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Chapter- 1 (c¢) Electrostatic Potential & Gauss’s law

29. Area vector:-

In some cases of physic.s; we neejd to know not only thg magnitude of a 2 hus
surface area but also its direction. The area vector i1s taken always 3

perpendicular to the surface. As ‘I
dS =7 ds
Here 1 1s a unit vector L to the surface.
asda. dS

30. Electric Flux:- ™

The word flux comes from the Latin word ‘fluere’ means ‘to flow’. Thus electric flux 1s a measure
of flow of electric field through a surface. Or

Electric flux may be defined as the number of electric lines passing through a given area. It is a
scalar quantity & denoted by @,.

Suppose an area element ds is placed in a uniform electric field E making at angle 0.

Then @, = E.ds
Or @, = Eds cos6

Unitof @, =NC!X m2=Nm2C1
Special Cases:-

o If area element is placed in plane of electric field then area vector become
perpendicular toelectric field. So
6:=90° = ¢0s90° =1
So =0, =Eds(0) =0
o Ifarea element is placed L to plane containing E. Then area vector become parallel
to electric field.

0=0° = cos0=max =1

@, = Eds (max)

==

%
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Q.21: Consider a uniform electric field E=3x10*N/C. (a) What is the flux of this field through a square of 10cm
on a side whose plane is parallel to the yz plane?

(b) What is the flux through the same square if the normal to its plane makes a 60° angle with the x; axis?
Ans (a) ==3x10°x0.01 x cos0° =30 Nm*/C
(b) Plane makes an angle of 60° with the x; axis. Hence, 6=60° Flux, ®=3x10° x0.01xc0s60°=15Nm?*/C

Question 22: What is the net flux of the uniform electric field of above question through a cube of side 20 cm
oriented so that its faces are parallel to the coordinate planes?

Answer: All the faces of a cube are parallel to the coordinate axes. Therefore, the number of field lines entering the
cube is equal to the number of field lines piercing out of the cube. As aresult, net flux through the cube is zero.

Question23: In a region of space the electric field is given by E= &A + 4} + 3’:’ Calculate the electric flux

Through a Surface of area 100 units in x-y plane.

Solution: A surface of area 100 units in the xy plane is represented by an area vector § =100 ’:’ (direction along the
Normal to the area). The electric flux through the surface is given by (I)E :Eg = (&+4_[+ \?k) (1 O&) = 300 units
Question24: Calculate the electric flux through a cube of side ‘a’ as shown, Where Ex = bx'?; E,=E,=0,a=10cm
and b = 800 N/C-mY2. (In Nm?/C)

Solution: x-component is given by E, = bx”z, where b = 800 N/Cm.
For the left face perpendicular to the x-axis, we have x = g = 10 cm, while for the right face x = 2a = 20cm.
Hence for the left face, the x-component of the field is Ey= 800 x (10 x 102 m)*? = 253 N/c
For the right face, we have E, ' = 800% (20 x 10~ )1"2 =358 N/C

The area of each face is S = 100 cm’ = 10°m” y
Hence, the flux through the left face ==E,S = (253) (107?) == 2.53 N-m%/C
The flux through the right face = E;'S =(358) (107%) = 3.58 N-m?/C o : R
The net flux through the other faces is zero, because E, = E, = 0 / a L
r.4

Hence, the net flux through the cube ¢, =3.58 — 2.53 =1 (approx)

Q.25: A point charge causes an electric flux of =1.0 x 10> Nm?” /C to pass through a spherical Gaussian surface of
10.0 cm radius centered on the charge. (a) If the radius of the Gaussian surface were doubled, how much flux
would pass through the surface? (b) What is the value of the point charge?

Answer: (a) Electric flux, ® =-1.0 x 10* N m? /C Radius of the Gaussian surface, r = 10.0 cm

Electric flux piercing out through a surface depends on the net charge enclosed inside a body. It does not depend on
the size of the body. If the radius of the Gaussian surface is doubled, then the flux passing through the surface
remains the same. i.e., -1.0 x 10° N mz/C

(b) Electric flux is given by the relation @ = ei,
0

Where, q = Net charge enclosed by the spherical surface and €,= Permittivity of free space = 8.854 x 10 *N'C* m™
q =-1.0x10%x 8.854 x 10 = -8.854 x 10~ C = -8.854 nC
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31. Gaussian Surface:

Any hypothetical closed surface around a charge having same electric field at all points is called
Gaussian Surface. There are three types of Gaussian surface.

+) + ~
T (b) (©
(2)

1. Spherical Gaussian surface:-

A Gaussian surface around a point charge 1s called spherical Gaussian surface. As shown in fig (a)

2. Cylindrical Gaussian Surface:-

A Gaussian surface around a line charge 1s called cylindrical Gaussian Surface. As shown m fig (b)

3. Plane Gaussian surface:-

An mfinite small part of spherical or cylindrical Gaussian surface is called plane Gaussians surface.
As shown 1n fig (c)

32. Gauss Theorem:-X1m2

According to Gauss theorem, electric flux or surface mtegral of electrical field over a closed surface
1s equal to 1/g; times the total charge enclosed by the surface.

Iae Ge _§ dS = ;
Proof:- Suppose a pomt p having r distance from +q charge on the Gaussians Surface of small area
ds. Then electric field at point p1s E=

& electric flux at point p1s @, = ﬂ E.ds

=$ . E.fidscos®

= $ E ds cos0°
@, =¢Eds
=E¢ds

= 44:15 5 X 47 r? (Here 95 ds = 4nr? is surface area of sphere)

Or ®e=951‘3’.ds=§

Hence Gauss theorem is proved
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33. Deduction of Coulomb’s law from Gauss theorem:- Or

Electric field at a point due to point charge:-

Suppose a point p on a Gaussian surface d_s}having charge qparound a charge q. If r 1s the distance
between q & qo then electric flux may be given by gauss theorem 1s

@, =$E.ds=2
€p
Or 0, -¢ Eds=2

€0

= E.fidscosg= L
g 50

= $ Eds cos0°= =+

£0
¢, =¢Eds = ~
€0
—Efds==
€0

Or E$ds=-= Here ¢ ds—area of Gaussian sphere = 4mr?

€0

= Ex4ari=21
£p

i P
Or E 4nggr
Now force may be given as F =qoE
= 1,904
So F= dmgg 12

This is coulomb’s law. Hence coulombs law can be obtained by Gauss theorem.

v' Gauss theorem is used to caleulate electric field at a point, but Coulomb’s cannot simplify
problems related to electric field, Gauss’s law is more easily, suitable & more useful in
situations involving symmetry.

34 APPLICATION OF GAUSS THEOREM M1=p

(I). Electric field due to an infinitely long charged wire:-

Suppose a infinite long charged wire having length ¢ & charge q. Suppose a cylindrical Gaussian
surface of radius r around the wire having three small area elements ds; , ds;& ds; as shown 1n fig.

Now According to Gauss theorem
¢— ¢, E.ds= 5651 E.ds; + 5652 E.ds; + 9553 E.ds3

= fsl Eds;cos90° + st Eds;cos0°+ fs3 Eds;cos90°=-=1

€0
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OR o= ¢ E.ds= [ Eds, . "
1
Or ®.=E[ ds,= - S = —>E
2 €p - _;'_-r
H
Here [ ds,=area of the cylinder = 27mr¢ 1
+
H
So @.=E X 2mr¢ - . 1oy >E
.‘.
+H
Or E=— H
2megrl 1
) = 0N
O E= (1 = (q/D

F__
&

o Thus electric field of a line charge is inversely proportional to the
distance from the line charge.

(II). Electric Field due to uniformly charge infinite plane sheet:-

Suppose a uniformly charged mfinite plane sheet of charge having charge density 6. Again suppose
that there are two Gaussian surfaces around the Plane sheet of charge having electric field E.

Now According to Gauss theorem

@, =ES +ES=2ES=~

0
Or 2ES =2
€0
. _ _4q
Or E 2ecs
_o W4
Or 2g0 ( s G)

Clearly electric field due to plane sheet of charge does not
depend on distance on from the plane sheet.

(IIT). Electric Field due to two infinite plane sheet of charge :-

Suppose there are two infinite plane sheets of charge having charge densities o,and o,. Again
suppose that electric field of plane sheets of charge toward Right hand side 1s +ve & toward L.H.S.

1s —ve.
+
Now electric field in region (I) may be given as y A
++j'+‘f‘ + +++.f
— — + + +
E = °1 , 92_ _ (01+02) 1 +,f+: +++I
280 280 280 + 4+ ; E ++t:. m
: A : : -
Again electric field in region (II) may be given as ¥ + +:fl- 4 +t e
% 4ty
+
o o 1 + ¥
EH: < . 2 = = (01_ 02) ————————————— 2 +++"+ +¢I+
280 280 280 + + 7
+
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Similarly electric field i region (III) region me be given as

01 02

1
— —_— + —_ = —_— (51 + (- |
Epy = 20 - (01 + 03) 3

If 6, =0, theneq'l, 2 & 3 becomes.

—0 —0 —20 —0
EI T e— — = — —_— —
280 280 280 €p
g g
& En= 5-- 57
280 280
20 g
Em= - = —
€p €p

(IV). Electric Field due to a uniformly charged thin spherical shell.

Suppose a thin spherical charged shell having charge q & radius R.
A. When p point lies outside the spherical shell.

Suppose a pomt P on small Surface ds having charge qg. Then electric field at point p is same as
that of due to a point charge.

Le E= LI (For > R )

4mey 12

B.  Now if point p lies on the spherical shell than according to i
Gauss theorem.

E x4mR*=2 -
€p §
- = q - = L\
Or E pro— (Forr=R) .
- = i .o - q S
Ok R €0 (vo = 4mR? )

C. When p point lies inside the spherical shell.

As we know that charge enclosed by a Gaussian surface 1s zero
So 0., =E¢ds=o

Or E=o

Hence electric field inside a charged spherical shell is zero.

Graphically variation of electric field with distance r is as shown fig electric field is zero when r < R,
maximum at r = R & decreases whenr < R.
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(V). Electric Field due to a charged insulating sphere:-

(A) When p point lies outside the sphere
Suppose a pomnt P on small Surface ds having charge q,. Then electric field at point p is same as
that of due to a point charge

Le E = — 2 (Forr>R). o’ .

dmey 12

(B) Now if point p lies on the sphere than according to Gauss theorem.

So E x 4nR*> =21
€0
. — q . —
Or E = pR— (for r = R)
- :i e — q
Or E " (v o TRz )

(a) When p point lies inside the sphere
Suppose a charge sphere having charge q & radius R. Now electric field

at a point p lying inside the sphere at pomt p having r distance from
centre of the sphere 1s given by Gauss theorem.

§ B0 -
s £0

_ 2 4 mrip _q9_ q ~ .

Cleary E—gSS S=3m, ( p== ) E E= Bmant
0

3 |

;

Or B e T2 !

=0} :

E— £ 1 & *
3gg 2=R

Graphical variation of E with distance:

v' If point p lies on the surface of the sphere thenr =R. So from eq” 1
= E = %(maximum)
0
v' If point p lies at centre of the sphere then r =0 so eq" 1 becomes E= 0
v If point p lies outside the sphere then the case becomes same as in case of point charge.

1 S o :
As o }% the variation of E with 1s as shown i graph.
TEP
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Chapter 1 (d) Electrostatic Potential

35. Electrostatic potential difference:-

Suppose a point charge q 1s placed at point B in the field of any other charge +q. Now amount of

0@ #—-(—-0ﬂ B%

=V,-Vg=Vgy 'W

work done to move a charge from B to A is given by

Wga
qo

Hence Electrostatic Potential difference may be defined as the amount of work done to move a unit
+ve charge from one point to other point again the electrostatic forces without acceleration.

e It 1s assumed that test charge qg1s so small that it does not disturb the source charge q.
e The external force 1s so small that it just balances the repulsive force between the charges &
does not produce acceleration in source charge.

SI unit of potential difference is volt:- ™"

1 Jule

1 Coulomb

Le 1 volt = =1 NmC* =1JC"
Hence potential difference between two points is said to be one volt if one joule is the amount of
work done to move one coulomb charge from one point to another point against the electrostatic

forces without acceleration.

FElectrostatic Potential:-

Electrostatic potential at a point is defined as the amount of work done to bring a charge from « to
that point against electrostatic force without acceleration.

S =V
& qo A

Unit of electrostatic potential is also volt.

1 Jule

1 Coulomb

1 volt= =1NmC?! =11JC!

i,e Hence electrostatic potential at a point is said to be one volt if one joule is the amount of work
done to move one coulomb charge from <« fto that point against electrostatic force without
acceleration.
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mp

36. Electric Potential Due to a point charge:-i

Suppose a test charge qo 1s placed at point A & a charge + q 1s at point O. Now according to

Coulomb’s law the force between the charges is bog (_“f p
5o ¢ ———y oo
B dmey x2 Q]h—'——” % F

Now if we want to move charge from A to B having small v X .

distance dx between then. Then small amount of work dw may be given
As dw=F.dx =F dx cos180°=- F dx
So total work done to move charge from oo to p 1s

W:—I;Fdx

:_J‘?’ 1 qao
0 4ney x2

— rl
_—9490 _2 dx
dmeg P x

— T _
=430 (" %2 qx

4meg “°
_ —q4qo [x—2+1 .
4meg - 241 ~%
_ 9090 Xgamar
4me g [ =1, ] oy
—q990 1
41me g [ X ]m
£ 990 ¢l g7
4TE o [x ]

41ie r ™
0
Or w= 1%
dmegr
w w
As we know V=— so V=—=—1
qo qo  4megr

Cleary V x - e electric potential varies inversely with distance.

Question26: The electric potential at point A is 200 V and at B is —400 V. Find the work done by an external force and
Electrostatics force in moving charge of 2 x 10°%c slowly from B to A. (in W)
Solution: Here, g, =2x10°C; V,=200V; Vy=—400V

Work done by the external force = Wg_s = go (Va— V&) = (2 x 10'8) [(200 — (-400)]

Work done by the electric force = — (Wpg_1)external = 12
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Example 27: Two charges + 10 uC and + 20 pC are placed at a separation of 2 cm. Find the electric potential due
to the pair at the middle point of the line joining the two charges.

Solution: Using the equation V = Q
dwegr
-6 9 2-—2
The potential dueto+ 10 uCis V; = 1ox 10 ?:1(3;1: Nm€D _ 9MV.
-6 9 202
The potential due to + 20 uCisy2 = EXIEOXCXITENL D 48 py,

The net potential at the given pointis 9 MV + 18 MV = 27 MV.
If the charge distribution is continuous, we may use the technique of integration to find the electric potential.
Example 28: (a) Calculate the potential at a point P due to a charge of 4 x 107'C located 9 cm away.

(b) Hence obtain the work done in bringing a charge of 2 x 10 C from infinity to the point P. Does the answer
depend on the path along which the charge is brought?

Solution (a) =4 x 10°V (b)=8 x 1077

No, work done will be path independent. Any arbitrary infinitesimal path can be resolved into two perpendicular
displacements: One along r and another perpendicular to r. The work done corresponding to the later will be zero.

Example 29; two charges 3 x 10° C and -2 x 10™° C are located 15 cm apart. At what point on the line joining
the two charges is the electric potential zero? Take the potential at infinity to be zero.

Ans electric potential is zero at 9 cm and 45 cm away from the positive charge on the side of the negative charge. Note
that the formula for potential used in the calculation required choosing potential to be zero at infinity.

37. Electric Potential at any point due to a dipole:- imp

Suppose a test charge qo 1s placed at point P having r distance with the center of a dipole + q. 2a
placed at A & B. As shown n fig. Let AP =1, & BP =1,.

Now net potential at p 1s

V = VA + VB
S 0 q
dmegry 41e g1y
1 1
Or NN ]
Ameg Iy 1
— rg—1r3 ] 1

Ameg . Tyr2
If p point lies far away from the dipole than

r; —+,= AB cosf = 2a cosf

2
& nrn=r
Z2acos 6
So eq™ 1 becomes ~ V =——. -2
dmey 12
M
1 pcosB 1 r
Or = £ =q.2a
4mey 12 4meqy 12 (p=q.22)
1 77
Or = - 3
dmegy 13
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Special Cases:-

e Ifthe point P lies on the axial of electric dipole than 6= 0° or 180° = cos0° =1
So from eq”2 V =—2F

4meqre
e When the p point lies on the equatorial line of electric dipole then Q=90° = cos90°=0 = V=0
1.e. Potential at equatorial point of electric dipole is zero.

1.e. Potential is maximum.

38. Difference between electric potential of a dipole & A Single Charge.

1. Potential due to dipole depends upon the distance & angle between dipole moment p &
distance » where as potential due to single charge depend only on distance.

2. Potential due to dipole is cylindrical symmetric while potential due to point charge is
spherical Symmetric.

: : : 1 . : : : 1
3. Potential due to dipole varies as — while potential due to single charge varies as —.
r r

39, Electric Potential Due to a System of charges:-

Suppose q1, q2, q3 «------- q. charges having distances 7y, 7y, 73 ....ov ... r, from a pomt p. then total
potential at p may be calculated as given below.

Potential at p due to q; charge is

v, =—2 1

dmeg 1y

Again potential at p due to q, charge

1
= 92 2

4meq 12
Similarly potential at p due to gs charge

A 3

dmeg 13

Adding all the eq’s we get

1 1 1 1
V=Vi+Vy+V5.......... V,= By * 2, O an
dmeg g 4meg Ty  4mEq T3 dneg 1y,
1
Os Vol @ o
dneg 11 T T3 Tn
1 i
Or V= ror
4mgy ri
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40. Electric Potential due to Continuous charge distributions:-

(1) Suppose a pomt P having r distance from a continuous line distribution of charge.

Then potential at p due to small charge dq 1s 4
__1 dg
av = 4meg 1 P
I~ 1
Here dqg = Adl dl
So v=—oI/=%
4negy” 1

(11) Suppose a point P having r distance from a continuous surface distribution of charge.

Then potential at p due to small charge dq 1s

1 d

dv = i

dmeg 1

Here dq = ods
1 rods

So V= —_
4meg” r

(111) Suppose a pomt p having r distance from a continuous volume distribution of charge.

Now potential at p due to charge dq 1s

dVe ol T

dmeg T

Here dq =hp AV
So total potential at P becomes ve ! fﬂ
41'[80 T

41. Equipotential Surface & their properties:- *'™?

Any surface which has same electric potential at every point on it 1s called equipotential surface.

There are three types of equipotential surfaces.

(1). Spherical Equipotential surface:-

An Equipotential surface around a pomt charge is of spherical m shape so called spherical
equipotential surface.
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(1) Cylindrical Equipotential Surface:-

An Equipotential surface around a line charge is of cylindrical in shape so called cylindrical
equipotential surface.

(111) Plane Equipotential Surface:-

A 1infinite small part of spherical or cylindrical Equipotential surface becomes like a plane so called
plane Equipotential surface.

Properties:-

(1) The work done to move a test charge on a Equipotential surface is zero:-

Suppose a test charge 1s moved from A to B on an equipotential surface. Then amount of work done
to move charge from A to B 1s

WAB __
=Vp -V
qdo

But V; =V on an equipotential surface, because potential at every point in
Equipotential surface is same

dt
WaB
= —=0
do A B
Here qo* 0 = Wyp =0

Hence the work done to move a test charge on an equipotential surface is zero
ii) No two Equipotential surfaces can inters ach other:-

If two equipotential surfaces will intersect each other, then at that point there will be two values of

electric potential which is not possible. Hence No two equipotential surface will intersect each
other.

(111) Electric field is always normal to the equipotential surface:-

As On Equipotential surface W=0 => W = F.dr=0

Or GoE.dr =0
Here  qo#0 > Edr=0 = Edrcosd =0
Or cosB=0= 6 =90°

Hence electric field is normal to the equipotential surface.
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42. Relation between Electric Field and Potential Difference:- "™

Suppose two equipotential surfaces having potential V & V + dV. Now again suppose that a test
charge q 1s moved from point P to Q through small distance dr.

Then amount of work done to move charge 1s dW = F.dr

Or dW = q,E.dr
Or W _E.dr (1)
qdo

Again we know that potential difference to move charge from P to Q 1is

L =v+av-v
do
Or L |/ — )
do
Comparing eq” 1) & (2) E.dr=dv
Or Edrcos180° = dv
= E= _dr (~here —ve sign show that E & dr are in opposite direction).

Hence electric field intensity is equal to negative gradient of potential difference.

43 Electric potential due to a uniformly charged spherical shell:-

(1) Suppose a point p having ¢ distance from a shell of radius R & charge +q. Such that r > R Then

electric potential at P willbe V. = &
4meg T
I.e. electrostatic potential 1s inversely proportional to distance 6 +¥ , B
(11) If pomnt P lies on the surface of the shell then =R /d } &, ' F
_ 1 q ) . C g . V}
rr— (electrostatic potential 1s maximum) )
(111) If point P lies inside the shell then electric field E=0. “,\
|
As we know = E = _j: =0 = V = constant ! .

B So electric potential is constant, it remains same as that on the
surface of the shell.

% The relation between electric potential & distance of the charge is as shown in graph.
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44 Electric potential Energy:-

The electric potential energy of a system of charge may be defined as the amount of work done in
assembling charge at their location by bringing them from oo to a required point.

Suppose a test charge is placed at point p; & a another charge q, 1s bring toward q; from c.Then
electric potential between the charge 1s

V = 41 kS alf Y oD
TEy T — &
f b h

& the amount of work done to bring charge q, from oo to P, 1s

W = Potential X charge

So w=—%= g,

dwreg T

This work 1s stored in the charge in from of potential energy. So potential energy of the system of
=_1 1%

charge 1s
4meg 1

1 n 4i4j
4ngg <Y rij

B Potential energy of a system of charge may be given as U=

Q.30: (a) Determine the electrostatic potential energy of a system consisting of two charges 7 nC and -2 pC
(and with no external field) placed at (-9 cm, 0, 0) and (9 cm, 0, 0) respectively.

(b) How much work is required to separate the two charges infinitely away from each other?

(c) Suppose that the same system of charges is now placed in an external electric field E = A (1/r2);
A = 9 x 10° C m 2. What would the electrostatic energy of the configuration be?

Solution (a) U =—3192 — .7

4meg T
(B)W=U,-U;=0-U=0-(-0.7)=0.7 )
(c)=70-20-0.7 =49.3 )
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Chapter — 1 (E) — Capacitance

45. Behavior of a conductor in electric field :-

The net electric field mside a conductor 1s zero.

Just outside surface of a charged conductor, electric field is normal to the surface.

The net charged inside a conductor is zero & charge given to the conductor spread on its surface.
Potential 1s constant inside & on the surface of a conductor.

Electric field at the surface of a charged conductor 1s proportional to the surface charge density.

AR o

Electric field 1s zero 1n the cavity of a hollow charged conductor.

46. Electrostatic shielding:-

The phenomenon of making a hollow region of conductor having no any electric field inside it is
called electrostatic shielding. It 1s based on the fact that electric field vanishes inside the cavity of a
hollow conductor.

Uses of electrostatic shielding:-

1. In thunderstorm, during lighting it is safe to sit in ear rather than near a tree or in open
ground because metallic body of car actas electrostatic shielding from lightning.

2. Sensitive components of electronic devices are protected from external electric disturbance
by placing them in metal shields:

3. In coaxial cables electrostatic shielding is used.

47. Capacitance:- ™

The ability of a body to store charge is called capacity or capacitance. If we add liquid in a

container then the level of the liquid goes on rising similarly, if we give charge to a conductor, its
potential keep on rising. Thus

Charge (Q) o Potential V
Or Q= CV
Here C 1s constant of proportionality called capacity or capacitance of the conductor.

Y _Q
Or C -

The value of C depends upon:-

(1) The size & shape of the conductor.

(11) The Nature of medium surrounding the conductor.

(u1) It does not depend upon material of the conductor by which it 1s formed and the value of
charge and potential.
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The SI unit of capacitance 1s farad (F)

1 Coulomb

Le 1 farad = TVois

Thus capacitance of a conductor is said to be one farad if one coulomb charge given to the
capacitor raises its potential through one volt.

e Thec, g, s unit of capacitance is one stat farad.
1 Stat Coulomb

1,e 1 stat farad =
1 stat Volt

The capacitance of a conductor 1is said to be one stat farad if one stat coulomb charge raises the
potential of 1 stat volt of conductor.

1C_ 3 x 10%stat Coulomb
1
1V (ﬁ) stat Volt

1 Farad = =9 x 10" stat Farad

Farad 1s a large unit of capacitance so smaller units are used is as
1 micro farad = 1y £=10°F
Or 1 micro micro farad = 1 Pico farad =1 up f=1 pF = 10°F

Dimensional formula: - === = [ M 1L 72T%A? ]

48. Capacitance of an isolated spherical capacitor :-

Suppose a 1solated spherical capacitor of capacitance C. If q 1s the amount of charge given to the
sphere, then potential at pont p at the surface of the sphere 1s

V= q
4‘1’[80R
: . a __4g
So capacitance C=- 3
v
4nepgR
_ gX4mggR
q
= 4nggR

So capacitance of isolated spherical capacitor 1s
C=4neggR

B Here we can see that capacitance of the conductor depends only upon the radius of the
conductor.
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49. Capacity of earth:-

As we know radius of earth = 6.4x 10°m

6
So its capacity C= 4mggR = =~ = 0711 X 107 F =711 X 107° F = 711F

v Here it should be noted that capacity of earth is less than 1 F. So any body lying on the
surface of earth does not have capacity of 1F.

Q31: Calculate the radius of a conductor having capacitance 1F, and compare it with the radius of earth?

Ans. Here C=1F so from relation C=4ngyR
o 1
Radius of the planet may be calculated as Rp = = = 9 Xx10°m= 9 x 10%km
4neg 4neg

And we know that radius of earth is R, = 6.4 X 10°m

R 9 x 10°
Comparing both we get - = ——— ~ 1500
R,  6.4x 106

Thus a conductor having radius 1500 time more than radius of earth will have one farad capacitance.

50. Capacitor & its principle: ™

Capacitor: - 4 capacitor is a device consists of two conductor
separated by a small medium & is capable of store large amount

of charge.

Principle of capacitor:-
Suppose an uncharged plat B 1s placed near to a +vely charged plate A. Then due to induction of

charges, the face of plate B toward plate A acquire —ve charge & face
away from the plate A acquire + wve charge. The charge on plate B
increases when charge on plate A is increased & becomes constant at a

A

certain limit. Eo
In this condition if we earth the +ve side of plate B, then +ve charge
transfer mto the earth. Due to this charge density of plate B decreases,
now a time same more charge can be stored in plate B. Thus a large
amount of charge can be stored in plate B. Thus a large amount of charge

can be stored between arrangements of two conductors. —

bbbttt bbbttt

AR EEEEEEn

Svmbol of capacitor:-

A capacitor of fix capacitance may be represented as

& a capacitor of variable capacitance may be " }I /H/'

represented as

Capacitor, polarized Capacitor, variable
(American)

18
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51. Capacitance of a parallel plate capacitor:- ™

Suppose an arrangement of a parallel plate capacitor consist of two plates A & B separated by
d distance. Again suppose that plate A 1s given +ve charge due to which —ve charge induced in plate
B toward A & +ve charge away from A which 1s earthed.

Now potential between the plates may be given as

Al+ .
V= Egd + . .
- - + -
Or V = —d (wEy=—) i -
=0 €0
+ Eﬂ' -
Here o is uniform surface charge density. 1 =
= a4 P H =
So i o=y | =
+ - =
So capacitance of parallel plate capacitor becomes + - -
4+ -
co= 1 - 4 . 9& + -
0 v qd_ qgd + =
Aegp ER

Or Co = AT? .—d—.:

Thus capacitance of a parallel plate capacitor depends vpon.

1. Area of the plates, (Cy « A)
2. Distance between the plates (Cy) o i)
3. Permittivity of the medmms of the plates (Cy < &)

Question32: The plates of a parallel plate capacitor are S mm apart and 2m’ in area. The plates are in vacuum.
A potential difference of 10,000 V is applied across a capacitor.
Calculate:- (a) the capacitance: (in fm)  (b) the charge on each plate ; (in nC)
A 88X 0"2x2

d 5x10°

(b 0= CV=(0.00354 x 10™°) x (10,000) = 3540

The plate at higher potential has a positive charge of +3.54 uC and the plate at lower potential has a negative charge of
—3.54 pC.

=3540

Solution: (a)

52 Parallel plate capacitor with dielectric slab:- "™

Suppose a parallel plate capacitor consist of two parallel Plates A & B separated by d distance apart.

Now again suppose that a dielectric slap of thickness t is inserted between the plates. If Ej 1s electric
field between the Plates & E 1is electric field m dielectric slap then potential between the plates 1s

given by V=E@-t)+Et...ccc........... 1

E, . .
Also we know that i K = dielectric constant
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E,
= E= ?
o o E,
Using mneq 1 we get V=E0(d—t)+?t Ay - . B
. + - + -
+ = + =
oy (d— 4 — ) : )
0 K _T_ Eﬂ_ E I -
. + = + =
V=Eld-t(1-2)] 1 I |
g 1 g t _ H - ?
_ 9 _ _ 1 . s + = + = =
=Z[d-t(1-D]  (E=%) S I
. _ a 1 .4 R
Or = . [d-t(1 K)] (-O’—A) 1- - i -
o [y
~ — — " — b§ d Ld
Or = 1= -t (1-9)]
So capacitance becomes c =1= 1 =1 S
b v i) e 0o 56 D)
AEO
Or Cc = ——
T
i - Co. ("~ Af0
Or C 1— 3(1_ l_1‘) ( Co d

» Clearly C > C, hence capacitance of capacitor increases when a dielectric slab is placed

between the capacitors.

53. Parallel Plate Capacitor With Conduction Slab:- ™"

Suppose a parallel plate capacitor consists of two parallel plates A & B separated by d distance
apart. Again suppose that a conduction slab of thickness t is placed between the plates. As electric
field between the plates of capacitor 1s E, & 1n conduction slab is zero, So potential difference

between the plates may be given as.

V =E(d-t) A

rm
[=]

01‘ V = ; (d— t) ('-'EG:_) =0

Or = AEO -9

So capacitance of parallel plate capacitor becomes

N

N e
O O

—_ 9 _ q
©= (1) =

A

3
=
r

q Agg

Or = 0
qd (1- 5
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A
Or c=—2_
d (1-2)
Co AEO . .
Or C = 1 (wCo= — = capacitance of parallel plate capacitor)
T d

» Clearly C> C, Hence capacitance of parallel plate capacitor increases when a conducting slab

is placed between the plates.

00. Capacitance of a spherical capacitor ®°rectty insyllabus)

Suppose a spherical capacitor consist of two concentric rings of radius a & b such that a<b. Now if +q
charge is given to inner sphere then —q charge induces on outer sphere then potential difference between the

sphere 1s
+ F T

—_4d a __4 (L_i)
4megry 4megry 4meg \ry 'y

. . . 4mg
So capamtance of capacr[ors becomes C = % = Cll_qﬂ
)
4ne 4megrg
Or C=p==—==22
(—lb la) (rb_ra)
rary

0. Cylindrical Capacitor:- ®° ®rectly in syllabus)

Suppose a cylindrical capacitor consist of two Cylinders of radius a & b. Now electric Field at any point p
having r distance from the axis of cylinderis

S

2Megr

Now potential difference between two cylinder 1s

: Sy
__f —_— — ;\"-_“-“ﬁﬂi,-" ‘I':‘
a E. dr N - _[ 'I
1 |
b b 4 I+
= -f Edrcos180 = [ Edr N | i+
& & H | 1+
b » g . rjj*
Or V:f o ¥ 4 el
a 2megr i l b=
b 4 r >k
= 3 : + | |
2meg"ar e 4 | ::
4 Jr=-l. %
> b 4.7 --'j'“l\‘h
Or V= [logr]a o T R
2meg e
.
=2 Jlog b—log a] |
2mep g g
__1 b 4
2megl 8 a (2 I
. . 2mggl 2megl
So capacitance c=1=-1 ==
V. q log; log-
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54. Combinations of Capacitors:-

(1) Capacitors in series:-

When the negative plate of one capacitor is connected to the positive plate of the Second & negative
of the second to the positive of third & so on, then the Capacitors are said to be connected in series.

Suppose three capacitors C; C,, & C; are connected m series & q 1s the amount of charge stored in

each capacitor. Then total rise in potential 1s ¢ C,
+Q| |—Q +Q| | @ rQl I—Q

V = Vl + V2 + V3. I | | i | |
Where Vl = ia VZ = ,V3 = vy -t Va *e Vi
C1 C2 Cs
q q q q — ——
= I=L 4L 4L
C; (4 Cy C3 R
\__ 1 o
q 1 1 1 ?4 - \*/
= E=aG ot D) : K <
Cs C; Cp, Cj =
Capacitors In series
1 1 1 1
Or ——t+ —+ —
Cs Ci €z Cs

Here C; 1s the equivalent capacitance due to series combination.
Hence equivalent capacitance in series combination is equal to the sum of reciprocal of the all the
capacitor connected in series.

v' Equivalent capacitance is smaller than the smallest capacitor.

(11) Capacitor’s in parallel:-

When +ve plates of all the eapacitors are connected to one common point &- ve plates of all the

capacitors are connected — to other common point then the
Cl

combinations of capacitor is called parallel combination. o o
1 B!

Suppose C;, C,, C5 are three capacitor Connected in parallel. If V 1is c
2

the potential across each capacitor, then total charge is + Q) -

q=q+q + qs \03/
But qi = CIV dq> :CZV, qsz = C3V +Q, - Q,
Then GV =CGV+ GV + GV . y
Or CP = Cl + CZ +C3
| ()
A

>~
.||“

Here Cp 1s the equivalent capacitance due to parallel combiation.

» Hence equivalent capacitance is equal to the sum of individual capacitance.
» Equivalent capacitance is larger than the largest individual capacitance.
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Q 33: Find the equivalent capacitance in circuit and total charge

6uF
ae \“' c
4uF /1
__—_10\/ i g | T —~ buF —~ buF
3pF| _—|_3pF ::4uF b }I d
8uF 6uF
—t

Q 34: Find the equivalent capacitance in circuit if each capacitor is of 2 uf

T

‘PHW—=- |+;_.,_ I

Ans A 12

!JII 'ls =]
]

2F

4F
_|
—:L
— i

Q 35 :Find the equivalent capacitance in circuit

p 3HF 4 JuF B 3pF c i s e i
[ 1l I p 3N IuF p 3pF m
—}| 1 1t J & —4 I B — L{j P 1qu .
2uF — 2uF — 3g.tFT 1= 2uF— 2pF — 1pF— = 2pF—_— 3pF _uu-'J—
o} i} o —7— J .
0 3LIF F aur E 3LIF D O3y ¥ aur £ Q 3ur © 3yF o sur

Q 36: Find the equivalent capacitance in circuit if each capacitor is of 2uf

4
Cy \\/ ..\-. 02

C

G

O,

f\/\/ =

Ly
i e - y e
e e o T T T 1L
G G I G 12uF g hL —LI
G 2uF T T2
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55. Energy Stored in a capacitor:- "-™P

Suppose a parallel plate capacitor consist of two Parallel plates A & B. Initially both plates are
neutral. Now suppose +q charge is transferred from plate B to plate A. Now to transfer some more
charge dq from B to A, the work has to be done.

As dW = V.dg T ="
+ -
> aw = %.dg +
C =
Now total amount of work done to move charge +Q from B to A 1s H N —
+ - =
w= [%%.4 +
- 0 ¢° q + -
+ _
Or w=21 9 -1 [Q_Z] ) | )
ct2-0 () '
: &
Or W = 5c

This work will store mn the capacitor in from of energy so,

Q?.
U_E 1

As Q=CV = U-=

Also C= %:> ——=ZQV -3

So we may write U=-CV’= -;— 1= % qV

Question38: A parallel plate capacitor has plates of area 4 m’ separated by a distance of 0.5 mm. The capacitor is
Connected across a cell of emf 100 V. Find the energy store in the capacitor (in mJ) if a dielectric slab of Dielectric
Strength 3 thicknesses 0.5 mm is inserted inside this capacitor after it has been disconnected from the Cell.

) KepA
Solution: C= T =KCy=0.2124 pF
_Q_ 10
= 8- —@ o A
U= Q Cb L‘b 118

56 . Common potential:-

Suppose two capacitor of capacitance C; & C, are connected i parallel, so total charge on the
combination of capacitor is Q="+ GV

total charge @ C;V;+C,V,

So the common potential of the combination of the chargeis V= :
totat capacitance Cq+Co
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57. Lose of energy in shearing of capacitor:-

Suppose two capacitance C;& C, having potential V& V,. Now if capacitors are not jomed
together then the total energy of the capacitors may be given as

U=:0VE+ 56V 1

Now if capacitor are connected together than the energy of capacitor may be given by

Uy =5CV; +5GV, =5V (G + 6) 2
Where V is common potential of the combination

The loss of energy in shearing of the capacitor can be given by
AU=U-U =(% C,V2+ %czvﬁ'%vz (C1 6y

= (5 CIV* + 2 Gy V7)) -V (Cr #C)

=2 { (CIV*+ Gy VA2 (C, 4 Cy))
1+C2

(C1V1+C,V5)2
Cq+Co

= 2 {(CIV* #C, Vo) }

_1 {(c1+c2)(c1V%+ czV%)—(c1v1+c2v2)2}
2 C1+Cy

1 {(c12V12+c1c2V22+c1c2v12+c22v22)—(c12v12+c22v22+2c1c2v1v2)}
T @ C,1+C5

c12v12+c1c2v22+c1c2v12+c22v22—c12v12—c22v22—2c1c2vlv2)}
C14C,

:%{

\

R

2
c1c2v22+c1czvlz—zclczvlvz)} _ l{clcz(v1 +v22—2v1v2)}
C1+Cy 2 C1+Cy

_ 1 GG (Vi-Vp)?
A= 2 { Cy+Cy }

v Here we can see that above value is positive. Hence we can say that there is a loose of energy in shearing of

capacitors.
58. Action of sharp point or corona discharge:- ™ e
Sharp Tip A /
According to corona discharge or action of sharp point, if charge given to Low

High Leakage

a sharp point of negligible area then density of charge becomes very high Loakage
near the sharp point due to which the gasses m the neighboring of sharp

point becomes 1onized. As 0=

= .o

High High
oltage Woltage

» Small the area larger is the charge density
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59. Lightning conductor:-

A lightning conductor 1s used to protect buildings from lightning. A lightning

S g

conductor 1s consisting to large number of sharp pomts. When a cloud of b

negatively charge passes near to it, than due to induction of charge + ve charge _'.g‘“»";m

induces on 1t, which immediately passes into the earth. Thus buildings remain 3323 =

safe. gggg can
o -AAES

. |
60. Ven de Graff Generator:-" —E]I@uﬁ
PN in ittt

It is a device which is used to make high potential difference of order of 107
volts, which 1s used to accelerate charge particles like electron, proton,
1ons etc.

Principle:-

(i) It is based on the action of sharp point or corona discharge.

(ii) That charge given to a hollow conductor transfers to its outer surface

& distributes uniformly over it.

Construction:-

The Ven-de-Graff Generator is consisting of a large spherical conducting
shell. A long narrow belt of insulating materials, like rubber or silk
wounded around a pulley P; & P,, near the bottom & top of pulley two
sharp comb B;& B, are fixed: The spray comb B; i1s connected to the
High Tension battery (10kV) & collecting comb B, is connected to
spherical shell. A shielding is done around the device to protect from

radiations. A discharge tube 1s also fitted in the device to accelerate the

charge particle, which 1s used to hit the target.

Target (T)
Working:-

When +ve charge 1s sprayed from comb B; to insulating belt then collecting comb B, becomes —
vely charge due to mduction of charge & sphere becomes + vely charged. In each rotation of belt
sphere becomes more &more + vely charge. Particle inside the discharge tube acquire sufficient
acceleration due to repulsion of large charge density on the sphere & may hit a target.

61. Electric susceptibility:-

The polarization Pis directly proportional to the applied electric field E across a dielectric slab.

—

1,e P « E Or P= gy E

—

Here y is called electric susceptibility. It has no dimensions = LE’
€p
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Ration between K &y

The net electric field in a polarized dielectric 1s E = EO — Ep

But Ep=£=z
€p €p
— — f’)
E—Eg—;
O F = E,-oF
€0

Dividingbothsidebyﬁweget 12%—)( Or 1=K-x Or K= 1+¢y

E

62. Dielectric Strength:-

The maximum electric field that can exist in a dielectrie without causing the breakdown of its
insulating property is called dielectric strength of the material.

SOME IMPORTANT MCQ

1. A coulomb is the same as:
A. anampere/second B. half an ampere-second’ C.an ampere/meter’ D. an ampere-second
2. A kiloampere-hour is a unit of:
A. current B. charge per time C. Power D. charge
3. The total negative charge on the electrons in 1mol of helium (atomic number 2, molar mass4) is:
A.48 x 10*C B.9.6 x 10* ¢ '€.1.9 x 10°C D.3.8 x 10°C

4. A small object has charge Q. Charge q is removed from it and placed on a second small object.The two objects
are placed 1m apart. For the force that each object exerts on the other to be a maximum. g Should be:

A.2Q B.Q c.Q/2 D.Q/4

5. Two small charged objects attract each other with a force F when separated by a distance d. If the charge on
each object is reduced to one-fourth of its original value and the distance between them is reduced to d/2 the
force becomes:

A.F/16 B.F/8 C.F/a D.F/2
6. As used in the definition of electric field, a “test charge”:
A. has zero charge B. has charge of magnitude 1C

C. has charge of magnitude 1.6 x 1071° ¢ D. none of the above
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7. The electric field at a distance of 10 cm from an isolated point particle with a charge of 2 X 102 Cis:
A. 1.8N/C B. 180N/C C. 18N/C D. 1800N/C

8. An isolated charged point particle produces an electric field with magnitude E at a point 2m away from the
charge. A point at which the field magnitude is E/4 is:

A. 1m away from the particle B. 0.5m away from the particle
C. 2m away from the particle D. 4m away from the particle

9. An isolated charged point particle produces an electric field with magnitude E at a point 2m away. At a point 1Im
from the particle the magnitude of the field is:

A E B. 2E C.4E D.E/2
10. The electric field due to a uniform distribution of charge on a spherical shell is zero:

A.everywhere B.nowhere C. only at the center of the shell D. only inside the shell

11. The magnitude of the force of a 400-N/C electric field on a 0.02-C point charge is:
A. 8.0N B.8x 10-5N C.8x10-3N D.0.08N
12. The purpose of Milliken’s oil drop experiment was to determine:
A.the mass of an electron B. the charge of an electron
C. the ratio of charge to mass for an electron D. the sign of the charge on an electron

13. A charged oil drop with a mass of 2 x 10-4 kg is held suspended by a downward electric field of 300N/C. The
charge on the drop is:

A.+15 x 100°C B.—-1.5 x 107°cC C.46.5 x 107°cC D.—6.5 X 107°C

14. A total charge of 6.3x10-8 Cis distributed uniformly throughout a 2.7-cm radius sphere. The volume charge
density is:

A.3.7 X 1077C/m* B.69 X 10°°C/m* C.6.9 X 107°C/m? D.7.6 X 10°*¢/m?
15 . The flux of the electric field (24N /C)i + (30N /C) j + (16N /C) k through a 2.0m2 portion of the yz plane is:
A.32N-m?/C B.34N-m?/C C.42N-m?/C D. 48N -m?/C

16 . A charged point particle is placed at the center of a spherical Gaussian surface. The electric flux QE is changed
if:

A. the sphere is replaced by a cube of the same volume
B. the sphere is replaced by a cube of one-tenth the volume
C. the point charge is moved off center (but still inside the original sphere)

D. the point charge is moved to just outside the sphere
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17. A conducting sphere of radius 0.01m has a charge of 1.0 X 10~° C deposited on it. The magnitude of the
electric field in N/C just outside the surface of the sphere is:

A0 B. 450 C. 900 D. 4500

18. 10C of charge are placed on a spherical conducting shell. A particle with a charge of -3C is placed at the center
of the cavity. The net charge on the inner surface of the shell is:

A -7C B.-3C C. 0C D. +3C

19. If 500 J of work are required to carry a charged particle between two points with a potential difference of 20V,
the magnitude of the charge on the particle is:

A. 0.040C B. 12.5C C.20C D. None of these

20. The potential difference between two points is 100V. If a particle with a charge of 2C is transported from one
of these points to the other, the magnitude of the work done is:

A.200) B. 100) C.50) D. 1001
21. A hollow metal sphere is charged to a potential V . The potential at its center is:
AV B.0 C.-v D.2v

22. A conducting sphere has charge Q and its electric potential is V, relative to the potential far away. If the
charge is doubled to 2Q, the potential is:

AV B. 2V C.4v D.V/2
23. The equi-potential surfaces associated with a charged point particles are:
A. radially outward from the particle B. vertical planes
C. horizontal planes D. concentric spheres centered at the particle
24. The units of capacitance are equivalent to:
A.J/C B.V/C C. $?/c D.C/)
25. A farad is the same as a:
AV B.V/J Cc.c/V D.V/C
26. A capacitor C “has a charge Q". The actual charges on its plates are:
A.Q Q B.Q/2,Q/2 c.Q,-Q D.Q/2,-Q/2

27. Each plate of a capacitor stores a charge of magnitude 1mC when a 100-V potential difference is applied. The
capacitance is:

A.5 puF B. 10 uF C. 50 pF D. 100 uF
28. To charge a 1-F capacitor with 2C requires a potential difference of:
A2V B.0.2V C.5v D.0.5V
29. The capacitance of a parallel-plate capacitor with plate area A and plate separation d is given by:

A. god/A B. god/2A C. g50A/d D. g,A/2d
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30. The capacitance of a parallel-plate capacitor is:
A. proportional to the plate area B. proportional to the charge stored
C. independent of any material inserted between the plates D. proportional to the potential difference of the plates
31. The capacitance of a parallel-plate capacitor can be increased by:
A. increasing the charge B. decreasing the charge
C. increasing the plate separation D. decreasing the plate separation
32. If both the plate area and the plate separation of a parallel-plate capacitor are doubled, the capacitance is:
A. doubled B. halved C. unchanged D. tripled
33. If the plate area of an isolated charged parallel-plate capacitor is doubled:
A. the electric field is doubled B. the potential difference is halved
C. the charge on each plate is halved D. the surface charge density on each plate is doubled
34. If the plate separation of an isolated charged parallel-plate capacitor is doubled:
A. the electric field is doubled B. the potential difference is halved
C. the charge on each plate is halved  D.none of the above
35. Pulling the plates of an isolated charged capacitor apart:
A. increases the capacitance B.increases the potential difference
C. does not affect the potential difference D. decreases the potential difference
36. If the charge on a parallel-plate capacitor is doubled:
A. the capacitance is halved B. the capacitance is doubled
C. the electric field is halved D. the electric field is doubled

37. A parallel-plate capacitor has a plate area of 0.2m2 and a plate separation of 0.1mm. To obtain an electric field
of 2.0 x 106 V/m between the plates, the magnitude of the charge on each plate should be:

A.89 x 1077C B.18 x 10°°C €.3.5 x 10°°C D.7.1 X 107°C

38. A parallel-plate capacitor has a plate area of 0.2m2 and a plate separation of 0.1mm. If the charge on each
plate has a magnitude of 4 x 10-6 C the potential difference across the plates is approximately:

A0 B.4 x 1072V C.1 x 102V D.2 X 10%V

39. The capacitance of a spherical capacitor with inner radius a and outer radius b is proportional to:
A. a/b B.b—a C.b% - a? D.ab/(b-a)

40. The capacitance of a single isolated spherical conductor with radius R is proportional to:

A.R B.R? C.1/R D. 1/R?

41. Two conducting spheres have radii of R1 and R2, with R1 greater than R2. If they are far apart the capacitance
is proportional to:

RiR;
"Ri-R;

Ri-Ry

2
“RiRy D.R

B.R? - R2
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42 . The capacitance of a cylindrical capacitor can be increased by:

A. decreasing both the radius of the inner cylinder and the length

B. increasing both the radius of the inner cylinder and the length

C. increasing the radius of the outer cylindrical shell and decreasing the length
D. only by decreasing the length

43. A 2pF and a 1pF capacitor are connected in series and a potential difference is applied across the combination.
The 2-uF capacitor has:

A. twice the charge of the 1puF capacitor B. half the charge of the 1uF capacitor
C. twice the potential difference of the 1uF capacitor D. half the potential difference of the 1puF capacitor

44. Capacitors C1 and C2 are connected in parallel. The equivalent capacitance is given by:

C1C2 B C1+C2
140 " C1C

C. ¢ + G 2
2

45. Capacitors C1 and C2 are connected in series. The equivalent capacitance is given by:

C1C2 B [
"C1+C2 " Ci1Cy

C1

C.C, + G .-
2

46. Capacitors C, and C, are connected in series and.a potential difference is applied to the Combination. If the
capacitor that is equivalent to the combination has the same potential difference, then the charge on the
equivalent capacitor is the same as:

A. the charge on C; B. the sum of the charges on C; and C,
C. the difference of the charges on C; and C, D. the product of the charges on C; and C,

47. Capacitors C; and C, are connected in parallel and a potential difference is applied to the combination. If the
capacitor that is equivalent to the combination has the same potential difference, then the charge on the
equivalent capacitor is the same as:

A. the charge on C; B. the sum of the charges on C; and C,
C. the difference of the charges on € and C; D. the product of the charges on C; and C,

48. Two identical capacitors are connected in series and two, each identical to the first, are connected in parallel.
The equivalent capacitance of the series connection is the equivalent capacitance of parallel connection.

A. twice B. four times C. half D. one-fourth

49. Two identical capacitors, each with capacitance C, are connected in parallel and the combination is connected
in series to a third identical capacitor. The equivalent capacitance of this arrangement is:

A.2C/3 B.C C.3C/2 D.2C
50. A 20-F capacitor is charged to 200V. Its stored energy is:

A. 4000 B.41 c.0.4] D. 20001
51. A charged capacitor stores 10C at 40V. Its stored energy is:

A. 4001 B.4] C.0.2] D. 200J
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52. The quantity (1/2)60E2 has the significance of:

A. energy/farad B. energy/coulomb C. energy D. energy/volume
53. Two capacitors are identical except that one is filled with air and the other with oil. Both
capacitors carry the same charge. The ratio of the electric fields Eair/Eoil is:

A. between0Oand1l B.O C.1 D. between 1 and infinity

54. A parallel-plate capacitor, with air dielectric, is charged by a battery, after which the battery is disconnected. A
slab of glass dielectric is then slowly inserted between the plates. As it is being inserted:

A. a force repels the glass out of the capacitor B. a force attracts the glass into the capacitor
C. no force acts on the glass D. a net charge appears on the glass

55. Two parallel-plate capacitors with the same plate separation but different capacitance are connected in
parallel to a battery. Both capacitors are filled with air. The quantity that is NOT the same for both capacitors
when they are fully charged is:

A. potential difference B. energy density
C. electric field between the plates D. charges on the positive plate
56. Two parallel-plate capacitors with the same plate area but different capacitance are connected
in parallel to a battery. Both capacitors are filled with air. The quantity that is the same for
both capacitors when they are fully charged is:
A. potential difference B. energy density
C. electric field between the plates D: charge on the positive plate

57. Two parallel-plate capacitors with different plate separation but the same capacitance are connected in series
to a battery. Both capacitors are filled with air. The quantity that is NOT the same for both capacitors when they
are fully charged is:

A. potential difference B. stored energy
C. electric field between the plates D. charge on the positive plate

58. Two parallel-plate capacitors with different capacitance but the same plate separation are connected in series
to a battery. Both capacitors are filled with air. The quantity that is the same for both capacitors when they are
fully charged is:

A. potential difference B. stored energy

C. energy density D. charge on the positive plate
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SOME IMPORTANT MCQ FROM PREVIOUS EXAM "™

13.
14.
15.

16.
17.

Si unit of permittivity is C*N'm
Si unit of k is N'm*c .
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