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9. Graph of resistivity of copper as a function of
temperature is given below (resistivity of metals

increases with increase in temperature).
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10. Drift velocity The term drift velocity of charge
carriers in a conductor is defined as the average
velocity acquired by the free electrons along the
length of a metallic conductor under a potential
difference applied across the conductor. (1/2)

Its relationship is expressed as

vy = —

where, I'is current flowing through the conductor,

n is concentration of free electrons, ¢ is electronic
charge and A is cross-sectional area. (1/2)

11. The electrical conductivity (o) of a metallic wire is
defined as the ratio of thq current density to the
electric field it creates. Its SI unit is mho per

metre (Q-m)~". m

The resistivity of a semiconductor decreases

12

exponentially with temperature.

The variation of resistivity with temperature for
semiconductor (Si) is shown in figure below.
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73. The mobility of charge carriers in a conductor is
defined as the magnitude of drift velocity (in a
current carrying conductor) per unit electric field.

- Drift velocity (v,) _ 4t
Electric field (E) m

where, T is the average relaxation time and m is
the mass of the charged particle. (1/2)

1ts STunit is m’/V-s or ms™' N7'C -
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n current and drift velocity o, O
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[=Anev, = VIR= Anev,
vy o< !
4" R
= t
where, 1 = current,
A =area of conductor,

n = number density of electrons
y, =drift velocity.

increase in temperature of a metalljc
ce increases and hence drify

and
with the
conductor, resistan
velocity decreases. )
Resistance of a conductor of length /and fadius,
is givenby 7ib )'i & '

Rzp?, 1.e. Rtx;i

- The variation of resistance of a conducting wire g5 5
function of its radius is given as,

m

In silicon, the resistivity increases with decrease
in temperature. (1]
In copper, the resistivity decreases with decrease
in temperature. an

No, the drift speed of electrons is superposed over
the random velocities of the electrons. m

Refer to Sol. 12 -m

. Oy bid i Ly
Given that resistance of both the wires are of
equal length, so

RMn = RCu
= PMn an = Pcu ICu (l)
AM“ ACu

According to the question, both the wires ar¢ of
equal length, so han = Iy

<. From Eq. (i), we get

P - P o p/A = constant
Amn Acy

or Acy = Pcu orpe A
Apn Pmn



21.

we know that. copper is better conductor than
mangamn, therefore. copper will have less
resisuviy

Le PCu < Pain

= o> dey bop = 4]

That means wire of manganin will be thicker

than that of copper. m

The resisuvity of the material of conductor is
equal to the resistance offered by the conductor
of same matenal of unit length and unit
cruss-sectional area. The resistivity of a material
of the conductor does not depend on the
geometry of the conductor.
SI unit of resistivity is ohm-metre (Q -m).

(V2+ v2=1)
The resistance of the whole wire is $Q, which is
bent in the form of a circle. We have to find the
effecuve resistance between the ends of diameter
AB. Diameter of the cdirde divides the circle into
two equal parts. The resistance of each such part
will be 8/2=4Q.
{Resistance R = length of wire /, if length is
halved. then resistance will also become half.)
From the figure, it is clear that both the parts are
in parallel combination. So, effective resistance
between A and B is given by

I}

|

1]
da |

+

I+ m

Given that number density in X
= 2 x Number density in ¥

= ne =2ny (i)
As current is common for the entire circuit,
Le. I=nyAyge(v)x=nyhy € oy
Also, the diameters of the wires are same

Ay = Ay
- Wodx _ %y . By [From Eq. (i)]
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-
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25.

26.

27.

In these types of questions, first of all, identify the
combination in which the metal slabs are
connected and then apply the formula for
equivalent resistance accordingly.

Let the resistance cach of conductor is R.

Case I According to Fig. (a), the resistances are
connected in series combination, so equivalent
resistance of slab, R = R+ R=2K

Case II According to Fig. (b), the resistances arc
connected in parallel combination, so equivalent
resistance,

,l_::.!_. l::.!-.:z =9Rz=£
R, R R R R 2
Ratio of the equivalent resistance in two
combinations is
L
R, (R/2)
R
= —— £
R, m

From Ohm'’s law, we have

V=IR = V=lp-;li [+ R=p(i/A)] -..(0)

m

When the rod is cut parallel, and rejoined by
length, the length of the conductor bccomes 2/,

whereas the area decrease to ﬁ;- If the current

remains the sam;, the pote;nial changes as
V'= Ip—=_=4xIp— =4V [using Eq. (i)]
p 272 p y) [using
The new potential applied across the metal rod
will be four times the original potential (V). })]
As we know that, I = nedv,

Also, current density J is given by

J=I/A m
2
131="_~|E| [ v =E‘£]
m . m
or J=(/pE [-p=m/ne*)
m

Given, cross-sectional area, A =1.0x 10" m?
Current, I =1.5A
Electron density, n & 9% 102 m™

Drift VCIOC“Y. Vv = ?

We know that, I = neAv, m
I 1.5
neA 9x10%® x 1.6 x107'? x1.0x107’
=1.042x107> m/s m
Or Ans.=5x10"*m/s
Or Ans.=75x10"*m/s (]



28. (i) For conductor
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(ii) For semiconductor
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The relation between resistivity and relaxation
time, p= l
net

In conductors, average relaxation time decreases
with increase in temperature, resulting in an
increase in resistivity. ‘

In semiconductors, the increase in number
density (with increase in temperature) is more
than the decrease in relaxation time. the net
result is therefore a decrease in resistivity. m

29. Let potential difference V is applied across a
conductor of length / and hence an clectric field £
produced inside the conductor.

5 E = ‘—/ A1)
!
f ! :
E — Free electron
e —0 S}
© —O ©
S —0 —0
/ Conventional Electric /
current current
Il
1! [+
Battery

Let n =number density of free electrons

; _ £ comducton
A = cross-sectiomal ar€3 of ¢n

¢ = electrons charge.
- Number of free electrons present in lengin JeA
conductor = nAl
- Total charge contained
contribute in current,

g= (Al

in lengih { wich can

Ay e

The time taken by free electron to cross the

length / of conductor is
t=1/v, 10y vy
where, v, = drift speed of eleciron

- Current through the conductor
(from Eqs. (1) and (g

] =q/t
_imahe _mAhe g,
4 (1/v,)
) ] mehAv, _
- Current density (Jj = — = ———= = ¥,
7 el
o J =nevy,, e J = Vs
Thus, current density of conduclor 1s proporona
to drift speed. ™

30. Mobility of a charge carrier s defined as the drif;
velocity of the charge carrier per unit elecinic field
It 1s generally denoted by .
e p=v,/E _4i
The SI unit of mobility is m’>visTh -

Drift velocity in term of relaxation time,

-¢cE
V,=— T
mn
In magnitude, v, = Eror et
m E m
et _
u=— [FromEq (i)]
] m

31. When a ware 1S stretched. then there s ro change
in the matter of the wire, hence s volume remars
constant

Here, the potential V = constant, /" = 3/
(i) Drift speed of electrons = —*—
relp
where. 7 is number of electrons, ¢ is charge oo
electron, / is the length of the conductor andps
the resistivity of conductor.

1
s 3 [~ other factors are constants]

So, when length is tripled. drift velocity gets
one-third. [‘E
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1 Resistanne of the vonducton s given as
\ Kap(l/A)
Hewe wine iostietched o tple i length, that
mcans the masy of the wite romains same in
both the vomditions
Mass betore streto hing = Mass alter atrel hing
(Vadume ~ Densdty ) betore stietching
= (Volume = Densdty) alter stret hing
(Ava ol vossaection X Length) betore
et hing = (Area of o section = Length)
after stietching

¢ Denstty Is same in both cases)
> A=A, (Vh
[ Tength s tripled atier suretching)
.|: @ '.i' / \
te When length s tripled area of cross-section
s reduced to A/

‘

“‘l’l - ' Jy

Henee, K =p P “9p ! = OR

A A/ A
thus. new resistance will be 9 times of s
wiiginal value M

alven, reststance = 47k ¢ 10

<47 x10' Q2 t 10w
v st colour band should be yellow as code for
ftis 4
Hnd colour band should be violet as code for it
is 7
Id colour band should be orange as code for
itis 3

Vioiet

Yellow ._] s

IVth colour band should be silver because
approximation is £ 10%

(il) Two properties of manganin are
(a) low temperature coefficient of resistance.
(b) high value of resistivity of material of

manganin makes it suitable for making a
standard resistor. m

Orange
Sitver

m

To plot the graph between the two quantities, first
| otallidentity the relation between them.

L

Since, resistivity of material of conductor (p) is
given by, p = m/ne’y

where, n= number density of electrons

and T = relaxation time.

With the rise of temperature of semiconductor,
number density of free electrons increases, whereas

i ce resistivity decreascs,
t remains constant and hence resistvity on
T
(@]
J ——
Resistivity of o semiconductor decreases
rapldly with temperoture 1))

34. According to colour codes, resistance of two
wires are
(1) Code of brown = 1, Code of green =5

Code of blue = 6
R =15%10°0 £ 20% m

() Code of orange = 3

Code of black = 0
Code of green = 5
R, =30 x10°Q + 20%

¢,  15x10° R _
< Ratlo of resistances, & = i 15 5= L =5
R, 30x10 R, m
38. Referto Sol, 28 (3)
36. (a) Conductlyity Thg reciprocal of resistivity of a

(b)

conductor is known as conductivity. It is
expressed as

|

P (172)
The SI unit of conductivity is mho per metre
Q7 'm™).

g =

(1/2)
We know that, drift velocity is given by
¢Et s
VJ = — coe (l)
m

where, ¢ = electric charge,
E = applied electric field, t = relaxation time

and m =mass of electron.
v .
But E= i (i.e. potential gradient)

... (ii)

~(E)()

From the relation between current and drift
velocity,

I = neav,
(where, n = number of density of electrons)
Putting the value of Eq. (ii) in Eq. (iii), we get

2
I=neA(ﬂ) or | =| B At v
mil mi

... (i)




or V=( mi )1 .. (iv)
nelAt
But according to Ohm'’s law,
V=IR (V)
From Egs. (iv) and (v), we get
m l (Vi)
R=|—|— oo
(nezt) A
L ... (vii)

Also, R=p—
A

From Eqgs. (vi) and (vii), we get
™M _ resistivity of conductor.

ne’t
As reciprocal of resistivity of conductor is
known as conductivity.
- ne't
-, Conductivity, 6 = - = —
P m m

Now, we know that, current density, J = "

J= nedv, _ i = (M("T ] g ( = "Et)

A m m
J=0oE ( g = ’—'Q]
37. (i) Drift velocity Refer to Sol. 10 .M

(ii) Specific resistance or resistivity of the material
of a conductor is defined as the resistance of a
unit length with unit area of cross-section of
the material of the conductor.

The unit of resistivity is ohm-metre or Q-m.
Since, we know that R = p(l/ A)

= p=RA/I sosl 1)
From Ohm's law, V=IR = El=neAv,R

= R=El/neAv; andv, =¢Et/m
So, R= Elxm _ mi

ne’ AEt ne’ At

Substituting the value of R =

ml
AT

in Eq. (i),

we have, p = (ml/ne’ A1). A/l
~Resistivity of the material, p=m/ne?1

From the above formula, it is clear that

resistivity of a conductor depends u
following factors: > porithe

1
a) ol s ot
(a)p " Le. the resistivity of material is

inversely proportional to the number

density of free electrons (number of free

electrons per unit volume). As the free

electron density depends upon the nature

of matenal, so resistivity of a conductor
depends on the nature of the material

1e resistivity of a Materig)
inversely propnrlinnal to the average
relaxation time T of free electrons in g,
conductor. As the value of T flcpt‘n(ls g
lcmpcralurc as tcn.lpcralurc mchaSCS’ . le
decreases, hence p INCICascs.

like Constantan and Manganin are , )

(b)pest /T e

(iii) Alloys . h
for making standard resistors because the q
resistivity of thes¢ alloys has lesser
dependence on the temperature. 0

38. When a conductor is subjected o an clectric fielq

E, cach clectron ¢Xx periences a force

F= - ¢E, and frec electron acquires an _
acceleration, ~a =F/m=—¢E/m weli)
where, m = mass of clectron, ¢ = electronic charge
and E = electric field.
Free electron starts accelerating and gains velocity
and collides with atoms and molecules of the
conductor. The average time difference between
two consecutive collisions is known as relaxatiop
time of electron and
[ttt T, (i)
n (m
where, 1,, T, ..., T, arc the average time difference
between 1 st, 2nd, ..., nth collisions.
S.Vy, Vg, ..., V,, arc velocities gained by electron in
Ist, 2nd, ..., nth collisions with initial thermal
velocities u,, U ,, ..., u,, respectively.

Vl ='u3+ a'[z

T=

Similarly,

v,=u, +art,
The drift speed v, may be defined as
Vit Vit +v,

Vd =
n
v, = (U +u,+..+u,)+a (T +1,+..+1,)
n
v, = (v + uy+ ...+ ), a(m+tm+..+1)
n n
Va=0+art [*- Average thermal velocity
in n collisions =0}

- ;’d[}“ ~(€E/m1 [from Eq. (i)]

$ the required ex i i
free cloctr | pression of drift speed of

The conductor connected to
DC source of emfE is

shown in the figure below:

Suppose, initial Je
conductor, L= Io_ngth of the €

New length, zf =3},



we know that,

Drift velocity, v, =< E [electric field]

Thus, — = =__ I =1=_10 __

(I.'J)I. (E())j E /l, l] 31“ 3
Thus, e =(vy),/3
Thus, drift velocity decreases three times. m

39. In first circuit,

Reading of ideal voltmeter = 6V

Net potential difference =9 + 6 =15V

Total resistance =1+1=2Q

Current in ammeter =V/R =15/2=75A m

In second circuit,
Reading of ideal voltmeter = 6V

Net potential difference = 9 -6 =3v m
Total resistance =1+1=2Q
Current in ammeter = V/R = 3/2=15A m

40. When an electric field is applied across a

conductor, then the charge carriers inside the
conductor move with an average velocity which is
independent of time. This velocity is known as
drift velocity (v;). m
(i) Relationship between current (1) and velocity

(v) is, I=neAv ,

where, ne = amount of charge inside the

conductor and A = area of cross-section of

conductor.

Total number of free electrons in a conductor
PQ of length /, cross-sectional area A having n
free electrons per unit volume is
N = nx volume of conductor PQ
or N = nAl

P Q

p—1 i

41

L m

Time ¢ in which an electron moves from P to Q,

all N free electrons pass through cross-section Q.

t=1/v,

where, v, is the drift velocity of electrons in the

conductor. So, electric current flowing through
conductor is given by

_q _Ne_nAle

1/v,

This gives the relation between electric current
and drift velocity.

= I= neAv,

41.

42.

(ii) Area under I-f curve on f-axis is charge flowing
through the conductor

Q=lx5x 5+ 10+ 5)x 5=87.5C a
2

Relaxation time The average time difference
between two successive collisions of drifting
electrons inside the conductor under the
influence of electric field applied across the

conductor, is known as relaxation time. 4]
Drift speed and relaxation time,
v,=—eE1/m (1/2)

where, E = electric field due to applied potential
difference, t = relaxation time,

m = mass of electron and e = electronic charge.

Electron ¢urrent, I = — ne Ay, (1/72)
I =—neA (— ﬂ)
m (1/2)
I = ne*At/m(V/1) [~ E=V/]
14 ml /
= —_= =p— =R
I ne*at P
..V m
R=p—|=—=R, andp= ]
This is the required expression. (1/2)

(i) The current in the conductor having length }
cross-sectional area A and number density #is

I = neAv, sevf{d)
Electric field inside the wire is given by
E=V/l ... (ii)
If relaxation time is t, the drift speed
where, m = mass of electron
T = relaxation charge
e = electronic charge
and E = electric field.
Putting the value of V, in Eq. (i), we get
2
ne‘t
= =—— AE ... (i)
m

1 =ne’*t AV/ml
=J=I1/A=ne*tV/ml m
(ii) Given,I =154, n=9x%x10%® m,

A=1.0x10"" m?

[From Egs. (ii)] .

vy =1 /neA
gy 15
9%x10% x1.6x107'° x1.0 x10~7
= v;=104%x10">m/s m




|
|
network (network having multiple branches). |
calculate the equivalent resistance of smaller part of |
network and finally calculate the equivalent |
resistance of the network. A

43. [ To calculate the equivalent resistance of complex
|
I

(i) "~4 Q and 4 Q are in parallel combination.
.. Equivalent resistance,
1 1 1 2
=

6 Q is

p] ;
_I_=L }_=L=!~t:=RBL=4$2
Rp 12 6 Ry 12 (M

Now, the circuit can be redrawn as shown in
figure below

2Q 1Q 4Q
A B C D
16V 1Q
—WwWWr
Now, 2Q,1Q and 4Q, 1 Q are in series
combination.
.. Equivalent resistance of the network,
Rq=2Q+1Q+ 4Q+1Q=8Q m
(ii) . Current drawn from the battery,
I = K = !E — ZA
R 8

This current will flow from A to B and C 10 D.
So, the potential difference in between AB and
CD can be calculated as

Now, V,g=IR,;p =2x2=4V

and Vep=IRp=2x4=8V m

44. | To calculate the cument through a particular |
resistance, first we have to find the potential |
difference across that resistance. ,

In DC circuit, capacitor offers infinite resistance.
Therefore, no current flows through capacitor and
through 4 Q resistance, so resistance will produce
no effect.

.. Effective resistance between A and B
2x3

R =
487543

=12Q

'.'_l_::i-f-._l_:)R: RIRZ m
R R R, R+ R,

Total resistance of the circuit=1.2+ 2.8=40Q
[~ these two are in series)

Net current drawn from the cell,
¢ 4 O

2 154
iy,

R (total resistance) 4

. potential difference between Aand p

Vg = IR = 1.5 1.2=> Vg, = LKoY "/2)

Current through 2£2 resistance,
' ['=Vyy /260 =1.8/2=09A

A)}
L, (i) Let vy be the drift velocity.
45. (i) ) e -
{6)‘4 » () 4-4%
[“ - ““_.~ R
Electric ficld produced inside the wire js
E =V/l ol
Force on an clectron, a = = E ¢ p

Acceleration of cach electron = — Ee/m

[ from Newton’s law, g = Fimj
where, mis mass of electron.,
Ee
- 3.
m
where, t is the time span between (wo
consecutive collision. This ultimately becomes
the drift velocity in steady state.

velocity created duc to this acceleration =

. Ee ¢
So, V=T =~
m m

4 e %
T X 5 [from Eq. (i)}
We know that current in the conductor

t=neAv, (where, n is number of free
electrons in a conductor per unit volume)

2
i=neAx 1 d = i="° Aty
m | ml
=  i=V/R [+ R=ml/ne*A
o<V,
This is Ohm'’s law. (1%)

(ii) The setup is shown in the figure. Here, electric
current remains constant throughout the
length of the wire. Electric field also remains
constant which is equal to v/I.

—_—
v

C N
urrent density ang hence drift speed chanﬂcﬂ
(2
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. cells @ ; .
] Tlli]:gram given below
dld
E
E
R

| resistance of cells is negy oy
] resistance of the circuit = R -
tota urrent through the resistance, I = -
C . . . ]
So, ara]]cl COmblnallon, potential is Sy .
(Inp

the
" cell) ]
single positive terminal of the batteries N 0

ther, so the equivalent epy¢ of ;1
N

As the interna

:nce, the
3. Since.
conncClCd toge

o5 is given by
batterics - 200-10= -

.nt in the circuit is give
> the current in t n by
Hence, o E/R=190/38 =S A~
)
volty

4. The emf of a cell is greater than its terming)
- ¢
the cgy

because there is some potential drop acrogg
due to its small internal resistance.

when a current / draws from a cell of emf g ang
internal resistance r, then the terminal voltage
V=E-I 0
6. Here, E,=E, E,=-2E and E;=5E, r, =r, r=dr
and r;=3r
Equivalent emf of the cell is E=E) +E,+E,
=E-2E+S5E=4E
Equivalent resistance
=n+r+r+R
=r+2+3r+R=6r+R

. s C ; I'= 4E
(7 Explanations e = T R

The graph for variation of O

1 .(amp) —

1. According to question, maximum potential of three cu . :
: ’ rrent [ . R (ohm)-+
cells (cells in series) each of emf E is given in shown abov:le[h resistance R is 1
graph (i.e.6 V) ' .
So, 3E=6V 7. Given,e=10V, E = 200V, r = 38 Q
Internal resistance of three cells each of resi ' C
r can be calculated as ieslstange +17-
V=Ix3r [all are in series ] ! \) /
= Ir= K = 9 +
I 1 =
A 1w
§



Now, using Kirchhoff’s loop law in given figure, in
loop ABCDA,

200-38/-10=0

190 = 381
1
12190 =& A
38 m

8. According to question,

O

R=2+4=6Q
(i) Net current in the circuit = 12_ 2A
6

Voltage across the battery,
=12-2x2=8V

Voliage across the resistance,

V,=IR=2x4=8V 1)
In order to measure the device's vollage by a
voltmeter, it must be connected in parallel to
that device. This is necessary because device in
parallel experiences the same potential
difference. An ammeter is connected in series
with the circuit because the purpose of the
ammeter is 1o measure the current through the
circuit. Since, the ammeter is a low impedance
device, connecting in parallel with the circuit
would cause a short-circuit, damaging the
ammeter of the circuit. m

(ii)

9. Consider the given figure,

Q

v

E
u L
B ! 4V

R
I
C

>~

Applying Kirchhoff's second law in mesh AFEBA,
21-1+3I-6=0
(since, no current flows in the arm BE of the
circuit)
sI=7

10.

11.

1=1A ..(1)
N ; i h AFDCA,
g Kirchhoff’s second law in mes
3]+ RI-4-6+ 2I-1=0
s[+ RI=11
Now, substitute the value of I from Eq. (i) to
Eq. (ii), we get

7R
sx L+ RxL=11 =:»7+—5-=11
5

Applyin
..(ii)

7R _4 o r=2q

= 2 = 7 m

For potential difference across A and D,
along AFD,

7 7 14 1._2_1=V
-t - =V,=2V,-—+ D
V SX2+I 3)(5 D A 5 5
21 _ —
_y =4 &l V, -V, )=7-1=6VY
=V, - V= 5+ - 1 = (Vy - Vp) )

~ Twocells of emfs E, and E 2 and mternal reS|stances j
' r, and r, connected in parallel combination, then |

equivalent emf, i
qu =E1r2 + E2f1/f1+ f2

Equivalent resistance, fq =/ (r, +&)ﬁ ,

According to question,

15V g20
———AWA—

_|

03Q
---{p—aww—‘

20V
Equivalentemf{ = E |, + E,fy /(n + 1y)
= (1.5%0.3)+(2x0.2) _ 045+04_0385_ 17V
0.2+0.3 0.5 0.5 mn

Equivalent internal resistance
nrn _02x03_ 006

n+n 02+03 0.5

=

=012Q
a)

=
0

We know that, V=E - Ir

The plot between Vand I is a
straight line of positive
intercept and negative slope as
shown in figure below.

(i) The value of potential
difference corresponding
to zero current gives emf of the cell. )

(ii) Maximum current is drawn when terminal
voltage is zero,so V = E - Ir
= 0=E-I . r=>r=E/l,, D)




& Do beween el (0 and teriminal voltage (V)

. =
el ferminal voltage

W the potentlal 1t 1a the potential
it between hwo dillerence between (wo
terminaly of the cell when erminals when current
N Cuent v towling passes through It 1o a
thaough it cell v the Closed clrcut,

e dlealt

s the catse 1w the effect, m

Fodwtag plot s showing variation of terminal vollage
veesns the current

&rTira
.’fr..@' [ —

-

O CumentT —

Note Negative slope gives internal resistance. m
13 1n closed loop ABEFCDA, —80 + 201, - 30/, =0
201, - 301, = 80 (i)

An closed loop BEFCB,
=80+ 201, - 20+ 201, =0

201, + 201, =100 (i)
On solving Eqs. (i) and (ii), we get
)
L===04A
5 m

14. Given, R, =124, R, =25Q
1. =OASA. ’_1 =Q25A
Far the Ust case

E_g=E_125r=E8 i)
I, 05 0.5
Now, for the 2nd case
r=f _3s; pe B0 d (i)

a2 0.25
Compare the Egs. (i) and (ii), we get
E-6_E-625
Qs 0.25
Q25E-1.5=Q5E-3.125
= —Q25E =-1.625
1.625

=—— = E=65V
Q.25 m

putting the value of E in Eq. (i), we get

-6 _0.
r._—a-s——‘ 2 = r=1Q

Qs 05 m

18, The curren! ¢

clating 19 corresponding situatiyy,. .

%

//;II()WC resiiarde, [ g

(1) without any enternal ¥
(n this €%, effective resistance of .
. aa +

minimum, % ¢ urrent is maxirnormn

Hence, 1 =4,2A. .
(i) with (esistance Ryonly, I,= ;;

i this case, effective resistance of g 3
more than situations (i) and (iv) bug bess ': N

S0, [2._] 05A.

(11iy with R,and R, in s€
1,=E/r+ R +R,

effective resistance of Qrml
rrent is minimum.

ries combination_

In this cas¢,
maximum, so ¢

Hence, I; =0.42A. Iy
E
(iv) 14 =;—:m
(n this case, the effective resistance s
than (i) but less than (ii) and (iii). So, I, =) 4,
(rz)

16. Given, E=10V, r=3Q,1=05A

Total resistance of circuit,

(i) External resistance, R= 20-r=20-3=17Q
(ii) Terminal voltage, V=IR=0.5X17=85V

17. The given diagram is shown below

200 Q

h 4y
Applying Kirchhoff’s second law to the loop PRSP.

For loop PRQP, 415 + 401, =1 ...((11))
—201,- 601, + 4= 0
5I3+151, =1 ...(ii)
Applying Kirchhoff's first law,
Li=I+1, i)

From Egs. (i) and (iii), we have
= 4l + 441, = |
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\ S- . :x\x \ 21, o the following cirvuit and graph
< | '
| ‘:\3 s AW
2, .‘u\ R~ 48]
“ .
a0\ R - cesnondite
ROR, U (1) The value of patential difterence corresponding
s o T = to #ero current gives the et of cell, This value
N X 2 X y
) . v L4V, m
Whaatstone dridee s halancad Mo, there will no () Maximum current is drawn
aarrent an the diagonal resistance K, orat can be {rom the cell when the
wathdrawn from the circuit. The equivalent terminal potential difference
reantance would be equivalent to a paraliel iy zero. The current
combination of two rows which consists of series corresponding to zero value vV
combination of &, and X, and R, and },, of terminal potential
respectively difference is 0.28 A, This is -—R
1 _ 1 - 1 1 ol maximum value of current.
TP =Ealdgiiosg
18 1 Q28
R=2.2q ‘ o ‘ M
9 (%) 22, Given, emf of first cell = 2E, emf of second cell = E
‘. A F; Y T N ; ~ N =
=YY A arr=2a Internal resistance of first cell = 2r
R 2 w2 Internal resistance of second cell = r
19. By Kirchhoff's first law at D Netcurrent,  I'=1+1, (1) (V)
In-+1=2 E\=2E
I =1A
’ v
1A D 2A q
rd { B
1A
R 2Q Ry
h—s
A C A
1AY . o E
I =% 1
Along ACDBA, V, + 1V +1 X 2- 2=V, A t——-_oa
But V,=QVy=l+2-2=1V VWA

Vg =1V m '™



23.

For cell 1
V=V,-V,=2E-1(2n
= I = 2%-V ...(ii)
2r
For cell 11, V=V,=V,=E=I,r
- e ... (ii)

= I,
r

~*From Egqs. (ii) and (iii), substituting in Eq. (i), we
get
r= 2E -V a4 E-V

2r . r
On rearranging the term, we get
r=2E_ I(Eﬁ)
3 3 m-
But for equivalent of combination,
™
On comparing, E, ===, r =<
Paring. Eeq 3 M 3 (1/2)

In these type of questions, we have to look out
the connections of different cells, if the opposite
terminals of all the cells are connected, then they
support each other, i.e. these individual emfs are
added up. If the same terminals of the cells are
connected, then the equivalent emf is obtained by
taking the difference of emfs.

Net emf of combination = E, — 2E, + SE, = 4E,
Net resistance of current=r + 2r + 3r + R=6r+ R

Current, I = % [from Ohm’s law]

I= 4E,
2_51 L 6r + R (1)
3r |1
7

24. Taking loops clockwise as shown in figure.

v

10Q
40V (1)

26. Applying

. in ABCDA,

3, -2,=4
= . i
sing KVL In DCFED,
o e iy
_ (i) and (ii), we get
From EQs (i) e
and I,=4 A oa
ThUS, 140 = Il = IZA—-
Ipy=h~= 4 .
25. Refer to Sol. 22 [a]

Kirchhoff’s second law in loop BADgR
2- 2, - i -1-2(; —iy))=0

i i)

2Q

l
|
3V 0

Similarly, applying Kirchhoff’s second law in loop
BDCB,

Solving Egs. (i) and (ii), we get
il =2A' 1'2 =£A
13 13
and [l - i2 = L A
13 m

Potential difference between B and D,.
Vs + i) —iy) =V,

Vs =V =— 2, —i2)=1_2§v

v=(E rR=_E
R+r 1+ r/R

= with the increase of R, Vincreases

E

|

v

0] R~
WhenR-4ﬂ and I=)pa,



We bt that tonmiinal valtage, v <t Iy

’ ViAot )y
W () m
¥
[_.I
L
() I(}\)
Carapany Listwann laringal
voltage (V) andd curent (1)
when K =98 and [ = 045A, then
Veallb=08«9<1 045
) Ho0h%r=4.5 A1)
On solving Has, (1) and (1), we get
r=1 K and I =5y (1)

28. Applylng Kirchhotl”s second law in mesh AVIBA,
b5l I x] 64 9=

A 4 3=
3
= A )
2 (/2)
. ! 1 £2 F
F o AWV S—
I
2 40
mg J

1} s
9V 3V (/2)

Applying Kirchhoff’s second law in mesh AFDCA,
)] -1 xI-IxR=3+9=0
~2]-IR+6=0

2] +IR=6 ...(11)(1/2)

From Bqs. (i) and (ii), we get
(2 x ?) +2R=6
2] 2

= k=2Q (1/2)
For potential difference across A and D along AFD,
v,-2x1-2x1=V,

2 2
V,-Vp=3V m

29. For BCD, cquivalent resistance
R =5Q+5Q=10Q (/2

As s HA, eointyalent jesistanee J,
J [ J )

= 4 1
[P VI VR
R O
W) w9 (/2)
- K, =962

Fotentinl ditference hetween ponts A and §,

Vg =1 # 1, =027 "
Jo. ,‘ ,'I ” 4‘1 A (/,’ q 14) )
CohI e e |
I;r (‘ 14 I{;
J A
=10y z ¥ .z ]
/fl/ 1')‘l2 ;ll (:) 5’?3‘ 15 £2
>

e )
According 1o figure, 1562, 3062 and 15£2 arc in
parallel, their equivalent resistance (R, i
R R 24142 _ 5

k. 15 30 15 30 30

1
;o
Ry 6

i R, =08
Now, R, =06f2 and 462 arc
cquivalent resistance R, is
Ry = Ry + 452 = 652 4+ 402 =109
By junction rule at node A,
L=L,+1I,+1,
Applying Kirchhoff’s second rule
(a) In mesh ADB,
~I, x 30+ 15I,= 0
I,=21,
= _I_z.
2 (vez)

in ‘series their

...(i) (1/2)

= 1,

(b) In mesh BDC,
301, - 15[, =0
- L=2I, = I, =I_23
(¢) In mesh ABE (containing battery), (/2)
-41, =151, +10=0
4aI, + 151, =10 ...(ii)
(d) In mesh ABCD, (1/2)
~-15I,+ 15, =0 = I,=1,

L=DL+L+% =123
2 2



rules Refer 1o Sol. 3

32. For Kerhh"ﬁ,s
From Eq. (ii), we gelt ) ) -
4( )1,)+ I, =10 Es P
- 2
- I
13=1‘2A=§1\=I| ﬂl,‘:Ii:';A I,,/05 !
- 8
L1 A
I.‘ =2 =-A
2 5
5 5 2 pN\1Q/ L
I =2],sx=-= 0
Y2 as I E,= 10V
31. Kirchhoff’s first rule or C
W

Junction rule The
algebraic sum of electric
currents at any junction of
electrie circuit is equal to
zero, i.e, the sum of current entering into a
junction is equal to the sum of current leaving the

%
P4,

. . hhoff’s second rule in loop 4
lying Kirchho Cs
Apply C1ad, + 6-05I, =0

SI, + 1201, = 60

unction _ _
j: ir=0 In loop ACBQA. "l-;-f“'”lm 1{)3 x1=0
) 1205+ 1, = ;
AtjunctionO, I, +I,=1,+ 1, m ‘ " 'un:‘tinn cule A
Kirchhoff's second rule or loop rule Inany Also kirchholl™s J L+ L=1,
! 2= ity

closed mesh of electrical circuit, the algebraic sum ‘ ‘
of emfs of cells and the product of currents and [Here, three equations are the expressions fo,

resistances is always equal to zero. 1.1, and I,]

i.c. IE+XIR=0 On solving Eqs. (i), (ii) and (iii), we get
Kirchhoff's second law is a form of law ol P s %A -] = I%A = T = ZZA
conservation of energy. m = 37 37 Y 0%
For given c'rmg' —2v B 33. For statement of Kirchhoff’s rules Refer
1= g sol. 31 o
A I, " WW Applying Kirchhoff’s second rule to the loop prsp
O SE+ ZIR=0
L £2=1 =30 -1, x20-1,%x200+ 5=0
F {t YWW——4C 41, + 40I, =1 M0
O For loop PRQP,
L E=4V . 20 -20I,-60I,+ 4=0
E L www—Ip _ SIy+ 151, =1 A
At F, applying junction rule, Applying Kirchhoff's first rule at P,
L=l +1, i) ILi=1+1, Al

From Egqs. (i) and (iii), we have
41, + 441, =] ‘“’
From Egs. (ii) and (iii), we have

In mesh ABCFA,
-2-4l,+ 3,+1=0

4l -3, = -] (i)
In mesh FCDEF, 201, + SI, = v
-1-3I,-25+4=0 On solving the above equations, we get
3I,+2I,=3 =11 11000
....(iii) Ii=— A=
On solving, I ,I; and I;, we get ’ 172 172 mA.
4 4000
I.‘,%A' Iz=1A Li=—aA=""
13 215 215
9 39 39000
I,.=—A and [, = =7 e
and 175 l 860A = S mA

m



W The high resistance voltmeter means that no
current will flow through it hence, there is no
potential difference across it. So, the reading
shown by the high resistance voltmeter can be
taken as the emf of the cell.

The internal resistance of a cell depends on
(1) the concentration of electrolyte and
(i) distance benween the two electrodes.
(/72x2=1)
Theemfofcell (F) =22V

The termunal voltage across cell when 5Q
resistance (R) connected across it (V) =1.8V

Let internal resistance = r

-- Internal resistance, r = R(E = 1]
v

()

29 »

¥is= 5(:— l): S\(E:i:&ﬂ

1.8 18 18 09
=2 r= !9 Q

9 m

35. (1) For kirchhoff's rules Refer to Sol. 31
m

(1) (a) Let 67 current be drawn from the cell.
Since, the paths 44", AD and AB are
symmetrical, current through them is
same.

As per Kirchhoff’s junction rule, the
current distribution is shown in the figure.

m
21 61
b A log
Tat i 21 21
L/
Af
I
21 d
I
----- C
21 /D
21 J
WAV

Let the equivalent resistance across the
combination be R.

E=V,-Vz=(6])R
= 6IR=10 [given E =10V ] ...(i)
Applying Kirchhoff's second rule in loop
AA'B'C’A,
~Axl-Ix1-2Ax1+10=0

= 51 =10

I =2A
Total current in the network = 61
=6x2=12A

From Eq. (i). we get
6IR=10 = 6 x2x R=10
R= Q = 3 Q =R= E Q
12 6 6
(b) The current through 2Q resistor is 0.9 A. (1)
36. Let 4, and I, be the currents in two cells
with emfs, E, and E, and internal resistances,

n and r,.
E| rs
B
A 7 ]
Eg,fg
So, I=I +1I,

Now, let V be the potential difference
between the points, A and B. Since, the
first cell is connected between the points
A and B.
V = potential difference across first cell

E, -V

! m
Now, the second cell is also connected between
E,-V

r,

V=E -In orl =

the points, Aand B. So, I, =

Thus, substituting for I, and I,,
[cEi-V E -V
n r;

or I= —El+-€l—-v l+L
h r n n

V= M -1 Ah (1)
n+n ntn

If E is effective emf and r, the effective internal
resistance of the parallel combination of the two
cells, then

V=E-Ir
Comparing Eqs. (i) and (ii), we get
Eyn+Eyn
Trz_
This is equivalent emf of the combination.

...(ii) m

(i) E=



(ll) r= _ﬂ_
n+n
This is equivalent resistance of the
combination.
(iii) The potential difference between the points A
and Bis
V=E-Ir m

37. No current flows through 4 Q resistor as capacitor
offers infinite resistance in DC circuits.

Also, 2Q and 3Q are in parallel combination

R.p ~2%X3_6_12a

2+3 5
Applying Kirchhoff’s second rule in outer loop AB
and cell.
Let I current flow through outer loop in clockwis¢

direction. _‘
12l —28I+6=0= 4l =6 = I =-A
2 (1V2)

. Potential difference across AB,
Vg =IRp = _; x1.2=1.8V

- 30 and 2Q are in parallel combination.
- Potential difference across 2 resistor is 1.8 V.
. Current I’ through 2Q resistor is given by

=> I’=09A (1%a)

38.

(i
(i) (@)

) For kirchhoff’s rules Refer 1o Sol, 3
< 3] o
n

r 4y

Total resistance of circuit, r=r +_ 221

current drawn from cell,

__E__3E
4r/3 4r

(b) Power consumed = I’r =(
_9E’
16r

3E

4r

)2_

3 3

The circuit diagram can be redry
Wna @
dy

given below.
r

t)



[@ Explanations

1. For same length and same radius, resistance of
wire
R e<p [where,p = resistivity]
As, P nichrome > pcoppcr

Hence, resistance of nichrome section is more.
In series, same current flows through both sections
and heat produced =I?Rt. So, ‘'more heat is

produced in nichrome section of wire. m
2. The potentiometer works on the principle that

potential difference across any two points of a

uniform current carrying conductor is directly
proportional to the length between those two

points. 0

3. Given th

4

5.

6. -+ Null point is obtain

r=r[E -1
7 .'.Intcrnal resistance, I = 2

wher

at, P = 630 W

y =210 v, power

and v

m

¢, signs arc as usual.
e - i@,

——

~—_ 0
. _ B_ 1 \l
Resistance of wire = o

P |is constant eve
n
A On douty;

Fora uniform wire,
bridge wire.

| the radius of meter

. Resistance of wire o< 1.

——

ng Jength continue to be X eyey, -
¢ radius of meter bridge wire a4 5
he ratio of length of two Pars

The balanci
doubling th
does not affect t

meter bridge wire.
)
ed at 40 cm from one il

[/ =40cm
100 - [ = 60cm
For meter bridge ratio of unknown resistances,
R _ /
S (100-1/)
=40 _2
60 3
= R:§5=2:3 0
2
. The resistance P, is R = —
B
VZ
and that P, is R, = —
P,
(i) Inseries, R=R, + R,
= =X ¥
R R, +R,
and lez(R|+R,_)
V2
= + R
(R, + R R+ R)
R
+h
Ve v R A
vi v Y

(ii) Inpgrallel.l:l_-t-l—-o——'”"*’ﬂ
R R R, R R h

l’-pl_,,‘,J



Ro = 2R, (i)

H-

In series, power dissipated is given by the relation

P=1I%R
P R
L ==t .. (ii)
Pl) RQ
Using Eqs. (i) and (ii), we get
Fe _ Rp _1
P, 2R, 2

Q)]
9. Given, /|, =350cm, R=9Q,

L=300cm, r=>
As we know that, internal resistance of a cell,

(i

m
r-(}i(-) 1)9—!»(9:3
300 6 2
r=15Q m

10. Applying Kirchhoff’s loop law to close loop 4BU:—‘..
we get Lk-1G-1,F (i)
Consider the diagram

Here, G is the resistance of the galvanometer. (1)

Applying Kirchhoff’s loop law in the closed loop
BDCB, we get
IG+ (L + 1)s—(I,- 1) Q=0
When the Wheatstone bridge is balanced, no
current flows through the galvanometer,
i.e. I ;=0
~. From Eq. (i), we get
IIR“ 12P= 0= IIR= IzP
- ., L_P ...{iii)
I, R

...(ii)

Similarly, from Eq. (ii), we get
Is-1,Q=0

= Is=LQ = I,/,=Q/S

From Eqs. (iii) and (iv), we get

P_Q

...(iv)

P&
R S Q S
This is the required balance condition in a
Whcatstone bridge arrangement. m
11. (i) Referto Sol. 2 m
(ii) Here, AB=1m,R ,4 =109,
Potential gradient, k =2, AO=1=?

Current passing through AB,

j=—2_ =12 -2,
Is""R”}

15+10 25

L 10 4’V
Ve =I>E = T X]10=—
A Y 25 5

For no deflection in galvanometer,
Potential difference across A0=1.5-1.21"

= ki) =1.5-1.2xI" = %1:0.3

0.3x5

or = =0.375m

1=37.5cm m
12. Given, length of wire, / =1 m= 100 cm
Resistance, R=10 Q

emfofabautery, E =6V,

R =5Q and x =40 cm
s Current, I = _Ii*__ = 6 _6

R+R 10+5 15 am

VAB =IR=£X 10=@=4\'

15 15 (1/2)




* emf of the primary cell

=.Yif*_x,\-=£_x40

!
=l6V

Or Ans. 1.2V,
Or Ans. 2.25 V.
13. In closed mesh ABCDA.
Ihn+ () + 1) R=12= 2, + 4, + 1) =12
2 + 4l + 4, =12= 61, + 41, =12
3, +2,=6
In closed mesh BCFEB,
(h+I)R=6 = (I, +1,)4=6
2 +2,=3
On solving Egs. (i) and (ii), we get, I, = 3A
-~ Putting the value of I, in Eq. (i), we get
3x3+2,=6
I, =-1.5A
.. Net current in arm BC
=1, +I,=3-1.5=+1.5A
.. Power consumed by 4Q resistance
=I’R=(1.57x4
=225x4=9W
74. (i) To measure current upto S5A, the shunt §
should have a value, such that for 5A input

current through system, 4A should pass
through shunt S and 1 A should pass through

given ammeter.

m
(2)
2

(i)

..(ii)

(2

lxRA=4,S"
= 1x08=4S
= $=02Q

Thus, the shunt resistance is 0.2 £2. m
(ii) Combined resistance of the ammeter and the

shunt,
p 085 _08x02_016_, o
05+S 08+02 1 (1)]

75. Measurement of internal resistance of a cell
using potentiometerK
2

V)]

internal resistance r) jy

B
Thcccllnfc""' (b(’X(R) through kcy/(l_ ""mm

»sistance
across @ resls JE e ol " |
» lance length is obtagn.. )
e R (/)11;:/~ n~b2 1 alned ,,
ngth, ;=
. v=0bh (i
", N . gcl . I)
; s. (i) and (ii), we
From Ed £ ) i
Vb fl
E=1(r+ Rand V=R
E_r+R
v R "
From EQs. (iii) and (iv), we get
R+7T _ i
R L
.C = !!. -1
= 2L

3 n cal
we known 4, ,, and R, so we can ca culate r, 0

cing condition states that
R /

X (100-1)

X _100-1
=> —_—
R I
when both X and R are doubled, then

2X _ X _100-!

2R R l
Balancing length would be at (100 - /) cm,

16. (i) The balan

m

(ii) On changing the position of galvanometer and

battery, the meter bridge will continued to be

balanced and hence no change occur in the
balance point.

17. End errors The end error in meter bridge arises
. due to the following reasons

(a) The zero mark of the scale provided along the
bridge wire may not start from the positior
where the bridge wire leaves the will copp!
strip and 100cm mark of the scale may not X
at position, where the bridge wire just touch®
the other copper strip.

(b) The resistances of connecting wire and coppe
strips of meter bridge have not been taken mw
account. It can be removed by RP“‘mmd
€xperiment by interchanging the known
unknown resistances and by taking the ™ "
of resistances determined. ‘

M



Iy st cas
b \

i\ o -, (h

1n sevond case

Nnew resistamee |‘\‘\nm\'\, \ - S (l'-lmlh‘l)
2
\
‘
- a (ih)
PSS 000 - 1 51)
Divide Eq. () by Eq, (i), we Ret
1o A100 -1 50)
(100 ~ 4,)
) 150 ~ 1.5/, = 200 - ¥,
50 100
= h = = m
15 )
From Eq. (i), we get
100
5 -
100 - 1) (“’" , ]
3= - =104
l, 100
) (1%)

18. When K is closed and X 2 is open, then only the

cell connected in upper part branch will work
When K is closed and K| is open, then only the
cell connected in lower branch will work.

(i) K, = closed, K, = open

E K,
." L -
]I 4 R L—'(.
J
A 8
E
:.
-+ - K2

Suppose null point occurs at J.
Apply KVL in smaller loop,

E-IR=0 (i)
where, R =resistance
E =IR
= I =E/R

As, X increases the value of resistance R. So,

current in the circuit (wire) decreases. Hence, R

will be increased. Then I will decrease.

We can say, as X increases the value of R, null

point decrease. 1A)
(ii)) K, = open, K, — closed.

Then the circuit will be same as shown carlier.

" ¢
We aore that toalatnnice 5 s ol Iivelve RTRL
chreult bscange & da tpen

I VARES

A$ : 4 h

’ h |
Rl ()

|!.‘| s()

So, [rom e, (1), we get

1=Kl = 1 =1/N
Here, K does not depend on the value ol
resistance S
S0, K null point Is not affected by decreasing the
value of reslstance 8, (1%)

it

10. Towal resistance of the circult My K.,
2

Lo, 2

K., K R, RR,

Ko v 28, KK,
vy R,' + 2 1

Total resistance
J Ry, KR
2 K, + 2R

Ky v AKK,
AR, + 20
v 2V (R, 4 2H)
Ky + KR, R} + AKK,
AR, + 28 m
2V(R, + 2K) < HRoy/2
Ry + 4RR,)  (R+ R, /2)
U B 2VR,
(Ry + 4RR,) (2R + Ry)  (Ki + 4KR,)
Potential difference across R,
Rk VR
(RS + 4RR,) (R, + 4R) M
20. (i) Heat produced per second = /2R = VIR

S0, when voltage is made three times, heat
produced increase nine times for same R, (1%)

(il) Current in the circuitis / = E = 12 = 2A
4+ 2

R+7r
across the cell,

_ Ky v 2RK, v 20K,
AR, + 240

Current in the circult 1=

Current in Rl =

Also, terminal voltage
V=E~-Ir=12-2x2=8V
So, ammeter reading = 2A
and voltmeter reading = 8 V (1%)



connections betweess the Pty
bridge arc mad’c of thick (up‘,,,“:” A

because of their negligible rMhb.m' c. Meiy,
iy It ds gcncrally prcfcm:d to obtain the b, ty
(i) int in the middle of the meter g, s

gzcausc meter bridge is most seqqy;g, «77,,,'_
ur resistances are of same order, g,

, (1) The
21. (i) A meter bridge is based upon principle of 22 meter

Wheatstonce’s bridge.

all fo _ ]
L alloy, manganin or constaman age .0
(1) ::,la‘;}ilng meter bridge  wire  dye Sed f
temperature coefficient of resistance ang | n
. J 4, “‘
resistivity- 1?1:
“ 23. (i) principle of Potentiometer Refer ¢, S0l ’
’ 4
Under balance (I, = ) condition, L (a) We usc @ Ic)ng‘wirc ’w have a lower valm-(,n
Q potential gradient (i.¢ a lower “leag o
In case of a metre bridge, resistance Rand S arc or greater sensitivity ({f the potentigy :‘
taken in form of a wire. (b) The area of cross-section has to be ypy,
to get a -uniform wire” as per the pdﬂ(ip’lr'
of the potentiometer. =
(c) The emf of the driving cell has to be gres
than the emf of the primary cy, .
otherwise, no balance point woy|y b
obtained. {t;
(ii) Potential gradient, K = VIL=IR/L=]ps4
-. The required graph is as shown below
€
£1
R S g x
In balance condition, — = =
i 100-4 (1%) £
(ii) In given metre bridge, initially §
R/} =5/100 -}, ...(i) O Aea A — m
When a resistance X is placed in parallel with . . .
S, then net resistance in gap = SX/S + X 24. (i) .L_ﬂ pote;ual grac_in;nt ?ez g ‘
So, in balance (with S and X are in parallel), . § — 3= . =4}
R (SX/S+X) (cells are connected in opposite order)
_=———-—-—1 ...(ii) ‘ El +EZ=KX3OO ..‘u,
b 100 - 4 (cells are connected in supporting order)

E,+E, _Kx300_5
E,-E, KxI120 2
Now, apply componendo and dividendo

Substitute the value of R from Eq. (i) to
Eq. (ii), we get

] X
= E -
5L@100 - 1) (S+ X)(100 - 1) i;:?*:? Ez’:S‘fZ:é_:%
. 5+ x= x|2000- 1) A
£000- 1) W= E/B=7/3 By=ZE,
= }S-H =;z(100-'11) From Eq. (i), we get
1100 - 1) E\-2E =Kx120, 2 F =Kk x120
o S _5h@00-4) - 4000~ 1) 7 7
X 1,000 1, E =Kx120x ] o F, =K x210
_ Sh@aoo -/ _ 4
= X'"l()]oTIz-l,_z))Q Null point for E, is obtained at 210 am.
(14) The sensitivity of potentiometer b i (V‘

by increasing the length of wire.



25. Current sensitivity of a galvanometer is defined as
the deflection produed in galvanometer per unit
current flowing through it. Its Slunit is rad/amp.

40 Ry

6Q 90

()
For balanced Wheatstone bridge, there will be no
deflection in the galvanometer,

B B
= R|=4X9=6Q
6
60 12 Q 12Q 80
Ra 90| — [6Q R>
© -
30V m

For the equivalent circuit, when the Wheatstione
bridge is balanced, there will be no deflection in the
galvanometer.

12.%
8 R,
= Ry, = i =40
12
LI
R, 4 2 m
26. For principle, Referto Sol. 2 m

The two factors on which the sensitivity of a
potentiometer depends are
(a) the value of potential gradient (X). (1/2)
(b) by increasing the length of potentiometer wire.
From the circuit diagram,
(1) if R is increased, the current through the
potentiometer wire will decrease.
Due to it, the potential gradient of
potentiometer wire will also decrease. Thus,
the position of J will shift towards B. m
(ii) if § is increased, keeping R constant, the
position of J will shift towardSdess -

27. The required circuit diagram is shown i the
figure below. ’

The main circuit comprises of battery of emi £,
key (K) and rheostat (R, ). The auxiliary circuit
comprises of two primary cells of emfs £, and E,,
galvanometer, jockey and resistance box (RB) 10
prevent large current flowing throu gh the
galvanometer.
When key K, is closed and K, kept open, 1he cell,
E, comes into action. The jockey J is moved on
the wire 4B till null point is obtained in
galvanometer. Let null point is obtained at length
l;, then emf of first cell is given by

E, = ki A1) (B
where, k is the potential gradient along the wire A3
due to battery E.

Now, key K, is closed and X, kept open and null
point is obtained at length /,, then

E,=kl, 1) m
Therefore, EL = ﬁ = ."L

E, ki,
= E_h

E; b m

NOTE The null point is obtained only when
(i) emf of battery E must be greater than emfs of two
primary cells £, and £, each.
(ii) all the positive terminals of cells and battery must be
connected at the same point.

28. | To deduce the expression for the power of the |
combination, first find the equivalent resistance of |
the combination in the given conditions.

V2 3
P1=— = Rl-._-'V_
) A
v? 2

A
R s




(i) In series combination,
2 2
: R
R) =Rl +R2=V_+_
R B

R, =R +R,= V"'(—l-+ —1-)= Vz(—ll—t—&]

R P A P

Now, let the power of heating element in series

combinatiq;\;be P. e P P,
s P = = = =
" R+R a(R+B) R+h
R, P,
P Pl PZ
* B+P m
(ii) In parallel combination,
1t t. 1 ., 1 8.5
R, R R, V¥R VP, V* V?
1 1
—=—(R+PR)
R,, Vz 1 2
Now, power consumption in parallel
combination
2
B, = V= VZ[L] = P, = VZ,:_I,.(Pl +P2)]
R R V-
P P
F,=R+P m

29.

of balanced Wheatstone bridge.

! bridge is balanced, i.e.-we can apply the condition §
i

In case of meter bridge at null point condition, the :

Applying the condition of balanced Wheatstone
bridge,
R /

S 100-/ 100—40 60

R/S =2/3

The equivalent resistance of 12 Q and S Q in
128 Q

12+ S

40 4

o

2
3

parallel is

Again, applying the condition
N S
125/12+5) 50
128
12+ §
From Egs. (i) and (ii), we get
2 128
=S =
3 12+ S
12+ §=18 = §=6Q
R= _ZS = EX6 =40
3 3

4Q

= R=

R

(1) (M

(1/72)

1/2)
....(ii)

30.

31.

Refer to Sol. 13 )

" tentiometer can be
sitivity of a po . ]
"I‘hees:;leb(; by ryeducmg the potenual gradiep
;)llctgntial gradient caln beﬂr]edol}cetcti1 :yp 1
; n otent;
(i) increasing the I€ng Mtiomgy,,

wire . : S e
reducing the current in the circuit Wwith

help of a rheostat.
The condition of balanced meter bridge

L Th(‘

the

i)
( [1'/2)

R 60 _60_3
5 100-60 40 2

3 .
573 .

. dition,when § anqg 1))
Again, applying .the con 5 nd sq N
connected in s€ries .

E 50 5 = =i )
s+5 50 S+ 5 -..(13
)
From Egs. (i) and (ii), we get
35.5+5 = 25-5=5
2 2 ,
s=10Q = R=§S=Ex10=159

R=15Q, $=10Q )

32. Initially, for balanced Wheatstone bridge,
Ro_h g h s
S 100- 4 100 — /, 0
When X is connected in parallel with S, then
SX/S+ X ) (00— L) 0
S+ X L
[from Egq. (i)]
S+ X [ L |(100 -}
X L )\100 -1,
£+ 1= 12(100—11)
X h 100- L)
= S _bh(100-14) 1
X {100~

ﬁ: 100¢, - 1)

_ 4 @00-1)

IS, ok ot

astn LN

m

|



33. (a)
(b)
(c)

34. (a)
(b)

Refer to Sol. 15

( To Measure Internal Resistance of a Ce
Refer to Sol. 35 (ii) a Cell) o
4* 7 450+ 50 500 100

1
Vag = 1.4BRAB =W) X 50=l2= 0.5V

(2)

Potential gradient,
K= h = 0_5
L 10
Balancing length, °
; = Potential difference
Potential gradient
_300x107x10
05 -
If the driver cell of emf 5V is replaced by a cell
of 2V keeping all other factor constant, then
potential drop across ABis 0.2 V.
The balancing point cannot be obtained on the
potentiometer, if the fall of potential along the
potentiometer wire due to the auxiliary
battery is less than the emf of the cell to be

6m

measured. 73]
Refer to Sol. 21 (i)
(Principle of Meter Bridge) 2)

(i) and (ii) Refer to Sol. 22 (i) and (ii) on
page 116. :

Ar—-(‘—le

m

I 6V 1Q I
D 42 =P _ awwwww—<— C
; 4Q £
El—> AW
L+
For loop ADCBA,
"211+8‘6+[2=O ]
For loop DEFCD,
—4(l, +1)-1,+6=0
or a1, + 51, =6 ...(if)
Solving Egs. (i) and (ii), we get
=2
2
= 12 =-;A
By Eq. (i)

1]

8
Il - A
7 N

Current through 4 Q resistor,

10
Iy + 1, = —
1 2 7
.. Potential difference,
V=IR= 10 X4= ke \4
7 7 (2)

35. (i) As per the figure, total current through the
wire AB is given by, I = E/R+r = 2/R+15

The potential gradient of the wire is given by

K=IX o X——

100 R+15 100

As, the balance point with cell E, of emf 75 mV is
found at 30 cm from end A

2 %0.15x30=75x10">
R+15

( - x0.15x30J—15=R = R=105Q

75%107° @

(ii) Potentiometer is preferred over a voltmeter for
comparison of emf of cells because at null point,
it does not draw any current from the cell and
thus there is no potential drop due to the
internal resistance of the cell. It measures the
potential diffefence in an open circuit which is
equal to the actual emf of the cell.

(iii) Measuring internal resistance of a cell in the

laboratory.

K
T2 M)
@Jr_J

§

A

-
&

R B

3)

36. (i) Working principle of potentiometer

Refer to Sol. 2
For derivation Refer to Sol. 27

(ii) (a) The emf of the cell connected in main
circuit may not be more than the emf of
the primary cells whose emfs are to be
compared.

(b) The positive ends of all cells ar¢ not
connected to the same end of the wire. (1)

. (3)

v



37. (i) Referto Sol. 31 ,
wheatstone Bridge The Wheatston
an arrangement of four resistances as s
the following figure.

bridge is
hown in

R,, Ry, Ry and R, are the four resistances.
Galvanometer (G) has a current I, flowing
through it at balanced condition, I, = 0
Applying junction rule at B, I, =1,
Applying junction rule at D, I) = I,
Applying loop rule to closed loop ADBA,
_IIRI + 0+ IlRl-:O
I,/1, = Ry/R, (i)
Applying loop rule to closed loop CBDC,
IR, + 0-L,R;=0
I} = Il = I4 = I:
2 I,/I,=R;/Rs ...(ii)
From Eqs. (i) and (ii), R,/R, = Ry/R;
This is the required balanced condition of
Wheatstone bridge. (2%2)
(ii) Considering both the situations and writing
them in the form of equations.
Let R’ be the resistance per unit length of the
potential meter wire

W ~WVWWW-
R1 10Q B RQ
[ £

e |
. Qs
«— b0 Ccm 40 cm
E
4J| )\
17 \
_1_€_,_= R x40 40 2
R, R'100-40 60 3
R +10_ R'x60 _60_3

R R'(100-60 40 2

LI ..(0)
R, 3
R, +10=§ )
R, 2
putting the value of -I'?, from Eq. (i) ang
substituting in Eq. (ii), we get
3
g “+ }9 = —
3 R, 2

R2=IZQ

ﬁ . -
Recalling Eq. (i) again,
—ISL = —% = R = 8Q

12 3 (21/2)
e condition is

for details refer to Sol. 37(i)

pP/Q=R/S = P/R=Q/S 0
bon resistor S is given to the bridge
1 = R=S8§=22x10°Q

38. (i) The balanc

(i) Leta car

- R/S= 0

(iii) After interchanging the resistances (p,
balanced bridge would be

3

1

®__2x10 1

x 2x22x10 2

= X=4R=4x22x10’=38kg 0

Thus, equivalent resistances of Wheatstone

bridge

_l_ = __l_ + -—l— = —3— = Req = 2R
Req 3R 6R 6R 0

- Current through it I = L X L LA
3 2R 6R
39. (i) For working principle of potentiometer
Refer to Sol. 2 (1%)
For circuit diagram to compare emf of
two cells Refer to Sol. 27 (1%)

(ii) Constantan or manganin (alloy) as they
ha\fe low temperature coefficient of
resistance. m

(iii) .The sensitivity of potentiometer can be
increased by increasing the number of wires
of potentiometer and hence, decreasing th

value of potential gradient. (M
40. (i) Refer to Sol. 21 @
(ii) Refer to Sol. 16 (ii) m

(iii) It is because of the fact that meter bridge B
most sensitive when null point occuf ned!
the mid-point of wire and all the ¥
resistances are of same order. "
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33' (a)
(b)
(c)

34. (a)
(b)

Refer to Sol. 15 i
( To Measure Internal Resistance of a Cell)
Refer to Sol. 35 (ii) on page 119. )
[AB = S = S = L

450+ 50 500 100

1
Vap = [ABR.AB =ﬁ X 50=£2= 0.5V

(2)

Potential gradient,
Kk =Ya _ 05
L 10
Balancing length,
; = Potential difference
Potential gradient
_300x107x10
05 -
If the driver cell of emf 5V is replaced by a cell
of 2V keeping all other factor constant, then
potential drop across ABis 0.2 V.
The balancing point cannot be obtained on the
potentiometer, if the fall of potential along the
potentiometer wire due to the auxiliary
battery is less than the emf of the cell to be

6m

measured. 73]
Refer to Sol. 21 (i)
(Principle of Meter Bridge) 2)

(i) and (ii) Refer to Sol. 22 (i) and (ii) on
page 116. :

Ar—-<‘——|'ﬁ

m

Current through 4 Q resistor,

10
I +1,=—
1 2 7
.. Potential difference,
V=IR= 10 X4= ke \4
7 7 (2)

35. (i) As per the figure, total current through the
wire AB is given by, I = E/R+r = 2/R+15

The potential gradient of the wire is given by

K=IX o X——

100 R+15 100

As, the balance point with cell E, of emf 75 mV is
found at 30 cm from end A

2 %015%30=75x10">
R+15

( = x0.15x30]—15=R — R=105Q
75)(10_3 @
(ii) Potentiometer is preferred over a voltmeter for
comparison of emf of cells because at null point,
it does not draw any current from the cell and
thus there is no potential drop due to the
internal resistance of the cell. It measures the
potential diffefence in an open circuit which is
equal to the actual emf of the cell.

Measuring internal resistance of a cell in the

laboratory.

(ii)

K
< @
I 6V 19 l
D 42 |y __awww———— C _l_ # -
' e mi
: 4Q ‘ I
El—> AW F K
For loop ADCBA,
. IZ._Z[] =——2 ...(1) [3)
For loop DEFCD, _
-4, +1) -1, +6= 0 36. (i) Working principle of potentiometer
= -4 -5,=—6 . Refér to Sol. 2
or 41, + 51, =6 (i) For derivation Reter to Sol. 27 . (3)
Solving Eqs- (i) and (ii), we get (ii) (a) The emf of the cell connected in main
7, =2 circuit may not be more than the emf of
- 1,= 24 the primary cells whose emfs are to be
7 compared. m

By Eq. (i) (b) The positive ends of all cells are HOI.

I, = LA connected to the same end of the wire. (1)

'7 N
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