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ELECTROSTATICS

Charge
Charging a body implies transfer of charge (electrons) from one body to another.
body means loss of electrons, i.e., deficiency of electrons. Negatively
excess of electrons.

1. Repulsion is a sure test of electrification. A charged b
oppositely charged body but it always repels a similarly c

4. A charge at rest produces
motion produces electric as

curvature)

Coulomb's1

1 qq,

2

dneg, T

(a)

air

(b) ny other medium F_ g, :i(ql‘}]: ! (ql(jzj, So e, :F”“;where, & = (g/€0) =

drne\ r 4dneye,

relative permittivity of the medium and it is also known as dielectric constant (K) of the
dium. It has got no units and no dimensions. The dielectric constant of a metal is infinity.

medium

2. Ifacharge Qis to be divided into two parts such that the force between them is to be maximum,
then each part is equal to Q/2.

3. When two identical conductors having charges gi and g are put in contact and then separated,
then each has a charge equal to (g1 + g2)/2. On the other hand, if charges are q: and - g3, then
each hasacharge (qi1-q2)/2.
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4. Two charges Q each are at a distance r from each other. If a third charge q equal to (- Q/4) is
placed at a distance (r/2) from each charge, then all the charges will be in equilibrium.

5. The force of interaction (attraction or repulsion) between two charges increases with decrease
of dielectric constant and is maximum when the medium between them is air.

Electric field and electric field intensity:

The electric field intensity E at any point is equal in magnitude to the force experienced per unit
(test) charge placed at that point and is directed along the direction of the forceg@xperienced,

. - F

le, E=—

do

4. Intensity of the electric field inside a charged spherical (
charge resides on the outer surface of the conductor.

5. The intensity of the electric field outside the ¢
1 Q

E= — where r > R (R =radius
47‘[80 r

6. Electric field due to a non-conducting c

1 Q 1 Qr
a) B, =—, b) E = €)E,=—" <
( ) out 41'[80 1‘2 ( ) surface 4%80 ( ) in 4TI:K80 R3
7. Intensity of the electric field oint (distant x from centre) on the axis of uniformly

1 qx
4mey (x°+R%)/2

y: E i.e.E o x, for a small distance, but it is

eet (infinite dimensions) of charge having surface charge
&/2g0). For a positively charged sheet, the field is directed towards outward
depend on the distance of point from the sheet.

1d at a distance r from a line charge (density A) is: E= 5 A :KLQJ . If the line charge
TEYr r

is a cylinder of radius R,
(a) then the electric field outside: E = A/2neor
(b) electric field on the surface; E =X\/2ngR

AT

(c) and electric field inside at a distance r from the axis: E= P
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Electric lines of force

The imaginary line or a curve, tangent to which at any point gives the direction of field at that point,
is known as electric line of force.

Electric field lines emerge from a positive charge and terminate into a negative charge.
Electric lines of force never cross each other.

Electric field lines do not exist inside a conductor.

Electric field lines are always perpendicular to charged conducting surface.

Electric field lines never form closed loops.

Electric field lines are always perpendicular to equipotential surface.

In a uniform electric field, the electric lines of force are equidistant, pa

© N oUW e

If the lines of force are closer, the intensity of electric field is more
far apart, the intensity of electric field is less.

9. If a metallic solid sphere is placed in a uniform electric field, then the lin
to the surface at every point but they cannot pass through the

Electric dipole

Two equal and opposite charges separated by a small distance

Electric dipole moment Bis a vector quanti ¢ is equal to the product of

o charges. It is directed from
negative charge to positive charge.

Electric field at some axial point: at afdi midpoint of dipole of length 2a, the
1

magnitude of field is: E =

: at a distance r from midpoint of dipole of length 2a, the
1 p
4ng, [r? +a’]?

[

the direction of uniform electric field E and the axis of dipole, then the

The direction of E is opposite to that of p.

> -

edipoleis:t=pEsin® or 1= pxE and potential energy U = - pE cos 0

Electric flux is defined as d¢=E«E§ or q):J‘E-dE and for a closed surface, ¢:§E~d_§. Ina

uniform electric field E, flux through a plane surface of area S is: ¢=E-§=E5cose. The flux is
positive, if field lines leave the area, negative if field lines enter the area.
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Gauss’ law: The total or net outward electric flux through a closed surface is equal to the total
charge enclosed by the surface divided by &, i.e.,. ¢= ifﬁd_é = (q/&0). Even if total net flux
through a closed surface is zero, the electric field E at the Gaussian surface may be nonzero.
(e.g. A conductor placed in uniform electric field)

Force per unit area on a charged conductor (or electric pressure):

If o is the surface charge density, then electric pressure dF/dA = (c%/2¢0). The forc always
directed outward as (*c)? is positive, i.e., whether body is charged positively @r negatively,
this force will always try to expand the charged body. A soap bubble ogru
expands on giving a positive or negative charge to it.

Electric potential

The absolute electric potential at any point in the electric field is define k e per unit
positive charge required to move the test charge from 4 ity to that Ppoint. Potential
difference between two points A and B in an electric field i i ork required to
move a unit positive charge from the point A to the point B ag tehsity of the electric
field.

. W .
ie. Vg -V, :% (where qo is the test charge)
0

(a) If Wapis +ve, V> Vy (b) if Wap i < Va (C) if Wag is zero, Vg = Va.

1. The electric potential at a distance r from a point ch s given by: V= 2 1 4
ey T
2. The electric potential at a point due to oup of/point charges q1, qz,........, qn, Which are at
=V, +V,+V;+......... V,
L 1 pcosB .
3 is given by: V= >— (where p = 2Iq = electric
dngy r

of the dipole: V=

2

(Ej and the potential on the equator of
r

4me,

ged hollow spherical conductor: Electric potential is constant from

urface and is equal to V= 1 ! (EJ . Outside the conductor, the potential is
TEY

tion to the distance from the centre.
ge distribution is continuous rather than being a collection of point charges, then
1 J‘dq

dngg d 1

Relation between electric field intensity and electric potential difference
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If A and B are two points in an electric field separated by an infinitesimal distance dx so that the
potential difference between them is dV and the electric field intensity is E, then E = - (dV/dx).
The negative of the potential gradient is known as intensity of the electric field. The negative
sign shows that E points in the direction of decreasing V.

Electric potential energy

1. The electric potential energy of a system of fixed point charges is equal to the work done by an
external agent to assemble the system, bringing each charge in from an infinite di ce. The
potential energy may be positive or negative depending on whether the work isf{done against

the electric force or by the electric force during transport respectively.
2. A charged particle placed in an electric field has potential energy because ofits interaction wjth
the electric field.
3. If two charges g1 and g are separated by a distance r, then the potential e system
_ 1 919,

4ngy r
4. If three charges g1, g2 and gz are arranged at the three vertic ilater
the PE of the system is given by: U= ! [qlqz + 929
4megy| T r

Equipotential surface

al triangle, then

The locus of all points which are at the same pot

1. No work is required to move a charge fr

3. The work required to move a unit posit ound a charge Q along a circle of radius r is
equal to zero.

4. The electric lines of force ar
have a component along the e

e is placed in an electric field, it experiences a force which drives it from
ptential to points of lower potential. On the other hand, a negative charge

tio of the velocities acquired by two charged particles accelerated from rest through the

ql/m1]

same potential difference are in the ratio: Vi (
q; /m,

Va

Trajectory of a charged particle in a uniform electric field
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1. A charged particle thrown horizontally into a uniform electric field .
acting vertically downwards is similar to a body thrown - F T+
horizontally from the top of a tower. Therefore, it follows a
parabolic path.

2. Iftis the time taken by the charged particle to cross the length [ of
the electric field with constant velocity vy then t = (I/vs) and

velocity gained by the charged particle along y-direction at the point of exitis: v

3. Deviation suffered by the charged particle along y-axis, as it just comes out o

2 leE I?
ez
X

is given by: yzlat =
2 2m vy

Electric capacitance

1. The capacitance of a conductor is defined as the ratio of the ch iv uctor to the
potential raised due to it, i.e.,, C = Q/V (Q is measured in coul@mb and V ig vol). The SI unit of
capacitance is farad.

insulator or dielectric. The
vice that stores electric

2. A capacitor or condenser consists of two conductors se ted by
conductors carry equal and opposite charges =Q. It is a ical
charge.

Electric potential energy stored in a charged c

1. The capacitor stores charge as well as e

The energy is stored in the electric field tes of a charged capacitor.

The energy stored per unit volume in

plates of capacitor.
Qz
2gyA

4. Force of attractio ly charged plates of capacitor is F =

1
or F =ESOE2A

. . L A
ate condenser with air in between the plates is given by: C, :807, where

y filled between the plates of the capacitor, is given by: C,,.; = KZ)A = %
4. If a dielectric slab of thickness t and dielectric constant K is introduced between the plates, then

god

the capacity of the condenser is given by: Cjjeceric = . If the dielectric slab is replaced
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, go4

by a metallic slab of same thickness, then (., = (because K is infinite for metal). It is

interesting to note here that C' metal > C’ gielectric

5. If anumber of slabs of thickness tj, t;.., tn and dielectric constants Ki, K>,........,, Kn are completely
fill the space between the plates, then the capacity is given by: C'= &l
LR AL sl
Kl KZ Kn
6. If the upper plate of the parallel plate condenser is connected to the lower plate, then its
electrical capacitance becomes infinity.
7. For an air filled spherical capacitor: C, = izgoaf :
—da
N . . . 2meyl
8. For an air filled cylindrical capacitor: €, =——"——
log,(b/a)
Grouping of capacitors

1. In series grouping, i:i+i+iand i.e, Qi = Q2 s.Qs3. Here, effedtive capacitance Cs, is
CS Cl CZ CS
always less than the least of the individual capacitances.

2. In parallel grouping, C,=C1 + C2 + Czand i.e, V& V2, = V3

Regrouping of condensers

Two condensers of capacity €1 and C; a
condensers are now connected with

C,V, +C,V.
171 2V 2 an

common potential (V) = Y
1103

al charges on two condensers is qi' = CiV, ¢’ =

V.

Two condensers of capaciti
reconnected with

Cia arged separately to potentials Vi and V.. If they are
site pOlarity together, then the common potential is given by:

stored with battery still in connection:
(€)Q=KQo (dJE=Es (e)U=KUo
ected and dielectric slab is inserted:

Q=Qo (c)V=Vy/K (d)E=E¢/K (e)U=Uy/K

s charged and then battery is disconnected: If the distance between the two plates is
by insulating handles, then
(a) capacity decreases (b) potential difference increases (c) intensity of electric field remains same

(d) charge on the plates remains same and (e) energy stored in the capacitor increases
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ASSIGNMENT

1.

When a solid body is negatively ch
means that the body has

(a) acquired some of electron
(b) lost some protons

by friction, it

(c) acquired some electr mber
of protons

(d) lost some posi

Two positive char d 3 coulombs
are placed 10ycm ic potential at a
distance o from the middle point on the right
bisector o joini 0 chargesis :

Vv

(b)20V (c)40V (d) 16.0V

k done in moving a positive charge on an

ipotential surface is

(@) finite and positive (b) infinite

(c) finite and negative (d) zero

Two charges are placed at a distance apart. If a glass

slab is placed between them, force between them will

(a) remain the same (b) increase

(c) decrease (d) be zero

Electrons are caused to fall through a p.d. of 1500

volts. If they were initially at rest. their final speed is

(a) 4.6 x 10" m/s (b) 2.3 x 10" m/s

(c)0.23x10"m/s  (d) 5.1 x 10" m/s.

The potential inside a hollow spherical conductor

() is constant

(b) varies directly as the distance from the centre

(c) varies inversely as the distance from the centre

(d) varies inversely as the square of the distance from
the centre.

Two plates are 1 cm apart and the potential difference

between them is 10 volt. The electric field between the

plates is
(@) 10 N/C (b) 250 N/C
(c) 500 N/C (d) 1000 N/C

A and B are two spherical conductors of the same
extent and size. A is solid and B is hollow. Both are
charged to the same potential. If the charges on A and
B are Qa and Qg respectively, then

(@) Qais lessthan Qg

(b) Qais greater than Qg but not double

() Qa=Qs
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(d) Qa=2Qg 20. In the network shown below, all the capacitors are of

Two capacitors of capacities C; and C, are 1 microfarad. The .
connected in parallel. If a charge Q is given to the equivalent capacitance l ﬁ "7
assembly, it gets shared. The ratio of the charge on between P and Q in

capacitor C; to the charge on capacitor C, is given microfarads is

by (2) 4 (b) % Ly T
(8) C/C,  (b) C,/C;  (c) CAIC2  (d) CAC? (c) % (d) 4/3 T

A capacitor connected to a 10 V battery collects a 21. A capacitor having a capacity of 2.0 microfarad is
charge of 40 micro coulomb with air as dielectric charged up to 200 V and its plates argjgined to a wire.
and 100 micro coulomb with oil as dielectric. The The heat produced in joule will be

dielectric constant of the oil is : (a) 4 x 10* (b) 4 x 10™%°

(@) 4 (b) 2.5 (c)0.4 (d) 1.0 (c) 4x 102 (d) 2

A given charge situated at a certain distance from a 22. In the circuit given,

short electric dipole in the end-on position the charge in micro-

experiences a force F. If distance of the charge is coulomb, on th :J

doubled, the force acting on the charge will be capacitor  havi 5 HF

(a) 2F (b) F/2 (c) F/4 (d) F/8 capacity j' s

A charge Q is placed at each of the two opposite microfarad §v

corners of a square. A charge q is placed at each of @45 (b : s

the other two corners. If the resultant force on Q is (©7 (d) !

zero, then drops of the sarpe size are charged to V volt
(a) Q =2q (b) Q=-2q uch coalesce to form a single large
©)Q :2\/2q (d)Q= -2\/2q eptial will be

In (c) Vn'® (d) vn??
e four capacitors in the given circuit is 50
arge on 100V

The electric field in a region of space is given by
E =5i+ 2] N/C. The electric flux due to this field

through an area 2m? lying in the YZ plane, in S.
units, is

C
(a) 10 (b)20  (c) 10V2 (d) 2729 C
An infinite number of charges, each equal to (€) 2.5x10°C
coulomb, are placed along the X — axis at x (in (d) 2.5x10°C
metres) =1, 2, 4, 8, ... and so on. Theypotential and 25. A capacitor of 20 uF, charged to 500 V, is connected

field in Sl units at x = 0 due to this set

. . in parallel with another capacitor of 10uF charged to
respectively I/4mey times

200 V. The common potential difference across the

(a) 29, 4q combination is
(c) 29/3, 4q/3 (d) @300V (b)350V (c)400V  (d) 700V
Three |dent|ca| chares ar plac 26. Five identical capacitors connected in series have an

equivalent capacitance of 4uF. If all of them are
connected in parallel across a 400 V source, the total
. . (d) 3',: . energy stored in them is

An electric Q|.pole a uniform electric _fleld (@) 2J (b) 4 ()81 (d) 16 J
Q" algnergy when the dipole 27. Four metallic plates, each having area A, are placed as
momegt is field atan angle shown. The distance between the consecutive plates is

~4/(c) zero (d) 3n/2 d. Alternate plates are connected to points A and B.
TAwo char g spheres of radii R; and R, The equivalent capacitance

separated b large distance, are connected by a of the system is A
lo ire. tio of the charges on them is i B
a) ecA/d b) 2€,A/d
B)R/R;, ()RR (d) RAR,? 8 3 ;0 Al Edg 462A,d D’
TW(_)t_con hentrlc r_pﬁtall'c spherical shells are given 28. A parallel plate capacitor with air between the plates
POSILIVE Charges. Then is charged to a p.d. of 500 V and then insulated. A

(a) the outer sphere is always at a higher potential plastic plate is inserted between the plates filling the

(b) the inner sphere is always at a higher potential whole
. gap. The p.d. between the plates now becomes
(c) both the spheres are at the same potential 75\ The dielectric constant of -
oF . . . plastic is
(d) no prediction can be made about their potentials (a) 10/3 (b) 5 (©) 20/3 (d) 10

unless the actual values of charges arid radii are 29
known.

. Two slabs of the same dimensions, having dielectric
constants K; and K,
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30.

31.

23c ,24b ,25c ,26¢ ,27¢c ,28
33d ,34a ,35c ,36d

completely fill the space between the plates of a
parallel plate capacitor as shown in the figure. If C is
the original capacitance of the capacitor, the new
capacitance is

@ (K1+K jC ) ( 2K K, ]c

Ki+K;

© (K+K)e @ [KKlfé jc
1 2

The figure shows two identical parallel plate
capacitors connected to a battery with switch S
closed. The switch is now opened and the free space
between the plates of the capacitors is filled with a
dielectric of constant 3.

The ratio of the total ’ﬁ
energy stored in both =
capacitors before and after
the introduction of the
dielectric is

(a) 5/3 (b) 3/5 (c) 5/2 (d) 2/5

A parallel plate capacitor is charged and the
charging battery is then disconnected. If the plates of
the capacitor are moved farther apart by means of
insulating handles

(@) the charge on the capacitor increases

(b) the voltage across the plates increases

(c) the capacitance increases

(d) None of these.

ANSWERS
la,2c ,3c ,4d ,5¢ ,6b,7a,8d ,9¢c,10 ,12d
13d,14a ,15d ,16¢ ,17c¢ ,18a,19b ,20 b

,30b ,

32.

33.

34.

35.

36.

An infinite number of capacitors, having capacitances
1uF, 2uF, 4uF, 8uF,.... are connected in series. The
equivalent capacitance of the system is

(@) infinite  (b) 0.25 uF (c) 0.5 uF (d) 2 uF

The radius of a hollow metallic sphere is R. If the
potential difference between its surface and a point at
a distance of 3R from its centre is V, then the electric
field intensity at a distance of 3R from its centre is

(@) VI2R (b) V/3R
A point charge g is placed at the
side L. The electric flux emer
@a/eo  (b)a/6L <o
Electric charges g, g an

is

() al

A metallicg@phere*is placed in a/uniform electric field.
The lines path(s) shown in the
figure as

(a) (c)3 (d) 4
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