Pressure ; Volt.
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POTENTIAL ENERGY. The power a
body has to do work in virtue of its position
or condition. A book on a table has
potential energy, for example, as when the
table is removed the book does work due to
its motion as it falls to the ground. See
Energy ; Potential.

POTENTIOMETER:
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POTENTIAL RECTIFIER. This name is
often given to those crystals which require
boosting by a small battery in order to
make them sensitive as rectifiers of highfrequency currents. Such a crystal is
carborundum
See Crystal Receiver;
Potentiometer; Rectifier.

ITS THEORY AND CONSTRUCTION

Practical Uses of a Vital Adjunct to Experimental Research
The potentiometer is one of the most useful control instruments for the experimenter.
Here are described various types of potentiometer, its uses, and simple types
which can be made by the amateur. The reader is also referred to such cognate
headings as Neutral Point Potentiometer , Rheostat ; etc. See also Carborundum,
Frame Aerial Set ; Hanging Set ; etc., where potentiometer control is used

potentials, one of them being of known
value. Employing a hydraulic analogy,
it can be shown by a simple experiment
with glass tubes that water flowing in a
pipe connecting two tanks varies in
pressure or head at different points in its
course. A diagram of this very effective
apparatus is given in Fig. I. The heads
or pressures at various points I, 2, and 3
are indicated by the level of the water
in the glass tubes.
The pressure, of course, only alters
when the water is flowing. Should the
tap at X be shut, the water will rise in the
lower tank (if this should be of sufficient
depth), until it reaches the same height
as that in the upper one, the levels in the
intermediate glass tubes following suit.
A suitable resistance wire cross-connect
ing the terminals of a battery or accumu
lator exhibits the same characteristics as
the water in the inclined pipe. It can be
stretched along a board or coiled and
divided out into a scale, the extreme length
of which equals the voltage impressed on
the wire, as shown in Fig. 2. The con
nexions to the resistance wire at G and II
should be made with stout copper
G/ass Tubes
wires of very low resistance, and
1/ \l
■
Dotted fine showing the battery, X, to be tested must be
head
/ fine
hne of
of head
connected to oppose the flow in the
--------------- resistance wire, as shown in the
diagram. The connexion J is a
P/pe water*sliding one.
flbwinp into
^werTank
If the voltage impressed at G
and H is known and is accurately
• Totaf bead'
! pressure or
represented on the scale, then the
. potent/af
position of the sliding connexion,
3
J, against the scale, when the
.t,
galvanometer
needle is neutral
_ -L
_______________ 4
X
. ^Tap X
—that is to say, shows that
POTENTIOMETER ANALOGY
no current is flowing through
_ ' ' in
'i a resistance wire having
In
Fig. i. Fall in potential
it
—will show the voltage of
an applied volt;:age of known value is represented by
the X battery.
this hydraulic analogy

A potentiometer is an instrument which
measures a potential difference between
two batteries or other apparatus which is
capable of impressing a voltage. A volt
meter is therefore a form of potentio
meter, and as the newly made voltmeter
has to be calibrated from a standard
instrument, so the simple potentiometer
measures variations in the electro-motive
force created by two sources of supply
indirectly, by comparison with a known
standard voltage or potential.
In wireless work the term potentio
meter is given to simple instruments
arranged to regulate rather than measure
the voltage or potential applied to a valve.
To understand thoroughly the function of
a potentiometer, reference should be made
to the principles of the Wheatstone bridge.
The latter is one of the fundamental in
ventions in electrical science, and provides
the most convenient method of ascertain-’
ing experimentally the ratio between the
resistance of two conductors.
The potentiometer proper, instead of
comparing the resistances of two wires or
instruments, shows the ratio of two

I
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Sliding
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Connexion
____ H
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(p____
Galvanometer

TESTING A BATTERY BY POTENTIOMETER
Fig. 2. How the potentiometer is used to test
the voltage of an unknown battery is shown
in this diagram

While this arrangement of a potentio
meter is a simple one, it is not absolutely
accurate, the difficulty being to preserve
the voltage of the main battety at its
correct figure.
As illustrated, the X
battery is shown to be giving a pressure
of 2-4 volts, but if the main battery should
have fallen in potential, there will be an
error in the reading of a proportionate
amount.
The scheme is therefore elaborated, as
shown in Fig. 3. The main battery
(M.B.) may be of any voltage so long as it
gives a steady current, variations of
potential not affecting the accuracy of the
readings. The battery (S.C.)
should be some form of standard
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cell, such as a Clark cell. The battery
of unknown potential to be tested is shown
at X, and the resistance coil is stretched
from A to B alongside a suitable scale.
When the movable connexions, Cand D,’
are so placed that no current flows through
the galvanometer, then the voltage of the
battery will be
Voltage of X =
Distance between A and D
Distance between A and C
X Voltage of standard cell.
The only error that can creep into this
method of arranging the potentiometer
will be that due to slight inaccuracy in
voltage of the standard cell or the varia
tions in the diameter of the wire used
between A and B. To the average ex
perimenter, both arc negligible quantities.
A wireless potentiometer, used to control
the potential applied to the grid of a
valve, may be made in various forms. A
simple form is a coil of wire having a
resistance of several hundred ohms, fitted
with a sliding contact. Such an instru
ment is illustrated in Fig. 4. In designing
such an instrument, note should be made
of the ohmic resistance per yard of the
wires of the several special alloys given
in the table below :
Gauge No. 26 No. 30
Platinoid wire 2-28 ohms 4-8 ohms
5’6 „
2 65
Eureka
4‘qS „
Manganin wire 2-36

No. 46
12.8 ohms
14’8 „
13 25

M B

B

A

SIMPLE FORM OF POTENTIOMETER
Fig. 4. Potentiometers of this design are used
in wireless work. A simple slider contact con
trols the potential which is applied to the grid of
a valve

!2 Z4 16

SC.

Ill
X
POTENTIOMETER AND CLARK CELL
Fig. 3. Testing a battery potentiometer of un
known potential is being carried out by using a
potentiometer and a standard Clark cell

Therefore, to give 50 ohms resistance,
platinoid wire of No. 30 S.W.G. would
measure 50 4- 4-8, about 10 yards. On a
rod of •] in. in diameter, 160 turns of wire
would be required to provide for this length.
The space taken up by the wire would not
be very great, as 80 turns of No. 30 wire
occupy only a length of one inch, as will
be seen by reference to the tables of
standard wire gauges.
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HOME-MADE GRAPHITE-ROD

Wires for derived
wire voltage
Capped for
Terminals

V Wires
'for applied
voltage

Carbon
Rods^

Pivot
.Moveable

I

ESSENTIAL PART OF LIQUID POTENTIOMETER
Fig. 9. Four carbon rods are mounted verti
cally on a wooden base. One pair of rods is
stationary and the other pair moves on a pivot
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As the coiling of a resistance wire around
a drum or rod and the provision of a
sliding contact is not always considered
satisfactory in wireless work, owing to in
ductance effects, a graphite rod is often
employed to vary the potential applied
to the valve grids, such as the simply made
device illustrated in Fig. 5. A stick of
lead pencil is the most convenient form of
graphite rod to use, and has a resistance
nearly 1,500 times that of a copper wire
of the same size.
The resistance of
graphite varies considerably in pencils,
and several may have to be tried to get
satisfactory results.
To make such a potentiometer, a 3H
lead pencil of good quality is obtained,
and by soaking in warm water the wood
portion is split off, exposing the lead.
Care must be taken not to break the lead
in removing the one half of the wooden
casing. The pencil has then to be
mounted on to a suitable ebonite base,
such as that shown in Fig. 6, and
supported and held securely with the aid of
two simple brass clips. These may be
bent to shape from strip brass about | in.
wide and 3^ in. thick.
The shape and position of the parts
for holding the pencil are clearly shown

&
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in Fig. 7. They consist essentially of the
U-shaped clip which is screwed to the
baseboard, and a central screw tapped
through the top of the clip, held by a
lock nut. Pressure is brought to bear
on the pencil through a folded piece of tin
foil or thin lead. The underside of the
clip is soldered to a conducting wire
beneath the baseboard, and this is then
secured to a terminal, or the conductors
can be attached to the clamping screws.
Two telephone terminals of large size
are attached to the baseboard at the back
of the pencil, and serve as supports for
a round brass rod. This and the sliding
contact are illustrated in Fig. 8. The
slider is cut to shape from a piece of
brass sheet, the outer end fitted with an
ebonite knob, the inner end bent round as
if making a hinge, and arranged
5^ so that the slider can slide easily

POTENTIOMETER WITH SCREW THREAD
ADJUSTMENT
Fig. 16.
Smooth contact is ensured in a
potentiometer of this design, and much of the
uneven motion of the usual sliding contacts is
eliminated
Courtesy Economic Electric Co., Ltd.

up and down the rod. The contact point
is made by folding tinfoil around the arm
of the slider, as this reduces the wear on
the graphite.
For use with crystal sets or with some
multi-valve sets a liquid potentiometer
may be used. One such pattern is shown
in Fig. 9, and comprises two carbon rods
in a round fibre or wood case.
The latter is made to fit inside a glass
jar of an}' convenient size. Two other
rods are mounted in an insulated frame
so that they can swing on a centre. The
whole is then placed in the glass jar
and the latter filled with salt and water.
The applied voltage is connected to the
fixed rods, and the derived voltage taken
from the movable ones.
When the

POTENTIOMETER

latter are equidistant from the fixed
rods the potential across their terminals
will be zero. By moving the rods nearer
together, cither one way or the other,
the potential will increase with a polarity
dependent on the direction in which they
are moved. Pure water is not needed ;
that from the ordinary house supply will
answer, with the addition of some salt.
The amount of salt in the water will
increase the conductivity of the liquid.
Another type of readily made potentio
meter is shown in Fig. 10, and comprises
a wooden baseboard faced with ebonite.
This base may measure about 6 in. square.
Upon it is mounted a cylindrical coil
of resistance wire and a movable blade.
The baseboards are first prepared to the
sizes given in Fig. 11 and the ebonite
screwed to the wood. The next step is
to prepare the resistance clement and wind
it with the requisite quantity of
resistance wire, choosing this
from the tables of resistance
wires.
An easily made winding ma
chine is shown in Fig. 12, and
consists of a base of odd batten
with end pieces having nails
through them to act as centres to support
the former of the coil. This may be a
piece of ebonite rod about | in. diameter.
It is prepared by cutting to length and
fitting two terminals, as shown in Fig. 12,
attaching one end of the wire to one of
them and winding the requisite amount of
wire on to the former and then attaching
the end to the other terminal.
Two saddle pieces of hardwood are
cut to the shape shown in Fig. 13, and a
long screw passed through them from the
base. These screws are to pass through
holes drilled in the ends of the former, as
shown in Fig. 13. Nuts and washers at the
top hold the former to the saddles. The
contact arm is simply a length of brass
strip | in. wide and tapered to § in. wide
at the narrow end. An ebonite knob
is screwed to the top of the narrow end
and a bent brass wire to the underside, as
shown in Fig. 15. The other end is drilled
to suit a No. 2 B.A. screwed rod, and should
turn freely on it.
This rod is mounted on the baseboard
opposite the resistance and is covered
with an ebonite sheath to elevate the
blade to a position on a level with the
top of the resistance coil. The blade is
forced into contact with it by the usual
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POTENTIOMETERS DESIGNED FOR
PANEL MOUNTING
Fig. 17 (left).
Specially designed for panel mounting, this potentiometer, made by
/ the
General Radio Co., is shaped somewhat like ~a standard
—1—’ filament resistance. aAn
- .—1underside
view is given.
Fig. 18 (right).
Another rotary potentiometer is the Igranic, but in this case the
resistance coil is rotated against the contact instead of the latter being moved

arrangements of spring washers and plain
washers, as shown clearly in Fig. 14. A
knurled terminal nut is placed above the
ordinary nut which presses on the washers,
and is intended as a terminal for the
conductor to carry the derived potential.
Simple potentiometers of this type
as a class suffer from lack of line adjust
ment, and one way in which this is over
come is obvious from the potentiometer
illustrated in Fig. 16, which is of the slider
4ype, but operated by a circular knob
fitted to the end of a rod having a screw
thread. The latter runs in bearings
attached to pillars fitted to the ends of
the slate base. This method of adjust
ment is very advantageous, as it eliminates
any jarring motion, which is frequently
found in ordinary slide methods of varia
tion. The terminal for the sliding con
tact is attached to one of the end pillars.
Stops are fitted on the ends of the screw

to prevent the slider binding on the pillars.
For wireless purposes potentiometers such
as these should have a resistance of about
150 ohms.
Potentiometers are available in cir
cular form especially intended for panel
mounting, and in this form are far more
useful on most forms of receiving sets.
Fig. 17 is an illustration of a panel
mounting type of potentiometer by the
General Radio Co. The resistance wire
is wound upon a flat strip of heat-resisting
insulating material, which is bent round
a moulded ebonite former. Contact to
the winding is effected by a rotating
brass arm, operated by the ebonite knob.
Connexions to the three terminals are made
from both ends of the winding and to the
bush in which the spindle rotates. Stops
are fitted to both ends of the arm's radius
of operation in order to prevent it shorting
on to the terminals.

ROTARY POTENTIOMETERS
Fig. 19 (left). Similar to the potentiometer in Fig. 17 is
another type known as the Atlas. Fig. 20 (above). Special
spring contacts are fitted to the edges of the resistance wires
of these potentiometers, which are made by Fuller’s Electric
Works, Ltd.
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A potentiometer may be
connected directly across the
filament-heating battery of a
set. As it is connected across
the battery or, in other
words, shorts the battery, it
will be seen that the coil of
wire must be of a sufficiently
high resistance to prevent a
sudden discharge and, of
course, the battery from
running down too quickly.
To increase the amount of
positive or negative potential
on the slider one must in
HOW A POTENTIOMETER IS USED IN A CIRCUIT
crease the voltage of the
Fig. 21. Potentiometer control is applied to the first valve of battery.
As 4 to 6 volts is
receiver in which there is one stage of high-frequency amplifi
all the ordinary bright emitter
cation and a detector
valves will take with safety,
Another type of circular potentiometer it will be seen that some other arrangement
is shown in Fig. 19, and is known as the will be required if a very large potential is
Atlas. This is mounted behind the panel of needed. This can be done by using a sepa
the receiving set, the resistance coil is rate battery across the potentiometer, and
wound on a ring, and connexions made to taking a tap or fixed wire from the exact
terminals ; the centre one, being connected centre of the potentiometer coil and joining
with the movable arm, acts as the slider on it to the negative terminal of the filament
heating battery.
the horizontal patterns.
The slider remains as before, and so it is
The Fuller type of potentiometer,
shown in Fig. 20, is a neat instrument, and possible to get the negative supply of the
has a very efficient spring-pressed contact filament battery plus the negative supply
of the battery across the potentiometer.
arm; clearly visible in the illustration.
This has the merit of a smooth and easy In actual practice, in stages of highaction, tending to accurate control of the frequency amplification, there is a capa
city coupling between the wiring, valves,
derived potential.
The Igranic potentiometer, illustrated and the transformers of high-frequency
in Fig. 18, is of the rotary type, but in this panels which sets up oscillations in these
case the resistance coil is rotated by the circuits due to the grids of the valves
knob and spindle, while the contact arms becoming overcharged with either positive
or brushes remain stationary, as they are or negative electricity. To neutralize this, a
potential of the opposite kind is applied.
mounted on a separate framework.
This is claimed to give a delicate adjust
Other uses of the potentiometer are to
ment, is particularly easily controlled, and apply potentials to the grids of valves
is more certain in action than the common other than high frequency, and to
slider patterns.
apply suitable potential to the grids of
Potentiometer control in wireless tele low-frequency valves. The high tension
phony is essential to the serious experi may be raised and the valve can be
menter, as it helps to regulate the high- worked right at the top of its characteristic
frequency circuits which have to be used curve, so working at its maximum
for long-distance reception. The way to efficiency.
connect a potentiometer into any circuit
The slider should be connected to the
is quite a simple matter, and the reader is bottom end of the A.T.l. coil to apply
referred to Carborundum, Frame Aerial,
potential to the grid of the first highand Hanging Set, where these uses of frequency valve. Care should be taken
potentiometer control are given.
in the design of wiring that there is no
T or
There is more than one way of applying short taking place through the half
potential to a given circuit, but the partx of the potentiometer.
* 4
tThere
'u— .. should
potentiometer is the most simple, and be a small fixed condenser between the
certainly the cheapest and easiest, to earth terminal of the set and the bottom
end of the A.T.l. coil.
work.

I
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The slider is attached to the bottom of
the coil and the fixed condenser is between
the end of the A.T.l. coil and the earth
terminal of the set. To apply potentials
to the grids of remaining high-frequency
valves, the ends of the secondaries of the
coupling transformers, which should other
wise be joined to the low-tension negative
of the set, are all brought out together and
taken to the slider ol the potentiometer.
Thus there is a positive or negative poten
tial on all the grids of the high-fre
quency valves.
The application of a potentiometer to
a typical two-valve circuit is shown in
Fig. 21. In this example the potentiometer
is placed across the low-tension battery,
and the connexion from the slider is taken
to the grid of the first valve through the
metallic path provided by the aerial tuning
inductance. The effect of moving the slider

POULSEN, VALDEMAR

is therefore to apply a potential varying
from zero to a maximum, and either
positive or negative according to the
direction of the movement imparted to the
slider. When the slider is raised on the
diagram a negative potential is applied to
the grid, and a less negative or more
definitely positive potential applied when
the slider is at the lower part of the
resistance, as drawn on the diagram.
It should be appreciated that the same
thing happens when the circular type of
potentiometer is used.—E. W. Hobbs.
POULSEN, VALDEMAR, Danish wire
less pioneer.
Born in Copenhagen,
November 23rd, 1869, he was educated at
Copenhagen University, and in 1893 he
joined the Copenhagen Telephone Com
pany, to whom he was technical adviser
and tester on electrical matters. In 1903
he invented his famous system of arc

VALDEMAR POULSEN IN HIS COPENHAGEN STATION

Poulsen perfected a system of wireless telephony, and invented a wireless telegraph apparatus
in which messages were received in ink writing automatically. This photograph shows the
inventor in*his wireless station at Lyngby, near Copenhagen, where he carried out experiments in
communication with Berlin at a time when this was a remarkable accomplishment
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transmission, described under a separate field acting across the arc the potential
heading. He has been and is director of a across the condenser was greatly increased,
number of companies exploiting his patents.
and by using a small condenser and a
Poulsen is a fellow of the Danish Society large inductance, oscillations of much
of Sciences. In 1900 he was awarded the greater frequency than those obtained
Grand Prix at Paris for telephone work,
by Duddell could be obtained.
and he has written many books on wireless
The Poulsen arc consists of two elec
telephony and telegraphy.
trodes, one of carbon, connected to the
POULSEN ARC. In 1900, W. Duddell negative end of a battery or direct current
showed that if a condenser and an induct generator, and one of copper, connected to
ance are connected in series across the the positive end. The copper electrode
terminals of a direct current arc the arc is cooled by means of water in order to
will under certain well-defined conditions prevent the high temperature of the arc
emit a musical note. The frequency of the melting the copper.
In each side of the
note depends on the values of the capa direct current supply an inductive resistcity and the inductance, which
i
Carbon
must be large in order to pro
duce a note of audible fre
quency. By the use of a num
«
DC
ber of condensers of different
Supply
Field
Field
capacities so connected to a
K
Magnet.
Magnet
keyboard that the capacity
l2
in the circuit could be varied
Copper
at will, Duddell succeeded in
* —
causing the arc to emit notes
of predetermined frequencies
CONNEXIONS OF A POULSEN ARC
and thus play-simple tunes.
Connexions of the arc to produce high-frequency
Although Duddell did not Fig. 2. oscillations are shown in the above diagram
produce high-frequency oscillations by this method, his work paved the ance is connected, the purpose of which is
way, and Poulsen in 1903 showed how the explained later.
The production
of high-frequency
arc could be used to produce oscillations
of much greater frequency than those oscillations by an arc is rendered possible
by the characteristic of the arc itself,
produced by the Duddell arc.
Working on the same lines as Duddell, that is, with an increase of voltage across
Poulsen found that if the arc is formed in the arc the current through it falls. The
arc has what is known as a “ negative ”
an atmosphere of hydrogen or coal gas,
This characteristic is
and using a very small characteristic.
capacity in the oscil shown in Fig. 1.
500
A simplified diagram of connexions of
latory circuit, it was
possible to produce an arc for the production of high-frequency
high-frequency oscil oscillations is shown in Fig. 2.
400Without considering the oscillating cir
lations.
By the ad
dition of a magnetic cuit LK, it will be seen that after the arc
is “ struck ” a current from the direct
5-300
current source of supply will flow through
the arc. The actual value of the current
will depend on the applied voltage, the arc
^200
length and the resistance of the circuit.
The inductances Lx and L2 will not affect
100
this value so long as the current does not
vary.
,
When the oscillatory circuit consist30 ing of the condenser K and the inductance
25
o
to
15
zo
5
L is connected across the arc, the
Arc Current
potential across the arc will cause a
POULSEN ARC CURVE
current to flow into the condenser. Owing
Fig. 1. What is known as a negative char to the inductances in the m^in supply
acteristic is shown by the curve in this diagram
circuit opposing any change of current in
of a Poulsen arc curve
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that circuit, the current flowing into the
condenser cannot come from this source,
but it is supplied by the arc itself, there
by causing a decrease of current through
- the arc.
This decrease of current in the arc is
accompanied by an increase of potential
across the arc (see Fig. 1), which will
again cause a greater current to flow
into the condenser. The voltage across
the condenser becomes equal to that
across the arc,’ but the action of the in
ductance L causes the voltage across the
condenser to increase still further. When
the condenser voltage is at a maximum
a current will flow from the condenser
through the arc, thus reducing the volt
age across the arc and allowing the con
denser to be discharged still further. The
inductance L now causes a current to
flow into the condenser in an opposite
• direction to the first charging current and
the same cycle of operations takes place.
These operations are shown by the
the current
curves in Fig. 3 : a represents
:
in the oscillatory circuit ; b the current
in the arc ; c the voltage across the arc,
and d the voltage across the condenser.
10 -
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o--------------------POULSEN ARC OSCILLATIONS
Fig. 3. How the charging and discharging of a
condenser causes the arc current and voltage to
oscillate may be seen by these curves

POULSEN ARC

During the time the current in the
condenser is increasing, that in the arc is
decreasing. The arc current is therefore
1800 out of phase with condenser current.
The arc voltage during this time is in
creasing, and is therefore in phase with the
condenser current.
During the period over which the current
in the condenser decreases from a maxi
mum to zero, the energy in the inductance
charges the condenser to approximately
twice the value it is when maximum
current is flowing. The maximum volt
age of the condenser is therefore reached
when the condenser current, the arc
current and the arc voltage are a minimum.
The condenser voltage being nowgreater than the arc voltage, a current
will flow from the condenser through the
arc, with a corresponding decrease of arc
voltage until such time that the condenser
current is a negative maximum, the arc
current is a maximum and the arc voltage
is a mimimum. The inductance now
tends to stop the current flowing into the
condenser, and reduces the condenser
voltage to zero. It will thus be seen that
for a complete period of condenser current
variation the condenser voltage increases
to a maximum and decreases to zero.
In order to use an arc for producing
high-frequency oscillations suitable for the
wireless transmission of signals, special
precautions have to be taken to ensure
that the frequency* of the oscillations
is as constant as possible.
The electrodes are mounted in a gas
tight case into which methylated spirit
is allowed to drip at a predetermined rate.
The methylated spirit is vaporized b5'
the hot electrodes and forms a hydro
carbon gas. The effect of the gas is to
assist in keeping the electrodes cool, to
prevent the electrodes becoming oxidized,
and steepens the characteristic curve
owing tOxthe more efficient use of the
charged ions in the arc.
In order to stabilize the arc, that is, to
cause it to burn at a particular point and
not to wander about the ends of the
electrodes, a powerful magnetic field is
arranged at right angles to the arc. The
magnetic field is produced by the use of
two field magnets placed one on each side
of the arc. The field windings are con
nected across the direct current supply.
The action of the magnetic field is to
cause the arc to burn in the form of a bow
at the top edge of the electrode. Besides
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localizing the arc, the arc is longer for a
given distance between the electrodes,
thus facilitating cooling. In large size
arcs the carbon is slowly revolved in
order that the electrode shall be evenly
burned away.
Since every precaution has to be taken
to keep the arc cool, the arc chamber and
the hollow copper electrode are cooled by
circulating water.
When using the arc method for contin
uous wave transmission, a special method
of signalling has to be adopted. It is
obviously impossible to connect a trans
mitting key in the direct current supply
circuit, as the arc would need to be
“ struck ” after each time the current was
interrupted. The method adopted is to
connect the transmitting key across a
small portion of the aerial tuning induc
tance. When the key contacts are closed
the inductance is short-circuited.
Two
waves slightly w differing in wave-length
are thereby transmitted alternately. The
shorter wave, sent when the key contacts
are closed, is known as the “ marking ”
wave, while the longer wave, sent when the
key contacts are open, is known as the
“ spacing ” wave. The difference in fre
quency between the two waves need only
be about 2,000 cycles in order to avoid
confusion between the two waves.
The high-frequency oscillations gene
rated by the arc method can be modulated
at an audio-frequency and thereby used
for wireless telephone transmission.
There are several ways by which the
oscillations can be modulated in sympathy
with the vibrations falling on the micro
phone.
The microphone can be connected
directly in the earth lead of the aerial
circuit. In this case the resistance of the
aerial circuit is varied by the alteration
in resistance of the microphone. This
method, however, is not efficient, and is
only useful for very small powers.
The oscillatory circuit of the arc can
be inductively coupled to the aerial circuit
and the microphone connected to a coil
inductively coupled to the oscillatory
circuit. The alteration in resistance of
the microphone circuit affects the resist
ance of the oscillatory circuit, which, in
turn, varies the aerial current in sympathy
with the modulations.
The microphone can also be connected
in the direct current supply circuit of the
arc, and thereby vary directly the current

POWER

through the arc. The current in the
oscillatory circuit, and consequently in
the aerial, will then vary in accordance
with the variation of the current to the
arc.—R. H. While.
POUNDAL.
The unit of force in the
foot-pound-second system of units. It
is that force which, acting on a mass of
one pound for one second, gives it a
velocity of one foot per second. One
poundal equals 13,825 dynes in -C.G.S.
units. See Power ; Units ; Work.
POWER. Rate of doing work. Power
is measured by the amount of work that
is done by a machine or other source in a
given time. On the foot-pound-second
system of units the unit of power is the
foot-poundal of work per second ; in the
C.G.S. system the absolute unit is the
power of an agent capable of performing
one erg of work per second.
In electrical engineering the watt and
kilowatt are the most generally used
power units. The watt is equivalent to
ten million ergs per second, or the power
of an agent which performs one joule of
work per second, since ten million ergs
equal one joule.
A horse-power is the British gravita
tional power unit, and is equivalent to
33,000 foot-pounds per minute, or 550
foot-pounds per second. The horse
power equals 746 watts.
The power in watts delivered by an
electric current is the product of volts
and amperes. With alternating current
and voltage the power delivered is not
constant, but fluctuates according to the
instantaneous values of the voltage and
current. The effective value of the power
is the product of the effective voltage
and the effective current, if the waves
of voltage and current are in phase. If
not, the product of the voltage and current
must be multiplied by the power factor
(q.v.) to give the effective power.
The word power is employed in a number
of other senses. In mathematics it is used
in the same sense as index (q.v.). Thus
5 x 5 x 5, or 53, is said to be live raised
to the third power, or five cubed.
The term power is also used in connexion
with the so-called mechanical powers, the
lever, wheel and axle, wedge, screw, etc.,
and the applied force is frequently spoken
of as the power. But the use of the word
power in the sense of a force should be
avoided as far as possible. See Erg ;
Horse-power ; Units; Work ; etc.
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