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Chapter 01 and 02 [Electrostatics]

Question | Answers

Number

01 A

02 D

03 C

04 D

05 A

06 A

07 B

08 A

09 A

10 D

11 A

12 A

13 B

14 C

15 A,B,Cor A
16 A

17 BorA
18 CorD

19

Surface charge density of plate A =+17.7 x 1072 C/m?
Surface charge density of plate B =-17.7 x 1072 C/m?

(a) In the outer region of plate L, electric field intensity E is zero.
(b)Electric field intensity E in between the plates is given by relation

E=Z

=]
Where,
€, = Permittivity of free space = 8.85 x10""2 N' C? m™

_ g ®
~ 8.85x101

Therefore, electric field between the plates is 2.0 x 107" N/C
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20
Net capacitance of parallel C; & Cy, = C; + Cy
Cpp =15+ 5= 20pF
Net capacitance of parallel Cy & C; = C; + Cj
p— =9 o
C,, = 10 + 10 = 20 puF
B e
: ; 1245 20x20
Cio, Uye In series, Cigas = = = 10 pF
3 b 1245 = ¢ ¥ C,. 20+ 20 B
Cg in parallel with Cuy; = C,,, + €, = 10+ 20 = 30 pF
P.D. across C oy = 10V
PD. across C |y, = Cys = 5V
Charge on 5puF, @ =CV
=5 x10%x 5C
=25 x 10°%C
21 For constant electric field E For increasing electric field
el d‘| ] - dz - ré II:|1 =1 dz
i - A / 2V /:ﬁ,
L — . » —n
i, F —4—» E
v ey %
di =dz dy >dz
Difference: For constant electric field, the equipotential surfaces are equidistant for same
potential difference between these surfaces; while for increasing eleciric field, the separation
between these surfaces decreases, in the direction of increasing field, for the same potential
difference between them. ; Al
22 The electric dipole moment is defined as the product of either charge and the distance between
the two charges. lIis direction is from negative Lo positive charge. . 20— >
ie., |p]=q(21) - ] *+q
Electric dipole moment is a vector quantity.
Its 81 unit is coulomb-metre.
OR
(rz) Stable equilibrium, 8 = 0° Fis parallel to E
—
P | ra_ -
(&) Unstable equilibrium, @ = 180° P is anti parallel to £
e A S T
23 System is in equilibrium therefore net force on each charge of system will be zero.

For the total force on *Q’ to be zero

q Q q
S U S
ne, 42 4me, (Q—Jr}D A; ¥ m soa—a _:B
Dx=2-x = 2x =2
=x=1m

For the equilibrium of charge “¢” the nature of charge O must be opposite to the nature of
charge ¢.
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24 A

The forces F; and F, are inclined to each other at an angle of 1207

Hence, resultant electric force on charge g

F=F+F2+2F F,cosB

=/ FX+ FX + 2FF, cos 120°

= F +F; -RF

( 2
=( 1 q—)\x’16+4_s
4ng, 12

_ 1 (24347
T 4me,\ p

! N\
;_f" \.‘_
—aq / N, 24
/. _
! \!\:2
Force on charge ¢ due to the charge —4yg 8= 120°b£A
i 7
7 .
. 4q- : . / "\
o= ine, ( 2 )‘ along AB o \\
£ \
Force on the charge g, due to the charge 2g : *
_ /
G (. o T— L
B 4‘?{50 Iz , along B !

HOTS Let us find the force on the charge @ at the point €
Force due to the other charge Q
) i
A
amne, (4 \I'E} dﬁgo‘. 2a

Force due to the charge g (at B), Fy

1 9¢
= — along BC A
ane, 42 8 Or

e )(dlong AC)

Force due to the charge g (at D), Fy

1 99 i :
= fl?tﬁo? along DC

Resultant of these two equal forces

e ‘?(, (\f))
b= _1?{50 7 (along AC)

. Net force on charge 0 (at point C)
1 Q[Q

feoiet 5
G i 4ne, 22 +’f'f‘~'}’]

R st

magnitude but will be directed along CA)

This force is directed along AC. (For the charge @, at the point A, the force will have the same

25 Since two spheres are at the same potential, therefore
Vi=V,
Q, Q,
4ne, R, dne R
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Given, Ry >Ry, .. 0,>0
= Larger sphere has more charge

Now, Qa Qa

G, = — and @, = =
4n R, " 4nR,
% _& R
o, Q R;
6, R, R/
- {T_ e [From equation (#)]

1 RR2
Since Ry > R, therefore o;> a.
Charge density of smaller sphere is more than that of larger one.
OR
Total resistance, R = 100 + 200 =30 ()
x ay
The current, = L. ]

R _30Q 15

A

Potential difference, |V = IR = Lx 10= EV

15 3
g 2
Charge, 1= CV=6x ;: 4 uC

26

i = : ek 5 : ., Kg A ;
(1) The capacitance of capacitor increases to K times (since (0 = —2— o K)

g 1
(1) The potential difference between the plates becomes — times.
e

J ; : '
Reason: V=%; Q same, C increases to K umes; '=

2 V¥ . ; o 14 o
(i22) As E :—1_- and V is decreased ; therefore, electric lield decreases to — times.
@

s
.

0

2
() Energy stored will be decreased. The energy becomes, U —("" = Q“ —
9C  2KC, K

I'hus, energy is reduced to — times the initial energy.
) K

27

(#

g,
(z) Capacitance of X, C, _T

£9A_4 g,A
d d

=4 = C,=4C,

Capacitance of ¥ C,

~

et £
C,
As X and Y are in series, so
' e 857 C,.40C,
Y E s dpF = ————
1" Cx+Cy C, +4C,

= Cy=5pFandC, = 4C, = 20pF

~

(i) In series charge on each capacitor is same, so
Pd. V=(g = ch:%
|
V. (;'\.
Also Py + Vy=15
From (i) and (i1),
4Vy+ Vy=15 = V, =38V
Vy=15-3=12V
Thus potential difference across X, Vx = 12V, Ed. across Y, Vy = 3V

Energy storedin X Q*/2c, 8 U, 4

=4 =V, =4V,

i)

1
== =
1

i 48 —X =
Energy storediny  Q*/2C, C, r, 1
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a) Capacitance across Cy & C
28 (a) Cap: o 5 4 Co= byF
PR 5 2 =
Capacitance across €, & €, T I
Cy=6+3=9pF 12|F j'F
Equivalent capacitance 2 2 4| ‘
. _9x3 9pF Cy=3 yF
R 4
0
5 e A
@ ) Q =6pc, Y —F IH}
5 8y
_6x10° o
3107
0,=C,V, =6x107"x2=12pC
As €y & € are in series they carry a charge of 18 pC each
(i) Q =18pC
C,3 = 30F
1 Q1 (18x10%?
HO26, 20 3x10°
E,, = 54x10%joule
29 Let r, g and v be the radius, charge and potential of the small drop.

The total charge on bigger drop is sum of all charge on small drops.
(t) ». @ = Ng(where Qis charge on bigger drop)
(i) The volume of N small drops = N%?crj

Volume of the bigger drop %?{R:‘

Hence, N%m"“' = %:'IHﬂ = R = N'By
Potential on bigger drop, V= x g
EBET IR K= e, R
1 1\"![ 1 f\"z'“ 3 :‘_}'

(l?{EU N3, d?IEU ¥

- Ly [ L]
dne, r 4ne, T

(1) Capacitance = 4me,
s,

dme,N
= N' (dneyr)

NBg [where € is capacitance of the small drop]

OR

(#) Charge O resides on outer surface of spherical conducting shell.
Due to charge g placed at centre, charge induced on inner surlace
is —q and on outer surface it is +4. So, total charge on inner surface
—q and on outer surface it is @ + 4.

q
(1) Surface charge density on inner surface = ———
dnr;
i : O*e
(12) Surface charge density on outer surface = ——
) ’ 47,

(b) For external points, whole charge acts at centre, so electric field at distance x>r,,
1 Q+g¢
9
e, 2

E(x) =
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30 Resultant dipole moment
b= pl+p2+2pp,eos120° B f
= \,“2;'1 + "p cos 120° (i =5 P}
= Jot+ @ x(-x) ==t =, e
—
Using law of addition of vectors, we can see that the resultant /5//
dipole makes an angle of 60° with the y axis or 30° with x - axis. 123/"(-'
T - — a
Torque, T=p X E (7T is perpendicular to both  and E ) 3\
: 1
= pEsin30° = pE. e
. . R . .. = oW
Direction of torque is into the plane of paper or along positive By e
Z-direction. ~a
OR
Let the charge 2¢ be placed at point P as shown. The force due togq is to the lefi and that due to
=3¢ is to the right.
9.2 6a 2
_(!f !' ] 9
= - = @ Hxi=30
4me %" fmsnid +x)°
. d V34
N2 _9de-d?=0 = x=—4-—r
2 2
(—ve sign shows charge 2 at  would be liec between ¢ and -3¢ and hence is unacceptable.)
d V3d d :
= x=§+ \f2 —E(l +/3) to the left of g.
31 P s

[ s | /é o) ///§
Q) SN\
Nl \.h_ //

FIGURE 2.11 Some equipotential surfaces for (a) a dipole,
(b) two identical positive charges.

Here, A =6 x 10 m?, d =3mm=3x10"m

(i) Capacitance, C=€9A/d = (8.85x10"2 x 6x107/3x107) = 17.7x10"'> F
(ii) Charge, Q = CV =17.7 x10'2x100=17.7x107'°C

(iii) New charge Q= KQ=6x17.7 x10"° =1.062 x 10°* C

OR
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KR | ko(=a) | kCaa) _
x x 2x

—2kqQ qu_ﬂ kq? _ 2kqQ
x 2x 2x X

Electric field due to a uniformly charged thin spherical shell:

Gaussian surface

Charged spherical shall

When point P lies outside the spherical shell: Suppose that we have
calculate field at the point P at a distance r (1>R) from its centre. Draw
Gaussian surface through point P so as to enclose the charged spherical
shell. Gaussian surface is a spherical surface of radius r and centre O.

Let E be the electric field at point P, then the electric flux through area
element of area ds is given by

dp = E.ds
Since ds is also along normal to the surface
do=E dS

=~ Total electric flux through the Gaussian surface is given by

o =PEds=E ¢ ds
Now, $ds=4 w2 __(i)
=Ex4 1
Since the charge enclosed by the Gaussian surface is q, according to the
Gauss’s theorem,

€p

(1]
. & g
E—E ey (fOI' I'>R)

A graph showing the variation ot electnc hield as a
function of ris shown below.
E(NC)

» r(m)




MASS PHYSICS

EDUCATION

Physics Classes for CBSE -NEET/JEE by Prabhakar Verma # 9818033370

32

(e) Consider an electric dipole placed in a uniform electric field of strength E in such a way that

its dipole moment p makes an angle 8 with the

+q S Ry
direction of E The charges of dipole are —g and +¢ at / il =§E
separation 2/ the dipole moment of electric dipole,
p=q2 o £ Ve 2;..0.9. ...... D .
Force: The force on charge +q is, Fl == qf, along the / ;LE *E
direction of field E . R R N — ‘_‘F}{B >
The force on charge — g is F» = gE, opposite to the Fg=—qE - N -

direction of field E .
Obviously forces Fl and F{_y are equal in magnitude but opposite in direction; hence net
force on electric dipole in uniform electric field is
F=F,-F,=qE—qE =0 (zero)
As net force on electric dipole is zero, so dipole does not undergo any translatory motion.
Torque: The forces Fy and Fo forma couple (or torque) which tends to rotate and align the
dipole along the direction of electric field. This couple is called the torque and is denoted by 1.
Torque t = magnitude of one force X perpendicular distance between lines of action of forces
=gE (BN) = qE (2] sin 8) = (42} E sin 6
=pEsin®  [using (i)] ()
Clearly, the magnitude of torque depends on orientation (8) of the electric dipole relative 1o
electric field. 'Io]quL (1) is a vector quantity whose direction is perpendicular to the plane
containing p and E given by right hand screw rule.
In vector form T = }‘ xE i)
Thus, if an electric dipole is placed in an electric field in obligue orientation, it experiences no
force but experiences a torque. The torque tends to align the dipole moment along the direction
of electric field.
Maximum Torque: For maximum torque sin 6 should be the maximum. As the maximum
value of sin ® = 1 when 8 = 90°
. Maximum torque, T,,, = pE
When the field is non-uniform, the net force will evidently be non-zero. There will be
translatory motion of the dipole.
When E is parallel to E; . the dipole has a net force in the direction of increasing field.
When E is anti-parallel to I; the net force on the dipole is in the direction of decreasing
field.
In general, force depends on the orientation of I;. with respect to E.

E E
Force on —j @ it il
Force on g d b ke
Farce on g
ST 9 Force on —

Direction of net force = —
Direction of increasing field =
E parallel to p

Direction of net force = =——
Direction of increasing field = —

E antiparallel to p

(b) Let an electric dipole be rotated in electric field from angle 0,10 8, in the direction of electric
field. In this process the angle of orientation 8 is changing continuously; hence the torque
also changes continuously. Let at any time, the angle between dipole moment I;' and electric
field E be 6 then
Torque on dipole T = pE sin 6
The work done in rotating the dipole a further by small angle 46 is

dW = Torque X angular displacemeni= pE sin 6 d6
Total work done in rotating the dipole from angle 8; to 8, is given by

8, .

W= f PEsin 846 = pL’[—cosB]el

9" 0

= —pE[cos 8, =0;] = pE (cos B, — cos 8)) (1)

Special case: If electric dipole is initially in a stable equilibrium position (8, = 0°) and rotated
through an angle (0, =0) then work done

= pE[cos 0° = cos 8] = pE (1 - cos 0) .(#)




MASS PHYSICS

EDUCATION

Physics Classes for CBSE -NEET/JEE by Prabhakar Verma # 9818033370

33

(1)

Non-Polar (0,)

Polar (H,0)

{a) Absence of electric field
Individual

Specimen

Individual

Specimen

(b) Presence of electric field

No dipole moment exists

No dipole moment exists

Dipole moment exists
{molecules become polarised)

Dipole moment exists

(i) (a) The potenual difference between the plates is given by

E
. 0 :
= Eﬁd + N d + End +0+ End =

(h) E versus x graph

E,
= 3Eyd + —

K

Dipole moment exists

Dipole are randomly oriented.
NetPP=1)

Torque acts on the molecules to
—

align them parallel 1o E

Net dipole moment exists parallel

o
o F

L4

=
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Chapter 03 [Current Electricity]

Question Answers
Number
01 D
02 C
03 B
04 A
05 B
06 A
07 A
08 AB
09 D
10 B,D
11 A
12 A
13 A
14 B
15 C
16 A
17 A
18 A
19 When n resistors are connected in series, the resistance is given by
X=R+AH+............u;upw:¢erms
X=nR
Again, when n resistors are connected in parallel,
L + oy +. e UPLO B LETNS
Y R R
—
Vew
XY =nR %= R*
20 For balanced Wheatstone bridge, if no current flows through the galvanometer
% 9
R, 9
= R = = 5 ? =60
For another circuit
]t; = i = R,= hlxg =40
i _6_3
R, 1 2
21 {z) A thick copper strip offers a negligible resistance, so it does not alter the value of resistances
used in the meter bridge.
(b) 1f the balance point is taken in the middle, it is done to minimise the percentage error in
calculating the value of unknown resistance.
(r) Generally alloys magnin/constantan/nichrome are used in meter bridge, because these
materials have low temperature coefficient of resistivity.
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22 When n resistors are in seri I =
 ner FESISLOTS Are seres, S evym—
R + nR
When n resistors are in parallel, 7 =101
R+ n
1+n n
=10= n =10 = n =10
w1
14—
n
23 The resistance of filament,
P
I ¥ i
AL constant voltage VY, the resistance
1
Roeoc F

That is the resistance of filament of 100 W bulb is greater than that of 1000 W bulb.
R, _ % 1000 10 _

I'he ratio of resistances = R, = 7 =00 10:1
24 Applying Kirchofl's law for the loop ABCDA, we have
+200- 38[-10 =10 10V
381 = 190 b i c
190 _
=g ok
Alternatively: A I A B
The two cells are in opposition. 200V 380
Net emf = 200 V-10V = 190 V
- _V _190V _
Now, s T =hA |
25 (1) Drift Velocity: The average velocity acquired by the free elecirons of a conductor in a

direction opposite to the externally applied electric field is called drift velocity. The drifi
velocity will remain the same with lattice ions/atoms.

(11) Relaxation Time: The average time of free travel of free electrons between two successive
collisions is called the relaxation time.
26 We know that o
= ""‘: E 04
ne-T je
Where m is mass of electron d?:,
=
. L < oz
p = charge density, T = relaxation time >
=
¢ = charge on the electron. e
(1) In case of conductors with increase in g
temperature, relaxation time decreases, 50 100 150 T

0 resistivity increases.
(i1} In case of semiconductors with increase in temperature number density (n) of free electrons
increases, hence resistivity decreases.

27 ALREADY SOLVED
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(e} (z) Thick copper strips are used to minimize resistance ol connections which are not

28
accounted for in the bridge formula.
(i) Balance point is preferred near midpoint of bridge wire to minimize percentage error
in resistance (R).
(b) I=L+1I, )
In loop ABCDA
—84 20, =1 %I, +6=0 i)
In loop DEFCD
4l =1 X1, +6 =0 a0l e 20 .
; VAMA
Al + 1, =6 , I =
. 10
L+ L)+ 1, —6 pbe—t | A c
41, +51,=6 ...{#i) -]
\
From equations (i), (i1) cmcz (1) we get 40
8 y 10 Ef A F
L=, L= A F=1A
7 2t o 7
Potential difference across resistor 4€) is:
l() 40
V= x 4= —volt
7 |
29 ALREADY SOLVED
30 The acceleration, ¢ = _E‘C
Thissverane i valsas s siea by _ eE
he average drift velocity is given by, v, =——-1
(T = average time between collisions or relaxation time)
If n is the number of free electrons per unit volume, the current [ is given by
I = ned|v,|
e
e A
| E|
But / = |j| A (where j= current density)
Therefore, we Q;CL
] ne’
|I |_ W TlL |
2
ne”
The term T'Eib conductivity.
2
_neT
i
= J=c¢E
31 Metre Bridge: Special Case of Wheatstone Bridge Resistance box  Resislance wire
It is a practical device based on the principle of —v'\-"\é\"'*"—
Wheatstone bridge to determine the unknown (R) (S)
resistance of a wire. frriatdiiel] PR ] L
If ratio of arms resistors in Wheatstone bridge Gq‘_)
is constant, then no current flows through the é‘A B¢ Q) chl

galvanometer (or bridgewire). «—cm—pa— {100/ )cm ———»

Construction: It consists of a uniform 1 metre
long wire AC of constantan or manganin fixed

p: L of wire are joi ‘0 L-shaped ¢ i § 1
and C of wire are joined to two L-shaped copper A B

along a scale on a wooden base (fig.) The ends A £RhJ* TK
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strips carrying connecting screws as shown. In between these copper slrip-; there 1s a third
straight copper strip having three connecting screws. The middle screw D) is connected 1o a
sensitive galvanometer. The other terminal of gdlmmmml.m is connected to a sliding jockey B.
The jockey can be made to move anywhere parallel to wire AC.

Circuit: To find the unknown resistance 8, the circuit is complete as shown in fig. The unknown
resistance wire of resistance § is connected across the gap between points € and D and a resistance
box is connected across the gap between the points A and D. A cell, a rheostat and a key (K) is
connecied between the points A and € by means of connecting screws. In the experiment when
the sliding jockey touches the wire AC at any point, then the wire is divided into two parts.
These two parts AB and BC act as the resistances P and O of the Wheatstone bridge. In this way
the resistances of arms AB, BC, AD and DC form the resistances P, (, R and § of Wheatstone
bridge. Thus the circuit of metre bridge is the same as that of Wheatstone bridge.

Method: To determine the unknown resistance, first of all key K is closed and a resistance R is
taken out from resistance box in such a way that on pressing jockey B at end points A and €, the
deflection in galvanometer is on both the sides. Now jockey is slided on wire at such a position
that on pressing the jockey on the wire at that point, there is no deflection in the galvanometer
(. In this position, the points B and D are at the same potential; therefore the bridge is balanced.
The point 8 is called the null point. The length of both parts AB and BC of the wire are read on
the scale. The condition of balance of Wheatstone bridge is

LA
Q S

j m resisance, ¢ |4 ;

= Unknown resistance, § = | = | e (8)
P

To Determine Spel_‘iﬁc Resistance:
Ifr is the resistance per cm length of wire AC and [ em is the length of wire AB, then length of
wire BC will be (100 ={) cm
= resistance of wire AB=Ir
() = resistance of wire BC= (100 - Iy
Substituting these values in equation (i), we get
L (100=0)r LV
or §= (———}x R or §S=——R L(#)
lr {
As the resistance (R) of wire (A8) is known, the resistance S may be calculated.
A number of observations are aken for different resistances taken in resistance box and § is
calculated each time and the mean value of § is found.
S4  Smr?
{ L
Knowing resistance S, radius » by screw gauge and length of wire L by metre scale, the value of p
may be calculated.

Specific resistance p=

If a small resistance is to be measured, all other resistances used in the circuit, including the

galvanometer, should be low to ensure sensitivity of the bridge. Also the resistance of thick

copper strips and connecting wires (end resistences) become comparable to the resistance to be

measured. This results in large error in measurement.

Precautions:

() In this experiment the resistances of the copper strips and connecting screws have not been

taken into account. These resistances are called end-resistances. Therelore very small resistances
cannot be found accurately by metre bridge. The resistance S should not be very small.

(i) The current should not flow in the metre bridge wire for a long time, otherwise the wire will
become hot and its resistance will be changed.
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32 ; : : . E
Relation between electric current and drift velocity: X P Q ¥
Consider a uniform metallic wire XY of T
: —Of OO/ 10—
length [ and cross-sectional area A. A | .Currentg?
potential difference I is applied across the ©
- = - |
ends X and Y of the wire. This causes an i [—vgt —> ;
L J
elecric field at each point of the wire of
< >
strength |V
‘ 1
F + +| =
E= L_ (J) |
{

Due to this electric field, the electrons gain a drift velocity v, opposite to direction of electric
field. 1f ¢ be the charge passing through the cross-section of wire in  seconds, then
Current in wire [ =21 L(i)

t

The distance traversed by each electron in time ¢ =average velocity X time = v,/
If we consider two planes P and () at a distance v, { in a conductor, then the total charge flowing
in time { will be equal to the total charge on the electrons present within the cylinder PQ.

The volume of this cylinder = cross sectional area X height

=Auvyl
If'n is the number offree electrons in the wire per unit volume, then the number of free electrons
in the cylinder = n (4v, 1)

z . _19, :
If charge on each electron is — ¢ (¢=1.6 x 107 °C), then the total charge flowing through a
cross-section of the wire

g = (nAugl) (—e) =—neduv,l (i)
*. Current flowing in the wire,
q —neduv,i

===
) i

te, current [ = —nedu, B (1D)]
This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drifi velocity.

Numerically [ = — nedu, —v)
. : I
Current density, [= o = ey

= J=v,.

That is, current density ol a metallic conductor is directly proportional to the drifi velocity.
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Drift velocity: It is the average velocity acquired by the free electrons
superimposed over the random motion in the direction opposite to
electric field and along the length of the metallic conductor.
Derivation [ =ne A V4

Here, I=h+ 1, (1)
Let J = Potential difference between A and B.
For cell €

g -V

Then, V=g -Lir1 = L=

= 9
e

e

I;
£ Ty
— g, =V
Similarly, forcell &2 1, =—2—
L6
Putting these values in equation (7)
I a,—-‘«"+ g -V
| Lo
or IZ(E_IJFE_E]_V[lJ,L]
i Lo
or V= EEF:? + S.'Zri T hn (”)
ot n+n

Comparting the above equation with the equivalent circuit of emf “€eq
and internal resistance “req” then,

V=g, —Ir, ..(ii1)
Then
_ E15 + E515 . B r
(i) ey = 12 F &0 (if) oy = 15
Htrn h+n

(iify  The potential difference between A and B
V =goq — Iy
OR

Junction rule: At any junction, the sum of the currents entering the
junction is equal to the sum of currents leaving the junction

Loop rule: The algebraic sum of changes in potential around any closed
loop involving resistors and cells in the loop is zero
Derivation
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Chapter 04 and 05 [Magnetostatics]

Question
Number

Answers

01

02

03

04

05

06

07

08

09

10

11

W

12

13

14

15

16

17

18

>IOO®@I>PI@O|P|I@ @ OIO>IOICOIO

19

ALREADY SOLVED

20

Here, By = B and 6 = 60°
We know that
B=Bpcos60° =By =98
At equator & =0°
: B, = 2B cos 0° = 2B

21

ALREADY SOLVED

22

(i) F = g(vXB) X X x ® x %

(1) Force on alpha particle and eleciron are opposite to each other, magnitude of mass per
o M s . m y ) 1

charge ratio of alpha particle is more than electron (i.e., r oc T} hence radius of alpha particle

is more than radius of electron.

-

_" >

23

Charge on deutron (g,) = charge on proton (g,)
e f{p

2 ; P Tl
Radius of circular path (r) = B_q (.'.tp.fb‘ = m}_ )

1 ’
roc E [for constant momentum (P)]

r ‘ q

[ b

S()‘ —_—=—=—=
Jn‘ q P q P

Hence,r,:ry=1:1
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24 A - diamagnetic
B- paramagnetic
The magnetic susceptibility of A is small negative
and that of B is small positive.
25 A diamagnetic specimen would move towards the weaker region ofthe field while a paramagnetic
specimen would move towards the stronger region.
26 Diagram
Derivation
The ampere is the value of that steady current which, when maintained in
each of the two very long, straight, parallel conductors of negligible
cross-section, and placed one metre apart in vacuum, would exert on
each of these conductors a force equal to 2 % 10~"newtons per metre of
length.
27 Magnetic field due to coil 1 at point O 1
e e
1=~ 5 o e along UG 2
2(R™+x7) [I},_?_ ~
Magnetic field due to coil 2 at point O ' .__,."'
i n,IR® I
Bs = ﬁzdmlg C,0
2(R* +xH)¥ -
Both B, and B are mutually perpendicular, so the net magnetic field at O is
B =/B2+BI =28 (as B, = B,)
5 )
= s I-.LUIH. . TN F 8,
9(R2 + %) 2 £l ah <
AsR<< x ‘," |I B] 0\(\ fo)
2R IRy 202 1(RY | G x—— :
5= 5 ar 5
2% 41 X Vi
\\._.f x
By 242,14
= 4 xfi
where A= nR? is area of loop. b4 : g
B, ( : 3
tanB=— = tan0 =1 (B, =B8) e
By C '
- ==
=7 )
. B isdirected at an anglc%wilh the direction of magnetic field B, .
28 ALREADY SOLVED
29 (#) By connecting a small resistance called shunt (§) in parallel to coil of the galvanometer. The
X ] 1,G
value of § is related to the maximum current (f) to be measured as § = I-I.°
(b) Given, G=1Be e
-3
— b 4 . 1,
I, =4x107A il o -
I=6A I lU-g)
1.G=(I-1)s
re AN —
g & _ 4X 10 %15 SO, S—
- A = Y Ammeter
L=k  -dsipi®
= 0.01Q
The galvanomeier can be converted into ammeter of given range by connecting a shunt resistance
of 0.01 & in parallel.
30 ALREADY SOLVED
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31

Torque on a current carrying loop: Consider a rectangular loop PORS of length [, breadih b
suspended in a uniform magnetic field B . The length of loop = PQ = RS= [ and breadth OR

= 8P = b. Let at any instant the normal to the plane of ; N axis of loop
loop make an émqlt 6 with the direction of magnetic Fa} or normal to loop
field B and [ be the current in the lonp We know that " >
a force acts on a current carrying wire placed in a a 8 v B
magnetic field. Therefore, each side of the loop will = K"‘*;R >
experience a force. The net force and torque acting on L % ; "
the loop will be determined by the forces acting on all 3 =
sides of the loop. Suppose that the forces on sides PO, 3 iy
OR. RS and SP are Fy.Fg, F3 and F4 respectively. The 1 3 "
sides QR and P make angle (90°- 0) with the direction Fy ¥
of magnetic field. Therefore each of the forces
Fs and F4 acting on these sides has same magnitude F’ =18
= Blb sin (90°- 8) = Blb cos 8. According to Fleming's
left hand rule the forces F, andF, are equal and >
opposite but their line of action is -unm_ Therefore these >
forces cancel each other .., the resultant of F: 2 and F; 2
is zero. V3
The sides PQ and RS of current loop are perpendicular 8

»

to the magne tic [ 1Lid therefore the magnitude of each
of forces Fi and f"w is F=IB sin 90°=/[IB

According to Fleming's lefi hand rule the forces
P] and F 3 acting on sides PQ and RS are equal and
opposite, but their lines ofaction are different; therefore
the resultant force of Fyand Fs is zero, but they form a
couple called the deflecting couple. When the normal to plane of loop makes an angle with the
direction of magnetic field the perpendicular distance between F| and Fj is b sin 0.
Moment of couple or Torque,
T = (Magnitude of one force F) X perpendicular distance =(BIl). (b sin 8)=I (lb) B sin B

; oy
I {Downward)
- >

Fy=1iB

But b = area of loop =4 (say)
Torque, © = IAB sin @
If the loop ummms N- turns, then T = NI AB sin ©
In vector form T = NIA X B
The magnetic dip-:)ic moment of rectangular current loop = M = NIA
T=MxB

l)nuuon of torque is perpendicular to direction of area of loop as well as the direction of

magnetic field i.e., along 14 X B.

The current loop would be in stable equilibrium, if magnetic dipole moment is in the direction

of the magnetic field (B).
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Biot-Savart law: Suppose the current / is flowing in a conductor and there is a small current
element ‘al’ of length Al. According to Biot-Savart the magnetic field (AB) produced due to this
current element at a point P distant r from the element is given by

IAlsin® B I Alsinf .

ABoc————orAB = ———— (1) \

r2 4n — g \

L ’ ’ |
where g 15 a constant of proportionality. It depends on /

; : == b =P
the medium between the current element and point of 7} ARl _—

3 o

observation (P). p is called the permeability of medium. /

Equation (i) is called Biot-Savart law. The product of current
(f) and length element (Af) (i.e., I Al) is called the current |
element. Current element is a vector quantity, its direction i
is along the direction of current. If the conductor be placgd
in vacuum (or air), then p is re plaud by py: where g, is called the per l‘ne_clblll[\ of free space (or
air). In S.1. system p,= 4n X 107° \ubuhlmput metire (or newlonhnnpcn )

i 0 7
Thus e 107" weberfampere X metre
As in most cases the medinm surrounding the conductor is air, therefore, in general, Biot-Savart
law is written as
_ ¥y IAIsin®
AB = =
4t ;2

The direction of magnetic field is perpendicular to the planL containing current element and
the line joining point of observation to current element. So in vector form the expression for
magnetic field takes the form

A Mo IALXr
41 P~ K F'-\
Derivation of formula for magnetic field due to ‘\',ID“';J'."'|I
a current carrying wire using Biot-Savart law: ‘j
Consider a wire EF carrying current [ in upward .

direction. The point of observation is P at a finite * : ‘/D‘P
distance h“. from the \-..-'irc. If PM is perpcndicu?ar l : d]( R > (
dropped from P on wire; then PM = R. The wire ~ M Bt P L S pywp

may be supposed to be formed ofa large number of

€D of length 8l at a distance [ [rom M.
Let LOPM = ¢

and ZCPD =8¢, LPDM =6 (@) (b)
The length &/ is very small, so that ZPCM may also be taken equal 1o 8.

small current elements. Consider a small element T ]A

The perpendicular dropped from € on PD is CN. The angle formed between element
131 and ;(= (L’_P)is (n = 8). Therefore according 1o Biot-Savart law, the magnetic field due o
current element I3] atP is

Mo I8lsin(m—0) My 73isind
47 2 2

3B = i)
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CN 13
Butin A CND, sinf =sin(£CDN) = D=
or 8l sin 6 = r 8
& From equaton (1)
o Ir8 By 13 i
g = 1o .,¢ _ W .d) (1)
a2 4 7

Again from fig.

From equation (i)

Ko [cos &
o R L. (i)
If the wire is of finite length and its ends make angles a and p with line MP, then net magnetic
field (B) at P is obtained by summing over magnetic fields due o all current elements, i.e.,

e Jcmt{)d¢- Wyl
—LB mz[ cos dd

8B=

1 [T
47{1{ [sin c{)fﬂ = ﬁ[sin a—sin(-B)]

ol
.., = sina+ si
i.e B iR (sina+ sinf)

This is expression for magnetic field due to current carrying wire of finite length.
If the wire is of infinite length (or very long), then o= p = n/2
ol

B= 4:"{R(m] + sin—

Th9 J [T 4
T Moy - iz B
B) ) or B SR

33

Suppose two long thin straight conducmrs (or wires) PQand RS are placed parallel to each other

in vacuum (or air) carrying currents [, and [, respectively. It has been observed experimentally
that when the currents in the wire are in the same direction, they experience an attractive force
(fig. «) and when they carry currents in opposite directions, they experience a repulsive force (fig. b).
Let the conductors PQand RS carry currents [ and [, in same direction and placed at se paration r.
Consider a curreni—element ‘b’ of length AL of wire RS. The magnetic field produced by
current-carrying conductor PQ at the location of other wire RS
_ :
¥ = oy --(8)

Accurding' to Maxwell's right hand rule or right hand palm rule number 1, the direction of B will

e perpendicular to the pldl){_ of paper and directed downward. Due to this magnetic field, each
ciuncn[ of other wire experiences a force. The direction of current elementis perpendicular o
the magnetic field; therefore the magnetic force on element ab of length AL

o,
AF = B, I, ALsin 90" =

T 1AL P R P R
The total force on conductor of length L
will be b 15
Rol L rody 1 AL
e SN a
2nr 2 r AF+—®8 scaL—mF
5 ; A
Force acting per unit length of conductor L,
5 I &l 1,4
F I-l[:! 1, N/n (i) " i 4 |
=== m
f=L~

According to Fleming’s left hand rule, the r >
direction of magnetic force will be owards ;

i : A fa) . . (h)
P() i.e., the force will be attractive.
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On the other hand if the currents [} and [, in wires are in opposite directions, the force will be
repulsive. The magnitude of force in each case remains the same.

Definition of SI unit of Current (ampere): In SI system of fundamental unit of current ‘ampere'
is defined assuming the force between the two current carrying wires as standard

The force between two parallel current carrying conductors of separation » is

y H ff
j'=§— . N/m
I =L=1Ar= l m then
5.1
== —=2x107N/m

Thus 1 émlpcn_ is the current which when flowing in each of parallel conductors placed at
separation | m in vacuum exert a force of 2x 107 on 1 m length of either wire.
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Chapter 06 and 07 [E.M.l and A.C.]

Question | Answers

Number

01 B

02 C

03 B

04 A

05 B

06 B

07 C

08 B

09 B

10 D

11 A

12 A

13 B

14 B

15 C

16 C

17 A

18 B

19 ALREADY SOLVED

20 P_ryvsyssnn—Q [SAgie 7 9279 U

e T e |
‘ b B ol 2
s :
- EO | _®_
In figure, N-pole is receding away coil (PQ), so in coil (PQ), the nearer faces will act as S-pole and
in coil (CD) the nearer face will also act as S-pole to oppose the approach of magnet towards coil
(GD), so currents in coils will low clockwise as seen from the side of magnet. The direction of
current will be from P to 0 in coil (PQ) and from C to D in coil (CD).

21 Loop abc is entering the magnetic field, so magnetic flux linked with it begins to increase.
According to Lenz’s law, the current induced opposes the increases in magnetic flux, so current
induced will be anticlockwise which tends to decrease the magnetic field.

Loop defg is leaving the magnetic field: so flux linked with it tends to decrease, the induced
current will be clockwise to produce magnetic field downward to oppose the decrease in
magnetic flux.

22 ; .

& ,-'{f ‘\q-‘ 17 \\*
| | i ' |
---------- £l . e 7
\\\'\\& {f ,,/fff 2 \J/ 3
~ = . ~ :

(@) The deflection in galvanometer may be made large by
(1) moving coil €y towards €} with high speed.
(1) by placing a soft iron laminated core at the centre of coil €.

() The induced current can be demonstrated by connecting a torch bulb (in place of
galvanometer) in coil /. Due to induced current the bulb begins to glow.
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23 Given, L = 1.0 H; C=20pF =20 % 10°F
R=300Q; V_ =50V;v= ::;}
Inductive reactance X; = wL =
. Aot ) 1 1 ] .
Capacitive reactance, X, = ——+ = 3 ; = 500 Q
© wC .2?:»'(. -6
10
Impedance of circuit
2= R X=X
= v.,-"ll(?)()(})l2 + (500 - l(}[}];2 = /90000 + 160000 = /250000 = 500 Q
Vems _ 50
s =77~ gog ~ V1A
24 In given ac, there are identical positive and negative half cycles, so the mean value of current is
zero; but the rms value is not zero.
. [Fra [ @2+, 2% [”’ 4dt
U_,)mr'rm =- i 5 - T i i
T 1 1
0
Im.\ T "'I;d =2A
25 ALREADY SOLVED
26 Area of the circular loop = nr?
=3.14 % (0.12)2 m2=4.5 x 10—2 m2
— d_qJ _— e — _—— —
E=—- 5 (BA) A A . tz"‘tl_
For0 <r<2s

Ei=—45x% 102 x { } 225x 102V

E, —-225x10"2

[=B-2BXW0 A_ 56x103A=-26mA
For2s <t <4s,
= 2 E —
Er=-45x102x{=}=0
h=2=0

For4s <t <6s,

45x 1072 0-1
L=- < A =26mA
0<t<2s 2<t<ds 4<t<bs
E(V) -0.023 0 +0.023
I(mA) 26 0 +2.6
T 264
1
(0]
(@A) A 4 6 Ys)—»
-2.6




Physics Classes for CBSE -NEET/JEE by Prabhakar Verma # 9818033370

EDUCATION

MASS PHYSICS

27 Derivation
E.14
E
) I f
; )
IU y ~ ’ &
w2 ’ 2
o D "2 o
\\
OR
Derivation
T V(J T
Vi g+
. Smi2 NWn
Of —p
28 Y= Il_zl 1 - 1
VLG 5%80%10°  400x107®
1000 _® 50 25
=30 =b50rad/s = [= or —on X Hz
() At resonance, Z =R = 40Q
_ 230v2 23042 ik
max H - 40 M
© V.=1_X 23042 ] 2025\ X ]
¢) V.= = ® - = 9025V T A e
€ Tmate 40 T 50x80%107° (% = e
=1 X = 230\;2 XH(0xhH =202V X, =wl
LT fmaxttL T 1[} 4 2= 4 ¥ I =w ‘]
l:,_. = ’L =10
29 () A -
() Zero

(¢} L or C or LC Series combination of L and €




MASS PHYSICS

EDUCATION
Physics Classes for CBSE -NEET/JEE by Prabhakar Verma # 9818033370

30 Selfinductance — Using formula ¢ = L/, if f = 1 Ampere then L = ¢
Self inductance of the coil is equal to the magnitude of the magnetic flux linked with the coil,
when a unit current flows through it

Alternatively
Using formula |- |= Li—i
]fd—1= 1 A/s then L =|-g|
dt
Self inductance of the coil is equal to the magnitude of induced emf produced in the coil iself,
when the current varies at rate 1 Afs. -&
Expression for magnetic energy qui_ﬁﬂmfﬂjﬂ‘ B or ¢
When a time varying current flows through the coil, back emf
(-e) produces, which opposes the growth of the current flow.
It means some work needs to be done against induced emf Increasmg*
in establishing a current . This work done will be stored as
magnetic potential energy.
For the current [ at any instant, the rate of work done is
;

d H iy

Only for inductive Lﬂ{'.‘(.l. of the coil || =L j’;
dd—}f 2 ‘f; )I = dW=LIdI
From work-energy theorem
dlf = LI dI
f L,
= [ it = Lr
i
31 {a) When current flowing in one of two nearby coils is changed, the magnetic flux linked with

the other coil changes; due to which an emf is induced in it (other coil). This phenomenon of
electromagnetic inductioniscalled the mutual ind uction. The coil, in which currentis changed
is called the primary coil and the coil in which emfis induced is called the secondary coil.
The SI unit of mutual inductance is henry.

(b) Mutual inductance is numerically equal to the magnetic flux linked with one coil (secondary
coil) when unit current flows through the other coil (primary coil).

n,ums I./#"" =
»

n,tums

Consider two long co-axial solenoids, each of length L. Let n) be the number of turns per
unit length of the inner solenoid §, of radius ry, ny be the number of turns per unit length
of the outer solenoid 8, of radius r,.
Imagine a time varying current [, through 5, which sets up a time varying magnetic flux ¢,
through 5.

&= Mo(ly) )
where, M, = Coefficient of mutual inductance of solenoid S| with respect to solenoid §,
Magnetic field due to the current f5 in 8, is

By =pynyly
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Magnetic flux through 8 is
6,=B, A, N,

where, Ny=n,L and L = length of the solenoid
- 2y
¢'1 - (!"I'{;ﬂgfg)(?n] )(H]L)
¢, = pymngmry LI, i)

From equations (i) and (iz), we get
2l pan

M, = pmn,mr L L. (d)
Let us consider the reverse case.
A time varying current {; through §, develops a flux ¢, through §..

¢, =M, (1) <liv)
where, My, = Coefficient of mutual inductance of solenoid 5, with respect to solenoid 8,
Magnetic flux due to I} in §| is confined solely inside §; as the solenoids are assumed 1o be
very long.
There is no magnetic field outside 8| due 1o current [ in §,.
The magnetic flux linked with §, is

. 2
¢, = B AN, = (nyn 1) (o)) (nyL)

&y = pom nemry L V)

From equations (iv) and (v), we gel
a9 .
M, = W mn,mr” ()

From equations (i1) and (v7), we get
Mp=M, =M = p{,rclfc2:r{1'12.L

We can write the above equation as

N \/N,}
REA T

= @
BN, N, "

M= T

32

(a) Transformer: A ransformer converts low voltage into high voltage ae and vice-versa.
Construction: It consists of laminated core of soft iron, on which two coils of mmsulated
copper wire are separately wound. These coils are kept insulated from each other and from
the iron-core, but are coupled through mutual induction. The number of turns in these
coils are different. Out of these coils one coil is called primary coil and other is called the
secondary coil. The terminals of primary coils are connected to ac mains and the terminals of
the secondary coil are connected to external circuit in which alternating current of desired
voltage is required. Transformers are of two types:

(aemains) {ac mains)
Primary Primary
. ' ' f
Primary Primary
\_U_E:;J_C'_E_) STTITRTDS
ore ]
(FETTEeTT) ’_-:‘J'DEC'T-“-
| Secondary Secondary
- . . -
) (a) Step up (b) Step down
Secondary| Secondary
L e
(a) Step up (b) Step down

Transformer Transformer
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1. Step up Transformer: It wransforms the alternating low voliage to alternating high
voltage and in this the number of turns in secondary coil is more than that in primary coil
(1.., Ng=Np).

2. Step down Transformer: It transforms the alternating high voliage to alternating low
voltage and in this the number of turns in secondary coil is less than that in primary coil
(i.e., Ng<Np).

Working: When alternating current source is connecied to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked with
the secondary coil changes continuously, therefore the alternating emfof same frequency is
developed across the secondary.

Let Np be the number of turns in primary coil, Ny the number of turns in secondary coil
and ¢ the magnetic flux linked with each turn. We assume that there is no leakage of flux so
that the flux linked with each turn of primary coil and secondary coil is the same., According 1o
Faraday’s laws the eml induced in the primary coil

. A¢ ;
€5 —.-\'PE l2)
and emfinduced in the secondary coil
. Ad .
E;= _AISE i)

From (i) and (i)
N

€ Vg
Ep f\r;_,

..(1i1)

If the resistance of primary coil is negligible, the emf (g,) induced in the primary coil, will be equal
to the applied potential difference (I';) across its ends. Similarly if the secondary drcuit is open,
then the potential differencel’s across its ends will be equal 1o the emf (g;) induced in it; therefore
B B (say) ..(v)
TRt - O (1)
VP E’P A‘r;: ]
N,
where r = N called the transformation ratio. 1f#, and i are the instantaneous currents
N :
P
in primary and secondary coils and there is no loss of energy; then

For about 100% efficiency, Power in primary =Power in secondary
g y .
Vpip=Vgig

N

i

5 P P 1

< FppeagEas )
P 5 %

In step up transformer, Ny >N, - r>1;
So Ve = Vpandig <ip
i.e., step up transformer increases the voltage, but decreases the current.
In step down transformer, Ny < Np > r< 1
S0 Vi< Vp and ig>ip
i.e., step down transformer decreases the voltage, but increases the current.
(1) Given, Vp = 2200V
Np = 5000 turns
V=220V

V, N,
We have, =
I F N &
v
1\"_\. = I_ x N P
P
220
b,
5500 % 3000

Ng = 300 turns
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(a) The device "X is a capacitor.
(h) Curve B : Voliage
Curve (i : Current
Curve A : Power consumed in the circuit
Reason : This is because current leads the voltage in phase by ; for a capacitor.

(¢) Impedance:

1 1
X =——=
S w 2mv(
" 1
p X o & v T
Xe
(d) Voltage applied to the circuit is
V =V, sin ot
Due to this voltage, a charge will be produced which
will charge the plates of the capacitor with positive and .
negative charges.
Q
ve=— = Q=cv
C "
Therefore, the instantaneous value of the current in the ||
circuit is ‘
'-'EQ d(C V) d
=i CV, sin ot
dl a @ Chme) ‘
Fe s ~'(z+£
= wCl; cosat = s1n | 9 | o
A Y
@C V= Va sinot

T
A sin (u:o.{ + 5)

V:
here [ =—
w , B 1

w

= Peak value of current

: n
Hence, current leads the voltage in phase by ?L




