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MEASUREMENT OF
POTENTIAL DIFFERENCE

POTENTIOMETELR*

A potentiometer is essentially a piece of apparatus by means
of which e. m. f’s are compared. If one of the two e.m. f’sis
known, the other may be determined by comparison with the
known one, and thus the potentiometer is used for the measure-
ment of e, m. f.’s by comparicon with a standard e. m. f. It may
also be applied to the measurement of current and resistance by
methods which are described and discussed below,

The principle of the potentiometer is illustrated in fig.—-60,
which shows the connections of the most elementary form. A
battery B sends a ourrent through

K . B R a slide-wire AC of uniform cross-
—( )——"IHW section, R being a variable resis-
T tance to limit the slide-wire current.

J B,is a cell whose e. m. f isto be

A ¥ —C measured. This is connected in
Slide-Wire geries with a galvanometer and a
G jockey J which slides along the
_—?‘l*"’ wire. The polarity of B, is as
B, shown in the figure. ,
Sh

Fig. 60 . . .
Principle of a potentiometer Suppose that pis the resis-

tance per unit length of the wire,
and that i is the current when the jockey is not pressed. Then if
the length AJ is /, the voltage drop across AJ isi ¢ /.

If the jockey J is now pressed, a current will flow through the
galvanometer in the direction AGJ if the voltage drop across the
length / of the slide-wire is greater than the e. m. f. of the cell B,.
If the e. m. f. of the cell is greater than the potential difference
between A and J, the current in the galvanometer will flow in the

* For further study of this apparatus read author’s book *A
! Critical Study of Practical Physicssand Viva-Voce,”
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reverse direotion. If these two are equal no current will flow
through the galvanometer.*

Suppose now that the e. m. f. of two cells B, and B, are to be
compared. Then, the first cell B, is inserted, as showp, in fig.—60,
in series with the galvanometer, and the jockey J is adjusted on
the slide-wire until no current flows through the galvanometer.
Let that balancing length be /,. B, is then replaced by B, and
the jockey again adjusted until no current flows through the
galvanometer. Let this new length be /,.

Then, if E, = e. m. f. of cell B,
E, = e. m. f. of cell B,
we havet E =iel and E,=ipl,
E, |
80 that g =7

A scale is provided in this ordinary form of the potentio-
meter, so thut /, and /, may be read off, and the ratio /,//, gives
the ratio of the two e. m. f.’s as shown above.

If one of the cells (say B,) is a standard cell} of known
e. m. [, the e. m. f. of the cell B, given by

Iy

L

R

E2 = .El

In the above experiment it is essential that the supply
battery B is of ample capacity o that the current i in the slide-
wire may remain constant throughout the test. A resistance
should be connected in series with the galvanometer—or a shunt
used—for protection during the initial stages of adjustments of the
jockey J, this shunt being cut out as the position of zero deflection
is reached. Such a resistance is also necessary in order that no
appreciable current shall be taken from the standard cell, when
inserted in the galvanometer branch, during the preliminary
adjustment of the jockey. The c. m. f. of the standard cell cannot
be relied upon if it is allowed to give any appreciable current.

It shiould be noted that when the potentiometer is balanced
no current is passing through the cell under test, so that the
e. m. f. measured jis the open circuit e. m. f. of the cell.

* The cell B, is connected in such a way that it opposes the
passage of the current due to the potential difference bétween
A and J.

+ Obviously, both E, and E, must be less than the e. m. f. of the
supply battery B.,

t For instance, it may be a Weston cadmium cell whose e. m. f.'
at 20°C is equal to 10184 voits. -
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Obviously, in the aboveordinary form of the potentiometer
the accuracy of measurement depends to a large extent upon the
accuracy with which ratio /;/l, can be determined. For making
such a comparison, the accuracy of the determination depends on
the accuracy of obtaining the balance point. If instead of using &
1 metre potentiometer (as in the above case), a wire of 10 metre
length be used, then each cm. of wire has a potential drop equal to
one-tenth the drop in the simpler potentiometer, i. e., a movement
of 1 mm. in the single wire would correspond to 1 cm. movement
in the 10 metre instrument., Hence, by using a 10 metre potentio-
meter the true balance point can be very easily and more
accurately located.

But the use of many wires involves two serious difficulties,
(i) the apparatus becomes cumbersome, and (ii) it is difficult to get
a very long wire of absolutely uniformn cross-section throughout its
entire length—a condition which is essential for the precise perfor-
mance of the instrument as demanded by theoretical considerations
given above. In the modern forms of the potentiometer designed
for precise measurements, these difficuities have been overcome and
the effect of a very long wire is obtained by connecting a number
of resistance coils in series with a comparatively short slide wire,
as given below,

This pattern (fig.—61) of the potentiometer consists of ten
coils arranged in line with one stretched wirs of platinoid, 50 cms,
+ R in length and of uniform cross-

R ’;“M"ft"_w- section, and its resistance is
' | adjusted to 1 ohm. The resis.-

10 9 8 10 J c tance of each coil is equal to
ARk Trmewe that of the wire. On the scale
provided along the slide wire

* each e¢m. is indicated as two,
C + The special feature of the
B, instrument is that not only the
Sh contact maker J, connected with
Fig. 61 the negative terminal of B;, but
Connections with 1]-wire its positive terminal connected to
potentiometer another contact maker K, mov-

ing over the studs of the coils,
‘is also movable. By taking 10 coils and 18:4 cms. on the wire,
against a Weston cadmium standard cell the potentiometer wire is
accurately calibrated* and then it indicates 1 millivolt per cm.

* If only a Daniell cell is available in the laboratory as a
standard ocell (e. m.f. = 1-1 volt), its e. m. f, can be balanced
on all the eleven resistances including the wire. Thus, the fall
of potential across one coil will be very nearly equal to

; 141/11 = 01 volt, and the wire indicates as before 1 millivolt

. per cm,
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Crompton’s Potentiometer .

It is a compact and precision type of potentiometer in which
the sensitivity of the instrument is considerably increased, and at
the same time its accuracy is not sacrificed. A simplified figure,
depioting the essential features, is depiéted in fig —62.

A graduated slide wire is connected in series with fourteen
(or more) coils, each of which has a resistance exactly equal to that
of the slide wire (of the order of 10 ohms). There are two contact

iy T

14131921110

Fig. 62
Crompton’s potentiometer

makers J and K, sliding along the slide wire, and the studs of the
coils respectively, R, and R, are two variable resistances, the
former consisting of a numper of coils used for coarse adjustment
of the potentiometer current and the latter taking the form of a
slide wire for fine acdjustment.

The galvanometor G is connected to a multiple circuit switch
S, with the help of which either the standard cell (8. C.), or other
E. M. F.’s to be mearnred, can be connected in the galvanometer
circuit. The terminals to which the source of unknown E. M. F. is
conneoted are magked positive (+4) and negative (—) to avoid the
possiblity of damage to the potentiometer due to the wrong polarity
being used. The standard cell as well as supply battery terminals
are also marked similarly. '

[Note—1t is very important that there shall be no appreciable
thermo-electric E M.F.'s within the potentiometer itself, since such
extraneous E, M F.'sshall affect the readings. For this reason,
manganin, which has a very low thermo.electrio E. M. F. with cop-
per, is usually chosen as the material for the slide-wire as well as

&
oo St
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the resistance coils. To ensure further that all parts are at & uni-.
form temperature, all contacts and joints in the potentiometer oir-
ocuit are included in the case of the instrument. This procedure
also ensures the protection of the joints and contacts from the at-
mosphere. This is essential since any acidity of the atmosphere
causes corrosion of the contacts and may set up small voltaio
E. M. F.’s at the joints. To avoid corrosion the contacts are often
made of a special gold-silver alloy.

Further, in order to avoid leankage between adjacent parts of
the potentiometer circuit, it is essential that insulation is perfect.
It is for this reason that the working parts of the instrument are
mounted on an ebonite board and the internal connections are
spaced 8o as to be as far apart as possible. A bakelite cover is also
fitted above thoe ebonite board for protection of the instrument
from light and dirt. The kuobs operating the moving parts project

through holes in this cover, which also carries the graduation
marks, ]

Student’s Potentiometer
Crompton’s potentiometer is a comparatively costly instru-
ment. Moreover, it requires skill for its proper operation and care-

ful handling. For this reason, less expensive and easy-to-operate
student’s potentiometers are available in various patterns, one of

which is depicted in fig-63.
s.c. =
in__ el

_+ xe—=> G}
-
Colls Key
KI‘
Kn()b ( nOb
Slide-Wire
Fig. 63

Student’s potentiometer

It consists of & number of coils of manganin wire arranged in
the form of a circle and conneoted in series with a- manganin slide-
wire also in a circle form. The wire can be rotated with the help
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of a knob, at the centre of which is provided a key by depressing
which contact at any pouint on the slide-wire is affected, the corres-
ponding reading being given by a circular graduated scale. R, and
R, are two rheostats which are put in series with the main battery
circuit (marked B in the figure). R, being for coarser adjustment
while R, is for finer one. The source of unknown E.M.F. is connec-
ted at X with the polarity as marked, and the galvanometer is
connected at G,

Provision is made in the instrument to read directly either
volts or millivolts, For this purpose, a key is provided in the left,
which normally makes contact with a stud marked V, meaning
thereby that under this condition the scale provided with the ins-
trument shall indicate volts. When the instrument is desired to
read millivolts, the key is swung towards the left, as shown by the
dotted line, and now it makes contact with the stud marked mV
(meaning millivolts). This operation results in including a resis-
tance R in the battery circuit, and a shunt is put in parallel with
the potentiometer wire with the result that the instrument standar-
dised to read volts can give readings in millivolts by shifting this
key only.

[Note—1It is easy to see that the resistance R should be equal
to 999 times the resistance of the coils and the slide-wire combined.
This process, however, results in reducing the current flowing in the
slide-wire. Hence automatically the shunt resistance is brought in
the circuit, which keeps the current through the main battery cir-
cuit constant.

The resistance of the shunt required can be easily worked out
as follows :—

Let the resistance of the potentiometer wire with the coils in
series with it be x ohms, then the total resistance with the inclusion
of R (= 999x ohms) is equad to 1000 x ohms. If the shunt resis-
tance be S, then the equivaledt resistance of the combination is

1000 x. 8 . In order to keep the battery current unaltered, this
1000x + S
equivalent resistance must be equal to x. Thus
¢ - !QQ_Q_E.:_._S,__ = X ’
1000x + S
1000 x
Hence S= 59— opms. .

In this way a resistance of requisite magnitude is ‘inserted for the
shunt.}] : s
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EXPERIMENT-—31

Objects. To calibrate a voltmeter (of a given range) with a
potentiometer.

Appardtus Required. A potentiometer, the given voltmeter,
two storage batteries, two rheostats, a standard cell (cadmium cell,
if available, otherwise a Daniell cell), a Weston galvanometer, two
one-way keys, one two-way key, and connection wires.

Formula Employed. The error in the voltmeter reading is
given by—
Ve V=v_— Bh
1
where V' = P. D. between two points read by the voltmeter,
V = P. D. between the same two points as read by
the potentiometer.
E = EMF of the standard cell *
I, = Length of the potentiometer wire corresponding
to the E. M. F. of the standard cell.
I, = Length of the potentiometer wire corresponding
to the P. D. (V) measured by the potentiomecter.

[Note. E//, gives the potential gradient along the wire ]
PRINCIPLE AND THEORY OF THE EXPERIMENT

The calibration of a voltmeter with a potentiometer means
the measurement of potential difference between any two points by
means of the voltmeter and the measurement of the same potential:
difference between the same two points by a potentiometer,
a.txlld then to examine hlc;w far + (r
the two values agree. Poten- ' =
tiometer being by far the —l—
more accurate instrument, the
error in the voltmeter reading o 'B
can be easily determined.

For this purpose, the v
potentiometer wire is calibra- + G
ted, in the usual way, with
the help of a standard cellM N
(not shown in fig.-64). P
Let the length of the poten- N /)
tiometer wire: for no deflec- o+ 1 !

tion in the gailvanometer be Fig. 64
l,, If E be the E. M. F, of the Principle of calibration of a
standatd oell voltmeter

E = k 11

where k is the potential gradient along the potentiometer wire.

» * The E. M. F. of the Daniell cell (which is often used as &
standard cell for ordinary laboratory practice) is 1 08 volta.
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Now let an auxiliary circuit be set up as shown in fig.-64, in
which a constant current is maintained through a rheostat MN.
The potential difference between M and the variable point P is
measured with the help of the potentiometer. Let the null-point in
the galvanometer be obtained on the potentiometer wire at a length
I, Then the potential difference V between the points M and P is
given by

V = k [, = ElLji,.

If the potential difference between the same two points M and
P as measured by the voltmeter to be calibrated be V' the error in
the voltmeter reading is (V'—V).

In this way by shifting the point P and mcasuring the poten.
tial diflerences between M and the new positions of P with the help
of the voltmeter as well as the potentiometer, the voltmeter can be
calibrated in the required range and a calibration curve of the
voltmeter can be drawn between the observed voltmeter readings
(V') and the errors (V'—V).

Method

(i) Set up the apparatus as shown in fie.-65 (a). Conneect
the shortage battery E,, fully charged and of fairly large capacity

s —
E, R, R, K,

A JG‘»---- > A B
+1,S.C. G
| K, '_I@'
+ A
vV Sh
M N
P
o e
E, K,

Fig. 65
Connections for calibration of a voltmeter

(so that it gives practically a constant current through the poten-
tiometer wire) $o the ends A and B of the potentiometer wire
through two rheostats®* R, and R, and a plug-key K,.

* Instead of two rheostats, only one may be employed, but with

the former there is greater facility in adjusting current through

the potentiometer wire, R, may be of the order, say 200 ohms

and Rg of 10 ohms, the former.ds used for rough adjustment

while the latter for finer ome. The finer adjusiment is not
easily attained with a single rheostat,
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Prepare an auxiliary circuit* as shown below the potentio-
meter wire (see fig.~65a), E, is a second storage buttery, also giving
a constant ocurrent, connected through K,, to the fixed terminals
M and N of a rheostat. The variable contact P is connected
a8 shown,

S. C. is a standard cell (say, a Daniell cell) whose positive end,
as well as the higher potential terminal M of the rheostat, are
-connected fowards the higher potential end A of the potentiometer.
The negative pole of the standard ocell, as also the variable point
P, are connected through the two-way key K; and the shunted
galvanometer to the jockey J sliding along the potentiometer
wire.

(i) Close the key K, of the main circuit and conuect the
megative terminal of the stanlard cell by means of the two-way
key (K,) to the galvanometer. Place the contact-maker X at one
end A of the potentiometer wire and place the jockey at 80 on the
slide-wiref. Adjust the rheostats (R; and R,) in the main "circuit
till there is no deflection in the galvanometer. By this procedure,
‘we obtain a potential gradient of 1 millivolt | per division along
the potentiometer wire., Thus the instrument is made direct-
readingf and the calculations are very much simplified.

(iii) Next connect the variable point P to the jockey and
-determine the total length (/,) of the potentiometer wire when the
balance-point is obtained on the wire. Note down the reading (V)
of the voltmeter. Caloulate the error with the help of the formula
-given above.

* The auxiliary circuit may be slightly modified, if desired, to one
as shown in fig.—65 (b). It includes in addition one fixed re-
sistance of, say, one ohm. Thus, in this case, the potential
difference is measured between the ends of this resistance. This
P. D. can be varied by operating the rheostat included in the
circuit for this purpose. The fundamental principle in the two
arrangements is essentially the same, the only advantage of the
latter arrangement is that the connections are less confusing.
The superiority of the former method lies in the fact that very
little current is drawn from the battery E, throughout the
entire experiment.

+ This length of 1080 divs. of the potentiometer wire corresponds
to Iy of the formula given above.

3 If a ten-wire potentiometer is ueed, the atandardisation ‘can be
. ~done at 540 divs, of the wire. ,In this case the potentiometer
! shall read 2 millivolts per division. :
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(iv) By altering the position of the variable point P, continue

the above process till the entire range of the voltmeter is covered
in suitable steps.*

(v) Now plot a grapht between the observed values (V') of
the voltmeter, represented on the x-axis, and the errors (V' — V),
represented on the y-axis,

Observations

[A] Readings for the calibration of the potentiometer wire.

No. of | Length of [Equivalent

Length of the potentiometer
wire corresponding to the .
E. M. F. of the standard Remarks

cell

O the slide | length | (1) E.M.T, of the standard cell (E)
coils . i _
wire | (h) = ...J volt

(2) Potential gradient (E/,)
= ... volt/em,

The calibration of the potentiometer wire should be checked now
and then to sec that the potential gradient established in the
beginning remains unaltered. For this purpose, bring the
standard cell in the cirouit, keep the sliding contact-makers X
and J exactly at the same positions as in the first calibration
process, and test whether there is no deflection in the galvano-
meter. If the balance point has been disturbed, adjust the

theostat R, so that the null-point is again obtaided at the same
position, .

t Join the oonsecutive points on the graph by straight. lines.
Since the voltmeter range has Leen divided in fairly small
intervals, the relation between errors and the.corresponding
voltmeter readings will be more or less linear.

} Take the E. M. F. of the.',;,tanﬁard cell 10184 volt for the
cadmium cell, or 108 yolt for the Daniell cell.
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[B] Readings for the calibration of the voltmeter.

Length of the potr. |
wirg corresponding to P.D. as Error* in

the P. D. between read by the| P. D. as |the reading
S. ! Mand P potentio- [read by the| of the
No. No.of | Length | Equiva- meter | voltmeter | voltmeter
of the lent
ooils _slide wire | length [l N (V") (V' = V)

|
|

1
!
.

Calculations Potential gradient, k = ... volt/em.
Set I.
V == klz = a0 VO]t’.

[Note—Make similar calculations for the remaining readings.}

Result—The calibration curve (obtained by plotting the errors
against the voltmeter readings) for the given voltmeter is attached
herewith.

Precautions and Sources of Error

(1) The sucess of the experiment depends upon the constaney
of the E. M. F.’s of the two storage batteries. They should have
large capacity and should be fully charged. Their voltages should
be ascertained before inserting them in the circuit.

(2) The ends of the connection wires should be cleaned and
they should be firmly secured between the binding terminals. The
wires connected to the higher potential points should all be led
towards the same end of the potentiometer wire.

(3) The potential differsnce at the ends of the potentiometer
wire should be greater than the maximum potentlal difference to be
measured during the experiment. The rheostat “in the main circuit
should be 80 adjusted thet this condition is fulfilled. :

(4) In order to avoid unnecessary heating in different partas
of the circuit two plug-keys should be used—one in the main cnrouit
and the other in'the auxiliary one.

"* Prefix +ve.or ~ vesign before each yalue of the error.
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(5) Change over from the standard cell to the auxiliary
cirouit should be done quickly with the help of the two.way key.
Moreover, the calibration of the wire should be checked, now and
then, during the course of the experiment by including the standard
cell in the circuit. If the null-point with the standard eell is found
to have shifted, it should be restored to the same position by
adjusting the rheostat of low value in the main circuit.

(6) The contact of the jockey with the slide.wire should be
mometary, and the jockey should not be moved along the wire
while it is being pressed, otherwise the wire will be unevenly worn
out and the uniformity of the wire will be impaired.

(7) During the early stages of locating the balance point the
galvanometer should be kept shunted with a low resistance wire,
8o that excessive currents are avoided through the galvanometer.
Exact position of the null-point should be determined with the
shunt removed

(8) The potential gradient along the wire shall be uniform
provided the wire is of constant thickness throughout its entire
length. Hence the potentiometer should have its slide-wire of
uniform thickness. If the potentiomcter employed is a ten-wire
potentiometer, the non-uniformity of the wire shall constitute a
source of error.

EXPERIMENT-—32

Object—To calibrate an ammeter (of a given range) with the
help of a potentiometer.

Apparatus Required— A potentiometer, the given ammeter,
two storage batteries, suitable rheostats, standard cell, Weston gal-
vanometer, a standard one-ohm resistance, two-way key, single.way
plug key, connection wires.

Formula Employed —Let the potential difference at the ends
of the one-ohm coil be V, and let the null-point on the potentio-
meter correspond to a length /; of the wire then the current I flow-
ing through the coil is given by.

\'%

The potential gradient k is given by : k = E/l,’whers E is the
E M. F. of the standard cell and / is the corresponding balancing
length on the wire. Thus

4 /

The error of the'ammeter = I' — I, where I’ is the reading of
the ammeter. !
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PRINCIPLE AND THEORY OF THE EXPERIMENT

The calibration of an ammeter with a potentiometer means
literally the measurement of a current flowing in a cirouit by an
ammeter and its measurement with a potentiometer, M}d then to
examine how far the two values agree., Potentiometer being a more
accurate current-measurer, the error in the ammeter reading can
be easily determined.

As a matter of fact, a potentiometer can accurately measure
potential differences only ; it can be made to measure currents in an
indirect manner. For this purpose
let us examine fig.-66. ABis the +é ~h—s 5
potentiometer wire which has been A
previously calibrated with a standard
cell. If E be the E.M. F. of the
standard cell, which is balanced on a
length / of the wire then the poten- /

. X . A
tial gradient, k = E//, is known.,
Now an auxiliary circuit (as Fig. 66
shown in the figure) is set up. In this Principle of calibration
circuit a standard one ohm* coil is of an ammeter

also included. Let the current flowing
through the coil be I, then, by Ohm’s law a potential difference
V(=IR=1Ix1I=1) is created at its ends. This can be

balanced on the pot¢ntiometer wire If/, is the balancing length of
the wire, then

Thus I is calculated. In this way the potentiometer becomes
& current.measurer.

The same current is measured by the ammeter A included in
‘the cirecuit. Ifit records a current I, the error in the instrument is
equal to (I'—1I).

In this way by operating a rheostat, also included in the auxi-
liary circuit the value of the current can be varied and the corres-
ponding potenvial differences produced at the ends of the one-ohm
coil can be measured. In this way the entire range of the ammeter
can be calibrated, and a curve between the errors (represented
along the y.axis) and the observed readings of the ammeter
(represented along the x-axis) can be drawn.

* A resistance of 1 ohm is purposely employed. It eliminates eal.

{ culation work.
H
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Method

(i) Set up the apparatus as shown below (Fig —67)—connect
the atorage battery E, fully charged and of fairly large capacity (so
that it gives a cbnstant cur-

+ rent through the poten-
'IWK tiometer wire), to the e¢nds
‘1 1 =J 1 A and B of the polentiometer

B

wire through two rheostats*
R, and R, and a plug-key K,,

oAbl

AT T

‘ +, 'S. C. K.a__cr@_

AN

Prepare an auxiliary cir-
v cuit as shown below AB. E,
h is & second storage battery,
.___()_M A also giving a constant current
K.V 'E,’R; connected through X,, the
rheostat R;, the ammeter A

1-ohm

r

Fig. 67 to a standard l.ohm resistance
Connections for the calibration  coil. The higher potential end
of an ammeter of the coil is connected to the

contact maker X, and the lower
potential terminal to the two-way key as shown in the figure.

8. C. is a standard cell whose positive pole also is connected t
to the contact maker X The negative pole is connected tu the
two-way key. This (or the lower potential terminal coming from
the standard coil) can be connected through the shunted galvano-
meter to the jockey sliding over the potentiometer wire.

(ii) Close the key K, of the main circuit and connect the
negative terminal of the standard cell by means of the two way
key (K,) to the galvanometer. Place thc contact maker X at the
end A of the potentiometer wire and place the jockey (J) at the
division marked 80 on the slide-wirel. Adjust the rheostats
(R, and Ry) in the main circuit till there is no deflection in the
galvanometer. By this procedure we obtain & potential gradient
of 1 millivolt per division along the potentiometer wire. Thus the

* Instead of two rheostats, only one may be cmployed, but with
the former arrangement the current flowing through the poten-
tiometer can beadjusted with greater facility. R, may be of
the order, sdy, 200 ohms and R, of 10 ohms ; the former is
manipulated for rough adjustment while the latter for finer one.
The finer adjustment is not easily attained with a .single
rheostat.

¥ All the higher potentials terminals should be eonneoted rowards
A, which is joined to the positive pole of the battery inoluded
in the main cireuit, :

1 Thia length of 1080 divs. of the potentiometer wire corresponds
to [ of the formula given abeve. )
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potentiometer is made direot-reading® and the calculations are
very much simplified.

(iii) Next connect the lower potential end of the one.ohm,
ooil to the jockey and determine the total length (/;) of the poten-
tiometer wire when the balance point is obtained on the wire Note
down the reading of the ammeter. Calculate its error with the help
of the formula given above.

(iv) By operating the rheostat included in the auxiliary
circuit vary the current in suitable steps, and continue the above
process till the ammeter is calibrated in its entire ranget.

(v) Now plot a graph} between the observed values (I') of
the ammeter, represented on the x-axis, and the errors (1'—1I),
represented on the y-axis.

Observations

[A] Readings for the calibration of the potentiometer wire.

Length of the potentiometer
wire corresponding to the R K
E. M. F. of the standard emarxs

cell
No. of Length of  Equivalent
¥ the slide } length | (1) E. M. F. of the standard cell (E)
wire (1) = ... ¥**volt

—— e r——————— — — —

coils

! (2) Potential gradient (E/l)
| = ... volt/cm.,

|

* Jf a ten-wire potentiometer is used, the standardisation oan be
done at 540 divs. of the wire. In this case the potentiometer
shall read 2 millivolts per division.

+ The calibration of the potentiometer wire should be checked
now and then to see that the potential gradient established in
the beginning remains unaltered. For this purpose, bring the
standard cell in circuit, keep the sliding contact makers exactly
at the same positions as in the first calibration process, and test
whether there is no deflection in the galvanometer. If the
balance point has been disturbed, adjust the riteostat R, so that
the null.point is again had at the same position.

1 Join the consecutive points on the graph by straight lines. Since
the ammeter range has been broken up in steps of fairly amall
values, the relation between errors and the oorresponding
ammeter readings during thess intervals will be more or less
linear.

*% Take the E M. F, of the standard cell 1:0184¢ volt for the
eadmium oell, or 1:08 vo 11 fcr the Daniell oell,
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[(B] Readings for the calibration of the ammaeter.

Length of the potentio- .
meter wire correspond. | P. D. JAccurate
g, | ing to the P. D. across | across ] value offAmmeter
N'o the standard coil the the |reading] Error*
_ __ _ 1 l-obm |cuarrent
Length |Equiva- coil
i%’iﬁf of the | lent
) slide wire| length } (I) (r 1{aId-1n
l
Calculations Potential gradient, k = ... volt/om.
Set I
V,=k |, = ... Volt.
Hence I, =V, = ... amp.

[Note—Make similar calculations for the remaining readings.]

Result—The calibration curve (obtained by plotting the errors
against the ammeter readings) for the given ammeter is attached
herewith.

Precautions and Soarces of Error.

(1) The success of the experiment depends on the eonstancy
of the E. M. F.’s of the two storage batteries. They should have
large capacity and should be fully charged. Their voltage should be
as certained before inserting them in the circuit.

(2) The ends of the connection wires should be cleaned and
they should be firmly secured between the binding terminals. The
wires connected to the higher potential terminals should all be led

towards the same end of the potentiometer wire.

(8) The potential difference at the ends of the potentiometer
wire should be greater than the maximum potential difference to be

Prefix+ve or —ve sign before $he value of each error.
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meagured during the experiment. The rheostat in the main ocircuit
should be so adjusted that this condition is fulfilled,

(4) In order to avoid unnecessary heating in different parts
of the cirenit two plug-keys should be used—one in the main cironit
and the other in the auxiliary one.

(5) The ammeter should be connected in series in the circuit
with the positively marked terminal to the higher potential point.

(6] Chauge over from the standard cell to the auxiliary
circuit should be done quickly with the help of the two-way key.
Moreover, the calibration of the wire should be checked, now and
then, during the course of the experiment by including the stand-
ard cell in the ocircuit. If the null-point with the standard cell
is found to have shifted, it should be restored to its initial position
by adjusting the rheostat of low value in the main circuit.

(7) The contact of the jockey with the slide-wire should be
momentary, and the jockey should not be moved along the wire
while it is being pressed, otherwise the wire will be unevenly worn
out and the uniformity of the wire will be impaired.

(8) During the early stages of locating the balance-point the
galvanometer should be kept shunted with a low resistance wire,
80 that excessive currents are avoided through the galvanometer.
Exact position of the null.point should be determined with the
shunt removed.

(9) The potential gradient along the wire shall be uniform
provided the wire is of constant thickness throughout its entire
length. Hence the potentiometer should have its slide-wire of
uniform diameter.

(10) The accurate measurement of current with the potentio-
reeter depends on the accurate knowledge of the value of the
standard resistance. If ordinary l-obm coil is employed, its
value is not absolutely reliable, and the calibration of the ammeter
shall be imperfect. For this purpose a standard resistance pro-

vided with separate current and potential terminals should
be used.

EXPERIMENT—33

Object. To determine the internal resistance of a Leclanche
cell with the help of a potentiometer,

Apparatus Required. Leclanche cell, a 10-wire potentiometer,
storage battery, Weston galvanometer, rheostat,-resistance box, a
high resistance (of the order of 10,000 ohms), plug key, tapping key,
and cinnection wires.

L)
Formula Employed. The internal resistance (r) of the oeis is
caloulated with the help of the following formula—

rﬂ(-%_.--l )R'
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where l; = Balancing length on the potentiometer wire
when the Leclanche cell is on open cireuit, i. e.,
thﬁ length corresponding to the E. M. F. of the
cell.
l, = Balancing length on the potentfometer wire
when the cell is in ‘closed circuit, i. e., when a
current is drawn from the cell,

R Resistance through which current from the
Leclanche cell is drawn.

PRINCIPLE AND THEORY OF THE EXPERIMENT

When the poles of a cell are conmected by an external
resistance, a current begins to flow in the circuit. In the external
cirouit the current flows from the positive pole to the negative
pole, while inside the cell the current is driven from the negative
pole to the positive pole. During the passage of the current inside
the cell the electrolyte offers some resistance to the flow of the
current. This resistance offered by the ccll is called its internal
resistance and is denoted by the symbol r, The internal resistance
of a cell depends on the area of the plates immersed in the electro-
lyte, the distance between them, the nature of the electrolyte, and
also on tho strength of the current which pases through the circuit.
For very weak currents the internal resistance is practically
independent of the strength of the ourrent.

The internal resistance of a primary cell* can be determined
by a potentiometer. Let AB represent a potentiometer wire in
whioh a constant current is flowing A
is at a higher potential than B. E is
the Leclanche cell whose internal
resistance i3 to be determined. The
positive pole of this cell is connected
to A and the negative pole through
the galvanometer G to the jockey J
which slides along the wire. With key
K open let the c2ll be balanced and
let /, be the corresponding length of
the wire. Now, since the cell is on

open circuit, the potential difference Fig. 68
(Vf between the points A and J  Principle for the internal
balances the E. M. F. of the cell. resistapce of a cell;
Hence

E=V=kl (1)

* The ipﬂbenbiometer method is unsuitable for determining the
internal resistance of a seconiary cell or any other cell whosa
resistanoe is very Jow. With suoh a cell & large current has to
be drawn for producing a memsurable fall of potential, Such
exocesive ourtents san damage the cell,
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where k is the potential gradient along the wire and E is the E.M.F.
of the Leolanche cell.

Let the cell be now short-circuited by a resistance R by de-
pressing thekey K. A current is drawn from the cell and conse-
quently the P. D. (V,) now existing between its poles is less than
the E.M.F. The balancing point consequently shifts towards A, Let
the new balancing length of the potentiometer wire be /,, then

V, = ki, @
Hence —3;]—1' = —51 (3)
2

Now applying Ohm’s law to the circuit consisting ot the cell
and the externel resistance R we have

E v,
Current = E+r— R (4)
where r is the internal resistance of the cell. From (4) we have
R+r E
r - V1
or r = (E/V; —1) R (5)
Substituting the value of E/V, from (3) in (5) we have
r = (11/13 bt l) R 2es (6)

This is the required equation to determine the value of r.

Method

(i) Set upthe apparatus as shown below—

IIL Aa
EH. ~ -
1 — - |
R, C T -J
— - |
) ° —1
Kl B + |_l
1]
E, 2
R.B K *
Pig. 69

Connections for the internal resistance of a cell

Co/ﬁneet the storage bettery E,, fully charged and of fairly large
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capaoity (so that it givea practically a constant current through the
Potentiometer wire) to the ends of the potentiometer wire through
a rheostat R, and a plug-key K,.

]

Conneot the positive pole of the Leclanche cell E, fo the point
A where the positive pole af the battery is also connected. Connect
the negative pole of E, through a high resistance* R,, the galvano-
meter G to the jockey J sliding over the potentiometer wire.
Connect a resistance box and a tapping key K, across the cell.

(if) Close the key K, and bring the jockey near the end A.
Press the jockey and note the deflection in the galvanometer. Now
bring the jockey on the last wire near the end B and again nove the
deflection after pressing the jockey here, If the connections are
correct the two deflections must be in opposite directions. If it is
not 8o, the potential difference between the ends of the potentio-
meter wire is less than the E M.F. of the Leclanche cell In that
case reduce the resistance in the main circuit by operating the
rheostat R, and adjust its value till th= balance point is obtained
roughly on the last wire. Determine the exact position of the null-
point by removing R, connected in series with the galvanometer.
Open K, and measure the length of the wire fiom A to the point
where the null-point bas been obtained. This is /, of the formula
given above,

(iii) Introduce a suitable res'stance in the resistance box.
Press the tapping key K, and obtain as before the new position of
the exact talance point by shifting the jockey and determine the
value of /,.

(iv) Repeat the experiment with different values of R intro-
duced in the resistance box, taking observations alternately with
the Leclanche cell on open and closed circuit. Finally calculate
the internal resistance of the cell for each set of ohservation
separately.

* The high resistance R, may be of the order of 10,000 ohms. It
has & special function to perform. It prevents the flow of
exoessive currents through the galvanometer, as well as it mini-
miges the polarisation in the cell. This method suffers from
all th efects which ariee due to the polarisation taking
place in the cell, hence polarisation has to be reduced as far as
possible,

This resistance-is used only mpto the approximate balano-
ing point. For looating the exact null-point this is removed
from the circult,
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Observations
Length of the potentiometer | Resistance intro-| Internal
S. wite with the tapping key | duced in  thef resistance
Noj resistance box | of the cell
open closed (R) (r)
— (4) ’ (1) B _ o
i
|
Calculations
Set I

r,=(L/l, — 1) R
cee <ee +e. Ohm,

I

[Note. Calculate similarly for other sets also.]

Result. From the values obtained for the internal resistance
of the Leclanche cell it is found that it varies with the current
drawn from the cell and its value lies between ...ohms and ...ohms.

Precautions and Sources of Error

(1) The ends of the connection wires should be carefully
cleaned and they should be firmly securcd between the binding
terminals,

(2) The positive terminals of the battery as well as the
Leclanche cell should be connected to the same end of the potentio-
meter wire,

(3) The storage battery should be fully charged and should
have fairiy large capacity so that it gives a practically constant
current through the potentiometer wire and consequently the
potential gradient also remains constant throughout the experiment,

(4) The rheostat in the main circuit should be so ad j.uste.d
that the balance point with the Leclanche cell on the open cirouit
is obtained on the last wire. In this way maximum sendibivity of the
instrument is utilised.

(5) A high resistance should be conneeted in peries with the
iaivmmh:lgvhiob mld be diseonnected whep the approximete
null-point is obtained.

i
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(6) The jockey should be momentarily pressed on the
potentiometer wire and it should not be moved along the wire when
it is pressed, otherwise the uniformity of the wire shall be impaired.

(7) The unecessary heating of the potentiomster swire shounld
be avoided by keeping the key in the moin ¢irouit closed only when
readings are taken.

(8) A tapping key should be inserted in the resistance box
cirenit. This should be pressed momentarily* when the null point is
being, sought, and released again as soon as the jockey is raised
from the wire for adjusting to a fresh position along the potentio-
meter wire,

(9) Apart from the polarisation affect on the internal resis-
tance, the result shall also be adversely influenced by the non-
uniformity of the potentiometer wire, which is highly probable in
such a long wire., A non.uniform wire will not have a constant
potential gradient along its entire length.

EXPERIMENT—34

Object. To compare two low resistances by means of a
potentiometer.

Apparatus Required. Two low resistances, potentiometer,
two storage batteries, two rheostats, Weston galvanometer, a six-
terminal key (or a Pohl’s commutator), two plug keys, and conneo-
tion wire.

Formula Employed : R4
R, Iy
where R,, Ry, = The two resistances to be compared.

l;, Il = Corresponding lengths of the potentio-
meter wire when balance points are
obtuained.

PRINCIPLE AND THEORY OF THE EXPERIMENT

If the two resistances to be compared are connected in series
and a study ourrent is allowed to flow through them, then by Ohm’s
law, the potential differences across them will be proportional to
their resistances Now these potential differemces can be accu-
retely compared with a potentiometer, hence the resistances are
thersby compared.

* If the tapping key is kept pressed for an appreciable time, the
el shaﬁp hbg polarised, and &' gradual drift in the balanee

po"nh 'h“u be Obﬂﬁwado
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Let us refer to fig.~70, in which AB is the potentiometer wire
oarryiog a steady current in the direction A to B so that A is at a

t / . higher potential than B. Let k be
AN - = the potential gradient along the
t *t-‘\ G I, wire.

Now R; and R, are the two
resistances to be compared. Let
them form part of an auxiliary

Fig 70 circuit in which a steady current I
Principle for comparison of is flowing. Let the higher poten-
two resistances tial torminal of R, be connected to

A (i e . the higher potential end of
the wire), and the lower potential terminal to the jockey. Let /; be
the length of the potentiometer wire when a null-point is obtained.
The potential difference V, at the ends of R, is given by,

V,=k |
But by Obm’s law V,=1R,
Hence IR, =kl . (D

Let R, be disconnected from the potentiometer wire, and let
R, be now connected to A and the jockey, as shown by dotted
lines. Let the potential difference V, across this resistance be
balanced on a length /, of the potentiometer wire. Then

V,=kl,
or IR, =k, 12)
From (1) and (2) we hove
B_ 4
R, I e @

Method

(i) Set up the apparatus as shown infig.-71. Connpect the
storage battery* E, to the ends A and B of the potentiometer
wire through a rheostat Rh;, and a plug-key K,. Theend A is

connected to the positive pole of the battery so that the potential
at A is higher than that at B,

———

* For the accuracy of the result it is essential that the potential
gradient existent along the wire is constant throughout the
experiment. It will be nearly so if the battery supplies a

j  constant current. For this purpose a battery fully cherged and
of fairly large eapacity should be employed.
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Prepare an auxiliary circuit as shown below the potentiometer
wire AB. E, isa second battery, also giving a constant current,

E
f {l].—l-wydm ~ )
Rh] Kl “‘_]
156 3]

_: K, G Sh
S
4
Nﬁ’\f{‘
a R; h C‘A‘l,{,\'d
E, Rh,
K,
Fig. 72

Connections for the comparison of two resistances

connccted to the two given resistances R, and R, through a
rheostat Rh, and K,.

K, is a six-way key*, whose terminals ars numbered in the
figure. Connect the higher potential terminal ‘a’ (marked +) of
R, to terminal No 1, and lower potential terminal b to No. 2.
Similarly connect ¢ (higher potential terminal of R,) to No. 3 and
d to No 4. Connect termmal No.5 to the contact maker X and
No. 6 to the jockey J through the shunted galvanometer G.

(ii) Before doing the actual experiment secure first maxi.
mum sensitiveness for the potentiometer, i. e., the potential gradient
of the wire should be small, and at the same time the P. D. at the
ends A and B should be greater than the P. D. to be balanced on the
wire

[Note. This can be easily accomplished as follows :

First of all estimate (roughly) which of the two resistances ia
greater, since if the P.D. across its ends can be balanced, that

* By this arrangement the two resistances R, and R, can be
saco3ssively brought in cirouit. When R, is used by conneocting
6 tol, and 6 to 2, the resistanc? R, is completely cut off from
the circuit. Next time when is brought in cirouit by
oonneoting 6 to 3, and 6 to 4, the resistance R, is completely
out off from the main circuit. A4 two-way key should not be
employed in place of this key, as ia this case a resistance is not
completely eut off from the potentiometer ecircuit, and
consequently the positions of the nul)-points are erroneous.
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aoross the smaller one will obviou-ly be balanced, but the reverse
may not always be true. For this purpose, adjust the rheostat Rh,
to a8 low value, Determine approximately the balance poiut with
R,, and then with R,. The equivalent lengths of the wire obtained
in the two cases will indicate which resistance is greater. Let ua
suppose that R, is greater than R,. Now switech this resistance R,
to the potentiometer circuit. Place the contact maker X to the
last stud of the coils and place the jockey on the wire. By adjusting
the rheostat Rh; of the main circuit obtain a null-point on the
glide wire. This procedure adjusts the P. D between A and B to
be greater than that across the resistances R, and R,, and at the
game time secures maximum sensitivity of the potentiometer.]

(iii) Now obtain the exact balance points with R, and then
with R,, and note the corresponding lengths /, and /, of the wire.

(iv) Next increase the re<istance in the rheostat Rb, and
obtain the new values of /, and /,. In this way, by slightly increas-
ing the resistance in Rh, each time, take several readings, and
calculate /;//, in cach case. From this obtain the mean value of

Ry/Ry.
Observations
Length of the potentiometer wire corresponding | Ratio
to the Potential Difference of the
R two
S. resis-
No. Across the first Across the second tances
resistance (R,) resistance (R,)
No. | Length | Equiva-] No. | Length E?ui:a-
of of lent | of of | ooeh | Al
coils | wire length | coils wire erz;g)
() ) |
Mean
Calculations
Set |

%”‘2"“"““



MEASUREMENY OF POTENTIAL DIFFBREXCE | 207

[Note. Caleunlate this ratio for each set meparately and take
the mean value.]

Result. The ratio of the two given resistances = ... ...
Precautions and Sources of Error ’

(1) Tho ends of the conneotion wires should be carefully
cleaned and they should be firmly secured in the binding terminals.
Al the higher potential terminals should be led towards A.

(2) The P. D. between the ends A and B should be greater
than the potential difference across the given resistances, which
have to be balinced on the wire.

(3) The potential gradient of the potentiometer wire should
remain constant throughout the experiment. To attain this, the
battery in the main circuit should be fully charged and it should

have a fairly large capacity. Such a battery will supply a fairly
constant current.

(#) The potentiometer should be o adjusted that maximum
sensitivity is attained, i. e., with the maximum value of the P, D.
to be balunced, the null-point should be obtained (by adjusting the
rheostat in the main circuit) with all the coils included. This will
ensure maximum sensitivity, and at the same time it will ensura

that the P. D. between A and B is greater than V; (across R,) and
V, (across R,).

(h) The storage battery used in the auxiliary circuit should
also be tully charged and should have a fairly large capacity, so
that it sends steady current through R, and R,.

(6) To avoid unnecessary heating in diffetent parts of the
circuit, each cirouit should have a plug-key which should be closed
only when readings are being taken.

(7) A six-way key should be employed to include either R,
or R, in the potentiometer circuit. Its connections should be care-
fally done. The charge-over from R, to R, should be done quickly,
&o that effects due to heating and variations in the batteries are
minimised,

(8) The jockey should be pressed momentarily, and it should
not be moved along the wire in a pressed state, otherwise by uneven
rubbing the wite shall lose its uniformity.

(9) The approximate null-point should be obtained with the
galvanometer shupted with & low resistance. The shunt should be
removed when the exact null.point is to be located.

ADDITIONAL EXPZRIMENTS '
Expt.—34 (1)

QObject. To determine the value of a low resistance with a
potentiometer, o
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[Note. In the experiment just described the two low resis-
tances to be compared are of the same order of magnitude.
However, if the resistances
to be comp;u'a(]:il are of the N E,
order, say, b ohm and 0.01 || —pyfv—rt
ohm, the following method l R, &—l_.l
is adopted.]

. J
The diagram is self- A B
explanatory. r is the small 1
resistance to be measured.
In Reries with this is a resis- 2]
WWWA ¢

3

K,
tance R of, say, 2 ohms. K, W

r

is a two.-way key. a R

First balance the P. D. E%'l'f "‘9"% ¥ )K. '
(v,) between a and b i.e. at 2 o
the ends of (R 4 r) by con. Fig. 72
necting 2 to 3. Let the Connections for the determination
balanciag length of the of a low resistance

potentiometer wire be /,.

Then balance the P. D. (v,) between a and ¢ (i. e , at the ends of R
alone). Let the new balancing length of the wire be /,. If I be the
steady current flowing through R and r, we have.

Vo _ I®+r _ b
V, IR l,
where r = (Ll —1)R

In this way r can be determined.

[Note. (1) The above procedure can be adopted for deter-
mining the specific resistance of copper. For this purpose R
replaces a standard resistance of, say, 0'1 or 0-01 obm, and in
place of r a copper wire is connected. In this case, the two resis-
tances should have, for the sake of greater accuracy, four terminals
each, two for leading the current in the conductor and two for
measuring the potent:al difference. Then, as described just now,
the resistance r of the copper wire is calculatel with the help of the
formula

Knowing the length of the copper wire (enly that length

should be measured across whioh the P. D, has been measured),
and the diameter, its specific resistance can be calculated.

(2) Using o desimal.ohm box in place of R and an ammeter
in place of r, the resistance of the ammeter can be measured.

It should be added here that great accuracy can be attained
jin such determinations only when a very gensitive potentiometer,
! e. g. » Crompton's potentiometer is employed ]
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EXPERIMENT—35

Object. To measure the thermo-eleotric e. m. f. generated
in a copper-iron thermocouple for a known differepce of tem.
perature between its junctions.

Apparatus Required. A potentiometer, a standard cadmiam
cell, an accumulator, a copper-iron thermocouple, resistance box,
rheostat, a sensitive galvanometer, a two-way key, plug-key, and
connecting wires.

Description of the Apparatus

(a) Potentiometer, Since the magnitude of the thermo-
electric e. m. f. 13 of the order of a few millivolts*, the ordinary
potentiometer method
cannot be employed
here. Such e. m f’s E|+
can  therefore  be f“"y& 1'1
measured by a suitable Rh
modification of the

ordinary method so as
to produce a potential

-—1—!-1$>

Juuuu

differen«e of the order R —

of a microvolt across v B

each om. of the poten- Fg')

tiometer wire which is - -+

small enough to admit -

of sufficiently accurate Std.Cell

measurement. Fig. 73

Calibration of a poten-

Let us take a ten- tiometer for direct

wire potentiometer reading

such that its wire AB

(fig.~73) is 1000 cm long and it has a resistance of 0-01 ohm per cm.
If the resistance R has a value 1018 ohms, the potential difference
across it will be exactly 1'018 volts when a current of 1 milli amp.
flows through the circuit. Let the standard Weston cadmium cell,
whose e. m. f. is 1 018 volts, be connected across R through a gal.
vanometer and a key. Let the key be closed and the rheostat Rh
be adjusted till the galvanometer shows no deflection. After this
adjustment the wire AB carries a current of 1 tilliamp. and
hence it has a potential fall of 0:01 x 10~ = 10 x 10-° (cr 10
miorovolts) per cm. of wire. The potentiometer can thus measure a
smallest potential difference of 1 microvolt per mmeand & maximum
potential difference of 10 millivolt. \

* For instance, in a oopper-iron therro-couple the 8. m, f. gene-
rated when the junctions are maintsined at 0°C and 100°C is
only 1'3 millivolt.

t
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[Note—(i) If a standard cadminm cell is not available in the
laboratory, a Daniell cell (e. m, f. = 1 08 volt) can be used. In
that case the resistance R should have a value equal to 1080 ohms
to give the above constants to the potentiometer.

(ii) If the millivolt potentiometer (or students’ potentiome-
ter is available in the laboratary, it can be emploved for the mea.-
sirement of the thermal e. m. f.’s, but the procedure adopted
above i8 more instructive.]

(b) Standard Cadmium Cell. The Weston cadmium cell is
shown in the accompanying figure. T'wo tubes are arranged as
shown, each being provided
with an external lead of plati-
Saturate@ num which is in contact with
Solution of the bottom layers. These
‘ CdSO, layers consist of pure mercury
o e =g in one limb, and an amalgam
"""""" of pure mercury and cadmium

in the other. Above the pure
~ mercury is a layer of a paste
o ‘é;s'%s’ of mercurous sulphate. A%ove

Hg,S0, this and the cadmium amal-
He-Cd gam is a layer in each tube

Mercury A...glg... of pure oadmium sulphate
Fig. 74 crystals. Finally, a layer of a

Standard cadmium cell. saturated solution of pure

cadmium sulphate occupies the
upper parts of the two tubes.

The following reactions take place in the cell :—
(i) Cd = Cd++ + 2e
(i) Cd++-+4 Cd SO, + Hg, SO, = 2 Cd SO, + Hg* +Hg*
(Depolariser)
(iii) Hg* + Hgt-2Hg + 2p

where e and p represent respectively the elementary negative and
positive charges,

The e. m. f. of the cell is constant at constant temperature,
8o that no current of any appreciable magnitude be drawn from the
cell, the makers put a high resistance (of the order of 10,0060 ohms)
in series with it*. The International Conference on Electrical Units
and Standards, 1908, adopted the following formula as giving most
accurately the e. m. f. of the cell —

¢ B¢ = 101844 08 x 10-5 (t—20) —9 5x 10-7 (t—20)* + 10-8
{t-20)? volt, where t 18 expressed in degrees centigrade,

* This precaution i# necessary, for if a standard cell supplies mors
« than'a small ourrent it is subjeot to polarisation and the value
/ of the e, m. f. becomes uncertain. ;
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The temperature coefficient is therefore small.

[Note—There is another standard cell, known as Clark cell
which is identical with the Weston cell except that the cadmium is
replaced in this case by zine, cadmium sulphate by zinc sulphate ete.
The e¢. m. f. of this cell at 135°C is 14328 volt, but this cell has a
large temperature coefficient—a fact which explains the more gene-
ral use of the Weston cell.]

Formula Employed—The value of the thermo-electric e, m. f.
{e) developed ina thermo-couple is obtained with the help of the
following formula—

e =PBI
R
where ¢ = Resistance per unit length of the potentiometer

wire

E = E. M. F. of the standard cell

R = Resistance across which the standard cell is
balanced

| = Length of the pntentiometer wire when the
thermo-electric €. m. f. is balanced on this,

PRINCIPLE AND THEORY OF THE EXPERIMENT

Seebeck discovered in 1821 that when two dissimilar metals
(e. g., copper and iron) ate joined and the two junctions are main-
tained at different tempera-

C opper tures, a ocurremt—known as
thermo-electric current—flows

T round the ocircuit in a direc-

Cold . — Hot  tion shown by arrows in fig.—
Iron 76 (a). The value of the

(2) thermo-e.m. f. depends upon

the metals constituting the
thermo-couple and the differ-
ence of temperature between

Thermo-
e m f

1
[
'
!

1 : *T" J. the two junctions. The
>Temp  thermo e. m. f. increases fig.—

(b) 75 (b) as the temperature of

Fig. 75 the hot junction increases and

Seeback effect in, copper iron reaches a maximum value at
thermo-couple. a characteristic temperature

Ts known as the neutral tem-
perature, beyond whioch the e. m, f. begins to decrease, till at a
temperature Ty, called the remperature of inversion, the e. m.f.
drops to zero and ohanges its sign®,

* This carve is a parabola and can bs i*epresented by an equation
-of the typs e; = at + bt* where 8, b are comstants for a
particular couple,
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Let the eleotric connections be made as shown in fig.~76,
whioh is self-explanatory. Now, if the standard cell circnit is closed
by means of the two.wawp

key, and thegjockey is put Co Fe Cu

at 4, no deflection in tte + M_l V
galvanometer can be ob- 1018V Hot
tained by adjusting the ,_-Lln Cold P o K,
rheostat, Thus the e m.f. s

of the standard cell is ba-
lanced across the resis-
tance R (= 1018 ohms).
Hence if E be the e. m. f
of the standard cell, and
i be the current flowing
through R (or the poten-
tiometer wire), we have

E=iR ..() " Sh
Next let the standard Fig. 76
cell circuitbebroken, and Connection for 8 copper-iron
the thermocouple c.reuit thermocouple

be connected to the galva-
nometer, Let the null-point be obtained at X, where AX = /. If
e be the thermo-e m. f. and r be the resistance of the portion AX
of the potentiometer wire, then
e=ir=1¢!/ e (2)
where p is the resistance per cm. of the wire*.
From (1) and (2) we have

o P g-’ . (3)

Equation (3) enables us to calculate the thermo-e. m. f. deve-
loped for this particular difference of temperature between the two
Junotions of the thermocouple.

Method
(i) Set up the electrical connectionst as shown'in fig.-76.

* A preliminary experiment gives the value of p by determining
the resistance of the ten wires of the potentiometer.

1 In this arrangement the most important copnection is that of
the positive end of the thermocouple to the potentiometer wire.
The copper wire connected to the cold end of the thermocouple
should be connected to A (whioh is connected to the positive
pole of the accumulator) Note that in a copper-iron thermo-
couple junction is positive.

If & copper-constantan thermocouple is employed for this sz~

periment, then its hot end (which is positite in this case) should

| be connected to A (the higher potential terminal of the poten-
tiometer wire).
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The rheostat in the accumulator circuit should be of a high value,
and for R insert a resistance box from which a resistance of 1018

ohms can be unplugged. y
L]

(ii) Shunt the galvanometer ahd put the jockey at A. Ad.
just the rheostat till there is practically no deflection in the galva.
nometer, Remove the shunt and obtain the exact position of the
null point by finally adjusting the rheostat. Now, the e. m. f. of
the standard cell has been balanced by the potential difference
across R.

(iii) Re-shunt the galvanometer and bring the thermocouple
in circuit with the help of the two-way key. When the tempera-
ture of the hot junction has become steady, press the jockey on a
wire and by adjusting the length of the potentiometer wire obtain
the approximate position of the null point. Get the exact position
by removing the shunt from the galvanometer. Note the length of
the potentiometer wire from A to that point where the null point
has been obtained.

(iv) Re-check the standardisation of the potentiometer by
bringing in the standard cell again in circuit and repeating the
process as above. Finally, repeat the experiment twice or thrice
and obtain a mean value of /. Calculate the thermo.e. m. f. with
the help of the above formula, taking the value of ¢ as given.

Observations

Length of the potentio-
meter wire correspond-

zo' Hich ing to thermo-e m.f. g‘;.;
ighre. [ = LT o £ gD Remarks
w mstancehas {E 2 _: s .2 | Total |2 dv
(B) [3EE5 55 E longth [
z 8B5S 85 ()
L |

(1) E.M.F. of the
standard cell = ...volt

4

(2) Resistance per unit
length of"the potentio-
meter wire = ...ohm.
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Calculations.

oKl
w n

= ...mierovolts*

Result. The value of the thermo.e, m.f. for copper-iron
thermocouple when its junctions are at ......°C and ......°C
= ... microvolts.

[Standard value = ...... #V ; Error = _, % ]

Precautions and Sources of Error

(1) Before making connections the ends of the connecting
wires should be carefully cleaned with a sand paper and then firmly
secured between the binding terminals.

(2) The accumulator should be fully charged and should have
a large capacity so that its e, m. f. may remain constant for the
duration of the experiment.

. (3) A plug key should invariably be employed in the acocu-
mulator circuit 8o that the current flows only when it is desired.
This eliminates the unnecessary beating of the potentiometer wires,
and secondly there is no unnecessary drain on the accumulator,
which consequently helps to maintain a constant potential gradient
along the potentiometer wires.

(4) When the standard cell is being balanced across the re-
sistance R, the jockey of the potentiometer ehould lie at the end A
of the potentiometer wire i. e., the standard cell is to be balanced

across the resgistance R only.

(6) The leads coming from the thermocouple should be suffi-
ciently long so that their free ends are at the same temperature.

(6) The jockey should be pressed on the potentiometer wire
momentarily. In no case should it be drageed along in the pressed
position otherwise the wire will be rubbed off non-upiformly and
its diameter will not be the same throughout.

(7) The galvanometer employed in this experiment should be
a sensitive one. Iv should always be shunted in the initial stages
of locating the null point. The shunt should be removed when the
exact null-point is sought. The first operation ensyres safety of the
instrument while the second one utilises its full sensitivity without
any fear of damage to it.

(8) The potentiometer should bhe so standardised that the

potential gradient along the wire is of the order of a microvolt
per divisior, which admits of sufficiently acourate measurements.

» bonvert the result is micro-volts. 1 mv = 10-¢ volt.
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For this purpose the high resistance R and the rheostat should each
be about a thousand ohms.

ADDITIONAL EXPERIMENT

L

Exp.—35 (a)

_ Object. Tostudy the variation of the thermo-eleotric e. m, f.
with temperature for a copper-iron thermocouple and to determine
its neutral temperature. )

The experiment has to be conducted as the main experiment
described above. As before the cold junction is placed in cold water
contained in a beaker, and the hot junction is put in mercury con-
tained in a hard glass (or pyrex) test tube which is heated in a sand
bath. A thermometer reading upto, say, 350°C is put in this tube.
The mercuary is heated upto 320 C and then the readings of the
thermo-e m. f. and the temperatures of the hot and cold ends are
recorded after every 10°C fall of temperature.

[Note. It is essential to check the standardisation of the po-
tentiometer after every four or five observations.]

Finally a graph is drawn between the thermo-e. m. f. (along
the y-axis) and the difference in temperature (along the x-axid)
between the hot and cold junctions. The graph will be a parabola
from which the neutral temperature, which corresponds to the maxi-
mum e. m f.,, is noted,

[Note. The neutral temperature of a copper.iron thermocouple
is 270°C (it may be different for different specimems of iron and
copper). It may be added here that the neutral temperature for a
thermocouple is a constant (i.e. it is independent of the temperature
of the cold junction): The temperature of hot junetion at which
the thermo-e m.f. is zero and reversal takes place (i.e., the tempera-
ture of inversion) is a variable one, being always as much above th_e
neutral temperature as vhe cold junction is below it.]

Expt.—35 (b)

Object. To determine the melting point of wax by measuring
the thermo-e m. f.’s of a copper iron thermocouple.

After performing the above experiment put the hot junction
in melting wax, and when the wax solidifies, measure ‘the thermo-
e.m.f. and corresponding to this value read the temperature from the
graph. To this add the temperature of the cold bath. .This is the
melting point of wax. )

[Note. The experiment can be performed by placing the hot
junotion in boiling water only, and geting the readings after every
$°C fall in temperatyre. The melting point cpn be caloulated with
the help of the graph.] é .
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AMMETERS AND VOLTMETERS

Ammeters snd voltmeters* are classed together becavse there
is no essential difference in the principle involved in their operation.
Except in the case of electroslatic instruments, a voltmeter carries
a ourrent which is proportional to the potential difference which is
to be measured, and this current produces the operating torque. In
an ammeter this torque is produced by the current to be measured,
or by a definite fraction ot it. Thus, the only real difference bet-
ween the two instruments is in the magpitude of the current pro-
ducing the operating torque.

An ammeter is usually of Jow resistance, so that its connec-
tion in series with the circuit in which the current is to be measur-
ed does not appreciably alter the value of this current, A voltmeter,
on the other hand. is connected in parallel with the potential diff-
erence to be measured, and must therefore have a high resistance 8o
that the current drawn by it is small, As a matter of fact, a low
range ammeter (i. e., one which gives full scale deflection for a very
small current) may be used as & voltmeter if & high resistance is
connected in series withit. The current which flows thiough it
when it, together with its series resistance, is connected across the
voltage to be measured, must be within its range when used as an
ammeter,

[Example

A milliammeter, whose resistance is 1 obm, gives a full-scale
deflection for & current of 10 milliamperes. Calculate the resistance
which must be connected in series with it in order that it may be
used as a voltnieter for reading voltages upto 10 Volts.

Let x be the required resistance. The current flowing through
the idstrument when 10 volts are applied to the instrument and
with this resistance in series, must be 10 milliamperes (or 0 01 amp.)

* For a detsiled study of galvanometers, ammpeters and voltmeters,
}';Ad a‘.’utho’r’s book “A Oritical Study of Praoctical Physics and
iva.Vooe”,
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Thus
10
001 =
x4+ 1
R |
or x4+ 1= ool 1000 ohms.

x = 999 ohms. ]

The relative magnitudes of the resistance of tle two types of
instruments is also warranted by consideration of power loss occur-
ring in them. For instance, if Ra is the resistance of an ammeter in
which a current I is flowing, the power loss in the instrument is
I2RA watts. Again, if Ry is the resistance of a voltmeter to which
a voltage E is applied, the power loss in the instrument is E2/Ry.
Obviously, in order that the power loss in the instruments shall be
small, Ra must be small and Ry should be large.

Voltmeter. As indicated above, a voltmeter is always conneo-
ted in parallel with the two points whose potential difference 1s to
be measured. The internal resistance of the instrument should
therefore be large in order to avoid any appreciable rearrangement
of current and potential drop in the circuit The current passing
through the voltmeter is consequently very small for such a high
internal resistance, and hence the beating in the coil is small,

The internal reristance of the voltmeter is made up of not only
that of the copper coil, but greater part is due to a high resistance
put in series with it. The cluef reason for this is to avoid any
error due to the heating in the moving coil. Such heating can take
place either due to (1, variations in the room temperature, or (2)
the Jonle heating, Due to both these causes the resistance of the
coil shall increase. unless the temperature coefficient of its material
is small. Apparently manganin, duc to its low temperature coefficient
is preferable but it has a serious drawback. For the same coil re-
fistance a manganin coil shall have less radiating surface. Again,
the effect of Joule heating can be eliminated by making the resis-
tance of the moving coil fairly low. Hence a compromise between
the two requirements is necessary. This is effected by takinga
coil wound with copper coil which has a comparatively low resis-
tance. In series with this is put a high resistance wire of a material,
usually manganin, whose temperature coefficient is small, so that
although the resistance of the coil may change considerably, the
change in total resistance is emall. This series resistance can be
oo.x]:atructed of a thicker wire than would be possible for the moving
coil.

In an actual instrument often used in the laboratary, the
copper coil is woupd on a metallic frame, so that when the coil
moves in the magnetio field of the hpree-shoe magnet, it cuts lines
of foroe, thereby generating eddy eurrents in the frame, whioh
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oppose the motion of the coil bringing it quickly to rest and thus
making the instrument a “‘dead-beat” one.

In such a moving coil instrument the direction of deflection
t.iepends on, the direction of the current. Hence, during insertion
in the cirenit, it should be carefully borne in mind that the posi-
tively marked terminal is connected to that point which has h
higher potential, otherwise the needle may be damaged.

[Note. Sometimes the same voltmeter may be used to measure
potential difference of different
ranges. Thus if A and B ter-
minals are connected to &
difference of potential of 5 volts
a full scale deflection is obtain.
ed in the instrument. If the
resistance of the coil and the Fig. 77
part L N of the resistance wire A multiple-range voltmeter
be 300 ohms, the current tlow-
ing in the coil will be §/309 = 1/t0 amp.

If the rame scale is to be employed to read 100 volts, the
terminals A and C may be employed, so that an additional resist-
ance NM is included in the circuit. Since the current is the same
as beforo, we have

1 100
6 = "R or

where R is the total resistance (coil 4 external wire) of the circuit.
Thus, to read 5 volts and 100 volts the scale will be divided in
equal intervals, and each division will correspond to twenty times
the value which corresponda to the lower range applied between
AB.

If an instrument is intended to read millivolts, its internal
resistance should be smaller, as can be easily worked out by pushing
the above argument further.]

Ammeter. The resivtance of an ammeter is small. This con-
dition is achicved by connecting a low 1esistance in parallel with
the moving coil. This rcs'stance 18 referred to as a shunt, and in &
fixed range ammeter it is contained inside the case. The value of
the shunt resistance is small, hence the resistance of the whole
instrument is ,also of the same order. The shynts are made of
manganin since this material has a low temperature coefficient The
dimencions of a partioular manganin strip required to have a parti-
cular range ammeter are easily calculated out. If, in a particular
case it is revealed that the shunt should have excessive width so
that heating produced may be negligible, in that case not one, but
several strips, are used in parallel. _ ,

It is easy to see that the shunt resistance is eontrolled by the
pmmbeter range. The greater the range, the amalleria the vesiss-

R = 6010 ohms
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ance of the shunt. In fact, superior types of ammeters are not
provided with fixed shunts, but are provided with external ones,
thus the range can be suitably varied by using a shunt of appro-

riate value. The instrument is made dead-beat, like the voltmeter

y winding the coil on a metallic frame in which eddy currents are
produced, and they bring about the required damping. The
ammeter, like the voltmeter, is a uni-directional instrument, hence
it has to be inserted in a circuit in such a way that its positively
marked terminal is connected to the higher potential point of the
circuit,

From a brief resume of these two important instruments it is
clearly seen that they are essentially moving ecoil galvanometers
with slight variations in their construction, which is necessitated by
the particular role which they have to perform in electrical mea-
surements. Below are described and discussed two experiments
which bring out how a galvanometer can be adopted either for
direct current measurements or for direct voltage measurements.

EXPERIMENT-—36

Object. To convert a given Weston galvanometer into an
ammeter of & given range.

Apparatus Required*. Weston galvanometer} a high resis-
tance box (preferably of dial pattein), an accumulator, a high
resistance voltmeter, plug-key, an ammeter of the same range as
given for conversion.

Formula Employed. The shunt resistance, S, required for
converting the galvanometer into an ammeter of & given range is
calculated with the help of the formula—

Ig
S=y .G

where G = Galvanometer resistance

Ig = Value of the current required to get a full-
scale deflection in the galvanometer

I = Value of the current which has to be read by
. the galvanometer (i.e., its range)

* In this experiment the resistance of the galvanometer has to be
known, Ifits value is not given, it has to be deternlined by
Kelvin’s method. In that case necessary apparatus for condue-
ting this part of the experiment is also required [see expt.~13].

T Por this experiment it is preferable to use a special type of
galvanometer, the zero of whose soale lies on the extreme left a
in the case of ammeter and voltmieter scales. - -
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The length of the shunt wire can be caloulated with the help of the
formula—
S=1Ip

where . ! = Length of the shunt wire
P = Resistance per unit length of the shunt wire.

PRINCIPLE AND THEORY OF THE EXPERIMENT

The accompanying dia- I
gram represents a galvanometer \rl ;_@G

of resistance G, in parallel with >
which a shunt of resistance S
has been used. The main cur- LY A
rent I divides itself as shown in '
the figure. The currents obvi. —Wwe—
ously divided themselves in the S
inverse ratio of their resistances, Fig. 78
that is, Principle of an ammeter
J = G
Ig S
or I i}' Te _ G'-Sl_ 8 [By adding 1 to both sides]
4
or -_:!:_ = __G.._:'-__ {'.’ Is+ Ig=I]
Ig
Thus the current Iy lowing through the galvanometer is a frac-
tion of the main current and is equal to 3 -SG . The vaiue of

S can be 8o adjusted that the fraction of the main current which
the instrument is required to measure, is just sufficient to deflect
the zalvanometer needle thiough the whole range of the scale. The
shunt resistance, from the above equation, is given by

I,
1—1;°

It is clear from this formula that if I is the gurrent required
by the galvanometer coil to produce a full range deflection of the
needle, and if we wish to measure a higher current I with its help,
we have to insert & shunt resistance S across the galvanometer coil,
8o that only I; flows through the coil (thereby still producing the
f;;ll range detlection), the remaining ourrent being carried through
the shant.

Thus, to evaluate 8 to give & particuiur range (I) to the
galvanometer, we have o determine the figure of merit of the

S = G (1)
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galvanometer, i. e., we have to know how much current should be
sent through the galvanometer in order to produce a deflection of
one division on the scale. Thus, if k be the figure of merit of the
galvanometer, and n be the number of divisions on the scale, then

I; = k. n, oo (2)

[Note. The following numerical example shall make the whole
reasoning of the process very clear—

A galvanometer of resistance 30 ohms is provided with a
pointer and a scale having 100 divisions. When a current of
2x 10~ amperes flows through the galvanometer, the needle is
deflectcd through 1 division on the scale. What should be the
resistance of the shunt so that the galvanometer may read 5 amps ?

From this problem it is clear that the figure of merit of the
galvanometer is 2 X 10-4 amp. per division. Thus to produce & full
scale deflection & current of 2 X 10-% %100 = 0:02 amp. is needed
to pass through the galvanometer. If we wish to measure 5 amps.
with it, we should use a shunt of resistance S such thatr 0-:02 amp.
current flows through the galvanometer, and the remaining current,
(5—0'02) =498 amp., passes through the shunt. Thus

S _ 002

o = T8 . 8 = 0-121 ohm].

Method
[A] Determination of the galvanometer resistance.

[Note. If the galvanometer resistance is not given, determine
it with the help of Kelvin’s method, as described in expt.—13

[B] Determination of the figure of merit of the galvanometer.

For this set up the apparatus as shown in fig.~-79. E is an
accumulator conneoted in series with the galvanometer through a
resistance box (preferably of the dial type)
capable of giving high values for the

resistance. + 'f‘ ;{‘.r
. -

Adjust a high resistance of about
5000 obhms in the box and close the key.
A deflection will be produced in G, Now .
adjust the resistance in the box till & read- R.B.—(/
able deflection is produced in the gslvano. ' G -
meter. Note the resistance R and count the Fig. 79
number of divisions df defleotion. Measure Figure of merit

the E. M. F,, (E), of the cell wirth 4 high of a galvanometer
resistance voltmeter. Then
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k——-—I E
T n, 0, R+ G)

where n, is th» number of divisions through which the needle has
been deflected when & current (say, I) lows through the cireuit. If
the total number of divisions on the galvanometer scale be n, then
Ig = kn, which can be calculated out.

[C] Determination of the shunt resistance and length of the shunt
wire.

Calculate the shunt resistance 8 from the equation (i) given
above.

Now take a manganin wire and determine carefully the resis-
tance for exactly one metre length of it with the post office box in
the usual way. From this caloulate p, the resistance per unit
length of the wire. Then S/¢ will give the required length of the
shunt wire. Cut a piece slightly longer than this calculated length
and mark two points equidistant from the ends so that the length
in between the marke is the calculated length. Connect the wire
across the terminals of the galvanometer so that the marked points
are just outside 1ts binding terminals.

Now the galvanumeter in conjunction with thislength of shunt
wire (of this thickness, has been converted into an ammeter which
can read currents upto 1 amps.

{D] Calibration of the converted galvanometer.

Now seet up an electrical circuit aa shown in fig-80,
in which A is an ammeter of nearly

the same range as the converted E K
galvanometer. Introduce a high ,___( —
resistanco in the box and after

pressing the key K take the reading

of G and A. Convert the galvano- G
meter reading to amperes and find
the difference, if any, between the \7' A

readings of the two instruments, This

gives the error* of the galvanometer S

reading.  In this way calibrate _ Fig. 80

the whole dial of G and plot Calibration of a galvanometer
a graph taking the galvanometer converted info an ammeter
readings as abacissae and corres. ' .

ponding ammeter readings as ordinates. This graph will be nearly
s straight line and it will represent the oalibration curve of the
shunted galvanometer.

"+ Por more ucourate work calibrate the shunted galvanometer with
8 potentiometer.
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Observations

[A Readings for the determination of the resistance of the
galvanometer. .

[Note. See expt —13]
[B] Readings for the figure of merit of the galvanometer.

Resistance | Detlection | Figure of
S. lintroduced in}] in the Merit of the
No.| the R. Box Jgalvanometer|galvanometen
(R) (ny) (k)

———] —_ —_— — - — e s

Remarks

1. No. of divisions on
the galvanometer
seale (n) = ...

2.E.M. F. of th
cell (E) = ... volts.

Mean }

[C] Readings for resistance per unit length of the shunt wire.

[Note—Make a table similar to one required for the resistance
of the galvanometer.]

[D] Calibration of the shunted galvanometer.

l Reading of the shunted | Ammeter
S. |_~ _ __ galvanometer reading Ermr'
No. in in () I +1)
divs. l amps. (I)
hakd g mps .
|
l
| |
Calculations

(i) Current (I;) required to produce a full scale deflection
in the galvanometer == k X n = ...amp.

Ig. G

Now, {ii) Shunt resistance (S) T =1 .. ohms.
— 1

Again, (iii) Resistance of the shunt, wire per unit
. length, i, e., ¢ = ... ohm/om.
(iv) Length of the shunt wire reguired = 8/p = ... oms.
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Result. The length of the shufit wire of 8. W. G, ...required
to convert the given galvanometer into an ammeter of range ...
&mp. T= seen oms.

Precautions and Sources of Error

[Note—For the precautions connected with the relevant
experimepts, see them at the places referred to akove.]

(1) The accumulator used in this experiment should be fully
charged and should be of a fairly large capacity, so that it gives a
constant current.

(2) The resistance box should be a high resistanceone and
should preferably be of a dial pattern. Az no srage of the experi-
ment should the resistance in the box be zero or small, otherwise an
excessive current shall flow through the galvanometer or ammeter
which will consequently be damaged.

(3) The zero reading, if any, in the instruments should be
carefully noted down and accounted for i1n the calculations. The
ammeter used in the calibration part of the experiment should pre-
ferably be of the same range as the one which has been prepared
with the shunted galvanometer.

(4) In thisexperiment the galvanometer is a uni.directional
one, hence its positively marked terminal should be connected to
the higher potential point of the circuit.

(5) While connecting the shunt wire across the galvanometer
care should be taken to see that exactly the measured length is in
parallel with the instrument.

\ EXPERIMENT—37
Object. To convert a Weston galvanometer into a voltmeter
of a given range.

Apparatus Required*. Weston galvanometert, a high resistance
dial pattern resistance box, an accumulator, plug key, a high resist-
ance voltmeter (to read the E M. F, of the cell), another voltmeten
preferably of the same range as the one given for conversion.

* in this experiment the resistance of the galvanometer has to be
known. If its value is not given (whioch should normally be
given), in that oase it has to be determined by Kelvin’s method.
In that case the necessary apparatus shall also be required. (See
expt.—13).

+ For this experiment it is preferable to use a special type of

lvanometer, the ze#o mark of whose soala lies on the extreme
eft (and not in the centre as is usnally the oase) as in the case
jof smmeter and voltmeter scale. ..,
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Formula Employed —The geries resistance R needed to convert
the galvanometer into a voltmeter of a given range is calculated
with the help of the formula—

A4
R = — G o
I‘ !
where G = Galvaaometer resistance.

V = P. D. that has to be read with the converted
galvanometer (e. g., the required range).

Iz = Value of the current required to get a full-scale
deflection in the galvanometer.

PRINCIPLE AND THEORY OF THE EXPERIMENT

In the accompanying figure G is a galvanometer which
requires a current, say, Iz to produce a full-scale deflection of its
pointer. Now we have te read a
potenttx:a.l difference of V volts with the G. R
help of this galvanometer. It is eas — W
to understand that if we connect th{ 4
galvanometer directly with V, excessive A1, 7

ourrent shall flow and the c¢»il of the
alvanometer shall be burnt out. ® o

o current greater than I; should be V volts
allowed to flow through G. Obviously _ _Fig. 81
the excessive current can be cut down Principle of a voltmeter

by inserting a resistance of proper
value so that the requisite current Jg flows through the galvano-
meter. If this resistance be R, we have from Ohm’s law—

= _ YV '
¢ G+R
A%
h R—'_- —G (11} (l)
wanenoe T!_

)

Thus to evaluate the series resistance we have to know the
value of [;. For this purpose we should determine the figure of
merit of the given galvanometer, i. e., we should know how much
current shonld be'sent through the galvanometer in' order thata
deflection of one division is produced on the graduated soale. Thus,
if k be the figure of merit of the galvanometer, and n be the nimber
of divisions on the scale then

1' = k?. nes (2,

[Example~In the numerical problem given in the body of the
proviogs experiment let us caloulate the series resistance which
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shall convert the galvanometer into a voltmeter reading upto &
volts,

Now, the current required to produce a full-scale deflection of
the galvanometer = 002 ampere

If a P. D. of 5 volts is directly applied to the t«rminals of the
galvanometer, the current flowing through it will be equal to
5/80 = .0 17 ampere nearly, which is more than eight times

the normal ourrent, hence the galvanometer coil shall be
burnt out.

Hence to reduce this current to the normal value of 0 (2 amp.
and at the same time to convert the galvanometer into u voltmeter,

a series resistance should be added. The resistance of this wire
shall be given by

=V _05 -
R =i —G—-m —30 = 220 ohms. ]

Method

[A] Determination of the galvanometer resistance.

[ Note—If the galvanometer resistance isnot given, deter-
mine it by Kelvin’s method. See expt.—13 ]

[B] Determination of the figure of merit of the galvanometer.

[Note—This has been fully discussed in the previous experi-
ment ]

[ C1 Determination of the series resistance and the length of
the wire—From the above determinations ocalculate the value of R,
the series resistance, with the help of equation (1) given above,
Now take a manganin wire and determine the resistance* of

exactly 1 metre length of the wire with a post-office box in the
usual way.

From this calculate p the resistance per unit length ( i. e. per
om. ) of the wire. Henoe the length of the wire required to be con-
neoted with the galvanometer=R/p. Connect this length in series
with the galvanometer. Now the given galvanometer in conjunc-
tion with this length of resistance (of this thickness) has been con-
verted into a voltmeter and can read voltages upto V volts.

* Alternatively, knowing the gauge number of the wire the

repistance per metre can be obtained® from the Tables of
jConstants.



AMMEBTERS AND VOLTMRTERS | 227

[D] Calibration of the converted galvanometer—Set up the
apparatus as shown in fig.-82, in which +1E K
Rh is arheostat, whose fixed terminals [

4

are connected to E. V is a voltmeter of ' g
nearly the same range as that of the
converted galvanometer. Kh

By shifting the position of the _ G@ v;
sliding contact of the rheostat, take a + R
number of readings in G and their cor- (#)
responding cnes in V. Convert the +\y
galvanometcr readings into volts and Fig. 82

caloulate the errort, if any, between the  Calibration of a galva-
two values. In this way calibrate the nometer converted into &
whole dial of G and plot a graph voltmeter
between the galvanometer readings

(represented on the x-axis\ and the corresponding voltmeter
readings (represented on the y-axis). Thisis the calibration curve
of the galvanometer converted into a voltmeter.

Observations
[Note. Make appropriate tables with the help of those given
in the previous experiment.]

Calcnlations

(i) Current (Tg) required to produce full
scale deflection of the galvanometer = kn =..... amp.

(i1) Series resistance (R) =V)’Ig....G=... ohm
(iii) Resistance of this wire per unit length, p =...ochm/em
(iv) Length of the wire required to be put

m series with the galvanometer = R/p = ..,cm

Result. The length of the manganin wire of S. W. G. ......
required to convert the given galvanometer into a voltmeter of
Fange......... volts =.........oms,

Precautions and Sources of Error

[Note. For precautions connected with relevant experiments
other than this, see them at their appropriate places referred
to in the body of the text.]

(1) Theaoccumulator used in this experiment should be fully
charged and should be of a fairly lazge capacity, so that it dives a
constant ourrent throughout the experiment.

T For more acourate work the converted galvanometer should be
oalibrated with a potentiometer. i
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(2) The resistance box should be a high resistance one, and
should preferably be of a dial pattern. Af no stage of the experi-
ment should the resistance in the box be zero or small, otherwise an
excessive current shall flow through the galvanometer which will
consequentlytbe damaged.

(3) The zero reading if any in the galvanometer or the
voltmeter should be carefully noted down and accounted for in the
calculations. The voltmeter used in the calibration part of the
experiment should preferably be of the same range as the one which
has been prepared with the galvanometer.

(4) In this experiment the galvanometer used is & unidirec-
tional one, hence its positively marked terminal should be connected
to the higher potential point in the circuit. The same precaution
should be observed with the voltmeter.

(5) While connecting the wire in series with the galvanometer
it should be carefully noted that only the marked length, as re-
quired by calculation, is in scries with the circuit, the extra por-
tions of the wire on either end should be inside the appropriate
binding terminals.
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EXPERIMENT-—38

Object. To detormune the frequency of A. C. mains witn the
help of an clectrical vibrator.

Apparatus Required. Electrical vibrator, a friction-less
pulley, a uniform ecord, a small pan, and a weight box.

Description of the Apparatus*. The Electrical Vibrator conuists

i S M ke
+fgt—- +0Al\— +4 C -

( c

RNt

FURIRTREARONTHARPVRRNNE WY I‘S:"
Magnet
A.C, Lamp |
Fig. 83

An cfectric vibrator
* Sinoce this vibrator cam also be employed for the determination
of the capacity of a condenser, terminils marked B (for connec.
ting a Battery), A (for a micro-Ammeter), C (fof a Condenser)
are also provided on its baseboard. Internal connections are
provided as shown in the figure, The steel rod ocarries near its
booked end a sm1ll iron piece with flat ends. When the rod is
set vibrating, it makes, with the help of this iron piece, alter-
nate contaot with the terminals provided nearby. This opera-
tion during one half cycle of the alternating current charges the
condenser, while during the other half cyocle the condenser is
digohergeéd through the mioreammeter. For, performing this
experiment there {8 no need of wsing the thread,
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of a solenoid through which passes a steel rod one end of which can
be clamped, the other end ends in & hook to which a string under
tension can pe attached. The solenoid is energised by current
drawn from the A. C. mains through a suitable bulb resistance,
The steel rod passes through the pole-pieces of & permanent horse-
shoe magnet mounted on the baseboard.

Formula Employed. The frequency (n) of the A, C. mains is
given by the formula—

n= __I. :'—.f;‘: = 1 -_1}—{_1-!-
2] m 2/ ¥V m
where T = Tension applied to the string

== Mg (M = mass hung at the end of the string)
m = Mass per unit length of the string
I = Length of one loop of the vibrating string

PRINCIPLE AND THEORY OF THE EXPERIMENT

When the solenoid is energised by passing an alternating
current through it, the steel rod placed inside it gets magnetised
longitudinally with its polarity reversing during each half cycle of
the current. The magnetic field supplied by the permanent horse.
shoe magnet produces oscillations by interacting with the magne.
tised rod, the necessary energy being derived from the electric
supply. The length of the steel rod can be adjusted so as to get
resonant vibration indicated by a large amplitude of vibration of
its free end. The vibrations are communicated to the stretched
string which begins to vibrate in a number of segments*, the
frequency of the string being the same as of the rod, which is
vibrating with the frequency of the A. C. mains If / be the length
of one loop of the string, the frequency of the string is given by—

s AVE (V)

where T is the tension and m is the mass per unit length of the
string. This is also the frequency of the A. C. mains.

Method ‘ ;

(i) After inserting a 25-watt lamp in the socket provided for
it on-the baseboard, switch on the eurrent and adjust the length of
the steel rod so that it is thrown in resonant vibration as evidenced
by the amplitude attained by the free end.

* Stationary waves are produced in the string forming naedes and
! antinodes. Thus the string is divided in several segments,
7 the length of pne segment be /, we have / = )\/2, where ) is the
' wavelength of the waves travelling along the string.
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(i) Now switch off the current and tie a uniform cord to the
road. Pass the cord over a friotionless pulley attached to the table,
and to its free end tie a light pan. Put some weight on the pan.

(iii) Switch on the current when the string will 'be found to
vibrate in a number of loops, which can be sharply defined by dis-
placing the vibrator thereby altering the length of the cord.
Mark the position of the nodes and measurc the distance between
the consecutive nodes, and thus determine mean length* of a loop.

(iv) Repeat this process by keeping the tension constant and
altering the length of the cord vibrating in resonance with the
rod. Calculate the mean value of the length (/) of one loop.

(v) Weigh the pan and compute the total tension applied to
the cord Also weigh an exact/y measured length (say, 2 metres)
of the cord in a chemical balance, und thereby calculate m, the
mass per unit length of the coid

Calculate the frequencyt fiom the formula given above.

Observations
l | Total
S. No of LengthLength Mass Mass | mass
No.|loops | of the of one of the placed on] hung Remarks
| loops loop (/) pan the pan N
S T _(my) (my) |(m,+m
1. | | Vass of 200 cms
| ! of cord =...gm
| | s m =...gm/
2. 1 { , | cm
I ! |
| } |
3. ! | |
! | |
Mean | l
”
[Note. Malke similar tables for other values of the tension.]
[ ] . -
/ "M,
Calculations n= 1 T _ 1 ;Mg
2 m 21 m,
o RN cycles/sec.

* Asthe exact position of the first and the last node cannot be
asvertained, they ‘can be omitted in this measurement.

¥ The experiment may be repeated by altering tension, and there-
by saloulating the mean value of'the frequency.
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' [Note. If a number of readings for T and / have been taken

then the frequenocy can be calculated by finding T and 2 for each
set separately and then calculating the mean value of T//* from
these valuesand putting this value of T//in the formula

SENE St

Result. The frequency of A.C. mains = ... . ...cycles/sec.
Precautions and Sources of Error

(1) For this experiment a cord possessing a fairly constant
mass per unit length should be employed. Hence a fishing cord,
which fulfils this condition satisfactorily, should be preferred.

(2) Initially when the steel rod vibrates, its length shouid be
adjusted so that 1t vibrates in resonance with the frequency of the
A. C. mains This is accomplished when the free end vibrates with
maximum amplitude.

(3) The length of the cord should be so adjusted that
the nodes formed on it are well-defined. Due to uncertainty in the
exact location of the first and the last nodes, they should not be
taken into acoount while measuring the length of a loop.

(4) The pulley employed in this experiment should be a
frictionless one, otherwise the tension acting on the string shall be
different from the one actually applied. This will then constitute &
source of error,

ADDITIONAL EXPERIMENT
Expt.—38 (a)

As indicated above, the electrical vibrator can also be cmploy-
ed to determine the capacity of a condenser, For this purpose con-
neot a battery at B, a micrometer* at A, and the given condenser
at C. A study of the internal connections of the vibrator shall
reveal that during one half of the cycle the vibrating rod makes
contact with the battery and the condenser, thus charging it to a
voltage E. During the next half cyecle the condenser plates are
short-circnited through the microammeter and thus the condenser
gets discharged through it. If n be the frequency of the A.C.
mains, this prooess of charge and discharge of the condenser is
repeated n times per second. Thus, the charge passing through the
microammeter per second (i.e., the value of the current flowing

* If a micrometer is not available in the laboratory, a sensitive
galvanometer can be employed, but in that case the figure of

] merit of the galvanometer should be known, If it is not known,
it should be determined as described in expt.~36.

3
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through it) is equal to nCE coulombs. Thus if I be the current
recorded by the microammeter, we have I = nCE, or

c=_1 - Current
nE Frequency x Voltage

[Note. For ipstance, in a particular experiment the micro-
ammeter registered a constant current of 200 uA, when the o. m. f.
of the cell was 2 volts, Then

C I _200x107¢ _ 2 x 107¢ farads, or = 2uf.]

For the success of the experiment it may be necessary to ad-
just the contact of the vibrating rod with the flat dises provided, so
that the microammeter registers a stcady deflection when the vib-
rator is working. Moreover, the e. m. f. of the cell should be
recorded with the help of a high resistance voltmeter.

EXPERIMENT—39

Object. To determine the frequency of A. C. mains by means
of a sonometer.

Apparatus Required. A vertical pattern sonometer, a solenoid
with a soft iron core, a pan (or a hanger), half kgm-weights,
chemical balance and weight box.

A. C. Mains
22? v Step-down
6V % Transformer
(N
1A :
Ve

O ~ Bridges 9{]
[ ] J\ . M

8
4 Mg

Fig. 84 Fig. 85 -
Vertical sonometer for Horizontal sonometer for
frequgnoy of A. C. frequehoy of A. C.
mains . mains

¢ The frequenoy available for the city supply is generally 50
oycles/ses.
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Description of the Apparatus. The apparatus consists of a
vertical pattern sonometer on which is stretched an iron wire. A
solenoid having a large number of turns of insulated copper wire
and carryinge a soft iron core along its axis is clamped near the
middle of the segment of the wire between the two bridges. The
lower end of the wire carries a pan on which suitable weights can
be placed.

[Note. Another variation of the apparatus* is the usual hori-
zontal pattern sonometer on which is stretched a brass wire. The
alternating voltage is stepped down to, say, 6 volts by mecans of s
step-down transformer and then js connected to the wire as shown.
The wire passes between tle pole-pieces N and S of a permanent
horse shoe magnet. The wirc therefore experiences an alternatin
force due to the field of the magnet on the current in the wire, an
for a particular length of the wire between the bridges it is thrown
into resonance as is evidenced by a large amplitude. This condition
is achieved when the frequency of the alternating current passing
through the wire is equal to its mechanical frequency of vibration,

which is given by the formula n =_L_'\/_T__ ]
2] m

Formula Employedf. The frequency (n) of the mains is given

by the formula—
_ 1 T
. ——41*\/ T

m

where | = Length of the sonometer wire between the
two bridges when it is thrown in resonant
vibration.
T = Tension applied to the wire.
m = Mass per unit length of the wire.

PRINCIPLE AND THEORY OF THE EXPERIMENT

If an alternating current is passed through a solenoid having
a soft iron core, the core is temporarily magnetised twice during
each cycle of alternation—first with one polarity when the oscilla-
tion of the current is in one direciion, and then with the opposite
polarity when . the current flows in the opposite dircction. When
the sonometer wire is held close to the core, it will be pulled twice
during each cycle, and consequently if the frequency of the
alterndting current be n, the wire shall be pulled 2n times per
second. If the length and tension of the wire be so adjusted that
its natural frequency is also 2n, the wire will be thrown in resotiant

* The vertical pattern s preferable to the horizontal one, sistve
friction at the pulley is completely eliminated.
1 Carefully note the difference in the two formuiae,
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vibration and the amplitude of vibration of the wire will be
maximum, Ifthe temsion applied to the wire be T and m be the
mass per unit length of the wire, the frequency of vibration N of
the wire is given by— °

N =3 T
2 m

where / is the resonant length of the wire.

The frequency (n) of the A.C. mains will be equal to N/2.
Hence
1 T

n = Tl— ._m__.

Method .

(1) Before starting the actnal experiment, have an idea of
the breaking stress for the material of the wire from the Table of
Physical Constants. From thir value calculate the breaking tension
(= breaking stress x area of cross-section of the wire)for your
wire. During subsequent experiment the weight in the pan should
not exceed half the breaking tension.

(ii) Suspend the sonometer from the nail on the wall and
see that the pan provided bslow stays olear of the wall. Put
a suitable load on the pan. Switch on the current and adjust the
core of the solenoid near the middle of the wire between the
bridges.

(1iiy With the help of the bridges adjust the length of the
wire till it begins to vibrate under the influence of the magnetic
field provided by the core. During this adjustment the core should
always be placed near about the middle of the vibrating wire.

Now by a elight delicate adjustment attain a position when
the wire is thrown in violent resonant vibration and the amplitude
is maximum,

(iv) Switch off the current and measure the length of the
vibrating wire +by holding a scale on the bridges and avoiding the
error due to parallax, Record the tension, which should include
the mass of the pan or the hanger.

(v) Change the tension in suitable steps and obtain the corres-

Eznding lengths of the vibrating wire. Now weigh in a chemical

lance a known length (say, 100 cms) of the sonometer wire
and thus caloulate m, mass of the wire per unit length.

Bel {vi) Caloulate the frejuenoy of the A. C. mains o8 indicated
ow,
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Observations
9 ﬁnlmon"‘ Length of the |
. appliud to resonatin
No. the wire wire o Remarks
(T) (1)
il ‘ Mass of 100 cms. of wire
= ...gm.
| S, M= ,.gm/em,
|
Mean Mean
Calculations

. Substituting the mean values of T and /2 in the formula we
ave—

1 T
- —
" ="4m \ )
Hence = ... ... cycles/sec.
Result. The frequency of the A. C. mains = |, oycles/sec.

Precautions and Sources of Error

(1) The sonometer wire should be uniform and free from
kinks.

‘2) For bringing the wire in resonant vibration, start with
a small length of the wire and increase the length in small steps.
The solenoid should be so placed that its iron core is situated close
to the middle of the vibrating portion of the wire.

(3) While finding out the tension of the wirp, do not forget
to add the mass of the pan or of the hanger. If a sonometer
employs a spring balance note down its zero error, if any.

(4) While increasing the tension of the wire, be careful that
the wire is not stretched beyond the elastic limit. For this purpose,
before starting the experiment have an idea of the magnitude of the
breaking load of the given wire from the Table of Physical Constants,

* This inoludes the mass of the pan (or the hanger).



MISOBLLANEOUS BXPERIMENTS | 237

(8) In the derivation of the formula v = 4/ T/mit bas been
assumed that the wire is perfectly flexible. Hence due to the rigi-
dity of the experimental wire an error shall creep in the result.

(6) If the wire is not uniform or if its compositien is variable
then also the result will be erroneous.

(7) The tension on the two sides of the bridges may not be
the same.

[Note If the horizontal pattern of the sonometer is
employed, there will be an additional sonrce of error. There may
be friction at the pulley, hence the value of the tension is less than

that actually applied. This consequently affects the value of the
frequency.]

EXPERIMENT—40

Object. To determine the impedance of a given A. C. circuit,

Apparatus Required. An inductance, a condenser, a resistance,

A. C. ammeter and voltmeter and flexible cord for making electrica)
connection.

Formula Employed. The impedance of the cirouit is given
by the following formula :—

Z = E,
‘l*
where Z = The required impedance

E, = Virtual E. M. F. (as measured by A. C. voltmeter)
I, = Virtual Current (as measured by A, C. ammeter)

PRINCIPLE AND THEORY OF THE EXPERIMENT

Let o harmoniocally varying voltage, E, sin ot, be applied to

a circuit containing an inductance L, a resistance R, and a capaci.
tanoe C in series, as shown in fig.-86,

e % The value of the current flowing in
E = Eqsin wt this circuit is obtained by solving

the potential equation of the cireuit,
L R
e

The potential equation pf the circuitis

L%:— 4+ IR+ V =Eosinot ... (1)

Fig. 86
Cirouit containing L, C,  where I is the instantageous valae of
and R the current and V is the potential

differenes between the coatings of
the condenser at that fnatant. If Q be the charge on the condenser
at that mdment, the above equation reduces to
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dI Q _
L-dt- + IR +——G- = E, s1n ot (2)
Let the solution* of this equation be
I =1Josin (0t —¢) 3)
where I, and ¢ are to be determined. From (3) we have
-g—: = I, 0 cos (cos wt — ¢)

Now bscause dQ = I .dt = I, sin (ot — ¢) dt, we have on
integrating this

Q————;—COB(wt—¢)

Substituting the values of these expressions in equation (2) we have

LlIocos(wt —¢) +JoRsin( ot —¢) — CI‘:” cos (ot — ¢)

= E, sin ot
or IoRsin(mb—¢)+Io(Lm— Clw )cos(«»t—-«b)
=E05inwt

Comparing the coefficients of sin wt and cos wt on the two sides of
thia equation we have

I,Recos¢p +To(Lw—1Co)sing =K, (4)
and ~JoRsing +To(Lw —1/Cw)cosg =0 (5)
Now, squaring and adding (4) and (5) we have—
JE[R* 4+ (Lo — 1/Cw)?] = Ey?

whence Iy = -5z —— Eo —— — 8
°T VRIF (Lo —1jCop w
Also from equation (5) we bave
' Lw—1,C ‘
tan ¢ = i R_/ il ‘ . (7)

* The only part of the solution of equation (2) which is of
importance to us is that in which the current has the same
periodicity as the electromotive force, any other being quickly

| damped out.
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Thus from equation (6) it is clear that effective resistance, or
the impedance of the cirouit is given by

Z = o/ R¥ & (Lw —1/co)?

\ (8)

where L o is the inductive reactance and 1/co is the eapacitive
reactance. From equation \6) we have

B, BV _E,
Io To/v/ 2 I,
where E, and I are the virtual voltage and virtual current respec-

tively. Normal A.C. measuring instrumentsf measure virtual
values of voltage and current.

Z = (9)

Thus by measuring E, with an ordinary A. C. voltmeter and
I, with an A, C. ammeter, the impedance (Z) of the circuit can be
evaluated.

Method

(i) Set up the apparatus as shown.n fig.-87. Connect the
primary of the step-down transformer to the A.C. mains. The
secondary is  conneoted

through a rheostat to a choke To A. C. maigs

coil (L), a condenser ((9), and
a registance (R). Connect WMJ i
the A, C. ammeter (A) in %‘:&g:rz:‘"
series and the A C. voltmeter
(V) in parallel with this ‘ I ., K
cireuit. v Rh

A AN A

(ii) When the connec-
tions have been properly t
made, switch on the current _W——’ R
and for a particular setting of
the rheostat record the read- ‘
ings of the ammeter and the Fig. 87
voltmeter. In this way by Impedance of an A. C. eircuit

adjusting the rheostat take .
several readings for the values of the current and the voltage.

(iii) Plot a graph between virtual volts V, (represented
along the y—axis) and virtual amperes I, (represented along the

t ¥or a detailed study of these inp‘trumentn read author’s book
«A Critical Study of Practical Physios and Viva-Voce."
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x-axi8). The graph shall bo a straight line. The slope (= tan 8)
of the straight line gives the impedance of the circuit.

(iv) Cadculate also the value of the impedance by taking the
known values of L, C, and R, and substituting these values in
equation (8) given above.

Observations

Voltmeter | Ammeter ‘3lope of the

8. N.| reading reading graph
SR (R 0 M X -
|
1 | ... volts ...... amps ‘
| . ohms
!
|
| |
Calculations
Ve
From the graph, = = ohms
*
Again Z = v/ R* (Lo — I/Cu)?
Here R = ... ohms.
L = ... henry
C= farad
and o = 27 n = 27, 50
Thus Z= = .., ohms
Result. The impedance of the given A. C. circunit ohme.

ADDITIONAL EXPERIMENTS

Expt.—40 (a)

Variation of impedance of the circuit with frequency and deter-
mination of L or C from the resonant frequency.

From the relation

R + La — I/Ca)!
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it is olear that if the A. C. voltage be kept constant and ite
frequency be varied, the ourrent amplitnde changes. If we plot a
graph between I on the y-axis

and frequency (n) on the x-axis, j,
we get & curve a8 shown in the T A’

acoompanying figure. Obvious-
ly the maximaum current
amplitude is obtained when the
impedance of the cirouit is
minimum, The impedance is
minimum when

*—---.‘-----

1 _ |
Lo —C—w = O or o = TG -
1 Fig. 88
Sincee = 27n; n* = Variation of current with
4 7 LC frequency
ne=_1_.
or 2 'n'.\/ 1o

When the frequency of the applied source is equal to this
frequency, the circuit is said to be in resonance, and wunder this
condition the current amplitude is maximum and the current and
voltage are in phase with each other since tan ¢ = 0. Since the
inductive reactance cancels the effect of the capacitive reactance,
the current in this ocase is determined purely by the ohmie
resistance,

Now, to oconduct this experiment an alternating voltage
source of variable frequeney is needed. For this purpose, a valve
oscillator can be employed as a variable frequency source. The
electrical conneotions are made as above, and after adjusting the
source for the lowest frequency which it can produce, the readings
of the voltmeter and the ammeter are taken. The frequency (n) of
the source is varied in steps and the corresponding values of the
voltage (E) and the current (I) are recorded. The value of the
impedanoce (Z = E/I) is calculated for each value of the frequency
(n). Finally a, graph is drawn between these two quantities
(n and Z) and the frequency corresponding to minimum impedance
is noted. Now, resonant frequency

1

Dp = —— il

27 IO

Hence inaw n'fn:un the graph 'orOoMi;° ' calenlated if the
_ other tj,mnti‘t;si- given, graph § %ﬁ
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Expt.—40 (b)
Determination of the frequency of the alternating voltage.

For this purpose a variable condenser of known capacity
replaces the one used in the main oircuit above. If the variable
eapacity is changed, the current in the circuit as read by the
ammeter also changes. Now the capacity is varied in steps and its
values a8 well as the corresponding values of the current are noted'
down. These are depicted on a graph from which the value of
eapacity C; giving the maximum current in the circuit is noted.
The frequency of the voltage is calculated from the formula

[Note. This method is more convenient if the frequenocy of
the source is, say, of the order of 1000 cycles per sec. If the
frequency to be measured is of the supply mains, which is generally
50 oycles per second, the method adopted in Expt.—38 or 39 is
always preferred.]

EXPERIMENT—41

Object. To draw the characteristic curves between grid
voltage and plate current of a triode valve and with the help of
these curves to determine the values of the amplification factor,
the plate resistance, and the mutual conductance of the valve.

Apparatus Required. A triode valve, characteristic-curve-
apparatus fitted with meters, etc., a 2-volt accumulator, high
tension battery, low tension battery, rheostats and plug-keys.

Description of the Triode Valve. When a metal is heated to
a high temperature, it begins to emit electrons. This phenomenon,

‘ ) Plate Plate

—Grid
\, ) Grid
Filament '
Filament
G'y p'F
(a) (b)
Fig. 89

j A triode valve (sectional diagram)

"onlled the therminoic emission, is utilised in the construotion of
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valves. The triode or the three-electrode valve, invented by Lee de
Forest in 1907, consists of three components—the filament, the grid,
and the anode or the plate, all mounted in a glass or wmetallic tube
which is either highly evacuated or cgntains a trace of an inert gas.

In one pattern of the triode valve (fig -89 a) the grid is an
open spiral wire surrounding the filament, and the plate is a cylinder
of thin metal enveloping the grid and the filament. Fig -89 (b)
depicts the conventional mode of representing the valve in
diagrams.

The filaments are generally of two types : —

(i) The directly heated type, in which the filament is either a
pure tungsten wire, or a thoriated one, or coated with special active
material, such as alkaline earth metals and their oxides.

(ii) The indirectly heatedtype, in which the filament consists
of a metal tube with insulated heater wire of pure tungsten at the
centre. The metallic tube is externally coated with electron-emit~
ting oxides.

The grid is usually made of spiral or mesh of molybdenum
wire wound in grooves in the supporting wire. The plate is usually
a circular or flattened cylinder of nickel or iron.

When the filament is heated by passing an electric current
through it the electrons emitted by it are attracted by the plate
which is always maintained at a high positive potential with respeot
to the filament. The grid may be raised to a positive or negative
potential with respect to the filament. Consequently the electrons
coming from the filament will either be attracted or repelled by the
grid. Thus the eleotronio current flowing from the filament is
determined jointly by the potentials of the plate and the grid, but
as the grid is situated closer to the filament than the plate, it is
much more effective in ocontrolling the plate current. Thus the
grid acts as a control electrode in a triode valve,

Formula Employed*

: (i The Amplification Factor (1) is determined by the for-
mula— ™ .

AE
] =‘-—A—ﬁ;|1p ves . (l)

which means that if the plate voltage is increased by an amount
AEy, the grid voltage has to be decreased by AE; in order to

ﬁa valve pa:ramabers are appfoximately constent over the
straight part of the characteristio carves. (See fig.~82) hence
their valves are determined.only in this region,
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keep the plate current I, constant. Asa matter of fact, amplifi-
cation factor of a triode valve is a measure of the effectiveness of
the grid with respect to the plate {(or the anode) in ocontrolling the
plate (or anods) current, and may be defined as the ratio of the
change in the anode voltage, required to produce a certain change in
the anode current, to the change in the grid voltage which would
cause the same change in the anode current.

(i) The Plate Resistance (rp)is caloulated by the formula—

_|AEp
Tp —’_ZK E, (2)

which means that for a constant grid voltage Eg, a change in plate
voltage by AKE, results in a corresponding change in plate current
by Al,. Plate resistance may be defined as the reciprocal of the
rate of variation of the anode current with anode voltage, when the
grid voltage is kept constant.

(i) The Murual Conductance (gm) is evaluated from the
formula—

gm =,£T{3% ,Ep - (3)

which means that for a fixed plate voltage Ep, if the grid voltage
changes by AEg, the corresponding change in the plate current is
Alp.  Mutual conductance may be defined as the rate of change of
anode current with grid voltage, when the pldte (or anode) voltage is
kept constant.

PRINCIPLE AND THEORY OF THE EXPERIMENT

When the filament (of a directly heated valve) or the separate
heater.cathode (of an indirectly heated one) is electrically heated,
it becomes a source of eleotrons which acoumulate in the region
surrounding the filament. If an external field is applied which
removes the electrons as fast as they are produced, the electrons
begin to drift in a continuous stream which constitutes an electrie
current. However, if the external field is not sufficiently great to
remove the electrons as fast as they are produced, a cloud of elec-
trons will perpetually be formed near the filament surface, and will
eonsequently exert a repulsive force on those eléctrons which are
just to leave the surface. This eleotron cloud is known as Space
Charge. 1If the external field is withdrawn, the space charge may
attain a value which repels all the electrons as soon as they are
emitted. Under this circumstance the flow of the ourrent will
oease.

In a triode valve the external field round the filament is joint-
ly applied by the grid and the plate. Voltages applied to the grid
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have a larger effect on the electrons emitted by the filament than
the voltages applied to the plate since the grid is situated nearer the
filament. The number of electrons drawn away from the filament
is dependent on the plate voltage as well as the grid voltage, and
since the grid does not obstruct the passage of electrons flowing
through it, the electrons reach the plate constituting the plate
current.

L4

. =
o/ —
mA —T"
= , > iHT.
T C’ 1
B!
¢ 1 U ¢ Va -
-~ N .
+ L ] - —
Fig. 90

Connections for a triode valve

Thus if the filament temperature is kept constant, the plate
current 1, is a function of the plate voltage E, as well as the grid
voltage Eg. The most important characteristic curve* of a triode
is the curve showing the variation of plate current with the varia-
tion of grid voltage for any
fixed value of plate voltage.
These curves can be studied
with the help of the arrange-
ment shown in fig.-90.

The filament F is heated
by & 2-volt acoumulator
(or in accordance with the
specifications prescribed by
the maker for that parti-
oular valve), and the anode
(plate) is connected to a
high temnsion battery (H.T.)
in series with a milliammeter
(mA)., The grid is oconnected
to a variable grid-bias bat-
tery (G.B.) through a revers-

A
A N\

ol

ing key K. The character- < g —Volts
istic curves obtained are of Fig. 9]

the type shown in the Charaocteristic curves of
accompanying figure, triode

* This is aléo known as a mutual characteristic to distinguish it
from anode characteristic which depiots the variation of anode
current with anode potential for any fixed grid voltage.
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The tube parameters* are caloulated as follows :—

(i) Amplification Factor. Draw a line parallel to the x-ax;s
cutting the straight portions of the curves at A, B, C, and D
respectively. As the plate current I has the same value atb A._B.
C, and D, the amplification factor is given by the following
expression :—

A By

E, VA—-VR _ Vs—Vc _
A Y

—— ==,., ¢te.

b= ,  AB T~ T BC

The mean of these values may be taken as the amplification
factor of tho valve. Amplification factor has no unit and its value
is always greater than unity.

(ii) Plate Resistance—Now draw a vertical line cutting the
curves at P, Q, R, Srespectively. Since Eg, the grid potential,
is constant for all these points, the value of the plate resistance
ia aiyey) by—

rp = = ... ohms.

A Ey — Vp-Va _ VoQ-Vr
Al g, PQ QR

The unit of plate resistance is ‘“ohms”.

(iii) Mutual Conductance—For this purpose consider any one
curve, aud select out two points such as B and Q. The plate volt.
age E, remains constant, hence the mutual conductance.

_| Alp I
m== S - mh
g , AEg Lp eg e

where i, is the difference in the plate current,and e; is the
difference in the grid voltage for these points. Values of mutua

conductance are calculated on the four curves separately, Th
unit of mutual condnetance i ¢“mha?’.

AN AdL A,
L]

(i) Before starting the actual experiment ascertain the
specifications prescribed by the manufacturer for the particular
valve under eoxperimental study. These specifications should be

* The experimentally determined values of these parameters can
be employed to verify the relation— )

o b =1Tp X gm

1
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strictly followed. Now insert the valve in its socket and make
the connections* as shown in fig.-90,

[Note—The high tension voltage may be had trom a battery
of dry oeily, or it may be obtained from the D.C. mains, if available
in the laboratory, with the help of iesistances

D.C mains a8 shown in fig.-92. R is a fixed resistance
+1 t. which helps in creating a potential drop across
the rheostat Rh, which is being used asa

potential divider, from which suitable voltages
can be tapped.

If an A.C. mains is available in the lubora-
tory, the anode potentials can he taken by
using a rectifier set, which may incorporate,
for instance, a metal rectifier which changes the
alternating current into a unidirectional pul-

Fig. 62 gating current, which is further smoothened by
High tension a capacity and choke combination. ]
for ase with
a triode (ii) Adjust the plate voltage to any con.

venient value (say, GO volts), and connect the
grid bias to the reversing key in such o way that the grid becomes
negative with respect 4o thc filament, Adjust the variable tap of
the grid bias in such a way that the plate current is zero. Now
change the grid bias in equal stops till the voltage applied to the
grid is zero. Reverse the key now so that the grid becomes posi-
tive with respect to the filament. Increase the grid voltage in
steps to the maximum permissible value. Record each value of
the grid voltage and the corresponding anode current. Also note
down the anode voltaget.

(iii) Plot a curve betwcen the grid voltage and the plate
curtent taking the various grid voltage as abscissae and the corres-
ponding values of the plate current as ordinatcs,

(iv) Now change the plate potential to, say, 80,100, volts ete.
and take a few more sets of observations for the variation of the
plate current with the grid potential, and draw similar curves] on
the same graph paper. .

(v) Calculate the tubo parameters as explained above.

* If the apparatus supplied in the laboratory for this experiment
is & ready-made one, then atudy the internal connections
oarefully, this is very essential. -

t It is essential thiat throughout this measurement, the plate
voltage, fixed earlier, is maintained constant.

1 A typioal set of such curves obtained with a Farticular type of
griode is illustrated on the graph at the end of this experiment,
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Observatiouns

Plate current when the plate potential
S is kept at a constant value of

60 volts 80 volts 100 volts

No Gri_d potential

- -—— —— —

1. ... VOl ... MA, ... MA, ... MA,

Calculations—From the graph

Va—Va _
AB

(i) Amplification Factor, 1 =

. _Ve—-Vo _
Similarly h=-—p5 = e = .

ves €1C. ... €fC, ...
. Meanu =....

(ii) Plate Resistance, rg = Vrl:éVg_ = ..=,, ohms

.. etc. ... ete. .
Mean ry = ... ohms

(i) Mutual Conductance, gm = :;%-

(a) For ocurve no, 1, gm ... = ... ohms
.. ete. ... oto. ..,
Result—The charaecteristic curves for the grid voltage and the

plate current of the given triode valve are shown in fig.-93, and the
values of the tubs parametera are as follows : ~—
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(i) Amplification factor = ...
(ii) Plate resistance = ,,. chms
(iii) Mutual conductance = ... mhos

Precantions and Sources of Error

(1) The specifications prescribed by the manufacturer for the
given triode should be strictly followed. 1f a specific value of the
heating current for the filament has been prescribed, this should be
adjusted to this value by including in this circuit a rheostat and an
ammeter,

(2) The negative marked terminal of the milliammeter
should be connected to the plate of the triode.

(3) While taking observations for the anode current with
different grid voltages, the anode potential should be adjusted, if
necessary, to its initial value. Moreover, it is well to arrange that
the grid circuit is never broken while there is a high potential on
the anode.

(4) The maximum voltage applied to the grid should not be
more than 20 volts, otherwise the filament may be broken due to
excessive mechanical strain.

(6) The characteristic curves should be drawn smooth on the
graph paper and for the evaluation of the tube parameters the
straight portions of the curves should be employed.

Note. [See the graph drawn in fig.-93.)
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