Solutions Slot — 1 (Physics) |

ELECTROSTATICS - 1

SINGLE CORRECT

EXERCISE - | I

-

F=(8-2)i+(-5-3)]

~ 9x10°x50x107°

E
Now 100
E =4500 v/m
2. C
y
q X

A2 =30 A= qsoz
m mw
D
Length of the arrow showes magnitude
B C
-q
FOB
-2q +2q
A D

Resultant Ris | to surface AB

Negative charge is placed to achieve

e _ Kq(? +23- +2|2) equilibrium.
T (hay 4 29
. K— -X—k— X—3I
g _Kali+]j-k) Net force on Q is zero
AL S R
(V13)° K49Q  kqQ
= 2 =7 2
,\ A A {—-X
_ Kq2i + 25+ 2k) (£=%) X
Ec= (\/ﬁ)?’ = x=//3
Net force on q is also zero
Now EA'EB = 0 = EA LEB qu k4qq
w3y T
3. D
E 4q
Q=79
L X
a AL D
; B
4. B O mmmmmmmmmmmmmme C
Force on charge = qE = gEsin ot
e D 3kqc/a,
acceleration = 2 sin ot ...(1) . _
m Resultant lie in between region COD
In SHM a = Aw? sin ot ...(2) E
Comare (1) & (2) a=dE
m
After time t
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| Solutions Slot - 1 (Physics)

10.

v=3E
m
KE = lmv2
2
E2q2t2
- 2m
B
Fsino ’q
F a
QiAgb
\{3\ 2Fcos0 L
a
pa ~ q
Fsin® X

Net force on —-Q charge = 2F cos 6

2F cos©

a= ———
m

N
_ 2kqQx @
m(a? + x?)
da X
fora ax \/

a
which gives % ﬁ =X
0

atXx >~ a=
x—-0 a=0
D
Y4
21(0,a)
3 1
(_010) (alo) X
31(0,-a)

E.fat (0, 0, 2)

e _ kq(zk -ai)
b (a2 + 22y
E _ kqg(zk —ai)

2 (Va*+z*)°

11.

12.

E _ kq(zk +ai)
’ (Wa*+z*)®
_ kq(zk +afi)

W vy

4quﬁ

E =775 53

net ( ,ZZ + a2 )3

E,

_ 4kqz
Magnitude E = (m)s/z

dE

for maxima — =0
dz

L
which gives z = B

E- Kszq
d
dg=——.
g 2nR
Ko 1
E= d —
27R> Exge
-2% 2\
2% 2
ﬁ \ ‘o
\J \J
N ) A A
A
ﬂ & _ 2K\ E — _Zk;\J
R R = R R
= _7\4 7
T 2me,R

Motion—
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13. A
ki /2d
K
J3/2 o
8, =0, 6, =60°
E, =Q[sin60°+sin0°] =£k—k
d 2 d
kA —kA
E, = —[cos60°-cos0°]=——
=gt 1= 54
1
tano = \/5
0 =30°
14. D
think !
X is not small
Q
. P9
~ I
15. R X
kQx
F=QE=Q{W
-+ X<<R
KQx
= F = R3
_ [aQk
®=\VRrR2m
EI’T‘IBX ----------
E ........ T““
16- )'(1 R/.\/E )'(2

17.

As we displaced upward gE’ T
gE’ > mg So particle move upward
= Unstable equilibrium

(b) As we displace upward gE’ |

mg > gE’ particle comes at point P again

Now we displace down ward from x, qE" > mg
so particle comes at point P again

= stable equilibrium

P qE'
stable
T eq.
"RAZ ma
<D

&

fcoso

(W.D), + (W.D.),, = AK

1
(qE ¢sing®) + (/—-(cose)mg = Emv2

T
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18.

19.

A'=Q/rR
dF = dqE
dF = M’Rd6 2
R
2kx . do
dF==—"7—Q—
R Q b
dF
D
c
i
©
e ~
dFcos0
T 2k0Q
_ | dFsine _
Fnet - -C[ - nR
AQ
- n’eR

At equilibrium f = mgsine
Net tisalso 0
= 2qE sin 6 = f.R.

T

Isin 0de
0

20.

21.

22,

+q

-q
+q =q

P
(0,0,L)is 1 top,,
= component along z-direction is zero
D

q,m

T=2xn !
Gefr
C
k—2
A C B

mg
E=— - -5
2q dr= -E.dr
VA VB - Eb
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Solutions Slot — 1 (Physics) |

28. V=k(2x*-y*+7Z%)
/ / > line of force
S Eo—| V5, dV, dViik
dx dy dz
23. > E= —[4x?—2yﬁ+22|2}K
equipotential surface oy =~ _[4Xi —2yj+ ZZkJK
Angle between both = 90° | E |= 2k+/6
24, B 29, D
[ J [
Q< d q;
Seperation increase then
U= Kq,9, l
/ d
+ + + c C But
+ + + VA - 280 n VB B 280 2 ) )
+ + + A. B g.< d -q;
25. + T 4 | K
y’ ry > ifd T then U :_cc||1q2 T
. 30 Higher Lower
GivenV, -V, =5V *  potential (v,) potential (v,)
() _—>
—(r —ry) =5V
7. (271 ;
r, -r, = 0.88 mm v U =-qv, 9E<=-a _u,=-qV,
26. w E = Ey =E, -
U <u
— 8v
EX = M = 2V/m 10y (1, ,0) X ' 2
31. B
Now E=2{+2j+2k ° v/
dv = -E.dr=(2i +2j + 2k)(dxi + dyj + dk)
1 1 1
Ve -V, =||2dx + | 2dy 2dz}
faaxe o]
Ve —10=-[2+2+2] .
Vv, = 4v e’
27. B
K _
E= 2q . V = Kq(n 1) U< KqZ KqZ KqZ KqZ
r r r2 r2 r2 r2
_ _ 2
__r(n 1) r2=x2+—
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| Solutions Slot - 1 (Physics)

4k 35. C
x*+a’/2 A
R. 2R
u <
aqp
U (RV3,0,0)
£  Point P AQ (KanR]
= L, + ——
= nergy at Poin 4e, SR
AL I T 1
32. B T dey  4dey T 2g
. _ gkAM2mR) gA
Q, Q, Energy at point 0 = TR T 2
R i.e. particle will reach just point 0.
R
36. B
L ) %‘
Q < >Q Initially
KQ;  KQ, KQ, , KQ; r=w
Vp =——+—== Vg = —=+—
R
J2R R 2R y m U m
< Q < Q finally
W = q[kQZ + KQ, _kQ _ kQZ} ) ‘ i’ Zitsgonscees t
R V2R R 2R
from E.C.
q Q Q, 1 2 2 qu
W = + = |- + =< —mv- =2{1/2mv° |+ — ..
Réne, HQZ \/EJ (Ql 2 > ( / ) d (1)
from
W = q(Q; - Q2)(W2 - 1)[(v2 4megR) M.C. mv=2mu = u=v/2 ..(2)
from (1) and (2)
33 1. m? ke
! J 2 4 ' d
v 2
Eithery is fixed or not E is conserved but when d= 4kq
Ve ea r g 0 mv?
= P not conserved
whenyisfreeF =0 37. A
= P = conserved >
®g
34. A
d1 u 9o p
Y . «—— X A
m m 4y v
After long time y will move with velocity u and
v, = 0 becouse
momentum is conserved
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| Solutions Slot - 1 (Physics) | Page # 7

Energy conservation 39. B
between point P & A
qv + Lv2 = 4qv .
- 2 N S o4
lmv2=3qV3 v= %V T
2 m
38. b from AME about point 0
= mvd = mvR
vd
o,L = —
(o,L) u=—_ (1)
1 21 >, ka,q,
.C.=mv° =—mu° +—= |
from E.C > > R (2)
from eq. (1) and (2)
2
V= 2\/; m/sec.
(L,0)
. 40. B
As ring move downward Ex T Ey Movement is parallel to x-axis
so at point where qE sin 6 = qE_cos6 . w.d. by 2\ is zero.
After wards ring com reach (L,0) easily
automotic
( ) im B A
tano=x/y = x=y —>
Xx=y=1L/2 >
So energy concervativs between point A and 2m
B
Love = qVv
2 1,
L L 2 (WD.)pg = IE.dr
V= .|.xdx+ J.ydy:> AT IS b A 2
2 2
0 0 0 0 1 2k(3}\‘) 1
= |———dr _ 3x2kk|n[—J
2 2 2 = I =
VvV = L_ + L_ = L_ > r \/E
8 8 4
=3kAIn 2
1 12 (W.D.) due to wire XA is kAln (2)
—mv° = q J—
2 4 _ AL (2)
Tcﬁo
1/2
229t a
= am om 41. B
E E 1
from E.C. = EQa _ EQq +=mv?
r 2r 2
kQa _ 1.
2r 2
L [KQg
mr
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Impulse = mv = ]/@

42, C
Yy
S - S Q¥
(-3/20,0) Z  (a/2,0,0)

Let -Q charge is placed at (0,y,z)

Now total potential energy of the system

,_ KQ' KQ-Q)  KQ-Q) _

+

2 2
a a 2 2 a 2 2
Shyi4zt Sty +z
’J4 Y 'J4 Y

0
a r I
2
a 2, .2
r=4—+y +2z
\/ 1 y
According to problemU =10
KQ* __ KQ KQ*

15a*
2 2
+7° =
Y 4
43. B
U=-QV
44. D

e.fis perpendicular to equipotential surface

foref=- -
m Tor e 2

Now check option Ans - D

45, C
Integrate partially one of the term

V= I4a xy\/; dx = const.

X2
4ay /7 7 = const.

46.

47.

48.

49.

50.

F =qgE = 3000 = 3E
= E =1000 N/c

AV =E.d =1000 x 102
=10 volt

A
In a given figure

A

E =ECosQ j+Esing j
d=dj+dj

V= E.d=Ed(Cosg +Sing)
D

- 100 ,
y=3+x E=ﬁli+jj

dv = - I%;"‘}] ldxf+dyj]

100 | ¢ :
__ | fdx+[d
-0 s
Av =0

A%
=E= E - 23 = = 15,2
(0.1)" +(0.1)
C
EB<—§B
o
B — .
q H q A Ez= 35

Mortion-
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| Solutions Slot — 1 (Physics)

E, =-2E 2
A ? - I(dee)Rcose
51. B 0
n/2 /2
= AR’ J. cos9de = AR?[sin6]
0
2 2gR
= 7\'R2.1 = _q.R2 :L
TR T
52. A /2 ok
e >qE dp2 = I dPsin® — L
om 0 T
2m ’36 §
18 e m © +luc o_ 2V2aR
5 g T
qE
54, D
t .= qE 2sin@ +qE sin
et = d . 0 +q 0 dE
= 3gEsing = Pd_
T = 39E 6 r
Z Z R
K. [3x1x107°x20x107 and — —0atr= —
W= = =\/ . d J2
=F=0
,/ ! lrad/
= 4/ = 1lrad /sec
100 55. B
dx
53. A Zi Adx
€0
X
dp,=dpsin6 0
dp,
0
dp,= dpcos!]
20
dr = 2¢, . A xdx
0
-q o 1
— — 1 i x.dx
=g, x5|nej
0
o4 _2
~ mR/2 7mR oAM’Sine
n/2 - 280
dP,= _[ dPcos6
0
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Page # 10 | Solutions Slot - 1 (Physics)

56. B
+q —q
dv dv
q . _.dr = 1 — °
dI' dr 62.
—2p,kp, cosO +q —-q
= —r3
A+C
57. A V=0
S —> e 20
P E
58. A
Iz
X - axis component will cancel out
q — F=qE E
59. i
60. >
In equipotential surface
v = Constant
bute 20
61. Potential is a scalar quantity Add Pirectly
without direction Electric Field is a vector
quantity
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Exercise — 11|

MULTIPLE CHOICE QUESTIONS ]

C,D
By properties of charges

B.D

F= (a2 +x2)g

If x is Comparable to a then a above Eqn
is not a equation of SHM
At origin P.F. is minimum and K.E +P.E = Const.

= K.E is maximum at origin .

If we displaced q lightly then

F, F

. le > fll
— stable equilibrium

C.D
If we slightly displaced -Q charge towards B
thus force on -Q due to B increses

A Q
[, & =B
+2q ° @ +2q
— —Q moves towards BC (unstable equillibrium)
If we displaced to wards y axis

F

net

(stable equilibrium)

«~— 4Q -Q
(E) (E.) P.E,

10.

A

B

- ve charge may move opposite to line of force
A,C

+o o/2¢, -c
“— —>
o/2e, o/2¢,
ol2¢, o2
ol2e,
A

K
A)V = TQZO b/wzg=0

B) Depends on distribution of charge .
C) Depends on distribution of charge .
D) F_ is zero but t  may be non zero

ABD
Dimension theory

A,C

Fnet

0

>Uu

In constant force field path may be straight
line

Fnet —

u —or Parabola

394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
IVRS No. 0744-2439051, 0744-2439052, 0744-2439053 www.motioniitjee.com, email-hr.motioniitjee @ gmail.com

Nurturing potential through education
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4KQ
11. ABC V.= .
Q iy p At Z axis horizontal component of E cancelled
A X B T but vertical is added.
KQ KQ/4 1
Vo= Xxr_ O 14. qV=mv=KE
L _i: 2qv
X+r 4r =>V=,—
m
=4r-x-r=20
X 15. AD
=3 higher density — Higher E
E.>E,
Electric field lines from higher potential to lower
-KQ/4 KQ potential.
Vo T r + (X —I‘) =0 V>V
1 1 16. B,C
-+ =0 To reduce potential ener
= 4 x—r p gy
. du
X -
== dx
F=0
Q —Q/F‘}
— 4Q Q x 16Q
KQ K(Q/4 <
Ep = 2 —M = 9Cm
(X +I‘) T
>0 16Q°K  _4QK
= 2
x’ (9-x)
12. A 2(9—X) =X
18-2x =x
kqr X =6cm
E = |f3
17. A,C
k ¢
_q — ~ 3 7V
V= . r=-3j-4j+0g \:<—>°
B
|f| =5 F=eE—
k.E. =e (7-3)
13. B,D = 4ev
Q
18. A
A —-u
E
R £ Q qe
E —Sa=
m
Q
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19.

21.

22,

v 1x107° %300
ax.acc= ————————
10~
= 0.3 m/sec?
q¢
m
Max. deacc. = -0.3 m/sec?
SoV__ =4+0.3x10
= 7 m/sec.
vV _.=4-0.3x10
=1 m/sec.
1<V<7
D
Ly
qé&—>
hla, o
‘IFe
h,
acon. = g
C
. dv
T dx
B
E
Ex
iny, E = 0
v
Ex = EO = XO
+v
-V
D
£ -V
X=—
oX
check slope

23.

24.

25.

26.

A.D

P2 =P+ P2 +2P2 Cos60

mAV + mBV =mAV1
ka,d,

min

E.C%mAV2 =(m, +mp)V, + ——=

Momentum is concerved because
Fe=0
F net = 2F sin 6

kgQ d
(r? +d2) (r? + d*)'/?

2% kqQ KPQ
L
................ \e
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[ Exercise - |

SUBJECTIVE PROBLEMS

]

de q e —2KQgx
@ \ 4 9 -
net ( 5 5 )3/2
—x—> (1) —> x“+d" /4
K4deq Kge
-~z - 2
X (r-x)
2(0-x)=x
x=1//3
If we more charge g slightly along line joining
4e and e then equilibrium will be stable.
x<<d = = —23KQq
d>/Q
2Fcos6 _ md?
F (8KQq)*
T MIT%¢,d’
KQq -
Fnet = 2Fcosh = 2X r2 Ccos o Qq
2 2
__2KQq__ 2
" (@ +x2)"? (b) (d - Xj (d + x]
X X
for Maximum
+Q gq—Xx—>  +Q
Fnetl dFHEt = 0 ¢ d
dX ¢ >
d __KQ* K@
= X =— net — 2 2
m ] ()
putxineq....... (1)
16Kqg6 _ -32KQ? _ -8Q? X
Then Fnet = 3\/§d2 d3 TC€0d3
-2
-— = S . T nme,d® _ me n’d’
<« ><—x —> 8Q? 2Q?
For equilibrium
2KgQ _ KqQ "
(,€ + X)2 X2 Ef "
2x = 0+ x T TR
5_ i a, ==
x=/((2+1) () :
& equilibrium will be stable.
F .. = —2Fcosé
Foo = —2K2Qq cos6
r
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_kx10° K3 3x10°

Ef _
/ ) G Gef
(if) 2 / b - -2Kx10°
B = [ —»
Witf
) E, = 2Ecos6
KQ
I — s
(iii) a b (VX2 +a2j
cos 0 = a
a’ +x?
Ef
(iv) a mb r- ;
p ! x
.46 : .
= Q<¢—a—> +Q
E- Kq3r
r
Electric field at (3,1,1) 2Ecosf
=K><10"9(3i+j+k)+KQ(i+j+k) 120°
(vizf (3)’ 2Ecos6 120°
Given i component s zero. 120°
y 2Ecos0
E.=0.
L 20
10_C? 2¢, 2¢,
q (2,0,0) x A. B
S
_{K><3><10-9+ KQ] 0 < 7 ~ 2¢,
Wirf  af 2% o
P — ()
3/2 2€0 280 N 2—
3 -9 )
Q=-—| 3x107cbh.
11
J componentis A= Q.
27R
Kx107° KQ
= +
Witf  af
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Page # 16 | Solutions Slot - 1 (Physics)

Q RdO E 4kgx
w net (az /24 X2)3/2 (Along the axis)
Y Net E.F. due to four charge is 0.
-q
-q
- —Kxifeq - 2Tsinde/2 41‘
Lo 99 (i)
8I1°g,r q
q

10. Torque on the upper part
4kq

J.qu =Ix(qu) ® E, =—(a2/2+xz)sin9cos45°
(/2
c 4kqa
T, = | XhdX— —~E = "™™H9
! -([ 2¢, ® ’ (a2/2+x2)3/2
T, =27“—6J.”/2xdx 12. (@) x=0
& () E,=0,Ey=0
e (i) E =0,Ey=0
T =
2¢,6
€ (iii) EX =0, Ey _ 2kga —
Net torque on Rod = Torque on upper part + , a 2
Torque on lower part X +| 7=
) P (ﬁ]
_oM?® N or® ®
16¢, 16¢, 2kqa 4\/§kq
By =——= 2
onl? a a
8, 242
3o\
- 2Me 4kqx
0 Ex = 5 375
() (aJ "
V2
Ex — 4kc31x _ 4I<2q
: Ecos6 X X
11. Ey=0
(This componet will (i) Ex=0,Ey=0
cancel each other)
q dEsin®
E. =4 [dEcose] 2k
(i) Ex=0,and E, = qa
kq « Y 5 5 3/2
A (3
(32/2+X2) (x2+a2/2)1/2 2

M 0 -I-<i> 0 N“ 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
fucat IVRS No. 0744-2439051, 0744-2439052, 0744-2439053 www.motioniitjee.com, email-hr.motioniitjee @ gmail.com

Nurturing potential through education




| Solutions Slot - 1 (Physics) |

2kga
= Ey= ?
13. Potential at A V, =

~ 9x10°x8x107°
.03

=24x10%v

Potential at B
9x10°x8x107

Vg = =18x10%v
.04
W.D. = -2x107° (18 x 108 - 24 x 108)
W.D.=1.2]
14. From energy conservation
kaQ
K=——= ...
= (1)
K 41le, K
Rm
Nucleus
K =Lmyz+KQa
2 2R
fromeq. ..... (1)
KQa _
R

S K=tmv2 4K
2 2

\/?
V==
m

15, U=U,+U,+U,

U~ kal2a) k(4ala K(4a)(2q)
a a a
Kg?
=1[2-4-8
L ]
9 -73\2
:>U=—10><9><10 x(107™)
0.10
U=-9x103]

16.

17.

nu,

2

Total Energy =

§{3Kq 3Kq q}
2| a  42a \/_a

_ﬂ{3+i+i}
= Total energy 3 A \/5
(W.D.),, = -(change in PE) = -(U. - U)

ae’ (3 3 1
(W.D)a=~1"17"12a" 2422 2v3a

el

2kq 34 3
ext a \/_ \/_
(iii) from previous question
change in potential energy = Increase in K.E.

2kg? {3 3

7 f} 2 BV

(W.D.)

o
2ma 2 43
(iv) %mv2 =q(v, - V.)
Lo d4Kafs, 3,1
2 AN

_ \/Zkaqz [3+%+%}

at mean position —
T cosb = mg

Tsin6 = qE
9E
tan6 = mg

e:tan‘l{ 9° }
2e,mg
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mg

Maximum angle deflected = 26

= 2tan1{

18.

qo
2e,mg

1
= From E.C. Emv2 =qVv,

1 2_oKQ
2™ _Q(R]

2
Ly |2KQ
Rm

X2
1
19. —> ;"Edr—z

mv?

|

20.

Second Method

+q

+++++ A+t

X >
20cm 20cm

<

From gqE = 100N

q 2KA 100N
0.20

Kgir =10

2KAq —a- 2K\q
r rm

Now F =

vﬂ: 2x10
dr (0.1

]'vdv = 2000]‘}Ol dr

;
0 0.20
= v =20y/,2

Ist Case
UO = U12 + U23 + U13+ U14 + U24 + U34

K> Kg*> Kg*> Kg?

2 2
ACHILC N +
a a Ja a

_ UKq® . 2Kg?

a J2a

U, = +

+
J2a a

Uo

IInd Case
_4Kg® | 2Kg®

] +

J2a  2a

W.D. = -(AU)

Mortion-
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| Solutions Slot — 1 (Physics)

2 2 2 2 3Kg?
={2\/§Kq LK 4K 5 Kg U ==
a a a a
Kg®  Kq®  kg®
-Kq? = + +
_ aq [3_\/5] > a/2 a a/2
2
U, - %
4 Q e
21. m 2Kq?
(g Changein P.E. =
from M.C. 2mu = mv
~ 2x9x10° x(0.1)°
u= % B 1
=18 x 107
1, (1 ZJ KQ? 1000 J Energy is supplied in 1 sec.
from E.C. =5 MV" =2 >mv*® [+ ——
2 2 M 18x 107
- 18 x 107 1000
_1o mv? + KQ? - .
2 4 r = 1.8 x 10° sec.
Q? 24. Total K.E. = -AU = -(U, - U))
rmin 2 K.E. = Ui
mme,v
2
= KE = KQ
2y Ran e_Uzsinze
' 9= 1(KQ?
K.E. of each sphere = 51 a
qo
a=——/m
2¢, /
U” sin26
= Range = 2—(280m) v
dv = —[ 2x27 - 3yjlldxi + dyj
ForR__ 6= 45° ! I( il %)
2
c v = | | 2x2dx —| 3y2dy
0 0
— 3
a= vo-2X, y>+c
im Im 26.
q
23. 9 a2 a2 q
q a=1lm q
Ka? K K2 Potential at point B due to dipole
U, = a ,Rqa K9 .
a a a v _KPcos45® K P
B r2 \/E r2
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| Solutions Slot - 1 (Physics)

ALA E_2KP_2><1><K_K
L= —£2-2n
_ KPcos135°  —KP r’ 8 4
A r2 \/Erz i Kp \EK
Total W.D. = g (v, - V,) 273 T g
= \Equ Joule £ J7k
r net — 8
K Potential at Vv, = 2 =X
27. E= _8 otential a A I’2 4
r
- - - - -Q
G+ £ __KP
29 1 \/— 3
«—r—> 2y
Force on P_ due to Q is —ve x direction and
’ e _ 2KP
F = PE = ZKPOQ 2 y3\/§
dr r3
= KP ( 2 -
L A E= —i- 2])
F = 2K3P0Q i \/§y3
r
P, p
% @  a E.—| o)
¢ r > Y E;
—>E=2K3P(duetoP) PI—P/L/E
] 45° 7
dE 6KP  6KPP, o e
T = 7 g
= O6KPP, ,»
F = —40(|)
r
POT P
-l--—- = >
1€ r »
S —-KPyq KP,q ny 3KP,q 4
F = 0 0 _3) = o9
[(r—a)3 (r+a)3]( ) r
yA
28.
ZL_'"
M 0 T?o N“ 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
Nurturing potential through educatio IVRS No. 0744-2439051, 0744-2439052, 0744-2439053 www.motioniitjee.com, email-hr.motioniitjee@gmail.com




| Solutions Slot - 1 (Physics) |

1
[ Exercise —1v | TOUGH SUBJECTIVE PROBLEMS ]
E— LKq qu 0 qu 0 6kq o}
; N, 0530%-+N,, 0560°= 2Mg E—{ = +2( > jcosSO +2{ " ]cosGO +2( 2 jcosQO }( i)
and N, cos60°=N, cos30° _ .
1 ? E=65q+(1+@+1)(—i)
0 r
~ N, - 22'\/|§]COSS(; _ \/§Mg
(cos“ 30°%+cos” 602)
1 KQ KQ
[+ on solving cos?30%+cos2 602=1| —my? =229 d
2 R JRe+(BRY’
1/2
V2 1 Qq(2nRA) QgqA
= X = V = ————
B - c !l
Horizontol = vxt=¢ = t= v
(T —kq;%]cosa =Mgsin30°
and (T—ki‘%}sinowMgco:sC%O‘—’zN1
= tanoc:\/g = o =60°
_ kaya,
T= /—2 +Mg
For Beads remain in equilibrium
N, =+/3Mg and N, =Mg g/?
= h = h1 + h2 —_2
— 2 %
andfor,T=0= Q0o = msf
Distance between charges 1 &4 & 2 & 3 don’tchange
2 2 2 2
W =AU =2[k%+%]—% :k%[%—%]
2 N 5r 5
4 ko® 4 kq?
W =U—-Ug=—=—"-———-=0
(6ka/r?) L
1
step I*
_—
= E . @
— 4
step 1I*
Bysymmetry step IV"
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| Solutions Slot - 1 (Physics)

Wfinal =U - U
2 2 2 2

=2 [ +—kq -2 ka” +_kq =0
r 3r r 3r

3
(AP, )1 = aiExt = va

(APy), =g Ext=mv

% _3
d2
(Apy)1=§mv and (ap, ), =mv’
ﬁmv v
= 4 - —&:w’:—
mv a2 J3

(Apy)1 =0y Eyt
(Apx)2=0s Eyt

k=k, — K,
=p1_p2
1 ¢°

= Ane ? {Interaction energy between
0

I*tand It charge}
= q=[k(4ne,)a]®

10

ook o

2 2
u=Xa”  k@Q-9" ka(Q-9)
2R, 2R, d

_ka®  k(Q-9)®  kq(Q-0q)
2R, 2R, d

d>> R,
d>>R,
Where Q = total charge

U. =—=0
For Ymin d

_ 29 2(Q-qg)(-1) o
0—R1 YR +K[(Q-q)-q]

Say q=q, and Q-q,=q,
0=20% _29 9> —0

R, R, d
disverylarge
4 _% _ % _Rs
Ri Ra d R;

x=Rsin 6

and dF =dqE

g = EoX;
4
. Eo 2
Incoming flux = 7(0)><<’:l =0 = E(Rd6) x A
dt = dFx
. Eo 5 dt=E, x R*Asin 6 do
Outgoing flux = —(a)xa
Y4 n/2
t=2E R2) [sin6de
~ 9 _Eo .3 0 !
€p 14
. =[-cosB]3'2x2E,R*\ =2E,R2A
_ggxEgxa
l
8.85x10 "2 x5x10% .4
= 10
21072 o= = -
12
g=2.2x10"'C
= Igyo=2E,R*A-fR
2E,R?A-fR
o= ..(1)
Iem
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| Solutions Slot - 1 (Physics) | Page # 23

Where x = R(1 —cos 6)
df =E, AR d6
dt =df x
1= r"/z EXR2(1—cose)d9‘—U:/2 EXR2(1—cose)d9‘
=E, XRZ{ 3T sinS _sin— n—O—sinn—O}
2 2 2 2
E_ KAz & e 9
o4 T R ER
2
=E07\.R {|:§+1:|—|:§—1:|} :2E07LR2 4
_ 4kq ~
_ 2 -
I, = 2E, AR E=——re
2E,AR?
o= N ...(2)
p
By (1) & (2)
2E,R*A-fR 2E,R®}
(Im =MR?)  2MR?
fR=E,R%)
f=E RAI
fe
tan6 =—
11 mg (1)
fo/€e
tang=-2—"
Now o (2)
By (1) & (2)
m'e, =m
_ pO 8r
V(pS _pO)Sr =p5v = Ps = _1+gr
12 dE = 2dEcos®(-i)
/2 /2
E =‘L2I cosedee‘ = QJ cos®o de‘
R< J0 R Jo
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| Solutions Slot - 1 (Physics)

[ EXERCISE — V I

JEE QUESTIONS

]

ELECTROSTATICS - 1

1. D
Electric lines enters and exit perpendicular to the sur-
face.
2. A
=0
KQ
I—E.dz_vo -V, =R
(=00
9x10?x1.11x107"°
= =42
0.5
3. (i)AC
3 KQZ _ —KqQZz
(R2 + 22)3/2 = - (R2 T Zz)s/z
74
—q

(i) D

(i) AC

MLT 2

U:% - [ML—1T—2]
(b) B
Kg® KagQ KaQ Q
0 +Q+—==0

a a 4o = TR
Q \/§+1 —q\/§

2 | 79295 2

Q

a J2a

q a q

(c) Check where force is zero

3 [27
AP = CP = §+x2 = BP=DP= ?+x2

B+8

A-l¢

c1e

D+8 ¢

2k x 8 2k x1

. p

2
1
o< E xX — (%)
Exr{0O<r<R= 2 {R<r< 5 ©)
El. field lines never form a closed loop
4. E My
[IIT-2000(Scr)] T+mg—-qgE= R
1 c? N?
U= —&E? = —5x—=— = Dimensionally atA T=0
2 Nm* C° m mv2 = (mg —qE) R (1)
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Solutions Slot — 1 (Physics) |

------ N 4P Quq S
% u R
1uC 3 u R
. 10. -q +q
0.6m, s T s
\\... --"‘_, +q _q
1uC T2 x 103 kg
11. c, >0,
qgE e.f. in between the sheet
S _%
E.C. = 2e, 2g,
o o g+ (WD), =k +U—k-U
(W.D);=0 (c -0,) Q(o, -0,)a
(W.D)_=0 _ _ a
E € 2e, = W.D. = (Qg) \/* \/580
1 1 2
= —Mmv° +2mg——mv
2 2
using (1) 12. o =EA , ¢ &E cannot have same dimension.

1 1
—(mgR -=qER) + 2mgR = —mv?2
2( 9R -qER) g 2 Av=0 =>w=0

13. Both points are on perpendicular bisector.

(1 0—6)2 X9X109 o EFf. = k(Zq/3) qu ( )
= 5X10X0.8—W— 14. RZ 3R2
= u =5.86 m/s. ka2 2 2
q k2q 2kq
Perform S.H.M. U= - - #0
e ~ 7 aR) 2y3R  aR
v Uox®

Four charges (+ve) are same & four charges (—ve) are
same

I R P +Ug]  4(u, +u)

\/_a \/ga a \/Ea \/ga

2 2 2 2 2
:2{ 3kq 3ka® kg _3kq +3kq _kq

From E.C.
@%mw _KE. £ _kag _k(/3)(-2q9/3)
r = 'CB r2 3R2
2kq2 q2
> 27R 54negR
15. - Lines emerging from Q, = +ve
dE Lines terminate at Q, = —ve
force = ‘ P ar no. of lines originate or terminate depends on magni-
tude of charge
Q| 13
=1q,| = 9 = Q>
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16.

17.

18.

19.

Now situation is |
+Q;

A

m =4/3 ur’p
ge = mg = 6mnrv =mg

2kg? kq? o
kb —— cos45
2Ma=—5 +2 [zaz

So N=3

EQ = kx,

Mean Position shift but frequency remains

the same.

kXLr EQ

+Q  —U0URT—

N

Q
N
N
Q
[N}

I
mp(1} xg _MP(2)
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