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JEE-Physics

ELECTROSTATICS

EXERCISE -I
[Q?] A’T? Ly aapz
Lo =] [Fll4r]lc?] MLT?xL?
K(9e)g  Keq 3_ -
2. r2 (lG—I’)2 r 16 —r r= 12 cm
3. A B
R Tt #2q
e F :
{4 1
E ‘F/ N
-20e . . ... _Tue+q
D C
Hence net force is along BD
4. Same charges repels each other.
©a QKQx
A = =
S T F = QE R +X2)3/2
e
a0 Foc(X)
9. (required equation for SHM)
©-a)
7. Force between two line charges On a unit length
9 -6)2
_ 2Kk 2x9x10°x(5x10°) |, o
r 0.1
2% 2X xm m
- == - |/ . toc |— oc«/a
B
t, m,
[when x, g & E are same] -, © S Am
1 m,
9. If particle will loose KE (in that direction) against
oo K K
work done by electric field 5 = gEd => E= 2qd
.23
10. 1 T

S

KQ-_9x10°x50x10" X(GT—ST]
rr 100 10
= 4500 V/m.

E=

11.

12.

13.

14.

15.
16.

17.

18.

Work done by external force = AU
[It is state function]

Charge moves L' to the field lines. So the work done

will be zero.
_ Kqu Kqu o
Ui - R + \/RZ +R2 | €
KQ4  KQ,q *—FR—i

U= Rerre ¥ TR

Work done by external force : AU =U, — U,

By mechanical energy conservation

(PE + KE), = (PE + KE),
1 2 2
0+=mv’+0= &+£m(lj X2
2 d 2 \2
(-~ from momentum conservation at closet
approach, both particle will move with a common
speed v/2)

4KQ?
;- 9
mv
K K \
V= (n-l)TQ, E = r2Q:>E=(n—l)r

Let distance of closest approach be 'd' then

lm\/2 =Mj d =10’1zcm

2 d?

F=QE =300=3+E = E =100 N/C
dv 1

E=—= AV=100x— =10V
dx 10

Slope from x axis
y=3+x;tan0 =1 = 0 = 45°
.. Electric field in vector from

@3 _
nv=- | E-dT
(3.1)

-100|¢ . ¢
V= =Thdx+{dy}5o J22+21=0

Alternate solution : The direction of electric field
and the slope of line A (3,1) & (1,3) is | to each

others so the dot product g dr becomes zero.
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JEE-Physics

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Equipotential lines are always |r to the electric
field strength lines .

-+ slope of equipotential lines =2

.. Slope of electric field must be = - 1/2

= Electric field strength vector = —8j + 4T

6_V:~+6_V'.~+6_V'k* ~ ~ -~
E=-"2x oy | o7 )Tk |:4XI —2yj +22kJ

=-k[J16+4+4] = 26

Slope of equipotential lines will be = 1/2
.. Slope of electric lines must be = -2

OR
3 =_(ﬂj __ @2V 00 v/m
AX 7 y_constant (4 _Z)Cm
. :_(ﬂ) __ 2OV o0 v/m
! Ay X=constant (1 _O)Cm
(=0

my

.4/ s the potential at the centre of the ring

-
which is

v:jdV=j@—K—q

05 05
V= 9x10°x1.11x1071°x2
- 1

=2 volt

In figure (-d,0) to (d,0) on x—axis the direction of g in
+ve x—axis and left side of (—d,0) the direction in —ve x—
axis, but on y-axis, at any point the net electric field
along the x-axis.

W=(-pEcos6) - (-pE)=PE(1-c0s6)

Electric field lines can't be closed

Eq enclosed

Q
soflux= —
0 S

From flux = 'f Eds =

Area(100 m?) in xy plane so area vector in k
50 flux )

K

=[ E,-dS =v3k100k =173.2

[IIIIITE| E, dS =v3k100k =173.2

)
2 9 | %
10d
F = 1 X Qq 2 +O = qQ >
4n g, (19 d) 361in e d
2
__3Q

30. " “4ne R

31. In hollow sphere potential remains constant inside the
shell.

32. The potential difference (work done against field)
between the shell & sphere is due to the field
present inside that region which is only due to the
sphere.

33. For any metallic surface, electric field lines are L'
to the surface.

34. 1,2, & 3 are wrong because in metallic solid sphere,
there is no field inside the sphere. Option (4) is correct
from given reason and also it has field lines
perpendicular to the surface (as required in metallic
surface)

EXERCISE -lI
1. T sina = qE cos 45° and  Tcosa+qE sin 45° = mg
__KQH
2. mg=q* (R2+H2)3/2

The field due to ring on its axis will be maximum at
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R
H=% E i.e. above that point gE force will decrease

and resultant force becomes in downward direction
(equilibrium position) and also in same way for below
point.

KQH 9
mg=q:* (R2+H2)3/2 q
[

E

Potential at any point is a scalar quantity.

-~ Positive charge = negative charge i.e. the net charge is
equal to zero. Hence potential is zero. Electric field is a
vector quantity so it depends not only distance but also
the way of distribution of charge.

KQr
3/2 .

R
It is maximum r=+ 7= andalso Eisn
t is maximum at \/Eadaso S not a

linear function of r.

drF

10.

11.

12.

13.

JEE-Physics
(a ) (qdo)( )
dF =(dQ)L2—) -5 =
T & R n /\2n & R
n/2
Fret = I 2dF cos6 = qu
0 n° & R
n/2
— I c0s0do = Zq}”
0 n° g R

At point A the field lines are much closer than B
hence E, > E,.

Work done by external force in direction of field lines
is negative, hence V> V,.

V—Q— 9x10°x10°®
T T JA-4+(3-77+(2-2)

and electric field lines will be in all three direction.

2 =18V

No point exist in between the charges where field is
zero.

v A
< X: > < —>
Q
Ki
KQ 4
Ez(r+x)2_ = =0=>r=x

If Y is fixed i.e. another force is exist on Y additional to
the mutual interaction between X & Y. So the net
force on system (X &Y) is not zero so p is changed but
total energy always remain conserved.

Equal electrostatic force (mutual interaction) acts on X
and Y but in opposite direction which accelerate Y but
retards X. After long time the velocity of X becomes
zero while Y becomes u.

Here potential decreases 2V as we moves unit distance.
Hence for point (1, 1, 1) from (0, O, 0). The total
potential decrease is 2 +2 +2 = 6V. Hence the potential
at point will (10-6) = 4V.

Here total charge is zero.

3
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Y
wC -6uC 19. AsE=
2n g 1
so V= A Lr=>W= (nr—z
O 27 €, 27 €, r
({2 ({2 ({2
2uC 3pC W = A Zn(ﬁ) + 22 /n Lﬁ) + 32 /n LQJ
27 €, NWAE: = 2/ 2n = NG
Any point on z-axis, having the same distance from 2
the each vertex of a square. So the potential due =3 n2
to all is zero at that point. TS
20, £ (2720, 205)
I L P
14. VvV, =3volt, V, = 7 volt
From ener i = v v Ve
gy conservation (Energy), = (Energy), Here —=-—— -E = —I
=1/2mZ-ex7V=—-ex3V+0 X Xy X
— 1/2 mv2 = 4eV 21. The mass of deuteron is twice,s0 momentum is
different.
15.  Velocity due to acceleration
10°° x 300 22. Potential at centroid of A
= + x10 = 3 m/s
10 _ Ko, Ka_K2q_g
Then the resultant velocity may be between 1 m/s T r ro
and 7 m/s Dipole moment of system
16. If electric field and gravitational field will be in same = 2p cos 30° = \/§p
line then the path may be straight line otherwise _
parabola. = V3 xqgxL
-g,-q
O
17. By work energy theorem W_+ W, = AKE y P
( p=qx L)
+q q
L
Ay Ay
+
23.
B +go
Rsind _ 2V2R
= 2_9 0 0 his
f X X
g g
18. Given VA due to +Q is'V, so VB =4V D|p0|e moment
. 242R)  2V2qR
By energy conservation =(q) =
Y Y
1 . oE
Emu2+qV=4qV 24. Force on adipole F=p X
R —E
6qV Atx=——[FE _g s0F=0
=u= % V2 ox
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of the location, is negative.

25, e S AN R\ Bw
[Eas=2
+q By Gauss theorem
° e0
E Clockwise
/ We have —E(4nr2)=i:>q=—3><10‘13C
L T Eq‘/I\‘Bq o
oeert Enet
-q 32.  Energy at surface = Energy at centre
26. Interaction energy U =-p, -E 12 Kaxa _3Ka q+0
2K 0. Kp,sin6 2 i 2 R
= c0s6 .. sing ~
where E = pi3 M+ p2r3 0 q
s U=
and p,=p,r J4n g mR
2K coso
Therefore U = —% KQ 1 KQ R
' 33. -——+~—mu2=——;(3R2———j+O
R 2 2R 4
27. Electric flux depends on the total charge enclosed
by the closed surface S. Hence flux is related with charge 1 11 xpx —nR®

Q,. Electric field at a point is the vector sum of the all

electric field intensities due to all charges. 4n & R 3 2 8 x2R?
1/2
28. - Electric flux depends only on the total charge U= pR®
enclosed by the Gaussian surface. Hence[A]. im g,

Potential at a distance r =

Total charge of dipole =0 f‘
29.  --Electric field 5 N

(o)
=—"due to infinitely uniform charged.

T

=) Potential at outermost shell
Electric flux _KQ,  KQ,  KQ, -0
5q s . © 3r 3r 3r
_ enclosed - j —><[TCR — X ] = Q1 + Q2 + Q3 =0 (I)
o o and potential at innermost surface
ial f face = XQ _ 100
30.  Potential at 5 cm from surface = Ri5 KQ, . KQ, . KQ, -0
Potential at 10 cm from surface r 2r 3r
K(6Q, +3Q,+2
= [69, +30, Q3]=o"mn
KQ 6r
= =75 = R=10cm
R+10 o Q, Qs
From eq. (i) & (i) Q, = - —=and aIsoQ—:S.
. KQ 100x15 4 1
. Potential at surface :?szlF’OV 35. Due to the induction, the opposite nature of charge

is induced at near by surface.

o KQ 100x15V xcm
Electric field on surface= R s E—

100cm?
=1500 V/m

31. As the electric field converges at the origin so total
charge contained in any spherical volume, irrespective
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36.

37.

39.

40.

41.

=
[

K(O -
from figure V, =@
D (1 -q
I /
]|
9]
. Kg Kg  Kg’ q
= — 4+ =0 'z ——
Potential at C 32 4a + 3a =q 2
k4
Potentialat A= K4 _Ka "4 _Kq
2a 4a 3a 6a
_ Ka
Hence V,-V_= Ba

Surface chargedensityatinnersurface of Xis

9
T2
o .. _© Q
.. Electric field at B due to this is 2 =
=N 4n g,

Towards right and in same direction of same value due
to induced charged present inside surface of plate .

Final charge distribution on plate

2Q ’% 29 ’%

Q 2 2 @
T2 2
| Il 1 \V
|| I VL
d d

K

mg

= mgacosa. -qE (2acoso) = 0 = E = 2q

For rotational equilibrium, " t, =0

EXERCISE -llI

FILL IN THE BLANKS

2.

Magnitude of electric field is greatest at a point where
electric lines of force are most close to each other.

Due to electrostatic repulsion the charges will move
as farthest as possible and the angle between the
two strings will be 180° as shown in figure. Tension
in each string will be equal to the electrostatic
repulsion between the two charges. Thus,

1 QxQ @
T=F= An e, (2L) 16rne L?

.= Fd = (a€i)-[F-1]

QEi-(-ai —bj)=- qEa

=

e _[Vp v Vg :

o oy P s where V = 4x2.
Theref ﬂ =8 d ﬂ =0= ﬂ
erefore o X an oy 97

Therefore E =-8xi
At (Im, 0, 2m) E is -8i V/m

Force on—q dueto charges at 1 & 4 are equal and opposite.

Similarly, forces on—qdue to charges at 2and 5 are also

equal and opposite. Therefore, net force on —q due to

chargeatl, 2,4 and 5is zero. Only unbalanced force is
2

between —q and +q at 3 which is equal to EL_Z =

Cl

2
9.0x10° L2 (attraction).

MATCH THE COLUMN

1.

(Al

Electric field due to metallic plates remains same and
constant at near by points.

Forc,+0,=0 = o, = -0,
.. Electric field at a point is equal & opposite in
direction.

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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(B]

[C]

JEE-Physics

o, +0,>0= o, &g,[densities]

either both positive or opposite but positive has a
greater magnitude. So the net electric field will be
away from the plates in region | & III.

Same explanation according to [B]
g N e
Electric field E = o oy J
= -~ 1 -~
For (A): E=-l1+—=]
or (A) 3
For B): E — 4§
For (C): E=-i++/3]

For (D) : E= +%T+ \/§T

- Electric field due to an electric dipole at a point
on equatorial line of dipole makes either 0° or 180°
with the dipole moment of another dipole.

. Torque on dipole 7 =p xE becomes zero
(- 6 =0 or 6 =180° Hence in column I,

[P] option is suit for every queries for column I.
Electrostatic potential energy (U) =— PE cos6
0 = Angle between moment & electric field.

[A] Here 6 = 180° .. U = — PEcos 180° = PE (+ve)
[B] Here 6=0° .. U=-PE cos 6 = -PE (-ve)
[C] &[D]:6<90° .. U=-ve

(A) Electric field at a point is the vector sum of all
individual fields at that point

qenc

(B) Electric flux <J5E~dS: <
, =z _ Yendosed

Electric flux gSE dS ="

0
Initially, the potential difference exist between
both shells, so positive charge is flow from
high to low potential.
Every system wants to acquire minimum
potential energy if possible for stability. So
charge flown to achieve it.

As explained in [A], charge flow does not
depend on the size of sphere.

Charge flow through wire until the potential
becomes same for both shells.

Potential is same everywhere inside a
conducting shell. So no charge is flow through

connecting wire, so no heat is produced.

7. Electrostatic potential energy
= self energy + interaction energy

(A)  Self energy of uniformly charged thin shell
_ KQ? .
= (radius[4)
KQ?
(B) Self energy (= &
Sa
Sy

Interaction energy =

5a
2
. .. 3KQ?
(C) Self energy of solid sphere of radius 'a'= T5a

COMPREHENSION BASED QUESTIONS
Comprehention# 1

1. Velocity of B, when it strikes ‘A" is

1x10

Vg =,/2 x1.8 =6 m/s

From COLM between 'A' & 'B' is

0+1x6=(1+1) x v = 3m/s [left]

2. Equilibrium position = ¥F,, =0

110+ 7B > kx

0 5
Kx=10 = x= — = — (Left from x = Q)

18 9

3. At equilibrium position the spring is compressed by x
=5/9. Let the amplitude of oscillation be 'A'

1 1 1
. =KA? = ZKx? +=mv?
2 2 2

A= \/x2+mv2: J2_5+£X9 - Y106
K 81 18 9

Comprehention# 2
1. -+ Gravity is absent and path of the particle is parabola
i.e. a downward (gE) force is necessary.
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2. Acceleration of the particle is given by —:2q 9
(320 (32,0)
E N sy L | g Ll
a= q_ = ax i Garx
m m Kx-2q  Kq
) + =0 - x =4a
1 X (6a—x)
U2 sin2 0 100 x100 x (7)
- - - Kx -2q Kq
3. h= = =125 - -
2a 5, 1x10 m  teaiyx 0 = x=-12
1 OR
qE u?sin?@ -2 q
4_ a:F :>mT:>a¢ :>h: E @ memre e rnnra e q
2x & 32,0 (33,0)
m m < X: > < >
= h OCE[ tan u, 0 & E is constant] 6a
2. At x = - 3a & x = 3a, the potential becomes — «
Comprehention# 3 & + oo respectively and from the above question
4R potential becomes zero at (a, 0) and (9a, 0)
—>
2x10%s a e 10”
< > Comprehention# 5
12A 1.
For first particle ym2rioc
V2 (103)2 q=4x 10"
a = T = m: 2.5 x 10*® m/s? 3 ——p
2. Acceleration of second particle From energy conservation
Kqg,9, 1 2
2 3)? ———+0+0=2x—mv° +0
:V_zwzixlow =51x 10%m/s? \J4? 437 2
r 8x10" 8
9x10°x2x10°x4x10™* 3><2\/§
. V= = =3.1m/s
3. Velocity of centre of mass 5 J5
100 x2x10° 2 2 KA, 12 =v= 2
= Y — T = —X 103m / S ) 5 2 5
2x107" +10 3
4. Both particles move in a circular orbit about their Comprehention# 6
centre of mass. 1 Q, = o« 4nR?
Q, =-o*4m (2R?=-4Q,
5. Angular velocity Potential at outer shell
4A
v «—
0= - ° ° °
r C - K[Ql—Qz]zK[Q1—4Q1]
o =—— =25x10%rad/s
4x10 -1x3xox4nR _Ei R
= 4 g, x 2R =2 A
Comprehention# 4
2. Electric field ( r > 2R) before connecting the shells

1. Letthe potential will be zero at x distance from -2q.

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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_1xox4nR? +1(—0)
1 4n g xr?

After connecting
_LM_i{Kﬁ‘RZ}
4 e, r2 2 2

~E, /E, =1

E

2

3R
Electric field at r = > [Before connecting]

_ 1 o4nR? 40

E, = 4T €, ! (SR)Z
2

After connecting E, = 0.

Eo

=0
Hence E

1

Comprehention# 7

1.

K Er?
E=_2Q :>Q=?:13MC

r

Comprehention# 8

1.

2

& = 1mv
P.E ; andKE—E

4m €,

eQ
dn e, r

Hence total energy is greater than

After long time sphere gets positive charge so the
trajectory of the proton is (4) due to repulsion.

From the angular momentum conservation

Vv

0
> = mvxR :>V27

my, X 2

Limiting electric potential = change in AKE

2
2
. _ 3mv?
~. Electric potential = ——2

1
—m

1 5
(KE)| = Emvo ’ (KE)f = 2

From previous questions we can see that the final
potential energy of the sphere is equal to the 3/4 of
initial kinetic energy

3
:>Z>< 2.56 =1.92kV

Comprehention# 9

1.

I\ o 30
_dr ' 03

6 =8.85x10" x102 =8.85x 107 C/m?

2. Positive charge has a tendency to move from higher
potential to lower potential hence it will move from
B (-20V) to A (-30V).

3. Here V. =V -V, =20-(-20) = 40V

Work done =gV,
=-1+10°x40
=-4x10"°J

Comprehention# 10

1. As given in paragraph, it is treated as +q and —q point
charge at a distance 2a
.1 (-a)(g)
4n & (2d)°
2. Potential energy= — j F.df
d qz 1 qz
=+ —d2 r=— A
_ 1 9
Note : Here potential energy 4r e 2d
because it is not an electrostatic field.
3. Work done by external force is change in potential

energy .

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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EXERCISE -IV(A)

1.
2Kg® /3 3Kg®
F, = 2F cos 30° = —2q><£ = \qu
a 2 a
For Charge at B : 2r cos 30° =a
| a
SN
Tsind = F,
T cos6 = mg
I:B
tan 6 = mg
sind 99x102 /3 x9x10° xq? 1
= = = X
c0s® /3 x107? (3x102)2 1072 x10
= q = 3.17 x 10°C
= = = q
2. (FQ)IolaI - |FQq + FQq + FqQ|
O = 2F cos 45° + F, q Q oF,
1 KQq KQ2 \/ o
O=2x E X 2 + ? F,
_Q V21
97227227~ 2"
3. We consider an element of thickness dx at a
distance x from g
9 e L .
Qe [ ]
< X || dx
_ ! x dQq
Forceonq = 4z e, 2
d+L
Q KQg [ dx __KQq
= —dX = Y =
Where dQ L then ,F L 'g X dld+L)
4, We consider an element subtending angle do at the

centre

F = electrostatic force on element

KdQ.q (KQ deej KQq

= = 27R = do
R? — rz 4 2nR?
orsin 30 o7 8 _KQado . ¢ __ Qa
SIn = 2 = 27R2 812 < r2
: B R B
g =+10uC=q;=q,
q2:q4:q6:_1ouc
r,=1m
r,=3m
r,=9 m=3m
_ Kag, _Kg, + Kg, _Ka,
a0 = 2 2 2 2 e

1 1 1 1
= Kq 1_2_3_2+3_4_3_6+""

9
= K& 9y =2x9x10° ¢ 11 10°
1 8 8
tg
= E><1O4N/C
8
oA +20A —cA
Charge on outer plates = S - cA
Charge distribution
P Q R
Fieldat A:E,=0 : : s
Field at B : M N i
I I O
2¢ E, . N s
E=— ..—2=0 + + -1+
B 80 E B " +0 +2: _—20:5
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10.

de

o

m

D

X
R
T+ F+ T+ T A

n/2

E,. =2 [ dEsin®
0

K4 Rde _ (Mj( o ]
" (7R / 2) _aKg Net force on upper half = {5 )| 3=
=2 j A xsing=—
0 R nR

b4

e e wgn e ()2
T

0
[Z = distance from hinge point for centre of mass]

m
1

E, + 2E, cos 30° + 2E, cos 60°= (2 ++/3)E,

E, 1 Total torque on rod
, = Ep tand = ¢ —2+\/§XZ—\/§,9—15 MX

m
|

X

c ! m /2 3o
. . = X X2 =g = c o=
The hour hand will point towards 9 : 30 2 2¢ 4 12 2m g,
11.

+6q -3q +39/2 32

+3y/4  +39/2 o4 o4

12. u = U12 + U13 + U14 + U23 + U24 + U34
2 2 2 2 2 2
U :Kq +Kq +Kq +Kq +Kq +Kq
=2 initial a a \/Ea a \/Ea a
a
Kg®> Kg®> Kg®> Kg*> Kg*> Kg®
= + + + + +
Ufinal \/Ea \/Ea 2a \/Ea 2a \Ea

2
AU = U = - (3-42)FE

13. @ v«—@

mQ mQ

0O 0O

—d—

Conservation of momentum (COM)
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\%
0+mV=(m+m)V,V,= Py
1 1 (VY 1 (V) KQ2
- =mVv? =—m(—) —m(—j
COME 2 2 2 i 2 2 d
Q2
T om e, V2
K 2
14 initial = aQ
KQ?
l'innal = (E)
2
2KQ?
AU = a =18x108J=p t
1.8 x10°
= lXTsec =1.8x10°sec
15. For minimum potential energy of the system, g
should be placed in the middle
2q a 8q
ot RS, o
——x—e—(aX)—>
K2qgxq Kq8q
Usystem - x100 + (9 —X) x100
. (Kqu ><8q) <100
9
du ) -2 8 }
= _K 100 | w+——=+0 -
dX q X |:X2 (9—X)2 = X 3 cm
Electric field at the position of
Kx2q Kx8q
9% (0.03° (0.06) °
16. COME: K + U =K + U,
0+0= imVZ _K_Qz
) R
2
V= [2KQ
mR
17. From work energy theorem (WET)

- AMMANMANNY
: .J
N 2, 1
L] v g
W, + ng = AKE
0, X x Lsin®—mgL
S (1-c0s0)=0

o x—2 xL XZSiHQCOSQ
2 2 2

S
20 0 o Uy
— 2. tan—= —x —
—mng25|n22, 2 2€0Xmg
18. A+g
| -
D c
Be+q
COME : K, + U, = K, + U,
- Kg x -2
4o {Kq_(q)}o . (q_)
5 r
4 2x9x10° x25x107*
5
—2x9x10°x25x%x107*°
= ;r=9m
r
OD = '\/ADZ—OAZ = \/92_32 = 848m
19. V _Q_Q
N =
2 3y, -y, =o[KQ_KQ)
KQ KQ 2 3
Vg=—-—
3 2
2
= 9x 10°x 10°® (1—5) = 3000 volt
Sx‘y)/ """"
20. p Q_
320 +33,0 °©

KQ 2KQ
AlV; =0 = \/(x—3a)2 +y? \/(x+3a)2 +y?
.C = (5a,0) and radius = 4a

2KQ
" x+3a

= (x-5a)* + y? = (4a)? -

KQ

BV = X -3a

for x > 3a

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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KQ

(3a-x) 3a+x

[C] A positive charge when released will move from
high potential to low potential

for x < 3a

COME : K, + U, = K, + U,

KQ _2KQ_1 _ Qe
0+4 [Za 8a }_EquO:V " \8n g ma

Aq
21. Force at A 3 =100
el

B B
=100 [dv=-[E.dr
A A e B

M
2n g, x0.2

- fdr e
2ne N

V-V, =

2ne T

r
V -V = » /n-=2= » /n2
A B~ 27 g, r T &,

KA+UA:KB+UB

COME :

AQ 1 .,
——— /2 =—mv-°. _
0+ 2nde, 2 20 /n2 =

V=20 Jin2

N | =

x 0.1 x V2

-~ —K(Pcos45°)~ I
22. E, =y—3'

Ey _ -2x(P ng 45 )T
y

¢ POy
— Pcos45°

= KP -~ = > X
£, = el 21 Lmse

- . = KP =~
23.  Electric field due to dipole P = ErE K

2K><B

Electric field due to dipole gz t—s 2 ¢

7 -~
Resultant electric field = —gKPk

24.  |V,|=[E,]

KP KP 1
%Sezr—s\/1+300529 ; C0SO =

r’ -3

r-3>1;r>2

1
Now €0S0 = m(rzx/g)

then 6 = 45°, 135°, 225°, 315°

1
-

25. Eight cubes encloses a charge. For a cube, the three
surfaces meeting the charge contribute to zero flux.
Hence the rest three surfaces including the shaded
surface have equal flux passing through them and are

q
equal to Y
0
26. Fux=-4 - (-cos0)

4 g, S 2
where 0 is the semi-vertex angle

1 a R
cosO = 575 —,ac o
= 2 a*+R? V3
/2 L/2
27. e

Minimum flux through cube = 5

28.

Force on charge at position P

1
:—( XQX]q = — mw?X

4n g, E

qQ
_op |99
T=2n 4rn g, xmR?

29. g,+q,=0Q

c4nr’ +c4nR?* =Q

N
4r(r2 +R?)
v _ 1 {c4nl’2 +c4nR2}_ Q(r+R)
cente 4T € r R T 4n g (r2+R?)

30.

1 4ra’c  4Anb’c  4nc’o
= — - +
A An g a b c
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g( e EXERCISE -IV(B)
= a—b+c
S 1. Time to fall first ball
2
2 2 2 >V
1 {47‘5& cs_47‘tb c+47'cc 0}
Vo T Zrel b b c ) 1, ¢ 1 I
2 t:V.'.hlzgngV—z
1 |oc4na® o4nb® o4nc? h .
V, = 2 - + .. Height of 2nd ball
T & c c c
—>
(o] a? p? ] ( ,
s _= 1 7
= +c _
S ( c =h, - 59,7
o c |a? b? :| 2 2 2
. _ L = |a v Y
= - - c
RV R Lo P =+ 2ol g in an - g (5]
31. From mass conservation « 1m—»
2. g=0.2uC
4 4 A B o
27 x (Enﬁ) = ETCRS; R = 3r < Im R Ew
. _ Kg 1m
Given that V, = == then V,, l
Kx(27q)  K(27q) _ 9Kq _ oV
R 3r r 0 = 1J_5 Kdx e 2 1. 2
AT 3 77 3ne
32. After earthing V. = 0; Kq + Q:O 05
) inner shell ' R 3R om
0 From the wire CD °
q= > (charge on inner shell) —Im—re—x >
KX
E= T(cose2 —c0s9,) and
U = o (2]
33.  (Uyia = R KA po :
it = Am & \2R {6,=06, =tan™ & E, = T[Sln92+8|n91]

1 Q2
(Usen )final = 4 =N (E)

Workdone against electric forces = AU
1 @2 no’R?

“T4ne R T &

m \" m \Y
Momentum of 1st ball Pr

. v ~ ~
P = mvi; P, = m> (c0560°i +5sin 60j)

change in momentum

AP =P, -P = - 34—VT+@T

Momentum of IInd ball :
P, =mvi P, =mvj
Change in momentum =mv [j-7]

y

P(ﬁR,o,o)

/3R
z

K.E. at'P' must be sufficient to reach the charge particle

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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at the centre of the ring.

(ME)P = (M E)centre of ring
%mvz +L2“qu_ o+ K x 227Rq
(R? +43R) ~ R
1

4
g
+q
X
+q
, Ta

P.E. of outer ring charges does not change

4n g,

"

Kq2 y Kq2
R 3R
Hence W =-AU

electron

_8Kqg® .

KZ
x2 = 4 X
3R

2+ 4.

= Uf:

J5R

|

8 4

3 5

Kqg®
R

electron —

W V,-V)=-

|

6.

O —n |y

T

2
21R’E, [cos0d0 = 2AR’E, = FR
0

= F = 24RE,

22

Eox

.

Put given values = 2.2 x 1072 C

[]r<a = Pointinside = E=0

[ila<r<b = Pointoutside the inner and inside the
outer so field due to only inner cylinder

a<r<b =

(dxiA+dyT+dzE) =S {

0

10.

2xA\

hence E =

[iiijr>b = point outside from both cylinders so the
chargeper unitlength (1) is zero for point(r>h) - E=0

r>b =
For x 47R*
11. (i)qZqu :J‘poﬁx4nr2dr - po—n=np0R3
o R
(i) E= KQ'_ K por® _ KQr® where
T 27 R OR*
s 4
Q':J‘poixm‘txzdx: Po ot = P
s R 4R R
12. The direction of electric field inside the cavity
in —ve x direction and of constant magnitude P
GO
For touch the sphere again, electron must move 2r
cos45° (as shown) distance
1| pa e 2
S| m—x—|xt =\/§I’
2|3 m
. /6\/§mr =
13.

@ O

Electrostatic energy = Interaction + Self Energy

of system Energy

(Let the total charge of balls be Q)

KQ:  K(Q-Q.)

U=0+ 7%, 2R,
N du 0
Here for it's minimum value dQ,
2 —
e |2, (Q Ql)(o_l) s
2R, 2R,
9 Q4. AR
Rl R2 [ Q_Ql _Qz] Q2 R2

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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14.  From the energy conservation

KQq 1 .. 11KQq
r 2 8 R
ZKQQ[E_B}
mR 8 r

15. Let n™ number last drop that can entre

KO? 41 e, mg(h-R)R
F? xn=mg (h-R) -n= ——2 S
Kg , KQ_  Kadx KdQ _
6 TR0 ewtRa
_dQ _av o xRJ_axR-—
dt  x? (ZaR

17. Solid angle = 2% (1-cosa)

91 (1 -cosa) =32 (1 -cos0)
2¢ 2¢
sin o sin 6

sm— /*1
q,
0=2sint { q—lsmg}
\Vd,

N

K

EXERCISE-V-A

Work done = (charge) (P.D.)

Work done 2]
Charge  20C

P.D. = =0.1V

b9 9 _g
6eg 6¢
_ka, KQ _ 20 g
R R/2 4ng R 4ngR
Let charges on B & C be Q then final charges on B

Q

3
and C will be Py and TQ respectively.

Therefore Fy. = K(Q/ 222(3Q 74) = gF

At the distance of closest approach

Kinita = PEfina
l 2 q1q2 =T o 1
2 ry 0Ty

0 \V, 2v. 4 4
-Q -Q
A B
y
q L
X
C
[).Q 'Q

On establishing equilibrium on charge at A

IEAC = (529:)2 [cos 45°(—iA) +5sin 45°ﬂ
IEAB = ergz (_T) 'EAD = erZZT
Fre = (rll(%)z[cos 45° + sin 45°(—T)}

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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2

On solving we get g = +%[1 +2\/ﬂ

+ + + + + + + + +

. qo
Ts'r‘e:g—and TcosO =mg
0

_4°
mge,

I F
At equilibrium tan0 = —£ = =coctan®

mg
8. Due to two charges of opposite nature, E will be
zero on the line joining the two charges and nearer

to the charge of smaller magnitude.

-29 x=L

<Y
CX

x=0
+8q

v

(-a)

1 —
V1—V2=4—{%+ = 2}—{( q)+ 2q 2}
T& R +d R R +d

I N
T 2me|R R4

10.  Anelectric dipole when made to interact with a non-
uniform electric field in a direction other than the
direction of the electric field, experiences force as well
as torque.

A B

11.

12.

13.

14.

15.

16.

18.

At equilibrium, the potential on the surface of both
spheres will be same. Also, for equal potential

1 E
- =
radius E

Distance of point A from origin

= 22 40? = 2 units
Distance of point B from origin

= 22 40? = 2 units
As point A & B are situated at equal distance,
SO V,=V,

Potential remains same as it depends on algebraic sum
of charges but electric field € changes.

20
X2 -4

V(x) =

The electric field E along all such lines where
potential is a function of position

a_v_ (X2 —4)(0)—20(2)() B —-40x
So ox (x2 -4) (x2 -4
E:LXZ(T) Atx =4 um

)
- 40(4 ~
E:—( )zzﬂz(gle/m

_ f < = Q f
En=0for0<r<R ar e, r? orr>R
Here F, +F,+F, =0 ... (i)
L L J2KQ? Qp 2 4
PR =5 .

a
L KQ? a RN
F = x\
‘ 3‘ (\/Ea)z \’\’ >F
from (i) A Bk
v
J2KQq . KQ® R
2 + 2 =O
a® (V2
J2KQq ~ KQ?
2 gz — Q=224
=-100x1.6x 10 C

AV = =14volt

W= gAV = 2.24 x 106 J
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n 6(1)
Q 2 4Q| 24, E =- 2=_2ar
= | pdV = r.(4nre)dr = —| =+ . r
19. Q=Jp !nR4 (4nr?) R“L or
KQ' 1 {4Qrf} Qr? By gauss theorem 4nr’E, = =~
E= "2 < 2 2 |7 4 0
r 4n r’| 4R 4t ¢, R
! S h 0 _ _ dq (4nr?dr)p
By differention 4nd (rE,) = — =~
8O 8O
= 2kh[ =~ 2 q 2
20. E=——1-)= - 1
' ( ) (47 < r)(“r)( ) = r2dE, + 2rE, dr = g—przdr
0
21. Total charge oE, 2 P
‘ = 5 "7 T = p=-6ea
0 t (5 r 24 %o
Q=|pdV = (———)4” r
'([p ,([pO 4 R - - q a2aA q
25. AK=W = Q(V, - V,) ,
((5r2 r®) (2kq 2kq ) !
= 47'Cp —_— dl’ - —_— | — 2a / L4
[T ®) Q% o) /e
5r° ! 2KqQ(, 1) -4 -
= Anpy| 75 " Ao = Ll__)
0| 12 4R a V5
KQ 1 , 27. For uniformly charged sphere
E :—2= > Tcpo r¥——
r dn e, 1 12
Pof |5 T
4¢|3 R
22.
Therefore K =2
F kag
23. tan 6= M_g (since 6 small) 28, Net force =2Fsin9=2{ . 02 } y Z
(a® +y?) (a2 +y?)"
F
0= M_g:> F = Mgb 2Fsin6
A
KQ2 = F
x? =Moy
o= M o MY S ’ T
K/ K¢ q 2 3
dQ) Mg (3 1/2]((1)(] 2k
= 22y == aq 2kqq,y
(dt i \2 ot constant _ 03/ ~ a30 xy
) (az +y2) 2
so d—)t(oc x¥2 0Or Voo x? = v x?2
2L K(dej 0
29.  Potential at O = | L 7 _ In(2)
L X 4n e L

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)
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2

=gy =2
dg = Adx =p-dx

| ]
dx

EXERCISE -V(B)

Potential at origin will be given by

q |1 1 1 1
V = ——|———o—+to———Xy+...
4rey | Xqg 2X, 3%, 4
= q (i][l—£+l—£+..}
4mgg \ X 2 3 4
- —3_in(2)
4dmegXg

Net electrostatic energy of the configuration will be

g9  Q.gq Qg -2(q
_ Ty =" 4.7 1=0 =
”'K{a N } RN

Electric lines of force never form a closed loop.
Therefore, options (B) and (D) are wrong. Electric lines
of force emanate from positive charge and terminate
on negative charge, therefore, option(A) is also wrong.

Potential decreases in the direction of electric field.
Dotted lines are equipotential lines.

Ya
=g
G " E
A B X
~V,=V.andV, >V,

q Q q q Q q
x='—a x;O x='+a x=a X=X x=a
initial position final position

2KQq 1
= — = +
Y a and U, = KQq {a+x a—x

2KQqgx?
%for X<<a ..AU oc X2

= |AU| =
Electric field is zero everywhere inside a metal
(conductor) i.e., field lines do not enter a metal.
Simultaneously these are perpendicular to a metal
surface (equipotential surface).

10.

11.

12.

13.

14.

According to option (d) the electric field due to P and S
and due to Q and T add to zero. While due to U and R
will be added up. Hence, the correct option is (D).

At any point over the spherical Gaussian surface, net
electric field is the vector sum of electric fields due to
+q,, -0, and q..

Don't confuse with the electric flux which is zero
(net) passing over the Gaussian surface as the net
charge enclosing the surface is zero.

All the three plates will produce electric field at P along
negative z-axis. Hence,

£ - o , 20 o (_g) _
2g, 2gy, 2¢g,
There will be an electric field between two cylinders

(using Gauss theorem). This electric field will
produce a potential difference.

_20p
€o

Charge will be induced in the conducting sphere, but
net charge on it will be zero.

Inside the cavity, field at any point is uniform and
non-zero.

A =(-a,0,0),B=(0,3,0)

Point charge is moved from A to B

V,=V

A B

=0 .. W=0

120
BC = 2Rsin (T] = V3R

« Electric field at O

19
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1 {Zq/sj — q Ya
T4n eO\ R? 67 eOR2 X
along negative X-axis. Q £
—
@ g S

= The potential energy of the system is non zero

e Force between B & CB
1 (a/3)(-2q/3) g

__547'5 < R?

47 e

0 (\ER)Z

= Potential at O

. 1 (EJ_Z_Q]:O

4me N3 3 3
15. ¢ - qinclosed
2\ 2c S
- —7c -2C
b= —
So Q+Q+Q

16. Q,=c4nR*=Kk (say)
Q,+ Q,= o4n (4R?) = 4k
Q,+Q,+Q, =c(4n) (9r?) =9k
Onsolving, Q,:Q,:Q, ::1:3:5

17. Since torque about central charge is zero angular
momentum is conserved.

MCQ's

1. Let Q be the charge on the ring, the negative
charge —q is released from point P (0,0, z ). The
electric field at P due to the charged ring will be
along positive z—axis and its magnitude will be

_ 1 Qz,
4mzg (R2 +125
E = 0 at centre of the ring because z, =0

Therefore, force on charge P will be towards
centre as shown, and its magnitude is

)3/2

1 Qq

- Ameg (R2+z§

F.=qE

Similarly, when it courses the origin, the force is
again towards centre O.

Thus, the motion of the particle is periodic for all
values of z, lying between 0 and co.

Secondly, if z, <<R, (R* + z /> ~ R®

i.e., the restoring force F o« -z,. Hence, the
motion of the particle will be simple harmonic.
(Here negative sign implies that the force is
towards its mean position).

1
Inside the sphere E=7 '= E « rfor r<R

ne, R®

i.e., E at centre = 0 (r=0)

and E at surface = ! % r=R)
drey 1
1 Q

1
Outside the sphere E = —~(r>R)or E %

4dng,

;
Thus, variation of electric field (E) with distance (r) from
the centre will be as follows :

1
Ez_% Eocl

&
oY

» I
O r=R

Under electrostatic condition, all points lying on the
conductor are in same potential. Therefore, potential at
A=potential at B. Hence, option (C) is correct. From
Gauss theorem, total flux through the surface of the

q
cavity will be e
0
The given graph is of charged conducting sphere of

radius R,. The whole charge q distributes on the
surface of the sphere.
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if E,,, = 0 at point B then

Electric field at point P

_p[AP) —p(BP) _p(AP-BF) p(AE]
B 3¢ " 3¢ B 3¢ B

3¢

= constant in both magnitude and direction at every
point of overlap region.

Also E is non zero so potential is not same at all
points.

Comprehension Bassed Question

(Ze) Ze
1. E(4nR?)= >E=z —
IS 4t e R
0 0
= Independent of a
2 . . B + L =1 p(r
d R d
p=(1-1)g
Sop=E R
Charge contained O per— gl

=Ze= T(4nr2dr)(1 —éj d

n JEE-Physics
R
2 R® R*
4 —4ndf(r —_jdr:4nd(———)
5. g, = plgnRs; 0, = P 7(2R) i > AR
(R?)  rdR® 3Ze
pZ = —_ = = T _ 4
P and| 15 ) =3 R®
A RYB ﬂR 3. For E o r, charge density should be constant so a = R
2R SR Subjective
1. Capacities of conducting spheres are in the ratio of
if E,, = 0 at point A then their radii. Let C, and C, be the capacities of S,
o 2R
ka, X kq, % qa, 4 and S,, then C, r
(2R)2 (5R)2 = q_z_g = (i) Charges are distributed in the ratio of their
2 capacities. Let in the first contact, charge acquired by
P 32 S, is q,,. Therefore, charge on S, will be Q-q,.
P, 25 Js Js C, R

E Q-q, 1 T
It implies that Q charge is to be distributed in S, and
S, in the ratio of R/T.

S0 =Q (RR+ r] i)

In the second contact, S, again acquires the same
charge Q. Therefore, total charge in S, and S, will
be

Say itisq'. -

o (trey
Q+a,=Q R+r
This charge is again distributed in the same ratio.
Therefore, charge on S, in second contact,

R R R R )
SARSTEENEINE Sy

Similarly

45 =Q [RFir +(RFir]2 +(RR+r]3]
andq,=Q {Rir+(RR+rjz +"'+(Rirjn}
= qu%{l—(RiJn}--a)[Sn %}

Therefore, electrostatic energy of S, after n such
contacts

02 o2 2
U, = 2c 2(4meyR) =U,= 8meyR

where g, can be written from Eq. (2)

QR R\
(ii)qn:m[1+ +...+...+(R+r] ]

R+r
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as N—oo 4 4o
q €09 —
q - QR( 1 \zQR (R+rj=QE oo c: . 280m_29
TR 1—RL R+rdor r Substituting in Eq. (i), we get
+r
gH = 29 [a+H-/32 + H? ]
o2t L
1-r = E:(a*'H)— a® +H?
L@ _9RUC | Qm ;
S 2C 8meoR 7 8rgyr? = a? +H? =at
2.  Potential at a height H on the axis of the disc V(P): PR i 34?2 _an
The charge dq contained in the ring shown in figure = &+ H=aty 4 v = 4 a

Potential of p due to this ring

P,

1 dq
av = 47, ~x Where x= JH2 412
gV = (2nrdr)s (c\ ( rdr

4ne, W L\/TJ

. Potential due to the complete disc

VA _rr
0 _280 r=0 \/H2+I’2

[ H]

2¢

vV, =

..H=0

ca
Potential at centre,(O) will be V, = e
0

Particle is released from P and it just reaches
point O. Therefore, from conservation of
mechanical energy.

Decrease in gravitational potential energy
= Increase in electrostatic potential energy
(AKE=0 because K,=K=0)

U)

somgh=q[V-V] = gH= (qj(zz]
la=Va? +HZ +H]-0)

: (3)s

Potential energy of the particle at height
H = Electrostatic potential energy +
gravitational potential energy

. U=qV + mgH
Here V= Potential at height H

4
= H=—aand H=0.. H=

oq

= 26, [\/az +H? —H}+mgH (i)
_ . —du
At equilibrium position F= —=0

dH

Differentiating Eq. (ii) w.r.t. H

een)

H

2 _1l=0
Va® + H?

2H 2H
= 1 Va% +H? —270= Ja? +HZ

A T,
L -2 _4
T atiH? 4 - "B

From Eq. (i), we can write U-H equation as

..mg + 2mg {

U=mg (2+/a? + H? —H)
(Parabolic variation) U=2mga at H=0

and (U=U_, =+/3mga at H= \/7
therefore, U-H graph will be as shown.
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2mga
3mga

a
Note that at Hzﬁ, U is minimum.

a
Therefore, Hzﬁ is stable equilibrium

position.

In the figure
VA

+27/2 m B+ +Q

+/3/2m A+ -Q
o V, m >X
X P (o
=/3/2m ct+-9q
~27/2 m p[+Q

q=1uC=10°C, q,=+0.1 uC=10"C
and
m=6 x 10~*kg and Q=8uC = 8x 10-°C
Let P be any point at a distance x from origin O.
Then

3 .2
AP =CP = E+X

27,
BP = DP = 7+X

Electric potential at point P will be

_2KQ  2Kg

BP AP
1
whereK = 7= 9« 10°N/m?/C?
8x10°  10°
\/27 +x? \/3 +x°
2 2
8 1

V=1.8x10 \/27”2 \/3”2 0
2 2

. Electric field at P is

~V=2x9x10°

dv
E=-—=1.8x10*
dx

O or) (B ge) s

E=0 on x-axis where —-x = 0 or

8 1
3/2 © 3/2
(g+x2) (§+x2)
2 2
(4)3/2 1

= (27 2)3/2 _(3 2)3/2
= +X = +X
2 2
27 2) (3 2)
—+ X | =4 =+X

= (2 2

. . . 5
This equation gives x= \/; m

The least value of kinetic energyof the particle at
infinity should be enough to take the particle upto

5 5
X=+ \/; m because at x=+ \/; m, E=0

= Electrostatic force on charge q is zero or F_=0.

5 _ . .
For at x> \/; m, E is repulsive (towards x—axis) and for

5 _ . . .
X< \/; m, E is attractive (towards negative x—axis).

5
Now, from Eq. (i), potential at x= \/; m

8 1
V= 1.8 10 \/27+5 \/3 5

+7
2 2 2 2
=V = 2.7 x 10* volt
Applying energy conservation at x=« and
5

1 .
X=\5 m, Emvé =0,V ...ii)

1 )
Eng =g,V ..i)

29,V
"V =,/—n‘:

Substituting the values
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2x107" x2.7x10*
v, = =V,=3m/s

6x107*

. Minimum value of v, is 3m/s

From eq. (i), potential at origin (x=0) is

8 1
V,=18x10 F—F ~24x10*V
2 2

Let K be the kinetic energy of the particle at origin.
Applying energy conservation at x=0 and x=c

K+ 02V, = 5 mv,?But o mv,?= g,V [from Eq. (i)
K=q,(V-V,) = (107 (2.7 x 10*-2.4 x 10*)

= K=3x10*J

4. Given g=1uC = 10°C

m=2x10°kgand /=0.8m

Let u be the speed of the particle at its lowest
point and v its speed at high point. At highest point
three forces are acting on the particle.

(i)  Electrostatic repulsion

1 2

Fe - =2—2 (outwards)

e

4me,
(i)  Weight W=mg (inwards)
(i)  Tension T (inwards)

T=0, if the particle has just to complete the circle
and the necessary centripetal force provided by

2

. omy
W-F, ie. =W-F,
Y ( 1 qZ\
- — | mg- X —
= V= m L g Ang, [

K

( 9 )2
=28 . Lz «10° x10 — 2:9x10 Xglo ) J
2x10 (0.8)
= Vv2=24m?/s? ()

Now, the electrostatic potential energy at the
lowest and highest points are equal. Hence, from
conservation of mechanical energy.

Increase in gravitational potential energy
= Decrease in kinetic energy.

1
= mg(2¢) =Em(u2 —v2) = yrovi=4g/

Substituting the values of v2 from Eq. (i), we get

u?= 2.4 +4 (10) (0.8) = 34.4 m?/s?
. u=5.86 m/s

Therefore, minimum horizontal velocity imparted
to the lower ball, so that it can make complete
revolution, is 5.86 m/s.

5. For potential energy of the system of charges, total
number of charge pairs will be 8C, or 28 of these
28 pairs 12 unlike charges are at a separation a,

12 like charges are at separation ./ a and 4

unlike charges are at separation /3 a. Therefore,
the potential energy of the system

1 {(12)((1)(—(1) N

g2)

4me, a

(
=-5.824 |

The binding energy of this system is therefore,

6. (i) Applying energy conservation principle, increase in
kinetic energy of the dipole=decrease in electrostatic
potential energy of the dipole.

oy 7)
= KE:O—(_p'E) =p-E :(pl).k4nso dcI2 I) :47'5((12(12

(ii) Electric field at origin due to the dipole,

E= ! 2p’i\(Eaxis TTﬁ)

47'[80 d_3

. Force on charge q at distance d

- Pq =
=F=qE= i
d 271:80d3
7. Electric field near a large metallic plate is given by
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E=o/¢,. In between the plates the two fields will be in
opposite direction. Hence,

_01 -0y _
Enel_ ] (Say)
€0

Now, W=(q) (potential difference) =q (E,acos45°)
W=(q) =q (E,acos45°)

(=53 -5

Let g be the charge on the bubble, then

v= Ka (Here K=

]. _Va
a S 0=

nEg K

Let after collapsing the radius of droplet becomes
R, then equating the volume, we have

4
(4ralt= S oR° - R= (3~

K
Now, potential of droplet will be V' = ?q

Substituting the values, we have

" =(K)(Y<a) ey (ijlls

(3a2t)1/3 3t

(kl’a)47'cl’2dl'

E(4mr?) = |

1 R a+l 1
= ER/2)= ESER) = (—) =5 R

= 281 =23 = g=2

AVIRAL CLASSES: IMPERIAL TOWER, 101-A RAJPUR ROAD, DEHRADUN (U.K.) PH: 0135-6557701/02/03 (www.avir al.co.in)

25



