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| UNIT # 07 gPART - I‘ |
U

10.

EXERCISE -1
[Q?] A’T? iy 9 a2
= = =M"L”T A
(%)= Flamllor] T
K(9e)q _ Kegq 3_
r\2 (16—1")2 r _16 = 12 cm
A B
qey---=-------- ~®2q
S i
: \0 :
e NI
-2 _ . __ ______Twe+q
D C

Hence net force is along BD

(L000DORBD UIDOmo00D

Same charges repels each other.

(i

08 QKQx
F=QE-= (R +X2)3/2

(required equation for SHM)

Force between two line charges On a unit length

e )

2KA

_ 2Kh . 2x9x10°x(5x10°)’

- 4.

r 0.1 > N/m

U R 2 5. RO L R e
a qQt q

L o my

... tl - me

If particle will loose KE (in that direction) against

K K
work done by electric field 5 qEd = E = 2qd

(AR HiRm A W

[when x, q & E are same]

I . K K
QO0I00Iny DU[DDDH_DU]DJDE =qEd = E= 75 1)

.23

&5

N

11.

12.

13.

14.

15.
16.

17.

. 9x10°x50x10°° (61’—85]
E=—771-= X
r 100 10

= 4500 V/m.

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

{0000 O0n0ortmi= av
(0O0o0Iiooomny

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

UMD OIOmoooiDnlDImiminan

OO0 Ooomiomy
R @

_ KQgq KQ.a
e

U= R " RE+R

U - KQa  KQuq
‘" JRZ4R? R

Work done by external force : AU =U, - U,
0DI0DINIoDIoUIONE AU =u,-uU))

By mechanical energy conservation

(0 T
(PE + KE), = (PE + KE),

KQ? 1 ?

Q +—m(1) x2

d 2 2
(= from momentum conservation at closet
approach, both particle will move with a common

speed v/2) (- UOOIOIOOIO000MINODCOI00IOLE
O00000oittlv 2 OO0IO000)

O+lmvz+0=
2

4KQ*
- d- 229
mv
K K \%
V= (n—l)TQ, E= rgzgz(n—l)r

Let distance of closest approach be 'd' then

00000DIDNIOT00TG Oy

lmv2 = —K (Ze)d(?)(Ze) =d=10"cm

F=QE =300=3 E = E=100N/C

dv
E =

—:>AV:100><L =10V
dx 10
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18.

19.

20.

21.

22.

Slope from x axis (x-U0L 01000
y=3+x;tan0=1 =0 =45
.. Electric field in vector from

(UiIO0Iomooomen
Teu

(3.1)

1+

i
%)

E = 100(

V==

-100

V=="p DdHIdy} 50 J2[-2+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 E dy becomes zero.
00No00mon. IDoooiorinrorioa ¢y o

3) U0 O0IOionIbor Orgooooiimotoo
E.4r UIONIDIDOOmnmomno

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 =—8i+4]j
CODOINIOrroIIbooDoIO U Dooomm
- O0O00OIOTnn=2

- [D00DDIOnOl= - 172

= [N0000IOO0INII = —8i +47)

a_v +a_v +a_vk
E =- ox ay oz )= k [4x1 2y]+22k}

=-k[Vi6+4+4] = 2kJ6

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

O0oioDDin0IOnol= 12
- 000I00D0IRIo0E - 2

OR
E Z—(Av) :_M:_loo V/m
! AX ————— tant (4 _2)Cm
E =—[ﬂ] =228V o0 y/m
’ Ay x=constant (1 _O)Cm

[ e
which is U0OUIOIOMNININOIOIIMOIOTIC00Mm
v=[dv= jqu Kq

B 9x10°%x1.11x107 %2
1

~

is the potential at the centre of the ring

=2 volt

23.

24.

25.

26.

27.

28.

In figure (-d,0) to (d,0) on x-axis the direction of
E 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.

OIU0Dx-0U0 00 -d,0) 0d,0) U0 OITOIITIOTOO
x-U000IHT00 -q,0) IOOIDOTIOOIOOMOD
Jonoiooly-00ninibonoronitrooiminn
x-U000100000000

E

E
+q‘{,.f"' -q
-d,0 (d,0

W=(—pEcosd) - (-pE)=PE(1-cos0)

Electric field lines can't be closed

(R

Eq enclosed
60

From flux = I Eds = coflux =

0.2
- dx
= E .dx = x600 | ——==7x107"%C
q=5 I X S OJ; e

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

(xy 00000100 m2 DOOOIIMICNOOO0Ol & O000TO
i
so flux (IUIUOI00000)

=I E -dS =+3k100k =173.2

NIIIT=[ E, -dS =+/3k100k =173.2

5 &

1 Qo aQ
361n g, d’

cs.pb5
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31.

32.

33.

34.
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In hollow sphere potential remains constant inside
the shell.

OonOOOOmItrDOOCoiroooniiro

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.

DOIooOtioitoonoriodbonobmod
[00roorLn lomufroorooornbOoioong
R0 O A )

For any metallic surface, electric field lines are L'

to the surface. (LU IXIO0I D00 OCIOOIIOOOIMIT
[OXOI0oiOdobomonom

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)

(1, 2, 003 0OIOI0MOIOoIoIDImoonmioong
QoD oDoi oo oidrnro 0oy O
(IDIOO0NODOoDNOORooDL(mmmod
Oioiooob0oQ

EXERCISE -II

T sina = gE cos 45 and Tcosa+qE sin 45 = mg

KQH
mg=d (pe )
The field due to ring on its axis will be maximum at

R
H=z= E i.e. above that point qE force will

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

O000I00I00000I0I000I0MIN0H = + % O

QOO ool 0o o onlee  Moar oo
OloooO OOk Oroboaboom:, o
N i

Potential at any point is a scalar quantity.
(i M

- 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.

OIIDOOONE- OIoOooo oo oo
OO OO OO OO O OO
] 0 R T
OiDIImomirmm

KQr
E = (R2 +r2)3/2 .

R
It is maximum at r = £ E and also E is not a

linear function of r. (Ullr = + % 0oOImOoomomIz
S A

A
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10.

_ o) (qde)( )
dF _(dq)LZTE = RJ LZT: &, R)
/2 qr
= I 2dF cosB = 2 < R
/2
= I cos0d6 = = qj R

0

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,.

(0000a OOIDORDIDIONOIDDENIo0INDo0moan
ainin

UlllE, > E,
ODIOoorOIomooomooooommoomonem
O0oDIronomooiv, > v,

9x10°x107®
~ Ja-ay +(2-2)

and electric field lines will be in all three direction.

2 :18\/

9 x 109 x1078
- T Ja-a)Y +(3-77 +(2-2)
OO OO OO oo e O Omem

=18V

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

U0IOionomoraiiirItotnimrIoog
MoIorom?

? —Qé4 Eow p E
< X > ¢—1—>
J0000p 0000 Cmooio,
Q
K=<
E = KQZ— 24:0:r:x
(r -+ X) r

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.

00y (00D IOIN0x Uiy UDo0Ooitroordoon
U0ooo00 0iOmoiiuiItoLooNmono
000x Uiy 0000 ODIoDomniooe 0oooo
R A AR R ORI

11.

12.

13.

14.

15.

16.

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.

00T i Doodootodiorooyy x Oy oo
Qro0miComtonoominoommony [ondnomix
LOOIHOiHIRmonooninx Orooroomom
O00ly 000k 000

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

Here total charge is zero.

OO0 0doomrnm
1uC -6uC
(@)
2uC 3uC

Any point on z-axis, having the same distance from
the each vertex of a square. So the potential due
to all is zero at that point.

~UIIIONIoOOmoOo Lo moOooDom
0 L AR R A

V, = 3 volt, V, = 7 volt

From energy conservation (Energy), =
HOIo0oroLOOy, = O,
=>12m?-e 7TV=-e¢
= 1/2 mv? = 4eV

(Energy),

3V+0

Velocity due to acceleration ((UIIL LI OIIIT O0)

107° x 300
aRRETE
Then the resultant velocity may be between 1 m/s
and 7 m/s
(OUIIOONOmo0n mys 007 mys OIO0OIDIOI)

10 = 3 m/s

If electric field and gravitational field will be in same
line then the path may be straight line otherwise
parabola.

NN
[oIoMOIOnonoonOmoo

cs.pb5
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17.

18.

19.

W

21.

22.

CAREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

By work energy theorem W, + W, = AKE
00-0000001 00w, + W, ~ AKE

Given V, due to +Q is V, so V, = 4V
+Q UILIIIIOI A L0y IO, = av

By energy conservation

(QOMmooomomy

1
Emu2 +qV =4qV

—u= oY
m
A

E =
As 2n e r
A
o V= lr=>W= fn|2
2n €, 2ne, |
A (2) o (V2) 3 ({2
:—an—J +—€nk—} +—€nk—J
2n g, J1) 2n = J2/) 2n = J1
In2
2n €,
(av V. oV ]
E=-|—i+—j+—Kk
0 ox 0z
NyN__V Vi
Here ox X, ~E = X,
The mass of deuteron is twice,so momentum is

different.

O00IOIoitOoinbOIonnItorootrbooaody
iy

Potential at centroid of A (A U UIIOIOIIIIL)

K K K2
Ka  Ka_K2q .
r r r
Dipole moment of system

(D00 IOOOOm
= 2p cos 30 = ﬁp

= 43 xgxL

23.

24.

25.

26.

27.

-q-q
O
p P
( p=qx L)
+q q
L
Ay AY
"
+qo
Rsid _ 2V2R
0 0 T
x x
< <

Dipole moment (0000 O
) [2\/512] _ 242qR
=(9 P -

Force on a dipole (DIIONO0) F = p Z—i

At xz%DDDDD, E _y o DODE-=0

\/— ox

-q +q P

L LR +—> Enet
+q

®

! Clockwise
AR E‘/l\‘
o--" Eret
-q

Interaction energy (UIUIOI0O0) U = -p, -E

2Kp, cos0 . Kp, sin0 §

where (L) E= 3 3
r r
and P, =Dp,f
2K cos®
Therefore U = —%

r

Electric flux depends on the total charge enclosed
by the closed surface S. Hence flux is related with
charge Q,. Electric field at a point is the vector
sum of the all electric field intensities due to all
charges.

[DO0DO0OMWLD00s U0t ombotomono
QI0I0mOoOo0I0roOoie, iMOndm
000 00
1 A
QI00onom
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28. - Electric flux depends only on the total charge KQ 1
enclosed by the Gaussian surface. Hence[A]. 33, —+—
-+ [JODDOIDOODO OO OO Moo 0o R 2
Qoroooon0Om 1 4 1 11xpx 4R
) Kq ><p><—TcR3+—mu2=—32
Potential at a distance r (r g DDDUDDUD) = T 4n g R 3 2 8 x2R
Total charge of dipole (ULOILIOOILII) = 0 pR? 12
) LU {4m eo}
29. . Electric field (JODIOOOM)
34.

(¢}

=gdue to infinitely uniform charged.
Electric flux (Dﬂ:ﬂﬂ DDDD) @ =
_ qunclosed _ J‘ g x [TCRZ _ TCX2] ‘

So So
Potential at outermost shell (DUDDD Q1 DDDUDDUD)

30. Potential at 5 cm from surface = %=100 _KQ, KQ, Kq, o
(00l OONII0ONON) oo o
Potential at 10 cm 1CI‘OY_TI surface and éotentzial at innermost surface
O00I00o QOMODIOOTIOOG (R )
KQ B KQ, KQ, KQ; _
“Rs10 > = R=10cm r o 3 0
x K16Q, +3Q, +2Q, .
.. Potential at surface = % = 10(10 15 _ 150V = [ 6r ] =0...()
O00I00omoy , . Q, Qs
From eq. (i) & (i) Q, = - Tand also Q =3.
KQ 100x15V xcm !
Electric field on surface= R - 100em® 35. Due to the induction, the opposite nature of charge
om is induced at near by surface.
OOHOPHDOIROIHAY - - 1500 V/m (OO 00000 00mNI0o DO OO0
NN

31. As the electric field converges at the origin so total
charge contained in any spherical volume,
irrespective of the location, is negative. +Qq

OOI0DOIRoDNIN OO M ordo
0

- - | k(a-
By Gauss theorem (TOIOOTION) [ E-d= - | 36, ﬁg from figure  V = (b a)

We have —E(4m2) = é: g=-3x10"C
32. Energy at surface = Energy at centre 37.

0 . a .
<

Loz Baxa _3Ka oy 7]

2 R 2R o ]

: K K Kq’
- U= V4n g mR Potential at C = R N LE q'=—g
3a 4a 3a 4

cs.pb5
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39.

40.

41.
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q
Potential at A = E_ﬁ__élzﬁ
2a 4a 3a 6a
Kq
Hence V, -V = a

Surface chargedensity atinner surface of X is

X UIDIIIOOoiOIuiinn o= 2&

A

c Q

.. Electric field at B due to this is 2 =
S

4r €,

c Q
2¢ 4ne

- [001000s 0IN000000

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

(OO OOUIDImO o m oo
(00U OOOoUIooDmOnO Oy

Final charge distribution on plate

(O0DUIDoCoomodi

_3Q _5Q
SB8Q T 2| |\ 2
_Q_ 2 2 @
2 2
I I I I\
- ) - -

For rotational equilibrium, Z‘EP =0

(IooioDoUmmOraony

mg
= mgacoso. —qE (2acosa) = 0 = E = Z

EXERCISE -III

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.

QOIDIIoUom N OO mooorooomn
QI000IoNoDioobiNmooboO0ooiDm

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,

S R MR IR
QUIOnoiordodiniD 8o IHOOOMIOmOOO
] A
Q0ooomo

1 QxQ_ @
e 4ne (2L) l6me, L2

T=F

W, = Fd - (aEi)-[5 -5 ]

S AR A A 2
% oy ] o2 ; where V = 4x2.
Theref N 8 d N =0 = N
erefore o X an oy P

Therefore E =-8xi
At (Im, 0, 2m) E is =81 V/m

Force on —q due to charges at 1 & 4 are equal and

opposite. Similarly, forces on —q due to charges at 2

and 5 are also equal and opposite. Therefore, net

force on-qdueto chargeat 1, 2,4 and 5 is zero. Only

unbalanced force is between -q and +q at 3 which is
2 2

q
equal to RL_Z =9.0 10° E—z (attraction).

1 (Jl4 DOIOI00CIO00OM0I-q DOIOOOODI0Io000
J00D0m0Oniz O 0OO0OOI0nol-q i0CMD
O000NCo0oooinidon, 2, 4 Ols OOOOOTIO
HI0-q UO00INInnoRioboioininoo0s oo

2

a4
4me, L7

-q l+q O00000DIOT O
Qio0oIooo

2
-90 10° i—z
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MATCH THE COLUMN

1.

(Al

(B

(€]

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

(DONOmRoomtriboi oo oimobood
[DiODImboomno

Foro, +0,=0 = o, = -0,

.. Electric field at a point is equal & opposite in
direction.

6,+0,=0 = o, =-0, Qoo

- DOI0DDIDODDDIDONOMIooroDoonOmOn
G, + 6, > 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 I & III.

c,+0,>0=0 D:Gz [D]DUD]

OOt orotiiidoidoiorimored
0O ODoNOimOnmimon b 0Do00miem;mo
(DorOoiOIoonGnGmDmnn

Same explanation according to [B]

B Ve OV
Electric field ox Py ]

by 1 b
For (A) : E=—1+ﬁ1

For B) : E = 4
For (O) : E=—-i++/3]

- 1 . .
For D): E =+$i+x/§j

-+ 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 x E becomes zero

('~ © =0 or 6 =180) Hence in column II,

[P] option is suit for every queries for column I.
Electrostatic potential energy (U) =— PE cos0

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]:06<90 .. U-=-ve

RN A
A 2
0lllo Ol1so OIOIIIOOOIOM

- 00000 ON0NE; = p x g DIODMOOIO

(- 0=00or6=180) UOIIIOI n O 000 L0200
0ooI0n00noO00or) QON0m
[IIDODIDooC0UOl) == PE cosd

o = L0000 OmIIoidmoooianm

[A] Here 6 = 180 ..
[B] Here 6=0
[C] &D]:0<90 .. U= -ve

(B) Electric flux (JO0I0000) E-dS - o

(C) Electric flux (I)E .dS =

Electrostatic potential energy

O W
(A) Self energy of uniformly charged thin shell

B) Seff energy COIO0) - KQ; g 007

U = - PEcos 180 = PE (+ve)
.. U= -PE cos 6 = -PE (-ve)

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

[OooooriOortonNtoromoii oD
JoIooomooorrim

q

q enclosed

(A) 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.

QomoIOOCooCoononoimomomooead
OoMoooCioDOCnooIonoOOononn
(0DIMbCItONItooomn DO UmIoooon
(WA I
Qioi0nduooroonomomm

(B) As explained in [A], charge flow does not

depend on the size of sphere.

OO0 0000000000000 omDoo 0 oom
DOIOIOIOnNIIoNINirtomo

(C) Charge flow through wire until the potential

becomes same for both shells.

iR g
QIoINooomOoNoomIonm

(D) Potential is same everywhere inside a

conducting shell. So no charge is flow through
connecting wire, so no heat is produced.

OiD0l0EnOIComutammoiomtromnoo
000 mO0ooiCmOoirlirtooOmomTm:
0 M

cs.pb5

= self energy + interaction energy

OoDomDrooiomtmonon:

_ RQ s D000
2a

2><—a
2
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Interaction energy (D[DH]DD DD[) =

3KQ?
5a

(C) Self energy of solid sphere of radius 'a'=

3KQ?

[M=T00000INOIaInmnDo0n= =

COMPREHENSION BASED QUESTIONS
Comprehention# 1

1. Velocity of B, when it strikes 'A' is

B UI00I0N0IOOIA OiDOmoIod

1x10

2 x x1.8 =6 m/s

VB:

From COLM between 'A' & 'B' is
A [l OI000DONCICDOMO00NIO
0+1 6=(1+1) v =3m/s [left]

2. Equilibrium position = EIEext =0

000000001 10— AB |k«

5
Kx =10 = x—ﬁ—g(Leftfromx—O)

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

(000000000 toiiiotlx = s,9 OI00 0000000 OO0

Jo0OOmoamo
. lKA2 = lez -i—lmv2
"2 2 2
A= \/X2+ﬂv2= §+£x9 = —\/106
K 81 18 9
Comprehention# 2
1. -+ Gravity is absent and path of the particle is
parabola i.e. a downward (qE) force is necessary.
- DOI01O00NOOI oMo onCiomoitbotmoa
oot ODoDO0m
2. Acceleration of the particle is given by
O0Oimooo:
_ qE q
as - = ax
2?0 100 ><100><[l)
3. h=- Sza C T, o - 125 m
1

qE u?sin?0
4. a= — 3
m 25 3=

m

m
= h E[ tan u, ® & E is constant]

>mT=al =h

Comprehention# 3
4A
«—
2 10%e

&
<

e 10%

C
12A

v

For first particle

V2 (10%)*
Az v

r 4x1071°

=25 10" m/s?

2. Acceleration of second particle

00Ioooroom

2 3)?
V—=(§X1181)o :%xlol6 =5
r X

10 m/s?

3. Velocity of centre of mass

QI00oOOnoo

10 x2x10° 2 5
=—— —— = —x10°m/s
2x107%° +107%° 3

4. Both particles move in a circular orbit about their
centre of mass.

Qoo oMooiOmoDooorogrroo
Qoomom

5. Angular velocity (LJ.0I0I00)
4A
v
©= . . °
r C
. 10°
T 4x107

® =25 10%rad/s

Comprehention# 4

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

(0024 Uk OIDICOT0DI0TM

A g
32,0 (32,0

» &
< PsS » <

6ax

Kx —2q Kq
.. +
X (6a—x)

=0 . x =4a

Kx—2q+ Kq
X 6a +x

=0 = x=-12a
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At x = - 3a & x = 3a, the potential becomes - o
& + o respectively and from the above question
potential becomes zero at (a, 0) and (9a, 0)

x = - 3a Ulx = 3a UIIO0OIOONIE- oo O+ oo OIUTOMT
00000000, 0) Doa, o) DOMOIOIOIOIONED

Comprehention# 5
1.

a—2 10°C

g=4 10°
3m——p

From energy conservation (LU OO [)

Kq,q,

\4? + 37

1
+O+O:2x5mv2+0

3.1m/s

5

V_\/9x109 x2x10° x4x10*  3x22

V5

R
—2 =V

Kq,q,
5

J5
Comprehention# 6

1. Q, = o 4nR?
Q, = -co  4rn (2R)=- 4Q,
Potential at outer shell

U000 nIoomnomy

_ K[Ql _QZ] _ K[Ql _4Q1]
2R 2R

-1x3xox4nR
T 4meg x2R

Electric field ( r > 2R) before connecting the shells

JDIOIO0DO00NNLy > 2ry [0O0OICKO

1xox4nR? 1(-c)x4nR? x4 E{R_z 4R2}

2 2
r r

E.=

U 4n g, xr?

After connecting ooy -

4m €, xr? =

? Ane r? el *
~E, /E, =1

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

. %R OOI000ION OO0,

1 c4nR?
todre  (3RY
(%)

After connecting IO0I OO, E, = 0.

+0

E

E

Hence (DD) E =0
1
Comprehention# 7
KQ Er?
E =z =>Q T 13uC

Comprehention# 8
1 Q,

dne r

1,
PE. = and KE = Emv

1.

eQ

Hence total energy is greater than dn e r
0

eQ e
drner Qoomomom

Loroomon

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

Oi000omoOUIroroduomooor g
loiOrornoLrmOinoomTs oo

From the angular momentum conservation

QnIiiooooonma

R
° 2

Vo

= mv xR :VZ?

Limiting electric potential = change in AKE

Oi00NDO0Nom0E= ake Q000000
v ?
)

-, Electric potential (0O00omhy =

(KE) LI (KE) L
= H = —m
i 2 0 f 2
3mv}
e

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

(0IINIDIiOIDOoDm D OdoIomomon
OOIonononidis 4 DDoooooo

3
3Zx2.56 =1.92 kV

10
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«10? = 8.85 101° C/m?

c=8.85x10"

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

I A O
gl opolOrOinomOoolie (-20v) O0A (-

3ov) U000

Here (00) v, = V- V, = 20 - (-20) = 40V
Work done (UDDHDDDU: DHD) = qV

=-1 10° 40

=-4 10°J

Comprehention# 10

1.

As given in paragraph, it is treated as +q and —q
point charge at a distance 2a

UIO0oCI0OINI0I00za 0000+ Of-q (0I0ICI00
QIromootndoonom

1 (=a)(a)

C4ne, (2d)

Potential energy (JII00OCOO) = - I F.dr

- L a
47'[60 2r 4TC S 4d

1 a

Note Tine 2d

Here potential energy

because it is not an electrostatic field.

OOTOITO0I000 =4 4 IOIOOIONO
n €, 2d

Hioioomom

Work done by external force is change in potential
energy .

QiooiboiDmodIooIOormnoOrontron
orom

EXERCISE -IV(A)

2Kq® 3 3Kq?
F, = 2F cos 30 = 2q ><7 = 2q
a a

For Charge at B : 2r cos 30 =a

\/§><9><109><q2 1

99 x107*

sin O

- = =
cos® /3 x1072

(3x10%)2 10°x10

= q=317 10°C
q

(FQ)total =
O=2Fqcos45 +FQ a Q or

1 KQq KQ® F,
0=2 > 27 + o7 F,

Q21

17202 22~ " 2"

We consider an element of thickness dx at a
distance x from q

[00q O 00M00ex 000000 ooroiInoman
00

d . L .
qe [ ]
P X ol | < dx
dQ.q
Force on q (q DDUDD) =% <2
Q KQq T dx  KQq
- =4 - <t =
Where dQ L X then ,F L :[ 2 dd+L)

11
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4.

We consider an element subtending angle dO at
the centre

000I0DIke U DONMIDMIOMIDIIDOMOIo0m

F = electrostatic force on element

(WM ne)

KQ j
x RdO
_ KdQq [ZRR _ K 4
R Tq 2R
. _ 0 _KQqdb . :L
2Tsin— =2T XE_ onR? 8% g, 12
0 +a o o
q =+10pC =gq, = q,
qQ, = q4 q6=—10uC
r, = 1m
r, = 3m
r, =9 m=3m
_ Ka, Ka, Ka; Ka,
1 1 1 1
Ky
Kq 9 -
== =— 9 10° 1 10°
1 g% 73
-y
= Ex104N/C
8
GA +20A —cA
Charge on outer plates = s = oA
UOImOo0midiOo
Charge distribution (IOULIOOIIL)
P Q R
Fieldat A: E,= 0 L T s
@ 0000t e, =00 = . R
Field at B : o M ¢
B U0I00O0OI0D: * + 1
26 E, T =z
-— .=2=0
EB 80 EB

’ 0 o x

n/2

E,.=2 [ dEsin6
0

Kq
29 Rdo
“?(aR /2) _ 4Kq
—_— X Slne =

R? nR?

=2
0

e 4Kq b
—E =(RR2)(—1)N/C

E =E; + 2E; cos 30 + 2E; cos 60 = (2+\/§)E0

E 1
Sy 4 A 1ro
E =E; tan0 = E ~2+43 2-J3; 6=15

X

The hour hand will point towards 9 : 30

The charge at 'P' is in equilibrium.

p JII0O0IONOOINrm

Hence (DDD) E, = 0; EP =E,, +pr -0

-3/2
klg) o
=0 > —=2
+b2)3/2 a
(&)
_________________ “a
P

12
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11.

12.

13.
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+j+ —
“+ |+ +7Q_>
+ |+ | —
+ |+ 5;
+ |+
+ |+
+ |+

< —A
+ |+ <
+ |+

AL c
Net force on upper half = | 5~

2/ 2 ¢,
(MM W}
(M] c !
Torque on upper half = 57 ) X5 %

0

QOIOOmbDID O

14
[Z: distance from hinge point for centre of mass]

[£= X1 R RN

Total torque on rod (DDDDDDDDDDDHDUDJ)
% . O l

X—X2_

2 2¢ 4

KY¥e;

2m g,

m/?
12

o = oA

Uga = U + Upg + Uy + Uy # U, + Uy,
Kq® Kq® Kg* Kq® Kq®? Kq°
_ q + q + q + q + q + q
a a \/Ea a \/Ea a
U Kq? . qu . Kq? . Kq2
final \/Ea ﬁa 2a \/ga

AU = U-U, = - (3-42)

©

total

initial

Kq? Kqg®
i q n q
2a  2a

Kq?
a

Conservation of momentum (COM)

- \Y,
QOO0 0 + mV = (mtm) V, V, = o
1 1 (VY 1 (V) KQ?
ME : —mV? =— (—) += [—) +
COME: omVe=om(Z) 273 d
QZ
T m g v
K 2
14 Uinitial = Q
a
KQ?
- (a)
final —
2
2KQ*
AU = Q=1.8 108 d = p ot
1.8 x10° s
= Tsee =18 10° sec
15. For minimum potential energy of the system, q

should be placed in the middle ((JUIOIUILOO00O
MoooooInIDoGg UiooDonoo

system X (

du ) -2 8 }

— =Kg’x100 + +0 =

» q° X [xz (9—x)2 = x=3cm
Electric field at the position of

Kx2qg Kx8q
(0000 0000000000y q = 0.0 (©.06) "

0

16. COME: K + U =K, + U,

1

_ /2]:((,)2
V= mR

KQ?

13
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17. From work energy theorem (WET)
NN
1 =7
T 2, 4
B2 v mg
W + W, = AKE
Qo X xLsin®—-mgL
S (1-cos0)=0
= qoxiXLXZsinQCOS9
2¢ 22
20 q
=mglL 2 Sin27; tang—gxm—;
18. At+a
3
b c
Béa
COME:KC+UC=KD+UD
K — Kq x -2
4o [M}M[ ax-2)
5 r
4 2%x9x10° x25 x1071°
5
—2x9x%x10° x25x1071°
- ;r=9m
r
OD = JAD? —0A? = 9o’ _3° = 848m
19. vy, -KQ_KQ
AT K K
2.3 VA—VBZQ(_Q__Q)
Vy=———
3 2
2
=9 10° 10° 1—§ = 3000 volt
SEE) emermees
20. p Q .
KQ 2KQ
[A]V.=0=

S

\/(X—3a)2 +y° N \/(X +3a)2 +vy°
..C= (5a,0) and radius = 4a

2KQ
x + 3a

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

KQ
—3a

BV, = " for x > 3a

KQ 2KQ
(3a-x) 3a+x
[C] A positive charge when released will move from
high potential to low potential

[c] L0MOI0omonoomOmoooniomon

Or0i0IoonOICoNConmm
COME : K, + U, = K, + U,
1

KQ 2K Qq
ra |52 B0 L ion v - [ 2

for x < 3a

2a 8a )

=100

Aq
21. Force at A 2m e 1

B
—JE.dr

A

Aq

B
—— =100 |dv=
2n e, x0.2 -/[ Y

A fdr -
2neg ;v T 2ne

)

St

/n

» !fnrl
2m €, I,

KA+UA:KB+UB

A

2n €,

v, -V, = /n2

COME :

MQ
2nde,

V =20 Jm2

0+ 0.1 wv?

1 1
/n2 = —mv? .9 2= =
2 5 O fn 2

—K(Pcos45°) -
22. E, =y—31

PO,y
—2x(Psin45°) ]

v y3
—>» PcosAS

= KP r - -
Ep = J2y? [-i-2]] E’sin45
KP -

Electric field due to dipole P = —1—3><k

(000l LiOmImooimen

23.

2K><E
9 -

Electric field due to dipole P_ +—%k
2

2

DDDDUD:SDDDDUDD[D:DDDDD:DD

Resultant electric field = —%KPR
(R

24. |V,|=[E,]

KP KP
%Sez—e’\/l +3cos?0 ; cosO =
r

r

1

Jrf =3

14
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r’-3>21;r>2 o
. 30.
N c059=—(r=\/§) R
ow \Jrf =3 \/5 ‘
then 6 = 45, 135, 225, 315 ‘!
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 1 Ama? Anb? Amc?
the shaded surface have equal flux passing through i)V, = E { na’c nb G 4nc c}
a c
them and are equal to m G
0800 m ) T g b
00Ol O0ommoI o todnUibbo oodooroooomo G 1 Tdmlc 4mb’s dncls
N A O R Ve = an { v o }
= c
00004 00 - [04%2 ot sz}
’ c " 4n = c c c
26. Fux (000 - -4 - 4 (1=cos6)
4e g 2 S [i b* ]
where 0 is the semi-vertex angle T g c B c *e
U00e OOONIILIITIM s o 2 v
1 a R A {%—T-FC};C - (a*b)
= cosb = Z_W;a: E
31. From mass conservation
L2 L2
27.  oew oFEET 27 (%anJ = %NRS; R = 3r
Q . Kq
Minimum flux through cube = 9 < Given that V, = T then V.,
(UOmODmIOImoooimOoy _ Kx(27q) _ K(27q) _ 9Kq _ oV
28 E R 3r r 0
'B | o Ko KQ_
‘I 32. After earthing V, = 0; R + 3R =0

<l

q-= —Q (charge on inner shell)
Force on charge at position P 3
(000 DIOIODIO00DY
- = ()
=_ [4 X _3X] q = - meX 33 (Uself)initial = 47'c EO E
nte R

| ()
T=2n 47-563—(3R3 (U g Vi = 4 e, \4R.
m

Workdone against electric forces = AU
29. g +q,=Q

G41‘Cr2+04TER2=Q = — 1 Q—2 = — ﬂ
4n €, 4R So
o Q@
4Tc(r2 +R2)

1 [647121’2 G4WR2}: Q(r+R)

vcentre = 47‘[ EO r + R 47[: EO (r2 +R2)

15
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[i] r <a = Point inside = E=0
lii] a < r <b = Point outside the inner and inside
the outer so field due to only inner cylinder

a<r<b = [0OIONDIOI00DICIDOI 0T DO
quinniimoroiidititiooord
Qoo

hence (DDD) E =

[iii] r>b = point outside from both cylinders so the
charge per unit length (M) is zero for point (r>b) -, E=0

r>b = [DIO0DONDDNIDOIDOOiDonom
00000y D000y >y DI00DI0DID - E=0

2 X\

p, x 4mR*

R
r
i)q= qu = Jpo E x4nr?dr - = TcpoR3
0

KQ' K p,mur’
i) E= = 2 P
(i) r? r? R

_ KQr’

R where

_r X 2 p
= —x4nx“dx = Fo
;[pOR

The direction of electric field inside the cavity

in —ve x direction and of constant magnitude .
=)
[0ooimolCioomdgimodn IhomoioOo4iooa

QOI00NI000Iomnom-22- ooo
3¢

)L

For touch the sphere again, electron must move
2r cosd45 (as shown) distance

QIoIOTooroiIhinidio0ro0000i2r cosas O
(000D botmo

3o m}
@ ©

Electrostatic energy

= Interaction + Self Energy

of system Energy
I00O0IOMooT = tooro - + Doooodo
amioal aal

14.

15.

16.

17.

(Let the total charge of balls be Q)
UIDIoooIODIOoNq 0O

K(Q-Q,)

2%
+
2R2

2R,

dU
Here for it's minimum value dQ,

OO0DOOIoRooIRODood

2(0-0,),
2R,

=0

2Q, |

0-1)
2R,

Q__Q__O

Rl

& R
[+0-Q=Q]=q "k
0

Q0T 0000a )y

From the energy conservation

—K‘Qq+lmv2 11KQq +0
r 2 8 R

ZKQq[ll }

mR 8 r

8 r

Let n® number last drop that can entre

OOOI OO0 OO0y Omnooirooonao
OOunom

KQ?

v =

4n €, mg(h -R)R

= xn=mg (h-R) ..n= Q’
Ka  KQ_ = Kadx KdQ_
X R x? dt R dt

17
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EXERCISE-V-A

Work done = (charge) (P.D.)
Work done  2J

_ ~0.1V
PD. = TCharge  20C
1)e *(2)
q q
q q
:———:O
¢ 6eg ©6¢
Kqg K 2
v, - Q _ 2Q q

+ = +
R R/2 4ne, R 4n¢e R
Let charges on B & C be Q then final charges on B

3
and C will be % and TQ respectively.

(00s Ofc 00100 0mIs Ofc OOIOMNO000I00]
-Q ~.3Q
DDDHD_E DHT i

K(Q/2)(3Q/4) 3

Therefore F;. = 3 =—F
r 8
At the distance of closest approach
IDO0I00000000O0Da0
Kl = PEga
K
LyeoKam 1
2 I,
2
r
Hence, IFZ_():(VI\ :[Lj —121’20 =2
1, v, 2v 4 4
Q Q
A B
v
q
L
D& QC

On establishing equilibrium on charge at A

A 0I00000monoooIirotiootog

2

Foc = (j;r)z [cos45°(—i~) + sin 45°j:|
lEAB = krcgz (_;) Fap = krcgz ]

10.

F, = qu[cos 45°1 + sin 450(—]7)}

AE (r ) \/E)

On solving we get q = +%[1 +2\/§:|

+ + + + + + + + +

. qo
Tsin@ =8_and Tcos0 =mg
0

qc
mgg,

F
At equilibrium tan® = —E& = = o o tan 0

mg

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.

8 A A D
g N O O
Qioooond

N 8220 -2q x=L

<—Y-
X

v

el HE

q |1 1
T 2ng R OJRP+d?

An electric 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.

OOIo0DOoNRIDmooomonmotrotiroommg
Hodnrooomoroortnironiimorooon
00 Cmonmmoimoidmrim

18
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11.

12.

13.

14.

15.

16.
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Scm R
I >

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

OO DIDOmOIOCOOiCoiiDOooCoa
[OmoIongo

radius E, r, 1

Distance of point A from origin

OOoioior Ooioiia Qo
= J22+02 = 2 units

Distance of point B from origin

OO0 oitdrs OO0
= J22 402 = 2 units

As point A & B are situated at equal distance,
so v,=v,

J0I0CA 00 OO0 OOMOIOMO0M v,=v,

Potential remains same as it depends on algebraic

sum of charges but electric field E changes.

0. O
QOTOmOiTtmOOortooiE toroorom

20
x* -4

V(x) =

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

[000000E OOI00MOIONOICooeno0monn
rolorooooroo

£ (x* -4)(0)-20(2x) 40
S0 ox (x2—4)2 _(x2—4)2
E:(X:L?:)Z()Atx— 4 um
B 40(4) 160 (1_0.]\//
(4 _a) 148 L9 ZARE
E(r) =0for 0 <r <R = 2 forr>R

Here I?‘1+IE2+IE3 =0

18.

19.

20.

21.

22.

3 =

(v/2a)’

from (i)

J2KQq .
a®  (J2a)?
J2KQq  KQ?
a’ :_2a2 :Q=—2\/§q

q=-100 1.6 10" C
AV = -14volt
W= qAV = 2.24

KQ? 0 H

10716 J

it

KQ' 1 {4Qr4 } Qe

E= rl2 47te r 4R* _41teoR4
= 2k\ A 2 9 (=
E= r ( J)_(47'5 A r)(nr)( J)

Total charge

r r 5 r
Q=|pdV =|p [———)4nr2dr

(51’ )
4npOJ. EJ dr

5¢%  ¢?
4npo| 12 7 4R

r' N

F/K

Therefore K =2

0.8
v ==\
mg—~(1-7 g~ mg/2

19
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23.

24.

25.

27.

(49) = M8 (3,0)(2) - constant
dt Ko \2 at/ - constan

dx
o) IOC xV2 Or Vo xV2=vyocxl?

By gauss theorem 4nr’E, =

By differention 4nd (r?2E) = —— =

80 80
1 .
= r’dE, + 2rE, dr = PT dr
0
GE, 2 p
= +?Er —g = p = -6g,a
2a
AK=W = QUV, - V) data S
(2kq 2kq) /
- ol —- -0 .
Qh 3 a\/g) 2a // B
2K 1 —a —a
- QQ[1——]
a V5

For uniformly charged sphere

0oDol0omoionron

E = (r <R)

28.

29.

k
Net force =2Fsin0 =2 2qq02 . y
(a +vy ) (az +y?

)%

2Fsinf

2kqq,

_ 2kqqyy .
)% a’

(a2 +y?

Lo

X :41teoL

Potential at O = KL In(2)

dq = Adx =f-dx
Q I | ]

>dx

N
>

EXERCISE -V(B)

Potential at origin will be given by

Domoioiomono

q
v - 47':80{)(0 2%, 3x, 4

1111}

_ —3 _m(2)

Net electrostatic energy of the configuration will be

OiUoONooriooOoar

« [ﬂ+ Qq , Qq -2
a +/2a a 242

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.

8 0 A A U A R D A
D0O00Ne) Uio) DOOOIDOIIOOD0IOMONC OO
N A A O A O
U0 000000

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

IR
00I0onIo0m

}:o =Q=
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VA
. -
g > E
» X
Al B
~V,=V.,and V, >V,

q Q qa a Q q
e ® @ ®
=—a =0 x=+a x=-a X=X x=a
initial position final position

2K
u, - 2K

1 1
and U; = KQq a+x+a—x

2KQqgx”

= |AU| = 3 for x<<a
a

S AU o x?

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).

I
R O O A M AU
QIonomroionLoomnioin Dioitono
Qoiom

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).

(0000 LiO000e Uls Oi0IIDONODNQ O

T OO0 oioionmronmiiit 0k O
QoI romoronoioodmdoimobod
(o) 000

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

OOoooOr OO OnO g, -q,
g, OIOOIIOIONOoOOoitoooo a0
O0DImOar oo OnoIomomooomnm
NOIoOIomoNNomm

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

0iiIole DIIOOMDOEL-000OIDonoro oo
pIoioioooo

10.

11.

12.

13.

14.

There will be an electric field between two cylinders
(using Gauss theorem). This electric field will
produce a potential difference.

QOoOnooOoinooommnnrordioiinooh
LODODDOIoOoYoomition

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

HoIIODOmomooooorodtodonrtooom
(roooioa

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

0 A WM
Q0Io0om

A =(-2,0,0),B=(0,a,0)

%
A —Q  x
L

Point charge is moved from A to B

(D000 Ol DOIOIDIOOOCOM
V,=V,=0 . W=0

120
BC = 2Rsin [T] - 3R

Bq
3
30
50 1203460
_2afe0 60 O
3 30
0
AJ

3
« Electric field at O (O U0IULDIIII0)
1 (2q/3] B q
“4n eoK R? / 61 eOR2

along negative X-axis.
(O O

The potential energy of the system is non zero

L R R
Force between B & C B (B Ulc DDDDDDDD)
1 (a/3)(-2q/3) q?

(V)

47 e __547'C€ R?
0 0
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Potential at O (O DDDUDD:D)

_ 1 [LE_Z_‘*]
471:60 3 3 3

1 5 . (I) — qinclosed
% 2c
—7/c _ -2C
¢ -
16. Q,= c4nR*=k (say)

Q,+ Q,= o4n (4R?) = 4k
Q,+Q,*Q,=c(4n) (9r?) =9k

On solving, Ql: QZ: Q3 ::1:3:5

17. Since torque about central charge is zero angular
momentum is conserved.
R e
O0nomoonom

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

[onooommoiiq MNP (.0, 2,) IO
~q U000 ooit0dnote 0Uomd
J00E-DOoiOioIiooOnoomrin
il

1 Qz,
dme, (R2 + zg)

E= 3/2

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

0.0, =0 ILO0I0DOIDININIOIE =0
UUIOOIIe D00OTOOoOmomonomormooar

g
1 Qq .
F,=qE = 4ne, (R2+z(2,)3/2 o ..(i)
v,
X
E
—
O < R
P00z
P a—
F,

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 oo.

Secondly, if z, <<R, (R? + z })*2? = R?®

B A A
[IINI0I0o DOMOnorwem

LONI000N00E, Oko Ulo 00
OIIoonOnooOmomoamnom

2 2\3/2 ~ 3
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).

QIIOI0I0000I00F, «« —, DIOCIODIOTORIDI
O A A
Qoomomono

Inside the sphere E=m'§r = E o r for r<R
0

I 1 Q
DHD-DDD..DDD%E'?f = E o r (r<R UIHD)

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

OIIOIOIIOTE = o 0I0Nr=0)

L -R

and E at surface = 5

4re,

OOIOOIO0E = 1 L =gy

4dme, r
_ 1 Q 1
Outside the sphere E= m-r—z(f 2R) or E =
0I000000mE = —-g(r > R) [IE o« z
: dne, r? : r2

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

OO00o0eE) OO0y Qi0iooiooLrodnoD

Qo
Ej
.1 Q 1
E_4nso R & EOC?
Q/
» 1
O =R
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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

q
the surface of the cavity will be .

NN
[DOOI00DmONIO0oTA UoIor- B UIIOOOIOO0
1 oy A

D]DDDDD[HDDDDDDDDDDD% [onom

The given graph is of charged conducting sphere
of radius R,. The whole charge q distributes on the
surface of the sphere.

HOo0IoOIoOR, OO oo
[IOIooIOOroOOmoodroaooem

3

4 . 4
q, = plgﬂtR 3 Ay T p2§1'c(2R)

o, P,
A R YB ﬂR
2R R

it E , = 0 at point A then
niofioioa OOE_ = o I

kQ1 kQ2 -0 q, 4 [} 2

(2R) (5Rf T q, 25 —p, 25

if E.,; = 0 at point B then
[I0000000e DIE,, = o I
kQ1 kQ2R 1 1 Py
=5 = g_4

Electric field at point P ((0I0IP O00I0OOIIIO)

p(AP) -p(BF)  p(AP-EP) ) p(AB)
-3 =N 3 € - 3 €, E =
= 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.

QioiorooimoI oo oo tronl orooms om0
(lioC0I oI fmerole UhnolimotOnona oo
[DIn0noroononnd

Comprehension Bassed Question

(Ze) e Ze
IS =k 4n e R?
0 0

1. E(4nR?)=

= Independent of a

2 . .. B + L — 1 p(r
d R d
" p- (1 r)d
P R
Charge contained O -
=Ze 4nr2dr ( )d
0
R 3) 3 4
2 T R R
= r°——|dr = [___)
4nd _([( R 4nd 3 4R
. d/RZ\ ndR3 3%
=4ndl1z) = "R
3. For E o« 1, charge den51ty should be constant so a =R
Subjective
1. Capacities of conducting spheres are in the ratio of
their radii. Let C, and C, be the capacities of S,
C R

r

DDIODOnOnooooDmoidrCiOod oA

C R
Ms, s, OMIM0c, Tic, O &= =+
(i) Charges are distributed in the ratio of their
capacities. Let in the first contact, charge acquired
by S,, is q,,. Therefore, charge on S, will be Q-q;.
(O O A A M Y A

Li0roooinin0ns, tonoNoomnit,,,. Dods, 0

and S,, then C_j =

UOIIQ-q, (~q)) TIO0
oo, s4a e G R
Say1t1sq1.--q|1 Q-q, C, r

It implies that Q charge is to be distributed in S,
and S, in the ratio of R/r. DDDDDDDD:DDDDD]DDMUSZ

(s, 0IUOM e UMD0IR/+ LIDOODIOMOOO

. p— R .
Ree ] _Q[R+rj ...(31)

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

be (JUIOIOOIs, OOMOOMIOINN e DIOOTOIOD
0ol s, Uls, 0000000000

~a[1+g%)
Q+q,=Q R+r

This charge is again distributed in the same ratio.
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Therefore, charge on S, in second contact,

DOoDmoroorooIoooomroimiooooreLo
000000s, 0oiCioo

2
! R+r/ \R+r R+r \R+r

Similarly(COI0 O,
95 = Q {le-r +[le-r)2 +[R?—r]3}
and((I) q Q[Riﬁ[RRH]Z* *(Riw

Bl (B s _aft-r)
= qn:Qr R+r (1) n (1_r)
Therefore, electrostatic energy of S, after n such
contacts

OO0 000DT000s, Ooirommoon

2 2 2
U= _ e~ _
N Te 2(47t80R) 8neg R

where q_ can be written from Eq. (2)

002y Ulq, OIDOIOOIONOOIIoO

QR 1+R +...+ +(R)n_1
(ii) q, = R+r R+r R+r

as (D:D) n—>oo

QR( 1 )
R+r 1- R
R+r

_QR (R:rj:QE

9 = R+r r

Q°R

2
8neg,r

9 Q?R? /12
. 9 =7 U, =
U 87e R = Vs

Potential at a height H on the axis of the disc V(P):
The charge dq contained in the ring shown in figure
Potential of p due to this ring

[Di0I0IOI0rO Oy Dol e MU0 dg
| BRI R I b n N

Pg,m)

1 dq
dv = dre, T Where x= {2 ;42
1 (@udr)e (o) rdr
N T, i \26,) L/ J
4ne, JH? +r 2, H? +r?
.. Potential due to the complete disc
RO 1 o e A A A M
r=a G r=a rdr
V=|dV — —_—
’ r':[O 280 r.:|.0 Hz +I‘2
v = O [Ja?+n?-H]
P 80
ca
Potential at centre,(O) will be V= 26 . H=0
0
Ul0oy UIZOO v, = - H=0
(i) 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)

U0p OI00TO0N0MOO0ToMlo DotoDO
) 0 T T

N O
(AKE=0 because K,=K=0)

2z
~.mgh=q[V,-V] = gH = m. a

[a —+a® +H? +HJ (1)

q _4eyg 9%

=2
T 2gym 8

m o
Substituting in Eq. (i), we get

gH = 2g [a*tH- /32 + 12 |
=(a+H)-/a? + H?

N | I

H
= Ja? +H? Tat

2
= a? + H%=a? +HT+aH = %HZ =aH

H 4 d H=0.. H [—4)
= a = .'. =
= gaan 3@

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

0000+ DOIO0D0OImiinodIoon- Drioam
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00+ 00I0DnooIoomm o

- U=qV + mgH
Here V= Potential at height H
00v= HIOOOOomomo

oq
U= 26, [\/a2 +H? —H]+mgH (i)

—-dU
At equilibrium position F= H =0

UD0I000TIon
Differentiating Eq. (ii) w.r.t. H
O0Ma) UH DI0IO0IO00D0IO00IC0

i(ljm L _1]-0
e e

oq
v ——=2m
[ 2¢, 9]

H -1|=0
.. mg + 2mg m -
2H 2H
= 1+ Va? +H? 270= a?+H? -1
H2

1 a
———% =— 3H?=a? H="—"7
= 2.2 4 = af=> 3

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

00 Ofu-H O0IO00I0OI00T0O0r0Doed

U=mg (2 a® +H? —H)
(Parabolic variation) (DDDDD]DUDDDHDDDD)
U=2mga at H=0 (H = 0 U

and (U00) U=U_,_ :\/gmga at H=%

therefore, U-H graph will be as shown.
U0Mlu-H DIU000Ooom

AU

Zmga
3mga

o H=2

V3

Note that at H=% , U is minimum.
a
DDDUH=$ 000u 1000000m

a
Therefore, H=ﬁ is stable equilibrium

position.

DDDDH=% (oIoomoooomom

In the figure ((U0I)

vA
+27/2 m B+ +Q
H3/2m A4+ -9
V, m
O » X
=/3/2m CpF-a
~27/2 m DF+Q

q=1pC=10"°C, q, = + 0.1 pC=107"C
and
m=6 107%kg and Q=8uC =8 10°C
Let P be any point at a distance x from origin O.
Then

LI000000I0I0 OOinIO0Doe fod

3. .2
AP =CP = \[o+X

27
BP =DP = ,[—/—+x
2
Electric potential at point P will be
J0000p ONI0ODICOO
_ 2KQ 2Kq
BP AP
here (L] K = =9 10°N/m?/C?
where (LILL) dre, /m?/
-6 -6
AV=2x9x10°| 2210 10
27 \/3 )
—+x —+x
2 2

8 1
V=18 10 \/27“2 \/3“2 (i)
2 2

. Electric field at P is (P JJIOIIII0)

dv
E=-—=1.8 10¢

(D)) oo

E=0 on x-axis where -x = 0 or

x-U0IONE = o Ul =0 [
8 1

3/2 © 3/2
(Zae] " (2an)
2 2
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(4)3/2 1

= (27 2)3/2 - (3 2)3/2
—+X —+X
2 2
-
- \2

)=al20]

5
—m

2

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

X 2l’l’l ecause at X 2m,

IR M A A

This equation gives x= *

x=+ \/g m J0I0I0IO000I0DI00OOroOoona

x=+ \/g m UIJE=0

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

/5
For at x> 5 m, E is repulsive (towards x-axis)
5
and for x< E m, E is attractive (towards

negative x-axis).

= 0000 OO MI0UIOmF ~o.

x>\/§ m U000 D00INI000 OO OG- 0000

100700y D0x< \/g m U000 (O0x-000000000)
5
Now, from Eq. (i), potential at x= \/; m
0000000 g Ok = \E m 0000000
8 B 1
V=18 10° \/27+5 \/3+5
2 2 2 2

=V=27 10%volt
Applying energy conservation at x=o0

and

x=o0 [Jllx= \/g m; JIIOOI0000T0O000M000

1
gmﬁ =q,V ...

. 2q,V
SV = o

Substituting the values (DUDDDDUDUDD)

2x107 x2.7x10%
vy = =>v,=3m/s

6x107*
.. Minimum value of v, is 3m/s
-.v, UIIO000I0I008m /s O

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

000000, 00000« = oy DOTODO

8 1
- 4 | ——-—= |~ 4
V,=1.8 10 { T 3]~2.4 104V
Ve V2

Let K be the kinetic energy of the particle at
origin. Applying energy conservation at x=0 and
X =00

HIDOIDODIRInoriiolik (k=0 00 k=oo
OIDOIoImIomoOo

1 1
K+qV, = 5 mv,*But 5 mv,?= q,V [from Eq. (ii)]
K=q,(V-V,) = (1077(2.7
= K=3 10*J

104-2.4 109

Given ((UUI0Jdg=1pC = 10-°C

AF
e

eq

10 kg and £ = 0.8 m

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.

[OIO0Ioiioo0nddoon oroitodndog
0l00L OICO00TommoMoribti0nnrm

(i) Electrostatic repulsion ODIoNOOINUOTT

m= 2

L
dng, (*

e

(outwards) (I00IOTLIN)

()  Weight () W=mg (inwards) ({I.0000100)
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(iii)  Tension (DDHD) T (inwards) (DHUDDUDUDD:D)

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

T=0, NINIONIIIOI0HINIIOO00Homronood
oinbomooroom

2
W-F, i.e.(0000), mf”

9.0x10° x(106)2j

(
Lz x10% x10 - >
(0.8)

103
= v2=2.4 m?/s? ()

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

UOI0ODoNoOI0OnOohritoodoonoo
DinOrofirorimMOirIoboooDoomng

Increase in gravitational potential energy

= Decrease in kinetic energy.

IO W

= mg(2/)= “m(u?-v?) = u?-v?=4g/(

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

U0 Olve OT0OIDI0OIO0O0
=2.4+4 (10) (0.8) = 34.4 m?/s?
cou=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.

For potential energy of the system of charges, total
number of charge pairs will be 3C, or 28 of these
28 pairs 12 unlike charges are at a separation a,

12 like charges are at separation /2 a and 4

unlike charges are at separation \/g a. Therefore,

the potential energy of the system

LororobooIiodondidItooroon
sc, Ull2s 0I0000002s UI0TOION 2 (IOICIOOIOICID
(00000000 0@ e O0DI0OMI0OOmoLa

(0000 /2 o 0004 IOOOIOOOIDINIDROMNIO
000N /3 o IDOIOOCIoOOIOIINoon L

oot [(12)(Q)(—Q)+(12)(q)(Q)+(4)(Q)(—Q)}
" dne, a J2a J3a

1 )
- 5.824 umo —J

The binding energy of this system is therefore,

1 o2)
I { IU|=5-824L Are q—J
0

So, work done by external forces in disassembling,

this system of charges is (JUIIOI00I0OCIOIOIOO0
OOIOIoOooiiOnooio oy
(1 %)
W =5.824 k4n80 )

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

UO0ootrorooommoromnioongrong
= [Ioioromoonan

.. KE of dipole at distance d from origin = U, - U,
- 00100100 00T0rooioIioiid=u, - b,

‘E)=p- E=(pf)‘( : if]

ap
L4n£0 d?

" 4ng,d®

= KE=O—(

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

I A

=1 2p-
E e, & i(Eves 715)

.. Force on charge q at distance d

- d JI00000Ng 0000
E_ £_ P9 =
—F=at= 27t80d3 1

Electric field near a large metallic plate is given by

E=c/¢,. In between the plates the two fields will be
in opposite direction. Hence,

QOO DIOIO0OIoU NI OE=o/e,. (OO
Q0 OonooOootododooriindooonooo

E=Gl_2 o (say) ) (LD

net

€o

Now, W=(q) (potential difference) =
OO0 w=(q) (DIONOD) =q (Ejacos45 )

o (*22)E) -

q (Ejacos45)

(01 —Gz)qa

V2e,
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8.

Let q be the charge on the bubble, then
000000000, O

:ﬁ(HereK= 1 ] q:k
a 47[80 K

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

[00000MO00IR OmOIOOooDOnooniIOmom

4
(4ma’)t = Z7R* . R= (3a%)""

Kq
Now, potential of droplet will be V' = ?
O0000IIOID
Substituting the values, we have (D]D]DD]DDDD)
(K)(E) INYE
vi-—2XZ o vy (—]
(3a2‘[)1/3 3t

R

ERZ—ElER (—]aﬂ—lR
= ER/2)=EZER = |5) =g ®

= 271 = 2% = a=2
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