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KEY CONCEPTS

ELECTRIC CHARGE

Charge of a material body is that possesion (acquired or natural) due to which it strongly interacts
with other material body. It can be postive or negative. S.1. unit is coulomb. Charge is quantized,
conserved, and additive.

1 a0 = 9,9 P
COULOMB’S LAW : F= ———=2  nvector form F=———3%T where >
47[2808r r 4n808r r g

£, = permittivity of free space = 8.85 x 10712 Nt m=2c2or F/m and
g, = Relative permittivity of the medium = Spec. Inductive Capacity = Dielectric Const. o
g, = 1forair (vacuum) = oo for metals g,€, = Absolute permittivity of the medium %
NoTe : The Law is applicable only for static and point charges. . . . g
Only applicable to static charges as moving charges may result magnetic ©
interaction also and only for point charges as if charges are extended, 3
induction may change the charge distribution. ©
o
PRINCIPLE OF SUPER POSITION E
. . . - = = = (92)
Force on a point charge due to many charges is givenby F=F+F,+F+......... S
NoTe : The force due-to-one charge is not affected by the presence of other charges. §
o
ELECTRIC FIELD, ELECTRIC INTENSITY OR ELECTRIC FIELD STRENGTH
(VECTOR-QUANTITY) 5

“The physical field where a charged-particle, irrespective of the fact whether it is in motion or at&
rest,.experiences force is called an electric field”. The direction of the field is the direction ofthe g
force experienced by a positively charged particle & the magnitude of the field (electric intensity) is§

= m

. . A Y 3 im P -
the force experienced by the particle carrying unit charge' E = 'q"JE‘ a unitis NC=L; S.1. unit |s,”(7):

. N
V/m here 'q—l[g‘ represents that this charge does not alter the magnitude of electric field. Dueto
charge induction on the source of electric field. )

ELECTRIC FIELD DUE TO

X 1 -
qz r= a I (vector form) r

Point charge : E= = .
Aregr e, r

I

2 e
es]
Teko Classes, Maths : Suhag R. Kariya (S

Where 7 =vector drawn from the source charge to the point .

j a9 j dE ; dE = electric field due to an elementry charge

r2

Continuous charge distribution E=
dne,

. Note E:tjdE because E isa vector quantity .
dg = A dl (for line charge) = o ds (for surface charge) = p dv (for volume charge) In general A, o
& p are linear, surface and volume charge densities respectively.

L ~ 2K\ : : . :
Infinite line of charge E = - where r = perpendicular distance of the point from the line charge .

k) kA _ :
V2K as, E = e & E = r at a point above the end of wire at
r

Semi o line of charge E =

an angle 45° .
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(i)

-0, E kQx

Uniformly charged ring, E axis — W

centre

dE : . :
Electric field is maximum when ™ =0 for a point on the axis of the ring. Here we get x = RIV2.

Infinite non conducting sheet of charge E=—# where

28 @

(@]

i = unit normal vector to the plane of sheet, where o is surface charge density s
oo charged conductor sheet having surface charge density ¢ on both surfaces E = o/¢,, .

Just outside a conducting surface charged with a surface charge density o, electric field is always given as§

E=ole, @

o

Uniformly charged solid sphere (Insulating material) E_ = Q > 5 2R, S

Ame,r 9

Qo _pr -

Behaves as a point charge situated at the centre for these points E; = 1 R® 36
TE, 0

r < R where p =volume charge density
Uniformly charged spherical shell (conducting or. non-donducting) or uniformly charged solid

Q

4nsor

crzR

conducting sphere’. E = >

Behaves asa point.charge situated at the centre for these points E; /= 0 ; r<R
uniformly charged cylinder with a charge density p is -(radius of cylinder =R) forr <R

pr _ pR’
Em—zeo,forr>R E—260r
Uniformly charged cylinderical shell with surface charge density o is
pr
forr<RE_ =0 ; forr>R E=
g r

(S. R. K. Sir), Bhopal Phone : 0 903 903 7779,

ELECTRIC LINES OF FORCE (ELF)
The line of force in an electric field is a hypothetical line, tangent to which at any point on it represents.
the direction of electric field at the given point.

Properties of (ELF) :

Electric lines of forces never intersects .

ELF originates from positive charge or oo and terminate on a negative charge of infinity .
Preference of termination is towards a negative charge .

If an ELF is originated, it must require termination either at a negetive charge or at co .

Quantity of ELF originated or terminated from a charge or on a charge is proportional to the
magnitude of charge.

ELECTROSTATIC EQUILIBRIUM

Position where net force (or net torque) on a charge(or electric dipole) = 0
StasLE EquiLisrium : If charge is displaced bya small distance the charge comes (or tries to§
come back) to the equilibrium . =
UnstaBLE EquiLierium : If charge is displaced by a small distance the charge does not return to
the equilibrium position.

iya

o Classes, Maths : Suhag R. Kar
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8. ELECTRIC POTENTIAL (Scalar Quantity)
“Work done by external agent to bring a unit positive charge(without accelaration) from infinity to
a point in an electric field is called electric potential at that point™ .
IfW_  isthe work done to bring a charge g (very small) from infinity to a point then potential at that

pointis V = % ; S.L.unitis volt (=1J/C) .
9. POTENTIAL DIFFERENCE %
Vg =Va—V; % V g = p.d. between point A& B . y
W, = w.d. by external source to transfer a point charge g from B to A (Without acceleration). %
10. ELECTRIC FIELD & ELECTRIC POINTENIAL %
E=-grad V= - vV {read as gradient of V} grad = I%F]a—y+k£ ; g

Used when EF varies in three dimensional coordinate system.
For finding potential difference between two points in electric field, we use —

B>—
V,-Vg= —J E.dt  ifE isvarying withdistance

if E is constant & here d is the distance between points Aand B.

[EY
=

POTENTIAL DUE TO

a'point charge V = Q (i) many charges V. = % , oF. , 93
4n80r Angy b dmegl, 4meyl,

—
N

(i)  continuous charge distribution V.= 1 jd_q

dre? 1
(iv)  spherical shell (conducting or.non condl:)cting) orsolid conducting sphere
Vou T 4anor ilf=R) Vi = 4nSOR (=R
(V) non conducting uniformly charged solid sphere :
out = 4anor , r=R), V= ;Q(A,%Z;) ; (r<R)
12. EQUIPOTENTIAL SURFACE AND EQUIPOTENTIAL REGION

In an electricfield the locus of points of equal potential is called an equipotential surface. An
equipotential surface and the electric field meet at right angles.

The region where E = 0, Potential of the whole region must remain constant as no work is done in
displacement of charge in it. It is called as equipotential region like conducting bodies.

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com
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13. MUTUAL POTENTIAL ENERGY OR INTERACTION ENERGY
“The work to be done to integrate the charge system .”

&
. — 9192
Q For 2 particle system U =
Q P y mutual 47t80r
g
< For 3 particle system U, .. = RPN FLE -
53) Amegl, 4meglyy 4meglsg P
> . . n(n-1) 3 g
% For n particles there will be terms . Total energy of a system=U_;: + U_ a1
:__43' 14.  P.E. of charge q in potential field U = qV. Interaction energy of a system of two charges$
> U=0,V,=0q,Vs. 2
. 15.  ELECTRIC DIPOLE. O is mid point of line AB (centre of the dipole) orial 2
(@)  ontheaxis (except pointson line AB) e %
3 = pr P K ta 3
c 2me [r?— (a2 14)] 2me,r® (if r<<a) A9 B o
S p=qa = Dipole moment, . E
8 r = distance of the point from the centre of dipole 3
(o]
a2 Ly P P ™
0 (b on the equitorial 5—E= ~ o
8 ®©) | Angg[r? +(@% 17 Angyr® ’ B2
PAY
o (¢) At a general point P(r, ) in polar co-ordinate system is . Fae o
. T [
_ac) . 4 2kpsin 6 y S
~ Radial electric field E, = A o
kp cos® » g
[ cos 0
Tangentral electric field Er= d 3 A X %
) ) _ K . =
45 Net electric field at Pis E, .= \/Erz +E$ =r—?|?\/l+3sln2 0 )
N
o] . ;
() ) J . kpsin6 o
= Potential at peint P is V, = Tz &
g NoTeE : If 0 is measured from axis of dipole. Then sinf and cos6 will be interchanged. ,g
= _ _ PO PP . . : BN
o (d) Dipole V = I A p p=qa electric dipole moment . If O is angle between p andn:.
(@) Tyl neyr
o (o))
—5 reaches vector of the point. 5_—;
g (e)  Electric Dipole in uniform electric field : torque 7=pxE ; F =0. 2
. . . . 2]
%\ Work done in rotation of dipole is w = PE (cos 6, — cos 6,) %
% ()] P.E. of anelectric dipole in electric field U =— PE . i
~ o))
. . . e ~ ~\2 = dE» @
-% (9) Force on adipole when placed ina non uniform electric field is F:—di(— P.E)i = P.d—XI . 3
o X @)
S 16. ELECTRIC FLUX g
= ()
8 () For uniform electric field; ¢ = E.A =EAcos® where 0 =angle between E & area vector (A). -
" Flux is contributed only due to the component of electric field which is perpendicular to the plane.
H:J (i) If E is not uniform throughout the area A, then ¢ = [ E.dA
LL
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17.

18.

19.
20.
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(i)
(iii)
(iv)

V)
(vi)
(vii)

(viii)

A/:
SRS

—~
X
=

(xii)
(xiii)

(xiv)

GAUSS’S LAW (Applicable only to closed surface) *“ Net flux emerging out of a closed surface is

a4 b= §Ed,& . g = net charge enclosed by the closed surface .
€o o
¢ doesnotdependonthe (i) shape and size of the closed surface
(i)  The charges located outside the closed surface.

(o]
CONCEPT OF SOLID ANGLE : %
Flux of charge g having through the circle of radius R is =3
q/ ) 4 /
d= XQ = 5 _(1-cosb) , > -
4n 0 £2 Solid angle of coneof half &
Energy stored p.u. volume in an electric field = 802 angle 0 is Q=2m(1-cos0) {3
2 ®
Electric pressure due to its own charge on a surface having charged density ¢ isP, = 20— : %
€
0 o

Electric pressure on a charged surface with charged density o due to external electric field is P, = oE;
IMPORTANT POINTS TO BE REMEMBERED

Electric field is always perpendicular to a conducting surface (or any equipotential surface) . No
tangential component on such surfaces .

Charge density at sharp points on a conductor is greater.
When a conductor is charged, the charge resides only on the surface.

For.a‘conductor of any shape E (just outside) = 2
€
0

p.d. between two points in an electric field-does not depend on the path joining them .
Potential at a point due to'positive chargeispositive & due to negative charge Is negative.

K. Sir), Bhopal Phone : 0 903 903 7779,

Positive charge flows from higher to lower (ize. in the direction of electric field) and negative charge x
from lower to higher (i.e. opposite tothe electric field) potential . '

When p|E thedipoleis instable equilibrium

pll(—E) the dipole is in unstable equilibrium

When a charged isolated conducting sphere is connected to an unchaged small conducting sphere
then potential (and charge) remains almost same on the larger sphere while smaller is charged .
KQ?

2R

Self potential energy of a charged shell =

3kQ?2
~

Self potential energy of an insulating uniformly charged sphere =

A spherically symmetric charge {i.e p depends only on r} behaves as if its charge is concentrated
at its centre (for outside points).

ko Classes, Maths : Suhag R. Kariya (S. R

Dielectric strength of material : The minimum electric field required to ionise the medium or the<§
maximum electric field which the medium can bear without breaking down.

T
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Six charges are placed at the vertices of a regular hexagon as shown in the figure.
Find the electric field on.the-line passing through O and perpendicular to the plane
of the figure as a function of distance x frompoint O. (assume x >> a)

EXERCISE # |

A negative point charge 2g and a positive charge g are fixed at a distance | apart. Where should a
positive test charge Q be placed on the line connecting the charge for it to be in equilibrium? What is the
nature of the equilibrium with respect to longitudinal motions?

Two particles Aand B each carrying a charge Q are held fixed with a separation d between then A
particle C having mass m ans charge q is kept at the midpoint of line AB. If it is displaced througha small >

distance x (x << d) perpendicular to AB, >
then find the time period of the oscillations of C. =
If in the above question C is displaced along AB, find the time period of the oscillations of C. 5
Draw E —r graph for 0 <r < b, if two point charges a & b are located r distance apart, %
when g
(i) both are + ve (ii) both are —ve _a.,o—. b 3
(i) ais + veand b is — ve (iv)ais—veand bis + ve ' *

o

A charge +10° C is located at the origin in free space & another charge Q at (2, 0, 0). If the
X—component of the electric field at (3, 1, 1) is zero, calculate the value of Q. Is the Y—component zero
at(3,1,1)?

+Q -Q

+ + -
The figure shows three infinite non-conducting \ : B
plates of charge perpendicular tothe plane of P
the-paper with charge per unit area+ o, + 2o A . _
and — . Find the ratio of the net electric field at i ’ B
that\point Ato that at point B. R

+o +20 —G

Sm Sm

Athin circular wire of radiusr has a charge Q. If a point charge qis placed at the centre ofthering, then
find the increase in tension in the wire.

In the figure shown S is a large nonconducting sheet of uniform charge density . A g R
rod R of length T'and mass ‘m’ is parallel to the sheet and hinged at its mid point. The
linear charge densities on the upper and lower half of the rod are shown in the figure.
Find the angular acceleration of the rod just after it is released.

A simple pendulum of length | and bob mass m is hanging in front of a large
nonconducting sheet having surface charge density c. I1f suddenly a charge +q is
givento the bob & it is released from the position shown in figure. Find the maximum
angle through which the string is deflected from vertical.

Frrrrrr++
N E

Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779,

A particle of mass m and charge — q moves along a diameter ofa uniformly charged sphere of radius R ;
and carrying a total charge + Q. Find the frequency of S.H.M. of the particle if the amplitude does not
exceed R.

Classes

Acharge + Q is uniformly distributed over a thin ring with radius R. Anegative point charge— Q and 2
mass mstarts from rest at a point far away from the centre of the ring and moves towards the centre. @
Find the velocity of this particle at the moment it passes through the centre of the ring.

A spherical balloon of radius R charged uniformly on its surface with surface density . Find work done
against electric forces in expanding it upto radius 2R.
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A point charge + g & mass 100 gm experiences a force of 100 N at a point at a distance 20 cm froma
long infinite uniformly charged wire. If it is released find its speed when it is at a distance 40 cm from wire

q +q *q;
Consider the configuration of a system of four charges each of T
value +q. Find the work done by external agent in changing the a .
- . . - - . +q +q
configuration of the system from figure (i) to fig (ii).
+q . +ﬂ +q : 2
fig (i) fig (ii) =X

There are 27 drops of a conducting fluid. Each has radius r and they are charged to a potential V,,. They =
are then combined to form a bigger drop. Find its potential.

o
Two identical particles of mass m carry charge Q each. Initially one is at rest on a smooth horizontal &3
plane and the other is projected along the plane directly towards the first from a large distance with B

an initial speed V. Find the closest distance of approach. . §
+ (e}

A particle of mass m and negative charge q is thrown in a gravity free space with + g
speed u from the point A on the large non conducting charged sheet with surface . : i
charge density o, as shown in figure. Find the maximum distance from A on sheet N 9 2
where the particle can strike. LA ~
(92)

(¢
Consider two concentric conducting spheres of radii a & b(b>a). Inside sphere has a positive chargeS
d,- What charge should.be given to the outer sphere so that potential of the inner sphere becomes &3
zero? How does the potential varies between the two spheres & outside ?

09

Three charges 0.1 coulomb each are placed on the corners.ofanequilateral triangle of side 1 m. Ifthe g
energy is supplied to this system at the rate of 1 kW, how much time would be required to move one of ©
the charges onto the midpoint ofthe line joining the other two?

Two thin conducting shells of radii R and 3R are shown in figure. The outer shell carries
a charge +Q and the inner shell is neutral. The inner shell isearthed with.the help of
switch S. Find the charge attained by the inner shell.

Sir), Bhopal Ph

Consider three identical metal spheres A, B and C. Spheres A carries charge + 6q and sphere B carriesx
charge — 3. Sphere C carries no-charge. Spheres Aand B are touched together and then separated. &
Sphere C is then touched to sphere Aand separated from it. Finally the sphere C is touched to sphere B,
and separated from it. Find the final charge on the sphere C. y

P1(0.y)
Addipole is placed at origin of coordinate system as shown in figure, find

the electric field at point P (0, y).

>
Suhag R. Kariya

PN5°

Two point dipoles |O|A< and gr( are located at (0, 0, 0) and (1m, 0, 2m) respectively. Find the resultant

electric field due to the two dipoles at the point (1m, 0, 0).

The length of each side of a cubical closed surface is|. If charge q is situated on one of
the vertices of the cube, then find the flux passing through shaded face of the cube. q

A point charge Q is located on the axis of a disc of radius R at a distance a ®
from the plane of the disc. If one fourth (1/4th) of the flux from the charge
passes through the disc, then find the relation betweena & R.

y/v4

Teko Classes, Maths

110

A charge Q is uniformly distributed over a rod of length |. Consider a hypothetical cube of edge | with the
centre of the cube at one end of the rod. Find the minimum possible flux of the electric field through the
entire surface of the cube.
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EXERCISE # 11

Arigid insulated wire frame in the form of a right angled triangle
ABC, is set ina vertical plane as shown. Two bead of equal masses
m each and carrying charges ¢, & g, are connected by a cord of
length 1 & slide without friction on the wires. Considering the case
when the beads are stationary, determine.

The angle o.. (b) The tension in the cord & HORIZON

The normal reaction on the beads. Ifthe cord is now cut, what are the values of the charges for which the
beads continue to remain stationary.

page 9

o

2 o0}

A proton and an a.-particle are projected with velocity v, = wlkil each, when %

m

they are far away from each other, as shown. The distance between their initial — §
velocities is L. Find their closest approach distance, mass of proton=m, charge=+e, L 3
mass of a-particle = 4m, charge = + 2e. ) v ©
A clock face has negative charges—q, —2q, —30, ......... , —12q fixed at the position of the correspondingg

numerals on the dial. The clock hands do not disturb the net field due to point charges. At what timer~
does the hour hand point in the same direction is electric field at the centre of the dial.

3903

Acircular ring of radius-Rwith uniform positive charge density A per unit length is fixed in the Y—Z plane S
with its centre at the origin O. A particle of mass m and positive charge q is projected from the point P o

(ﬁ R,0,0) on the positive X-axis directly towards O, with-initial velocityv . Find the smallest value ofé
the speed.v such that the particle does.not returnto P.

pal Pho

2 small balls having the same mass & charge & located on the same vertical at heights h, & h, are thrown'@
in the same direction along the harizontal at the same velocity v. The 15'ball touchesthe ground at a 2
distance | fromthe initial vertical . At what height will the 2" ball be at this instant ? The airdrag & the®

charges induced should be ‘neglected.
Two concentric'rings of radii rand 2r are placed with.centre at origin. Two y+q
charges +q eachare fixed at the diametrically opposite points of the rings »

as shown in figure. Smaller ring is now rotated by an angle 90° about Z-axis
then it is again rotated by 90° about Y-axis. Find the work done by

electrostatic forces ineach step. If finally larger ring is rotated by 90° about
X-axis, find the total work required to performall three steps. q

z +q

o

ag R. Kariya (S. R. K. Sir

Apositive charge Q is uniformly distributed throughout the volume of a dielectric sphere of radiusR . A<
point mass having charge + g and mass m s fired towards the centre of the sphere with velocity v from
a point at distance r (r > R) from the centre of the sphere. Find the minimum velocity v so that it can @
penetrate R/2 distance of the sphere. Neglect any resistance other than electric interaction. Chargeon
the small mass remains constant throughout the motion.

An electrometer consists of vertical metal bar at the top of which is

attached a thin rod which gets deflected from the bar under the action of 0
an electric charge (fig.) . The reading are taken ona quadrant graduated

indegrees . The length of the rod is | and its mass is m . What will be the !
charge when the rod of such an electrometer is deflected through an A

angle o . Make the following assumptions : ) B
the charge on the electrometer is equally distributed between the bar & the rod

the charges are concentrated at point Aon the rod & at point B on the bar.

Teko Classes, M

Successful People Replace the words like; "wish", "try" & "should" with "I Will". Ineffective People don't.



Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com

©
©

O
[EY
o

Q.11

Q.12

Q.13

Q.14

Q.15

[N
(o]

~—
S £

Q.17

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

A cavity of radius r is present inside a solid dielectric sphere of radius R, having
a volume charge density of p. The distance between the centres of the sphere
and the cavityisa.An electrone is kept inside the cavity at anangle0 =45°
as shown . How long will it take to touch the sphere again?

Two identical balls of charges g, & g, initially have equal velocity of the same magnitude and direction. o
After auniform electric field is applied for some time, the direction of the velocity of the firstball changes o
by 60° and the magnitude is reduced by half . The direction of the velocity of the second ball changes & g
there by 90°. In what proportion will the velocity of the second ball changes ?

Electrically charged drops of mercury fall fromaltitude hinto a spherical metal §
vessel of radius R in the upper part of which there is a small opening. The mass i B
of each drop is m & charge is Q. What is the number 'n' of last drop that can @ h S
still enter the sphere. Given that the (n + 1) drop just fails to enter the sphere. %
o

Small identical balls with equal charges are fixed at vertices of regular 2004 - gon with side a. At ag;
certain instant, one of the balls is released & a sufficiently long time interval later, the ball adjacent to the -
first released ball is freed. The kinetic energies of the released balls are found to differ by K at a"
sufficiently long distance fromthe polygon. Determine the charge g of each part. 8
3

E (@)

The electric field.in a region is given by E = T i . Find the charge contained inside a cubical volumeO

a=1lcm:

2 small metallic balls of radii R, & R, are kept in vacuum at alarge distance compared to the radii. Find 2
the ratio between the charges on the 2 balls at which electrostatic energy of the system is minimum. VVhat
is the potential difference between the 2 balls? Total charge of balls is constant.

Figure shows.a-section through tworlong thin concentric cylinders of

radii a & b with a <b: The cylinders have equal and opposite charges

per unit length A . Find the electric field at a distance r from the axis for @
@r<a (bya<r<b (©r>b

Asolid non conducting sphere of radius R has a non-uniform charge distribution of volume charge

density, p= p0 R , Where p,, isa constant and r is the distance from the centre of the sphere. Show that:
the total charge on the sphere is Q =7 p,R®  and

2
the electric field inside the sphere has a magnitude given by, E = KQ: .
R

A nonconducting ring of mass m and radius R is charged as shown. The charged
density i.e. charge per unit length is A. Itis then placed on a rough nonconducting

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir),

horizontal surface plane. At time t = 0, auniformelectric field E = E,ji isswitched ~ /* \ T

A
onand the ring start rolling without sliding. Determine the friction force (magnitude E
and direction) acting on the ring, when it starts moving. )
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Two spherical bobs of same mass & radius having equal charges are suspended from the same point
by strings of same length. The bobs are immersed in a liquid of relative permittivity e & density p,,.
Find the density o of the bob for which the angle of divergence of the strings to be the same in the air
& inthe liquid ?

An electron beam after being accelerated from rest through a potential difference of 500V invacuum is .
allowed to impinge normally on a fixed surface. If the incident currentis 100 u A, determine the force <
exerted on the surface assuming that it brings the electrons to rest. (e = 1.6x1071° C;m =9.0x1031kg) 2

Y o

?
. . .. . - o1t q -
Find the electric field at centre of semicircular ring shown in figure. 7 ‘_\+ . 0
.y 1 + (o0}
I -x %
¢ S
A cone made of insulating material has a total charge Q spread uniformly N
over its sloping surface. Calculate the energy required to take a test charge L g

g frominfinity to apex Aof cone. The slant length is L. 5

Aninfinite dielectric sheet having charge density ¢ has a hole of radius R

init. An electron is released on the axis of the hole-at a distance /3R

from the centre. What will be the velocity which it crosses
the plane of sheet. (e =.charge on electron and m = mass of electron)

Two-concentric rings, one of radius a'and the other of radius 'b" have the

chargesi+q and — (2/5)‘3’ 2 q respectively asshown in the figure. Find Yy e
the ratio b/a if a charge particle placed on the axis at z = a isinequilibrium.

Two charges +4, & —q, are placedatAand B respectively. A line of
force emerges from g atangle o with line AB. At what angle will it A Aa B
terminate at —q,? +q —

>
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Q.6(i)

EXERCISE # 111

The magnitude of electric field E in the annular region of charged cylindrical capacitor
(A) Issame throughout

(B) Is higher near the outer cylinder than near the inner cylinder

(C) Varies as (1/r) where r is the distance from the axis

(D) Varies as (1/r%) where r is the distance from the axis [11T'96,2] «

A metallic solid sphere is placed in a uniform electric field. The 147/}* >

lines of force follow the path (s) shown infigureas: 2 ( ) 8

(A) 1 (B) 2 3

(©) 3 (D) 4 [11T'96 , 2] 4—’—X\ S/ —— o
(o0}

. Caaies o « w1 2o 0Cdistributed non-uniformly &
on |ts cwcumference producmg an electrlc fleld E everywhere in space. The value of the line mtegralo

-0 3

| —Ed¢ (1=0being centre of the ring) in voltsis >
(& +2 (B) -1 ) -2 (D) zero[JEE'97, 1]o5
Select the correct alternative : [JEE'982+2+2=6] N

A+ly charged thin metal ring of radius R is fixed in the xy—plane with its centre at the origin O .A— lyS
charged particle P is released fromrest at the point (0, 0, z,) where z, > 0. Then the motion of P is: ¢,
(A) periodic, for all'values of z, satisfying 0 <7, <o

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

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

(D) such that P crasses O & continues.to move along the —ve z-axis towards x =—o

Phone : 0 903 903

Accharge +q s fixed at each,of the paints X = X, X = 3X;, X =5X, ...... o0 on the X-axis & a charge —q g
is fixed at-€ach of the points X = 2X,, X='4x,, X= 6X, .... 0 . Here X, is a +ve constant.. Take the electric %

potential at a point due to a charge Q at a distance r from it to.be 4 Q . . Then the potential at the or|g|n
TEEO
due to the above system of charges is :
g q/n2
(A) 0 B)-gre.x 2 (©) = () 4re x,

A non-conducting solid sphere of radlus R is uniformly charged . The magnitude ofthe electric fielddue.
to the sphere at a distance r fromts centre :

(A) increases asr increases, for r<R (B) decreases as r increases, for 0 <r <oo

(C) decreases as r increases, for R<r<o (D) isdiscontinuousat r=R.

Aconducting sphere S, of radius  is attached to an insulating handle . Another conducting sphere S, of
radius R is mounted on an insulating stand . S, is initially uncharged . S, is givena charge Q, brought mto
contact with S, & removed, S, is recharged such that the charge on it is again Q & it is again brought into
contact with 82 & removed. This procedure is repeated n times.

Find the electrostatic energy of S, after n such contacts with S, .

What is the limiting value of this energy as n — oo? [JEE'98,7+1 ]

An ellipsoidal cavity is carved within a perfect conductor. Apositive charge
q is placed at the center of the cavity. The points A & B are on the cavity
surface as shown in the figure. Then:

(A) electric field near Ain the cavity = electric field near B in the cavity
(B) charge density at A = charge density at B

(C) potential at A= potential at B

(D) total electric field flux through the surface of the cavity is g/e,, . [JEE 99, 3]
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Q.11

A non-conducting disc of radius a and uniform positive surface charge density  is placed on the ground,
with its axis vertical . Aparticle of mass m & positive charge g is dropped, along the axis of thedisc, from

a height H with zero initial velocity. The particle has 21 Og
(e)

Find the value of H if the particle just reaches the disc .
Sketch the potential energy of the particle as a function of its height and find its equilibrium paosition.

™

[JEE'99,5+5] é)

i en o o (%)eo E? (e, : permittivity of free space ; E : electric field) is : a
(AYMLTL (ByML2T -2 (C)MLT2  (D)ML2T-! (E)ML1T-2 ~
Three charges Q, +qgand +q are placed at the vertices of a right-angled Q %
isosceles triangle as shown . The net electrostatic energy of the 0
configuration iszero if Q isequal to : [ JEE 2000(Scr) 1 +1] §
—q -2q 3

A 3 (B) 2:v3 ) o
© 24 ©) +o g
N~

Four point charges+ 8 uC,—1uC,—-1uC and +8 uC, are fixed at the points, — J \/;m

3903

+\/; m and +, /7 m respectively on the y-axis .'A particle of mass 6 x 10 ~* kg and of chargeg

+0.1 nC moves along the —x direction . Its speed at x = + oo is v,,..Find the least value of v, for which©
the particle will cross the origin . Find also the Kinetic energy of the particle at the origin . Assume that

space is gratity free. (Given : 1/(4m-g,) = 9 x 109 Nm?/C?) [ JEE 2000, 10] §
Three positive charges of equal value g are placed at the vertices of an equilateral triangle. The resulting —
lines of force should be sketched as in [JEE 2001 (Scr)] s
e

m

W =

O\ Js 5% w
(A)/ N ()//06 © /))ﬂf(((q :
N, G 5

©

A small ball of mass 2 x 10-3 Kg having a charge of 1 uC is suspended by a string of length 0. 8m. %

Another identical ball having the same charge is kept at the point of suspension. Determine the minimum
horizontal velocity which should be imparted to the lower ball so tht it can make complete revolution. &

[JEE 2001]
Two equal point charges are fixed at x =—a and X = +a on the x-axis. Another point charge Q is placed ;3
at the origin. The change in the electrical potential energy of Q, when it is displaced by a small distance : :

Suhag

(%))
x along the x-axis, is approximately proportional to %
(A) x (B) x? (C)x3 (D) 1/x [JEE 2002 (Scr), 3] =
A point charge 'q' is placed at a point inside a hollow conducting sphere. Which of the following electric g
force pattern s correct ? [JEE’2003 (scr)] 3
@)
K
(¢)]
|_
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Charges +q and —g are located at the corners of a cube of side a as shown in the
figure. Find the work done to separate the charges to infinite distance.
[JEE 2003]

A charge +Q is fixed at the origin of the co-ordinate systemwhile a small electric dipole of dipole-moment

q

-9

q

—9

q

—-q

+q

—-q

p pointing away from the charge along the x-axis is set free froma point far away from the origin.

calculate the K.E. of the dipole when it reaches to a point (d, 0)
calculate the force on the charge +Q at this moment.

Consider the charge configuration and a spherical Gaussian surface as shown in
the figure. When calculating the flux of the electric field over the spherical surface,
the electric field will be due to [JEE 2004 (SCR)]
(A g, (B) onlythe positive charges

(C) all the charges (D) +g, and -q,

Six charges, three positive and three negative of equal magnitude are to be placed
at the vertices of a regular hexagon such that the electric field at O is double the
electric field when only one positive charge of same magnitude is placed at R.

Which ofthe following arrangements of charges is possible for P, Q, R, S, T and
U respectively? [JEE 2004 (SCR)]

(A)+, -+, - - + (B)+, - +, -+, — (C) +, +, -, +, -, — (D) —,

U

T

[JEE 2003]

7
1

[}
\

\
N

7T~
7
4

Tq

-q

~N D

\
1

1
/
4

~ -

+, +, =+ =
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Two uniformly charged infinitely large planar sheet S, and S, are held in air parallel to each other witho
separation d between them. The sheets have charge dlstnbutlon per unit areacy.and o, (Cm=2), q,
respectively, with o; > c,,. Find the work done bythe electric field ona point charge Q that moves from& =
from S, towards S, along a line'of lengtha (a < d) making an angle /4 with the normal to the sheets. o
Assume thatthe charge Q does notaffect the charge distributions of the sheets. [JEE 2004]

Three large parallel plates have uniform surface charge densities as shown in the figure. What is the £
electric field at P. [JEE’ 2005 (Scr)]

z=a

. 4o ) 26 o ——
(A - 2Ok (B)_k ©) -2k (D)—Gk e —

EO Eo 0 -
Which of the following groups do not have same dimensions [JEE’ 2005 (Scr)]

zZ=a

z=2a

(A) Young’s modulus, pressure, stress  (B) work, heat, energy
(C) electromotive force, potential difference, voltage
(D) electric dipole, electric flux, electric field

A conducting liquid bubble of radius a and thickness t (t <<a) is charged to potential V. If the bubble

collapses to a droplet, find the potential on the droplet.

The electrostatic potential (¢,) ofa spherical symmetric system, kept at origin, is shown in the adjacent - -

figure, and given as A

_ q o
>R t
r dre,r (r=Ry)
q
= r<R
" 4ne R ( o) R, r

Which of the following option(s) is/are correct?

(A) For spherical regionr <R , total electrostatic energy stored is zero.
(B) Withinr = 2R , total charge is .

(C) There WI!| be_no _charge anywhere exceptatr=R .

(D) Electric field is discontinuous atr =R .

"try" & "should" with "l Will"

[JEE 2005]

[JEE 2006]
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Q15 0,==,0 Q17 2R Eoi Q.18 str_pol Q.19 7.5x10°N
e, -

4kqi Qq _ ceR

Q20 - Q21 o1 Q2 v= 4 Q.23 2
24 b=2sint [sin2 ﬂ]
Q 2\q
EXERCISE # |11
Q.1cC Q.2 D Q3 A Q.4 (i) A, C, (i) D, (iii) A, C
Q.5 () U a’Q” (1" 2Where a= R (b) U (n— o) RQ®
. = = —, o) =
?  8neyR| 1-a r+R 2 8ne,r?
. . 4a TR o q G
Q.6(i)C, (ii)(aH=—,(b)U=mg [2 h°+a —h} equilibriumat h= =2,
3 J3 S

Q.7 (a) E, (b) B, (c) v,=3m/s; K.E. at the origin :(27—10\/5) x 10~*J approx.2.5 x10*J
Q.8C Q.9 5.86mis Q.10 B Q.11 A

1 g% 4

——————[3vy3=3/6 -2
QI2-7 ) \/g[*/_ J6 2]
P Q QP . _
Q.13 4(a) KE= = (b) 5 along positive x-axis Q14 C
TEQ d2 27'580d
(03-0,)Qa a "2

Q15 - 4% +-1Q16 L5 ‘. Q17 'CT Q18D  Q19V'= [5) AY;
Q.20 ABCD
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