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PREFACE

THE mnportance of a knowledge of the construetion
and use of measanng mstruments to the wo 1

t in
the ever widenng field of electrical enwmecring
cannot be over estunated. He endeavours to ¢ome-
trol and bend to his will a class of appirutus or
machine which to all appearance may be of pertect
construction aud yet refuses to work and fulfil the
function for which 1t was desizned A leakase of
clectiicaty does mt become, Iike steam, visible to the
eye, or hiss hke compressed an, the fault must be
discovered by the aid of 2 smitable mstrument which
will mndicate the presence or absence of an electric
current, LCCDIdll‘l;‘, to the pm‘tlcuhl circumstance ol
the case. ‘The information n this book is intended
for those who will require to make simple tests and
measurements when building and using small power
dynamos elecctro moters or similar wachimes and
fitting up installations of electrac bells telephoncs
and indicators. or constructing ind workmg with
wdueticn coils and batteries

The designs and descriptions have been selecied

from o number winch hac appeared from time to
o




10  SMALL ELECTRICAL MEASURING INSTRUMENTS,

The wire used for the cotls may he-cither No 28
of 30 5 W G sk covered.  About 6 i1s. oi the wite
15 passed through one of the holes inn the ends of the
e reel, and this prece clumped witlt the thumb wlile

the reel 18 wound continuously in the same direction
untal almost fifled with the wire. Now pass the
finishing end of the coil. through the other hole m
the 1eel and temperaily wiap the tw: endst
‘ The reel should now be steeped dor fon 1

i melted paraffin wax, after which 1t should be g,

B up to allow the wax to dnp and set. Tho ends of
e the wires should now be untwist.d and straizht ned
out and then bared of their covering fer a lens
1 at the ends  This bared portien of the wne
must be made clean and bright Ly sand-papering
or sc1apmg with an old penknife
i The case 15 3 prece of brass tubinz. 3 ins. diameter
o . and 2 ms long, it 15 placed upen the base with its
[ edge resting 1n the groove cut to receive it.
l The 1ecl 15 placed nside the case and securcd to
fi the base coils uppermost, bty the aid of the little
L spring, brass knees (fiz 4)  These are screwed to
(s the base 1T m apart with thewr lonest part verlical,
| and the reel then forced between them, If the
knees do not grasp the reel fimly, thewr upnght
preces must be pressed slightly mmwards until they
doso  Fig 518 9 sectional view showing how the
reel is held by the spring knees.
The ends of the coils are passed through the holes
B in the base and then carried alony the inside of the
grooves 1n the under side of base. and finally well

TO DEILCI IfIE PRESENCE OF A CURRENT 11 “

twisted round the shanks of the binding-screws
The binding-screws should have lock-nuts for
clamping the wies, and these nuts must be removed
to allow the wies to be twisted around the shanks
of the binding screws, and then replaced and screwed
up veiy tight Neher these lock nuls nor any part
of the shanks of the binding screws should 10ach to
the level of the under surface of the hase, ind the
grooves for the wires and locknuts should ke deep
enouch to illow these to smk about % in or mae
beneath the surlace

The next part demanding our attention is the

J1

Frio 4 ~Spnng brss T1e b —S:ctizn of Fecl.
Knec

graduated circle.  This 15 1 cardbeard circle 3 ms
dizmeter and divided nto degrees m the order 0 94,
0,90 cn either side of the zero hne. This card 15
glued down upon a thim boxwood disc of the same
diameter as the card Fan thick

A needle pemt 15 fined in the centre of the disc
and card. pomt upwardd and should protiude ibout
1m. Iwosmaull holes should te bored 1n the eard
and dise to take a couple of very small round head
brass serews for fixing the dise and 1ts cud to the
yeel These screws should enter the sides of the
yesl at the mmddle of therr length and thickness
and great care must be taken to avoud the strews

e,



12 SMALI FITCITICAL MEASULING INSTEUMENTS

conung into contact with the cols or their insulat
g coverng It should be obscrved thut the zcroe
Line of the graduated circle should lie prullel to
the length of the eoils

The magnetic needle 15 2 s, long, and should be
provided at its centie with an agnte or hrass cap with

=" |

Iic ¢

for 3 Dinziomm 'z Galvanzmeto

which to pivot 1t on the ncedle pomt  The instru-
went should be covered with glass to preserve it
from dust ete. 1f possible, the reader should obtain
2 3-m lens-mounting off a disused nngic lantein or
telescope, and fx a picce of 21 ez glass in the place
ongmally occupred Ly the lens  The mounting
will be found to have screw threads cut upsn 1t
sunilar threads shoull ke cut on the inside of the

TO DETFCT THE PRFSENCE OU' A CURRENT 13

brass case so that the glass top and 1ts mounting
can be screwed on.

The mstiument will now be complete and ready
for mse When nsing the instrument, always turn
1t round until the needle pomts to sero, the cous
and the needle will then be n the magnetic meridian,
angd will not bo affected by the ewth s mignethism.

A Sourie Viriicar Drrrcior —The ease 15 made
of wellseisoned cedar, } o thick and measures

outside 3% mws by 3 ins by 2 ms m depth. The

sides may be dovetaled tegsther or fixed by brass
caner plates Jeb i flush with oka swface of the
woed (sz¢ fig 6) A piece of sheet brass, g5 1
thick. is now cut to 45 insde the casc.  This
13 fex the dind plate, ind shon: 1 be quite flat, as
one aule is to be.polihed  To fix this plate m
the case we shall re, ure a hole i eich ceiner
to take screws screwed into the four cornex pieces
shown 1n fiz. 6. The face of the dial should he
% 1 below the level of the case

The cotls are wound on two formers made of
thin sheel brass (see fiz 7) which. with all the othex
fizures (exeept fiz 10, which 1s full size ., 18 half size
The stze of the hole through the formers 15 17 ms
by one ] m wide. One flinze 15 § in wide all
round and the otheris 1 deep-1 on cne <ide, and
also turned up to form o foot 4 m. wide, by which
the coils aré securcd to the dial plate  These
formers e built up with the soldenng 1on, and
=.ast be meatly made and all 1cughness in the
ronty edges, anl corners ouewly <neothel off
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14 SMALL ELECTRICAL MEASULING INSIRUMENTS.

The formers should now be carefully insulated with
thin s1lkk, paying attention to the corners. A layer
of $hin brown paper, well shellac varnished, will do,
if put on carefully

The “quantity” wie should fitst ho put on. Tt
consists of two layers of No 22 S'W G, sill-covered,
and Jeaving 6 ing out at each end for conncetions
‘Wind both formers exactly abke. A laycr of sk
nibbon or thin hrown payer 18 put over th
and on top of them are wound the fine w
made up of seven or eizht layers of No.
silk covered copper wite As tlus wirg is
and easily broken, 1t 15 best to solder alx
of thicker wire, say, 22 to 1t and nsatly wrap the
jeznt with mlk. Leave about 6 ms out for conuec
tions as before, and winding 1 the same direstion,
and starting an the same place as Lefore, pit on the
seven or eight Iiyers  When fimshing off, sclder a
picce of thicker wire ou, so that the Jazt thice ox
four turnsare talenup by the thicker wue leaviug a
length over for connecszons A layer of silk uibton
round the coils will give 2 better finish fo the job,
and also prevent the wire from being dam

‘The needle 15 made fram a piece of high qu ahity
stecl 1% ms lmg § in wide and J; . tl.l(,]\,
filed to the shape shown in fig 8  After Leing
drilled with o ) an hole 1 the centre, 3t is made a
bright cherry 1ed i the fue or blowpipe flame, and
immediately quenched in cold water ‘Lhis harden-
ing 18 necessary, or the needle would nov retun 1ts
magnetasm for any length of time The mezdle 1y

TQ DETECT 1HE TRESENCE OF A CURRENT. 15
t

now to be magnetised (see Chap V) or should the
maker know anyone who has churge of a motor or
dynamo he will be able to get 1t done for © Thank
y:)u," and ¢ Winle you wart” The pownter 1s now
made to the shape sh-. ynn the view of the dial front
(hg 9) Tt can be made of brass, 1vory, bone, o1
alummum; the lower portion must be heavier thun
the top, so thal the pomter always hangs vertically

F1e= § —Needle. Itz 9 —Ihal

The spindle 1s made of J;-in diameter sibver sieel
Ton, enough to fit between the brackets next to be

described  One end of the spiadle 1s fitted with a ©

par of nuts ; both ends are planted and har dened,
‘We now rcquure two brackets of § i sheet brass,
or they may be cast, ome made to the sizes and
shapc shown in fig 10 which 15 full size, 1nd another
exactly similar, except that it 1s only ¢, m Ingh. A

“



16 SVALL ELECTRICAL MFASURING INSTRUMENTS.

{an  dameter steel screw 15 fttcd m the centro of
each acket the ends of the scrcws boing counter-
sunk by 1 dull, the custing edges of which aro at an
angle of 60 degs to each other.  The screws should
also have 4 lock-nut, and be carefully hardened

The couls can now be fitted to 1he back ¢f the dial
plate } m aput and the brackets afterwards the
smaller one on the frent and the decper ene over t
coils on the hack (see iz 11) #
and spmdle are now put inta plase

<

I1 . 19 —Tracksts {3011 Soel

needle 15 adjusted to swing m the certre of the ¢
and the pomter qust cler of the disl plate by means
of nuts which ne pliced one ¢n e
pomter.  The spmdle 15 rezulated by the s
the trackets to swing freely but withart =h
fixed 1y the lock-nuts  The dial plate ma
be enaraved, o1 a scile may ke fixel Lo 1t by screws

We now take the case 1zain aud fix three ter-
minils 1n the top and then fix the dial plate with the
cols cte m position. The starting cnds of ene fine
wire coil and one thick wire coil ¢f the same Loblan
1z¢ to e connected to the outside terminals, one to

£

10 DETECI IHE PRESFNCE OF A CULKENT 17

each, and therr fimishing ends are to be jomed
respectively to the startiny ends of the coils on the
other bobbun, the 1emaiming ends are o be both

- connected 1o the middle terminal — If you have any

dufficulty with these connections, or may have wound
a coil 1 the wrong duection, they may be worled
out experimentally with the uid of a batiery, trying
one coll at a time (see Chap VI fig 35) A glass
front and plan back are

fixed to the case by % %‘ g
countersunk sciews let in
flush with the face of
the wond. and the case
varnizhed m polshed to
suit the maker’s taste or
abilitie..  For a.small
outlay we have now a gal-
vanometer which would
cost up to a Sumea in
the sheps  Io use the
instrument. the quantity |
coils are used when T
measuring  heavy  cur-
1ents 1s babtery cells, and the fine coils are used for
detecting leakacss or line wies et The wstiu-
ment must net be u:el on lurge dvnames o1 Labteries
ot accumulaters or the couls will be burnt out.

4 SENSIITVE GALYANOMEIEE OF SIMELF CONSILUG
s1on —Ihis 15 2 useful galvanometer for use with a
Wheatstone o1 metre bridge. or as a leak detector or
tester ; 1618 sensitive enough to how a large deflection

between
211 11nals

. 2

-




18 SMALL ELEGTRICAL MEASURING INSTRUMENTS

1f a carbon and zine plaie are held in e1ther hand—the
hands being damp, and the plates, of course, joined
to the terminals of the mstrument by two wires, or
a constderable movement, will be cbserved 1f a silver
com 18 Jaid on the table, a drop of moisture 15 placed
on1t, and the head of a steel sciew made to touch the
mowsture It will show any of the usual experiments,
such as induced currents, thermo effects, etc.

Fie 12 —The Complete Instrument

The finished instiument s shown (g 12), 1
essentially consists of @ wooden frame with aluminium
sides carrying 1000 turns of fine copper wire, m the
centre of this frame 13 pivoted an agate centred
magnetic needle, this needle carries a light pownter
ab nnglit anzles to ib. which in turn canies a white
paper arm at one end. This arm appears through
one end of the central aperture, and shows the
slightest movement of the magnetic needle upon a

TQ DETECI THE PRESLNCE OF A CURRENT 19 «

seale. The scale may be green or red paper, and
then the pornter’s movement can be (hstmct,ly seen
at a consxderable dlstanee off,

To construct, take a prece of Je-1n sheet aluminium
(brass wall do if lacquered after), cul two plates from
154 by 1§ and square the edges and round off the
corners , trom the centre cut two slots 11 by 4 (4, fig

. — 4
. e—/—zL__>l ’
OF

¥r. 1% —Iaydwceod Frame

13); these may be cut out with an ordinary fret saw
and finished up W]Lh 3 smooth file A ‘hardwood
frame 15 now nmde Lhe end preces (! belng 13 by 2
by 5. they must be dead trne and square.  This 15
hest done with file and, square as if metal was bemg
¥ ¢ ked thus avolding the use of lnzccmate pldnes
and chisels The mde preces 1) may be cut fromy thin
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avenly ~Cuit a light white paper powiter & in lohg
b5 4 1h wide and stick it 8 che bent end of the
alunminium pointer

A prece of cork s now ¢« L in by 3 m by } o,
and a fine needle point broken off 4 1 long 1s
pushed into the centre of the cork, see that it
stands (fi; 16) central and upright , slue the cork in
the contre of the wood frame. taking care to kheep
all zlue and durt off the needle point.  Cut a piece

of grecn or-zed paper 14 s by 1 i wade rule a.

central line, and mark off stmilaxr lines every ! m
apart as at N fig 15 This 15 the seale and 1s stuck
on the plate which carries the terminals (as fiz 12)

The needle may now be catefully mounted on 1ts
centre, and should move very freely To use the
instrument, 1t 15 advisable to keep 1t permanently
on 2 shelf or bracket made for 1t and under o dust
tight glass shade  Run two light wures from the
terminals along the walls to our work bench o1
experimental bench  The pomier cafl be brought
to zexo (the centre linc) by placing a weak horseshoe
or bar magnet, on the shelf ~ 1t 15 advisable to set the
galvanometer up about two yards trom the table, and
then there 1s no feur of any direct action of electro-
magnets, etc . npon the needle if we are experiment
g with these.

EN
Vo

{
1
1
b

CHAPTFR 1T

INSIRUMENIS To NMTASURE THL DPRISSURT  OR
QUANTITY OF AN HKLEcIRIC (URRENI- VOLI-
MEITKS AND AMEBRTMETEES

Tur mstrument here deseribed may be made either
as a voltmeter or as an amperemeter, the only differ-
ence bemng 1n the winding of the coil

The voltmeter 1s mtended to read to 20 volts and
the amperemeter to 4 amperes.

The first part to be made is the base, which may
be cut from a piece of mahogany board 1 an. thick,
and twned in the lathe to the shape shown in the
drawings This could, however, be very easily made
by using two thin pieces of wood, and cutting out
one of them with a fret-saw, then screwing 1t to the
other. and finishing off nicely with a file and glass
paper

The contaimng case C C (shown in figs 17 and
18) 13 a piece of large briss tube, 4 ms 1n diameter
and 21ns long. Holes should be drilled around the
circumference of this for the purpose of ventilation,
and small countersunk holes for wood screwd at oné
end to fasten the ttibe to the tiirned part of baseboard,

23




24 SMALT FIECTRICAL MEASURING INSTRUMENTS

The cover or cutside 1im R R (g, 17), which keeps
the gliss 1n position, 15 made from a length of }in
brass tube, bent m 2 cizcle by hard, the two ends
bemg soldeted fogether. A stup of sheet brass 1s
next procured i, 1. wide, and soldered aiound the
edze of this tube, 50 as to be a snug fit on the
outside of contuning case (sec 8 8. hg 17). The
zlass front ean be taken from an old alarum clock.

q
i
i
%

PRIF:S RING
TS

B Sotmarsassaasssanss

BRASS TUBE

Tre 17 — A\ <imyly rade Veltmeter
(Set-ocd Plas.)

The kokbin 1 censtrueted m the following manner
Tswo preces of fretwood being cbtained 23 s square
with the corners cut off asin fiz 18, for the cnds,
1 hole 15 next cut out of the muddle of each and 3
paper tube gy m thick, 1% ms diameter, 14 ms
lonz made and gmed o these holes so ac to
form a bobbm  and when dry this is wound tor use
15 1 voltmeter with No 36 cotten covered cupper
woe 1l neuly full.  Preces of wood are then cut to

ey

O
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61, and glued in each corner of the bobbmn as sup-
ports (see dotted hnes m fig 18), the Dobbin screwed
on the base and an ordinary wire nul (minus tho
Liexd) driven mibo the base ab rght hand side of
paper tube (innde) as shown at W, fis 18

1he action 15 made from a piece of brass wire

_ TERMINALS
Tic. 18 —Swetron Flevation of Simple Vcltmetor

about } im. thick and 13 ms leng 1 each end of
which 1¢ dualled 2 small hole with a needle drill about
fe i deep  An crdmary fme pm (without th2
head) 1 soldercd m each end Lo actas straght pivots
(fig 17)  1t1s vory meces ary to have a goodt working
it 1 the bearngs, and yet no bmdmg s, should the
holes m bearmgs be 4 shade too Jarge c1 toc sanall,




CHAPTLER IIT

INSTEUMENES FOR MEASUPING TILLCTRICAL
ASISIANCE. ['nE WHEAT$10NF BRIDGE

Trr 1ange of the bridge to boe deseribed is from 1 to
999 ohms but it may be used merely as a varable
resistance, the Simple Sensitive Gil\ mometer 1n
Chapter T would ho suitable for use with 1t

The wire used for the resistances which constitute
the vauous arms of the bnidze 15 No 26 S.W G
manganin wire The use of mangimn reduces to a
mnunum iny crrors which mav atise from changes
of temperature, but the lengths of mapnganin given
here must not be strictly adhered to, owing to shght
variations m the composition of minganm. It will
be necessary to get the specific resistance of the par-
ticular alloy used when the length of wire neces-

Ao,

wheie R 1s the resistance, A the DlOSS—SGC‘-thn’;l area
of the wire used, and p the specific resistance, the
result being divided by 30 48 to buing to feet. Thus
the specific resistance of the manganin nsed here 15

saty may be found from the formula Z=B

- 42000 Theiefore thelengthiof No 26 wire necessary

28
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o 10 oh: e 1= 10% 00164 x 10°
to give 10 ohms 1esistance 1s D% 1075 30 45
=128 fb.

And the various resistances used in tho box are

1 resistance of 20 ohms = 2506 ft

9 1esistances , 10, each= 1152 |

9 . .1 ., = 1132 .
9, . 1, o, o= 1182, °

2 . 2, = 512

Therefore the total length of wireiz 158 792,
The box 15 made ftom }-in teak, aud 15 12 1ms 1y 9

ms. by 3 ins, the s
top is 15 s Ly 10

ms, by § in, thus F“I,&I
overlapping and g1v- ] ),7‘ ;
g a better fimsh to 5 g
thebox  The other —_

material required 1s

asfollows~—Thirty-

two brass studs of

the kmd shown in W
fig 19, scven DIaSS™ 735 end swdered %o
termmals (in this ==~ 7 éress

_case of two different -~
s14¢5, which a5 may

be seen, adds to the  Fic. 19 —Brass Studs fci Wheat toh:
Bridge

appearance of the
box although for all practical purposes they could
equally well have all been of the same s1ze) . a prece
of sheet brass;, a length of brass wire, on which

*
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to wind the resistances, a piece of ebonite from
which to make the knobs for the keys and levers,
and brass nuts for the terminals and studs

1he keys ate made from Je-in sheet brass, and
are of the dimensions shown n fig 20. A hole is
drilled and tapped through the terminal disc and key,
mto which a prece of brass wire 15 screwed, leaving
about } m protruding from the under side This
protruding piece 15 then sunk imnto the wood, thus

S ol =
e g

:

Fie 20.—Detail of Key for Wheatstens Bridge.

effectnully preventing the key from turming when the
teminal head 15 screwed down Al the othey
terminals are pinned down in the same manner. A
the end of each key 1s fixed an ebomte knob’ by
means of a small round hewled serew nail, the head
of the sctew nu1l also serving as a contact The
other contacts for the keys arg made by turning
down a brass stud. until there is only about [z in
leff to project above the top.

The pmns for the levers (fig 23) are made from
pieces of xn. diam. brass wire 11 1ing long, screwed

5 3"

r——v—~—;30)(/2\)<9
Ligh o gt o - -
oSASEATI. St

TO MEASURE ELECTRICAL RESISTANCE 3

to take a nut at each end On the end of the jm
which projects above the top, and just below the
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thread, a pece of brass tubing 15 sweated, thus
providmg a shoulder to bear on a brass washer,
otherwise a thicker piece of wire would be necessary,

-

.
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and then 1t would 1equne to be turned down = The
P passes thiough the above-mentioned washer,
which has thiee holes di1lled in 18, to enable 1t to be
serewed 24 the top and then thiough two brass w1shers
on the mside of the box—oue 2 flat washer, and the
other a spung washer, the former to prevent the
spung washer from eating nto the wood and the
latter to press aganst the nut to prevent 1t from
turning when the lever 1s moved over the studs
The lever itself 13 made

from % in sheet brass,

oS K 1 Lroad enough to span two

ni studs anl havmg }4n

£ B hole drilled at one cnd,
[ thrcach which the pia

« | passes.  The studs are
I

<

hellow and are screwed
s both mside il out, the
| y K;_J mside thread te take
— '——||I|—/’ piene of brass wie sbout
b shiwin b TE in diameter on which
eatstone Bindoe 1€
the 1es13tances are wound
Havmy found the necessary lensth to give the
required resistance, it must be wound non-nductively
—2¢ 1t must be wound cn the donlle s shewn by
fiz. 19. one end Deing soldered to the wire on which
16 18 wound and the other end connected te the
next prece of brass wire  Shellac varnsh or paradin
wax should be usel unsparingly for the resistance
cotls.
Tor shortcucuiting either the 20 ohm or the
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2-ohm resistance. so as to make the 1atio aims
equal, or as 10 1, two pieces of sheet copper are
made as shown 1n the drawimng, and sweated to the
ends of a short length of flexible cord. '

To use the bridge, connect the battery, galvano-
meter, and the resistance to be measured, as
shown m the diagtam  Make a rough estimate

7
178
%
W
I v Brass fobing £ b da
SN R

=S

s % Spring washer
‘8 8 3. ‘
1 %%

Tie 23 ——Detml—of Levers for Bridge

of the unknown resistance and place the levers
accordingly afterwards moving them about wntil no
deflection of the galvanometer 1s observed when both-
Keys are tapped  Then 1f the 20-ohm resistance be
short-crrcwited so that the 1atio arms ate equal the:
unknown resistance will be equal to the sum of the
resistances m the various theostats If the un
known resistance be estimated at over 100 ohmys,
short cirewit the 2 ohm 1esistance, making’ tge ratio
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3510 -1 then the unknown resstance will be equal
to ten times the sum <t the csistances 1n the
vanous rheostats It will thus be seen that for
resistances over 100 ohms the degree of accuacy
which can be attained 18 to 1 ohm, while for resist-
ances less than 100 ohms a degree of accuraey can
be attammedt to 1 ohm  The reason why by mahing
the ratio as 10 . 1 the xange of the buidge may be
incxewed vill be better understood by compating
the wintng diagrm (fig 21) with the dizgram (fiz 22)
When there 15 no potential difference b-tween the
pte. Cand D then there will be no tendency for a
current to flow alonz the wne connecting the galva-
nometer with these pomnts, and therefcre there will
be no deflection of the galvanoweter needle. This
happens when ¢=b and «=R, cr when « 1s 1n the
game rato to b 23 r 1s to B The connections are
shewn 1n the general a1rangement, alo the manner
1 which the resisiinces ate connected  although the
resistances are onl: shown in one of the rheostats
still the other resistances are connected 1n the sime
way.

While making 2 test. the galvenomoter should if
possitle b: placed on & sepaate table sd as to be as
free from vibrason as possible, but Twlore coraect
ing it to box, the Dbattery key should le tapped and
if any deflection 15 obscxved on the galvanometer 1t
should be taken mto azcount, or the wues le.ding
to the gslvanometer should be twisted tcgether
Also the battery key should be tapped before the
galvanometer key. B

CHAPTER IV
INSIRUMENTS I0R MEASUKING STAIIC KLECTRICITY

GoLp Lear ErrcTroscor: —Thig instrument consists
of the base (fig 24), mto which fits the glass bell
jar shown in fig 25 ‘The top plate or table (fig 26)
1s struck from sheet brass } an thick  This can be
cub to shape as near as possible with a hack-saw,
and having been “fitted with the }an brags wire

,e______ 4/%_ — ey

5L T

k1o 24.~Dus of hliztriscope.

seen 1n fig 26, turned up in the lathe  Or 1t may
be trued up with 2 file and then fitted to the brass
wwe by soldering  Soldering 1s an easy matter
when done m the 1ight way Well clean the
surfaces to be soldered together by filing uhtl quite
bright, heat over the spirit Jamp or Bunsen burner
and use rosin as 2 flux, touch the centie of the brass
plate with a stick ol solder, and when the forner is
3b
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of gum on the flat sides of the rod and hold your
breath for a moment, whilst the strips are taken up
on a needle point and set 1n place on the 1od. The
strips may be cut by placing the gold leaf between
a sheet of clean notepaper and cutting the notepaper
mto 3-n strips  This, of course, will cut the leaf at
the same time Place the jar m the groove in the
base, and all is complete If propeily made. this
elzetroscore will ke very sensitive, and should possess
an excellent appearance

CITAPTER V

PrAcTICAT DEIAILS OF CONSTRT.CEION — M AGNTITS-
ING NERDLES, SUSFENSION, LrvEILING DEVICE:
AND CAIITRATION

To Make Maewrilc NEEDLES —These ate usually
of lozenge shape and flat, not crreular Il c a gowing
needle  though such a needle can Dbe used. 1t 13
advisable to ketp to the 1ecogmised form  The
needle must be made of steel which can e hardened
iron ot tin will not do.  Such maternal as sieel
watch and clock sprngs will do very well If you
take a prece of old spring anneal it first Dy malang
1t 1ed hot and allowing 1t to cool slowly, 1f 1t 15
buielin lume or ashes 1t will cool more slowly than
1f exposed to the an  When filed to shipe make
the needle red 10t and plunge 15 1ato water to harden
16, this hardemng will make the steel very hnttle
so that care must be used in handlmg, but 1t 15
ads1sable to make the needle very hud because the
harder 1t 18 the better wiil the magnetism be ¢
taned, yeu can, however, re-magnetisc the needle
any number of tumes should 1t become weak by loss
of magnetism during use
39
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needle upon one of the poles of a dynamo; mn this
instance the magnet would be, of course, fixed and
the needle moved, but the method of stroking always
in one direction must be adhered to

Supporting the needle —When supported on a
pont, the centre of gravity of the needle must be
below the pomnt’s tip or 1t will not remain 1n position ,
this 13 managed by fitting a Dttle brass cup mto a
hole i the centre of the needle as shown m fix 31,
taking care thit the pont comes well through the
needle, the cup 1s made with a shight shoulder, which
18 buried down over the needle after 1t has been
slipped on

Note —1t is of no use to attempt to magnetise
a needle whilst 1t 15 1ed-hot, or to harden 1t after
1t has been magnetised, heating it destroys the
maznetism

TrvrrtsG SorEws—Fo1 the purpose of setting a
galvanometer truly level, so thit the neadle my
swing freelv, attachments known as levelling serews
ate often fitted  These consast of brass st-np§ screwed
to the base, each stiip bemg drilled and tappe to
recerve & vertical milled head screw (fig 32 shows
such alevelling screw), thiee are always used becaise
2 body will rest firmly upon an uneven surface if
supported upon three points, the brass stiips should
be fixed at thiee equaliy -spaced 1ntervals as snownin
the sketch (fig 33), which represents a zalvanometer
base fitted with three levelling screws, the screws
are placed with then points downwards, by screwing
any one up or down the mstrument will be tilted
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»
at that place and very accurate levellng can be
quickly attained, the dinensions are approximate, and
may be altered to swit any particular reqyirements

WINDINGS OT INSTRUMENTS —These are not cal-
culated with the accmacy 1equired for windings of
dynamos and motors, except 1 some Very specaal
case the exact gauge of wire o1 quantity does not
matter , the gauge 1s selpeted so 15 to be appropriate
for the current which the mstrument has to cary
but anything within several gauge numbers will do,
if the instrument 13 to measure
small currents a fine gauge of
wire 15 selected 1if 1t will he
used to measure heavy currents
a coarse wne 15 selected , 1f
the mstiument 15 required for
measurmg bothweak and heavy
currents two or threc windings
aro sometimes put on the same
mstrument, as m the case of the vextical detector
desciibed in Chapter I For very heavy cuirents
msulated flat copper stup may take the place of
wite, beng 10llel up mto a coil  this 1 especially
useful for amperemeters A col of fine wpe having
a great number of turns and carrying a very weak
current has pracircally the same power as 1 coil of
similar size consisting of few turns of tmck wue but
carrying i strong current  If the coil does not have
sufficient effect, wind on some more wire and tiy
again, Sik covering 18 best for fine wires, but
cotton covermng will do
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mstrument might be quite accuiate ehough for
many purposes, especially as jou would know the
value of the readings Suppose you had graduated
a voltmeter up to 10 volts by means of ten Daniell
cells, you would know that- each volt on your scale
represented more than an actual volt, in fact, your
10-volt division would represent neaily eleven volts,
and you would mako allowance accordingly when
reading the scale.

You will probably find that the needle moves a
much greater distince for an addition of one volt
when 1n the middle of the scale than when near
erther end; this1s a peculiarty of certamn types of
mstruments; the spaces from volt to volt can be
dvided up ito divisions to show quarter and half
volts by dwviders, but the exact positions should bear
some relation to the general character of the scale;
i the middi of the scale the half volt will be about
central between the volt divisions, but at the ends
the halt volt will be raither more to the 11ght or
left, according to the amount the scale generally is
opening oub or shutting up

ANPEREMETERS —The method -of connection 1s
shown in fig 35 and the mstructions grven for
voltmeters apply to ampéremeters also, bnt whereas
to calibrate a voltineter you need 2 very small
current 2nd a large number of cells, to calibrate an
ampéremeter you need only one o1 two cells, bt
they must be capable of giving a larze curtent, as
you must have the amperes required by the highest
reading you are going to mark on the scale. The

gic

&
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resistance must be of wire thick enough to carry the
current
Having connected the mstiuments in circuit,

Slaudard st ament

Instrument

teng lested

i

Ballery Llegulaling
'/ ]Zé%wh”ce
‘ 2 Jmpmwz;ér
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Ballery \%
2 Ohrms Bosulimes T
/Vofzuzr
lic 36

adjust the 1csistance until the standard instrument
reads, s33. 1 ampere then mark off your division on
the scale under test. readjust the resistance until
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the standard reads 2 amperes, and mark off the
second division, and 20 on, mtermediate drvisions
can be marhed 1f you can get a sufficiently fine
adjustment of the 1es1stance

There 15 a method by which the standard ampére-
meter can be dispensed with provided you have your
voltmeter ready, and this 15 as follows® obtamn a
length of wire of known 1emstance, say 2 ohms, and
of thick enough gauge to cairy the largest current
your ampeiemeter 13 to take, connect 1t to a
battery or dynamo so that 1t 1s 1 series with your
amperemeter (see fig 86), and jomn your voltmeter to
1ts ends, a 1egulating 1esistance 18 required to vary
the curtent By Ohm’s Law the current flowng
through the resistance will be equal to the volts
applied to 1ts ends divided by 1ts 1esistance 1n ohms -
as you know what that rewustance 1s, and can see
what the volts are at any given instant by means of

the voltmeter you can calculate the amperes flowing

through the amperemeter  Tor instance, if the
voltmeter reads 10 volts the current would be 10
volts divided by 2 ohms (1f the previously mentioned
wire was used)=5 amperes; you would therefore
mark the ampere scale at the place where the
pownter was standing as 5 amperes  You do not need
to know the volts of the battery exactly, but 1t 13
obvious that you must select your resistance to suit
the curient to be measured and the volts of your
battery

£
[}

CHAPTER V1

THF PRINCIPIFS UFON WHICII ELECLEICAT MLASURING
INSIRUMENTS WOLK

(AT VANOMETERS —Lhese instruments usually woik
by the atiraction or repulsion of 1 magnetised needle
placed near » wire carrying the electic cuntent;
sometimes 1 second wire, thronzh which the current
also passes, 18 used 1nstead of the needle.  The wire
is wound mto a coil to increase the effect. If you
support 2 niagnehscd needle upon a pivol abt its
centre o1 suspend 1t by means of 1 fine thiead so that
1t can freely turn round Iike a compass needle, aud
present one of the poles of 1 magnet to cither end,
that end will be atiricted to or repellel fiom the
magnet: ke poles repel one wother unhike poles
sttract one another. When an electine current
passes thiough a wire that wite hecomes a 1magnet.
but 1ts poles are af 71ght angles to 1ls length mste al
of m the direction of 1ts length, as 1n the case of the
magnetised needle or steel bar magnet, and these
poles yeman thus, no matter whether the wie s
Lept 2 strawzht length o1 wound up mto a circulay
or flattened coll  Unlike the steel bat mménib how-
19
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ever, the N. and § poles are not permanently fixed,
but may be respectively on one side or the other of
the wire. according to which way the current 1s sent
along 1t

It such a coil of wire 13 fixed 1n position and a
magnetised needle pivoted or suspended close to 1t
so that one sde of the coll can affect the needle
when cutrent 18 passed through the wire, such an
arrangement will produce the same effect as the bar
magnet referied to did upon the suspended magnet-
1sed needle, according to which end of the wire the
current enters, so will the needle be altiacted or
1epelled.  If a light ponter 1s attached to the needle,
tho latter with the coil can be enclosed 1 g case,
or the needle even placed iside the coil. as its
movement wapld be shown by the projecting end of
the pownter It may be considered that any col of
wire carrying a current 15 a magnet as long as the
curcent flows.  We shall now be able to understand
the working of the galvanometers desenibed in
Chapter I

Taking fistly the simple Galvanoscope or Detector:
In this instrument the magnet <ed needle 15 sup
ported on 1 pivot directly over the coil of wire
which caries the cwrent; as soon as the current
flows an invisible magnet 1s created by the lines of
force set up by the current, as indicated 1n fig 37
hy the dotted lines, the W pole of the needle 13
atiracted by the S pole of the magnet and the S
pale of the needle1s atiracted by the N pole of the
maznet and the needle tuins 1 the direction of the

1
|
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arrows, the movement heing assisted by the repelling
actipn betyeen the like poles of needle and maznet
respectively. If the current 1s sent through the
coil of wire m a 1¢verse direction, that 15 allowed to
enter at the other end pf the wire, the mvisible
magnet will also be created with reverse poles. the
N pole heing where the § pole was m the fist
nslance, consequently the needle will then move 1m
the ppposite durection, the greater the strength of
the cuyrent the greater will be the movement of the
needle fyom the zero pomt In this mstrument the
deflection of the needle 15 not stiictly proportional
to the strength of the current; if a corrent of half
an ampere moves the needle through ten degiees, a
movement of twenty degrees will not mnecessarily
show that the current strength has increased to one
ampere, 1t will only mean that o larger cuirent is
flowing through the coil, but will not indjcate the
amount (see¢ Chapter VIII)

In order that this instrument may work in this
mianner 1t 18 necessary that the needle rests m the
position shown 1 fig 37, as 1t 15 1 magnetic needle,
1t will like a compass necdle alwaiys endeavour to
pont north and south, so that you must twin the
case of the mstroment round unfil the needle 13 m
the vorzect position before sending cuirent through
the coil, if the needle lies across the coil yoh can
readily see that the invisible maznet will meroly
hold 1t an that position, and no mdication of the
curzent will take place.

VERTICAL DETECTOR.—A galvanometer which 13
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mdependent of the before-mentioned necessity of
selting the ncedle in the zero positirn can be made
by pivoting the needle vertically mstexd of horizon-
tally, and this 13 abtamed m the Veitical Detector
descuibed 1 Chapter T The puncaple on whieh 1t
woiks 13 Just the same as that applymng to the
Honzontal Galvanometer , instead, however, of
relying upen the magnetism of the earth t> retan
the needle at the zcro position, it 15 kept there by
means of a weight arranged that so long as the
mstyument 17 placed on a level support the needle
will poms to zero when no curent 1s flowing through
the coils without the necessty of placng it m 2
positien facing porth or south or any pubcular
dizection.  The peedle 15 placed inside the couls of
wire fo1 convenence and 2s before must lie m the
came direction as the wite, when an electiic cutient
. passed throush the coils an mvisible Tar magnet
is produced as befcre—see dotted lines m fiy o8, m
whizh the coils are shown farther apart than actually
used, to more clearly show the needle The needle
will be attracted by the poles of the magnet in the
duirection mdicated by the aiiows, when the current
is sent through the corls of wire m 4 reverse direc
t1:n the poles of the magmet will be reversed and
the needle will be deflected in the reverse direction
One cal only could be used and the actien would
be the same. but a bettes effect 15 produced by using
a pawt ot cetls one on each side of the needle Tt
will be seen from this that 1t 13 neeessary to so wind
the eals that they assist each other, and do not
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oppose, if they opposed each cther they would cach
{ry 1o create o magnet but havin, poles 1t opposite
sides the 1csult bemns that the two maznets would
be tiymg the ‘one to pull the ueedle one way and
the second to pull 1t an opposite direction, so that
no deflection would be obtamed This prnciple of
oppusing coils is used 1m an mstrument termed the
Different1al Galv anometer, a sepmite current bemg
sent through each coil the object bemy to asceriun
1f the two currents are cqual in strenth, af they

Ly- 3% Tae 38

are so, the needle does not move but 1t one is stronzer
than the othexr, then 1t will overpower the weaker
coil 1 proportion to the dilference Tetween them,
and the needle will ;1ve a deflection m one direction

‘or the other  Such an mstrument 1s generally only

used m wdvanced work and for telejraph signalling,
anl except 1s an mteresting example nzed not be
considered by the clementuy werker

To retwrn to om Vertical Detertor the direstion
of winding 15 <hown 1u fiz 38 1f you should happen
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to have wound one coil in thé reverse direction
there 15 no need to rewind 1t, but simply eonnect end
B nstead of end A to end C of the first coll It s
not usual to atbach a separaté balance werght for the
purpose of brnging the heedle to the zerc position

two methods ate employed, either the needle 1s
fixed so that the asle on which 1t twhs does not
piss exactly through its centre, 1n yhmh cdgé dhe
ed will ke heavier than the other #Ad always hang
at the bottom, or the pornter 15 mado with a weighted
end (thus 15 the better method), as shown i the
lustration 1 Chapter T which produces the same
result Tt 1s essential that both coils and needle are
vertical; if the needle 15 horicontal and the cous
vertical, no deflection will be obtuned.

When two scts of coils are weund as described m
Chapter T cach set 18 quite independent of the other,
and ean be 1egirded ag if the other set did not exist,
curtent 15 only sent through one set ot coils at the
same time

The Sumple Sensitive Galvanometer works i the
same manner as the Detector shown m fig 1, the
tieedle 15 mside the voil mnstead of bem, on the top;
1t 19 agn essential for the needle to he i the same
direction as the cotls and be preferably set N. and S:
liko a compass However as sxplamed m the
directions for malking. ag thid is & very sensitive
irlstrument. the needle cdn be brought to zero by the
action of a weak magnet

VOrIMEIEL$ AND ANMPI'REMEIERS —The principle
of the atttaction and repulsion between poles of

1
|
>
f
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maghets (a nagnetised heedle 1s sumply 4 bar magnet
on a sl scale) 15 lavgely used for amperémeters
dnd voltmeters tliese mstruments being In reality
galvarivmeters construeted for some definite kind of
titeastireriiertt, whett made on this princaple théy
are known as cléetromadrietic mnstiuments. In the
voltmeter dnd amperemeter described in Chapter
IL the coil of wiré stteinpts. as 1n the gilvanometers
previodsly 1eferred 1o to produce an mvisible
magnet passing thirough 1ts centie but a5 the two
preces of soft 1won W and ¥ have been placed 1nside
1t the force of the coil 15 concentrated 1 them and
they become two small bar magnets whenever a
current passes through the coil, the N. pole of W
being at the same end as tho N pole of F and the 8
pole of W bewnz dt the same end as the S pole of F
As neither magnet can turn round, these poles repel
one another, consequently the movable magnet I 1s
thrust away from the fixed magnet W, the stronger
the cutrent flowing in the voil the more powerful
will be these magnets and the greater the 1cpelling
offect: If 1s to be noticed that the prmaple of
attraction between magnetic poles 15 not used 1m
these mstruments, and that tHe ea.th’s magnetismt
does not affect the moviny magnit, so that to bung it
back to z6ro 1% 15 necessary tt. add some means of
control; this 1s usually done oy means of a spting
of a weight In the . .- sents deseribed o small
Wweight 18 attached to thé spindle on which the
mdving tagiiet iibves. so that the repelling torce 18
compélled to Lft the wetght Tt will be seen from
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this that 1t 1s mnecessary to fix the instrument
vertical and 1 ome cerban position only (see
Chapter VII)  Such an mstrument 1s termed a
gravity voltmeter o1 amperemeter because the force
of gravity 15 used to control the movement of the
needle  When o sprng 1s used mstead of a weight,
1t takes the form of a walch han sprng threaded
over the spindle to wlueh the mner end of the spring
15 fived the other end bemgz attiched to the bearing
suppost (see fiy 39); the 1otaton of the spmdle

spural ﬁazr:/anr;

te1ds to wind up the spring  Such anmstiunent can
Le usel m aay position and 15 termed a spring-
controlled voltmeter or amperemeter . the spring
should ¢ made of a matcrial which is not affected
by magnelism, such as palladium or phosphor
Ironze. There are other systems ¢f movement in
use {or voltmeters and ampéremeters, one 13 known
18 the ot Wire system, m which a thin wire 1s
tightly stietched between a systemn of lovers and the
cmrent passing thrcugh the wire heats 1t and
causes 1t to expand wn lenath, permtting one of the
levers to move . this movement 1s tiansferied to the

B
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pomter by a link or gewing, the sionger the
current the more the heat which 1s developed, result-
ing m grealer expansion of the wie, and therefore
a larger movement of the pomnter. Another method
is termed tlie Moving Coil system 1nstiuments of
this class have a rectangular coil of very fine wne
attached to the spindle, and ananged so that the '
edges of the coil paallel to the spmdle move close to
the poles of a powerful horseshoe steel magnet, the
spindle 1s controlled by a han sping at exch end
The curent to be measured 1s sent through one
spring anto the coil, and leaves through the sprng
at the other end  The movement forms practically
a magnets cleetric moto. with a one coil armature,
which turns through a smallex or large angle
accordmng to the. strength of the current flowing
through the coll  Both Hot Wire and Moving Coil
mstruments demand the hghest class of workman-
ship, they may be considercd as too dufiscult for an
amateur to construct, but being -lmgeiy used, are
referred to as 4 matter of mterest

There is yet another cliss of voltmeters called
Electrostatic mstruments; these depend for their
action upon the attraction effect betweun plates of
metal which are stitieally charged with electrcity
The moving plates are 1n the form ot vanes which
move uear to the fixed plites and have the indiating
pomter fised to them. the positive ard negitive
poles of the source of current me attached to the
fixed and moving plates one pole to cach, po current
flows a static charge only bemny created, and in this
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the 1nsulated wite or metal, and one wire from the
galvanometer to the metal which 15 1 contact with
the earth, by which 1s meant also m contact with
any support to which the metal 1s fixed o1 on which
1t rests- ‘earth’ does not necessarily mean the
ground  If the galvanometer needle does not move,
there 13 no leak, if 1t moves very slightly o1 gves
only a fant indication of moving, the leak 15 only

Al

Baltery -
T 40

partial, and 13 probably caused by moisture, so that,
before unwinding the coil or removing any wires, an
attempt should be made to driv up any mosture by
warrning the coil, and then the test should be made
agan 1n order to ascertam 1f there 1s any improve-
ment  If the needle moves quickly to one side and
gives o large deflection the leak 13 caused by metallic
contact and 15 called a “dead earth’; no amount of
drymg will remedy 1t, byt the place must be sought
for and 4 repair made )
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To Prrect 4 Breax 1y 4 Wigs—Fig 41 shows the
connections 0, be made when testing to find if a
wire or cgil of wire 15 without a break throughout
1ts ‘lengt_h In the illustration a field magnet coil 1s
bemng tested , one wire from the battery 1s Joiped to
ong end of the coil of wire, and one wire from the
galvapometer 1s Joined to the other end, 1if the
needle moves quickly and gives a large deflection 1t

Ballery
Tic 41

15 a sign that there is no break in the wire. but if
there 1s no movement of the needle at all 1t shows
that the wire 15 broken somewhere or if thete is a
very sbight movement 1t shows that the break 1s
partial, such as mught be caused by o crack through
the wite  This test 15 termed a continmtby test, and
may be zenerally used to ascertain if cueuits through
switchboards, mstruments, airangements of wires for
hghting. ete  are complete

IpENTIFYING THE EnDS of CoILs, E1¢,~— The

-
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primerple of this test, which is really a continwuity
test, 15 illustrated in fig 42, wiich shows 1ts apph-
cation in sorting out the correct ends of a set of
armature colls  Imagme an armature which has
been fitted with a new commutator, and that the
disconnected ends have become mixed up so that
you cannob tell by looking at them to which coil

they belong.  Apply the continuity test by joining
one wire trem the battery to the end of one coil,
then, taking the free wire from the detector galva-
nometet in your hand, touch the bared ends of all
the other ¢ails, one at a time, 23 soon as the needle
moves you know jyou have found the other end of
the coil to which the battery wire 1s joined

To DrTERMINT THF POLARIY OF A BATTFRY OR
Dy~vamo—Tn the foregoing tests the direction m
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which the needle moved did not affect the test, it
was suficent to note the absence or presence ot
the dellection, we did not 1equue to note whether 1%
moved to the 1r1ght o1 the left hand, but m the test
which we aire now dealing with, 16 15 the direction in
which the needle moves which 1s going to tell us
what we want to know  According to which way a
current 15 sent through the coils of a galvanometer,
so will the necdle move to the tight ox left hand
Though there 15 no scientific reason to say that the
current leaves any particular torminal of a primary
battery 1t 1s agreed, as a matter of convenience, to
always consider that the current leaves the batlery
frem the termmal which 1s conmected to the carbon
or copper plate and to call that the positive termmal
the zine connected texminal Jemy called the negative
terminal  The first thing to do therefore, 18 to con
nect one of the texminals of the galvanometer, 1t does
not matter which to the cubon or copper connccted

Aetminal of a battery (an accwnulator will do 1f you

know which 15 the positive termmal, 1t 15 geneially
marked with a + or a 1ed mark) and mark 1t with
some (istinguishing syn: then touching the other
terminal with the wire which is connected to the
nezative texmmal of the hattery, nole m which
direction the needle moves, having done this, you
have an mstrument which will enable you to ascertain
the poluity of any source of clectric current, because
when you connect the galvanometer to any terminals
from which electric current can flow, 1f the needle
moves m the duection m which 1t did when you

X
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2 faulty lamp o1 to want of volts; in this case the
voltmeter becomes a shunt across the mamms It
may be, however, that this last lamp 15 connected to
the mams by very long wires m a branch circumt,
and that thougl there 1s correct pressure in the
mams the lamp burps dull, you therefore connect
the voltmeter as shown m fig 47 to find out if you
have dropped too many volts in the branch ciremt,
the instrument 15 now connected as a shunt to the
terminals of the lamp, and indicates the voltage at
that pomnt

Tt may be that the current 1s supplied Dby a
dynamo hghtmg, 923, 3 lamps in series, each requumg
50 volts, the voltage at the dynamo termmals will
therefore ke 250 volts: the luwst lamp is buining
dull, and you desire to know 1f 1t 15 rceerving proper
pressuie, the voltmeter is to be connected as shown
to the terminals of the Iymp, and 1t will 1ndicate the
volts 1t that particular pomnt from one terminal of
the lamp to the other. Fiz 48 shows 1 diagram of
a 4eell accumulator, and method of applymg a
voltmeter to test the voltige of one of the cells,
the. wires from the voltmeter are pressed agamst
the lead connecting strips ab the ends of the positive
and negative plates, seratching into the surface of
the lead so as to get a good contact

How 10 USE AN AMI¥YREMETER —This strument
15 usually called an ammeter, the word bemg shorter
and convenient to use  Its use 13 to measure the
current: flowing through a cucuit and it 15 always
connected directly m the cirewt through which the
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cuient 15 flowng  When used to measute the
current taken Dby 2 moto1, lump, or any piece of
apparatus, the ammeter is always o be connected 1n
series with 16,  As the instrument should interfere
as hittle as possible with the existin, conditions of
the circwit, and should peimt the current to pass
ficely without hindrance, its couls must have a
very low resistance, on this account an ammeter
should never be comnected to the termmals of a
' pumary battery
Pollmeter or aceumulator
to ascertam how

much current
Bm— such 1 batters
will give unless
yeudesire to find
out what the
battery will do
when  short cux

Accumlalor cuited, as the
Fre 48

ammeter, having
an exceedmgly low resistance, will foom a short
ciremb, A large primary Lattery of low 1esistance,
such 2s a bichromate or Bunsen cell would discharge
4 very heavy curtent on short circuit and the coils
of the ammeter would be probably burnt out if you
male such a test and left the mstrument n circuit
for more than a second o1 two

Some examples of the nse of an ammeter are, to
measure the ampéres flowing thiough (1) 2 main
circut, (2) a branch cirenit s (3) the normal working

jli EN
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current given by a dynamo or battery , (4) the total
current taken by a motor , (5) the volts at the ends of
aknown resistance, (6) the resistance of a wire o1 coil
of wire Tig 49 shows an ammeter connected 1 the
mam carcuit of a dynamo hghting a number of lamps,
the whole of the current passing to the lamps flows
through the ammeter, which thus indicates, not the
current taken by one Iamp o1 by any particular lamp,
but total the current taken by them altogether

In fig 50 the ammeter 15 shown as arranged to
measure the cwarent 1 2 branch crenit which may
consist of one or more lamps, 01 2 motor ete , the
mstrument does not now tike any notice of the
current consumed by the lamps m the main circuit
but only mdicates how many amperes are passing
through the branch circwit, another eximple of the
measutement of a branch ewreuit 18 given 1 fiy 51
which shows ihe ammeter connected so as to measure
the current wlach 15 flowmg through the shunt fleld
colls of 3 dynamo: as in the previous case, the in-
strument does net take any mnotice of the mam
current which 13 flowing to the lamps, but only
indicates how many amperes are passing into the
field coils of the dynamo, Hximple No 3 15 a case
i which the conditicns of the crcurt must be
adjusted to swit the nature of the test  You do not,
as 2 rule require to know what a baltery o dynaimo
will do 1f short ciremited but you do require very
often to know whit current cin be continually
obtamed as a working rate To ascertan this the
first thing t> do 15 to apply 4 working load to the |
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battery or dymnamo to be tested erther m the form of

]
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lamps or a wire resistanee, thonzh any convement
method of providing a load can ke adopted  ths

oy o
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means that you must get some idea as to what the
generator will stand m the way of curzent output
unless you ecare to run the nsk of damagmyg 1t
through an overload  Fig 52 shows the method
of connecting the ammeter, the 1esistance 1cpresent-
ing the load you adjust the load uniil the ampties
mdicated by the instrument 1epresent the amount

il

S aaiadasiians iy

0009 Lays
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of curtent which the generator ought to grve, and
then continue the test as long as desired  When 2
wire resistince 18 used you will find that after a
short time the current wall fall  this may be owing
to loss m the generater but 1t may also be caused by
merease of resistance due to the passaze of the
current through the wire developing heat, so that
before condemning the zenerator you should try and
bring the curremt up to 1ts full value agun by




76 SMALL ELEOTRICAL MEASURING INSTRUMENTS

cutting out some of the wire, this decreise of the
€XCess 1esistance permitting more cuirent to flow

Ballery
i1 -

Amneler

Molor

Fro. 3

Example No 4 1o measute the total cmrent taken
by a motor.  Connect the ammeter 1n serzes with the
motor, 1s shown 1n fig 33 . 1t does not matter whether

[’ ™
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you connect the ammoter to the positive ox negative
main

Example No 5 to measure the volts ab the ends
of a known resistance This method depends upon
the prmaple lud down by Ohm's law, that if you
know the cunient 1 amperes which is Howing
through a resistance whose viluo 1n ohins 15 known,
then you can find out what are the volts at the ends
of that resistance by the formula Li=CR; that 1s the

/.
e s

l““m 4 ineler
Wlls  wnbnown
Tic. 54

unknown voltaze 15 equal to-the amperes multiplied
Ly the resistance  For instance suppose 2 baltery
whose velts are unknown 15 capable of discharging
a current of say, 4 or 5 ampcres; connect the
ternumals m scries with a resistance of which you
Lnow the value 1 ohms (let us suppose 16 1s 2 ohms),
and with the ammeter© the nmmeter indicates s13 3
ampetes then 2x3=6, thercfore the battery 18
grving 6 volts © As a rule, you know the voltage
which a battery will give by knowing the type and
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number of 1ts cells, but this method may be very
useful to find out the voltage which 15 at the ends of
a coill of wien a cirewt which may alse contain a
numbor of other coils of wire, so that though you
may know the volts at the ends of the circuit, you do
not know the volts at any particular part. The
value of the resistance of the coil of wire 18 obtamed
either by reference to a wire-maker’s table or by
means of & Wheatstone bridge, such as described m
Chapter TIL Tt 15 important to have the connecting
wies W of large section and as short as possible, so
that they carry the cuirent very easily , it they are
small you will not get .a true resulf, as some of the
voltaze will be absorhed bofore the current reaches
the resistance  In any case there will be a loss of
volts m the wires W W Dbut if they a1e thick and
sho1t it will be so small that you can neglect 1t
Eixample 6 to measure the resistance of a coil of
wire The principle of Ohms law 1s again applied
here  If you send a current of which you know the
value in amperes through an unknown resistance, you
can find the value of this resistance m ohms provided
you know the volts at tho ends of that resistance, be-
cause R :% , that 1g. the volts divided by the amptres
will tell you the ohms of the resistance Lhe con-
nections are made s in fi; 55 Suppose the voltage

15 100 volts and you find that a current of 2 amperes -

1 Howmg thiough the 1esistance, then 100 volts
divided by 2 ampcres gives 50 ohms ag the 1esistance
of the coil of wire  As in the previous example, 16
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15 important that the wires joming up the 1esistance
and ammeter are of ample size.

Tig 56 shows a switchboard for use with a dynamo
charging accumulators, the method of conmecting
the voltmete:r and ammeter 1s shown, 1t will be scen
that the voltmeter 1s connected as a shunt to the
dynamo mans, and mdicates the voltage where the
current enters the switchboard, and that the ammeber
is m series with the accumulators so that 1t will

Reseslanc
esLs.

e
e

w /mzm’r

Fie. o5

measure the amperes passing mnto the cclls It a
regulibing resistance 1s used on the switchboard. then
you will probably prefer to know the voltuge it the
termmals of the cells, 1s 1t does not mafter what
voltage the dynamo 1s giving so long s the right
voltage 15 at the accumulator texmmals, in this case

" the voltmeter wires would be jomned to terminals G C

instead of to the termunals DD
It 18 sometimes desiwed to cut ammeters and
voltmeters out of crcults withont disturbing the
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curient flowing through the mains, this 15 accom-
plished m the followmg way —with w ammeter, by
means of a short circwting plug, and with a volt-
meter, by means 6f . open-arcwiting plug  There
15 3 distmct difference between the two methods
with an ammeter the plug acts as 3 by pass through
which the current flows mstead of zomg nto the

\! \\\Iu//,//
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instruments, with 2 voltmeter the plug opens the
voltmeter cnewts and cuts <fl all cuirent from the
strument  Fizs 57 and 55 show the comnections;
fix 59 shows an enlarged view of the plu, and Llock.
which consists of a pair of brass blocks drilled wath 2
taper hole mto which fits a brass pluz. when the
plug 1s pushed into the hole the fwe llocks wre
connected tojether when 1t 15 taken out they are
disconnected fiom one anotlher.
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Ammeters wnd voltmeters must alwiys be seb so
that thew needles are pointing to sero hefore any
current is passing through them A gravity-con-
trolled instrument must be set uptight—at will not
indieate m any other but a vertical position, o Spring-
controlled mstrument, on the contraiy,can be used in
any position (see Chapter VI) Many instruments

are very susceptible to outside influence of magnets or
wies carrying cunients so thabitis well asa general
rule to keep yow nstiuments away s far as possible
from 2 dynamo o cable, If you have any doubt as
to whether the mstiument is _ving a1 true reading,
cut off all current fiom 1t and see 1f the needle moves
when the dynamo 1s at work it 15 by mo means
unusual for an ammeter to indicate several amperes

ot i)
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without being connected to anything. merely because
1t was near the field magnet of a dynamo which was
ab work

Some instruments only indicate when the positive
pole of the mains 1s connected to a particular one of
thenr terimnals, which means that the current must
always pass through the instrument 1n one direction ;
in such 1 ease the teriminal 1s jenerally marked +
but if on trying in mstrument, you find that it does
not give a movement of the needle, or the necdle
1moves the wrong, Wiy try changmg over the conmec.
tioms of your wires so that the positive wire will be
connected to the other terminal.




CHAPTER VIII

How 10 Croosr KLFcIricAr MEASURING
INSIKUMENIS

IN order that an mstrwment should be of maxmmum
usefuluess 1t should be selected with reterence to thc
particular range or class of measurement m which
you desire greatest aceuracy  All mstiuments have
their limitations; some are much better adapted for
cettan woil than others, and the following hints
will assist the 1eadet to make hus choice
GALVANOMLIELS —For 1ough work, such as detect-
ing currents when making apparatus m the w orkshop,
a sumple horizontal patiern with pivoted needle and
seale divided into degrees will suffice, bui if the time
taken up m testing 1s important, a vertical pattern
detec bo1 galvanometer with weizhted needle 1s better,
35 the necdle of the horrzontal pattern swings about
1 great deal, so that you may have to w it some little
time before 1t comes {0 1est at the zero position, the
vertical detector pattern 15 also more useful for out
door work or testing wirmg m a house, 25 1t does not
require setting to zero and 13 more portable. When

very minute currents 1equire to be detected, and for
84
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delicate testing generally, the astatic pattern of
galvanometer 1s required, in which the needle 13
suspended by means of a smgle thread of cocoon
silk, There aie various patlerns of this mstrument,
that known as the Thompson Reflecting Galvano-
meter bemg a recogmised type In this mstrument
there 1s a very small mirror fastened lo the needle,
which reflects a beam of hght from a lamp upon a
horizontal scale hxed about three feet or so in front
of the instrument, when the necdle moves the
mirior moves also and the beam of light becomes
teally a long pointer having no weight and moving
over the scale, the 1mage of a wire in the beam form-
mg the indicating point.

There 15 also another type of ¢alvanometer smtable
for very delicate work  In thig class of instrument
a needle fitted with a Lizht ponter 15 prvoled mside
a single coil of wie The senuitive galvanometer
deseribed m Chapter I 15 of this type and may be
considered as a sufficiently delicate instrument for
all oxdinury purposes. Ome objection to the dehicate
galvanometels just descnibed 15 that their needles
swing very much before coming to rest at the zero
mark—they are not what 15 called dead heat

Where rapid delicate testing 1s deswred it is very
desirable that the mstrument should be dead beat
There 15 a type of mstrument 1n which the col cary-
g the curtent 1s suspended by stretched delicate
wires 50 that its s1des move near the poles of »
powerful steel horseshoe magnet This kind of
galvanometer 1s called a D'Aisonval pattern, after
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methods employed » liftle vane moving 1 o1l or an
awr cyltnder may be attached to the spmndle But
thete 16 one class of mstruments termed Moving Coil
ammeters and voltmeters which are automalically
dead beat by virtue of the principle on which they
are constructed  In these instruments a snall coil
of wire attached to the pointer moves near the poles
of a powerful stecl magnet, they are very sensitive,
not much iffected by outside magnetic mfluence, and
are svitable for very accurate measurements, but
they can only be used for continuons .urtent work

Vorrwrirrs ror TesriNe  Batrreirs — High
1esistance batteries such ag small diy cells aie not
capable of giving a large current, if you desire to test
such cells by measwimg thewr volts it 1s necessary to
use 2 voltmeter which has a comparatively i hresist
ance, or else the mslrument will draw more current
out of the cell than 1t gives m resular work con-
sequently its voltage will fall and you do not get a
fair test. You should therefore be careful to see
that your voltmeter 1s adapted for this particular
clags of work 1f you wish to get accurate results, do
not accept a casual test with any voltmeter as
evidence of the condition of such acell Batteres
such as the Bichromate pattein or an accumulator
may be safely tcsted with any ordinary voltmeter ag
they will give a fair amount of current

A1TEPNATING CURETNT InoFRUMENTS —Testing of
msulauon, the conduetivity of wires and measure-
ments of a similar character, are generally done
with continuous cuitent, m the case of alternating

B
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current you requne to measure amperes and volts
ve watts or electric power which alternating
curient work 1s not always found by multiply ing
together the volts and amperes as i the cise of
contmuous current , whenever the current 1s flowing
thiough any apparatus having coils of wire o1 electro-
magnets m the ciiemib such as a motor o1 transformen,
you would not set the watts by merely multzplying
the amperes and volts together, though your 1csult
would be faurly correct m the case of 2lternating
current lizhtmg incandescent lamps. Whilst some
types of ammeters anl voltmetels ate specially suit
able for use with alterniting cwirent, instruments of
sumlax princzple to those described in Chapter IT ean
be used with erther alternating or contimuous current.
When mtended for use with dternating cuirent
they are tested wath that kind of cuirent and marked
aceordinsly but 1f a continuous curtent mstiument
15 used with alternating current 1t will probably, in
the case of types as described in Chapter IT, -
dicate about 10 per cent. less than the true reading,
espe.1ally 11 1t 15 2 voltmeter.  Unless the mstrument,
hag been made with a view to wse the alternating
current 16 will get hot after a short time, so should
only be used for o few moments at a stretch, In
mstruments desizned for alternating current if the
corl1s wound on a metal bobbin the metal must be
divided at one place by meins of a saw, cut so that
the centre and flanges do not foim a complete ring
WATTVMUIERS  are amstruments for  measurng
electric power, and they automatically multaply the
7
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