Electrostatics: |JEE Main Past Year Solved Questions

Q-1. Two identical charged spheres are suspended by strings of equallengths. The strings make an angle with each other. When suspended in water
the angle remains the same. If density of the material of the sphereis 1.5 g/cc , the dielectric constant of water will be

(Take density of water=1g/cc)

Solution:

Case-1When suspended in water

T costh = mg

Tsinfh =F

Dividing bﬁgth equations, we get,
tanf1 = mg...........(1)

Case-2 When suspense in water,value of electrostatic force may changes,

F
1 =1
F'=Tsinf.......(2)
mg—U =Tcosth (wherel/ = Upthrust)
aVg—pVg=Tcosbh

Dividing (2) by (3):
F
tan 61 = (e—-p)Vyg
Dividing (1) by g-/i]
F - F
= 2‘7 rIVg _

#—1=Kx—‘”§"]x—"f_§ —Ex B =Kxi=K=3%

K=3

Q-2. Two charges of 5Q and -2Q are situated at the points 3a,0 and -5a, 0 respectively. The electric flux through a sphere of radius '4a 'having center
atoriginis:



5Q
Solution: (2) €0
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‘_‘.EQ' EQ * X
(-5a,0) (0,0) (3a,0)

5Q charge is inside the sphericalregion

genclosed 50
Qﬁnet = £0 = &0

Q-3. Anelectric field is given by (67 + 5] + 31'::) N/C. The electric flux through a surface area 30im? lyingin YZ- plane (in Slunit) is
m90

(2)150

(3180

(4)60

Solution:

B= (ﬁﬁ + 55‘+3fc) N/C

A=30im’ )
¢=E.A=(6i+5] +3k)- (30) = 6 x 30 = 180

Q-4. Two identical charged spheres are suspended by a string of equal lengths. The string makes an angle of 30° with each other. When suspended in
aliquid of density 0.8 gcm.‘3 , the angle remains the same. If density of material of the sphereis1.é gc:m‘3 ,the dielectric constant of the liquid
l6 s
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Solution: 42
.
E
E

T cosf =mg

T'sinf = Fe

Fe
tand = mg

Fe
tanf = pbVy........ (1)
Fe
tan@ = (pb-p1)V3......(2)
Fromequations(1)and(2) :

pbVg = (pb— pl)kV g
14=0Tk=k=2

Q-5. A particle of charge '-q' and mass 'm' moves in a circle a of radius 'r' around an infinitely long line charge of linear charge density '+'.Then time
period will be given as Consider k as Coulomb's Constant

(2)T = 2mr
2kAq
O)T ==
14/ ™m
2kAq

Solution: T' = 27r
2kAg o

r =MTMwWwr

2

w? = mr

2 2k
()=



Q-6.Two charges qand 3q are separated by a distance 'r' in the air.At a distance x from charge q the resultant electric field is zero.The value of xis
T
( l) 1+v3
T
(2)3(1+V3)
( 3) (1+v3)

T

Solution: (1+V3)
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Q-7.Force between two pointcharges g1 and g2 placed invacuumat 'r' cm apartis F. Force between them when placed in amedium having
dielectric K=5at 'r5'cmapart will be

Solution:(2) 5F

1 1
Inair, F = 4me0 - g;gg

1 glg2
Inmedium, F = n(ke0) . 5
glg, 1
k

= 4dmelr= -

25 1g2
=Gl = bl

Q-8. The distance between charges +q and -q is 21 and between +2q and -2q is 4l. The electrostatic potential at point P at a distance r from centre O
is —a (%) x 10° Vwhere the value of i

Solution:



Solution:

Due to 2q:

k-2g-cos(120")-1
g = B0

T

= T aaa (2)
Using equatlons( andg

-3
Vnet = = 41
Voet = —3 ﬂiz x 9 x 10°

Vaet = =27 >< 100V
a=27

Q-9. Iftwo charges g1 and q2 are separated with distance 'd' and placed in amedium of dielectric constant K. What will be the equivalent distance
between charges in air for the same electrostatic force?

()7
(2)kve
(3)1.5a/k
(4)2a/VE
Solution:(1) vE

= e %ﬂg (in medium)
Fuir = 10 - %53
F = Fair = 17.50 g@@—‘ln’sﬂ gagg

4
d = Vk
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Q-10. A stream of a positively charged particles having % =2 x 101 ' kg and velocity o = 3 X 1073 m/sis deflected by an electric field 1.8 k V/m.
The electric field exists in a region of 10 cm along x direction. Due to the electric field, the deflection of the charge particlesin the y direction s

Solution: 2 mm

T E=1.8x10°N/m
V,= 3x10’'m/s

b— =10cm —

F E
a=m=m =(2x10')(1.8 x 10%) = 3.6 x 101 m/s’

Time to cross plates:

d 0.10, 1
t= v = Ix1I0T = Ix10° 5

1 1 1 1.8
y = 2at? = 2(3.6 x 104 (3:-:10")2 = 9x10% = (.002m = 2mm

Q-11. The electric potential at the centre of two concentric half rings of radii R1 and R2, having same linear charge density is

A
Solution: Ze0




Potential at the centre

MR1)  (MR2) A
V = 4ne0R2 + dwelR1 = 2¢0

Q-12. Ina cuboid of dimension 2L X 2L X 2L ,acharge qis placed at the centre of the surface 'S' having area of 4L2. The flux throu gh the opposite
surfaceto'S'is given by

K

Flux through whole cube = %
As total faces are 6 so flux through ABCD is ¢ = 80

Q-13. Along cylindrical volume contains a uniformly distributed charge of density .The radius of cylindrical volume is R.A charge particle qrevolves
around the cylinder in a circular path. The Kinetic of the particleis




Q-14. Inthe figure a very large plane sheet of positive charge is shown P1 and P2 are two points at distance | and 2| from the charge distribution.f o is
the surface charge density, then the magnitude of electric Fields E'1 and E2 at Pi and P2 respectively are :
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(b)Er=¢e0, Ez=¢0
(F1 =B = %0
@B =F2=
[4)
Solution:(c) E1 = E2 = 2:0From a uniformly charged infinite sheet:
E=7%....(1)

From the above equation it is clear that the electric field due to a uniformly charged surface is independent of distance from the surface.lt o
Here in both the cases electric field will be the same

(A)F1 = B2 = 20



Q-15. Ifacharge qis placed at the centre of a closed hemispherical non-conducting surface, the total flux passing through the fiat surface would be
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Total flux through complete spherical surface is ¢

50 the flux through curved surface is 2
The fhux through flat surface is zero



