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Instruments for Tests

is less messy than the high-pressure two- fluid cell battery,
the liquidbeing potash solution.

If these are used the experiments described must be modifiedto
suit the lower pressure ; thus, in the series system investiga-tion
the lamp must be a 2 volt lamp, and the whole resistance ofthe
circuit about 8 ohms (cold).

If these apparatus are chosen for the battery and
instruments,only that one battery will be required, as it can be
used for thebridge and all other tests. The student will then only
have toconstruct the metre bridge, resistances, and circuits.

The making of the apparatus and adjusting it all is a
necessarytraining before attempting the use of it. Any one who has
carriedout the work can be quite safely trusted to use more
accurate and

expensive instrumentsand apparatus after-wards.

Experiments with theapparatus can now bepursued to get a
furtherinsight into electrical cir-

cuits. Besfinnincf with

a series circuit, take the

large cells, six of themofivingf 12 volts, and ure-pare to make
tests withthe voltmeter, investigat-

ing the practical condi-

tions of a series circuit.

Let a number of dif-ferent electrical energyconsumingf devices
be

Fig. 45.— G. E.G. Battery Voltmeter . ? . -i i^ put m Circuit
with thebattery of 12 volts (Fig. 46): first the ammeter; next the
resist-ances ; next a small 4 volt lamp ; next a small
electro-magnet, ashort piece of iron with a layer or two of No. 16
copper wire,cotton covered ; and next a cell for electro-chemical
work —thismay be a jam-pot with a solution of sulphate of copper in
a i to10 solution of acid sulphuric and water, into which two
plates ofcopper are immersed and connected in the circuit. The
wire

from this cell completes the circuit by going to the other pole
ofthe battery.

The 4 volt lamp should be of low resistance, not more than4 ohms
(hot), that will be about 8 ohms (cold).

Now before coupling on the battery make a resistance test ofthe
whole circuit, and by means of the resistances in the circuit
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Testing P.D.

reduce it to a total of about 15 or 16 ohms, using the ten
Daniellcells for the test, and if possible 10 ohms for the standard
re-sistance.

Now couple on the battery after having carefully noted
theresistance of

allthe

lotand made

itas directed. Adjust the ammeter,and read the current off; it
will be found about i ampere, not

12 ^ . _

as we might calculate from the resistance.This is not due to any
error in calculations, but to the fact that

the resistance has dropped. The lamp has only half the
resistancewhen hot that it has when cold, a fact well known.

In fact, heat increases the resistance of metals and decreases
the

resistance of the carbon, of which the filament of the lamp is
made.If the current in the circuit is not i ampere, make it so
by

adjusting the resistances in the circuit until it is i
ampere.Now consider this circuit. First we have the source of
electrical

energy keeping up 12 volts pressure, as is shown by connecting
the

Fig. 46. —Experimental Series Circuit

voltmeter V across the battery terminals ; next the ammeter
showingthe current flowing ; next the resistances, regulating the
current byadjusting the resistance of the whole circuit ; next the
lamp, whereelectrical energy is being converted into light and heat
; next themagnet, which acts as a resistance and gives a magnetic
field ; nextthe cell of copper solution, with copper plates, in
which copper willbe carried from one plate to the other by the
current, so that ifthe plates are weighed before starting the
experiment, and weighedagain at the close, one will be heavier and
the other lighter.

The strength of the current in amperes must be the same allround
the circle, for the current cannot be greater in one part of
acircuit than in another.

Let the current flow, and watch the ammeter carefully,
continu-ally adjusting it till it remains steady at i ampere.

It will not be steady just at first, for the various parts of
the

41
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Testinor P.D.

circuit will vary in resistance until they all attain a constant
tempera-

ture. All resistances get heated by current.Now investigate the
circuit with the voltmeter and find out how

the pressure of 12 volts is used up in the circuit. First join
thevoltmeter across the terminals of the ampere meter from a a^,
withoutdisturbing the circuit or the current ; it indicates, say,
0.5 volts,

showing that half a volt is lost in pushing the i ampere
throughthis instrument. Now put it across the resistances, that is,
from a,,^to b in figure ; it may indicate 5 volts, showing we are
using up 5volts in the resistances, simply heating them. Now put
the volt-meter across the lamp from b^ to c ; it indicates 4 volts
lost in thelamp, giving light in return.

Now measure across the magnet c-^ to d. It may show 0.75
voltsused up in its coils, and finally the cell ; 1.75 volts is
indicated fromrt^i to
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Testino; P.D. an d C.

ance of all the lot. If the resistance of any part changes then
thecurrent drops, and the pressure on all the pieces also drops.
Toimpress this on the mind, let the lamp be replaced by a piece
ofshort copper wire and the current put on again, and a table of
the

pressures across the parts or pieces in the circuit be again
tcikenand the current read.It will be found the current has
increased in proportion to the

decreased resistance of the whole circuit, and the pressure on
theremaining pieces has been increased also.

In the second experiment (Fig. 47) to be made the tests mustbe
made on a parallel system. Take two cells of the battery inseries,
and from the wires a b connect the resistances and the lampin
parallel, and the voltmeter in parallel, the ammeter in series.
It

will be noticed that wherever the voltmeter may be coupled
acrossbetween the mains the pressure is the same. Disconnect the
resist-ances, the pressure is still the same ; take off the lamp,
pressure isstill the same. But look at the ammeter ; every change
made tellsthere now. When both resistance and lamp is on the
current may

Fio. 47. —Experimental Parallel Circuit

be 2 amperes, with one of them on i ampere, and by varying
theresistances any current between i and 2 amperes obtained ; yet
thevoltmeter remains steady at 4 volts.

In the series system, if the pressure is constant at the ends of
thecircuit, the current varies with any change in R throughout
thewhole circuit.

And as in practical series systems every piece in the circuit
isdesigned to take the same constant current, it is necessary, if
wereduce the number of pieces, to also reduce the pressure, so that
thecurrent may be constant.

In the parallel system the pressure remains constant
whateverchanges we make on the pieces, and each piece is totally
independ-ent of the others. All the pieces, lamps, or motors are
made towork with the same pressure, but may be made for any
current,lamps taking 20 amperes working peacefully alongside of one
takinghalf an ampere.

The third experiment is made to demonstrate the fall in
pressurem wires and the benefits of high pressure.

43
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Ohm's Laws

We have seen that the pressure is lost as the current
passesthrouo-h anything in proportion to its resistance, strikingly
shown inthe tests on the series system. For instance, we saw that
theresistance of the spiral and zigzag caused a fall of 5 volts,
that beingthe pressure measured between their two ends, with i
ampere flow-ing ; if we raised the current to 2 amperes we would
find 10 voltsof difference, R being 5 ohms and C 2 amperes.

But let us consider the matter from a power or energy point
ofview. In the first case, 5 volts x i ampere gives 5 watts lost
inthat resistance.

In the second case, 10 volts x 2 amperes gives 20 w^atts,
sothat, while we have doubled the current flowing, we have
fourtimes the loss of energy in the resistance.

Hence we say that the loss in a wire or resistance is as
thesquare of the current, which is quite true, but somewhat
misleading.In fact, as we have just seen, the loss is directly
proportional toC X E or the watts.

We doubled the current by doubling the pressure ; hence the
lossis as the square of the current.

But we could double the current without doubling the
pressure,that is, by halving the resistance

1;

volts- —,

—= 2 amperes.2.5 ohms ^Here the loss is 5 x 2=10 watts.

The question is this : we have to deliver so many watts of
electri-cal energy through a wire to a distant point, iioi current
7ior pressure

alone —we want something with horse-power in it. The wire
hasresistance which absorbs power ; the smaller the current the
less theloss, as it is equal to C x R.

Hence, we get the same power delivered with less loss if we

use a smaller current and a larger pressure.Watts = 746 may be
sent along under 746 volts pressure, in

which case i ampere would be required.And as the 746 volts and i
ampere are wanted all at the far

end, there must be at the near end as much more pressure as
willovercome the wire's resistance. We will suppose the wire to
have50 ohms resistance, there and back ; it will then take 50 x i .
or 50volts, for the wires, so that the dynamo would require to have
796volts pressure to supply this current at the far end.

If we required 2 amperes delivered by the same wire, the 50ohms
of wire would require 100 volts of pressure, 746+100 = 846volts, to
squeeze the 2 amperes through, and the loss would be 100volts with
2 amperes, or 200 watts, while with i ampere the loss is

50 watts. The loss is as the square of the current in the same
wire.But suppose we increase the pressure instead of increasing
the
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Losses in Conductors

current. We increased the current from i to 2 amperes,
doublingthe power delivered with four times the loss. Now let us
again con-sider the current at i ampere, and double the pressure to
1492volts at far end, the loss on the wire will be the same as at
first,

50 volts, which added to 1492 + 50= 1542 volts at dynamo end.The
loss in the first case is 50 on 746, in the second case 50 on

1492; by doubling the pressure we deliver twice the power with
thesame loss in pressure.

Suppose we double the pressure and half the current, that
is,deliver the same power by same wire c'S in first case, then
0.5amperesx 50 ohms = 25 volts required for the wires alone.

The loss in watts in first case50 X I = 50 watts = power
delivered watts = 746

The loss in watts in second case100 X 2 = 200 watts = ,, ,,
==1492

Third -^ase50x1= 5owatts= „ ,, =1492

Fourth case0.5 amperes X 25 volts = 12.5 watts = ,, ,, = 746

These results we get by using volts and amperes and ohms ; butwe
could arrive at same results on the C R theory :

First case, . . i^ x 50= 50 watts lost.Second case, . 2 x 50=200
,, ,,Third case, . . i x 50= 50 ,,Fourth case, . 0.5 x 50= 12.5 ,,
,,

It seems immaterial what formulae is used, but there is a
differencein methods although not in results.

In the second case, although we have squared the loss in
thewire, we have twice the power delivered, so that the loss per
horse-power delivered is only doubled. In the third case we have
doubledthe power delivered without increasing the loss any at
all.

In the fourth we get the same power as in first case at halfthe
loss.

Any wire should be worked at a certain density of current,
1000amperes per square inch for short lengths and less for longer
ones.

So that if we have a wire capable of carrying 10 amperes,
itshould be worked as near that current density as possible, and
toget most power out of it the pressure should be as high as
possible.At 746 volts it would carry 10 horse-power, at 1492 volts
20 horse-power, and so on ; to these pressures always adding that
requiredby the wire itself.

Take two wires of i ohm resistance, capable of carrying
2amperes, attach them to three of the Silvertown cells or ten
Edison-Lalande, and to their other ends attach the variable
resistancespirals. And take the volt and ampere readings with
various cur-
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Loss of Pressure

rents at various points in the circuit ; make the resistances so
that2 amperes pass through the circuit ; measure the volts across
theterminals of the battery, then across the terminals of the
resistancein circuit ; their difference will give the loss in the
wires at thatcurrent. The reading at the battery end is the full
pressure of thebattery externally ; the reading at the resistance
is the availablepressure for work at that end.

The circuit consists of two wires of i ohm each, and the
resist-ance might be i ohm also ; total, 3 ohms (external
resistance). Andthe battery may give, say, 6 volts, so that total
current - = 2.These figures are all to be found by measurement ;
those quotedare only instances of what might be. The student should
measureand find how much pressure is lost in each part of the
circuit, theleads, and the resistance ; and taking the full
pressure at the batterywhen current is flowing, should calculate
how much is lost in theleading wires, and how much is left for work
on the resistance atfar end.

A model three-wire system is also instructive. With the
low-pressure battery 6 volt lamps may be used of one
candle-powereach, the battery divided into two series of five each.
Couple theammeter into the third wire between the first lamp and
the junctionof the two halves of the cells, and note the readings
when lamps areturned off one by one on either side. Eight or ten
lamps will berequired.

Other experiments will suggest themselves, but in all
experi-ments carefully calculate what currents and pressure you
purposeusing, and keep them within the capacity of apparatus.

In using an ammeter it must always be connected in series
withthe circuit ; an examination of the various diagrams shows
thisinvariably. Ammeters have been accidentally connected in
parallelwith other apparatus in a circuit with disastrous results,
as they areof low resistance and take an immense current if
subjected to thefull pressure. When connected in series they are
subjected to apressure only proportional to their resistance and
the current passing.

Thus an ammeter for 50 amperes may have a resistance of0.05 ohm,
and as

C X R = E, 50 X .05 = 2. 50,2.5 volts would be the highest
pressure between its terminals when

in series with 50 amperes flowing.The terminal pressure of the
circuit might be 100 volts, so thatif the ammeter were
accidentally, or otherwise, connected across inparallel, it would
get current, according to Ohm's law, equal to

'°° = 2000 amperes.0.05 ^

It would practically never get such an immense current, for
several46
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Shunted Ammeter

other things would happen : first, the meter would be burnt up,
its

coils in all probability melted, or the safety fuses or cut-outs
would

be blown out.There is a class of ammeters working on the
principle of Ohm's

law which may here be described so far as that law applies to
them.We have seen by our experiments that the voltage or pressureat
the ends of a resistance is strictly proportional to the
resistance

(see Tables of Tests) and current flowing.Hence, if we connect a
voltmeter with its wires attached one to

each end of a resistance, the readings of the voltmeter will be
strictly

proportional to the current, and the voltmeter may be
graduatedand marked to read amperes.

This is a very convenient construction for large currents, for
it is

extremely difficult to put in wires heavy enough to carry
hundredsof amperes in a meter.

The resistance R is in series with the current in Fig. 48 ; G
isthe generator, and V the ^voltmeter, with its two pANI\NNN-wires
attached to the ^_l . ''^~~ NNl WINends of the resistances. f .^r\
l *

The calculation of theresistance is easy. It

must not cause a seriousdrop in pressure at fullload, and yet it
musthave enough resistance to show an appreciable difference
ofpressure at xVth or ^Vth of full current.

Assume the permissible drop In pressure in the resistance atfull
load to be fixed at 2 volts for a current of 200 amperes,
whatshould R be '^

E is 2 volts, C = 200 amperes ; =0.01 ohm would be the
resistance required.

200 '

What would then be the pressure at the ends of this
resistancewhen 20 amperes flow through it ^

E = C X R = 20 X .01 =0.2 volt.This clearly proves that the
voltmeter would require to work

with a range between 0.2 volt to 2 volts ; and it would read
correctamperes if we multiplied the scale readings by 100. This
methodof measuring current is called a shunt, as the current is in
part

shunted past the meter.Voltmeters are always connected with one
wire to one point, and

another wire to another point, between which pressure is to
be

47

Fig. 48. —Shunt Ammeter
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Resistance Tests

measured. If we wish to measure the pressure of a dynamo, we
putthe wires one in each terminal ; but we must be careful to
select avoltmeter which we know will read up to the expected
voltage orpressure. We must not put an instrument designed to read
up tolO volts only, upon a lOO volt circuit ; it would be burnt
up.

Enough has been shown to prove the value of Ohm's laws, andthe
student should spare no time and trouble to understand
theseexamples, so that, when given any two of the factors E, C, R,
he canalways calculate the third.

With an ammeter and voltmeter he can get to know what E andC are
in any circuit.

Suppose in an electrical circuit running all day there is a
motorwith a faulty resistance in series, and it is desired to
replace theresistance, and it is required for that purpose to be
known what itsresistance is, without stopping the motor or taking
out the resistance,

all that is required is to take the value of the current flowing
in the

motor by an ammeter, easily put in without stopping the
motor,

and then by a low-reading voltmeter connected to the two ends
of

the resistance find the pressure E. Thus we have found the E
onand the C in the resistance to be calculated out,

and R = ^=i=o.5;C lo '-'

if E were 5 volts and C 10 amperes, the resistance must be ^^^ =
0.5,or I an ohm.

W^ithout Ohm's laws the electrical engineer would be
helplesslylost to find out anything about his circuits.

In practice it is E and C that are usually measured, and
Rcalculated.

Note also that when resistances are in series, their pressures
areadded to find the total pressure required to send current
through.

But if we put resistances, motors, or lamps in parallel on a
circuit,the total resistance is reduced by each parallel.

Thus when a circuit divides into a number of parallel
branches,the joint resistance of the lot is obtained by two
methods. If

there are two parallel branches, A and B, then their joint
resistanceis equal to

AxB u

thus A may be 5 ohms and B 10 ohms ; then,5xio

= 5f)^ ^^ ohms, total combined R,5 + 10 15 ^ ^their joint
resistance.

Another method is to measure each branch separately, and add

the reciprocals of the numbers so obtained, the sum being
thereciprocal of the number giving their joint resistances. Take
threecircuits in parallel with 2, S- 10 ohms resistance.
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Resistances in Parallel

The reciprocal of a number is i divided by that number:No.
Reciprocal.

i = °-5I =

0.2

lo = °'

Joint reciprocal 0.8

The number corresponding to the joinv reciprocal is— g= 1.25ohms
total resistance, and so for any number of parallels.

If we had all the parallel connections equal in resistance, as
wehave in a group of incandescent lamps of equal power, then
wesimply divide the lesistance of one lamp by the number of
lamps.

Thus if we had fifty lamps in parallel, each of 150 ohms,
theirtotal resistance would be v^= 2 ohms.

Adding lamps or motors in series multiplies the resistance in
acurrent.

Adding lamps or motors in parallel divides the resistance by
thenumber added.

For mixed circuits, tables of reciprocals of numbers can be
used

in calculating the total resistances very conveniently. These
tablesare so common that we do not here include them.
Pocket-booksfor electrical engineers, such as Prof. Jamieson's and
Geipel andKilgour's, are full of these tables for all purposes.

To recapitulate, the current is the quantity of electricity
flowingin any circuit ; it is measured in amperes by ampere meters,
whichindicate the quantity flowing ; it is represented symbolically
by C.

Pressure or voltage, or electro-motive force, is represented byE
in formulae ; is measured in volts by voltmeters. When weexamine an
electric circuit in which current is flowing by means ofa
voltmeter, we find the pressure is distributed over the circuit
inproportion to the resistances of the various parts. Thus, if
weapply the voltmeter wires to two sides of a lamp, one to the
positiveterminal and one to the negative terminal, a difference of
pressureis shown. It may be an arc lamp taking, say, 50 volts
betweenthe terminals, and it may have a current of 10 amperes
flowing,in which case its resistance will be ^ = 5 ohms. The
circuit, how-

ever, may have at its terminals 65 volts, so that a resistance
to absorb15 volts pressure must be put in series with the lamp; to
absorb15 volts at 10 amperes, we require ^ = i-5 ohms in this
resistance.

These pressures have been called potential differences, thatis
to say, the potential difference between the main wires is 65

VOL. I. 49 D
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E.M.F. and P.D.

volts, between the ends of the resistance 1 5 volts, between the
arclamp terminals 50 volts. Hence some writers use P.D. as a
con-traction for Potential Differences at any points in a
circuit.

Reverting to the tests on the series circuit, the P.D.
betweenthe lamp terminals would be 4 volts, the P.D. between the
ends ofthe resistances 5 volts, P.D. between the plates in the cell
1.75 volts,and the P.D. between the terminals of the battery 12
volts.

Now there is no difference in the meaning of the words P.D.,
orPressure, or Voltage, between two points in a circuit. There is
adifference, however, between the meaning of these terms
andElectro-Motive Force, shortly written E.M.F., and P.D.

E.M.F. is the total pressure in the whole circuit.The cells, for
instance, have 2.08 pressure or P.D. between the

terminals when no current is flowing. The E.M.F. is equal to
theP.D. or pressure when no current flows ; but immediately we
allowcurrent to pass the P.D. at the terminals falls, because
although theE.M.F. is still 2.08, some of it is employed inside the
cell to drivethe current through the cell itself, lowering the
terminal P.D.

Hence it is necessary to distinguish between P.D. or pressureand
E.M.F., for while P.D. may be varied at pleasure, the E.M.F.which
causes the pressure may be, and generally is, constant.

In dynamos the same thingoccurs.

A dynamoof ordinary

shuntor separately excited type has a constant E.M.F. if the
speed isconstant and the field-magnet constant; but the P.D. at its
termi-nals falls as current is put on, due to the E.M.F. being used
up inthe inside of the machine.

It is the same in hydraulics. Water may have a height
whichproduces 100 lbs. pressure per square inch on the end of a
closedlong vertical pipe ; but if the water is allowed to flow, the
pressurewill no longer be proportional to the height, but will be
less. The

height which causes the pressure is hydraulic motive-force;
the

pressure, the P.D.The E.M.F. of a battery or dynamo, or other
so-called

electric generator, is given at the terminals only when little
or nocurrent flows ; and the P.D. varies as the current.

It may be said that many dynamos can be seen at work witha
constant P.D. at the terminals whatever the current taken; infact,
some dynamos increase in P.D. the more current taken fromthem.

These apparent contradictions are only proofs of the theory,
forin constant P.D. generators some device is employed whereby
theE.M.F. increases as the current increases, and hence the P.D.
iskept constant by this extra E.M.F. ; and in cases where the
P.D.actually ri.ses with increase of current, the E.M.F. is
increased in agreater amount than necessary to overcome the
internal resistance.
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Electrical Energy

Resistances are not always the same in kind. The
ordinaryresistance of metals and other conductors is called
ohmicresistance, to distinguish it from other resistances.

Ohmic resistances convert the electrical energy into heat.
Anohmic resistance reduces the current by wasting the pressure
insideitself, and being heated thereby much in the same way as a
mechanicalbrake acts. A brake applied to a wheel driven by power
wastesthe power and becomes heated ; the amount of heat being
themeasure of the power wasted.

In an electric resistance the heat generat'^d is equal to the
wattspassing through it —C x E, E being the P.D. at its ends and
Cthe amperes. In other words, the heat is proportional to the
C^Rrule if we take current and resistance only into account.

On this principle of heat conversion in a conductor many of
theelectrical engineers' appliances work. Arc lamps,
incandescentlamps, electric welding, and other apparatus operate
simply byconverting electrical energy into heat. Ammeters and
voltmeters aremade working on the principle of heating conductors
by electricity.

Electricity all too readily runs down to heat and is so lost,
forno known process can reverse the action, that is, convert
electricityback from heat with any economy.

Electrical energy may be expended in heating ; in
electro-magnetic motors giving motion to machinery ; in lamps
givinglight ; in chemical action in cells giving metals and
chemicalcompounds. But however expended, the amount can be
measuredin watts by finding the current and P.D. acting from
terminal toterminal ; these multiplied together give the power in
watts. Onewatt is equal to 44.25 foot-lbs. per minute.

The mechanical horse-power is equal to 33,000 foot-lbs.
perminute, or 550 foot-lbs. per second, the watt being equal
to0.7375 foot-lbs. per second.

It is with these figures always easy to calculate the work
donein any circuit or any part of a circuit, simply by measuring E
and C.And EXCX44.25 will give us the foot-lb. per minute, fromwhich
it is easy to find the mechanical work done in horse-power

33,000 = 746 watts.44.25

Mechanical horse-power = 33,000 foot-lbs.Electrical horse-power
= 746 watts.746 watts being also =33,000 foot-lbs.

A fevr tables of resistance metals and useful data regarding
cir-cuits of wires are here inserted by kind permission of
Messrs.W. T. Glover & Co.

The data and numbers are exceedingly useful in selecting wiresto
make up any given resistances. Manganin and rheostene are
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Messrs. Glover & Co.'s special resistance metals. Also for
coppercoils for voltmeters, ammeters, motors, and dynamos.

Table I. Resistance Metals

Size.
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Table 1 1 1. Resisiafice Metals.

German Silver Wire.


	
8/20/2019 electrical installation.pdf

70/262

Useful Tables

Useful Formiilcs, &c.

Pure copper weighs 555 lbs. per cubic foot.The Specific Gravity
of pure annealed copper wire is about 8.9 at 60° Fahr.,

Log. .94390-

The Specific Resistance of pure copper, or the resistance of a
cubic centimetreat 0° C. or 32° Fahr. =.000001642 ohm., Log.
6.2153732, and of a cubic inch at32° Fahr. or o* C. = .00000064
ohm., Log. 7.8061800.

The resistance of pure copper varies with the temperature .215
per cent, perdegree Fahr. or .387 per cent, per degree
Centigrade.

Stranded Wires. —A stranded conductor of given length is of
greater weight thanan equal length of the same number and size of
wires unstranded, and also has agreater area than the same number
unstranded.

.001 inch,

d inches x .7854.

I Mil. =Sectional area in square inches =

,, circular mils. =.7854 = Log. T. 8950909.

To convertMils, to millimetres multiply byInches to millimetres
,,Square inches to square millimetres „Cubic inches to cubic
millimetres „Yards to metres „Miles to kilometres „Pounds to
kilogrammes „Millimetres to mils. „Millimetres to inches „Square
millimetres to square inches „Cubic millimetres to cubic inches
„Metres to yards „Kilometres to miles „ .62138.

Kilogrammes to pounds „ 2.204621.The resistance of any pure
copper wire at 60° Fahr. or 15.5° Cent.

Ohms per mile = .0430597564 divided by area in square
inches.Ohms per yard = .00002446577 divided by area in square
inches.Ohms per kilometre = 17.260152 divided by area in square
m/m.

The weight in lbs. ])er mile of any pure copper wire —lbs. per
mile = area in sfiuare inches multiplied by 20350.lbs. per yard =
area in square inches ,, 11.5625.Kilogrammes per kilometre = area
in square m/m „ 8.89214.

* A wire d. mils in diameter weighs 7~- lbs. per mile.

Table V. Relative Resistances and Weio;hts of Vai'ious Metalsand
Alloys as compared with Pure Copper at 60° Fahr. or15.5° Cent.

dg in mils.

3.1416 = Log. .4971509.

•02539954-25-39954-

645-137-16386.18.

•9M383-1.6093.

•45359-39-3708.

.0393708.

.00155006.

.000061027.

1.09363.

Metal
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CHAPTER IIIPRACTICAL ELECTRICAL MEASUREMENT—VOLT AND

• AMMETERS

In this chapter practical electrical measurement forms the
maintheme, with details ot the instruments, ammeters and
voltmeters.

Only by measurement can much be learned about electricity ;

not being a substance which we can handle, we are compelled
toexamine it by measuring and observing its effects.The
electrometer renders the effects of pressure and charges of

electricity visible, and the Branly tube detects, and renders
audibleand visible, evidence of electro-magnetic induction currents
of ex-ceedingly small magnitudes, thus making wireless telegraphy
pos-sible. The magnetic needle and electro-magnetic coil and
theelectro-magnet show us the effects of dynamic electricity ;
andthe telephone is another exceedingly sensitive instrument in
which

very slight electrical effects can be detected by the ear.
Theelectrician's instruments are many and diverse, but when we
cometo reduce them to a series of classes, they appear very simple
andfew, and there is ample evidence of a tendency towards a line
ofstandard types of measuring instruments. We require to
measurevolts, E.M.F., and P.D. (pressures) ; also current
alternating andcontinuous ; also power or watts alternating and
continuous, ohmicresistances, impedance, horse-power, and
efficiencies.

The instruments for measuring electric pressures are based
uponthe following principles :—

1. The electrical condenser, in which an electrified movable
plate,vane, or needle is attracted by a fixed plate or plates —the
gold-leafelectroscope being the simplest and earliest form.
Instrumentson this principle are called static instruments.

2. The expansion of a wire heated by the current producedby
applying the electric pressure to its ends, hot-wire
instruments,and instruments in which air is expanded by the heat
produced.

3. The electro-magnetic effects of coils on coils of wire, of
coilson iron cores, coils on magnets and magnetic needles.

This last class is exceedingly numerous. It includes the
cheapinstruments demanded by the contractors for installation work,
whorequire an instrument not necessarily absolutely correct, but as
aguide or indicator as to the volts and amperes in the circuits
insmall installations and isolated plants. They range in price
from
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fifteen shillings to two guineas ; are of exceedingly simple
con-struction, especially when to be used on a steady current
glow-lampcircuit. For motor work and arc-lamp circuits dead-beat
instrumentsare necessary. In cheap instruments this is furnished by
using anoil dash-pot to steady the needle. To this same class
belongs alsothe fine accurate Kelvin balances, the Siemens
dynamometer, themoving coil instruments on De Arsenvall's types,
the ballistic andreflectinof aalvanometers.

The second types are eminently suited for ordinary
engineeringpurposes, and have a considerable advantage in being
correct oneither continuous or alternating circuits, are dead beat,
not affectedby magnetic fields, and altogether for everyday
shop-work areadmirable types of instruments.

Thefirst class

of instruments are only for pressure measure-ments, are accurate
on either alternating or continuous pressures,and have no
appreciable errors due to heating or to externalmagnets. This type
of instrument has been sedulously cultivated byLord Kelvin.

In the foregoing classification the classes are distinguished
bythe nature of the moving forces —static, dynamic, and thermic.
Butwe must further subdivide them according to the nature of
thecontrolling forces ; the electric forces acting must be opposed
or

controlled by some other forces in all measurements. Thus wehave
instruments in which weights oppose the motion produced bythe
electric forces, instruments in which springs oppose the motion,and
torsion wires, and magnets, and the earth's directive
magneticforce. Thus we get gravity, spring, torsion, and
magneticallycontrolled instruments.

Controlling or opposing weights are used in two ways
—weightsswinging on an arm describing an arc of a circle, and
weights inwhich the force required to lift the weight round the
circle is

approximately as the sine of the angle of deflection of the
weight ;and weights can be used in a balance to balance the
electric forces.

Springs of all kinds are used —flat springs, spiral springs,
hairsprings, coach springs, all opposing the electric forces
proportionallyto the degree of deflection, stretching, or torsion ;
then we have thetorsion wire, which practically is a spring.

In magnetically controlled instruments we have permanent
steelmagnets producing a pull or directive force on a needle, or
opposingthe motion of a coil, and in delicate instruments we use
the earth's

magnetic field to oppose the forces to be measured ; and for
themost refined measurements we employ astatic needles, so that
theearth's controlling power is reduced to a very small value.

In Fig. 49 we have an example of a balance by which we
canmeasure by means of a weight in which two fixed coils carry
a
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known current ; while a movable coil between them carries
thecurrent to be measured, entering by mercury cups, the upper
fixed

coil repels and the lower coil attracts the movable coil, so
that weights

must be added to the scale pan until balance is obtained, when
theweights will be propor-tional to the current in

the movable coil, witha constant current in

the fixed coils.

In Fig. 50 we havean example of theweight moving in anarc of a
circle and at-tached to the arbor of

a meter.

And Fig. 51 is adiagram illustrating the laws of this moving
weight. Supposewe have a pulley P, over which a cord hangs carrying
twoequal weights A and B, just enough to keep the cord taut ;
athird weight is hung on the periphery of the pulley at e; it
isobvious that the weights will naturally take up the positions

shown by the black lines, C being perpendicular to the centre.
Ifwe add weight to B, C will be gradually lifted, and the thread
Tcarrying it will travel along the scale S, and we will find that
whenthread T coincides with T^ that we have added just the
weightequal toCto the scale pan on B. But the thread T does not
travelacross the scale at the same rate for equal weights added. At
the

start a small w^eight sends it alonga long distance, while as
the weightrises it takes more and more added

weight to move it;

the movementis as the sine of the angle of deflec-

tion. If we draw lines at equalangles apart from the centre to
thecircumference, and drop perpendi-culars to a scale as at S. the
divisions

thus obtained will give the distances moved through by the
threadT for equal increments of weight. The resistance of the
weight tothe moving force is very weak at first, and gradually
increases up to

the full weight of C. As the divisions become very close on the
scaleafter passing 50° from the perpendicular, the range is limited
to about60° dellection in all instruments using a controlling
weight. Fig.

52 is an illustration of an instrument for testing the torsional
elasti-city of wires. The wire is caught in a clamp at the ujipcr
end, andstretched by a lead ball at the lower end carrying a
pointer over a

5S

Fig, 50
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Controllinor Forces WeightsO C5circle graduated ; the force
required to twist the wire so that theneedle passes to an angle the
luiglc of torsion —is the force oftorsion.

If twisted and let go the pointer oscillates synchronously, that
is,

like a pendulum ; the swings decreasein ansfular distance but
increase in

rapidity until they die out. The lawsof torsion found in this
way bycoloumb are :

1. The angle of torsion is propor-tional to the force of torsion
applied.

2. With same force of torsion, andwith wires of same diameter,
the

angles of torsion are proportional tothe lengths of the
wire.

3. The same force of torsion being ---'^applied to wires of same
length, theangles of torsion are inversely propor-tional to the
fourth power of thediameters.

The laws of torsion are given inthe formula

r 4(I)

Fig. 51

where K is a constant for each different material ; ll\ the
angle oftorsion ; F, the applied force ; /, the length of the wire
; r, itsdiameter. In lead, for instance, K isabout equal to zero,
very high in all hardmetals, phosphor bronze, steel, hard
drawniron, silver, glass, and highest of all inquartz fibre —a
fibre ingeniously producedby Prof. Boys by melting a bead of
quartz,attaching it to the feather end of an arrow,which is shot
from a bow at the momentof fusion. The arrow draws out the
meltedquartz into a long fine filament during its1 light.

In practice steel wires or phosphor bronzewires are used.

A spiral spring when drawn out followsthe same laws, for the
wire of which it ismade Is subject to torsion when the springis
extended. Fig. 52

A spring like the main-spring and hair-spring of a watch
is59
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subject to flexure, like a straight spring bent over,

of flexure springs are represented in the formula

(2)

The laws

E = A b- u*where iv is the force ; /, the length of the spring
from the point ofthe application of the force to the grip ; b, its
breadth ; h, its

thickness ; and u, its modulus of elasticity ; and E is
theamount of flexure.

A peculiar spring, invented by Messrs. Ayrton & Perryfor
measuring purposes, is made up of a hard metal ribbonwound into a
spiral. If such a spring is fixed at one end,and extended by force
applied to the other end, it unwinds,and a pointer on the free end
describes a circle, the angle ofrotation being proportional to the
force applied. Fig. 53represents a piece of this spring, and Fig.
54 a diagram ofan instrument with such a spring carrying at its
lower endan iron core dipping into a solenoid ; on passing current
thecore is pulled down and the spring unwinds in proportion to

Fig. 53 ^^ pyj}^ ^nd moves the pointer to a proportionate angle.
SuchAyn' fn& instruments, invented and designed by Messrs.
Ayrton andAmmeter Perry, arc very accurate and have a fairly long
range. Acarbon ribbon twisted up in the same shape, and carrying
apointer, will untwist on being heated by a current passed
through

the spiral, and can therefore be employed onthe hot-wire
principle.

In Figs. 55 and 56 we have examples of theflexure spring
control. The spring is like thehair-spring of a watch, and brings
the needleback to zero ; a coil C has an arbor centred onjewels,
carrying the thin piece of soft iron B

andthe pointer, and

oneend of the hair-spring

is fixed to this arbor, so that the spring resists

the torque on the shaft or arbor ; when currentpasses in the
coil the thin slip of iron B onthe arbor is repelled by the slip A
fixed in thecoil with a force in some proportion to thecurrent, and
against the force of the spring.By this action the travel of the
pointer indi-cates the current. On this principle many

manufacturers make instruments; in fact, it is

the favourite type for cheap indicators sonumerously required in
practice. Its chief

fault as a measuring apparatus is one which is common to
allinstruments in which soft iron is used —it has a hysteresis
error.This may be explained here as applied to instruments. Soft
iron

60
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when once magnetised by the coil does not lose its
magnetisminstantly when the current is cut off, neither does its
magneticstrength fall in proportion to the fall in current strength
in thecoil ; it keeps a small proportion of magnetism.

This may be better understood by an example. Suppose weare using
an ammeter in which twosoft-iron plates repel each other, asin
Figs. 55 and 56, and we havepassed 12 amperes through it fora time.
We now reduce thecurrent till the pointer reads 10amperes steadily
; let the meter beswitched off for a moment, and

switched on again by a short-circuiting plug, without
disturbingthe current, we will find that thepointer does not come
back to 10 ^^^' ^^ ^^^ ^^

amperes again, and the difference is due to the hysteresis error
ofthe instrument. For in the first place we reduced the current
untilthe pointer read 10 ; but the iron plates, retaining the
magnetism, didnot fall in proportion to the fall in current, so
that to bring thepointer from a higher to a lower reading we had to
reduce thecurrent more than was indicated by the pointer to bring
it to 10.In the second place, wereduced the magnetismby the
switching out,and upon switching inagain the magnetismof the iron
rose to itscorrect value, and indi-cated the true current

to be 9.5, for instance.In soft-iron instrumentsthis hysteresis
error

comes in on a fallino-current reading ; hence

Fig. 57

if we take a series of readings from zero, going up step by
stepto full load, the readings will be correct, but if we take
readingsfrom full load step by step downwards the readings will be
wrong.However, by making the iron plates very thin and very soft
—ofthe thinnest annealed ferrotype plate —this error is not serious
inan instrument to be used as an indicator in a common
installation.And it is always easy to test it in the above way, by
first runningup the pointer to a large reading, then gently reduce
the current 2or 3 amperes, then plug it out and in again ; the
difference in
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readino-s before plugging out and after plugging in again is
a

measure of the hysteresis error.

This short circuiting plugging out and in is a method of
cutting

off current from an ammeter only, and must never be attemptedon
a voltmeter. Fig. 57 illustrates the method by a diagram: C isa
copper coil in this case of one turn in the ammeter, attached
to

two terminal blocks B B' ; these blocks can be coupled by
inserting abrass plug D in the conical hole P between them, so that
nearly allthe current goes straight through, and thus by a by-pass
carries

it without going round C. It will be obvious that by this
device

we can cut the current off from an ammeter without
interferingwith the current to any appreciable extent in circuits
on no voltsand upwards.

This hysteresis error differs, of course, in different
instruments

with soft iron. The design has a gooddeal to do with its amount,
the shorter andthinner the strip the less hysteresis. In

the oblate spheroid instrument it is also

apparent, and in instruments where a soft-iron wire attracts or
is attracted into

solenoids. It can be got rid of only byusing extremely thin soft
wires in power-

ful coils, so that the wire is practically

over - saturated at very small loads. In

commercial instruments it need have noappreciable value, this
error; for an ammeterused as an indicator need not in mostcases
read down below one twentieth ofthe full load reading, while
voltmeters

usually read only a few degrees on

either side of a fixed value, andif

correctat

that value arecorrect

for all practical purposes.

Springs and torsion wires have been objected to on the
ground

that they may alter in time and so become inaccurate ; but
longexperience proves that if properly proportioned to the work to
bedone, any alteration is so minute as to be negligible. A torsion
wireespecially, if not twisted too much, is practically constant
for years

and years.A bifilar suspension acts also in the same way as a
torsion wire,

but there is no strain on the filaments except a tensile
strain.The tangent galvanometer is an example of the control by
the

earth's magnetic field, and the illustration (Fig. 58) shows an
instru-

ment by Ayrton & Perry, with a permanent magnet control, in
whichan oblate spheroid suspended between the poles turns with its
longest

axis from pole to pole. Two ccmIs with their axis at right
angles to62

Fig. 58
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Fig. 59

MaQ[netic Control Instruments

the magnetic tielcl are the measuring coils : these coils tend
to twistthe spheroid into line with their own axis. The side screws
are foradjusting the held.

In the moving coil instruments, so common now, we have three

elements to deal with : the moving coil carryingthe current to
be measured, the magnetic fieldin which it moves, and the torsion
wire or springor weight aofainst which the forces are measured.The
moving coil is in a uniform strong magneticfield. Fig. 59 is a
diagram of this type of instru-ment : an iron stationary core is
between thepoles, leaving space in which the field is concen-trated
for the coil to move freely ; the magnets

are of steel, and as powerful as possible. In Fig.59, which is
only a diagram, the central cylinderis of softest iron ; the magnet
is usually built upof a number of thin steel lamina. Such
instru-ments are very sensitive, but all permanentmagnet
instruments are limited to continuouspressure measurements
only.

Hot-wire instruments, like soft-iron instru-ments, have a
somewhat limited range ; the heat is generated in the

wire in proportion to the square of the current, or as C x E,
Cbeing the current and E the P.D. at the ends of the wire. Hencean
instrument for, say, i 20 volts reads correctly down to about
20volts only, as the heating at the low^ pressure

becomes very feeble on a wire long enoughto stand 1 20 volts.
Properly made and usedhot-wire instruments have no serious errors
;they are dead beat, and are equally correcton continuous or
alternating circuits for

measuring current and pressure.Electrostatic instruments were
the earliest

of all electrical measuring apparatus. Theold gold-leaf
electroscope was a high-pressurevoltmeter, modifications of which
are nowthe most successful high - pressure volt-meters of to-day.
In Fig. 60 we havethe simple electroscope, containing two gold
leaves and two earth-

connected upright rods, to which the leaves are attracted
whenelectrified. The lines of force are shown : these lines are
like stretchedrubber filaments, tending to contract and draw the
leaves to thenearest objects, the rods, in the induction circuit ;
but the pull due to

the force is resisted by the weight of the gold leaves, and the
angleof deflection is roughly an indication of the electric
pressure

63
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set up between the electrified stick A and the plate of
theelectroscope B.

A better design is shown in Fig. 6i, wherein there is one
leaf

Fig. 6i. —Prof. Jamieson'sGold-Leaf Electrometer. Fig. 62 —Lord
Kelvin's Gold-Leaf Electrometer

laid against a fixed plate, and a scale showing the deflections
of theleaf. The cylinder is of cardboard or ebonite, and an
earth-connected

strip of tinfoil or metalshould be fixed on theoutside under the
scale toattract the leaf. A stillmore perfect instrumentis shown at
Fig. 62, de-signed by Lord Kelvin ;the case is a quadrant andthe
leaf very highly in-sulated, with an accuratelydivided and
calibratedscale from 500 to 5000volts. Fig. 63 is afurther
development ofthis type of voltmeter tomeasure up to 100,000volts.
In this instrument

a movable plate V is at-tracted by a highly in-

sulated plate B connectedFig. 63 —Lord Kelvin's Llectrostatic
Balance, showing lines tO the body whosC preSSUreof force between
plates • i j i i

IS to be measured, and theattraction is measured by weights N on
the beam ; the lines offorce tend to shorten, and hence the
suspended plate is drawndownwards. This same principle is utilised
in the electrometer
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shown in Fig. 64, an attracted disc electrometer diagram :
thedisc is hung on a beam balanced by a weight ; the disc is
sur-

FiG. 65

Fig. 64 Fig. 66

rounded by aring

to guardit

frominduction from objects around

it. These actions should always be explained by a diagram ofthe
lines of force. In Fig. 65 a plate or disc is shown edgeview, and
is usually represented to have a charge much denserat the edge, as
shown by the dotted outline ; this, however,

. does not fully illustrate the facts. Fig. 66 shows

i the facts in this case : the bulk of the lines of

g force stream up to the upper disc ; but towardsg*^ the edges
they spring aside, so that the density is

only uniform in the central portion. It will beobvious that both
these instruments are simply air

/// ^

r// \^

v,

.&

X

*','/:

\^h

Fig. 6SFig. 67

condensers, the lower plate being the one coating and the
upperplate the other coating, the air the dielectric ; the one
coating is

made movable so that the force attracting it can be
measured.

Following this principle, many designs can be made. Fig. 67shows
a condenser with the inner plate movable and suspended

VOL. I. 65 E


	
8/20/2019 electrical installation.pdf

82/262

Kelvin Voltmeters Electrostatic

on a spring. On charging the outer bent plate the movable
plateis sucked into the outer one, the lines of force being
distended,as shown ; pull downwards so as to shorten them. On this
principleMessrs. Ayrton & Mather make a voltmeter, shown in
diagram,Fig. 68. The movable coating or plate is carried on an
arbor, and isbent to the curve described by the radial support ;
the outer chargedcoating is also bent to the same centre. On
charging the centralplate is pulled inwards, the pull being
resisted by the weight hungon the arbor, as shown in the
figure.

Lord Kelvin, who has made this class of instrument peculiarlyhis
own, and who originated their practical application, introduced

Fig. 69

Fig. 70 Fig. 71. —Kelvin's Multicellular Voltmetrr

the multicellular type shown in diagram, Figs. 69 and 70. Fig.69
shows the well-known electrometer cell with two quadrantsremoved.
Normally a torsion wire maintains the paddle B in theposition shown
by dotted line, and when the paddle B is put toone pole

+and

AA, the quadrants to the other pole, the paddle

is drawn into the position shown by the full lines against
thetorsion of the spring or wire. One paddle and quadrant has buta
feeble pull at ordinary working electric pressures ; the pull canbe
multiplied to any required extent by multiplying the paddlesand
quadrants. This Lord Kelvin does by the construction shown
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in Fig. 70 in elevation. A number of paddles are strung on
oneshaft and hung by a torsion wire, W; these work into a numberof
quadrants, A A. By this means a condenser voltmeter can bemade to
read as low as 50 volts and over a long enough range for

all practical purposes. Fig. 71 illustrates the complete
instru-ment, vertical pattern. The paddles and quadrants are
clearlyseen, with the oil dash-pot and arrangements for easily and
accu-rately levelling and plumbing the instrument on a
switchboard.

These condenser instruments are the most perfect types of
volt-meters ; they consume no current, have no magnetic nor
temperatureerrors, are equally correct on continuous or alternating
currents, arenot affected by external magnetic disturbances. As
standard volt-meters they approach perfection nearer than any other
type known.

Figs. 55 and 56 represent the cheap form of magnetic spring
orgravity-controlled meters. They have a large sale, principally
forsmall installations, motors, and lamps ; for motor work they
requirea dash-pot to steady the needle. Expensive instruments are
notrequired, and cannot be afforded in many installations
wherenumerous instruments are desirable. In every case of the
adoptionof electro-motors for driving, the owners like to know what
eachmotor is doing, and nothing is more pleasing than an ammeter
andvoltmeter on each motor ; but at present prices that
desirable

addition is, except in the case of large motors, not possible.
Theauthor had an installation of over 60 motors, ranging from h
to10 horse-power each, the majority between i and 3 horse-power
;the cheapest instruments to be obtained would have cost over
^150for the lot.

An instrument based on the hydrometer principle has recentlybeen
brought out as a cheap instrument. It consists of a glass
tubecontaining a saturated solution of a special salt which has a
constantdensity. In this solution is sunk a hydrometer which
carries athin wire of iron ; over the top of the tube is fitted a
solenoid,so that the iron wire just enters this solenoid ; on the
currentpassing the hydrometer is pulled up, and the extent to which
itrises is proportional to the current in the solenoid, A scale
andan index, consisting of a black and white band on the
hydrometer,indicates its position, the division line between the
black and whiteband being the index line. Fig. 72 shows the glass
tube contain-ing the hydrometer and iron wire, and Fig. y^ the
completeinstrument. Essentially, this instrument is a coil and iron
coreinstrument actinsT against a weio-ht.

An old instrument on this principle had a considerable saleat
one time. About fourteen years ago it was brought out byLalande ;
it is shown in Fig. 74. In this case the hydrometerfloated high in
the liquid, which I believe was oil. It had some
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Hydrometer Instruments

faults : a short range— which, of course, is not a fault in most
instal-lation work —a hysteresis error, and an error due to
temperaturealtering the density of the liquid. These faults seem to
have beenovercome in the Atkinson meter. The idea is still older,
for ahydrometer meter was described about fifty years ago by
oneIremonger.

Lord Kelvin has brought out an accurate form of coil and
ironcore meter with weight reaction. It is shown in Figs. 75, 76,
and 77.

M
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Coil and Pluncrer Instruments

increase for equal increments of current, the wire must
bemagnetically saturated ; hence it is no use commencing the
scaleat a current below that which saturates the wire. In the
diagramwe will suppose the current to be sufficient to saturate the
wire,

which is one millimetre sectional area. If it is pure soft iron
thetotal flux will then be 2000 C.G.S. lines of force passing
throughthe magnetic equator of the wire a, b; these 2000 lines will
cutthe solenoid wires carrying the current ; it is this field
current carried

by the wire upon which the pull depends. If the wire is longand
thin, this field is constant ; hence any variations in the
current

Fig. 75 Fig. 76 Fig. 77

in the coils will proportionally vary the pull, and its strength
couldbe calculated if we could find the number of convolutions and
theirampere-turn? cut by the flux of 2000 lines ; but this is
difficult tofind, as the flux spreads out in curves. There is, of
course, a strongfield due to the coil itself riming axially through
the coil ; but thatfield may be considered only as the magnetising
field for the wire,and may be neglected in calculating the pull, as
that is given by thefield of wire, as shown, and the ampere-turns
cut by that field.

The movinof coil instruments are those in which the core isfixed
and the coil moves, referred to before in Fig. 59. In thiscase we
can calculate the torque exactly, for the field can be uniform

6q
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and concentrated. A common strength of field induction in
theseinstruments is 1500 per square centimetre. In a field of
this

strength the pull on the coil can becalculated by measuring the
length ofwire under the induction in feet.Suppose the vertical
sides of the coilin Fig. 59 to measure i inch eachaverage length of
wire, and say thereare 200 turns, that is, 400 inches underthe
induction of B = 1500. Andsuppose further the coil carries 0.05

C B

Fig. 78

ampere, then by formula P = -5 we^ ' ^ 98,100can find the pull,
wherein P is the dragin lbs. per foot length of wire, and Cthe
current in amperes, B the inductionin C.G.S. lines per sqr. cm.,
hence

0.0? X 1500 11—\ —- —= 0.0 1 S lbs.98,100 ^Moving coil
instruments are found

to be reliable, accurate, and dead beat.They are usually, when
made for current

measurement, wound as voltmeters, and put in shunt with a
resist-ance, as explained before in Chapter II. The resistance is
made upof substantial construction, with strong terminals for
coupling in

the current in series with the load. These terminals should
bemade for solderinof thewires or cables into

them. As a rule, theyare made for bolting orpinching into the
wire.

An illustration of thisresistance is here shownin Fig. 79. It
consists

of thin plates of high

resistance metal, the

plates giving large cool-

ing surfaces. The ter-minals TT are massive,so that they also
tendto cool ; but in some

cases, owing to bad contact between the cables and terminals,
theresistance is heated, and then the voltmeter reads wrong.
Hencemuch care must be taken in using this type of instrument to
seethat perfect contact is made to the terminals.

70
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Fig. 80 illustrates the Siemens resistances for their movino-
coilinstruments. No. i is for currents from 75 to 1000 amperes.
Ithas one tier of plates, and two massive bolts and nuts for
connec-tions. No. 2 has two tiers of plates, for currents from 1200
to 2000amperes, and four massive bolts and nuts for connections ;
and No.

3has four sets of plates, for currents from 2500 to 4000
amperes.1 his shunted moving coil ammeter is of great practical
value for

large currents, for to make ammeters of long range to carry
currentsover, say, 500 amperes, and to connect them up on a
switchboard, isno easy matter, while to make them portable for
currents of largevalue is almost impossible.

This system is, however, not practicable except in high
voltagecircuits (circuits from 100 volts upwards), for if put into
low-pressurecircuits of 5 to 10 volts used for chemical work, the
resistance

dropsthe whole pressure and current appreciably. This point
should be

\::^
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down four times over three pulleys, as shown, making about lo
feetor 12 feet of wire ; the two ends are fixed, so that a spring
pullingon the lower pulley draws it down when the wire expands, due
tothe heat generated in it by the current ; the cord connecting
the

Fig. 8i. —Siemens Brothers' Moving Coil

wire with the spring goes round a pulley and so turns the
pointer.Fig. 8^ shows the Edison-Swan type of this instrument.
Therange of readings on the dial can be doubled by a duplicate
wirein a tube (Fig. 84) being connected in series with the
voltmeter.

Fig. 82.— Cardew's I lot-Wire Voltmeter

It is used principally as a voltmeter, but might also be used as
anammeter by coupling across a resistance in the current circuit,
if itcan be made to work at very low voltages. The instrument
isvery satisfactory for testing arc lamps and motors of all
kinds;
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Hot- Wire Instrumentswhen laid horizontally, it is dead beat and
exceedingly sensitive,has no magnetic nor hysteresis errors, and is
not affected bymagnetic fields.

tig. 85 illustrates another form of hot-wire instrument
invented

by Major H olden. In the Cardew instrument we measure the
linear

Fig. 83

extension of the wire, which is never a great amount in a short
length ;in the H olden type we measure the sag of an expanded wire.
Fora very small linear expansion the sag is comparatively great,
hencea short wire may be used. In the figure two wires are used of
samesize and length side by side. In this way the external
variations oftemperature are compensated for. A cord attached to
the live wireis held taut by a spring, and passes round a small
yulley to movethe pointer. This instrument is used as a voltmeter
and as an

Fig. 84

ammeter of the shunted type, and is a valuable addition to
ourpractical instruments.

Recently a horse-power meter has been brought out whichindicates
the horse-power of electrical energy supplied at themoment of
inspection to a motor in the circuit. But such aninstrument
cannot

be of much use, for the horse-power going in isof not much
interest without knowing also the horse-power o-ivenout. A double
instrument is far better, which indicates the pressureand current
simultaneously ; simple multiplication will then give
thehorse-power. In motors working on a constant pressure
circuit

73


	
8/20/2019 electrical installation.pdf

90/262

Ammeters for Motors

the important thing to know is the current ; the variations in
thecurrent are the true indicators of what is going on in the
motor.Tlie variation in a horse-power or watt meter may be due
tovariations in voltage, current, or load in the motor. The
variationsin the current with constant voltage is due to load alone
; hence itis of value to have an ammeter in circuit, a good
dead-beat instru-ment with the smallest possible amount of inertia
in its movingparts. The importance of these ammeter indications can
be judgedfrom a case in the author's experience. A 20 horse-power
motordriving a pump in a mine, and constantly running, had its
switch-board up in the dynamo room on the surface with a good
dead-beatmoving coil instrument. After a few days working the
ammeter

remained steady about 60 amperes. A red line at that pointwas
fixed for the driver's inspection, thus showing the normal stateof
the motor and pump at a glance.The instruction to the driver wasto
Q-Q down to the motor immedi-ately the ammeter deviated morethan 5
amperes on either side, andas a matter of fact the ammeter
indi-cated the time by a slight rise in cur-

rent when it was necessary for theattendant to oil the machinery
downbelow. In another case in a factory

a motor driving three lines ofshafting, which had never
takenover 15 amperes, gradually in-creased to 20 amperes without
anyapparent reason ; but an examina-tion revealed the fact that one
of

the shafts had become badly out of line through the distortion
of awall. If there had been no ammeter in the circuit this wouldnot
have been discovered, and the waste would have gone onuntil
something happened —the breakdown of the motor or thefiring of the
bearings on the faulty shafting.

Even on variable loads this indication is valuable, for
themaximum variation under normal conditions can always be markedon
the scale, and the attendant instructed to report all
variationsover that point. It is in this way that motors can be
made efficientdrivers by noticing the ammeter.

An instrument which every consulting engineer should have isone
for testing conductivity, that is, in other words, the
resistancesof switches, fuses, instruments, and connectors on all
installations.The Fire Office rules, and the municipal supply
rules, make much oftesting insulation resistance, as if that were
the only factor of safety

74
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Lord Kelvin's Rail-Bond Tester
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^ :^Testing Rail-Bonds with Kelvin Instrument
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Testing Conductivity

or danger. Very few engineers trouble about conductivity tests;
yetthere is actually more danger in a failure of conductivity than
in afailure in insulation, for a failure in insulation generally
results inblowing out fuses, and is soon made manifest, but a
failure inconductivity may result in a fire before the defect has
been suspectedto exist —no cut-outs or fuses can prevent it.
Towards providing aninstrument for conductivity tests. Lord Kelvin
has brought out theinstrument shown in the special Plate II. It is
now applied, asshown, to test the conductivity of tramway
rail-bonds ; for makingcontact a graduated bar has two steel
contacts attached to it, andvarious degrees of sensibility can be
obtained by altering the positionof the contacts on the graduated
bar. By flexible wires the contactsare connected to a low-reading
voltmeter, the deflections of whichindicate the conductivity of the
joint or bond.

An instrument on the same principles for testing
installations,joints, connections, switches, fuse, and so on, is
much needed forboth alternatinof and continuous currents.

Another method of testing tramway rail-bonds has just beengiven
in the American Electrical Review of New York. It consistsof
balancing the fall of potential across the rail-bond against the
fall

of potential on a length of the rail itself by a null method.
Threecontact poles are provided, one pair of which are held by
thetester's assistant on either side of the rail joint, and the
third ismoved by the tester along the rail until balance is
indicated by thecessation of a click in a telephone when making or
breaking contactin the telephone circuit by means of a switch. No
extra batterypower is required, the ordinary current passing
through the railserving the purpose. The resistance of the joint is
ascertained interms of an equivalent length of rail.

In many instruments the acting forces and reacting forces arenot
compatible ; in some instruments the electrical forces, or
mag-netic forces, acting as the square of the current or pressure ;
in othersthey act as the current or pressure directly, while the
reacting forces

may act directly as the force, such as a coiled spring or
torsion wire,or as the sine of the angle of deflection, as in
weight or gravity

instruments.

The moving coil instrument, in which the coil moves in a
uniformfield and acts against a spring, is an example of an
instrument inwhich the two forces are compatible, and we get an
even scale.

Thecalibration of instruments is nowadays quickly and
accurately

carried out by comparisons made with standard instruments, such
asLord Kelvin's electrostatic voltmeters and standard ampere
balances,these instruments being correct and unalterable. The
balance ishere illustrated (Fig. 86). All Kelvin balances are
described inVol. II.

For larcfe switchboards instruments are made with scales
edo-e-
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Switchboard I nstrumen ts

wise so that a number can be ranged close together, as in Fio-.
37.In some cases these have illuminated scales, lighted up by a
smalllamp inside ; they are then easily read from a distance.

The Siemens dynamometer (Fig. S8) is an instrument of great use
in

jn

Fig. 86 —Kelvin's Standard Ampere Balance

the laboratory, having a long range and being equally correct on
alternat-ing and continuous current. It can be used as a
watt-meter, in whichcase it has the fixed coil of very fine wire
and the moving one ofthick wire. The two coils (Fig. 89) are at
right angles to each other at

Fig. 87.— Edgewise Instruments on Large Switchboard. By Evershed
& Vignoles

zero, the force being measured by the torsion of a spring, as
shownm illustration. It has a small amount of mutu.il induction
betweenthe coils, from which arises a slight error on alternating
measurementsof watts. In alternating mea.surements we have to
consider the factthat the ma.ximum electric pressure may not
coincide with the maxi-mum current ; the pressure may reach its
maximum value when the

7^
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Alternating Power Measurement

current has only reached a small fraction of its maximum
value.Hence, to read one on a voltmeter and the other on an
ammeterwould not give us the true watts, by multiplying the two
readingstogether ; but a watt-mctcr on the principle of the Siemens
dyna-

FiG. 88. —Siemens' Dynamometer. Complete View Fig. 89. —Diagram
of Siemens' Dynamometer

mometer would give the true watts, however much the pressure
isahead of the current, for the torque of the instrument is
proportionalto the pressure multiplied by the current at any
instant.

A method of using low-pressure voltmeters and dynamometersby
reducing from high pressure in a known ratio by means of
atransformer of alternating currents is shown in the diagrams
below.Figs. 90, 91.

V is a low-pressure voltmeter, and W a dynamometer or watt-

Fir,. 90.

Rankin Kennedy's Pressure Reducer.Fig. 91.

meter, and T is the transformer. This method was introduced
bythe author in 1886, and is now used for reducing the pressure
onthe fine-wire coils of supply meters, but for pressure
measurementsit is now superseded by electrostatic voltmeters.

11
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CHAPTER IVELECTRO-MAGNETIC INDUCTION AND MAGNETS

The electrical engineer has a great deal to do with magnets, for
bymeans of magnetism and conductors, acted upon by magnetism
andmoved by power, he can pump up electrical pressure cheaper
thanit can be raised by any other known means.

Magnets are of two kinds —steel permanent magnets and softsteel
or iron electro-maofnets.The making of good steel magnets depends
both on material

and workmanship.Here is a table showins: different values of
residual magnetism

found by different experimenters :

Table VII.Maximum PermanentMagnetism Lines per

Material. Square Centimetre.

Common tool steel ........ 4000Tungsten steel (tempereci).
...... 8000Magnet steel (Jowitt's) ....... 6500Magnet steel
(Walls') 5000

Note. —Results of different experimenters are very conflicting,
principally due todifferent methods of testing and to tests made on
different forms of magnets.

Tungsten steel seems best for the purpose. Magnets must be

carefully forged, overheating and frequent heating avoided ; if
amagnet is to be bent it must be bent at a low heat, and at one,
orat most two, heats.

The temper is of great importance. The best temper is not
thesame for all steels ; but, generally speaking, the best temper
is aboutthat of clock springs.

The magnet must first be uniformly heated to a red heat,
brightred, and quenched in cold water ; a bright line should then
beground along its whole length ; a large hot plate, uniformly
heated,

should then be u.sed upon which to lay the magnets for the
purposeof letting down the temper. The bright line will gradually
changecolour, first pale yellow, then deep yellow, orange, purple,
dark blue,bright blue.

Immediately the purple tinge appears the magnet should beplunged
into cold water ; this fixes the temper.

7-8
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Magnetic Force

This temper is good for most purposes ; but small needles orbar
magnets may be harder, orange or yellow.

With few exceptions magnets are used to produce a mag-netic
field in which something is to be controlled or actuated

by the field of themaijnet.

We may therefore,for all practical pur-

poses, study the field

of horse-shoe or ring-

shaped magnets, thefield being more con-centrated and
morecompact with theseforms, and stronger forthe same weisrht
ofmetal.

Bar magnets areof no use except as compass needles or for the
purpose of buildingup horse-shoe forms.

Fig. 92 is an illustration of a bar magnet, showing the lines
offorce in and running from it. The maximum force is at the
middleinside the magnet ; the force escapes sideways, so that at
the endsthere is not much magnetism issuing, or, to put it better,
not manylines of force passing out, not nearly so many as pass
through themid section of the magnet.

This can be best ascertained by means of an exploring coil
ofvery fine wire attached to a delicate galvanometer (Fig. 93).
The

Fig. 92

Fig. 93

coil fits easy over the magnet, and may be jerked forward about
itsown breadth step by step along the magnet. At every jerk the
coilcuts across all the lines, escaping sideways from that point or
sectionover which the coil moved, and the movement causes a current
toflow in the coil and galvanometer which makes the needle swing
toa more or less angle according to the number of lines cut.
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By going step by step from end to end of a bar we can plot
outthe force from N to a. Suppose, beginning just outside the
poleS, we find, say, 20 lines cut, then the next jerk gives, say,
18, next15, next 10, next 5, next 2, next 0.5 ; this last near a,
the mid section.

Then

70.5 total lines through a.

So that as the end only gives out 20, and the total is 70.5, we
seethat although the end is theactive part it does not carrythe
same number of lines offorce as the middle.

This test is illustrated inI^ig- 93» tl ̂ ^ shaded part

showinof the magnetic flux ateach position. In the aboveexample
we might plot theshaded lines to a millimetrescale : the mid line a
would be70.5 millimetres, the line out-

side the pole S 20 millimetres.The same thinof can be

done with any magnet. Mr.

Albert Campbell gives asketch of a ring magnet likeFig. 94,
where the shadedpart represents the flux at

various points found by himby this method in a steelmagnet as
used in Westoninstruments. Only one-thirdof the tlux at a reaches
the

gap N S.Fig. 95 shows the lines of force due to a plain
horse-shoe

magnet. The leakage takes place nearly all across the
spacebetween the legs, and it can be measured, as shown in Fig. 96,
byjerking the exploring coil along a bit at a time from pole to
the

bend, and so get tlie flux at all the different sections.80

Fir,. 94
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Magnetic Lines of Force

The lines leak out and take a short cut through the air and
backround the bend.

But this leakage across is variable, for if we provide a good
pathfor the lines at the poles, by putting on a large soft-iron
keeper, and

Fig. 95

again jerking the explorer along, we will find hardly any
leakageacross the air from limb to limb, Fig. 97.

To show this more perfectly, let the exploring coil be placed
right

Fig. 96 Fig. 97

on the bend ; in this position pulling off and putting on the
keeper

has no effect ; move it to position shown in illustration, and a
slighteffect is felt when the keeper is pulled off or put on.
Moving it along

VOL. T. 81 F


	
8/20/2019 electrical installation.pdf

100/262

Steel Magnets Permanent

to various positions right up to the pole, it will be found that
as weapproach the pole the effect of pulling off or putting on the
keeper

is greater and greater.The reason for the increased effect as we
move towards the pole

is that the difference in the flux through the coil is greater
when thekeeper is on than when off, and the difference is greater
the nearerthe coil is to the pole ; at the bend it makes no
difference whetherthe keeper is off or on. This experiment was
first shown by ProfS. P. Thomson in his Society of Arts Lectures on
Magnetism. Itproves that the magnetism is not increased by applying
the keeper,but that it is concentrated through the keeper, instead
of flowing

through the air, when the keeper is on. The best form of
steelmagnet to produce a uniform magnetic field of greatest
strength in

a small field is that shown in Fig. 94.The strength of this
field is the all-important point for the engi-

neer, yet it is about the only point^

~^\V^N regarding which the text booksy I and scientific
treatises are silent

^^^ ^ pages of scientific tricks withmagnets, filings, nails,
and mag-

^'*^ 9*^ netic needles are given, of novalue to any student, and
when some day he wants a magnet forsome practical purpose he finds
no assistance given him as to howto proceed to specify its
dimensions.

In the case of magnet (Fig. 94), the steel at a was found to be
mag-netised to a density of 5000 per square centimetre ; in the air
gap it was870 per square centimetre, that is, in the place where it
is of any use.

30,000 per square inch is a good value for B in a steel
magnet,that is, at the bend or mid section.

The total flux is never obtained at the poles, as we have
seen.And it is exceedingly difficult to calculate the leakage in a
horse-shoe magnet ; it depends on many things.

A ring shaped like Fig. 94, with no core of iron in the gap,
willleak roughly estimated about two-thirds.

A magnet shaped like Fig. 98 will give half the total flux
betweenthe poles that there is at a.

Hence with a ring shape, if we require a flux of 60,000, we
wouldrequire three times that amount in the mid line a,
180,000.

If the steel was good for 30,000 per square inch, then %°q^

= 6 square inches section of steel required.The number of lines
flowing through the mid section of a steel

magnet is the quantity which determines the strength of a
magnet,and may be anything between nothing and 14,000 lines per
squarecentimetre, according to the quality of steel, its temper,
its form,and method of magnetisation.
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Magnetic Induction

The strength, therefore, depends on sectional area.Length is
required to give the magnetism stabihty. In a

magnet we consider each molecule as a little magnet, that all
theselittle magnets are turned end to end in a magnetised magnet,
thus

N N NN-

So that the tiux flows in series right through the lot. We can
setup a lot of little needles on pivots to represent this theory.
If wedo so, we find that the longer the series the more stiffly do
theneedles keep in line.

If we have only two needles, and we arranged a large magnet

Fig. 99 Fig. loo

to annul the earth's magnetism, leaving them free to act
in-dependently, they would set n s N s, as in a magnet, but a

slight disturbance would alter the ar-

with no externalfield.

Nrangement to this form,

S NLeakage can also be shown by a small magnetic needle
(Figs.

99 and loo). When the keeper is on, as in Fig. loo, the flux
isalmost all through the keeper, and a small controlling magnet
cankeep the needle parallel ; but upon removing the keeper, the
force
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Permanent Field Mao-nets

of the magnet spreads across and the needle is turned at right
anglesby the strong field.

Figs. 96 and 97 may be referred to as showing two methods
ofinducing electric currents by magnets, first by moving the coil
onthe limb of the magnet, thereby cutting across the magnetic lines
of

force ; and secondly, by fixing the coil, and pulling off or
putting onthe keeper. In this last case the lines move and cut the
coil whenthe keeper is moved.

Figs. loi and 102 show the usual construction of permanentmagnet
fields. It will be noted that the pole-pieces and armature

Fig. ioi Fig. 102

form the keeper and close the magnetic circuit, so that the
magneticflux is concentrated upon the armature.

These magnets should be magnetised with the pole-pieces
andarmature in their places. In this way the magnetisation is
moreperfect, as the path of the lines of force shall then be
arranged as

they are intended to be used.If we look upon magnets as made of
a series of end-to-end small

magnets, then we can see that a long series is more stable than
ashort one ; for although the total magnetic flux is not increased
byadded length, the directive force is increased —that is, the
force whichkeeps them in line —and the magneto-motive force is
increased inproportion to the length of the line of magnets.

Tlie effect of length may be seen by taking, say, six bar84
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Fig. 103

Steel Magnets Permanent

magnets, and placing them end to end, n s, n s, n s. By doing
so,we increase the force to six times that of one, but we also
increasethe internal resistance and the externalresistance by six
times ; so that we haveno more flux with six than with one.But we
have six times the force directinQ-the molecules in the maofnetic
circuit.

The proper length cannot well becalculated, but it has been
found by ex-periment that the proportions shown inFig. 103 gave the
best results; the sectionalarea is one-twentieth the length of
the

steel i
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