Solutions Slot — 1 (Physics) |

ELECTROSTATICS - 2

[ Exercise -1 | SINGLE CORRECT ]
' (e Fl =
ux ¢= —
S
Ya . ~ 0
E = exi £q = paZdx
—)dX(—
E q = a2 Ipdx
E > X = a2 (area under curve)
Po , Po | Po
z q = a’ ( 8 2 8 J
Incoming flux ¢;, = E, (0) =0 3
Out going flux ¢, = E (a?) a=a’p,
= ¢out - ¢in = g _ 3/4a2p0 E
q = g E, a2 €o 4
[A]
2 [C] Charge revolve only due to electric field of inner
~ ~ hell.
A =100k she
2 2k
A n R mv
E=|+\/§j+\/§k = T=(r]q
=EeA
o . v
= 100\/5 v 2negm
3 [D] [C]
Electric field lines enter and exit perpendicular
to the conductor body.
[B]
v = _const.
f ke 10V
. . N >3 =
Radius of the cutting disc = \|R2 _ x R v, = 10V
charge on disc
q =ocA
q = on (RZ - x2)
q on(R? - x?)
Now ¢ = o - e Q
4 [C]
l— 10d - d/2 T
10d >
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10

11

12

kgQ
Forceon g = _(10d _ d/2)2

[A]
kQ
Vin= 2R3 (3R2_r2)
_3kQ , _kQ
Ve=oR VTR
_kQ 1xp 4 ;
Now V_ -V, = ﬁ = 2(4ne,) X 375R
2
R
V-V, 6eq
[C]
3 kQ
Ve= 35 R
Nowv—ﬁ
2
kQ _ 3kQ _ 4R
r 4R 773
4R R
Distance from surface = ?—R =3
[A]
40uC 20uC

k(40)(20)
Fl = d2
After touching the charge on sphere = 10uC

10uC

10uC

k(10)(10)
2 = dZ
F,:F,=8:1

[D]

Radius of single drop = r

13

14

15

4
then total volume = ngnr3

Now radius of big drop = R

4
Volume = ERR3

4
23 — — .03
:>n31tr 3nR

R = n1/3r saan (|)

V
Charge on singledrop q = r?

V
Total charge = nq = n%

Final potential of big drop

kng knrV

final = R = ey =NV
(D]
Use above formulain Q.26
V' =n?3Vv

= (1000)?%/3 (1)
V'=100V
[B]

Energy conservation between surface and point

1
=>q(V.-V,) = Emv2

3kq_ka) 1,
—9{2R R)T ™

q
u= (4TE£0mR)1/2
[A]
In the charge reach at point B then it will
automatically reach at point C.
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AZ_ B N\

= Energy Conservation between A & B

1 2
qva + 5 MvZ = qvg

Vg

_ kQ [3p2 R?}  11kQ
~ 2R3 4)7 8

1 5 11kQ kQ
Now Emv =d|78rR R

_ |6kQ
V= V8Rm

4 1
Now put ¢ = p X EnR3 and k = 4reg
16 [C]
+35
+ ~Zh

Ve = +V( (due to charge body)

17 [A]
Q.q
-q
(o s '
Rl Q
R
kg
E, = r_2
18 [A]
kq
E="73
19 [D]

20

21

22

23

24

[A]
In a conductor given charge is distributed
uniformly on the surface of sphere

[B]
Depends on body either conductor or non-
conducting.

(B]

Charge on inner surface of outer shell

=-2Q
[C]

Potential of shell A is

k k k
Qa N Qs N Qc
a b C

Now Q, = -4na’c

Qg = 4nb%c
Q¢ = —-4nc’c
1

k= 4me,
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o Q
25 (i)B(ii) D Ve = 6,
£Q
-q 29 [A]
% Balancing occur only when -ve charge occur
: in inside conductor.
(i) d IF
c? x T 1t «
Pelec. = E
Charge on inner surface of outer shell = -Q
and outer surface = Q - g o2 A
(ii) Potential at every point inside F= 2¢o
= potential at surface L
at equilibrium
V. = k(Q-q) , , ,
s= b c c R
—_— 2y = — |4n—
2¢e, (4nR%) = 2¢g, ( 4 J
26 [A] o _ _ c' =26 (-ve)
From notes electric field in a cavity
30 [C]
p
E= 3, 7 N
0
qiz *
F=qe= 3eg ‘
27 [A]
Given potential at A is 10V and potential at B (W.D.) oyt = Ug = U,
is 5V Now potential at centre is 10V because U, = 0 (at =)
in hollow sphere potential is constant from KQ?
centre of surface. Self energy of a conducting sphere = R
5V
U= ka® _ ka®
5T 26 T 2a
Wb =~ 2a
28 [D] 31 [C]
_kQ _kQ , kQ kQ
Ve = 1 > + 2 8 + ...
1,11
=kQ >t7 g
1 +l+—+ 1,11
=kQ* Ty e T kQ27g 32
charge Q placed at centre so it does not feel
-1 1 172 any force = f._. = 0
1-1/4 1-1/4
M o T?O Nz 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
Nurturing potential through education IVRS No. 0744-2439051, 0744-2439052, 0744-2439053 www.motioniitjee.com, email-hr.motioniitjee @ gmail.com




Solutions Slot — 1 (Physics) |

32

33

34

35

[C]

— . k3Q
Electric field at point P = 7z

[B]
E‘—r = 0.5 m—h

k
Given ing

= 0.108 .... (i)
Now after connecting through a wire

-9 9 -%
2 2

r=0.5m

k(a; — )
4r2
After solving equation (1) & (2) will get the

answer.

Given =0.036.... (2)

[D]

As we connect A and B through wire with C.
Then all the charge on A and B move towards
Csoqg,=0,95=0

qc = Q+ q, +q,

[D]

b=2a,c=3a,d=4a

36

37

38

39

40

41

a2

ka_kg ka _,

3a 4a 3a
Now v, = %‘%*%:0
[A]

Remain in the car, which provide electrostatic
shielding.

[B]
Net potential of sphere = 0
(due to grounding)

kg  kq'
= 4at 3 =0
__4a
9=
[C]

Charge distribution on outer surface of outer
shell is non uniform due to presence of external
charge q.

[A]

, _ki_ki_ka_k
outer 7 43 2a ~ 4a 8a

kq q
outer — 83 327-cgoa

Il
o

Gauss law is valid for all distribution either
symmetric or not.

§E-dA=qﬂ

<o
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E due to charge inside or outside charge.

43 E depends on distribution of charge but ¢
doesn't depend on distribution q;,.
44
*Fy X
In conducting sphere, there is no change inside
it.
=V = constant = 100 V
Einside =0
V2
45 At centre = V,
46 Electrostatic shielding.
So V, - Vg doesn't change.
d [C]
o= I?—: . ds
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Exercise — 11|

MULTIPLE CHOICE QUESTIONS

]

N = A Gin
=|=1|m?2 £§.dA=""10
1. = [Cj m § €0
=volt-m an
edA cos 180° = e
2 [AC] 0
= q;, = -ve
|gi,| = EdA gy =3 x 10713 C
qin = 0
(D]
Circle is perpendicular Electric field inside the conductor will be zero.
bisector to dipole. Either external electric field is present or not.
Hence potential at every point must be same.
Charge distribution depends on external field
1
and o« T (when no electric field)
3 [C] (D]
Electric flux due to outside charge will be zero.
But elecric field will be due to all the charges. x + 4
+Q X x
4 [AD] * +
Flux due to charge which is outside will be -Q + + Q
zero. Xx ><$
+ X
fe.dA o
€9
L [ACD]
electric field due to all the charges.
5 [ABC] 100V 75v
o Q 5cm :
§§ . dA = Gin ;
€0 -— R + 10 _
Flux electric field due to charge lie inside or kQ
out side the surface. But ¢ is only due to charge Given 100= ——— ... (1)
lie inside the surface. R+0.05
75 = kQ 2
6 [ABC] R+010 (2)
from (1) & (2)R=10cm
=2 10°C
, Q=73
5 e |A K
” N Again Vg = R - 150V
i 3 kQ
Ve = SR - 225V
kQ
E=100r E=R—=1500V/m
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10 [ACD]

_ 2Q
+Q+Q=2Q =
°7 4nR?
. Q
B =
° = 2nR2
g, only due to inside charge
o L
r2

gz due to charge (inside + outside)
11 [AB]

In conductor given charge inside on its outer
surface.

1
G o r.

= Potential will be same

Electric field near the surface = —

€0
Where ¢ = Local charge density
1
O ox —
r
12
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[ EXERCISE - 111 I SUBJECTIVE PROBLEMS ]
1 Because effectively electric field lives leaving
the surface, so their is positive charge inside +
the surface. +
+
+ dX
5 t R
3«—4 :
2 M B 7| dx
Flux passing through the area 27 x dx
kA
=5 (2 x dx)
R
Now compute flux ¢ = z’tk?‘j dx
0
AR
3 ¢ = 2nkAR = 2¢q
6 /TN
NG
Let flux from 4xn solid angle = ¢ o kQr
then from flux in Q Ef inside the sphere = 3
_ 0 |2m1-——2 F-—qE=-3KQ,
~ 4n [ va? +R? R?
3
¢ a ¢ = 2r r;gq
; ha 1l-— | _ %
Now given - 2n m 2
3a2=R?
7 Let us assume radius of smaller drop is r and
4 Flux minimum when length minimum. bigger drop is R.
Gin Q 4 s_ 2 o3
_ —in _ — = 27 5 nr’ = 57R
0 €9 =0 2¢gg 3 3
R=3r (1)
k Vor
Noqu =vy, = Q= To
[/2
- 27vyr
Total charge Q = 27q, = N
. : kQ
Now potential of bigger drop v = R
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kx27vyr
VET3rk TV

8
Potential of inner sphere = 0
ka  ka kg, K
— + = _ Kay _ Kq
- 2 n Vp = r a
'=- (r—lj k[q —bq)
CI—CIrz V_‘“Il_ﬂ_'_ 173
0=
r r r
_ ka; b kg
{q Vo = r ar
.11 FromQ.6
9 E P Q Q
=l
q - _q r2
_ka _ka  kq R|1_-Q
Ve =7 r T 9=Q|3r| =3
kq
Vp = r Q.12 Spheres are identical then after touching
10 Charge given = Q charge on each sphere is same.
69 -39 3q
st = = —
Q+a, ISt A & B then q, > >
3q/2+0 3q
nd = —-— =
I A& Cthenq, > 2
‘ 3q/4+3q/2 9
rd ==/ " =Ha/= _ =
IIT® C & B then g5 > g d
. . _ _ kQ,
Potential of inner sphere = 0 Q13 Given V,= "
1
kq kay
= b + a = 0 o - Viry
! k
Q= __bql Now after connecting through wire all charge
a Q, moves on a spherical shell then
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14

kQy _ KViry \Ar

Vo= ? Tk, Tk
- s = oA
Q—E -20°
d, |.> dx ds °Qq4
AL |A Al |a

P point lies inside the conductor so
Net electric field = 0

91 ) 93 94
= 2Ag, +E= 2Ag + 2Ag + 2Ag

from (1) & (3)

Gy -G, = -2Q - 2A6E oo, (4)
from eq. (2) & (4)

2q1 = —Q - ZASOE

q, = —§ ~ 2Ae,E
-0
ql = |:7_2€0E:|A
= q; + 2AegE=qg,+ g3 +q, ..... (1)
and qg,+9,=Q ... (2)
g;+9,=Q ... (3)

eq. (2) - eq. (4)
2q, = 3Q + 2A¢g,E

36A
ay= T5 + AgE

Now qg;=-q,
and q,=-2Q - q;
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I
[ EXERCISE — IV I TOUGH SUBJECTIVE PROBLEMS ]
kQ kQ R-r @E-ds = Qinto
1 Vi—Vg=— —— = Q—=
r R rR
KQ 2nrlE = M
€
= Vo= Vg W(RZ —r?) {inderivation} 0
Acb/m
kQ (., R? 3kQ Gaussian surface of
= Ve VB:E R —T =ﬁ radiusr<a
L
Now  q(v,—v,) = Emv
q 3kQ _kQR-r)|_1 >
= 8R rR 2 _ 2kh
r
_2g9kQ|r-R 3 Ve (small part of length [ of long cyclinder)
- Ve——| —+—
mR r 8 forr>b
q,,= 0 (because equal & opposite charge on cyclinder)
- +Acb/m
2. F= _ep_a = a, = _cpa 5 | > Gaussian
3e, 3e,m v surface
i
d=+2r r
i —Acb/m
fromd= ~a,t?
= =52
=E=0
r
4. (a) dg = (4mr2dr) poﬁ

Q R
N qu = I4nr2drp0%
0 0

\/Er:lﬂﬁ t= 6\/Ereom
2 3g,m = epa

3. forr<a

. fEd-®

R
) 47p 4 4
Gaussian surface of _ 1™ |3 mp, R
radius r < a Q R J‘r dr - Q=TO-T=7IPO R3...(1)
0
qin = 0
=E=0
forb>r>a
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E Ade _ qin
(b) qSE.dS = g
np,r?
= qin = é
Gaussian
surface
ot Pt

2\ -
= E@nr)= Re.” = " 4Re, @
fromeq. (1) and (2)

2
E:kg:
5 v _500
’ “d” d
gE 500e
a=——=
m dm

from v?—u?=2ad

> _1000e 1000e .
v =T:> V= - (velocity of one electron)

. ne ne
Given l=%=T =t= —

Now Impulse = change in momentum

nmv  nm [1000e
Fti=nmv =>F=—F"=—

=>F=75x10°N.

t ne m
6. dg=oc2nmr
dx
_ Ko2nrdx
r R xR
= —=— = [=—
X n h

gy — _Ko2nxRdx gy = _o2nKRdx
V= 12 = - (R2+h2)1/2
x*R®  ,
n . + X
after integration
_ o2nKRL Q a1
_(R2+h2)1/2 :>0=m & R+ h?=L
Q
V=
2me L
S red qQ
0 now energy required=qv= 5__.
gyreq q ome L
When net
electric field
is zero.

Kga  K(2/5)%?qa
= (a2+a2)3/2 - (b2+a2)b/2

- %(b2+a2):2a2 - —=2
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[ Exercise-v | JEE QUESTIONS ]
flux through the surface of the cavity
=T o=—+
5 |+ €9
+ +
N P S 1 JaZ+h? o
+ iy Va =—[Va +h* =-h Vg =—a
p : e :% (ii) Va 280[ 1 = Vg 2,
: : oo Now from E.C.
Q_:.“L/ A
k(Q- k R H
2. (O el =—q = Q= QR
R+r
mgh=26—q[— a?+h? +h+a] _
80
- - K(g+q') _ QR-qr
r R R+ —=[a+h-+a®+h?]
, QR +QR—qr
Total charge =q +q' = Rar R+1) . 4a
after solving H = 3
_2QR r QBR(,) _ QR ] R ) _ _
“R+r (R+rﬂP:¥)rbh_ R+rl (R+1) + Rar (ii) Potential Energy at any point
After 3 touching U=qV+mgh= qzi[\/aerih2 —h]+mgh
2 €0
o'z RQ 1+ R +[ R )
R+r|  R+r (R+r U=mg[2Va® +h® —2h +h] =
th
so after n"" touch U mg[zm ]
RQ R R Y\
n = 1+ Hl = s du
d R+r{ R+r [R+rj } = at equilibrium position — dan =0
=Q 1-a’ R a
=4a 1_a ;a:ﬁ h=ﬁ -~ ath=0=2mga
2
Potential energy = — = U at h_% = J/3mga
(b) asm — eothen 4. E.f.lines originate & terminate perpendicular to surface.
__Qa QR QR
q°°_1_ R R+r r Kq? 5.
Rer eneray = "or 1 oi2e,
R+r
3. (i) Point A & B is in conductor y o/2¢,
So € = 0 but v = const. then
V=V,
, 206/2¢,
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2c
Enet =
€
6. v-Ke_y q
a
9. D
volume = 4532t
Net charge on sphere =0
t
10. B
Now bubble of radius R then
vi-kQ
R
. 4 3 3
Volume is const. = ERR = 4na’t
/3
Va ( a ]1
— 24\1/3 V'=———— | — V
R (38 t) = (3a2t)1/3 3t
E-PL
3¢,
11. B
Theory
p(n T
A.B.C.D
:
y 1
1
> ka/r=V : R
o] a R r
12. A
Total charge onthe nucleus = Ze
+ftf— A+
+|—+ +1+
+|—+ +1+
+|—+ +1+
+|—+ +1+ Ze)
A ol B 1+ Potential difference E.f at surface = >— (independent of a)
+—+ +7+ R
+|7+ +7+ 13. B
+C+TS T+ fora=0
- 4~ dg-4mp() d
occur when charge is given to inner cylinder. p(n= R = dq =4mr* p(r) dr
T T dr
Q= I4nr2p(r)dr = 4njr2(——+ d)dr
0 0 R
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14.

15.

16.

N (@

S

O R r

R 3

R
dr 2,
4n£—?dr+4n£dr dr =Ze =

_ARS 3
ag Z9R°ART e 8Ze g
4 3 nRS

C
r

3e,

We make the nucleus uniformly charge distributed then
a =R in which p = d (uniform)

We make the nucleus uniformly charge distributed then
a =R in which p = d (uniform)

In a non-conductor if p is uniform then € =

B
o= Q, 6:C)2+Q1 _Q,+Q,+Qy
4nR? 167R? 36nR?
4Q Q, +Q
1 — 1 2 1 :-1
from I, 1l Q,+Q = 4Q,
Q
Q—f =3 (1)
Q+Q + Q3
Q, Q+Q, ‘
from I, Il
_9Q,+Q)
4Q, +Q, +Q;)
fromeq. (1) Q,=3Q,
Q
then F? =5 2)
from (1) & (2)
Q:Q,:Q,=1:3:5
Given p =Kr2
f 3+a
q, = k4njx2*adx _ Amkr®

0 3+a

17.

18.

19.

20.

Now ~fEds=T

€

dx

47[k|'3+a B kra+1
£,(3+a)’ £,(3+2a)
According to given condition
l K Ra+1 B KRa+1
8¢, (3+a) ¢g,(3+a)2*"
22+1=8 =>a=2
A An

¢="¢

0
q,, =charge on half disc + charge of point

g(4mr?) =

+ charge of rod in the cubical surface

2 (53_3] 2 4)__2C =¢=
4 4 €

o? o°R?

elec. €, €,

C From the given figure

2

| A I=a a _a
2 2
A= a?i_a%k flux = gA =¢gga
A,B,C,D Initially
Q VA Q VB
Fig - 1
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Rap > Rp
Vp < Vg
Q+q Q-q
v v
Fig - 2
(A) In conductor E o = 0
(B) from fig : 2 Qu > Qg (To make the
potential same)
KQa _ KQg _
R, = Rg (after connecting)
Kop4nRi  Kog4nRi  ox _ O
Ra ~ Rs ~ Ra Rg
c
(D) Use e = .
21. CD
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