Chapter - 6
Electric

In previous Chapter we studied Ohm’s law and
series and parallel combination of resistors. In simple
electric circuit, electric current and potential difference
can be calculated by using Ohm’slaw. In complicated
electric circuits (in which so many resistors and cells are
connected ina complex way) to calculate electric current
and potential difference, German scientist Robert
Kirchhoff gave two laws. In this chapter we will study
Kirchhoft’s Laws and theiruses, Wheatstone bridge and
potentiometer is a device used to measure potential
difference accurately and its applications.

6.1 Kirchhoff’s laws

Junction s a point where three or more than three
branches of acircuit meet. In anetwork of electric circuit
in which electric current remains constant 1s called a
branch. A closed circuit consisting of different
conductors, resistances and other elements is called a
loop ormesh. For complex electric circuits, Kirchhoft's
laws are as follows.

6.1.1 Kirchhoff’s first law or junction law

According to thislaw, the algebraic sum of electric
currents meeting at ajunction is zero.

21=0

Thus, we can say that the sum of electric currents
cntering at the junction is cqual to the sum of clectric
currents leaving the junction, This law is known as
Kirchhoff's first law or junction law.

lLe.

This law is bascd on the conservation of charge. In
electric circuits, at any junction charge can not be
accumulated or generated. Thus, at junctions, the rate of
entering charge is equal to rate of leaving charge.

Fig 6.1 KirchholT'sjunction law
InFig (6.1) at junction O, according to this law,
L+l -1 -1+ =0
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Circuit

or L+, +0 =1 +1,

6.1.2 Kirchhoff’s second law orloop law:

(6.1

Kirchhott’s loop law is applicable for closed
electric circuits. Hence, it is called loop rule. According
to this rule, for a circuit consisting of resistances and cells.
The agebraic sum of voltagesin a circuit is zero.

SV =0 ...(6.2)

Thislaw canbe represented in a different form as
follows.

In any closed loop algebraic sum of potential
difference across resistors will be equal to the algebraic
sum of emt ot cells used.

Thus, 2IR=X¢ ...(6.3)

While using equation (6.3) following sign
conventions are used.

1. Inany circuitit we moveinthedirection of current
potential ditference acrossresistance is considered
tobe positive. [f we move inthe opposite direction
of current, potential differences are considered to

be negative.

Ifwe movein the circuit in assigned direction of
current and move from negative electrode to the
positive electrode of a cell, thenemfis considered
to be positive. Similarly, in the circuitifwe move
from positive electrode to negative electrode of the
cellis considered to be negative.

Kirchhott’s loop rule is based on the law of
conservation of energy. Loop rule can be explained by
the example givenin Fig 6.2
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Fig6.2 Aclosed circuit



Inthe given figure, apply junctionrule at junction
'd". Current inresistance R, willbe,

I,=1+1, ...(6.4)
Applyinglooprulefor'adcba'loop,

IR -1R =¢ —¢,

or LR —-IR=¢-¢g ...{6.5)
Applyingloopruleforde fcdloop,
LR +IR =g, ... (6.6)

On simplifying equations (6.4), (6.5)and (6.6), we
can calculate current in different branches and potential
difference across different resistances. We will
understand these rules by few solved examples.

Example 6.1 : Find the value ot Tinthe network as
showninthe figure,

Solution : Let the current through the branches AB
and BC arex and y respectively. Using Kirchhoff’s
junctionlaw, we have,

Atjunction3-1.5-x=0

or x=154

Atjunction B, 1.5-y-1=0

or y=054

Similarly, at junction C,
05-025-7=0

or I1=0254

Example 6.2 : Find the values of currents in the
circuit using Kirchhoft’s law in the network are given
below,
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Solution : Inthe givencircuiti i, andi;arethree
unknown currents. For calculating these unknowns, we
need three equations.

Using junction law at junction C we have,

i, =i +1, .. (i)
Using loop law inloop 'acdba’we have,
+2i, + 6, = +10
or 6f +2i =10
Putting the valueof | ; fromequation (1)
8i +2i, =10 . (i)
Using loop law inloop 'cd fec” we have,
6i —4i,=10+14
or 6i —4i, =24 .. (1ii)
By solving equation (i1) and (i11)
=24, i, =-34
By putting the value of 1 jand i, from equation (i)
weget, I, =—14

Note : Negative sign of i ,andi,in the solution

indicates that their directions will be opposite to the
directions showninthe figure 6 2.

Example 6.3 : Abattery of emf 10V and
negligible internal resistance is connected across the
diagonally opposite corners of a cubical network
consisting ot 12 resistors each of resistance 1 Q.
Determine the equivalent resistance of the network and
the current along each wire of the cube,
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Solution : The paths AE, AB and AD are obviously
symmetrically placed in the network. Thus, the current in
each of these wires must be same. Further, at the corners
E, D and B the incoming current I must divide equally into
the outgoing branches. Inthis manner, the current inall
the 12 wires ofthe cube can easily be writtenin terms of
I using Kirchhoffs first law and the symmetry of the
problem.

Next, take a closed loop ABCHA and apply
Kirchhoft’s second law.

IR+%+!R:5

5
OT'S:EHQ (])

Here, cistheemfofthe cell and R is the resistance
of'each edge of the cube.

Total current drawn from the batteryis 31, therefore
the equivalent resistance ofthe Cubical network is,

R _£
37

Putthevalueof ¢ from(1)toeq. (i),
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Accordingtothe questiong = 10,

5
—-Q

Therefi
erefore, G

Re:g =

Emf otf'the cell is given as = = 10F", therefore,
using equation (1),
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Therefore, the current through each edge of the
cube canbe calculated from the given tigure.

6.2 Wheatstone Bridge:

In 1942, English scientist Prof. C.F. Wheatstone,
joined fourresistances, one cell and one galvanometer to
make a special type of circuit as showninthe figure 6.3. It
1s known as Wheatstone Bridge. This circuitisused to
determine the value of some unknown resistance.
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Fig 6.3 Wheatstonc Bridge
Construction :

Arrangement of Wheatstone Bridgeis showninthe
figure (6.3). In this circuit two resistances Pand Q are
connected in series and remaining two resistances
R and sarealso connected in series. These two series
combinations are connected in parallel. In this way a
quadrilateral arrangement isformed between 4 and C.
A cell of emf's is connected between these terminals
along with a key K whereas a galvanometer is
connected between theterminals B and D along with
key K. Keys K and K areused to allow current inthe
circuit.

Resistance arms P and Q are called ratio arms and
the arm ADinwhich known resistance R is connected is
called known resistance arm. The arm CD in which
unknown resistances is connected is called unknown
resistance arm. Arm AC in which cell is connected is
called cell arm. Arm BD in which galvanometer is
connected is called galvanometer arm.



6.2.1 Principle of Wheatstone Bridge and

condition of Balance :

Whenkey K, is closed, current 7 is tlowing and it
divides into two parts at junction 4. Current through
branch 45 is 1, and current throughbranch 4D is f,.
Whenkey K, 1s closed, galvanometer gives deflection.
Whenv, = I, ,thenthe current in galvanometer flows
from B to D. Potentials at points B and D are
Vyand 17,. The values of 7 and I depends on the
values of resistances ot the arms. Now we select the
resistances in Wheatstone’s bridge such that

galvanometer gives no deflection and this is called
balanced condition. Inthis condition, potentialsat B and

Dareequalie. [, =/, and /. =/, . Inthis condition
(refer tofigure 6.3)

7=, (1,=0) - (6.7)
or Viy=Ve=V,=V,
Accordingto Ohm'slaw /[ P=7,R . . (6.38)

r

Similarly, ¥V, —V,. =V, -V, (fromeq.6.7)
Accordingto Ohm'slaw, 7,0 =718
10=18 (I,=1, and I, =1} .. .(6.9)
Dividing cquations (6.8) and (6.9)

1P _ LR
10 LS

P R

0" s
Equation (6.10) is the condition of balanced
Wheatstone bridge. 1t1s clear from this equation that in
the balanced condition the ratio of resistances in ratio
arms is same,

or ...(6.10)

From equation (6.10), unknownresistance canbe
calculated,

" Q o
S=2PR
2 L (6.11)

To determine the value of unknown resistance we
connectitin 4th arm ofthebridge. Known resistances P
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and Q are connected in 1st and 2nd arm of'the bridge.
Known resistance R isadjusted such that galvanometer
gives no deflection. Thus, balanced condition is obtained
for Wheatstonebridge.

For Wheatstone bridge to be sensitive resistances
ofall the four branches must be of same order.
6.2.2 Balancing Condition of Wheatstone Bridge

using Kirchhoff's Laws

Using Fig (6.4) we can derive the condition of

balance of Wheatstone bridge using Kirchhoft’s laws.

Let the current in the galvanometerbe /, and the its

resistance be Rg )

|
I

L
I
-
Fig 6.4 Whcaisionc Bridge

Apply Kirchhoff s loop rule (Voltage law) in the
loop ‘abda’.
LP+1,R ~1,R=0 . (6.12)

Similarly, apply Kirchhofl’s loop rule ( Voltage law)
intheloop ‘hcd b’

(1,-1)0-(1,+T,)S~T.R =0 .. (6.13)

Inthebalancing condition ofthe bridge, 7, =0,
Hence from the equations (6.12) and (6.13) we

get,

IP-I,R=0

IP=LR . (6.14)
and  1QO-1,5=0

10=1S ... {6.15)

From equations (6. 14)and (6. 15), we get,



PR
0" s

Which is the condition ot balanced Wheatstone
bridge.

6.3 Meter bridge:

Meter bridge is based on the principle of
Wheatstone bridge. Meter bridge 1s a device which
consists of a one-meter long resitance wire with uniform
cross section. Itisused to determine unknown resistance.
Qutline of the meter bridge is shown inthe figure (6.5).

... (6.16)
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Fig. 6.5 Meter bridge

Construction : Aone-meter long constantan or
magainin resistance wire is stretched between two
screws @ and ¢. A meter scale is also fixed over the
woodenboard along the length of wire. Two L shaped
copper strips Gand H are also joined to the screws aand
¢. Another copper strip Lis also placed between the strips
(G and H such that a proper gap exists between Gand H
with . Anunknownresistance S is connected across the
gap between [ and H strip. Aknown resistance R 18
connected across the gap between Gand 1. Jis a sliding
keythat canbe slided onthe wire ac, the point of contact
of'the key, b on the wire divides the wire into arms ab
and be.

Working Principle : In the gaps of meter bridge a
resistance box is connected in the left gap and unknown
resistance is connected between the right gap with the
help of nuts (A nut isa fastened with athreaded hole). In
between the points A and C, aleclanche cell, arheostat
and key K are connected. In between d and sliding
jockey J, a galvanometer is connected. In this position,
meter bridge works as Wheatstone bridge. Now,
remove certain plug from the resistance box. To check
the correctness of connections, hold thejockey first near
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the end ‘a’ of the meter bridge wire and then near the end
‘¢’ ofthe wire. If the galvanometer shows opposite
deflection at the ‘a’ and ‘¢’ ends of the wire then the
connection 1 said to be correct. Otherwise, choose
appropriate resistance R from the resistance box to get
this condition. Once we are sure about the correctness of
the connections, then slide the jockey over the meter
bridge wire and tind the null point. Suppose the
galvanometer shows the null point when thejockeyisat
the position b. This is the balanced condition of
Wheatstone bridge. At pointbifit shows zero deflection,
then the part of wire ab works as resistance P and the part
'be’ works asresistance Q.
P R

07 L A{6.17)

Let point bisat a distance ¢ fromthe point a. Let
R_ betheresistance per unit length of the wire then the
resistance of section P of the wire willbe R ¢ and that
of the section Q ofthe wire willbe R__ (100 - ¢ ). Ifthe
resistance ofthese sectionsis Pand Q then,

P=resistance of sectionabofwire=R_ s AndQ
= resistance of section bc of wire=R__(100-¢). By
substituting the values of P and Q mequation (6.17) we
get,

ﬁ _ JRc:m {I
S R

, (100—¢)

. (1004
o[

Knowing the values of / and R we can get the
value of unknown resistance. Meter bridge will be
sensitive if the null point is obtained near the middle point
ofthewire.

. {6.18)

Limitations of meter bridge :
(i)  Inthederivation of the formula for meter bridge
we have considered the resistance of copper
plates(G, Hand I) as negligible. But actually, these
copper plates do have some resistance due to
which there will be error in the result. To eliminate
this error, we interchange the position of resistance
boxand unknown resistance S and then calculate
the value of unknown resistance and take the mean
ofthese valuesto minimise the error.



(i) Duetotheresistance of end points of the meter
bridge wire, the sensitivity of the experiment 13
attected. To eliminate this etfect we use, Carey
Foster’s bridge.

(i) Do not passelectric current in the meter bridge for
along time otherwise the wire will be heated up due
to which theresistance of meter bridge wire will get
changed.

(v) Weshouldnot slide the jockey by rubbing over the
meter bridge wire, otherwise the unitormity of the
area of cross section of wire (and there by the
resotance perunitlength ofthemeter bridge wire)
will be attected.

Example 6.4 : In anexperiment of meterbridge, a
resistance of 8Q2is taken out from theresistance box to
get a null deflection position at 45.5 cm. Calculate (a)
value ofunknown resistance, (b) New balance length on
interchanging the positions of resistance box and
unknown resistance.

Solution : Using meter bridge principle,

S_R[]OO f]
¢

Here, R=8Q, f=455cm

. 100—-45.5
s

45.5

545
x—
45.5

5 =9.580

(b) Oninterchanging the positions of resistance box
and unknown resistance, the new balance point will
be(100-45.5)=54.5cm

6.4 Potentiometer:

Potentiometer is an ideal experimental device or
arrangement whichis used to measure the emf'ofa cell or
potential difference between any two pointsinacircuit. In
no deflection conditionno current will be drawn from the
circuit. Therefore, its measurement will be accurate.
Potentiometer works asa voltmeter of infinite resistance
(1.e. 1deal voltmeter). It can be understood by the
following fig (6.6)

Fig: 6.6 Measurement of potential difference

Infigure (6.6), a voltmeter is connected across a
current carrying resistance for measuring potential
difference. Afractionofcurrentis drawn by the voltmeter
due to its own resistance. As a result, the potential
difterence across the ends a and b of the resistance is
observed slightly less than the actual potential difterence.
Dueto thismeasured potential difference willbeless than
actual potential difference.

This error in potential difference canbe reduced to
zero if weuse anideal voltmeter ofinfinite resistance. But
inrealistic situation it is not possible at all.

In case of balanced conditicn, no current is drawn
by the potentiometer from the circuit. In state of no
deflection, it works as a voltmeter ofinfinite resistance.
So, we cansay, that potentiometer is anideal device to
measure potential differencein comparison to veltmeter.

6.4.1 Construction of Potentiometer

Fig 6.7 shows a potentiometer. Mainly
potentiometer wire is made up of magainin, eureka,
constantan like alloys. The specific resistance of these
materials is very high and the temperature coefficient 1s
very low.

1t consists of'a 10-meter-long resistance wire of
uniform cross section area spread over a wooden plank
in 10 equal parts each with alength of one meter. The
ends of wire are connected across the connecting
terminals A and B. Ameter scaleis also fixed over the
wooden plank parallel to the length of the wire. Asliding
jockey Jis also capable to slide along the wire with the
help ofarod which is fixed over the wooden plank. By
pressing the jockey, we can establish the electric
connection to any wire of the potentiometer wire
(Remember, there are 10 wires). The position ofthe
jockey can be determined with the help of meter scale.

meler scale
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Fig: 6.7 Construction of potentiometer



6.4.2 Principle of Potentiometer

The principle of'a potentiometer isthat the potential
dropped across a segment of a wire of uniform cross-
section carrying a constant current is directly
proportional to its length. To determine an unknown
potential difference (oremf)it is compared with aknown
potential difterence distributed uniformly over the
poteniometer wire. In condition of no deflection the
unknown potential difference is equal to the known
potential difference. Thisis known as the principle of
potentiometer.

To understand this, an electric circuit is made as
shown inthe tigure (6.8). Now we connect a battery of

emf £, ,akey K, and arheostat 2, in series with the

potentiometer wire AB. This circuit 1s called primary
circult of potentiometer. Inthe secondary circuit, positive
terminal of cell & of emt /- is connected to positive

terminal 4 ofthe potentiometer and negative terminal of
the cellis connected to jockey through a galvanometer.

4 p—b‘ Rh K .

[ (o)

il [
Primary circuit;

F 3

f 2

J

Secondary circuil

+Il-
IIF:

Cell ol unknown eml™

*

G

Fig. 6.8 Polentiomeler circuit

Here, it is essential that the emfot cell in secondary
circuit must be less than the emf of batteryin the primary
circuit. Itin the primary circuit resistance ofthe rheostat is
very low or zero then whole emf ¢, of the battery is
uniformly distributed over the potentiometer wire AB.
Here, it is considered that potentiometer wire AB has
uniform area of cross section. Itlength of potentiometer
wire ABisL, emtofthebatteryis €, thenitis uniformly

distributed all over the length of potentiometer wire. This
fall of potential per unit lengthis called potential gradient,
it is represented by x, thus,

X=—

L

The Slunit of potential gradient is volt/m,

.. (6.19)
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Hence.‘a gp = V'?.l’i = xL

Ifthe resistance of potentiometer wire1s R and the
current flowing inthe potentiometer wireis I, then,

Ve=IR ...{(6.20)
From Eq(6.19) we get
R
x=/— '
: ...(6.21)
or x =R ...(6.22)
R ) , .
Here, R, = 7 = is the resistance per unit length ot
the potentiometer wire.

Now we consider some point on the potentiometer
wire at a distance / from terminal 4, then the potential
difference between A and C will be given by.

V. =xf . .(6.23)

Here we know the value of xand ¢ | therefore,
V.. 1s known potential ditference, the value of # is

variable, theretore V. oc £ . Nowby placing jockey at
point (’ on potentiometer wire. 1f galvanometer gives
zero deflection whichis called null deflection point and its

length frompoint A, AC = # iscalled balancing length

on potentiometer wire for emt & In this situation,
unknown emf £ will be equal to known potential

difference V.. onpotentiometer wire.
e=V,. =xt ...(6.24)

Thisis known as principle of potentiometer.

Note : We get two situations if we press jockey )

atpoints (', and C, showninthe figure (6.9)

o
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Fig 6.9 Working principlcolpotentiometer



(1) If, jockeyiskeptat (| and AC| = £ inthis
situation V. < &, due to which the resultant
current flowsinsense AC , G ¢ A .e. clockwise.
Thus, the galvanometer shows deflection.

() IfwepressjockeyJatpoint C, then AC, =€,

at this condition V. > ¢ . Dueto this resultant
tlow inthe secondary circuit is anticlockwise i.e.
opposite to what in case (i) ( Ae(G(",4 ). From
equation (6.22) .

Someimportant relations for potential gradient,
x=1IR, ...(6.25)

Ifin the primary circuit of potentiometer, R'isthe
external resistance and r is the internal resistance of cell
then,

g_.\

/=L
TR ...(6.26)
Using Eq. (6.25)and (6.26) we get,
&p R R
x=| —2— |=—|""R =—
[K+R‘+r]L [ "L - (6.27)

If, r=0,1"=0, then from eq (6.22) we get the
same value asin eq(6.19)

\’_S—P 0.28
Y= ...(6.28)
X:IE

L

Ifspecific resistance of potentiometer wire1s p and
area of cross sectionis A, then,

et

1p
X=—r ... (6.29
y (6.29)
Ifristhe radms of potentiometer wire, then,
X = Ip o 6.30
7[}"’2 ( . A =T ) . ( . )
Thus, we conclude that,
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Potential gradient isdirectly proportional to current
I and specific resistance p and inversely
proportional to area of cross section 4 ofthe
wire.

()  Apparently, the value of potential gradient (x)
depends on theemfof the battery connected in the
primary circuit, length of the wire and internal
resistance ofthe battery,

(i) If ¥=0 and R'=0, then the potential gradient x
does not depend on the area of cross section,

material of wire and resistance of wire.

6.4.3 Precautions with Potentiometer:
(i)  Theemfofcell used in primary circuit should be
greater than the emfof cell inthe secondary circuit
otherwise we will not get the situation of null

deflection.

Positive terminals of all the cells must be connected
topoint A.

(i)
(i)

Balanced length is always measured from point A
whichisat higher potential.

The potentiometer wire must be of unitorm cross
section otherwise the value of potential gradient x

will not be same at all positions.

(iv)

(v) Inpotentiometer wire, current should not be
passed overa long-time otherwise wire will get heat
up whichwill change the resistance ofthe wire and
therefore potential gradient will not remain

constant.
6.4.4 Standardisation of Potentiometer

In previous section, we studied that potential
gradient of potentiometer depends on the emfofcellin
primary circuit and its internal resistance and other
resistances connected in series with potentiometer wire.
Ingeneral, the values ofthese resistances are not known.
Hence, potential gradient can be calculated by indirect
method. The procedure offinding the exact potential
gradient of potentiometer is called standardisation.

For standardisation of'a potentiometer a standard
cell ofknown emfis connected in the secondary circuit of
potentiometer as shownin the fig (6.10). Standard cell is
that cell whose emf remains constant for along time and
1t can be known precisely. For standardisation we use
Cadmium Cell or Danial Cell as standard cell. The
values of emf of Cadmium Cell and Danial Cell are
1.0186Vand 1.08 Vrespectively.
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Fig6.10 Standardisation of Potentiometer
To tind the potential gradient of potentiometer with
the help of a standard cell by placing a sliding jockey on
the potentiometer wire and the balancing length £ is
determined at this time, (Galvanometer shows zero
deflection). Ifemfofstandard cellis &, then, according

to the principle of potentiometer

g =xf,
— 8-5' .

Here, it is to be kept in mind that after
standardisation, there should not be any change in
primary circuit otherwise x will change.

6.4.5 Sensitivity of potentiometer

By sensitivity of potentiometer we mean, its ability
to measure accurately small value of emt or small value of
potential difference. The sensitivity of potentiometer
depends on the tall of potential per unit length on the
potentiometer wire or potential gradient. Smaller the
value of potential gradient, larger will be the sensitivity of
potentiometer.

Because balancinglength ¢ is measured directly
with the help of potentiometer hence. Ifthe value of ¢ is
larger then the percentage error in its measurment will be
less. Hence, potentiometer 1s more sensitive ifxis small.

(- £ = xt)

We canincrease the sensitivity of potentionmeter
(or decrease x).

(i)
(i)

Byincreasing thelength (L) of potentiometer wire.
By decreasing electric current in primary circuit.

By decreasing electric current in primary circuit,
potential difference across potentiometer wire will also
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decrease.

Thus, it is better to enhance the sensitivity of
potentiometer by increasing the length rather than
decreasing the current in primary circuit, Due to this
reason the length of potentiometer wire 1s taken very
large.

Example 6.5 : In the primary circuit ofa
potentiometer experiment, a battery of emf2.2 Vand
internal resistance r= 12 is connected. Ifthe resistance
ofrheostat in the primary circuit lies in the range (O-
20€2)and length and resistance of potentiometer wire are
10 m and 20 Q respectively. Find the minimum and
maximum values ofthe potential gradient.

Solution :
g
x=—-—>= % E
R+r+ 1" L
Here,

¢, = emfot'the battery in primary circuit=2.2'V
R=Resistance of the potentiometer wire=20£)
r=internal resistance of battery=1.0 {)

I.= Length of potentiometer wire=10m

R’ —Range ofrheostat (0-20Q2)

For minimum value of x, the value of R' should be
maximum. Hence R'=20Q)

2.2 20
Xoin = | An 1 A 15T A
2041420, 10
zgxg:ﬁzo.ll V/im
41 1 41
Similarly,
X, = _ 22 xgzﬁ:&ﬂ\ﬂ’m
’ 20+1+0,; 10 21

Example 6.6 : The area of cross section of
potentiometer wireis 0.8 x 10 ® #° and it has specitic

resistance 40x 107" Qm _ Ifthe current through the wire
is0.2 A. Calculate the value of potential gradient.

Solution : The potential gradient is,

7
x:_p
A

Here, 7=02A4,



£ = specific resitance of wire

=40x 107 Qm
A=08x10°m*
Onsubstituting values
; 108
w2 0240407 g,
08x10°
6.5 Uses of Potentiometer :
6.5.1 Determination of Internal Resistance of a
Primary Cell
S K ‘L
| () MWW
R,
Y A
A ‘L__:) B

Fig 6.11 Deicrminaiion ol Tnicrnal Resistance ofa Cell

Circuit Arrangements : Acircuit isarranged as
showninthe figure 6.11. Primary circuit is made up by

joining abattery ofemf € ,, arheostat &, andaplugkey

K, in series with the potentiometer wire. To make

secondary circuit, positive terminal of cell whose internal
resistance 1s to be measured is connected to the higher
potential point A of the potentiometer wire and the
negative terminal ofthe cell is connected to the shiding
jockey JTthrough the galvanometer. Aresistance box and

aplugkey K. isconnected parallel tothe cell.

Working Principle : First of all, by keeping
primary cell of emf £in open circuit (i.e. Keeping plug

key K, open) balance point is obtained by sliding the

jockey. Let the balancing length in this casebe £, . Ifthe

potential gradient isx, then according to the principle of

potentiometer,
& =xt ...(6.32)

Next, without changing the configuration of the

primary circuit, plug key K, is closed, and some
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resistance R is inserted in the resistance box. The
potential dropV across the registance box is balanced on
the potentiometer wire. And balancing length £, is
obtained with the help of sliding jockey J.

1

=xf, ... (6.33)

We know, if T is the internal resistance of the cell
and I isthe current through the resistance R, then,

e=V+1ir

-
1

or
eV
or b= 7

Fromeq. (6.32), (6.33) mand (6.34) we get,

J

_ _ ¢t
orinternal resitance = :{ 1 P -

Yoy

jze (cV=IR) L (639)

—x£

y e x£,
xf£,

]R ... (6.35)

By substituting the values of £, and £, internal
resistance of the primary cell can be determined. For
varying the values of R, different values of 7, are

recorded and corresponding values of # are calculated.
We seethatin all observations the value of r1s different.
1.e. internal resistance depends onthe current drawn from
the cell. Thus, while measuring theinternal resistance, we
should not take the average of the values of r. We must
state that, the internal resistance varies between minimum
value to maximum vahie.

Example 6.7 : Abattery ofemf2.0 V and internal
resistance 2.0 £2 is connected in the primary circuit of
the potentiometer of wire of length 10 mand resistance
10 Q2. Theemtof primary cell is balanced at 5.0 m length
of potentiometer wire. Whena current of 0.1 Ais drawn
from the cell then terminal voltage of the cellisbalanced at
alength of 4.0 m of potentiometer wire. Find the internal
resistance ofthe cell.

]x

Solution :

|

Sp

R+r

R

L




L=10m

e, =2V

r=20

X= 2 ]xE:Ol?me
10+2/ 10

Internal resistance of cell,
eV xtf —xt,
! 1

x(£,-£,)

=

!
£,=5.0m, £,=40m, I=0.14

or

Here,
After putting the values, we get,
0.17(5.0-4.0) 0.17x1
F= =

=1.7Q
0.1 0.1
6.5.2 Comparison of Electro Motive Forces of Two
Cells
£ (o) AFw— |
A
W Rh
AT ]
B
8]
] =
I I
£
iz

Two wavkey

t?‘“

Fig. 6.12 Comparisonolcmloltwocells

Circuit Arrangements : Circuit iscompleted as
given in the Figure 6.12. Primary circuit is made as
explained in previous section. For preparing secondary
circuit positive terminal of both cells whoseemfs are to
be compared are connected to the higher voltage end
(1.e. A)ofthe potentiometer wire. Ifnegative ternnals of
these cells are connected to terminal 1 and 3 oftwo-way
key. Terminal 2 of the two-way key is connected to
sliding jockey through galvanometer.

Working : First ofall, switch onthe primary circuit
by inserting the plug of key K. Now insert the plug
between terminals 1 and 2 of the two-way key and
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determine the balancing length /| by slidingjockey over
the potentiometer wire, for the cellofemf &, .

g =xf ...(6.36)

Here risthe potential gradient.

Without disturbing the primary circuit remove the
plug between | and 2 and insert the plug between
terminals 2 and 3 of the two-way key and determine the

balancing length £, by sliding jockey over the
potentiometer wire, for the other cell of emf g,
g, =xf, ...(6.37)
Ondividingeq. (6.36) by eq.(6.37), we get

& _ xf
g, xt,
a4
8’\ _.(:i" ‘77(6‘38)

Hence, ratio of emfofcells is equal to the ratio of
the corresponding balancing lengths. By changing the
value of resistance of rheostat inthe primary circuit (i.e.

changing the value of potential gradient ), various values
ofbalancing lengths £, and ., are obtained. Inthis way
variousratios g, /e, are calculated and the mean value
isreported.

Inthis experiment standardisationis not necessary.

Inlaboratory, Leclanche cell is taken as first celland the
Denial cell is taken as the second cell.

Ifone of'the cellsis standard cell, thenthe emfof

the second cell can be calculated by using the tollowing
formula,

... (6.39)

6.5.3 Measurement of Small resistance :

The essential circuit for measurement of small
resistanceis as shownin the figure(6.13). The primary
circuit of potentiometer is completed in accordance with
the previous sectionas shown in the figure. Anunknown
low resistance ris connected in series with known high

resistance i, Rheostat R, the battery of emf &' and

key K, is connected in secondary circuit of the



potentiometer. Higher potential point of potential
difference across resistance R 1s connected to higher
potential point A of potentiometer wire. The low
potential ends ofthe resistances R and rare connected to
the terminals 1 and 3 ofthe two-way key. The terminal 2
{middle terminal) of the two-way key 1s connected to
jockey through a galvanometer.

3 K,
+ I Lo '
I \.) A
W Ry,
A N i T3
| i
—
2
A
. T% —
AARARA ARAARA AR
YYYYY . YYyy L
H R, v
uall CRY SR
| \*%
KZ

liig. 6.13 Measurement ol small resistance with the help ol

potenliomeler
Working : First of all, we complete the primary
circuit by inserting the plug inkey X, and similarly in
secondary circuit by inserting the plug inkey X, Inthis
condition potentiometer measures potential ditterence V

across the known resistance R. 1f the current in
secondary circuit 1s I and the balancing length for

potential difference Vis £ according tothe principle of

potentiometer,

V =xt ...(6.40)
as V' = [R (Ohm’slaw)
SO IR =x¢, ... (6.41)

Now disconnect the connections between the
terminals 1 and 2and join terminals 2 and 3. In this case
series combination of resistance R and rwill be in the
cireuit of potentiometer.

Let the potential drop across (R +r) is balanced
onthe potentiometerwireat alength £, and this potential
ditferenceis V , then

Vi =xt,

Vi=1(R+r)
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I(R+r)=xf, ... {(6.42)
From equations(6,41)and (6.42)
I(R-i-?‘) 3 x€2
IR xf
L4
| +—=22
R £
=2
Rf
£ -4
rEl = K .. (6.43)
"1

By substituting the valuesof R,rand £ and £ ,in
equation (6,43) we get the value of #.

Example 6.8 : For findinga low resistancer, it is
connected with ahigh resistance R and constant current
is allowed to pass throughit. If the balancing lengths for
potential drop across the high resistance R and across
the two resistances combined in series are 3.2 m and
3.6 mrespectively, then find the ratic of R andr.

Solution : Let the current passing through the
resistances be I. Balancing length for the potential drop

acrosstheresistance Ris £, , then,

IR=xt, (D

Balancing length for the potential drop across the

resistance (R+r)is £, then,

I(R+r)=xt, (2)
R+r £,
R 4
yof,
R
Here, ¢ =3.20m and £, =3.60m
T [ _3:60-320_040 ]
"R 3200 320 8
Thus, R:r=8:1

6.5.4 Calibration of Voltmeter:
The voltmeter readings are not accurate due to



certain reasons like mechanical faults, non-uniformities in
the spacing of marking on the scale, m the spring constant
etc. The potentiometer gives the correct value of
potentioal difference. 4 merhod to check the
correciness of voltmeler reading with the help of
poientiomeler is called calibration of volimeter.

N
\ Ry,
¢ 1 oy
A B
J
dw— |
o Riy W
& Kg
] = (e}
1’ \°/
Fig: 6.14 Calibration of voltmeter with the help
ol polentiometer

The required circuit diagram for voltmeter
calibration is shown in the fig 6.14. Primary circuit is

completed by joining abattery ofemf's,,, arheostat R,

and aplugkey K, inseries with the potentiometer wire. In
secondary circuit positive terminal of standard cell of emt
£ 1s connected to higher potential point (A) of the
potentiometer wire AB.

Another cell ofemf ¢, arheostat R, and a plug

key K, andresistance box (R B.) are connected in series.
Higher potential point of R B. 1s connected to the higher
potential point (A) of the potentiometer wire and the low
potential point is connected to terminal 3 of the two-way
key as shown in the figure. Voltmeter whichis to be
calibrated is connected in parallel to the resistance box.
The middle point (2) of the two-way keyis connected to
sliding jockey through galvanometer.

Working : First ofall, primary circuit is completed
as explained in earlier experiments. By inserting plug-in
between terminal 1 and 2 of the two-way key, balancing
length ¢, is obtained, forthe emfof standard cell , then

g =xf

H 0
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... (6.44)

Here xisthe potential gradient. Thisis known as
standardisation of potentiometer. Now removing the plug
from the gap between 1 and 2 and inserting it into gap
between 2and 3. Now, closing plug key K wetake out
appropriate resistance fromthe resistance box. Withthe
help of rheostat by passing current of desired value such
that we obtain some detlection in voltmeter. This
voltmeter reading is noted down. This reading is called
incorrect reading. To obtain correct reading
corresponding to voltmeter reading V, balancing length
. is obtained on potentiometer. Then, according to the

principle of potentiometer, correct reading will be,

V'=xf,

=g, [;—“J use eq. (6.44) ... (6.45)

"
Hence, error inthe voltmeter reading will be,

AV =V -T1"

With the help of resistance box and varying the

value of rheostat R, , and adjusting the reading of
voltmeter, we can obtain the corresponding correct
readings of potential difference. The difference between
the voltmeter reading V and potentiometer reading V',
AV =V -}
is called error.

A graph is plotted between the error and the
voltmeter reading. It is called calibration curve as shown
inthe figure(6.15). With the help of'this graph we can
have correct reading for potential difference as

A

T N ﬁ
4 \Y 10

Voltneter reading Y/ —

AV=V-V’
+

Lirror in voltmeter reading

Fig6.15 Calibration curveof voltmeter



6.5.5 Calibration of ammeter :

A method of checking the correctness of ammeter
readings connected in electric circuit with the help of
potentiometer is called calibration of ammeter.

The required circuit tor calibration of ammeter 1s
showninthetig 6.16. This circuit is almost similar to the
previous circuit used for calibration of voltmeter. Here,
the resistance box is replaced by a 103 standard
resistance coil and in place of voltmeter, an ammeter is
connected inseries with 1€2 coil. Insecondary circuit.
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Fig 6.16 Calibration ol ammeicr

Working : By placing a plug-inkey K, inthe
primary circuit and also inserting a plug between the
terminals 1 and 2 of the 2-way key, emf &_ofstandard

cell is balanced and balancing length £ is measured

then,
g =xf,
J— 8.&'

With the help ofeq. (6.46), we can determine the
value ofx. Thisis called standardisation of potentiometer.
Without making any change inthe primary circuit (1.e.
without disturbing the value of potential gradient, plugis
removed from the gap between the terminals 1 and 2, of
two-way keyand plugisinserted between the terminals

2and 3. By putting the plug in the plug key &, current is
made to pass through the secondary circuit. Withthe help
ofrheostat R, _, adesired value of current J isobtainedin

10 standard resistance coil. This is erroneous value
measured by the Ammeter.

According to ohm’slaw, current tlowing through
1 Q) standard resistance coil will be equal to potential

difference acrossitsends. Ifthe balancing lengthis £,
and potential differenceis }*, then,

Vi=xt, but F'=I'R or P'=1" (~* R=1Q)
T'=xt,

£, g
1 1 — _ - N — k3
o B [ €(' ] [ i EC' ]

Here /'is the correct value of current measured
with the help of potentiometer. In this way error inthe

. {6.47)

current measured by the ammeter A=/-/"1s
determined. Next we determined the correct value of
ammeter reading with the help of potentiometer for
ditfferent readings of ammeter and calculate the
corresponding errors (A =7 — 7' ). Agraphis plotted
between the error and ammeter reading. It is called
calibration curve of ammeter. It may be a Zig-Zag curve
(or ofany shape).

ANANW
RV

Anuncter reading |

+

N =1-T

Lrrorin ammeter reading

Fig6.17 Calibralion curve,
Now we can determine the correct value of the
ammeter with the help of calibration curve as.

I'=1-Al ... (6.48)
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10.

11.

Important Points

Kirchhoft’s first law 1s based on the conservation of charge and it 1s also called as junction rule. According to
this law, at any junction algebric sumot'the currentsiszero.ie. 2.7 =0 .

Kirchhoft’s second law is called voltage law or loop rule. It is based on the law ot conservation of energy.
Accordingtothislaw, >} =2 =Y [IR=>¢ .

In balanced condition of Wheatstone bridge, the ratio of ratic arms s equal.
Meter bridge is based on Wheatstone bridge. Here of unknown resistance is given by

100— £
(1=
£

Potentiometer is an experimental device with the help of which we can measure the potential difterence
between any two points or emfof cell accurately.

Potentiometer is based on no deflection method. At no deflection it works as anideal voltmeter of infinite
resistance.

Fall of potential perunit length on potentiometer wire s called potential gradient. It’s unit is J-m. Potential
gradient is equal to x — /(R,,), Here / = Current through the primary circuit and /2_ =resistance per unit length
of potentiometer wire.

To find the potential gradient with the help ofa standard cell is called standardisation of potentiometer.

The sensitivity of potentiometer is inversely proportional to potential gradient. By increasing the length of
potentiometer wire sensitivity can be increased.

Formula for measuring the internal resistance with help of potentiometer is,

i
r:{"l {CQJR
‘.

Here, £, and £, arethebalancing lengths in open and closed circuit and R is the resistance taken out from
the resistance box.

It & and g, aretheemts oftwo cellsand ¢, and £, are corresponding balancing lengths on potentiometer
wire, then

a4

g, £,

2

Formula for measuring the low resistance with the help of potentiometer,

£ —f
r:{ 2 ‘]R
fl

Here, £, = Balancing length for the potential difference across the series combination ot 2+

£, = Balancing length for the potential ditterence across resistance R .

Correctness of the measured value of ammeter and voltmeteris carried cut by means of potentiometer and it
is called calibration of ammeter and voltmeter.
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Questions for Practice

Multiple Choice Type Questions

|F¥]

Kirchhoft s first law and second law are based on,
(a) Law of conservation ofcharge and energy.
(b) Law of conservation of current and energy.
(c¢) Law of conservation of mass and charge.

(d) Noneofthe above.

Forthecircuit shown in the figure, the potential

difterence between point aand b will be,
o

b

(a) R —R, (b) R,—-R
RR,
(<) R+R, (d) Zero

Inthe given figure, the value of /will be,

SA
AA
0
2A
I
VaA
(a) 6A (b) 11A
() 7A (d) 5A

On inter changing the position of battery and
galvanometer in Wheatstone bridge respectively,
the new balance point,

(a) remainsunchanged.

(b) will change.

151

(c) nothing canbe said.

(d) it may change or not will depend on the
resistance otbattery and galvanometer.

Inthe given figure, the potential difference between
the terminals A and B will be,

8 Q) B 6 Q)

40

20, .
(a) 7I' (b) 7I'

10
(c) 71’ (d) Zero

Inthe given figure, the value of T will be,

r=1Q
iy

r=2Q
il
J
I\sz 47 i
—MWWMWA——
50

(a) 2.5A (b) 0.75A
(c) 0.5A (d) 0.25A

Potentiometer 1s such a measuring apparatus to
measure the potential difference whose ettective
resistance s,

(a) Zero

(c) uncertain

(b) Infinite

(d) depends on external resistance.

Which of the tollowing quantities cannot be
measured with the help of Potentiometer,

(a) emfofacell
(b) capacitance and inductance

(c) resistance  (d) current



1.

In the given figure, the galvanometer shows no
deflection. What isthe value of R?

3502 1
[ [ 3 o] [
(r
{ : i
20 em =+ I
_II_
(a) 2200 (b) 1100
(c) 550 (d) 13.75Q

The temperature coefficient of resistance ofa
potentiometer wire should be,
(a) high (b) low
(c) neghgible  (d) infinite
The formula for internal resistance of a cell will be,
(Here £, and £, arethe balancinglengths ofcellin
open and closed circuit respectively.)

]R

© Z[f‘ ;fg}'{ @ " :[fi : J“

Inapotentiometer experiment, the emfe ofa cellis
balanced at L.length. Another cell of same emfeis
connected parallel to it, then, new balancing length
willbe,

(a) 2L (b L

(c) L2 (d) L/4

In a potentiometer experiment, a standard cell of
emf1.1 Visbalanced at 2.20 m length. Potential
difference across aresistance wire is balanced at
95 cmlength and voltmeter read this potential
difference as 0.5 V. Then, error inthe voltmeter
willbe,

(a) +0.025 V
(c) -0.025V

£

1_53 _ 62_51
(a)f’=[ 7 JR (b)f’—( 2

2

(b) +0.525V
(d) -0.525V

Very Short Answer Type Questions

Write down the mathematical expression of
Kirchhoff’sjunction law?
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11.

12.
13.

On what conservation, law Kirchhoff"s voltage
ruleisbased?

Write down the condition of balanced Wheatstone
bridge.

On what principle, meter bridge works.

Why potential gradient of potentiometer depends
on the temperature of wire?

What happens it the emf of cell in the primary
circuit is less than the emfof cell in the secondary
circuit?

Write down the definition of potential gradient.

Why area of cross section of the potentiometer
wire should beuniform?

For standardisation of potentiometer which cell is
used other than the Danial cell?

How the sensitivity of potentiometer can be
increased?

Length ofa potentiometer wireis 10 m. Astandard
cellofemf1.1 voltisbalanced at length 8.8 mof
potentiometer wire. How much potential difterence
can be measured from1t?

Why copper wireis not used in potentiometer?

Potential gradient of potentiometer wireis 0.3 V/
m. In an experiment for calibration of ammeter,
potential difference across 102 resistance 18
balanced across 1.5 meter length of potentiometer
wire, Ifthe reading ofammeter connected in circuit
0.28 A, Calculate the error in ammeter reading.

Short Answer Type Questions

L.
2.

|F¥]

State Kirchhott™s junction Law and loop law.

How s the resistance ofa wire determined with the
help ofa meter bridge? Obtain required formula
and draw circuit diagram.

What is Wheatstone bridge, derive its balanced
condition tor balance using Kirchhoft™s law.

What is potential gradient? On what tactors does it
depend?

What do you mean by the standardisation of
potentiometer? Explain it by drawing a circuit
diagram.

What do you mean by the sensitivity of a
potentiometer? How we can increase it?



10.

11.

15.

How will you compare the emf’s oftwo cells with
the help of potentiometer? Explain with the help of
proper circuit diagram and derive its formula.

Asstandard cell ofemf'1.2 Visbalancedona2.4m
length of potentiometer wire. Obtain the balancing
length across aresistance 3.5 Q, ifacurrent of 0.2
Aisflowing throughit. Also calculate the potential
gradient.

[Ans :x=035V/m £=140m ]
Why correct emf of a cell or potential difterence

cannot be measured with the help of a voltmeter?
How it is possible to determine the correct value?

Why do we try to obtain the null point near the
middle of meter bridge wire?

Why the current through the potentiometer wire
should not be passed for along time?

Why the current in the primary circuit of
potentiometer is kept constant?

Write two precaution while using the
potentiometer.

What do you mean by calibration of a voltmeter.
Draw necessary circuit diagram.

Draw required circuit diagram tor the measurement
oflow resistance with the help of potentiometer.

Essay Type Questions

1.

State Kirchhotl's loop rule and junction rule. With
the help of these rules deduce the condition of
balanced Wheatstone bridge. Draw necessary
diagram?

What 1s meter bridge? On what principal it is
based. Explain the construction ot meter bridge
and derive an expression for unknown resistance of
awire, Draw essential diagram?

What do you mean by the internal resistance ofa
cell? Explain the method to determine the internal
resistance of a cell with the help of potentiometer
and obtain the required formula with the help of
circuit diagram.

What do you mean by the calibration of ammeter
or voltmeter? Explain the method of calibration of
voltmeter with the help of potentiometer. Draw the
necessary circuit diagram. Draw the calibration
curve.
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Whatis potentiometer? Explain its principle. With
the help of potentiometer describe the method to
determinethe value of'a low resistance and derive
proper formula. Draw necessary circuit diagram.

Answer Key (Multiple Choice Questions)
1.(a) 2.(b) 3.(c) 4.(a) S5 (d)

6. (d) 7.(b) 8 (b) 9. (a) 10.(c)
11.(a) 12.(b) 13.(a)

Short answer Type Questions

1.

w

10.
11

12.

13.

>1=0
Based on law of conservation of energy.
Balanced condition of Wheatstone bridge is that

F R

(_ = ? of armswill remains same.

ratio

Meter bridge i1s based on the principal of
Wheatstonesbridge.

One increasing the temperature of potentiometer
wire, the resistance of wire increases. Hence,
potential gradient will be affected.

We will not obtain the condition of null point on
potentiometer wire,

Fall of potential per unit length on the
potentiometer wire s called potential gradient.

So, the potential gradient remains same at all the
points of potentiometer wire.

Cadmium cell
By increasing the length of potentiometer wire.

Potential gracdient (x)

w=Se MY 6 sy
£, 88
Maximum potential-gradient that can be
measured,
Vg =XL =0.125x10 =1.25Volt

Temperature coetlicient of resistance of copper
wire is very small and specific resistance is very
low.

1 x Ammeter reading[ =0.28 A
Foractual value of current

I'=currentin 1Q resistance,



= Potential difference across 1€ resistance
=V =xf

I'=03x15=045A
Errorinmeasurement of current= A 1
=I-T

=0.28-0.45

=-0.174

Numerical Questions

Find the equivalent resistance between terminal *a’
and ‘b’ ofthe network showninthe figure.

[Ans:RQ ]

Inthe tollowing figure, abalanced meter bridge is
shown. Iftheresistance of the wire of meterbridge
18 1 €/m, then find the value of resistance X and the
current passing through the resistance X.

X 30
A 4
+— 40 ¢cm 60 cm ——™
A B
A +| =
|I
oV

[Ans: X=2;I=1.26A ]
The resistances of four arms of the Wheatstone
bridge are given in the circuit griven below.
R,=100Q, R =100,
R,=50 and R ,=60Q.

A galvanometer of 15Q1s connected between the
terminals B and D. Calculate the current flowing
through the galvanometer. The potential difference

between terminals Aand Cis givenas 10V.
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[Ans: 4.87mA |

What will be the value of resistance R for the
network showninthe figure so that the current in
ammeter may be zero.

20Q) B
£y

10 Q2

+

| |
|I
10V

[Ans: Ammeter reading will be zero for allvalues of R
5.

Thelengthof potentiometer wireis L. The primary
circult consists of'a battery of emt2.5 Vand a
resistance of 1002 connected in series. In an
experiment the balancing length foremfot 1V is
obtained at /2. Find the new balancinglengthifthe
value of series resistance in the primary circuit1s
doubled.

[Ans: 0.6L ]

In a Wheatstone bridge the branch resistances are
as shown in the following circuit diagram. What
will be the value of X inbalancing condition of the
Wheatstone bridge?



-

[Ans: X=1000]

Inapotentiometer experiment for the calibration of
ammeter, thebalanced length of a battery of emf
1.1 Vis obtained at 0.88 m. The potential
difference across one-ohmresistance is balanced
at0.20 mof potentiometer wire. [fthe reading of
the ammeter connected in series is 0.20 A,
calculate the error in ammeter.

[Ans: 0.05A |
Inapotentiometer experiment, the balancing length
tor cell of emf'1.25 Vis 4.25 m. The balancing

length with another cell is obtained at 6.80 m.
Determine the emfof cell.

[Ans: 2.00 V]
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The resistance of'a 10 mlong potentiometer wireis
1 &/m. An accumulator of 2.2 V emf, negligible
internal resistance and a high resistance are
connected in series. What is the value ofhigh series
resistance, if potential gradient on the
potentiometer wireis 2.2 mV/m.

[Ans: 900 Q]

Inapotentiometer experiment, the balancing length
for two cells of emf & and ¢, (g >¢,)
connected in series 1s observed as 60 cm. On
reversing the position of terminals of one cell {(of
smaller emf)inthearrangement of experiment, the
new balancing length is observed as 20 cm. Find
theratio ofemfs 7 ( g, / £, ) ofthe cells.

g 2
[Ans:g_T]

Z






