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An arbitrary surface encloses a dipole. What is the electric flux through this surface?

Sketch the electric field lines for a uniformly charged hollow cylinder shown
in figure.

+++++ +

If the total charge enclosed by a surface is zero, does it imply that the electric field
everywhere on the surface is zero? Conversely, if the electric field everywhere on a surface
is zero, does it imply that net charge inside is zero.

The dimensions of an atom are of the order of an Angstrom. Thus there must be large
electric fields between the protons and electrons. Why, then is the electrostatic field inside
a conductor zero?

A metallic spherical shell has an inner radius R, and outer radius R,. Acharge Q is placed
at the centre of the spherical cavity. What will be surface charge density on (a) the inner
surface, and (b) the outer surface?

A paisa coin is made up of Al-Mg alloy and weighs 0.75g. It has a square shape and its
diagonal measures 17 mm. Itis electrically neutral and contains equal amounts of positive
and negative charges.

Treating the paisa coins made up of only Al, find the magnitude of equal number of positive
and negative charges. What conclusion do you draw from this magnitude?

In the figure, represents a crystal unit of-cesium chloride, CsCl.-The cesium atoms,
represented by open circles are situated atthe corners of a cube of side 0.40 nm, whereas
a Cl atom is situated at the centre of the cube. The Cs atoms are
deficient in one electron while the CI atom carries an excess
electron.

(a) What is the net electric field on the Cl atom due to eight Cs
atoms?

(b) Suppose that the Cs atom at the corner A is missing. What is

O O
the net force now on the Cl atom due to seven remaining Cs l<-0.40 nm-»|
atoms? oCs" oClI

Two charges g and —3q are placed fixed on x-axis separated by distance ‘d’. Where should
a third charge 2q be placed such that.it will not experience any force?
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Q9. A paisa coin is made up of Al-Mg alloy and weighs 0.75g. It has a square shape and its
diagonal measures 17 mm. It is electrically neutral and contains equal amounts of positive
and negative charge of magnitude 34.8 kC. Suppose that these equal charges were
concentrated in two point charges separated by

(@) 1cm [*%x diagonal of the one paisa coin ],

(b) 100 m (~ length of a long building), and
(c) 10°m (radius of the Earth).

Find the force on each such pointcharge in each of the three cases. Whatdo you conclude
from these results?

Q10. What will be the total flux through the faces of the cube (shown in
figure) with side of length a if a charge q is placed at

(a) A: acorner of the cube.

e )

(b) B: mid-point of an edge of the cube.

NGCH

(c) C: centre of a face of the cube.
(d) D: mid-point of B and C.

A

Q11. The figure shows that, the electric field lines around three point charges A, B and C.

(a) Which charges are positive? /G)\
(b) Which charge has the largest magnitude? Why? "Q\ / \(‘»j
= C)
AP

(c) In which region or regions of the picture could the
electric field be zero? Justify your answer.

(i) nearA, (ii) near B, (iii) “.near C, (iv) nowhere.
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Q12. There is another useful system of units, besides the Sl/mks A system, called the cgs
(centimeter-gram-second) system. In this system Coloumb’s law is given by

F=99;
r
where the distance ris measured in cm (= 1072m), Fin dynes (= 10~°N) and the chargesin

electrostatic units (es units), where 1 es unit of charge [1?] x107°C

The number [3] actually arises from the speed of light in vaccum which is now taken to be
exactly given by ¢ = 2.99792458 x 10° m/s. An approximate value of ¢ theniis ¢ = [3] x 10® m/s.
(@) Show that the coloumb law in cgs units yields

1 esu of charge = 1 (dyne)?cm.

Obtain the dimensions of units of charge in terms of mass M, length L and time T.
Show that it is given in terms of fractional powers of M and L.

(b) Write 1 esu of charge = xC, where x is a dimensionless number. Show that this gives

1 _ 10"° N.m?

4ng, x? C?

With =1 100,
[3]
2

we have LI [3F x10° Nm

4ne, o

2

or, 1 - (2.99792458) x 10° N exactly).

4ng, c

Q13. Total charge —Q is uniformly spread along length of a ring of radius R. A small test charge
+q of mass m is kept at the centre of the ring and'is given a gentle push along the axis of
the ring.

(a) Show that the particle executes a simple harmonic oscillation,
(b) Obtain its time period.

Q14. Two charges —q each are fixed separated by distance 2d./A third charge q of mass m
placed at the mid-point is displaced slightly by x (x <<d) perpendicular to the line joining

the two fixed charged as shown in figure. Show that q will perform simple harmonic
oscillation of time period. q

e {Sn:iao ;nda r /B(T"

q
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Q15. Five charges, g each are placed at the corners of a regular pentagon of side ‘a’ (as shown

in the figure).
(@) (i) What will be the electric field at O, the centre of the Aq
pentagon?
(ii) What will be the electric field at O if the charge from E B
one of the corners (say A) is removed? 7 q
(iii) What will be the electric field at O if the charge q at
Ais replaced by — q?
(b) How would your answer to (a) be affected if pentagon is Dq qC

replaced by n-sided regular polygon with charge g ateach
of its corners?

Q16. Consider a sphere of radius R with charge density distributed as
p(r)=kr for r<R
=0 for r>R.
(a) Find the electric field at all points r.

(b) Suppose the total charge on the sphere is 2e where e is the electron'charge. Where
can two protons be embedded such that the force on each of them'is zero. Assume
that the introduction of the proton does not alter the negative charge distribution.

Q17.In 1959 Lyttleton and Bondi suggested that the expansion of the Universe could be
explained if matter carried a netcharge. Suppose that the Universe is made up of hydrogen
atoms with a number density N, which is maintained a constant. Let the charge on the
proton be: e, = — (1 + y)e where e is the electronic charge.

(a) Find the critical value of y such that expansion may start.

(b) Show that the velocity of expansion is proportional to the distance fromthe centre.

charged to —-Q and g, respectively, where Q >q> 0. A third identical plate
(y), free to move is located on the other side of the plate with charge q at
a distance d (as shown in the figure). The third plate is released and

Q18. Two fixed, identical conducting plates (o & 3), each of surface area S are y[
X

collides with the plate B. Assume the collision is elastic and the time of i | |
collision is sufficient to redistribute charge amongst  &.

(a) Find the electric field-acting on the plate y before collision.

(b) Find the charges on B-and y after the collision. g
(c) Find the velocity.of the plate y after the collision and ata distanced _o 4 Q

from the plate 3.
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From Gauss’s Law, the electric flux through an enclosed surface is given by C,F E.dS = 9 .
5 80
Here, g is the net charge inside that enclosed surface.
Now, the net charge on a dipole is givenby-qg+qg=0
Electric flux through a surface enclosing a dipole = —9+q_ 2 =0.
o 2

Thus, the electric field lines will start from positive charges ) 4
and move towards infinity as given in the figure below: x L !

v ! AN

Top view Side view

Gauss’ law also implies that when the surface is so chosen that there are some charges inside
and some outside.

The flux in such situation is given by CjE.dS = i.

€

In such situations, the electric field in the L.H.S. is due to all the charges both.inside and outside
the surface. The term g on the right side of the-equation given by Gauss’low represent only the
total charge inside the surface.

Thus, despite being total charge enclosed by a surface zero, itdoesn’t imply that the electric
field everywhere on the surface is'zero, the field may be normal to the surface.

Also, conversely if the electricfield everywhere on a surface us zero, it doesn’t imply that net
charge inside it is zero.

ie. Putting £=0in f E.dS ==
€

we get, g=0.

The protons and electrons are bound'into a atom with distinct and independent existence and
neutral in charge. Electrostatic fields are caused by the presence of excess charges.

But there can be no excess charge on the inter surface of an isolated conductor. So, the
electrostatic fields inside a conductor is zero despite the fact that the dimensions of an atom are
of the order of an Angstrom.
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S5.

S6.

S7.

Here, the charge placed at the centre of the spherical cavity is positively charged. So, the charge
created at the inner surface of the sphere, due to induction will be — Q and due to this charge
created at outer surface of the sphere is + Q.

(@) Now, surface charge density on the inner surface =

(b) Surface charge density on the inner surface =

47R

M M

1 Molar mass M of Al has N, = 6.023 x 10* atoms.

m = mass of Al paisa coin has N =N, % atoms

Now, Z, = 13, M, =26.9815g

Hence,

0.75

- 23
N=6.02 x10 atcums;’molx26‘98159”“1OI

= 1.6733 x 10% atoms

g = +ve charge in paisa = NZe
= (1.67 x 10%)(13)(1.60 x 107'°C)
=3.48x10*C.

q = 34.8kC of tve charge.

This is an enormous amount of charge. Thus we see'that ordinary neutral matter contains
enormous amount of £ charges.

(a) Zero, from symmetry.

(b) Removing a +ve Cs ion is equivalent t0 adding singly charged —ve Cs ion at that location.

Net force then is

where

Hence,

e2

F= 5
4dneyr

r = distance between the Clion and a Cs ion.

= 1/(0.20)%%(0.20)2 + (0.20)% x 10~° =/3(0.20)2 x 10°
=0.346 X10°m

Fo (8.99x 10°)(1.6 x107'%)?

> =1.92x10°N
(0.346x10°°)

Ans.: 1.92 x 10‘9N, directed fromAto CI".
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$8. AtP:on2q, Force dueto qis to the left and that due to —3q is to the right. For net force to be zero.

2q,2 _ sqz
Angyx?  4mey(d + x)°

(d+x)*= 3%
2x°—2dx—-d*=0

X= —=

J3d
2

N

(—ve sign would be between g and —3q and hence is unacceptable.)

X = £+@ = E(‘I+\/"§) to the left of q.
2 2 2
$9. Given, g=+348kC=%348x10°C,

@

(b)

(©

rr=1cm=10%m, r,=100m, r,=10°m

2 ' 2 4
F =4 =[8.99x109 Né'; ](3’48”0 ©) _11x10%N

Anggr? 10 *m?

2 -2.1\2
i:%zmzm—s = F=Fx10"°%=1.1x10"N
Fr; (10°m)

F o (10%m)*

- 108 = F =Fx10"®241x10"N
Fr? (10°m)? 3

P qe—d —>

2q = x —> -3q

Conclusion: When separated as point charges these charges exert an enormous force. It is
not easy to disturb electrical neutrality.

510. (a)

(b)

(©)

(d)

Ssi1. (a)
(b)

There are eight corners in a cube so, total charge for the cube’is % ,

Thus, electric flux at A= i.

8e 0

When the charge qis place at B, middle peint'of an edge of the cube, it is being shared
equally by 4 cubes. Therefore, total flux through the faces of the given cube = q/480.

When the charge g is place at C, the centre of a face of the cube, it is being shared equally
by 2.cubes. Therefore, total flux through the faces of the given cube = g/2¢,,.

Similarly, when the charge q is place at Q, the mid-point of B and C,

it is being shared

equally by 2 cubes. Therefore, total flux through the faces of the given cube = q/2eo.

Charges A and C are positive since lines of force emanate from them.

Charge C has the largest magnitude since maximum number of field lines are associated

with it.
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(©)

$12. (a)

(b)

s13. (a)

(i) near A. There is no neutral point between a positive and a negative charge. A neutral
point may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer to the
charge with smaller magnitude. Thus, electric field is zero near charge A.

2
_ k('.;q _1dyne = [1esu of chzalrge]
r [1cm]

Or,
1 esu of charge = 1 (dyne)"? (cm)

Hence, [1esuof charge]=[F]"2L=[MLT4"2L=M"232T"
[1 esu of charge] = M"? 32 T~
Thus charge in cgs unit is expressed as fractional powers (1/2) of Mand (3/2) of L.

Consider the coloumb force on two charges, each of magnitude 1 esu of charge separated
by a distance of 1 cm:

The force is then 1 dyne = 107°N.
This situation is equivalent to two charges of magnitude xC separated by 10™*m:

This gives:

1 x?

F= .
4ng, 1074

which should be 1 dyne = 107°N. Thus

2 ) 2
1 1 N

L. X -0 S -9 Am

4ney 10° 4neg x> C

With x =;9 , this yields
[3]x10

]

2
1 1093l x 10 =[3]2><109§mT
47[80
With [3] = 2.99792458, we get
2
L~ 598755 x10° N exactly.
4me, C

Slight push on g along the axis of the ring:gives rise to the situation shown in Fig (b). A and
B are two points on the ring at the end.of'a diameter.

Foreeon g due to line elements atAand Bis 7
o N et Axis of the ring
Total Charge -Q
- 1 1 \
= +— - C0S 0 ;

FA+B= 2.

27R q.4ﬂ:80 r2

...........

_ Qq 1 z (a}

R -4ns, (22 +R?) (22 +RY)"
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h
Total force due toring on g = (F,, g)(nR) Axis of the i
<— Axis of the ring

_ -Qq 4 q
4ne, (z2 + R?)%? /ff\
Q A T R B
—Xq for z<<R Plane of the ring
4ng )

Thus, the force is proportional to negative of displacement. Motion under such forces is
harmonic. Since acceleration is directly proportional to displacement.

(b) From (a)

2 2
md§= qu3 or d;::_ Qq 2
dt 4neyR dt 4ne,mR
That is, o’ = &3
4ne,mR

Hence, T=2n M.
\ Q

S14. Let us elaborate the figure first.
Given, two charge—gat Aand B
AB=A0+ 0B=2d

x = small distance perpendicular to O.

i.e., x <dmass of charge g is. So, force of attraction.at P towards. A and B are each F = Lq)z ,
Ang,r
where AP=BP=r.

Horizontal components of these forces £, are cancel out. Vertical components along PO add.

If ZAPO = 6, the net force on g along*POis F' = 2F cos 0 <.Fsn® 9 Fsinb _
F F
_ 297 (XJ r e)chr 5
- 2 | cos
4ne,ro \ r o 5 4 —EIB
29°x
T dne, (d? + r?)R
2
When x<<d, F=-29X 2Ky
4ng,d
2
where, K= 29 -
4ne,d
= Focx
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i.e., force on charge q is proportional to its displacement from the centre O and it is directed

towards O.
Hence, motion of charge g would be smile harmonic, where
K
m == —_—
m

and T= 2—R=2’.‘IJE
® K

- on mang,d® =[8n280n0‘3 Tz.

2q2 q2

S§15. (a) (i) The point Ois equidistant from all the charges at the end point of pentagon. Thus, due
to symmetry, the forces due to all the charges are cancelled out. As a result electric
field at O is zero.

(i)  When charge q is removed a negative charge will develop at A giving electric field

gx1

E :m along OA.
0

(i) If charge q at A is replaced by —q, then two negative charges —2q will develop there.
29

Thus, the value of electric field E =
4ne,r

along OA.

2

(b) When pentagon is replaced by n sided regular polygon with charge q at each ofits corners,
the electric field at O would continue to be zero as symmetricity of the charges is:due to the
regularity of the polygon. It doesn’tdepend on the number of sides or the number of charges.

S$16. (a) Electric field is radial in case of sphere. For points r < R, considera.spherical Gaussian
surfaces. Then on the surface

dE,.ds = :;; [, pdv

r
4n’E = iéhrk‘[r':*a'r' = JOATK 4
80 o 80 4

EJ"= Lk’rz
4e,

R

E(n= Zs——kr r
0
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For points r> R, consider a spherical Gaussian surfaces’ of radius

C:fEr.dS =indv

E(n) = (klde,) (RYP)

(b) The two protons must be on the opposite sides of the centre along a diameter. Suppose the
protons are at a distance rfrom the centre.

R
Now, Ar j kr*dr = 2e
0
47K R4 e
4
2e
k: i
TR*

Consider the forces on proton 1. The attractive forcedue to the charge distributionis

2 2
e n 2%, .
—eEr=—kr2r=— ——4I’
480 47580 R

2 2 2
The repulsive force is( ° Z ol ]F

Ang, 4r? P 4me s R*

2 !'2.
r

Net force is 5
4ne, (2r)

This is zero such that

g2 ~ 262 2
16me,r?  4mey R?

2 4
Or} = i}_?_-_-R_
32 8
_ R
= r= (8)”4

Thus, the protons must be at a distance r= 4i from the centre.

{8

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 7



S§17. (a) Letthe Universe have aradius R. Assume that the hydrogen atoms are uniformly distributed.

The charge on each hydrogen atom is

ey=—(1+y)e+te=-ye=|ye|

The mass of each hydrogen atom is ~ mp (mass of proton). Expansion starts if the Coulumb

repulsion on a hydrogen atom, at R, is larger than the gravitational attraction.

Let the Electric Field at Rbe E. Then

AnR2E = 3inR3N| ye| (Gauss's law)
e

Let the gravitational field at R be G,. Then

—41R* G =41G m, % RN

G -% nG m, NR

GAR) = - % nG m, NRF

Thus the Coulombic force on a hydrogen atom at R is

2. 2
yeE(R) = 1 Wv°e
3 g

Rt

The gravitational force on this atom'is

47 .
m, Gx(R)'= = 3 GNm? NR¥

The net force on the atom is

2,2
F=| 1Ny R~EGNm§R}F
3 g 3 |

The-critical value is when

2.2
1%9 - 4—nGNm§R
3 g 3
2
m
— y§= 47:3069—;
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-11 2 6 -62
- 7x10 ><158 ><1S ><812>;10 =63 x10-38
9x10” x1.6“x10"

Yo 8x 107" x 107",

Because of the net force, the hydrogen atom experiences an acceleration such that

2 2.2 2
mp¥= 1Ny'e R—4—’OGNm§R azg
d? |3 e 3 dt

2 2.2
Or, g =a’R where o= 1 (1 Ny'e” 4p G!\»'nr?fJ
dt m, {3 & 3

This has a solution R = Ae® + Be™™

As we are seeking an expansion, B=0.

R = Ae*
— R = 0Ae® = oR.

Thus, the velocity is proportional to the distance from the centre!
$18. (a)

The electric field at y due to plate ais — Q

X
280

The electric field at y due to plate B is q

X
)
Hence, the net electric field is

e . (@Q-9)

1

- f —»
—-X -Q
2e4S §X)

(b) During the collision plates 3 & y.are together and hence must be at one potential. Suppose
the charge on B is g, and on vis'g,. Considera point O. The electric field here must be zero.

Electric field at 0 dueto o= —

By
% > !
2e,S "
Electric field at0 dué to p= — — 1 x a,| |a
€0
Electric Field at 0 due toy= - B2 <%
808
-Q+9) a4 _,
2e4S 2e,S
= qi— 4, = Q
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Further, q,tq,=Q+qg
= q,=Q+q/2 and q,=q/2
Thus the charge on b and g are Q + g/2 and q/2, respectively.
(c) Letthe velocity be v at the distance d after the collision. If m is the mass of the plate v, then

the gain in K.E. over the round trip must be equal to the work done by the electric field. After
the collision, the electric field at yis

E,= - Q i+(Q+q!2)i: ql/2 i
2g,S 2g,S 2g,S

The work done when the plate v is released till the collision is F,d where F, is the force on
plate vy.

The work done after the collision till it reaches dis F,d where F, is the force on plate .

(Q-9)Q
F.=F == T/
1= EQ 2¢,S
2
and F, = E,qi2 = {9/2)
2¢,S

Total work done is force x displacement in the direction of force.

1 1
- 12)%]1d = -ql2)*d
2808[(CJ q)Q +(q/2)7] 280S(CJ q/2)
= (12ymv? = d (Q - ql2)?
2g,S
12
A d
v=(Q qu){maOSJ .
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