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6.

Explanations

current (1
The mobility of electrons in a conductor is given
by

et

I_L =

m
where, ¢ = charge on electron, #2 = mass of
electron and t = relaxation time.
Also, T« T.
But, here temperature (T) is kept constant. As
mobility is independent of potential difference.
So, there is no change in it. (m
Average drift velocity is given by

¢E
v, =—1
m

where, ¢ = charge on electron,
m = mass of electron,
E = electric potential or field across conductor
and t = relaxation time. (1

The average drift velocity, v, = EE T
m

where, T = relaxation time.

The relaxation time is directly proportional to the
temperature of conductor i.e.

Te<T
i v, =T
So, the drift velocity increases with rise in
temperature. (1)

Consider the figure,

1 Ty

@) %
Since, slope of 1>slope of 2.

LW > LIV, = V,/L,> W/

Ry, > R

V/I=R (1/2)
Also, we know that resistance is directly
proportional to the temperature.
Therefore, T,>T,. (172)

(i) DE is the region of negative resistance, because
the slope of curve in this part is negative. (1/2)

(ii) BC is the region where Ohm’s law is obeyed,
because in this part the current varies linearly
with the voltage. (1/2)

The resistivity of a metallic conductor is given by
P=py L+a(T-Tp)]
where, p, = resistivity at reference temperature
T, = reference temperature
and o.= coefficient of resistivity.
From the above relation, we can say that the graph
between resistivity of a conductor with
temperature is straight line. But, at temperatures
much lower than 273 K ( i.e. 0°C) the graph

deviates considerably from a straight line as shown
in the figure.
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Conductors contain free electrons. In the absence
of any external electric field the free electrons are
in random motion just like the molecules of gas
in a container and the net current through wire is
zero. If the ends of the wire are connected to a
battery i.e. a potential difference is applied across
its ends, then an electric field (E) will setup at
every point within the wire. Due to electric effect
of the battery the electrons will experience a force

in the direction opposite to E. (m
9. Variation of current versus voltage for the material
GaAs is as follows (m
Negative
Non-linear|resistance
region {region
<
£
=
2
=
Q /

Voltage (V)

710. Graph of resistivity of copper as a function of

temperature is given below (resistivity of metals
increases with increase in its temperature).



11.

12.

13.

14.

15.
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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 v, = e

neA

where, I is current flowing through the conductor,

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

The electrical conductivity (o) of a metallic wire is
defined as the ratio of the current density to the
electric field that it creates. Its SI unit is mho per
metre (Q-m) . m
The resistivity of a semiconductor decreases
exponentially with the temperature.

The variation of resistivity with temperature for
semiconductor (Si) is shown in figure below.

Resistivity p —
of semiconductor

@) T—
Temperature

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;) _ gt

Electric field (E) m

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

Its STunit is m%/V-s orms™ N7' ¢\ (1/2)

Increasing temperature causes greater electrons
scattering due to increased thermal vibrations of
atoms and hence, resistivity (p) (reciprocal of
conductivity) of metals increases linearly with
temperature. (1

16.

18.

19.

20.
21.

Relation between current and drift velocity of
electrons in a conductor is given by
I=Anev; = V/R = Anev,
el
R
where, / = current
A = area of conductor
n = number density of electrons
and v, =drift velocity.
With the increase in temperature of a metallic
conductor the resistance increases and hence,
drift velocity decreases. 4]

In silicon, the resistivity increases with decrease
in temperature. (1/2)

In copper, the resistivity decreases with decrease
in temperature. (1/2)

When a wire is stretched, then there is no change
in the matter of the wire, hence its volume
remains constant.

Here, the potential V = constant, /"= 3/

Drift speed of electrons = L
nelp

where, n is number of electrons, e is charge on
electron, / is the length of the conductor and pis
the resistivity of conductor.

|
Vo< 5 [ other factors are constants]

So, when length is tripled, drift velocity gets

one-third. §)]
No, the drift speed of electrons is superposed over
the random velocities of the electrons. (n
Refer to Sol. 7 on page 87. )]

The resistivity of the material of a conductor is
equal to the resistance offered by the conductor
of same material of unit length and unit
cross-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 (€ -m).
w2+1/2=1)

22. As we know that, I = neAv,

Also, current density J is given by
J=I/A m

2
13]=" || [ Vd;’f_ﬁ}
m m
or J=(Q/pE [p=m/ne*t]

)]



23. Given, cross-sectional area, A =1.0x 10~ m?

24.

25.

Current, I =1.5A

Electron density, n = 9 X 1022 m™

Drift velocity, v; =?

We know that, I = neAv, m
= v = L = o
neA  9x10% x 1.6 x10™® x1.0 x107™’
=1.042x 107 m/s M
Or
Ans. = 5x10™*m/s (2)
Or
Ans. = 7.5x10™* m/s (2)

(i) For conductor
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(ii) For semiconductor
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O Temperature (T) )
The relation between resistivity and relaxation
. m
time, p=
2
net

In conductors the 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, resulting in a
decrease in resistivity. M

Let potential difference V is applied across a
conductor of length / and hence, an electric field E
is produced inside the conductor.
4 .
E=— o (1)
/

— Free electrons

- B
—0
—0

Electric I
current

Conventional
current

26.

']y
+III

Battery

Let » =number density of free electrons

A = cross-sectional area of conductor

e =electronic charge.
.. Number of free electrons present in length / of
conductor = nAl

.. Total charge contained in length / which can
contribute in current,

q = (nAl)e ..(i) (/2)

The time taken by free electron to cross the
length / of conductor is
where, v, =drift speed of electron.

.. Current through the conductor
[from Eqgs. (i) and (ii)]

(i) a72)

I=q/t
_ (nAle
(1/v;)

=neAv,

.. Current density (J) =

I

A
J =nevy, e J <y,

Thus, current density of conductor is proportional

to drift speed. 1

Mobility of a charge carrier is defined as the drift

velocity of the charge carrier per unit electric field.

It is generally denoted by L.

¢ w=v,/E -..(1)

The SI unit of mobility is m* v~'s7!. (1)

Drift velocity in term of relaxation time is

Vi=——1
m
: eE v, et
In magnitude, v; = —1 or 4 =_"_
m E m

w="2" [From Eq. (i)]
m

(1



27. To plot the graph between the two quantities,
first of all identify the relation between them.

Since, the resistivity of material of conductors (p)
is given by, p= m/ne’t

where, #n = number density of electrons
and T =relaxation time.

With the rise of temperature of semiconductor the
number density of free electrons increases whereas,
T remains constant and hence, resistivity decreases.

m
T
0
T —
Resistivity of a semiconductor decreases
rapidly with temperature m
28. Refer to Sol. 24 on page 89. (3)

29. (i)

Conductivity The reciprocal of resistivity of a
conductor is known as conductivity. It is
expressed as

G =-
P (1/2)
The SI unit of conductivity is mho per metre
(Q'm™). (1/2)
We know that, the drift velocity is given by
eEt

vd—? o (1)

where, e = electronic charge,
E = applied electric field,
T =relaxation time

and m =mass of electron.

But E=K

!

)C)

From the relation between current and drift
velocity,

(i.e. potential gradient)

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

2
= neA(eT—V) or [ = gie st Vv
ml ml

or V:( i )I . (iv)

ne’ At

But according to Ohm’s law,

V =1IR e (V)
From Eqgs. (iv) and (v), we get
m )1 .
R= — e (i)
[nez'c) A

/ ..
Also, R=p— ... (vil
PA (vii)

From Eqs. (vi) and (vii), we get

m o E
p = —5— =resistivity of conductor.
ne’t

As, reciprocal of resistivity of conductor is

known as conductivity. i
ne’t

. Conductivity, ¢ = l =
p m (m

Now, we know that the current density, J = %

2
op. J=Tels nev; = T \E ( v, = EE_T)
A m m

( nezt]
g =
m 4]

J=0CE

30. (i) Drift velocity Refer to Sol. 11 on page 88. 4]
(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 QQ-m.
Since, we know that R = p(//A)

= p=RA/I ceee()
From Ohm’s law, V=IR = El=neAv,R

= R=El/neAv; andv, = eEt/m
ElxXm ml
So, R= =

ne’ AEt ne’ At

Substituting the value of R =

ml
ne” At

we have, p= (ml/ne* At)-(A/])

in Eq. (i),

- Resistivity of the material, p=m/ne*1t

From the above formula, it is clear that
resistivity of a conductor depends upon the
following factors

1 . . S
(a) pe<—, i.e. the resistivity of material is
r

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 materials. So, resistivity of a conductor
depends on the nature of the materials.
(b) pe<l /7, i.e. the resistivity of a material is
inversely proportional to the average



relaxation time 7 of free electrons in the
conductor. As the value of T depends on the
temperature i.e. temperature increases T
decreases and hence, p increases. (1)
(iii) Alloys like Constantan and Manganin are used
for making standard resistors because the
resistivity of these alloys has lesser
dependence on the temperature. m

31. When a conductor is subjected to an electric field

E, then each electron experiences a force

F= - ¢E and free electron acquires an
acceleration, a=Fm=-¢eE/m ...(i)
where, m = mass of electron, e = 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 relaxation
time of electron and
T+ 1T, 4.+ T, ...(i)

n (1)

where, 1,, 7,, ..., T, are the average time difference
between 1st, 2nd, ..., nth collisions.

SV, Vo, ..., V, are velocities gained by electrons in
1st, 2nd, ..., nth collisions with initial thermal
velocitiesu,, u,, ..., u, respectively.

7=

=i Vl - 1.11 + a -Cl
Similarly, vV,=u,+ar,
v,=u,+art,
The drift speed v; may be defined as

v =it vat .ty
=
n
v, = (u; + uy+...+u,)+a(t +1,+...+1,)
n
e (u, + u,+ ...+ un)+ a(t +1T,+..+71,)
i
n n
v,=0+ar [ Average thermal velocity

in m collisions = 0]
v,=—(€E/m~ [from Eq. (i)]
This is the required expression of drift speed of

free electrons. (4)]
The conductor connected to Conduct

DC source of emf E is il
shown in the figure below. T

Suppose, initial length of the e

conductor, [, = [,
New length, [/ = 3,
We know that,

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

32.

33.

Thus, - W S S
(va)i  (Ep)i E/, I 3, 3
Thus, drift velocity decreases three times. (1

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;). (1
(i) Relationship between current (I) 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

[ ——|

| |
! 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,

= I=nedv,

This gives the relation between electric current
and drift velocity.
(ii) Area under I-tf curve gives charge flowing
through the conductor

=8 X5X 5+ (10+5)x 5=87.5C
2 (M
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. (1)
Drift speed and relaxation time are related by

v, =—e¢E t/m (1/2)
where, E =electric field due to applied potential
difference, t =relaxation time,



m = mass of electron and e = electronic charge.

Electron current, I = — neAv, (1/2)
1 =—mneA (— 'C',E—T)
m (1/2)
1=ne’At/m(V/1) [ E=V/I]
Vv ml
= s
I  ne At
[ 4
R=p— =K
P2 { I ]
- m
ne*t
This is the required expression. (1/2)

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

I = neAv, ...(i)
Electric field inside the wire is given by
E=V/l L. (i)
If relaxation time is t, the drift speed is
v; =etE/m (1)
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
= 1= 45 ...(iii)
m
I =ne’t AV/ml [From Eqgs. (ii)]
= J=1/A=ne’tV/ml m
(ii) Refer to Sol. 23 on page 89. [11
35. (i) Let v, be the drift velocity.

—

Electric field produced inside the wire is
E =V/I ...(1)
Force on an electron, F=—-E ¢ §))]
Acceleration of each electron = — Ee/m
[ from Newton's law, a = F / m]
where, mis mass of electron.

. . . Ee
Velocity created due to this acceleration =="" 1.
m
where, T is the time span between two
consecutive collision. This ultimately becomes
the drift velocity in steady state.
Ee e

So, vy =—T=—1
m m

X % [from Eq. (i)]

We know that current in the conductor

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

. e _V

I=neAxX__—1—

m 1

. ne*AtV

= i=—— "
ml

= i=V/R [ R=ml/ne*At]

ie<V.

This is Ohm’s law. (1%2)

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/L.

|
Ty

Current density and hence, drift speed changes.
(2'2)
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1.

Explanations

According to question, maximum potential of three
cells (cells in series) each of emf E is given in graph

(ie.6 V).
So, 3E=6V
= E=6/3=2V

Internal resistance of three cells each of resistance
r can be calculated as

V=1Ix3r [all are in series]
V_6
= == —
I 1

= r=2Q (1

The cells are arranged as shown in the circuit
diagram given below.

WA
R

As, the internal resistance of cells is negligible.
So, total resistance of the circuit = R
Hence, current through the resistance, I = E/R
(In parallel combination the potential is same as
the single cell) m
Since, the positive terminal of the batteries are
connected together. So, the equivalent emf of the
batteries is given by

E=200-10=190V
Hence, the current in the circuit is given by

I=E/R=190/38=5A (m
The emf of a cell is greater than its terminal
voltage, because there is some potential drop
across the cell due to its small internal resistance.

)]

When a current / draws from a cell of emf E and
internal resistance r, then the terminal voltage is
V=E-1I. m
Here, E, =E, E,=—2E and E;=5E, 1, =1, 1,=2r
and ry= 3r

o I(ampere) —

R (ohm)—-

Equivalent emf of the cell is E=E; + E,+ E;
=E-2E+5E=4E
Equivalent resistance
=f+n+tr+R
=r+2r+3r+ R=6r+R
4F

6r+ R

.. Current, I =

The graph for variation of current I with resistance
R is shown above. (m

7. Given, E, =10V, E, =200V, r = 38 Q

D [} C

- W

200V 38 Q (m

Now, using Kirchhoff's loop law in loop ABCDA,
200-381-10=0

190 = 381
I= 190 _ 5A
38 §)]
8. According to question,
o
)
1
12V,2Q

W_@i

R=2+4=6Q

(i) Net current in the circuit = % =2A

Voltage across the battery, V, =12—-2x 2= 8V
Voltage across the resistance,
V. =IR=2x4=8V (m
(ii) In order to measure the device’s voltage 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 to measure the current through the
circuit. Since, the ammeter is a low impedance
device. So, connecting in parallel with the
circuit would cause a short-circuit and
damaging the ammeter of the circuit. (1



9. Consider the given figure,

10.

1302 £ 1

F AN . D
1NV = %
R;
3k
2Q§
— 3V I
I | |
A L B 1 I C

6V 4V

Applying Kirchhoff’s second law in mesh AFEBA,
2I-1+31-6=0

(since, no current flows in the arm BE of the

circuit)

51=7
7 .
= I=-A saslUL
= (1)

Applying Kirchhoff’s second law in mesh AFDCA,
3]+ RI-4-6+2I-1=0
51+ RI=11

Now, substitute the value of I from Eq. (i) to
Eq. (ii), we get

..(ii)

SxZ+RxZ=11 :>7+B=11
5 5 5
= B=4=R=EQ
5 7 m

For potential difference across A and D
along AFD,

VA—EX 2+1—3><%=I{,_)=>~‘[/A—%H—£=VD

5
14 21
>V, -Vo=—+"—_-1=(V,-Vy)=7-1=6V
A D 5 5 A D M
Two cells of emfs E, and E, and internal

resistances # and r, connected in parallel
combination, then equivalent emf is

Eeq=(E1 1y + E3n) /(1 + 1)
Equivalent resistance, roq=11,/(f+ 1)
According to question,

_|

0.3Q

_{

20V
Equivalentemf =(E ;r, + E,n)/(n + 13)
L (1.5x0.3)+(2x0.2) _ 045+04_0.85_ 17V
0.2+0.3 0.5 0.5 m

11.

Equivalent internal resistance
nr, _02x03_006_ 6 _ 0120

n+r, 02+03 05 50 )

We know that, V=F - Ir

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

v

0 I -
(i) The value of potential
difference corresponding to zero current gives
emf of the cell. 4)]
(ii) Maximum current is drawn when terminal
voltage is zero. So, V = E — Ir

= 0=E-I ,r=r=E/l_, 1)

712. Difference between emf (g) and terminal voltage (V)

emf Terminal voltage

It is the potential
difference between two
terminals of the cells when
no current is flowing
through it in the open
circuit.

It is the cause.

It is the potential
difference between two
terminals when current
passes through it in a
closed circuit.

It is the effect. m

Following plot is showing variation of terminal voltage
versus the current

Terminal
voltage V —

O CurrentI — m

Note Negative slope gives internal resistance.
13. In closed loop ABEFCDA,

—80+ 201, - 30I, =0
201, — 301, = 80 (i)
In closed loop BEFCB,
—80+ 20I,-20+20I, =0
201, + 201, =100
On solving Eqs. (i) and (ii), we get

L, =2=04a
5

(i) (0

(1



14. Given, R, =12Q, R, =25Q

I,=0.5A,1, =0.25A
For the 1st case

r=£—R =5 e g B0 ... (1)
I 0.5 0.5
Now, for the 2nd case
r=L__25; p=E-625 (i)
0.25 0.25
Compare the Eqgs. (i) and (ii), we get
E-6_E-625
05 0.25
0.25E-1.5=0.5E—3.125
= —0.25F = -1.625
E—@ = E=6.5V
L E m
Putting the value of E in Eq. (i), we get
- 6.5-6_0.5
05 05
= r=1Q (1

15. The current relating to corresponding situations are as
follows
(1) Without any external resistance, I, =E/R
In this case the effective resistance of circuit is
minimum. So, current is maximum.
Hence, I, =4.2A.

(ii) With resistance R only, I, = =
r+R (1/2)

In this case the effective resistance of circuit is
more than situations (i) and (iv), but less than
(iii) So, I,=1.05A. (172)

(iii) With Rjand R, in series combination,
L;=E/r+R +R,
In this case the effective resistance of circuit is

maximum. So, current is minimum.
Hence, I; =0.42A. (1/2)

E
r+RR,/R +R,

(iv) I =

In this case the effective resistance is more than
(i) but less than (ii) and (iii). So, I, =1.4A. (1/2)

16. Given, E=10V, r=3Q,I=0.5A

Total resistance of circuit,

(i) External resistance, R=20—-r=20-3=17Q (1)
(ii) Terminal voltage, V=IR=0.5x17=8.5V )]

17. The given diagram is shown below
200 Q

Sl VWWA R
oy mA §60§1
.[2 IS Q’

| Q

Applying Kirchhoff’s second law to the loop PRSP,
—-I;%20-1,%2004+5=0

41, + 40I, =1 (i)
For loop PRQP, (1
—20I;-60I, +4=0
5[, +15[ =1 ... (ii)
Applying Kirchhoff’s first law,
I,=1,+1, ... (iii)
From Eqgs. (i) and (iii), we have
= 41, + 441, =1
On solving, we get
13_£A_“000 —
172 172
- 4000n1A, g 39000mA
215 860
-. The reading in the milliammeter will be
11000
I, =——mA
172 m
18. By Kirchhoff’s first law at D,
Inc +1=2
Ioc=1A
1A D2A) 2 v
¢B
R Ri
H—s
Ay (n
Along ACDB, V, +1V +1x2-2=V,
But, V=0V =14+2-2=1V
y V=1V 4]

719. (i) Applying Kirchhoff’s second rule in the closed
mesh ABFEA,
Ve —05%x2+3=V, =2V, -V, =-2
V=V,-Vy=+2V



.. Potential across AB = potential across EF
3-2x05=4-21,
2, =2A =1,=1A
(ii) Potential across R = potential across AB
= potential across EF
=3-2x05=2V

20. From the following circuit and graph

r

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

isl4V.
Maximum current is drawn from the cell

(i)

when the terminal potential difference is zero.

The current corresponding to zero value of

terminal potential difference is 0.28 A. This is

maximum value of current.

21.

Net current,

For cell 1,
V=V,-Vy,=2E-1 (27
= IlzzE_V
2r
For cell 11, V=V,-Vyg=E-Lr
= 12=E—V

r

...(i) (1/2)

.(ii)

.. (iii)

*From Eqs. (ii) and (iii) substituting in Eq. (i), we
get

m I

2E-V E-V
= -+
2r r

On rearranging the term, we get

= 1[”)
3 3
But for equivalent of combination,
V =Eqq—Ilr,)
4F

M
m

eq ”

On comparing, E Gt
3 (1/2)

22. 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+ 5E = 4E
Net resistance of current=r + 2r + 3r + R=6r+ R

U]

Current, I = % [from Ohm's law]

m
Given, emf of first cell = 2F, emf of second cell= E
Internal resistance of first cell = 2r
Internal resistance of second cell = r
I=1+1,

4F
6r + R

I =

(m

0

23. Taking loops clockwise as shown in figure.

m

R—-

40Q ]

AN F
10Q

+1=

0V
Using KVL in ABCDA,
—80+ 201, + 40(I, - 1,) =0

3, -2,=4

m

=

Using KVL in DCFED,

—-40(, - 1,)+10I,-40=0
—4I, + 51, =4

iy _.(ii) M



24.
25.

26.

From Egs. (i) and (ii), we get

I =4A

and I,=4A

Loy=1,=4A (1)
Refer to Sol. 21 on page 103. (3)
Applying Kirchhoff’s second law in loop BADB,

2-2, -, -1-2(;, -i;)=0 ...(1)
2V
2Q
A | B

(1)

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

i, —i,)+3-3,—-i,-1=0
Solving Eqs. (i) and (ii), we get

... (ii)

and
13 m

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

. . 2
Vp=Vp=-2Ay —1p))=—V

13 m
Vi= E R= N
R+r 1+ r/R

= with the increase of R, V increases

O R—
(1)
WhenR=4Q and I=1A.
We know that, terminal voltage, V = E — Ir.
= V=IR=4=E-1Ir

= E-r=4 (i) m

27.

28.

V(in volts)

0 I(A)
Graph between terminal
voltage (V) and current ()

WhenR=9 Qand I =0.5 A, then
V=IR=05x9=FE —-05r

= E-0.5r=4.5 ...(ii)
On solving Egs. (i) and (ii), we get
r=1Q and E=5V (1

Applying Kirchhoff’s second law in mesh AFEBA,
-1IXI-1XxI-6+9=0

-2I+3=0
oA ..-(1)
- (1/2)
I 1Q E
F VWA D
I
4Q
wgg
N Loy Es
It
[ N
A —p 1 C
9V 3V (1/2)

Applying Kirchhoff’s second law in mesh AFDCA,
—1XI-1XI-IXR-3+9=0
—-2I-IR+6=0

2I+1IR=6 (1) (172)

From Eqs. (i) and (ii), we get
[2 X 3] + £ R=6
2 2

= R=2Q (1/2)
For potential difference across A and D along AFD,
3 3
V,-=X1-Zx1=YV,
475 5 D
V,-Vp =3V m

For BCD, equivalent resistance

R =5Q+5Q=10Q (1/2)

Across BA, equivalent resistance R,,
1 1 1 1
=—+ —+—
30 15

R, 10



_3+1+2_6 _1
30 30 5 (1/2)
= R,=5Q
Potential difference between points A and B,
Vga=IXR,=02x%5 m
Vea =1V = Vyy=-1V m
n M=42 4 13+ 1)
——/AMVA * - D
I2 O I4 IS
E=10V
— R, =150 (D 2r=150
Ry4=30Q
& C

B

According to figure, 15Q, 30 Q and 15Q are in
parallel, their equivalent resistance (Ry) is
1 1 1 1 2+1+2 5

-t - =
Rq 15 30 15 30 30
LI
Rygq 6
Req= 6%

Now, Reqzﬁﬂ and 4€) are in series their
equivalent resistance R, is

Riq =Ryq+ 4Q=6Q +4Q=10Q
By junction rule at node 4,

I =I,+I;+1, (1) (172)
Applying Kirchhoff’s second rule
(i) In mesh ADB,
—I, x30+15I,=0
I,=21I,
= I,= I—Z
2 (1/2)
(ii) In mesh BDC,
30I, —-15I;,=0
= I,=2I, = I, = L
(iii) In mesh ABE (containing battery), (1/2)

-4I, —15I, +10=0
4, +15I, =10 ....(ii)

(iv) In mesh ABCD, (1/2)
-15,+15I,=0 = I,=1I,
T R ey
2 2 (1/72)

From Eq. (ii), we get

4(§I2]+ 151, =10
2

30.

s WY VR
25 5
2
= =1 ==
2 3 5
I4=£=£A
2 5
Il:§I2=§Xg=lA
2 2 5 (1/72)

Kirchhoff’s first rule or junction rule The
algebraic sum of electric currents at any junction
of electric circuit is equal to zero, i.e. the sum of
current entering into a junction is equal to the
sum of current leaving the junction.

= 2I=0
At junction O,

L +I,=I+I, M
Kirchhoff's second rule
or loop rule In any closed
mesh of electrical circuit, the algebraic sum of

emfs of cells and the product of currents and
resistances is always equal to zero.

ie. 2E+ 2ZIR=0
Kirchhoff’s second law is a form of law of
conservation of energy. (m

For given circuit,

E1=2V n=4Q
Ar— I WWW——B
| O
I Eg— 1V =30
F K YWWWW——C
IS E3=4V rs =20
E I WWW—ID
At F, applying junction rule,
I=I,+1, ...(i)
In mesh ABCFA,
—2—41,+ 3[,+1=0
4Il_ 31-2=_l ...(ii)
In mesh FCDEF,
-1-3I,-2I,+4=0
3I,+2I;=3 ...(iii)
On solving Eqgs. (i), (ii) and (iii), we get
Il :EA' IZ :lA
13 13
and I =2A
13 2



31.

32.

33.

For Kirchhoff’s rules Refer to Sol. 30 on
page 105.

From given diagram in question, (1%2)

Applying Kirchhoff’s second rule in loop ACBPA,
—12I;+ 6 - 05I; =0

5I;+ 12015 = 60 (1)
Inloop ACBQA, —-12I;+10-I,x1=0
12I,+ I, =10 ...(ii)
Also Kirchhoff’s junction rule,
L+1,=1, ... (iii)

[Here, three equations are the expressions for
I,,I, and I;]
On solving Eqs. (i), (ii) and (iii), we get
[ W N I
37 37 37 (1%%)

For statements of Kirchhoff’s rules Refer to
Sol. 30 on page 105.
From given diagram in question. m
Applying Kirchhoff’s second rule to the loop PRSP,
ZE+XIR=0
—I;x20-1,%x200+ 5=0
41, + 401, =1 ..-(1)
For loop PRQP,
—20I;—60I,+ 4=0
55+ 151, =1 ... (ii)
Applying Kirchhoff’s first rule at P,
I,=I+1,
From Eqgs. (i) and (iii), we have
41, + 441, =1 (iv)
From Eqgs. (ii) and (iii), we have
20I, + 51, =1 (V)
On solving the above equations, we get

I3=£A—“000
172 172
215 215
and I, =22 A=32094
860 860 m

....(iii) (M)

e r

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

(i) the concentration of electrolyte and

(ii) distance between the two electrodes.
(1/2x2=1)

The emf of cell (F) =2.2V

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

Let internal resistance = r

.+ Internal resistance, r = R[E - l]
|4

= 5(2_‘82— l]: ngzizgﬂ

(m

= . r=-—_10
(m

34. (i) For Kirchhoff’s rules Refer to Sol. 30

on page 105. (m
(ii) (a) Let 6/ current be drawn from the cell.
Since, the paths AA’, 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

’ - 61
b, AMAA o
13! 21
; oI
i ! I g
. I I %
I
21 /D ¢ -
o1 I
61 /A B

Let the equivalent resistance across the
combination be R.

E=V,—V, =(6I)R

= 6IR=10 [given E =10V ] ...(i)
Applying Kirchhoff’s second rule in loop
AA'B'C’A,
-2 x1-Ix1-2I x1+410=0
= 5I =10

I=2A
Total current in the network = 61

=6x2=12A

From Eq. (i), we get
6IR=10 = 6 Xx2x R=10
R= Q = E Q =R= E Q
12 6 6
(b) The total current in the network = 67 =12A

(1



35. Let ], and /, be the currents in two cells
with emfs E; and E, and internal resistances n

and r,.
E1, rq
A 7 7 B
Ez, 1o
So, I=I+1,

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.

Potential difference across first cell,

V=E —-In or I1=E1_V

n

Now, the second cell is also connected between

E,-V
p)

the points, Aand B. So, I, =

Thus, substituting for I;, and I,,
n Lp)

or I= 5+E—V i+L
n 5! noon

V= E\n,+ Eyf _rl.Arn (i)
n+n i,

If E is effective emf and r be the effective internal
resistance of the parallel combination of the two

cells, then

V=E-Ir ...(ii)
Comparing Eqs. (i) and (ii), we get
(i) E:El "+ E,f

This is equivalent emf of the combination.

" nr - . .
(ii) r=—-2— This is equivalent resistance of the

f+n
combination.

(iii) The potential difference between the points A

and Bis V=E -1Ir

36. No current flows through 4 €2 resistor as capacitor

offers infinite resistance in DC circuits.

Also, 2Q and 3Q are in parallel combination
2X3 6
R =~ =—=12A
#7943 5

Applying Kirchhoff’s second rule in outer loop AB
and cell.
Let I current flow through outer loop in clockwise
direction.
121 -281+6=0= 4 =6 = [ =2A

2 (1'%2)
.. Potential difference across AB,

Vg = IR, = g x12=18V

.. Potential difference across 2Q2 resistor is 1.8 V.
. Current I’ through 2Q) resistor is given by

I's—="=09A
R 2
= I'=09A (1'%2)
(i) For Kirchhoff’s rules Refer to Sol. 30 on
page 105. (2)

(ii) (a) The circuit diagram can be redrawn as
given below

B
II !
! E.r
(Equivalent circuit)
r r
Ris=—"R =
ac =7 %ep =5
1 1 1 1 3
= ="+ 4+-==
Ryg v r v ¥
r
= R ==
AB 3
Total resistance of circuit, r=r + ¥ =ﬂ
3 3
Current drawn from cell,
| LN
4r/3 4r
32 9E?
(b) Power consumed = Pr=|Z=|r= 5
4r l6r
_9E?



R R, R, m
P=P + P,
4. Given, =L =£
Q 2
XA (i)
P Q

[/ Explanations

|y
1. For same length and same radius, resistance of |I_|'
el In series, power dissipated is given by the relation
R =< p _ 42
Ry P=1IR
[where, p = resistivity]
or P=<R (M
AS' p nichrome - pcoppcr
- S (ii)
. Rnichrome> Rcc:pper o PQ R 2 ’
Hence, resistance of nichrome section is more than ) . i
copper. Using Egs. (i) and (ii), we get
In series, same current flows through both sections & = & = l,
and heat produced =I°Rt. So, more heat is Po 2Rp 2 )
duced in nich ti f wire. 1
i e i e i o 5. Applying Kirchhoff’s loop law to close loop ABDA,
2. Given that, P = 630 W we get LR-1,G-I,P=0 -..(i)
and V =210V, Consider the diagram
Power in DC source, P = VI
630
Therefore, I = —=—"—=3A
vV 210 (m
Vz
3. The resistance of bulb A is R, = -
1
VZ
and that of bulb P, is R, = —
PZ
(i) In series, R=R, + R,
14 14 |
s £ =S :
R R +R, !
and P=I*(R +R) Here, Gis the resistance of the galvanometer. (1)
_ V2 (R + R) Applying Kirchhoff’s loop law in the closed loop
(R, + R,)? S BDCB, we get
IG+(L +I)S—(L-1)Q=0 -(ii)
1 1 PP, When the Wheatstone bridge is balanced, no
R . R, iy B 1 P +p Furrent flows J[Tl:hr_o(t)lgh the galvanometer,
v: v R P m ok 9=
- 1 1 1 .. From Eq. (i), we get
(ii) Inparallel,E—R—lnLR— LR-L,P=0= LR=1LP



=

vl lae]

...(iii)

S~

Similarly, from Eq. (ii), we get

ILs-LQ=0
= IS=LQ = L}L, =0/ ...(iv)
From Eqs. (iii) and (iv), we get
P _Q P R
RS Q s
This is the required balance condition in a
Wheatstone bridge arrangement. m

. In closed mesh ABCDA.

L+ +1)R=12= 21, + 4I, + I,) =12
A, + 4l + 41, =12 = 6, + 41, =12

3, +2,=6 ...(1)
In closed mesh BCFEB,

(L+I)R=6=(;+1,)4=6

2L, +2,=3 ... (ii)

On solving Eqgs. (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
= +1I,=3-15=+15A
-.Power consumed by 4Q resistance
=I’R=(1.5% x4
=225x4=9W (2)

. The given circuit can be redrawn as given below

_I_ —
L ()
4V K
R _1
3
s PO
R, 4 2
Rl R4

8.

So, wheatstone bridge is balanced. Hence, there
will be no current in the diagonal resistance R, or
it can be withdrawn from the circuit. The
equivalent resistance would be equivalent to a
parallel combination of two rows which consists
of series combination of R, and Rs and R, and R,
respectively.

1 1 1 1 1
— =4 = _ 4+ —
R 1+42 244 3 6
R:Q:gg

9 (1v2)
I=K=£—L=2A or I =2A

R 2 (1/2)

(i) Heat produced per second = I°R= V?/R
: HeV?

2
H 1

2
TN .. S
H, 4
Vv, =31

So, when potential difference is made three
times, heat produced increase nine times for

same R. (1'2)
. . S E 12
(ii) Currentin the circuitis/ = —— = —"—_=2A
R+r 4+2
Also, terminal voltage across the cell,

V=E-Ir=12-2x2=8V

So, ammeter reading = 2 A

and voltmeter reading =8V (1%2)
Current sensitivity of a galvanometer is defined as
the deflection produed in galvanometer per unit

current flowing through it. Its Sl unit is
rad/ampere.

6 Q 90

3.0V -

For balanced Wheatstone bridge, there will be no
deflection in the galvanometer.
4 6

R 9




e R. = - 6Q (ii) In parallel combination,
6 1 1 1 1 1 B . P,
[t e T3 =3t
R, B R, V°/R VPR, V° V
— =T
R, V
Now, power consumption in parallel
Rz 8o — |60 Rz combination
2
) Pp = V_ =y? L
© R, R,
30V (1)

For the equivalent circuit, when the Wheatstone
bridge is balanced, there will be no deflection in the

galvanometer.
12_6
8 R, .
= R,=8%8 —40
12
R _6_3
R, m

710. To deduce the expression for the power of the
combination, first find the equivalent resistance

of the combination in the given conditions.
VZ

= R, =
P, (1/72x2=1)
(i) In series combination,
2 2
i W U
B P

R, =R +R,

. Vz(L+ L]= V[u]
B P AP

Now, let the power of heating element in series
combination be P,.

e
"R +R,
_ v? _hp
A P,
P = PlPZ
’ KR+ P

DCAM classes
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P, =B+ P, ©)




