Level-|

Chapter 1

Electric Charges and Fields

| Solutions (Set-1) I

Very Short Answer Type Questions :

1.

Sol.

Sol.

Sol.

Sol.

Sol.

An electrostatic field line cannot be discontinuous. Why?

An electrostatic line is a continuous curve, because tangent to it at any point,represents the direction in which
a test charge kept at that point will‘experience force. It cannot have sudden breaks; because no abrupt force
acts on a test charge.

The distance of the point on the equatorial plane of a small ‘electric dipoleis halved. By what factor will the
electric field due to the dipole at the peint change?

Eocis. Since distance is halved so electricfield‘E will become 8 times:

r

In an electric field an electron is kept freely: If the electron is replaced by:a proton, what will be the relationship
between the forces experienced by them?

F = gE, so force on electron F, = ~eE ‘and force on\proton F; = eE

" B =-F
Which orientation of an electric dipole in a uniferm electric field would correspond to stable equilibrium?
When ﬁandE are parallel, dipole remains at stable equilibrium.

Figure shows three point charges, +2q, —q and +3q. Two charges +2q and —q are enclosed within a surface S.
What is the electric flux due to this configuration through the surface ‘S’?

[ ) +3q

S

Electric flux = (charge enclosed)/s, = si
0
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2  Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

6. A metallic sphere is placed in uniform electric field as shown in the figure. Which path is followed by electric field
lines and why?

Sol. Line d is correctly drawn, because it is not passing through conductor and it is perpendicular to the surface
from where it starts or meets the conductor.

7. When two electrically charged particles having charges of different magnitude are placed at a distance d from
each other, they experience a force of attraction F. These two particles are put in contact and again placed at the
same distance from each other. What is the nature of new force between them?

Sol. In such cases final force will always be repulsive.
8. Can acharged body attract an uncharged body?
Sol. Yes. By induction.

9. Anelectric dipole of dipole moment p is placed in auniform electrostatic field E . Forwhat angle between p and

E will the potential energy of the electric dipole be half of its maximum value?

E
Sol. p? =—pEcosH s 0 =120°

10. What is the line of symmetry of a dipole field?
Sol. About axial line.

11. Find the value of electric field that would exactly balance the ' weight of electron.

m
Sol. E=?g =5.67 x 107" N/C (m=9.1% 103 kg and e = 1.6 x 107'° C)

12. A small test charge is released at rest at ‘a_point:in an electrostatic field. Will it travel along the field line
passing through that point?

Sol. If electric line is straight, then it will move on the line. If line is curved then charge will move tangential to it.

1
13. If Coulomb’s law involved = dependence (instead ofiz) , where r is distance between two point changes
r

would Gauss’s law still be true?
Sol. No
14. A glass rod is rubbed with silk. Will its mass increase or decrease?
Sol. Mass will decrease because it loses electrons.
15. Repulsion is the sure test of electric charge. Explain
Sol. Because if two bodies repel, then they surely have charges and that too of similar nature.
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 3

Short Answer Type Questions :

16. A system has two electric charges g, = 2.5 x 10”7C and g, = —2.5 x 107 C located at points A(0, 0, —15 cm)
and B(0, 0, +15 cm) respectively. Calculate the electric dipole moment of the system. What is its direction?

Sol. Magnitude of dipole moment p = g/ = (2.5 x 1077C)(30 x 102 m).
=75x%x10%Cm
Its direction is from —ve to +ve charge i.e., along positive z-axis.

17. Three point charges of +2 uC, -3 uC and -3 uC are kept at the vertices A, B and C respectively of an
equilateral triangle of side 20 cm as shown in figure. What should be the sign and magnitude of the charge
to be placed at the mid-point (M) of side BC so that the charge at A remains in equilibrium?

A2 uc

Sol. It should be positive. Resultant force on : .06@(5? charge at M should
QO

&u@gfo be four times that

Q- —
n :®~— 1uC, g, = -2 uC and

18. The flux of the electrostatic field through t
through the closed spherical surface S.
g, =9.854 uC

E\Q/ S
q:tq, +Qq, =1 =

Sol Qiq,+q,+q, 4

= Q=3(q, + g, + qy)
19. A charge of 17.7 x 10*C is distributed uniformly over a large sheet of area 200 m2. Calculate the electric
field intensity at a distance 20 cm from it in air.

c Q
Sol. E=—=
© 2, 2A¢,
17.7x107*

T 2% 200x8.85x1012
=5x10° N/C
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4  Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

20. Two similar and equally charged identical metal spheres A and B repel each other with a force of 2 x 105 N.
A third identical uncharged sphere C is touched with A and then placed at the mid-point between A and B.

Calculate the net electric force on C.

R R Q2 = A B -
(o] F1 F2 = F 4n80 2 1 Q d Q 2
( jz
= = g2 1 2 . Q? Q2 F F Q_
F'=F,+F, = 22 _ 5 . Q2 F, £

4me,d? A d2 C d2 B

= |F|=F =2x10"°N

21. Four point charges of g, = 2 uC, q, = -5 uC, q, = 2 uC and g, = —5uC are located at the corners of a square
ABCD of side 10 cm. Find the force on a charge of 1 uC placed at the centre of the square.

Sol. By symmetry, net force on central charge

|n flgﬁre Linear charge density of wire is
end}\lﬂ\) and K is constant. Calculate the flux

22. A charged wire AB of length / is placed in$
A = kx, where x is the distance
through the sphere.

|re

Sol. ¢=3 where Q = jkdx jkxdx— K
€, 2
Q _ K
.. ¢
€, 280

23. Two plane sheets of charge densities +¢ and —c are kept in air, as shown in figure. What are the electric
field intensities at points A and B?
A
‘B

+0
-0
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 5

Sol.

24.

Sol.

25.

Sol.

Consider vertically upward direction as positive y-axis

G 1+ O & Ae
atA—2801 280!—0 +0

Be

mu

. o = o) 5 (¢} 5
= —-—/+—/))= —|—
E atB 20, 280( J) 80( )

A charge particle of charge +q, mass m and moving with a velocity of ui enters a uniform electric field of
strength E-= Ej . Find magnitude of velocity and magnitude of displacement of the particle after time ¢.
Initial velocity of the charge

U=ui

acceleration of the charge

. Magnitude of velocity = V =, [u* +
Displacement at time ¢,

S=it+1a = (uty +L9E 2]
2 2 m

.. Magnitude of displacement
A uniformly charged conducting s
Calculate the

(i) Charge on the sphere. :1

(i) Total electric flux coming out a Gaussian surface just enclosing the outer surface of the sphere.

= Q = 6-4nR?

. . Q
i) Surface charge density ¢ =
(i) g y o=

= 100 x 100 = x4x 22 x(2.5)
m 7

= 7.9 x 10°C

=79 mC

charge enclosed Q
=

(i) Net flux coming out of the sphere =
€o €
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6 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

26. A positive point charge (+q) is kept in the vicinity of an uncharged conducting plate. Sketch electric field lines

originating from the point on to the surface of the plate.

% Conducting
late
/’_"I: P

Sol.

27. A spherical conducing shell of inner radius r, and outer radius r, has a charge Q. Another charge q is placed

at the centre of the shell.

(@) What is the surface charge density on the
(i) Inner surface?
(i) Outer surface of the shell?

(b) Derive the expression for the electric field at a point x > r, from the centre of the shell.

Sol. (@) (i) Let the charge on the inner surface,of spherical shell is ggaApplying Gauss law to Gaussian surface

S,, intermediate to outer and inner surfage.

 Eds= 9% *9
8 & 5
+ =
— 0=D*9 [E'=0b8cause S{is insidesmetal]
€o
=04y, =—q
. Surface charge density on innérsurface 6, = 4::2
9
(ii) Let the charge on thefouter surface is g,.
Applying conservation of charge g, + g, =.Q
$q1 :Q_q0:Q+q
, Q+q
. Surface charge density on outer surface ¢, = e
2
. . . =— Q+q
(b) Applying Gauss law to the Gaussian surface S, at distance x from centre SBE-ds =
S, %o
+
= E-4nx? = Q+q
€o
= E = Q;qz
4me, X

28. Show that the electric field at the surface of a charged conducting sphere is given by E -%5 , Where G is

80
the surface charge density and A is a unit vector normal to the surface in the outward direction.

Sol. If ¢ is the surface charge density on the sphere, then charge on the sphere,

Q = 0 x 4nR? = 47R%
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 7

29.

Sol. Resultant dipole moment

Consider a Gaussian surface S coincident with the outer surface of metal sphere.

Applying Gauss law to the surface

qg,;.§=%
S €
N gSE dscosO=8
S %o
S %o
— Eanr2 =2
€
__Q _o
4TER280 8(]

Electric field is directed radially outward so

pt <31 angle of 120° as
is subjected to electric

Two small identical electric dipole:
shown in figure. What is the resulta

P=pi+h; &
O
Using parallelogram law of vector a a’sﬁ;dipole moment

N\

it ult

Y

) é N
P is directed along 30° with positive x-axis (*.© £ZBAD = ZDAC = 60°)

- 1
Magnitude of |p| = \/p12 + p3 +2p,p, c0s120 = \/p2 +p? +2p° (—EJ =p

Electric field is acting along positive x-axis

So angle between E and P = 30°

Torque on the dipole, T = ﬁxE_ = pEsind  (Normally into the paper (i.e., along negative z-axes))

= pEsin30

E
= p? normally into the paper or along negative z-axies.
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8 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

30. Charges of magnitudes 2Q and —Q are located at points (a, 0,0) and (4a, 0, 0). Find the ratio of the electric
flux due to these charges through concentric spheres of radii 2a and 5a centered at the origin.

Sol. Electric flux through sphere S, of radus 2a

0 =4>E'CTS
5

G20

€& £

Electric flux through sphere S, of radius Sa

¢2=4.>E'CTS
5
_Q._20-0_q

Long Answer Type Questions :

31. (i) State Coulomb’s law and write the formula.of electrostatic force between two charges, separated by certain
distance. Under which conditioft this formulatis applicable?

(i) Two positive point charges which are 0.1m apart repel each other with a force of 18 N. If the sum of the
charges be 9 uC, calculate their separate values of charges:

Sol. (i) Scalar form:

Coulomb’s law is a quantitative statement about the force between two'point charges. Coulomb measured
the force between two point charges and found that.it varied inverSely.as the:square of the distance between
the charges and was directly proportional to'the product of magnitude of the two charges and acted along the
line joining the two charges.

If two point charges Q, and(@Q, at rest are separated by a distance r in vacuum, the magnitude of force

between them is given by F = k|Q—1202| The'constant k iscusually put as k =
r

, Where ¢ is called the
4me,

permittivity of free space and has the value €, '8.854°x 1012 C2/Nm?. For all practical purposes we will take

1
4me,

~9x10° Nm? / C?. The choiCe ‘6f k determines the size of the unit of charge. Sl unit of charge is
defined to be 1 C. So 1 C is the charge that when placed at a distance of 1 m from another charge of the
same magnitude in vacuum experience an electrical force of repulsion of magnitude 9 x 10° N.

Coulomb’s law is strictly applicable for point charges.

(i) Using Coulomb’s law,

kQQ
F:—r‘2 2
9 -12
or, 18:9><10 xQQ, x10

(0.1
= Q,Q, = 20, again Q, + Q, = 9
5. Q,=4uCand Q, = 5uC
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 9

32. (i) Express Coulomb’s law in vector form.
(i) Two point charges q, =5 x 10° C and g, = 3 x 10~° C are located at (3, 5, 1) m and (1, 3, 2) m. Find

F, and F,, using vector form of Coulomb’s law.

Sol. (i) Coulomb’s law in vector form
Since force is a vector, Coulomb’s law in the vector notation will be written as follows. Let the position vector

of charges g, and g, be E and E respectively (figure). We denote force on q, due to q, by ﬁz and force or

g,due to g, by F,, .

(@)

The two point charges q, and g, have been numbered 1 and 2 and the veetorleadingfrom 1 to 2 is denoted by

Iy, i.e., r,—r, . Inthe same way, the vector leading from 2 to fiis'dencted by r. <SG, r., =r1—r, = —r,, . The

respectively'and they are equal, i.e.,r,=r,,.

magnitude of the vectors r,, and £;;wis«dénoted by, and r. I,

127
To denote the direction from 1 to 2 (or from,2 to 1), we define the unit.vectors:

. - _h F F
£,=-2 and f, =% where fsp= ~f;
r21 12

So Coulomb’s force law between two point charges,g,and g, located at E and E is then expressed as

,?21 _ 1 a49,

- 2
4me, 1,

r21 o

The equation above is valid for any sign ef qand g, whether positive or negative. If g, and g, are of the same

sign (either both positive or both negative), F,,:is along r,,, which denotes repulsion, as it should be for like

charges. If g, and g, are of opposite signs, 7:; is along —7,, (= f12) , which denotes attraction, as expected

for unlike charges. Thus, we do not have to write separate equations for the cases of like and unlike charges.
Above equation takes care of both cases correctly

D e S oi_t (Like charges i.e., q,q, > 0)
F. Fa

n
—ee —--—4—s (Unlike charges i.e., g,q, < 0)
F12 F21

Also note that the force E on charge q, due to charge g, is obtained from above equation by simply
interchanging 1 or 2, i.e.,
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10 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

=_ 1 4%, _ =
,:12=47_H50 ,1_1222 lp =—Fy

Thus, Coulomb’s law agrees with the Newton’s third law.

(i) Fp=F—F

33. (i)
(ii)
Sol. (i)

(3f+5f+R)—(f+3f+2R)

= 2i+2j—k
— kK . kq.q, -
F,= q12q2 fia = +32(r1 )
r 7|

9><109x5><1o-5x3x10-6x(2f+2j-/€)N

3
(22 +2% +17)2

- —2”‘?7(10_3 (27 +2] k)N

(1of+1o]'—5/€)1o—3N

Again Fp = —Fy

&

Show that path of a charge pa _ elec %ticéfé?d is a parabola.
&
A particle of mass m and charge +q is throw g mst«é?ifq@ﬁelectric field E. How much
distance will it travel before coming to << p;\\{i«?"
o\
Consider a charge +q of mass m is projec @mal{&%ﬁ{ﬁniform electric field as shown in
figure. &

Electric field, E = —Ej

Initial velocity, & = ui

acceleration, a :ﬂj
m
. . - — - - Et? )+ P
Instantaneous position of charge, is r =ut+1at2 = (ut)i+l LEj 2 = (ut)i - q jo=xi—-y
2 2\ m 2m

x-co-ordinate of position x = ut = t =§

dinate of positi _gEt? _ gE(xY
y-co-ordinate of position y = - - = 5 1|
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 11

(ii)

34. (i)

(ii)

(i)
Sol. (i)

(ii)

9E 2

=> =
Y 2mu®
y o X

Above equation represent equation of parabola, so path of the charge is a parabola.

= u —
v=0 L m » E
S

Initial velocity of charge & = —ui

acceleration of charge a = 9E = 9ET = E displacement S = -Si
m m m

Instantaneous velocity v at displacement S

\¥

by

Calculate the electric fiel " ongodffthe corner charges is removed.

Consider a charge Q at or 2
:~{:’3’{N
Q = PE .
r =
(0] 9
Electric field at point P, at positi -due to charge Q at origin.
. F
E=— (q, = test charge at P)
9
Qg F
2 ~
4meyr o Qr
- ) 47‘580r2

r indicates the electric field is radially outward from charge Q.

E,. Eg, E; and E, are electric fields by charges at comers A, B, C and D respectively. O is equidistant

from all charges
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12 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

(iii)

35. (i)

(if)

(iii)

Sol. (i)

SoE,=Eg=E.=E, A 0.1m 4uC
.. L 4uC B

and E, =-E; and Eg =-E, E =z

=
Net electric field at O,
o - - - - 0.1m E - 0.1m
E=E,+Eg+E,+E; =0 s’ O E,
If all charges are present 4uC
L. L L Duc oam ct

If charge at D is absent, then electric field will be

- Q

= Ep = Inegr? along OD

~ 9x10°x4x10°°
01
V2

= 72x10° N

o

O

1, 0,4)m and B(2, -1, 5)m located
3 )_&{?;« »

in an electric field £ =0.20/ V/cm . Calculate g.on @pol%@\\

%

'%@anq\\éﬁarge q, is outside the surface.

foAe)
ing gn}tﬁe formula 955-% =0
EE 80

A Gaussian surface is shown in figure.

Indicate the charges which contribut

\% ;*;.\S\"--—
Q7 ¥
‘/\\
The electric field in a region is given by E =\'§Eof+%[_:0]‘ with £, = 2x10°NC™". Find the flux of this field
through a rectangular surface of area 0.2 m? parallel to y-z plane.

Dipolemoment

p=qx2l

= 4x10°Cx(AB)

- 4><10‘6C[(2—1)f+(—1—0)j+(5—4)R]
- 4><1o-6[i“—]'+12] Cm

= ﬁ=4[i—j+k]x1o-6 Cm
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 13

Electric field E = 0.2/ V/Cm, 0.2/ x10? V/m
L. = 6(c 5 0 2.7
. t=pxE = 4x10 (I—j+k)><(0.2><10 )i Nm
- 8><1o-5[l€+j] Nm
(i) Eis due to all the charges q,, g, and q,.
= 3 _ - 4_ -
E=ZE,+=E,j
(i) 5 o’+5 o/

A=0.2m? (Area vector is normal to surface)

3E, %02
5

%x0.2x2><103Vm

=240 Vm
36. Derive an expression of electric fi {\9-’
Sol. Let o be the uniform surface cha e density on to the given plane

By symmetry the electric field
to the X-coordinate. We can ta
area A. The electric flux is non ze

Z cg\érdlnates and its direction is always parallel
Q} e toﬁe a rectangular parallelopiped of cross-section
d 2@3 shown in figure and for other surfaces the flux is

zero.
'\)
Flux = Zi by Gauss’s law é \Y
0
oA
So 2 EA= _—
€0
o
E= 280

37. Three charges of same magnitude q are placed at the corners of an equilateral triangle of side length a. Find
the net force on any one of charges.

Sol. Net force on charge is = \/FOZ + FZ + 2F} cos60°

1 2
47[80 az

Q

where F, =
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14 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

Net force F= 3 F, =

38. Find electric field inside a uniformly charged thin spherical shell having charge Q. If a charge q is placed at
the centre of this shell, how the electric field will change?

Sol. For thin spherical shell charge is always on the outer surface.

Consider a Gaussian spherical surface at distance r

§E-d§=z—:

_, E4nr?=9n_
€0

but g, =0
E=0

but when we put a charge at the centre

qin =q
. E= Gin
" T 4mr?e, .
: : : EAN - . o
39. Derive an expression for torque a a dipole“of g;ﬁble moment p , when it is placed in uniform external
- S
field E . b‘ &°
Q¥
Sol. A\

Electric field is in upward direction as shown in figure force on positive charge is in upward direction and that
on negative charge is in downward direction.

Magnitude of torque = qE % 2a sinf
= 2qaE sin6
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 15

40.

Sol.

41.

Sol.

Its direction is normal to the plane of the paper coming out of it.

The magnitude of F) xE is also pEsind and its direction is normal to the paper, coming out of it
Therefore, in vector form the torque can be given as

S 1=pxE

(@) Explain the invariant property of charge.

(b) Draw the electric field lines for a dipole.

(@) The magntidue of charge on a body is independent of its velocity, it is invariant for all frames of reference
in relative motion. This is not always true for every scalar.

(b)

y & ~‘g_
Derive an expression for electric field insi c arge{&chhen the charge is
distributed uniformly. Also calculate elec ield & ele{@field on the surface of
sphere. D D

aussian surface at distance r

rad\jahi/ outwards.
“\(:;“

N

R is radius of sphere and we want to calculate field
from the centre. By symmetry electric field atithi

Flux through this surface is

Ednr® =% (1) % VO

charge Q is distributed uniformly

charge per unit volume = 2

R
3

charge in sphere of radius r is

q, = Q 40
in ~ a
inR"’ 3
3
_or
qin_ R3
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16 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

42.

Put value of g,, in equation 1

r3

E47'U’2 = EORS

.o
"~ 4ney R®

At the centre r=0 L E=0
Q

On the surface, r= R =——
4negR

Derive the expression for electric field on the axis of an electric dipole.

Sol. Let the point P be at distance r from the centre of the dipole on the side of the charge g as shown in figure.

43.

Sol.

Then
2a

A
\

. -q
~9 7 4me, (r + a)?

Also, E,, =

Total field

E = E,*+E_,

_q dar F
T 4me, (r? — a%)?

For r>> a,

_ 4qga . 2p
" 4meyr®

What is meant by the statement that the electric field of a point charge has spherical symmetry whereas that
of a linear charge of large length is cylindrically symmetrical?

Consider a charge g at the centre of a sphere of radius r. The magnitude of electric field at all points on the
surface of the sphere is given by

1 q

471:80 r2 ’

E

So the electric field due to a point charge is spherically symmetric.

In the case of a line charge of large length the magnitude of electric field at a distance r from the line is given
by
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Solutions of Assignment (Level-l) (Set-1) Electric Charges and Fields 17

44,

Sol.

45.

Sol.

= el where A is linear charge density.

Now, imagine a cylinder of radius r drawn with the line charge as axis. The electric field, due to the line charge,
at all points on the surface of the cylinder will be the same. So the electric field due to the linear charge has
cylindrical symmetry.

(@) A copper sphere of mass 2 g contains nearly 2 x 1022 atoms. The charge on the nucleus of each atom is
29 e. What fraction of the electrons must be removed from the sphere to give it a charge of +2.9 uC?

(b) What is an electric line of force? What is its importance?

(@) Total number of electrons = 29 x 2 x 1022

The number of electrons removed = 16x10~1°
o J - 2.9%x1078
.. Fraction of electrons removed = 16x10-1° x29x 2% 1022
=3.125 x 10"

(b) An electric line of force is an imaginary straight or curved line drawn in such a way that the tangent on it
gives the direction of electric force experienced by a positive charge at all points.

The tangent at a point on an electric line of force also gives thesdirection of the'electric field at that point.

The relative closeness of electric lines of forCe in a eertain region provides us an estimate of the electric
field strength in that region.

(@) Two infinite parallel planes have uniform eharfge densities +o“and=c+ What is the electric field between
the planes?

(b) How can you charge an ‘uncharged inSulated conductor megatively.by electrostatic induction?

(a) At a point P between the tworplanes, the electric fields due +ve and —ve charged planes are respectively
o

E —__- . E _ o A 4 h
+ 2¢, v Eo 2¢q both are in the.same-diréction.

(6 -0
P.
(

o6 ,0 _o
Netfleld—280 2¢s  £o°

(b) First of all, bring a positively charged glass rod near the given conductor AB. The end A of the conductor
will be charged negatively while the end B will be charged positively as shown in figure.

AN
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18 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-1)

Keeping the glass rod near the conductor, the conductor is earthed as shown in figure.

AT
AW

Finally, the glass rod and earth-connection are removed. The conductor AB acquires a negative charge.
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Level-|
Chapter |

Electric Charges and Fields

| Solutions (Set-2) I

1. In which of the following cases electric field at point P is non-zero?
r r 2r r
(1) *qe * e +Q (2 . . ®
P 4q P q
r r r r
(3) L ® ° (4) L ® *
—4q q P —-q P +q

Sol. Answer (4)

5* [4;0}(%)

%
E=0if r12 r22

2. For two equal and opposite charges placed at distance’d, then/electric field will be zero at

=q +q

I¢ N >
(1) Mid way (2) Distance d from (—q) and to the left
(3) Distance d from (+q) and to the fight (4) No finite distance

Sol. Answer (4)
Electric field will be zero at mid point.

3. In which regions, electric field can be zero for given arrangement of an electron and two protons?
| I~ \Y;
—(E&0@©—
1) 1&ll (2 1&11

3) I, Mm&Iv (4) Only IV
Sol. Answer (2)

| Il 1] Y
Only in region | and lll field can be zero.
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20 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

4. The linear charge density upon the semi-circular ring, on both side is same in magnitude, the electric field at
O is along

M7

~

@) J
Sol. Answer (2)

g, 45
—[ K<345°
E R )

Eo/

Er will be along —x axis.

A
() 2ne,r

A
®) 2\/511380/?
Sol. Answer (3)

= A
‘EO‘ B 2x/§n80R
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Solutions of Assignment (Level-1) (Set-2) Electric Charges and Fields 21

6. Aninfinitely large non-conducting plane sheet of charge density ¢ has a circular aperture of certain radius carved

c
2\/580

out of it. The electric field at a point which is at a distance ‘a’ from the centre of aperture is
of aperture is

. The radius

™

D

)

Sl

) 2a @ %

Sol. Answer (1)

E,- % % |48
P2ey 2 R? + &?

o
Given, Ep= 2\/58
0

a

o 1142
= 2\/580 280 R2+a2

1 a
2 JREva wR-a

7.  The electric field due to charged circula

kA kA
) & @ 2
kA kA
®) = @) 2

Sol. Answer (2)

Ao (ej
sin| —
T 2ngR 2

E —
Here, 6 = 90°
B A
2\/§neoR
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8.

Sol.

Sol.

10.

Sol.

1.

Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

If A =1 u C/m, then electric field intensity at O is

(1) 9N/C (2) 900N/C
(3) 9000N/C 4) 9x10°N/C
Answer (3)

Find electric field due to each sagment and add them in vector form.

A test charge q, is placed in the electric field of a source charge Q. The test charge will not follow path of
electric field line if

Fixed

(1) It has zero velocity when released

(2) It has non-zero velocity along eutward radius,
®) L2

(4) It has a velocity different from the above three

Answer (4)
Charge will not follow path of electric field rim

It has non-zero velocity along inwa

Y
QY
Q}k{ is ot radially.
0N
The electric field in a region of space i %‘(} d r@i’é’lly outward. The flux of electric field
hi

through a sphere of radius r, . of t@@following is the correct relation between
electric field strength with ra i Q}'\.\"
N
1) Eo r? 2) Esr
W NG
1 < O
(3) E < = ° ﬂ\{o\ézt) Eox

centred a
e
Answer (1) A2
0 = (E) 4nr® ‘NZ’ N
= kr* = (E) 4nr?
= Ecxr
If electric field in a region is given by

Eyx: Eyy?- Eyz°
2 /T 5 k

where E;=5x10° N/C, /=2 cm.

then electric flux passing through the plane x = 2 cm. The plane is a square of side 2 cm.

N.m? N.m?
1) 2 2) 3
(1) c ) S
N.m?

(3) 5 (4) None of these

Cc
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Solutions of Assignment (Level-l) (Set-2)

Electric Charges and Fields

Sol.

12.

Sol.

13.

Sol.

14.

Aakash Educational Services Limited - Regd. Office :

Answer (1)
_ (E)((2)7100) (LJZ
Ox=2 = ¢ 100

N.m?
C

4
(5><103)><W =2

Eyy E,z

P L =_Eox: i
If electric field in a region is given as E = / I+ 2 J+

the flux of electric field passing through a rectangular plane (2cm X 1 cm)aty =2 cm

N.m? N.m?
1) 2 2) 3
(1) 22 @ 32
2
@) 4N'g' (4) 1 Nm?/C
Answer (4)

E 2
¢y=2 = (;_zy](A)

= (5x103)(§j2 (%}

=1 N.m?C

(1) Zero

N.m?
3) 3
@) c

Answer (1)
E,Z
¢Z =0 = f3 A
at z=0, ¢=0 R (,/
The electric flux through ring sh i

own in figure
N
39
P
N

R
q L >
9L gL
W 2| VR @ 2| JREiZ
9y L
3) g N-2a (4) Zero

23

3
3 k (E,=5x10°N/C, / = 2 cm), then calculate

Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456
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Sol.

15.

Sol.

16.

Sol.

Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

Answer (2)

(LJ oL
~ (28 JR? + 12
A ball of radius R carries a positive charge whose volume charge density depends only on the distance r from the

ball's centre as p = p, {1 - %} where p

The electric field at distance r> R

Answer (2)
fr>R

_ka
= 5

E

Q-= j:po (1 —%J%rzdr

Put value of Q in equation (1) to ge

Inside a uniformly charged ball, at r=r,, the ele\étric field is maximum. Then (Given P =Pg (1 - %) is volume
charge density)

(1) r,=R3 (2) r,=3R2

() r,=2RI3 4) r,=4R/i3

Answer (3)

fr<R

4

%

N

E = 2

Q, = L: € [1 —%J4nr2dr
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Solutions of Assignment (Level-l) (Set-2) Electric Charges and Fields 25

17.

Sol.

18.

Sol. Answer (4)

19.

Put value of Q, in equation (i) we get E = f(r)

dE

For maximum —— =0
ar

The maximum electric field inside ball in previous problem is

iR Poo
(1) g, @ ‘on

R AR
®) 3, @ 6e,
Answer (1)

For maximum field.
¢ g

dr
Charge is uniformly distributed with volume charge density p in a spherical volume of radius R. A cavity of radius
ris made in the charge distribution such that the centre of the cavity is at position vector 3 from the centre of the
charge distribution, then the electric field in the cavity is

(1) Zero

co P 3
orm and equal to 3¢
EO

(3) Non-zero, uniform and equal to % -a
0

\ P
. 2

3g,

Electric field inside the cavity is uniform.

A dipole having charges + q and — q is fixed on a rough surface as shown. Another charge Q of mass m is
placed at distance d from this dipole. The minimum value of d for which charge Q will not move. (Given a
<< d, co-efficient of static friction u, = 0.5)

—-q +q Q m
0.0 &
2a

™1 al
v 4]

d
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Sol.

20.

Sol.

21.

Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)
13 13
2aqQ aqQ
M | egmg @)
omg EEMg
12 12
3 aqQ 4 2aqQ
@) 2meymg “ negmg
Answer (1)

We must have

QE S fsmax

2k(q2a)Q
FE

113
= d= (—2an ]
nEEMg

<(0.5)mg

Two balls of charges g, and g, initially have exactly same velocity. Both the balls are subjected to same uniform
electric field for same time. As a result, the velocity of the first ball is reduced to half of its initial value and
its direction changes by 60°. The direction of the velocity of second ball is found to change by 90°.

ged particle are incli

The electric field and initial velocity of th

(1) 60° (2) 30° (.J
(3) 90° OQ
Answer (4) N
N
’ E Q¥
Yy
E .
a4 >V
For q,
V_y_%Ex
4 m
\/§V _ q1Ey t m
2 - m -
Q/ R
For q, ‘!\ Q
E
0= V—qZT"t .. (il

From equation (i) and (ii),

Ex_ 5 = Angle will be 150°

E,

In previous problem, if new velocity of second charged particle has a magnitude ‘X’ times the initial velocity, then x

is

1
M) 3 @ &
@ = @) 2
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Solutions of Assignment (Level-1) (Set-2) Electric Charges and Fields 27

Sol. Answer (2)

22.

Sol.

For q,

V_v_%Ex, ..(i)

4 m

@ _9Ey, .. (i)

m

For q,

E
0= V—qZT"t .. (iii)

From equation (i) and (ii),

Ex _ 3 = Angle will be 150°

E,

>
&
&of \{g&tball is K, the specific

§

Consider the situation of problem 20
charge of second ball is

(1) 2K
4
@) 3K

Answer (3)

For q,

Vv o9y ..(i)

4 m

\/§V — q1Ey t
4 m

...(ii)
For q,
E
0=v-925x .. (i)
m

From equation (i) and (ii),

% -J3 = Angle will be 150°
y

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



28

23.

Sol.

24.

Sol.

Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

There is a non-conducting rod of length L and negligible mass with two small balls each of mass m and electric
charge Q attached to its ends. The rod can rotate in the horizontal plane about a fixed vertical axis crossing it a

L
distance 2 from one of its ends.

A uniform horizontal electric field E (along +x axis) is established.

Atfirst the rod is in unstable equilibrium. If it is disturbed slightly from this position, the maximum velocity attained
by the ball which is closer to the axis in subsequent motion, is

) 2QEL @) Z(Qi
m 5m
QEL 4QEL
3) S 4) ~
Answer (3)
— SE
@ ]
+q «— —-q
P
2PE = —l?

[4PE
W=\ P=qlL

2 2
|=m L +m(3—Lj e
4 4 8

In what position, the rod must be set so

oscillations about the axis? (Consider th
Ny S—
+
.\(_, X
N
D
\,

) ‘Q\Q/

Answer (1)
— SE
L L
*q < -4
P
2PE = —lw?

[4PE
W= P=qlL

2 2
/=m£ em[3E) 2 S
4 4 8
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Solutions of Assignment (Level-l) (Set-2) Electric Charges and Fields 29

25.

Sol.

26.

Sol.

27.

Sol.

28.

Sol.

29.

What would be the angular frequency of SHM in the above question (i.e., Q. 24)?

8QE 5mL 3QE QE
M sme @ \QqE ® \omL @ L
Answer (1)
PE9=§mL20c => 0= %
8 5mL

The force of repulsion between two point charges is F, when they are d distance apart. If the point charges are
replaced by conducting spheres each of radius r and the charges remain same. The separation between the
centre of sphere is d, then force of repulsion between them is

(1) Equalto F (2) Lessthan F
(3) Greaterthan F (4) Cannotbe said
Answer (2)

The charges will move away, increasing the effective distance.

Two identical small bodies each of mass m and charge q are suspended from two strings each of length / from a
fixed point. This whole system is taken into an orbiting artificial satellite, then find the tension in strings

K 2
(1) I—‘Z+2mg

Kq?
3) N

Answer (4)

T=F = Kq?/4P

M F )

F
2
Answer (3)

F=C(16) (8)

2

F = C[@) =F'=F/8

In the following figure, if magnitude of force between B and C is F, then magnitude of force between A and Bis
-q *tq

A‘\\ | B4
S

R
<
O
.
<

F F
O 2 @ V2F @) F @ %
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Sol.

30.

Sol.

31.

Sol.

32.

Sol.

33.

Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

Answer (3)

Foo = K@%, F,, = Kg?Ir?

= FAB = FBC

Two points charges +4 q and +q are separated by distance r, where should a third point charge Q be placed that

it remains in equilibrium

2r r r r
(1) 3 from q 2) 3 fromq (3) 2 fromq 4) 3 from4q

Answer (2)

49 x Q r_x ¢

KQ(4q) _ kala) _ _2r.

X2 (r—x)? 3

Five identical charges +q are placed at five corner of a regular hexagon of side a. Find the magnitude of electric
field at centre.

1.9 q 5q
(1) 4me, a2 @ 2ne0a;

Answer (1)

Answer (4)

(1) 9x10™ V/m 2) 16 x gﬂxgk 4) 18 x 10" V/m

A
= sin(6/2
E 2meyr ( )

Find the magnitude of dipole moment of the following system.

+q
60°  60°
+4q -5q
: a »
(1) v21aq (2) Zero (3) 4aq (4) 10aq
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Sol. Answer (1)

ga

60°,
4qa

p = (qa)? +(4qa)? +2(qa)(4qa) cos60°

34. Two short dipoles, each of dipole moment p, are placed at origin. The dipole moment of one dipole is along
x-axis, while that of other is along y-axis. The electric field at a point (a, 0) is given by

1 2p 1 P
v (41‘680 ] a° @ [471180 ] a3
J5p
@) ( 4ne, ] 23 (4) Zero

Sol. Answer (3)

.1 2p: 1

E=E+E, = 4ne, a°  4ne, a
g1 J5.p
= 4ne, a°

35. Which of the following is true, when a dipleis placed i
(1) Net force on it is equal to zero
(3) Torque must be zero

Sol. Answer (2)
Torque may or may not be zero

36. Which of the following is true fi

(1) It depends on magnitude of ¢

SS|§§\surface?

(2) Electric flux is a scalar quantit

ssgah surface
(3) Electric flux is independent of sh
(4) Allare true

g SSIah surface enclosing the charge
Sol. Answer (4)

¢ = q,,/¢, it has no direction, and is independent of shape.

37. A point charge of +6 uC is placed at a distance 20 cm directly above the centre of a square of side 40 cm. The
magnitude of the flux through the square is

1
(1) & @) e

1 _
(3) g, x 1078 @) gX1O 6

Sol. Answer (4)
0= Ql6g,
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32 Electric Charges and Fields Solutions of Assignment (Level-l) (Set-2)

38. If the electric field is given by 3f+2]'+6R. Find the electric flux through a surface area 20 unit lying in xy
plane

(1) Zero (2) 60 unit (3) 40 unit (4) 120 unit
Sol. Answer (4)
0=E-A=(3i +2j+6k)-20k =120

39. A small spherically symmetric charge q is placed at one vertex of a cube as shown. The flux through the
faces ABCD and HGEF are, respectively,

q
E
H
G F
............. D
A
B C
q q q q q
_l . 01 D _1 0 _! 0
() 22e," 24¢, @ 7 g, ©) 8, @) 2a¢,
Sol. Answer (4)
By Gauss’s law total flux through the ¢ he Qﬁ?
Flux through the three faces meeting at r e@ r faces are symmetrically

> o
@air\("tﬁ a vertical uniform electric field of
6

40. A tiny spherical oil drop carrying a net ¢

81
strength 77t><105 Vm™. Whendthe fi
2 x 103 ms™'. Given g = 9.
m-3, the magnitude of q is
(1) 1.6 x 10719 C ) 3. 2

1
C
S
Sol. Answer (4) Q/

/\\“‘ 3
@eld gE=mg

4
= qE= gnrspg (i)

rpg\)’is\\ observed to fall with terminal velocity

e
PN\
%1.8&8}05 Ns m=2 and the density of oil = 900 kg

A (:):y.,
NS

o B
{8) 4.8 x 1019 C (4) 8.0 x 1019 C

e

During equilibrium in presence of el

When the drop descends with constant velocity

mg = 6mnrV
4
= gnr pg = 6mnrv
Putting the values, we obtain
r= §><10‘5 m
7

Putting back in equation (i)
qg=8x10"C
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41. Charges Q, 2Q and 4Q are uniformly distributed in three dielectric solid spheres 1, 2 and 3 of radii R/2,
R and 2R respectively, as shown in figure. If magnitudes of the electric fields at point P at a distance R from
the centre of sphere 1, 2 and 3 are E,, E, and E, respectively, then

P P
R
Q 2Q 4Q
RI2
2R

Sphere 1 Sphere 2 Sphere 3
(1) E,>E,>E; (@ E;>E, >E, @) E,>E, >E; 4) E;>E, > E,
Sol. Answer (3)

,-K2

E, - K(ZZQ) _ 2KzQ
R R

E, - K(4Q3)R =K_Q3
8R 2R

E,>E >E;

42. Under the influence of the Coulomb field o
Find out the correct statement(s)

(1) The angular momentum of the charg
(2) The linear momentum of th
(3) The angular velocity of t
(4) The linear speed of the ch
Sol. Answer (1)

As T about Q is zero, L = constant ab

ug\_\tgfﬂis should have been mentioned in the problem). Linear
velocity, momentum, speed and ang )

3 vane

NY

43. Consider an electric field E = E,x , where E; is a constant. The flux through the shaded area (as shown in
the figure) due to this field is

>
»

(a0, a) (a, a, a)

(0,0,0) (0, a, O)y
X

E 2
(1) 2E,& @) 2E,a? 3) E,a’ “) :};
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Sol. Answer (3)

A= %Xap(az
= ~{ai +aj +ak)x(af -aj +ak)
¢ = E-A{Eisconstant] = Ea?

44. A disk of radius a/4 having a uniformly distributed charge 6 C is placed in the x-y plane with its centre at
(- al2, 0, 0). A rod of length a carrying a uniformly distributed charge 8 C is placed on the x-axis from x = a/
4 to x = 5al4. Two point charges — 7 C and 3 C are placed at (a/4, — al4, 0) and ( — 3a/4 3al4, 0), respectively.
Consider a cubical surface formed by six surfaces x = + a/2, y = + a/2, z = + a/2. The electric flux through
this cubical surface is

-2C
M

Sol. Answer (1)

g,=3C+2C+ (-7C)
™ (Disc) (Rod) (Pointcharge)

qin = _2C

Flux = =
€0
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