BRIEF REVIEW

Charge It is the fundamental property of matter with

which it exerts coulomb force. Charge is of two types,
Positive and Negative. Like charges repel and unlike charges
attract. A charged particle can even attract an uncharged
particle. Charge can be detected using GLE (Gold Leaf
Electroscope) and is measured using electrometers. The unit
of charge is Coulomb. The charge on electron or proton is
termed as natural charge and is the minimum unit of charge

e
which can be transferred from one body to another. P is
called specific charge.

Charge is conserved (a)Inanisolated system charge can

neither be created nor destroyed (b) Total charge of the
universe is constant (c) Charge can be created or destroyed
but in equal and opposite pairs, for instance, a j-ray can be
converted to an electron and a positron, i.e.,

E (21.02MeV) > e +¢

This process is called pair production. The electron
and positron combine to form j-ray again. This process is
termed as pair annihilation

¢ +e — y(E,=1.02MeV)

Charge is quantised A chargedbody canhave charge

which is integral multiple of electronic charge. i.e. O =+ ne.
If a body gains electrons, it is said to be negatively charged
and if it loses electrons, it is said to be positively charged.
Though there are particles called quarks which may have

e 2e

charge 3

disintegration of nucleus (neutron, proton and so on) these

or —, since these are generated during

cannot be transferred. Charge on an electronis 1.6 x 107° C.

1
= 30 ©

10C

1 esu

and lemu

A body can be charged by rubbing. For example, when
glass rod and silk cloth are rubbed against each other, glass
rod acquires positive charge and silk cloth, negative charge.
We can also charge a body by induction and, by physical
contact of an uncharged body with a charged body. A
capacitor may be charged with a battery.

Coulomb’s Law Iftwo point charges g, and ¢, are distance

r apart then force between two charges (see Fig. 18.1)

F o« q94,
1
and F o« —
r
. 949, . . e
Le. | F | = Ao’ (in free space) where &, is permittivity
0

of free space.

94, _ 9.4,
dreje,r’ — dmehr

|F| = > (in a medium) where
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&

& = k= g_m is relative permittivity of the medium
(]

or dielectric constant of the medium.

Vector form of Coulomb law
- _ ql CIz ;
r dre,r’
1

4re, 9x10°Nm?C?

g = 885x10"”C*°N'm?
Note that ¢, is dimensionless.

Coulomb’s law is valid if (i) charges are point charges
or spherical charges (ii) distance » between the two charges >

107 m.

AL Coulomb force

Dielectric isaninsulator. It is of two types, polar and
nonpolar. Polar dielectrics are those which have permanent

dipole moment like water,

&

>

80 (H,0)

and

g = oo (metals)

>

Electric field intensityorelectric field strength is the force
experienced by a unit positive charge at that point when
placed in an electric field of the given charge. Its unit is N/C
or Vm™.

£] = -
472'6'01” q

,,__or _F

In vector for m E 47&907”3 7

Electric field vectors are of three types namely g, p and p

where p =gfp+p

D is called electric displacement vector

P = & (K-1) E ispolarising vector. For vacuum
K= land P=0

Electrets are the substances which do not follow
p =§K-DE
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—dv
Further E = I =—V V(in 3-dimension)

where V' is electric potential.
For equipotential surface E =0

If charge is not a point charge then linear charge density

_9 N
A= T surface charge density o= Arca volume charge
density p= is determined. A small length dx (for

Volume
linear charge density), a small area ds (for surface charge
density) or a small volume dv (for volume charge density) is
considered to find a point charge. Write the equation of
electric field/force using the small element and integrate.
Electric field and electric force obey superposition principle.
Electric field/force is conservative.

Electric field lines or electric lines of force are
imaginary lines originating from positive charge and
terminating at negative charge, such that tangent at any point
gives the direction of force. No two electric lines of force
can intersect each other.

Electric Flux Thelines of force passing through a given
area in an electric field is called electric flux.

4, = IE.dE. If E and S are mutually

perpendicular then ¢ = 0. The unit of electric flux is Nm*C-
! and dimensional formula is [ML3T347"]. It is a scalar
quantity.

Electric Potential Theamountofwork done to bring
unit positive charge from infinity to that point against the
electric field of a given charge without changing its kinetic
energy or velocity.

Vo= L—E.dx = dze,r

J
It is a scalar quantity and its unit is volt. 1 volt = C

Its dimensional formula is [ML3T34™"].
Potential Difference
AV = sz Vl

= ,[:2 —E.dr

Q1.1
- drey | 1, 1

Potential Energy

Y
U =ar= 4neyr




Equipotential Surface isthesurface, where potential is
equal at every point. For a point charge, a sphere will be
equipotential surface with point charge at the centre of the
sphere. Equipotential surface for a long line charge is a
cylinder with line charge along its axis. Equipotential surface

for a dipole is shown in Fig. 18.2

The work done in carrying a charge from one point to
another along an equipotential surface is zero.

The electric field lines are always perpendicular to the
equipotential surface.

Every conductor (metal) is an equipotential surface and
hence electric field lines will emerge perpendicular to it.

Electric field and surface charge density are maximum at
pointed ends of a conductor.

Note D.]E.di =0

h— -
and J‘HE.dl:Vabe

E =-W
_ (rov nov rov
=—|li—+j—+k—
ox oy Oz
- (;L;_ P2y
ox "oy oz
e 5= LR s caned grad
Le. vV = X jaY 7 1s called gradient

m Equipotential surface illustration for dipole

Electric field intensity due to a shell (spherical) having

charge Q and radius R

EA
0 +

4ze, R !

1

i

|

0 Ilg > x

S AL Electric field due to shell
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=0 x<R

inside

surface - 47[(9 R2 x=R
0

outside = 472'8 x2 x>R
0

Electric potential due to a spherical shell (radius R, charge

)

E A
9
4y R
0 > X
R
S ML XM Potential due to shell
Y
V. = =V <
inside 472-50R surface X R
o
V.. = x>R
out side 472.ng

Electric field due to a finite line charge on perpendicular
bisector

dE cos 0+ dE,cos
dEx 4 adE

2!

1

dEsing 4 ------ ----p dE sin@

L ——

m Electric field due to a line charge along

equatorial line

9
2ne N L +4a”

Electric field intensity due to a ring of radius R at a distance

E =

X on the axial line
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S MUEAW Electric field due to ring

O
4rg, (xz +R’ )3/2

At the centre of the ring £ =0

E =

Electric field is maximum at

R

7

Electric Potential at any point P due a to ring on axial line

N
V= dreNX + R’

V (centre of the ring) =
0

Electric field due to a disc of radius R having surface charge
density oat a point P, distant x on the axial line

o {1 x }
E o= —|1-——
2¢, VX' + R’

o

If x — 0, i.e., at the centre of the disc, £ = 2
0

o

E =75 if R—> w,i.e., due toalong disc.

Also 2¢,

Electric potential V" at any point P due to the disc along axial
line

SA Ny

2g,

Dipole Moment ; = q(21). The direction of electric dipole

moment ; is from negative towards positive charge as shown
in Fig. 18.7.
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SRk W@ Dipole
Electric field intensity due to a dipole
(a) Along axial line

2px .
Epir = 4ms,( —17) (SecFig1838)

x+1

MR Electric field due to a dipole along axial line

for a short dipole x >> [

2p
Eaxial = 47[50)(:3

Note the direction of electric field is parallel to electric dipole
moment.

_r
Veia = 47g, (5 —I7)

p

V..o o= to a short dipole.
il PR due to a short dipole

(b) Electric field along equatorial line

P
equatorial - 473'6'0()(?2 +12)3/2

Note that the direction of electric field is antiparallel to
dipole movement as shown in Fig. 18.9

E+
E A —_
eq. ‘#
E
X

l

q
— | —ple—] —»
SR XM Electric field along equational line

+q

E atoria = 3 X due to a short dipole
Electric potential at any point along equatorial line

equatorial



(¢) Electric field due to a short dipole at any point P

R —V3cos’O+1 = [E>+ E?

any point 47z'gox
tan &
and tanf =
2
E
E} Ol/‘ *
i
/P
///
//
x/
////
I/
/)/\ 0

-q® ® g
—] —PNZ%N

ISR M'E Electric field due to a dipole at any point

A
an T o

oV oV

and Ey __Gy = 00

Special cases If =0, i.c., along axial line

2p
E . =34 8, due to a short dipole
If € = 90°,i.e.,along equaterial line cos 90 =0,

then E =

equaterial

dre due to a short dipole.
0

Electric potential due to a dipole at any point

pcosd

any point

drg,(x* —1I* cos’)

pcosé

= drexl’ due to a short dipole.
0

any point

Torque experienced by a dipole when placed in a
>F = 0,i.e.,no linear motion is possible

f = pxFE =pEsin6
as illustrated in Fig. 18.11

Ly

—

l<— 2

—9q
qE=F

2

S'AMEANE Torque due to a dipole
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If 6@ =0, 7=0,equilibrium is stable.
If 6 =90° r=pFE and is maximum.

If & =180° =0, equilibrium is unstable.

6,
Work done W= L 7-d0 =pE (cos 6 cos 6)

If 6, = 0,6,=180°(i.e.dipoleis reversed) when
W = 2pE

If 6, =0,6=90° then
W =pE

Potential energy due to a dipole U=—pFE cos ¢
If electric field is non-uniform then >F=0and 7 # 0

L dE

F P gy
Potential Energy (PE) Itisthe amount of work doneto bring
a charge ¢ from infinity to that point against the electric field
of a given charge Q without changing its KE.

99
PE U = Ame,r

:C]V

Since the electrostatic force is conservative, therefore
work done W = APE

Q| 1 1
ot - Uf_ Ui: 47[80 k/[nal v

S
\

initial

=49 [Vﬁnal - Vim’tiul]

Force on a charged surface Therepulsive force acting
on an element due to rest of the charged surface is called
electric force on a charged conducting surface as illustrated

in Fig. 18.12

Small element ds

m Force on a charged surface

o
Outside £ = E +E = 5_0 (super position principle)

Inside E =E-E=0

Note that electric field intensity due to a small element
is equal to electric field intensity due to rest of the surface.

o

Hence E =75 < near a charged surface
0
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o
and force dF = = —ds or
2¢,
2
o
= |—ds
F 2g,

In case of a soap bubble
Pin - Pout: Pexcess - PST - Pelect
A
T or 24%,
MM__ ¢ A&
ro 24rr) e, ro 327°r'e,

2

4T q

In case of equilibrium P. = P — =5 24
case of equilibrium P, =P = y T 327,

Electric field intensity on soap bubble to maintain

equilibrium

ST

E =
re,

and electric potential to maintain equilibrium

W
Vo= g
L odv
U =2
£
= 70J‘E2dV = where V is volume of the

whole field

U E? o
Energy density u = 7 802 = 2_80

Charged liquid drop Ifnidentical drops each ofradius
r and charge ¢ join to form a big drop of radius R and charge
0 then

— 3. _
R ners, big nqsmall
= pli3 . — 23
big n Esmall > Vbig n Vsmall
= 1/3
c;big cssmall

If a charged drop is in equilibrium in a given electric
field then gE = mg as shown in Fig. 18.13
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qE
mg
SR NEN Equilibrium of charged particle
mg
or E =—"
q

Equilibrium is said to be stable if>F=0andPE U
= minimum. This is feasible if at extreme ends charges are
similar and in between (where equilibrium is found) charge is
opposite in nature as shown in Fig. 18.14

g, «—71, —> «—r, —>q,

AN REE Stable equilibrium

Thus for stable equilibrium >, F=0at 4, B or C

For ch ' tobe libri 4H v h ’ﬁ
or charge O D€ 1In equilibrium = or =

g4 4 9 ’”22 n q

5

U S S
or ¢, to be in equilibrium ~ =~ = 2 0T = 3
@ (n+n) @ (5+n)
A particle in stable equilibrium will execute SHM if

disturbed slightly along x or y direction. However, if
disturbance x is large, motion is oscillatory but not SHM.

For unstable equilibrium . 7= 0 and PE U= maximum.
This is possible if all charges are similar. Thus for q' to be in

equilibrium

qz 7"2 /] I"2

Note in this case equilibrium cannot occur at ¢, and g,.
Moreover, particle will not execute SHM if slightly disturbed
from its equilibrium position. Rather, it may move linearly.

Charged particle in motion
Force F = gE
ma = qE or
qE
a = =
m

Velocity v after travelling a distance d using v* = 2ad is



2qEd
v = ,/—
m
qEt

Velocity after time ¢ if it starts fromrest v=at= ——
m

- - 9
RemembermE-ds:g_

0
and [[]Bdg =q

If a point/shell is grounded it means potential V' = 0
but ¢ may not be zero.

F E F;Ieclrmmlic
- =5 = 1039

F G F gravitational

Unit of dipole moment is Debye in atomic scale
1 Debye=3.3x103C-m

For a single charge Eocc r%, V ocr!

Foradipole E oc r73; V oc 12

For a quadrupole E oc 4, V oc p™3

SHORT CUTS AND POINTS TO NOTE

949, .

p
7 or |F|= dre sl 18
0

1. Coulomb force 1—7:—4%%
TE, T

applicable in free space or vacuum only if (a)
charges are point charges or spherical charges (b)
separation between the charges > 107""m. If the
charge is distributed, make a point charge by
considering a small element and linear charge
density A (if charge is linear), surface charge density
o (if charge is spread on area) and volume charge
density p (if charge is distributed throughout the
volume).

2. Normally force is mutual i.e. F|,= — F) . In certain
cases Newton’s 3rd law may not be valid. For
example, if a charge ¢, is placed in the shell and g,
lies outside at a distance » from ¢, as shown in Fig.
18.16

SN lllustration of Newton’s third law failure

then force due to ¢, on g, is non zero while force
due to g, and ¢, is zero.

) 9% 4%
3. Inamedium F = dnger’ — Amghr’

where € = k is dielectric constant.
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4. If there is more than one medium as shown in
Fig.18.17 where a dielectric slab of thickness # and
dielectric constant k has been added in between
two charges ¢, and g, separated by 7. To solve such
problems, find equivalent distance in vacuum. In
the given problem equivalent distance in vacuum is

t\Jkc . Thus, net distance between the charges will

be r—t+tk or
F Fe 9.9,
Oree = ape,(r- t +ik):
—L—
ql qZ
k
[ [

¢ r “
S AN VAN Finding force between charges in more
than one medium

Note that effective distance in vacuum for a dielectric
of thickness t and dielectric constant £ is

1k et =tk

5. The electric field intensity or electric force is a vector
quantity. Therefore exploit vector algebra to solve
the problems.

6. Electric field intensity due to a point charge Q at a
F 0

distance r form it is £ = ; = 47[50’,2

7. Electric field intensity inside a hollow conducting
body is zero irrespective of its shape.

q
Gauss’s Law [§Fds = -
0

o ) OE P
Gauss’s Law in differential form — = .
ox &

8. Electric field intensity due to a shell (spherical) is

0

Einside: 0’ Esurface - 47[{;‘0R2 and
0

Eoutsidc - 47[‘5‘0)(2
. . . : 1

9. Electric field intensity due to a dipole E oc N~
2px
Eaxial = 472_50 (x2 _ 12)2 and
2p

E = 4 X due to a short dipole.

Physics by Saurabh Maurya (lIT-BHU)
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E_. is parallel to dipole moment.

axis

p

— 3

E = 2 and for a short dipole
equatorial 47[6'0 (x2 + 12 ) 2 p

2p

Ecquartoriali 47zgox3 : Ecquartorial

is antiparallel to dipole

moment.

)4 i tan @
3 3cos’0+1 and tan o = >

Eany point = 4 7[ng
gives the direction.

10. Electric field intensity due to a ring at any point on
axial line.

Ox

47[50(x2+R2)3/2 . It is maximum when

ring

=Y

E_ =0 at the centre of the ring.

ring
11. Electric field due to a disc of radius R, along axial
line is

X 9 o
Edisc = 250 Q [xz 4L R2 2 Ecemre: 2{;‘0 2 E = 25‘0
ifR—> o

12. FElectric field due to a finite line charge at any point

0
on its perpendicular bisector £ = 276 x [ 2 14y
0

13. If a dipole is suspended in a uniform Electric field
then torque experienced by the dipole 7 = Z x E and
Z F =0. Torque is maximum if 8=90°.

It is in stable equilibrium if 6= 0°, and, it is in
unstable equilibrium if 6=180°

14. Work done by the dipole

02
W= L) 7.d0 = pE(cos 6— cos 6,). Work done is
maximum if angle of twist is 180°.
pE(U)=—pE cos = —p.E

15. Ifelectric field is nonuniform then both torque and

L . - _dE
force act and force is given by g = px = Note
x

that to balance a torque, a torque is needed and to
balance a force, force is required. Hence force and
torque are required to balance a dipole in a
nonuniform field.
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16. V= I—E.dl and mE.dl = 0 because electrostatic
force is conservative .

17. If|E||=|E | or| F |=| F | thenresolve the vector. We
get magnitude and direction simultaneously. From
Fig. 18.18

E cos 6+ E,cos 0

q q

E=2FE cos 0

dx
minimum or V is constant.

18. E = suggests E = 0, if V' = maximum, V is

19. It is possible to have £ =0 but V' # 0 or vice versa.
E =0, V=+0in a shell; E # 0, V= 0 along the
equatorial line of a dipole. Moreover, if Q = 0 then
E=0and V=0.

20. A moving charge in a dielectric generates both
electric and magnetic field. But current in a
conductor generates only magnetic field. In a
conductor £. .. =0.

inside

q
4reyr

21. Electric potential V= J‘:z —E.dx =

For a point charge potential difference

AV = J‘:Z—E.dx: : {l_i:|

dre, | 1y 1

For three dimensional electric field

y= —DXExﬁx [ Eap+ szz.az}
22. Electric potential due to a shell

i 0 0

in I/surface: 47[{;‘0R > Vout: 47[50)6

23. Electric potential due to a dipole

p— p .
Ve = drg, (x> =17) >

equatorial 9



pcosf

7 i = 4 due to a short dipole.

Oq

24. Potential Energy U= —J.YF'dx = dner
) 0

:qV

Work done = change in potential energy W= APE

" 1 1
_ —J‘r“F.dx = gAV = 24 {

ron z—ﬂ ~q(V,-7)

25. For equipotential surface, work done W= APE =0

In linear motion, however, gain in PE = loss in KE or
vice versa.

26. Acceleration of charged particle in an electric field
. qE .
Eis a= e Apply equations

v=v+at,v’—u?>=2 as etc., if a is uniform.

E
Ifa= % is uniform and along y direction

2
Et Et
Thenv =at= = andu = uf+ e and
y m net m
v, qEt
tanf= . =
uy
0 -

S AMEREN Motion of a charged particle

For a charged particle projected in a limited electric

/
field region ¢ = v

27. If an opposite charge lies between two similar
charges, equilibrium could be stable. If, however, all
the charges are similar, equilibrium will be unstable.

28. Ifn drops, each of radius  and charge g, coalesce to
form a big drop then Rbig =n'Ar, Qbig =ng,

v, =n"v

big small®

C. =n"C

big small
29. eV or electron volt is energy while volt is potential.

and E,, = n'"E
12

small

30. Two dipoles taken together having same charge and
same separation between two charges as shown in
Fig. 18.20 from a quadrupole. In a quadrupole E o<
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q 29 q
® - ee @ mmmmmmem B
a a
Fig. 18.20
1 -
i an e e
CAUTION

1. Adding electric field intensity or force algebraically.

= They are vectors and hence vector algebra be
applied.

2. Considering potential is also a vector quantity.

= V= —IE -dx isascalar. Therefore potential and PE
be added alegebraically.

3. Not knowing how to get vector from scalars.

14
= as Vis a scalar while E is electric field.

= In one dimension g = —d—Vf

dx

In three dimension g = _yp = — ;34.}2.,.]23 v
ox "oy Oz

4. Assuming electric field of one charge should affect
the electric field of other charge when we have
group of plates or group of charges.

= We use superposition theorem. The effect of electric
field of each plate or charge is considered
individually on the given charge/test charge.

5. Ignoring the directions of velocities and
accelerations. For instance, a charged particle is
initially moving in x-direction with a velocity « but
due to electric field, acceleration is developed in y-
direction. Applying equation

1 .
v=u-tators=ut+ E at® etc. is not correct.

= Usev=yi + a,j sothat|v|= Ju’ +(ayl‘)2

at
and tan S = 7

6. Assuming £, .. = 0 in all kinds of bodies.
= E_..=0ina cavity or hollow bodies.
Ox
Aze R in a uniformly charged sphere.
0
Physics by Saurabh Maurya (lIT-BHU)
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) ) Ed = It has maximum charge density at the corners and
7. Assuming V=0, if E =0 because V' = —I .ax minimunm at flat portion.
0 12. Considering that a positively charged body has
= V=0ifE=0andQ=0,V,_ =V = m in always positive potential.
0 = Itmay have negative potential if placed in the electric
a shell, though £, . = 0. Interpreting V' = 0 if field generated by strong negative charge.
£ = 0 is superfluous. We come across cases when 13. The notion that similar charges only repel.
V'=0but E # 0, for example, along equatorial line in a o ) )
dipole. = Though in principle it is correct but if one charge is
. . . 1 d to other ch: d th
8. Not recalling that work done on an equipotential very ‘afge as compared to otier ¢ arge‘an Y
surface is zero are place close to one another then they will attract.
) - ) ) The reason being that there will be an induced
= Since electrostatic force is conservative, charge (of opposite nature) in the body having a
W=gq (V, =V, = 0 on equipotential surface. small charge.
Moreover, U'] E.dl =0. However work may be done 14. Assuming work done is dependent on path followed.
if charge moves from one equipotential surface to = Work done is independent of path followed as
another equipotential surface. electrostatic force is conservative.
9. Considering a small Sphere or an end of a pln can 15. Considering thata charged particle must move along
hold a large charge. the electric field line.
= Smaller the radius more is the surface charge density = Though F' = gE is the force present and acceleration
and hence very high electric field such that it is tangent to the field line, if particle was already in
surpasses the dielectric breakdown strength and motion along some other direction then it will follow
hence charge leaks by means of carona discharge. curved path.
10. Considering equipotential surfaces can intersect. 16. Not knowing the directions of field lines and
= Equipotential surfaces cannot intersect. equipotential surfaces.
11. Considering a charged metal plate has uniformly = Field lines are always perpendicular to equipotential
distributed charge. surfaces.
SOLVED PROBLEMS
1. An a-particle is travelling to its right with 1.5 kms™. A charge —q, is placed at the origin. If it is slightly

What uniform magnetic field be applied so that it starts
moving with same speed to its left after 2.65 us?

(a) 2.35 N/C toward left (b) 235 NC'toward left
(¢) 23.5 NC'toward left  (d) 2.35 NC' toward left

(c)v=u+at

A

15, F =15} +a(2.65x10) or
_3X106X103f . z
a = ——_——_———lusin = ma
2.65 84
E ma  6.64x10% x3x10°x 10’
q 2x1.6x107" x2.65
= 2357 NIC

i.e. 23.5 N/C towards left.

A charge +¢ is placed (a, 0, 0) and another +¢q charge is
placed at (—a, 0, 0)

3.

displaced along y axis. then

(a) it will move away

(b) it will oscillate but not SHM

(c) it will execute SHM

(d) it will stand at the displaced position.

(c)

Assuming mass m of the charged particle, find time
period of oscillation in Question 2.

5 9.9 2 drg,a’m
(a) 2m 47Z'é‘oa3m (b) 21 9.9
u 9.9

(©) 5 dme,g’m (d) none of these

q x
4rg,(x* +a’) \/x2 +a’

(©) E~=2E cosf=
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—4q,9% . C qu
—q,E=F=mf= 4, (P + ) as x << g, neglecting 4 ‘\\\
\\\
5 lerati 99 M
x* as compared to acceleration, /=7 g, am S \
\
cm
. . . _ \
Comparing it with f'= @?x \
\
\
9.9 drg,a’m \\
0= Ars,am orT=2r 9.9 na & D
A4 3. ]
E cos 0+ E, cos 0
Ew. Fig. 18.23
E sinf4------ e
e IRCEVE |:l_i:| 84,4,
Solution EEORmmg
q.'__: _________________ 6.
(-a,0,0)
Fig. 18.21
4,

T Az,
Two point charges +8¢ and —2¢ are located at x =0
and x = L respectively. The location of a point on the x-
As per diagram, a charge ¢ is placed at the origin O.
Work done by a charge — Q in taking it from A4(0, a) to
B(a, 0) along the path 4B

axis at which the net electric field due to these two
point charges is zero

[AIEEE 2005]
L
(CBSE 2005) (a)2L (b) 4
y
A
i (c)8L (d)4L
A
29 84
Solution MG dme,(x— L) T ey —00rx=2L
7.  Two thin wire rings each having a radius R are placed at
) . distance d apart with their axes coinciding. The charges
0 B on the two rings are +¢g and —q. The potential difference
Fig. 18.22 between the rings are
0 [AIEEE 2005]
V2a| -2
(a) zero (b) Ane,d’ OR o1 |
@) dng,d’ (b) 27ey | R R + 42
(c)[4;’%2]ﬁa (d)[4"Q2jj’— 0 [1_ 1
) nEya 2 ©) 4z, I’y 1d’ (d) zero
MY () 4 & Bare at same potential
L W=0
5.

Two charges ¢, and ¢, are placed 30 cm apart as shown
in Fig. 18.23. Third charge g, is moved along the arc of

a circle of radius 40 cm from C to D. The change in

o |1 1
(b) V= 476, | R R +d and
Q1 1
V2 :4”50 R R*+d?
AV =V,-V,
(CBSE 2005) 8.
(a)8q, (b) 69,
(c)8q, (d) 69,

q:k
potential energy of the system is 4 7; - where £ is
0

Auniform electric field and a uniform magnetic field are
acting along the same direction in a certain region. If an

electron is projected along the direction of the fields
with a certain velocity then

[AIEEE 2005]
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(a) its velocity decreases
(b) its velocity increases
(c) it will turn towards right of its motion

(d) it will turn towards left of direction of motion.

(@ F=—eE+e(y X B)

eE
=—eEandv=v — —!
m

9. Four point positive charges of same magnitude Q are
placed at the four corners of a rigid square frame as

shown in Fig. 18.24

z—a?(is
lQ '; 0
L !
I B L
0 0
Fig. 18.24

The plane of the frame is perpendicular to z-axis. If a

negative charge —q is placed at a distance z away from
the above frame (z << L) then

(a) negative charge oscillates along the z-axis
(b) it moves away from the frame

(c) it moves slowly towards the frame and stays in
the plane of the frame.

(d) it passes through the frame only once.
[ALIMS 2005]
B  (2) Because the resultant force acts as
restoring force.

10. The work done in carrying a charge g once round a
circle of radius » with a charge Q at the centre is

q9 q9
@) 47, ®) 4rely?
(c) dre 1> (d) none of these
0

(CET Karnataka 2005)

11. Two small spheres each of mass m and charge g are
tied from the same rigid support with the help of silk
threads of length L. They make angle 8 with the vertical

as shown in the Fig. 18.25
Physics by Saurabh Maurya (IIT-BHU)

(d) W=0 - Electrostatic force is conservative

Fig. 18.25
If length L is decreased then angle @ with the vertical

(a) increases

(c) unaffected

12. Two small spheres each of radius 1mm are kept 10 cm
apart. Assuming each proton has a charge +e and each
electron has a charge 0.1% less than the +e then find
the force between the two spheres. Density of copper
is 8.9 gcm™ and atomic mass number is 63.5.

(a) 1.2x 10°N (b) 1.2 x 102N

(©) 1.2 x 10°N (d) 1.2 x 10N

(b) decreases

(d) cannot say

(a) Ois related inversely to length L.

(d) mass of 1 mm radius sphere

4
= 89x S a1y

=37x10"g
Charge on the sphere

3.7x107 6.023 x 103 x 29 1 1.6x 107
— X X X X — X X -
63.5 ' 100 =
=161C
1.61x1.61x9x10°
F = 2
(0.1
=234x102N

13. Two thin rods of length L lie along x-axis, one between

+L

at a
X = T tox=7
2 2

a a
and the other between x = —— to x = _E —L.

Each rod has positive charge Q distributed uniformly
along the length. Find the magnitude of the force which
one rod exerts on the other.

2

P L+a

(@) 471'80L2 8. L—a
L (L+a)

(b) > log 24
472'50L Cl(L _ a)



=z (L+a)
7 1
© 4re, L o8 a(2L+a)
) (L+a)

4 dx F
2—_2 2 o —
0
<—x—:———>P
Fig. 18.26

(c) Electric field at point P due to a small

Qdx
element dx of the rod on left side is IdE = I Lazex’
0
0 L S
Cdme,l T x+ 2 xi &y
2 2
Force exerted on a small element dx is
[N 2/ LI NN
dFF = 4re, I or

x+ 2y dhn
2 2

L+af2

0’ a
F 3 {10g8x+5

- 4re L

a
—log x+—+1L
g. 5

L+af2
af2 :l

a2

2
0 [logeL+a—log

Yy N

0 logg[ (L+a) }

2L+a}
L+a

T dne, I a(2L +a)

14.  An annular disc has inner and outer radius R, and R,
respectively. Charge is uniformly distributed. Surface
charge density is o. Find the electric field at any point
distant y along the axis of the disc.

R

2
1
1

i
D e
1 R 1 1
; T
: 1

D

Fig. 18.27
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<z 9
(@) 2¢, ®) 2¢)(R, = R,)

oy L1
© 2¢, \/Rlz—i-y2 \/R,f+y2

o R, +y
—log—=
@ 2 R 1y
EEMTYY (o) Assume a hypothetical ring of radius x and

thickness dx. Charge on the ring dq = o2 zxdx. Electric
field due to the ring at a point P distance y form the

centre is
dqy 27 xdxy
dE = 47[(90(.x2+y2)3/2 OrdE: 4”60(x2+y2)3/2
R &
oy2r ' xdx oy -1
E ]

 Ane, R (P77 T 26| (x4 y? .

oy 1 3 1
T 2¢, \/Rl2 +y° \/Rz2 +y°

15. Find the minimum force between the two electrons of
He nucleus. Assume radius of He nucleus = 6.8 A"

[4

e

Fig. 18.28
() 12x 10N
() 0.12x 10°N (d) 0.012N

EIMYY  (b) Force will be minimum when electrons are
diametrically opposite.

(b) 1.2 x 10N

1.6x1.6x107*x9x10°
i (13.6) x10
1.2x 10N
16. A line charge of length / and charge Q uniformly
distributed over the whole length is placed a distance r

from one edge from a point charge ¢ as shown. Find
the force on the point charge

Fig. 18.29
Physics by Saurabh Maurya (lIT-BHU)
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qQ Lz
(@) 4re, (r+1) (®) 4re, (r + lj
2

© 4ze, |

q0 | 1 1
2 (r+ 1)2 (d) none of these

charge at a distance x from the point charge.

(a) Consider a small element dx of the line

Qdx
Forced F = qL47zgox2
1Y J‘"*’ﬁ Y [l_ 1 }
T dngl? X T dmellr r+l
99
= Angyr(r+l)

17. Two charges Q, and Q, are distance d apart. Two
dielectrics of thickness ¢, and ¢, and dielectric constant
k, and k, are introduced as shown. Find the force
between the charges.

0, o,
[ Kl Kz °
o

1
Fig. 18.30
00,

@) 47z, [d ~(h+0,)+ht + k1) (D)zero

09,
(C) 47[(90 I:d +\/;1t1 +\/;2 t2 )2

00,
(d) 4z, [\/k—ltl +\/Et2 +d — (1, +1, )]2

(d) effective distance in vacuum

= \/k71t1+ \/Et2+d_(t1+t2)
1

F = 47[50(\/k—1t1 +\/Et2 +d —(t, +t2)]2

18. When two charges are equal g each, force they exert on
each other is 7. When one of the charge is doubled, the
2¢ charge exerts a force 2F on charge g. The force

exerted by g on 2q is
Physics by Saurabh Maurya (IIT-BHU)

Rl

@ F (b) 3
F

© 7 (d)2F

(e)4F

(d) Force is mutual.

19. ABCD is a square frame of side /. The force at B if
charges as shown in Fig. 18.31 (a) are placed at the
corners of the square

g D C

T .

/

| q

—q9 4 B
(@
F2 F
< BF\'A
F
(b)
Fig. 18.31
612(2\/5—1) q2(2\/5+1)
@ el L —
612(2\/5—1) q2(2\/§+1)
© e & o

at B is

(a) As illustrated in Fig. 18.31 (b) the net force

)

4re, 21

2
F'_q\/zf g2

F2-F =422 _=
are,! 47[80(\/51)

20. Charge Q is distributed uniformly on length / of a wire.
It is bent in the form of a ring. Find the electric field at
the centre of the ring.

i%a
@) dg,l? (b) dnel’
© 27,1 (d 2,

(d) Consider two small elements of length d/



each charge dq on each element. dg =

dE, cos 6+ dE, cos €

Fig. 18.32

|dE | = |dE |, resolve dE| and dE., their sin components

0dl_ Q(rd0)

/ r
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(b) As electric field inside the shell is zero

X ta

IN)
—>

Fig. 18.34

23. Fig. 18.34 shows a quadrupole. Assuming x >> ¢ find
the electric field at P where p = ga.

20d6
cancel out. dE = 2dE, cos@= 774”50r2 cos@and
20 1/2
= ———— | cos@db
E drie,r’ ! or
E= Lz[sin%fsino] _ Y 5
, (R 2¢g,l
4r7gy| —
T

21.

Two charged particles each of mass 5g and charge g are
suspended as shown in Fig. 18.33. The system is taken

in a satellite. The force between the charges is

(2)23 x10°N
(¢)0.23x10°N

<+—5cm —»

(b)2.3x10°N

(d) none of these

Fig. 18.33

g°  2x2x10"7x9x10’

(Solution OR

B dmed®

= 23x10°N

(1.25)"

6pa’ 6 pa
@) dre,x* (b) drmext
2pa 3pa
© drmext () drmext
Spa
© drmext
q 2q
Solution RO e _
) drey(x—a)  4mex’
—f7
4re, (x+a)
g | 2x'+24° 2
4z, (xl —az) x?
_ g 6x°a’
47ey | x? (x2 -a’ )2
6pa
drg,x’

24. An electron is projected with a velocity V  at an angle
01n the presence of an electric field £ as shown in Fig.

22,

{Here d = (2/ + 5) cm = 125 cm as there is no gravity.

Therefore electrostatic force will push them away.}

A child stands inside a large charged metal sphere. Will

her hair stand on end ?
(a) Yes

(d) Incomplete information

(b)No

(d) No guess about her hair style

18.35.
E
T d
v, /9(‘ l
< / >
Fig. 18.35
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Find minimum value of d so that electron does not hit

the plate.
(@)d> mv, mv; cos” 6
T 2eE 2eE
mv, sin’ 0 mv, tan’ @
© 2eE 2eE

eE .
(c) a,= " 5%, V,sin o

For the particle to fail to hit the plate 2ayd > Uy2

) 2eE
or V2 sin’g= ——d
m
2 -2
mv; sin- @
2¢eFE

25. Uniformly charged long cylinder has volume charge
density p. Find the electric field at a distance x < R
from the axis of the cylinder.

px px
@ (b) 25
£x PX
atad g =
©) 3g, () 4g,
— T
M~ N

|
|

R
—
<

Fig. 18.36
(b) Assume a hypothetical cylinder of radius x

G

and length /. Apply Gauss’s law [[]E.ds =, or
0
2
/
m Eds = ZXP
2
x’l X
EQmd)= 2L =%
& 2¢,

26. Two concentric shells carry charges ¢ and Q. Their
radius are » and R. The potential difference between the
two is

Physics by Saurabh Maurya (IIT-BHU)

q 0 R—q
@) dng,R* ~ 4dng,R (b) 4re,R
L[l_l} @[LL}
© 4re, L r R d) 4re, | r R
0
Fig. 18.37

and

av

Il
N
|

~

27. Asample of HClis placed in an electric field 0f2.5x10*
NC". The dipole moment of HCI is 3.4x10° C—m.
Find the maximum torque that can act on a molecule.
(a) 7.6x10*Nm (b) 4.3x10*Nm

() 6.5x102Nm (d) 8.5x107*Nm

Solution GRS

=34x103%x25x%x10*
= 8.5x10°Nm.

28. 12 J of work is to be done against an existing electric
field to take a charge of 0.01C from A4 to B. Find The
potential difference between B and A4.

@) 1207 (b) 1200 ¥
©12V 12V
Solution ORI EIY
=2 ooy
of T4 o001

29. E=207 + 30}' exists in space. If the potential at the
origin is taken to be zero, find the potential at P (3, 2).

(2)-150V (b)—-100V
(c)+150V (d)—120V
(e) 120V



A V=v+7,

Sy —

2
~20dx + [-30dx =_60_60=-120 ¥
0

30. Aringofradius R has charge Q. It is cut by dl. Find the
electric field at the centre.

Odi
(a) zero (®) 5,2 g,
0d Odi
© 277, (@ g726,°
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TYPICAL PROBLEMS

31. Electric potential existing in space is V = K
(x’y +y?z + xyz). Find the expression of electric field.

(a) zero

(b) K [(2xy+yz) § +(2pztxz) [ + (0> ) | ]

Xy o xXPyz\r [yt XYz e
—K||— + [+ + k
© K 32 2 2
(DK [Qxy+yz); +(x2+2pz+x2) } + (P xy) ]2 ]

[Solution U

A A A a
E = [ii + ji + K—} [K(Cy+yz+xyz)]
ox Ox ox

E = —K[Qxy+yz) ] +(2+2yz+x2)

J 0 +x) K]

32. Charges —q and +q are fixed at the ends of a light rod of
length /. The rod is clamped at one end with axis of the
dipole along the electric field. The rod is slightly
displaced and then released, Neglecting gravity find
the time period of small oscillations. Mass of charges is

m each.
mt ml
(a)2n 4E (b)2n 3qE
l 2l
(©)2m 45 qF (d)2m 4 -

Fig. 18.39

(a) Torquepx E=Icx

Assume Gto be small . sind= 6
or —pEO = ma*
(a))E
or o =——— 60
ml?
_ |9E
@ ml

m
or T =2x JE
33. Three charges are arranged as shown in Fig 18.40 (a).
Find the net dipole moment.

(a) — (b)
p sin30

l ! "
Pe

3 Ay

Fig. 18.40
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() 2q! () 3ql

\/gql

2

34.

a

© ;

(d)

(b)p, ,=2pcos30=gl \[3 [seeFig18.40 (b)]

A block of mass m and charge ¢ is placed on a smooth
horizontal table which terminates in a vertical wall at a
distance d from the block . A horizontal electric field £
towards right is switched on. Assuming elastic collision,
find time period of the resulting oscillatory motion.

q
m
< d >
Fig. 18.41
8dm 4dm
@ \gr ® g
2dm
() _qE (d) none of these

36.

2dq

>-cosd
ey R

Then dE = 2dE cos0 = 4

_ J~”2/"Locos€Rd9cos¢9 _ 24R In(1+00529)

> 5 dg
0 4me R dme,R™ 70 2
_ 2A4R 7 _ A
4ne,R* 2 4gR

Two long parallel threads carry charge per unit length.

The threads are separated by a distance /. Find the
maximum field strength in the symmetry plane between
them.

2E cosd
A

| 12 —Ple— 12—

Fig. 18.43
qE 1,
-2 andd=—at 2Acosd
B @) o=~ andd = Solution I
27e, (xz + j
2d 2dm 4
PRI e
of a qE
Ax
> A N 1
2
Time period 7= 2¢= 2 —am &, (x + 4j
qF
8dm . ] B
= _q 7 ormaximumE, — - =
35. A thin nonconducting ring of radius R has linear charge
density 1= A cos@where 4is a constant, 8 is azimuthal
angle. Find the electric field at the centre of the ring.
EIMYY  Consider two small elements of length d/ = Al —— X(2x) ~1=0
RdO symmetrically at angle & on both sides as shown | 2 b ( e E j
in Fig. 18.42
12
or X2 =—orx=_
» JE = 2dE cos6 Substituti = L . E=
. ubsti mgx—2 ineq. (1), —7[80]
37. The electric field potential at a point in the space region

Fig. 18.42
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depends only on x coordinates as ¥ = — ax® + b. Find
the space charge density p(x).



-dV ) )
[ Solution e 3ax?. Using Gauss’s law in

differential form Z—E = &

=6 ax or p(x) = 6agx
X &

38. Ina Millikan’s oil drop method, a charged drop of oil
has mass m and charge ¢. It is made stationary by
applying an electric field £. Find the strength of the
electric field. If the result of Millikans experiment with
different drops is 6.48 x 107°C, 12.82 x 10°C, 19.3 x
10°C, 8.02 x 10°C,25.62 x 107°C, 16.04 x 10°C, find
the elementary charge.

E= E= ’"y
[Solution I f

qE

mg
Fig. 18.44
The HCF of the datais 1.6 x 107°C

Hence elementary charge is 1.6 x 107"°C.

39. A long wire carrying a uniform charge density A per
unit length has the configuration as shown in Fig 18.45.
Find the electric field at O.

V22

m 4 &, R

straight part and net electric field due to both straight
wires is

\E[ \/EAJ )

AR = 2R in forward direction.
0 0

The field strength at O is due to each

E_ due to semicircular part (as found in problem 20) is

in the backward direction .. E = 0.

2re,

A
E.= 27g R
(0]
Y
Fig. 18.45
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40. A space is filled up with volume charge density
P =p, e where p and o are positive constants. r

is the distance from the centre of this system. Find
the magnitude of electric field strength as a function
of r.
. L . OE _p
ERIMTYY  Differentiating from Gauss’s Law is & e

&y

or I OE

I
—
o
S5

\
s
f
® |
~N

E_

Read the following passage and answer the questions given
at the end.

The earth has a net electric charge that causes a field at
points near its surface. The charge on the earth is supposed
to be a result of an atmospheric battery created between
ionosphere and the earth. The electric field near the earth’s
surface is believed to be 150 N C! and directed towards the
centre of the earth. A man suggested that this electric field
may be used in flying.
1. What magnitude and sign of charge would a 60 kg
human have to acquire to overcome his or her weight?

(a6 C (byaC
(c)-6C (d-4cC
(e) none

2. What would be the force of repulsion between two
people with the said charge when they are 100 m apart?

(a) 1.44 x 10° C (b) 14.4 x 10°C

(c) 1.44 x 10°C (d)1.44x 10 C

3. Can electric field of the earth be practically used as a
means of flight?

(a) yes (b) no

(c) only on solar flare days

1.(d) 60 x 10=gE

60x10
or 49 = 150 LU 4cC
4%x4x9%x10°
Solution Ry
= 144 x10°N

I 3. (b) Though theoretically it appears as flying
may be achieved with electric field of earth but the
electric field is so small that a very big charge is required
on the other body. The streamlining condition would
demand making edges or sharp corners from where
charge will leak by means of carona discharge.

Physics by Saurabh Maurya (lIT-BHU)
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PASSAGE 2

PASSAGE 3

Read the following passage and answer the questions given
at the end.

The surface of a polar liquid such as water, can be viewed as
a series of dipoles strung together in the stable arrangement
in which dipole moment vectors are parallel to the surface
and all point in the same direction. Now suppose that
something presses downwards (inwards) on the surface,
distorting the dipoles as shown in Figure 18.46. Then

Fig. 18.46
1. The two slanted dipoles exert a net force

(a) downwards (b) upwards

(c) horizontal (d) none of these

2. (A) The surface tension may be assumed to be a result
of force between dipoles which opposes penetration
of the liquid.

(B) The surface tension is a result of cohesive force
which is mechanical, not electrical.

(a) both A and B are correct

(b) A is correct but B is wrong
(c) A is wrong but B is correct
(d) both A and B are wrong.

Solution RO
Solution JEEX0

Read the following passage and answer the questions given
at the end.

The imaging drum of a photocopier is positively charged to
attract negatively charged particles of toner. Near the surface
of the drum, its electric field has magnitude 1.4 x 10° NC
A toner particle is to be attached to the drum with a force that
is 10 times the weight of the particle. Assume toner particles

are made of carbon [ C'.
1. Find charge to mass ratio of the charged toner particle.
(2)7.0x10*Ckg! (b)7.0x 107 Ckg™
(¢)7.0x 107 Ckg™ (d)7.0x10*Cg"!

2. Find the number of carbon atoms that for each excess
electron on a toner particle.

(a) 1.15 x 10°
(©) 1.15x 10°

(b) 1.15x 107
(d) 1.15x 10"
1.(a) gE=10mg.

q 710_g 9.8x10
e

E  14x10°

10mg  12x107°x9.8x10
E 1.4x10°

84x107

1.6x107"°

=7.0x10*Ckg"

Number of electrons n =

2.(d)g=

84x10"
1.6

n =

6.023x10% x1.6
84x10"
= 1.15x 10" per excess e

Number of carbon atoms =

QUESTIONS FOR PRACTICE

1. Three charged particles are in equilibrium under their
electrostatics forces only.

(a) The particles must be collinear.

(b) All the charges cannot have the same magnitude.
(c) All the charges cannot have the same sign.

(d) The equilibrium is unstable.

2. Four charges, all of the same magnitude, are placed at
the four corners of a square. At the centre of the
square, the potential is /" and the field is £. By suitable
choices of the signs of the four charges, which of the
following can be obtained ?

(a) V=0,E=0 (b) V=0,E= 0
() V#0,E=0 (d) V=0,E£0

3. A deuteron and an a-particle are placed in an electric
fidd. Theforcesactingonthemare | and F,, and their

accelerations are a, and a, respectively.
(a)F,=F, (b)F #F,
(c)a,=a, da, #a,

4. Four identical charges are placed at the points
(13 Oa 0)’ (07 19 0)9 (719 Oa 0) and (03 719 0)

(a) The potential at the origin is zero.
(b) The field at the origin is zero.

(c) The potential at all points on the z-axis, other than
the origin, is zero.

(d) The field at all points on the z-axis, other than the
origin, acts along the z-axis.



Two identical charges +Q are kept fixed some distance

apart. A small particle P with charge ¢ is placed

midway between them. If P is given a small

displacement A, it will undergo simple harmonic

motion if

(a) gq is positive and A is along the line joining the
charges.

(b) ¢ is positive and A is perpendicular to the line
joining the charges.

(c) ¢ is negative and A is perpendicular to the line
joining the charges.

(d) ¢ is positive and A is along the line joining the
charges.

A positively charged thin metal ring of radius R is

fixed in the xy plane, with its centre at the origin O. A

negatively charged particle P is released from rest at

the point (0, 0, z ), where z, > 0. Then the motion of P
is

(@) periodic, for all values of z, satisfying 0 <z <o

(b) simple harmonic, for all values of z satisfying 0 <
z <R
0

(c) approximately simple harmonic, provided z, << R

(d) suchthat P crosses O and continues to move along
the negative z-axis towards z = —c0

A ring with a uniform charge Q and radius R, is placed
in the yz plane with its centre at the origin.
(a) The field at the origin is zero.

(b) The potential at the origin is k% .

(c) The field at the point (x, 0, 0) is k% .

(d) The field at the point (x, 0, 0) is k Rir
Two equal positive charges are kept at points 4 and B.
The electric potential at the points between 4 and B
(excluding these points) is studied while moving from
A to B. The potential

(a) continuously increases
(b) continuously decreases
(c) increases then decreases
(d) decreases then increases

The electric field at the origin is along the positive X-
axis. A small circle is drawn with the centre at the
origin cutting the axes at points 4, B, C and D having
coordinates (a, 0), (0, a), (—a, 0), (0, —a) respectively.
Out of the points on the periphery of the circle, the
potential is minimum at
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(a)4 (b)B
(0 C (d)D

10. Consider the situation of Fig. 18.47. The work done in
taking a point charge from Pto A is W, from Pto Bis W,
and from Pto Cis W .

() W, <W,<W, by W,>W,>W,

W, =w. =W, (d) None of these.
C. d A
\ q ! -
\\\\\\-»_-Bi_ —"//,/
Fig. 18.47

11. Ifabody is charged by rubbing it, its weight
(a) remains precisely constant
(b) increases slightly
(c) decreases slightly
(d) may increase slightly or may decrease slightly

12. A point charge ¢ is rotated along a circle in the
electric field generated by another point charge Q. The
work done by the electric field on the rotating charge
in one complete revolution is

(a) zero (b) positive
(c) negative

(d) zero if the charge Q is at the centre and nonzero
otherwise.

13. Anelectric dipole is placed in a uniform electric field.
The net electric force on the dipole

(a) is always zero

(b) depends on the orientation of the dipole

14. A particle 4 of mass m and charge Q moves directly
towards a fixed particle B, which has charge Q. The
speed of 4 is v when it is far away from B. The
minimum seperation between the particles is
proportional to

1
@0 ®) =

1 oL
© - @
15. Charges Q, and Q, are placed inside and outside

respectively of an uncharged conducting shell. Their
separation is 7.

(a) The force on Q, is zero.

20

2
r

(b) The force on Q, is k
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16.

17.

18.

19.

20.

21.

() The force on Q, is k%-

(d) The force on Q, is zero.

In a uniform electric field,

(a) all points are at the same potential

(b) no two points can have the same potential

(c) pairs of points seperated by the same distance
must have the same difference in potential

(d) none of the above.

Let V and E be the potential and the field respectively

at a point. Which of the following assertions are correct
?

(a) If V=0, E must be zero.
(b) If V=0, E cannot be zero.
(¢) IfE =0,V cannot be zero.

None of these.

(d)
Charges Q, and Q, lie inside and outside respectively
of a closed surface S. Let £ be the field at any point on
S and ¢ be the flux of £ over S.

(a) If Q, changes, both £ and ¢ will change.
(b) IfQ, changes, E will change but ¢ will not change.
(c) IfQ,=0and Q,# 0 then £ 0 but ¢=0.
(d IfQ,#0and Q,=0 then £=0 but ¢= 0.

P is a point on an equipotential surface S. The field at
PisE.

(a) E must be perpendicular to S in all cases.

(b) E will be perpendicular to S only if S is a plane
surface.

(c) E cannot have a component along a tangent to S.

(d) E may have a nonzero component along a
tangent to S if S is a curved surface.

A spherical conductor 4 lies inside a hollow spherical
conductor B. Charges Q, and Q, are given to 4 and B

respectively.
(a)
(b)
(c)
(d)

Charge Q, will appear on the outer surface of 4.
Charge —Q, will appear on the inner surface of B.
Charge Q, will appear on the outer surface of B.

Charge Q, + Q, will appear on the outer surface of
B.

Two large, identical and parallel conducting plates have
surfaces X and Y, facing each other. The charge per

unit area on X'is o,,and on Yitis o,.
() o,=—0, inall cases.

(b)

o, =—o0, only if a charge is given to one plate
only.
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22.

23.

24.

25.

26.

27.

(¢) o,=0, =0 ifequal charges are given to both the
plates.

(d)

A, B and C are three concentric metallic shells. Shell 4
is the innermost and shell C is the outermost. A4 is
given some charge.

(2)

o, > o, if Xis given more charge than Y.

The inner surfaces of B and C will have the same
charge.

The inner surfaces of B and C will have the same
charge density.

(b)

The outer surfaces of 4, B and C will have the
same charge.

(©)

The outer surfaces of 4, B and C will have the
same charge density.

(d)

Mark out the correct options.

(a) The total charge of the universe is constant.
(b) The total positive charge of the universe is
constant.

(©)

The total negative charge of the universe is
constant.

(d)

The total number of charged particles in the
universe is constant.

The electric field and the electric potential at a point
are E and V respectively.

(a) IfE=0,V mustbe zero.
(b) If V=0, E must be zero.
(c) IfE=#0, Vcannot be zero.
(d)

An electric dipole is placed in an electric field
generated by a point charge.

(a)
(b)
(©)

If V'# 0, E cannot be zero.

The net electric force on the dipole must be zero.
The net electric force on the dipole may be zero.

The torque on the dipole due to the field must be
Zero.

(d) The torque on the dipole due to the field may be

Zero.
A point charge is brought in an electric field. The electric
field at a nearby point
(a) will increase if the charge is positive
(b)
(c) may increase if the charge is positive
()
The electric potential decreases uniformly from 120 V

to 80 V as one moves on the X-axis fromx=-1cmto x
=+1 cm. The electric field at the origin

will decrease if the charge is negative

may decrease if the charge is negative.

(a) mustbeequal to 20 V/cm
(b) maybe equal to 20 V/cm



(c) may be greater than 20 V/cm
(d) may be less than20 V/cm.

28. A proton and an electron are placed in a uniform
electric field.

(a) The electric forces acting on them will be equal.
(b) The magnitudes of the forces will be equal.
(c) Their accelerations will be equal.

(d) The magnitudes of their accelerations will be
equal.

29. Which of the following quantities do not depend on
the choice of zero potential or zero potential energy ?

(a) potential at a point
(b) potential difference between two points
(c) potential energy of a two-charge system

(d) change in potential energy of a two-charge
system

30. The electric field in a region is directed outward and is
proportional to the distance » from the origin. Taking
the electric potential at the origin to be zero,

(a) itisuniform in the region

(b) it is proportional to

(c) itisproportiond tos?

(d) itincreases as one goes away from the origin
31. S, and S, are two equipotential surfaces on which the

potentials are not equal.

(@) S, and S, cannot intersect.

(b) S, and S, cannot both be plane surfaces.

(c) In the region between S, and §,, the field is
maximum where they are closest to each other.

(d) Aline of force from S, to S, must be perpendicular
to both.

32. A solid metallic sphere is placed in a uniform electric
field. Which of the curves shown in Fig. 18.48 represent
the lines of force correctly ?

@
(b)

(c)—» B>
(‘DM

Fig. 18.48

33. The field at a distance » from a long string of charge
per unit length A is

2 2
(@) k5 (b) k=

A 24
(c) k= (d) k==
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34. A dipole of moment ; is placed in a uniform electric

field F . The force on the dipole is 7 and the torque

is 7,
@ F=0 (b) F=|p|E
© [f|=PE (d) 7= pxE

35. Inauniform electric field, equipotential surfaces must

(a) be plane surfaces

(b) be normal to the direction of the field

(c) be spaced such that surfaces having equal
differences in potential are separated by equal
distances

(d) have decreasing potentials in the direction of the
field

36. Two points are at distances a and b (a < b) from a long
string of charge per unit length A. The potential
differnece between the points is proportional to

b b?
@ (b) =

b b
(©) " (dIn |

37. Inthe previous question, if the conductor has a charge
per unit length A, the particle has mass m and charge ¢
then

(@) vacyfg ®) voca
1
© vocfm O

38. A charged particle moves with a speed v in a circular
path of radius » around a long uniformly charged

conductor.
1
(@) vocr (b) v
b L .
(©) N (d) v is independent of

39. A simple pendulum of length / has a bob of mass m,
with a charge ¢g on it. A vertical sheet of charge, with
charge o per unit area, passes through the point of
suspension of the pendulum. At equilibrium, the string
makes an angle @ with the vertical. Its time period of
oscillations is 7 in this position.

(a) tan@=—22 (b) tang = 24

&mg Eymg

(c)rm\ﬁ (d)T>zEF
g g
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40.

S
[1S

X Y
Fig. 18.49

Two large, parallel conducting plates X and Y, kept close
to each other, are given charges O, and O, (Q, > 0,).
The four surfaces of the plates are 4, B, C and D, as
shown in Fig. 18.49.

1

(@) The charge on 4 is E(Ql +0,).
!

(b) The charge on B is E(Ql -0, )

1
(c) The charge on Cis E(Qz -0).

1
(d) The charge on D is E(Ql +0,).

41. A dipole is placed in an electric field whose direction is
fixed but whose magnitude varies with distance. It is
possible that the dipole experiences

(a) no net force and no torque

(b) a net force but no torque
(c) anet force and a torque
(d) no net force but a torque

42. Two large, parallel conducting plates are placed close
to each other. The inner surfaces of the two plates have
surface charge densities + o and —o . The other
surfaces are without charge. The electric field has a
magnitude of

20

(a) 8_0 in the region between the plates

o
(b) . in the region between the plates
0

o
(©) - in the region outside the plates
0

(d) zero in the region outside the plates

43. Two identical rings of radii 0.1 m are placed co—axially
at a distance 0.5 m apart. The charges on the rings are
2uC and 4uC respectively. The work done in
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transferring SuC charge from the centre of one ring to
that of the other will be nearest to

(2)0.50] (6)0.75]
(c)1.00] (d) 1.50]

44. The electric field strength due to a ring of radius R ata
distance x from its centre on the axis of ring carrying

charge QO is given by F = ;% :
4re, (R +x7)

At what distance from the centre will the electric field

be maximum ?
_ _R
(@)x=R (b)x= 5
R R
© =7 @ =7

45. Positive charges of 2uCand 8uC are placed 15cm apart.
At what distance from the smaller charge will the
electric field due to them be zero ?

(a)3cm (b)5cm
(¢)7cm (d) 10 cm.

46. A charge is distributed over two concentric hollow
spheres of radii R and », where R > r, such that the

surface densities of charges are equal (5). What is the
potential at their common centre ?

(a) SE(R + }")

0

(b) SEO(R + I")

o o
© 5 " @

47. A charge ¢ is distributed over two spheres of radii R
and 7 such that their surface densities are equal. What
is the ratio of the charges on the spheres ?

2

r r
(@) ? (b) =

r2 7’4
(©) ra (d g

48. A charge ¢ is distributed over two spheres of radii R
and 7 such that their surface densities are equal. What
is the ratio of their potentials ?

R R?
W DS
% @2

r r

49. A ring of radius 6 cm is given a charge 10uC. How
much work will be done in transporting a charge of
6uC from its centre to a point 8 cm along its axis ?



(a)63mJ (b)84mJ
(¢)105mJ (d)126mJ

50. Two conducting spheres of radii », and r, are at the
same potential. What is the ratio of the charges on

them ?
" "
Oy ()5,
rl 2
© 7 () frry

51. Two conducting spheres of radii 7, and r, are charged
such that they have the same electric field on their
surfaces. The ratio of the electric potential at their

centres is
h h
@}, ®) 5,
r2
(©) rl_z (d) none of the above.
2

52. An uncharged metallic hollow sphere is placed in
uniform external electric field (Fig 18.50). The path of
the electric field lines in and around the conductor is
represented by

(a)

> P> (b)

(©)
(d

Fig. 18.50

53. How does the electric field (E) between the plates of a
charged cylindrical capacitor vary with the distance
(r) from the axis of the cylinder ?

1 1
(a)Eocr—2 (b)Eoc;

(©) Eocr? (d) Eocr

54. The electric field line in the X — Y plane is represented
by x* +y = 1. A test charge ¢, is placed at a distance x
=1, y=1. What will be the nature of the path followed
by it ?
(a) Circle
(c) Parabola

55. A ring of radius R is carrying uniformly distributed
charge + Q. A test charge — g, is placed on its axis at a
distance 2R from the centre and released. The motion
of the particle on the axis will be

(b) Straight line
(d) Cannot be predicted

(a) periodic (b) non periodic

Electrostatics 603

(c) simple harmonic (d) random.

56. Five equal and similar charges are placed at the corners
of a regular hexagon as shown in Fig. 18.51. What is
the electric field and potential at the centre of the

hexagon ?
q q
Kfﬂq
Fig. 18.51
59 5 ¢ 1 g 5 ¢

@) 4re, 1 4re, r (b) 4re, I 4re, r

S a1l g L g 1 g
© 4re, 1" 4ne, I” (d drg, 1 dre, I’

57. Which of'the following combinations of seven identical

capacitors each of 2uF gives a capacitance of 10/11uF
?

(a) 5inparallel with 2 in series

(b) 4 inparallel with 3 in series
(¢) 3inparallel with 4 in series
(d) 2 inparallel with 5 in series

58. The electric field at the centre of a uniformly charged
ring is zero. What is the electric field at the centre of a
half ring if the charge on it be Q and its radius be R?

L 1 9
@) dre, TR’ (b) 4re, R
1 20 1 20

© drne, TR’ () drg, R’

59. What is the electric potential at the centre of a
hemisphere of radius R and having surface charge

density o ?
o o
Z by —
(a) 2¢, (b) &,
o o
—R d)y =R
© % @ 24

60. Fig. 18.52 shows four capacitors connected across a
power supply of 310 V. What is the charge and potential
difference across the 4 oF capacitor ?
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310.V

|
1 1,
4uF
T | | —‘7 —‘7
[
12pF
Fig. 18.52

(a) 1200 oF, 310 V (b) 600 oF, 310 ¥
(c) 600 of, 150 V/ (d) 1200 oF, 150 V.

61. Five capacitors are connected to each other as shown
in Fig. 18.53. What is potential drop and charge across
4uF capacitor ?

[ L ]|
18 uF 6‘;1!” 4|;d|” SuF  18uF

*307®
Fig. 18.53
@)6 V,3uC (b) 10 V,30 uC
()6 V,40 uC (d) 10 V,40 uC,

62. Five identical plates are connected across a battery as
in Fig. 18.54. If the charge on plate 1 be +q, then the
charges on the lates 2, 3,4 and 5 are

[ N N S

| |
|

Fig. 18.54

(b) - zq: + 2q’ - 2(1: + q
(d) none of the above.

(@-q,+q,—q, +q

(C)—Cb +2q7_2q9+q
63. Three capacitors are connected across a 45V power

supply as shown in Fig. 18.55. What is the charge on

the 6 uF capacitor?
w o [
! I [
=45 V=
Fig. 18.55
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(a)60uC (b)90uC
(c) 120uC (d) 180uC
64. Six identical capacitors each of 2uF are joined in parallel
and each is charged to 10 V. They are then disconnected
and joined in series so that positive plate of one is
joined to the negative plate of the adjacent capacitor.
What is the potential difference of the combination ?
@10V (b)3or
()60 V 1201V
65. A capacitor of capacitance 10uF is charged by

connecting through a resistance of 20 Q and a battery
of 20 V. What is the energy supplied by the battery ?

10w 2002
I
I
20V
Fig. 18.56
(a) Lessthan2 mJ (b)2m]
(c)More than2 mJ (d) Cannot be predicted

66. Force acting on a test charge between the plates of a
parallel capacitor is F. If one of the plates is removed,
then the force on the same test charge will be

(a) zero (b)F

F
(c)2F (d) )

67. Two point charges Q and — 3Q are placed certain
distance apart. If the electric field at the location of O

be g, then that at the location of — 30 will be

(@) 3E (b)-3E
E E
(©) 3 (d)- 3

68. The length of each side of a cubical closed surface is
a. If charge ¢ is situated on one of the vertices of the
cube then the flux passing through each face of the
cube will be

q
(a) 6_80 (b) 24s,

q
. d
(©) 8¢, (d) zero
69. A charged conductor has charge on its
(a) outside surface (b) surrounding

(c) middle point (d) inner surface



70. The laws of forces that govern the force between two
electric charges were discovered by

(a) Faraday (b) Ampere
(c) Ohm (d) Coulumb

71. A charge Q is placed on to two opposite corners of a
square. A charge g is placed at each of other two
corners. Given that resultant electric force on Q is zero,
then Q is equal to

@ (2V2)/g o) ~a/(242)
© (22)q @ (-2V2)q

72. Let us suppose that earth (radius 6400 km) had a net
charge equivalent to one electron per m? of its surface
area. Its potential in volts will be

(a)-1.2 (b)—0.12
(c)0.12 (d1.2

73. A charge Q is divided into two parts. The two charges
kept at a distance apart have a maximum columbian
repulsion. Then the ratio of Q and one of the parts is
given by

()1:4 (b)1:2
(©)2:1 (d)4:1

74. In comparison with the electrostatic force between

two electrons, the electrostatic force between two

protons is
(a) zero (b) smaller
(c) same (d) greater

75. A positively charged ball hangs from a long silk thread.
We put a positive test charge g, at a point and measure

F/q,, then it can be predicted that field £

(@) >F/q, (b) <F/q,
(c) is equal to F/q, (d) none of these

76. An electron of mass m and charge e is accelerated from
rest through a potential difference V' in vacuum. Its
final speed will be

2elV

eV
(@ o (b) o

4 4
© 5 @~
77. A helium ion and a hydrogen ion are accelerated from

rest through a potential difference of V to velocities
v, and v, respectively. If helium has lost one electron,

the ratio of v,, /v, is
(a) 1/4 (b) 112
() 1 (d) 2
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78. A charge g is placed at the centre of the line joining
two equal charges Q. The system of the three charges
will be equilibrium if ¢ is equal to
(2)-(0/4) (b)-(072)

(©(072) (d)(Q/4)
[IIT87]

79. A proton has a mass 1.67 x 10" kg and charge
+ 1.6 x 10" C. If the proton is being accelerated
through a potential difference of one millions volts
then the K.E. is
(a) 1.6 x 10 (b)3.2x10"1)

() 1.6x10] (d)1.6 x10]

80. An electron having charge — e located at 4, in the
presence of point charge + ¢ located at O, is moved to
the point B such that O4 B forms an equilateral triangle.
The work done in the process is equal to

(a) —eq/AB (b) eq/AB
(c) qg/AB (d) zero

81. The electric flux ¢ through a hemispherical surface of
radius R, placed in a uniform electric field of intesity
E parallel to the axis of its circular plane is

(a) (4/3) nR°’E (b) 27R*E
(c) 7R°E (d) 27RE

82. A charge of 6.76 uC in an electric field is acted upon
by a force of 2.5 N. The potential gradient at this point
is

(a)3.71 x 10° Vm* (b) 3.71 x 102 Vm
(c)3.71 x 10" Vm* (d)3.71 x 10° Vm!

83. Two identical thin rings each of radius R are coaxially
placed at a distance R apart. If O and Q, are
respectively the charges uniformly spread on the two

rings, the work done in moving a charge ¢ from the
centre of one ring to the other is

(@ 9Q/0)2+D) (@02 1)
«/547zgoR 2 4me,R
(c) —q\/a(ﬁggl ;QZ) (d) zero

84. Two pith balls each of mass 1g and carrying a charge
1uC are attached to the ends of silk threads 1m long,
the other ends of which are attached to some fixed
point, in a gravity free space. The force between them
is

(a) 9.8 x 102N (6)9.0 x 10°N
(c)4.5x10°N (d)2.25x 103N

85. Two equal metal balls are charged to 10 and 20 units
of electricity. They are brought in contact with each
other and then again separated to the original distance.
The ratio of forces between the two balls before and

after contact is
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(a)3:2 (b)1:8
(c)2:3 (d)8:9

86. No current flows between two charged bodies when
connected if they have same

(b) charge

(d) none of the above

87. The dielectric strength of air is 3.0 x 10°NC™'. The
largest charge that a 0.30 cm radius metal sphere can
hold without sparking is
(a)9nC (b) 8.2 nC
(¢) 6 nC (d)3nC

88. A ring of radius R carries a uniformly distributed
charge + Q. A point charge g is placed on the axis of

the ring and released from rest. The force experienced
by the particle varies with distance from the centre as

(a) X/(R? + x2)*" (b) 1/V/x
(c) 1/%® (d) 1/x?

89. An electron is accelerated through a potential
difference of 500 volt. The velocity acquired by the
electron is
(a) (2/3) x 10" ms™!
(¢) (1/3) x 10" ms™!

90. An electrical charge of 2 uC is placed at the point

(1, 2, 3). At the point (2, 3, 4) the electric field and
potential will be

(a) capacity
(c) potential

(b) (1/6) x 10" ms™!

(d) none of the above

(a) 6x 10°NCand 6 x 10° JC
(b) 6000 NC* and 6000 /3 JC*
(¢) 6x10°NC"'and 3,/3 JC!

(d) none of the above

91. The charge per unit length for a very long straight
wire is A. The electric field at points near the wire (but
outside it) and far from the ends varies with distance

r as
(@r (b) 1/r
(c) 1/ (d) 1/7

92. A charged particle of mass m and charge g is released
from rest in an electric field of constant magnitude .
The K.E. of the particle after time r is

Eq'm Eqm
OF (b) =,

2E*? Ezqztz

d ——

© @ = -

93. A solid conducting sphere having a charge QO is
surrounding by an uncharged concentric conducting
hollow spherical shell. Let the potential difference
between the surface of the solid sphere and that of the
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outer surface of the hollow shell be V. If the shell is
now given a charge of —3Q the new potential difference
between the same two surface is
a2V by V
©2V (4

[IIT 1989]

94. A uniform electric field having a magnitude £, and
direction along the positive x-axis exists. If the
potential V'is zero at x = 0, then its value at x =+ x will
be
(a) V(x) = X’E, (b) "x) =-xE,

(c) "x) =—xE, (d) "x) = xE,

95. A given charge situated at a certain distance from an
electric dipole in the end on position, experiences a
force F. If the distance of the charge is doubled, the
force acting on the charge will be
(a) F/8 (b) F/4
(c) FI2 (d)2F

96. Eight charged water drops each with a radius of 1 mm
and a charge of 107'° coulumb merge into a single drop.
The potential of this single drop is

(a)36V (b) 1000 V
(c) 3600 V (d) 8000 V

97. ABCD is a square of 1 metre side of a non-conducting
material. Four metallic spheres of 4, 5, 8 and 10 cm
diameters are placed at the four corners. All of them
are connected by a fine metallic wire and charge of

540 units is imparted to the system. The potential at
the centre of the square is

54042 ) 54042
400 200

54042 @ 54042
100 10

98. The electric potential at a point situated at a distance r
on the axis of a short electric dipole of moment p will be

(2)

(©

1/4(re,) times
(a) p/r’ (b) p/r?
(c)pl/r (d) none of the above

99. Two concentric thin, metallic spheres of radii R, and
R(R, > R,) bear charges O, and Q, respectively. Then
the potential at a radius » between R, and R, will be
1/4(7e,) times

L+ 0, 9.9
Ql QZ Ql Q2
© R R @ R, R



100. An electric dipole of moment p is kept along an electric
field £. The work done in rotating it from an equilibrium
position by an angle is

(a) PE(1 —cos0) (b) PE(1 —sin6)
(c) PE cosf (d) PE sind

101. A body has a charge of one coulumb. The number of
excess (or lesser) electrons on it from its normal state

will be
(a) (b) 1.6 x 107¥
(c) 1.6 x 10v (d) 6.25 x 108

PASSAGE 1

Read the following passage and answer the questions given
at the end.

While real crystals are three-dimensional, much can be learned
from simple one-dimensional models for which calculations
can be carried out much more easily. As a one-dimensional
model of an ionic crystal such as sodium chloride (NaCl),
consider alternating positive and negative ions of charge + ¢
and — e respectively, which are uniformly spaced along the x-
axis with spacing d (Fig. 18.57). The charges may be
considered to extend to infinity in both directons.

te —e te —e te —€ te —e +e —e te —e

«—d—>
Fig. 18.57

Consider the potential energy of interaction between the
positive ion at x = 0 and all the other ions. This represents
the potential energy per ion in this one dimensional crystal.
The potential energy per ion in 3-dimensional crystal
for Nacl ion is —8 x 107" coulomb per ion when spacing
d=2.824°is taken.

1.  The potential energy per ion for positive ion is-----.

-2¢° —e’
log, 2 log, 2
@) Are,d & (®) Are,d &
2 h 2
© 4re,d (d) 4re,d

2. Isthe potential energy for negative ion same as for the
positive ion?

(a) Yes

(c) Cannot say

(b)No

3. Evaluate potential energy per ion for Nacl crystal. Use
inter atomic spacing 2.82 x 107 m.
(2)8.12x101"J (b)2.67x101]
(¢)5.67x10"J (d) none.

4. How accurate is one-dimesional model?
(a) Less accurate (b) Quite accurate

(c) Cannot say

Electrostatics 607

—e’ —e’ —e’
Solution IR K e ey YA
dre,4d —
—e* [ I 1 1 }
4re,d 2 3 4
—e’ log, 2
T dre,d
Solution NG
SolutionJiERD

1.6x10 ™" x1.6x107° x9x10°

2.82x107"°
= 8.12x107")J
EIMYY 4. (b) The one-dimensional model is quite
accurate.
PASSAGE 2

Read the following passage and answer the questions given
at the end.

The charge of an electron was first measured by the American
physicist Robert Millikan during (1909-1913). In his
experiment, oil was sprayed in very fine drops (around 10
mm in diameter) into the space between two parallel
horizontal plates separated by a distance d. A potential
difference V,, is maintained between the parallel plates,
causing a downward electric field between them. Some of the
oil drops acquire a negative charge because of frictional
effects or because of ionisation of the surrounding air by X-
rays or radioactivity. The drops are observed through a
microscope. p is density of oil and 7 is radius of the drop
under investigation.

1. The charge so that oil drops remain at rest is

4r prgd 4z prg
RN )3

3z prigd 3prigd
© - (d)

4 Vi 47V

2. To measure the radius of the drop Millikan used

law for freely falling drops.
(a) Poise uille’s (b) Ostwald’s
(d) Stoke’s

Physics by Saurabh Maurya (lIT-BHU)

(c) Brewester’s



608

3.  WhenV, =0, charged drop was observed to fall Imm
in 39.3 S at a constants speed. The same drop can be
held at rest by applying 9.16 V =V and plates
separated by Imm. Then charge on the drop is ------ .

Given 77, =1.81 x 10° N=S—-m*and p =824 kgm™

(a)e (b)2e

(c)3e (d)4e
Solution IEOYENE

ff P qVis
or  3mpg p

Axr pgd
or q = W,
Solution[EXC)
10°
— ~1

m 3. (C) v 393 ms

using stoke’s law F'= 6 ziprv, terminal velocity is
2r*(p-o)g
9

9vn
2(p-o)g

o | ped
or ¢ ~4n 2pg ) 3V,

or r

d v’
187 ——[——
Vi \ P8

\32
18><3.14><10’3(1.81><10’5)3/2 x@g 3]

9.16x+/8240

18x3.14x x107"

30z
9.16x91

1 1
x——x107"
307 3

9.16x91

18 x 7 x

4.86x10"°C=3e¢
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PASSAGE 3

Read the following passage and answer the questions given
at the end.

Some cell walls in the human body have a layer of negative
charge on the inside surface and a layer of positive charge
of equal magnitude on the outside surface. Suppose that the
surface charge densities are + 0.50 x 103 C-m2, the cell wall
is 5.0 x 10~° m thick and the cell wall material has a dielectric
constant of k= 5.4. A typical cell in human body has volume
107'* m3. Assume the cell to be spherical.

1. The electric field between the inside and outside layers
is

(a) 10° Vm'! (b) 5 x 10 Vm!
(©)0.2x10"Vm'* (d) 10" Vm™!

2. The potential difference between inside and outside

walls is

(a)0.25V (b) 0.025V

(c)0.05V (d)2.5mV
3. Which wall is at higher potential

(@) Inner (b) Outer

(c) Both at same potential (d) None.

4. Estimate the energy stored in the typical cell.
(a)1.4x10"] (b) 1.1 x 1074]J
(c)1.4x10"]J (d)1.1x10]

Solution ERCI ey
&k
B 5x107*
8.85x107'2 x 5.4
= 10’ Vm'!
Solution QRS
= 107x5x10° =0.05V

3.(b)

=

.(a) %é‘OKE2 (Vol)

= Energy stored

Lo
22¢K

(Vol)

1 (05x107) x10
—X

2 2x8.85x107 x5.4
1.4x1072)




Answers to Questions for Practice
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1. (a,b,c,d) 2. (a,b,c,d) 3. (b,c) 4. (b,d) 5. (a,c) 6. (a,c,d) 7. (a,b)
8. (d) 9. (a) 10. (c) 1. (d) 12. (a) 13. (a) 14. (ab,d)
15.  (a,c) 16.  (d) 17. () 18. (ab,c) 19. (a,c) 20. (abd) 21. (ac)
22.  (ac) 23.  (a) 24.  (none) 25.  (d) 26. (c,d) 27. (bc) 28. (b)
29. (b,d) 30. (c) 31. (ac,d) 32.  (d) 33.  (d) 34. (ad) 35 (ab,cd)
36. (d) 37.  (a,b,d) 38. (d) 39. (ac) 40. (abycd) 4. (bcd) 42. (bd)
43. (b) 44. (c) 45. (b) 46. (a) 47. (b) 48. (a) 49. (d)
50. (b) 51. (b) 52. (a) 53. (b) 54. (d) 55. (a) 56. (c)
57. (a) 58. (c) 59. (d) 60. (c) 61. (d) 62. (b) 63. (b)
64. (c) 65. (c) 66. (d) 67. (d) 68. (b) 69. (a) 70. (d)
71.  (d) 72.  (b) 73.  (c) 74.  (c) 75. (a) 76. (a) 77.  (b)
78. (a) 79. (d) 80. (d) 81. (c) 82. (d) 83. (b) 84. (d)
85. (d) 86. (c) 87. (d) 88. (a) 89. (d) 90. (b) 91. (b)
92. (d) 93. (b) 94. (c) 95. (a) 9. (c) 97. (c) 98. (b)
99. (b) 100. (a) 101.  (d)
EXPLANATION
2. (ab,,d) -
Fieldat P=E= /0 ——"=;
(@ + ® + - (R +3)
E is always directed away from O. Hence a negatively
charged particle is accelerated towards O and undergoes
periodic motion. For z, << R, the acceleration is
proportional to the z-coordinate, and the particle
undergoes approximate SHM.
— n - . 1,
14. (a,b,d) By conservation of energy, —mv
() (d) 2
+ + - s
= k. 0 ,
'xmin
where x . =minimum seperation.
32. (d) The field is zero inside a conductor and hence lines
of force cannot exist inside it. Also, due to induced
+ + + charges on its surface, the field is distorted close to its
surface, and a line of force must deviate near the surface
Fig. 18.58 outside the sphere.
6. (ac,d) 33
E
z S T
[ [\
< L B>
o
NP ) Y Fig. 18.60
. 1
X ¢, Eds =2zr/E =~ (H)
0
Fig. 18.59
A
Let OP=z, or E = oner



610 Pearson Guide to Objective Physics

A
36. ()E= 27,y =qE=q. 27, r
_ o qA
oo or Vo= 2meym
" v A dr 2

or .[V,,)dV N _Jﬂ 27e, 1 '

A b 4
or Vabe: 2”50'In a) F q

37. (ab.d)

< " —Pp

38 (d)F=

p Fig. 18.61






