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Physics 12 Important Questions for chse (2nd Term)

Electrostatics

Section - A (of 2 marks)
An electric dipole is placed in uniform electric field at an angle 0 with the
direction of field. Show that dipole will not done translator motion. Then,
obtained expression for torque acting on the dipole.

Answer:
B >
3 ~VFq Fa
IR
31 :
. 2 N IZe

According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,
Py =B wcecnsaninsnans @) [ along E]
And electric force on charge -q of electric dipole due to uniform electric
field will,

Fy= —qE ...coeeeefl (ii) [opposite to E ]
Net forceon dipole F=Fz + F;, =qE—qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces Fp and F, are different. So, dipole will want
to rotate.
~ Torque acting on the dipole will,
t = magnitude of either force X 1 distance between forces.
=qE X BC =qE X ABsin 6
[ From triangle ABC, sin 8 =~ = BC=AB sin 0 ]
=qE X2/sm0=2q/(Esin0)

= PE sin 6
T=PESiNG veen.n. 0
In vector form, PP R B o sssannsarase (i)

A test charge q is moved without acceleration from A to C along the path
from A to B and then from B to C in electric field E as shown in the figure,
(i) Calculate the potential difference between A and C will Vac=E
(ii) At what point (of the two) is the electric potential more and why?
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B(2.3)

C\ ____________ ‘_\“_\ A
(2,0) {6,0)

v

Answer:
(i) Potential difference between A and C will,
VAC =~ Edr=— E(6—2) = —4F
(ii) At point C, electric potential is more. Because along direction of
electric field, electric potential decreases.

(2) Define the term ‘electric flux’. Write its SI units.
(b) What is the flux due to electric field E =3 x 103 i N/C through a square
of side 10 cm, when it is held normal to E.
Answer:
(a) The electric lines of force (electric field) passing through a surface
normally is called electric flux.
Its SI unit is newton metre? per coulomb (Nm?C™).
(b)Given, E = 3 x 10® along X-axis, A = (0.1)*> =0.01 m?,
6 = angle between E and normal drawn on square= 0°, ¢p5 =2
¢ =EA cos 8 =3 x 10% X 0.01 X cos 0° =30 Nm?C!

Calculate the amount of work done in arranging a system of three charges 6
pC , 6 uC and —6 pC placed on the vertices of an equilateral triangle of side
10 cm.

Answer:
Given,
q1=q2= 6pC=6x107°C, gs=—6 uC=—6x10"%,U=?

n U:KQ1¢?2+KQ1¢13+K‘12(13

T12 T13 T2z
" 9x10°x6x107%x6x107° + 9x 109 x6x1078 x (-6x107%) i
0.1 0.1
9x10° X 6x107¢ x (-6 x1076)
0.1

=324 - 324-324=-324]
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5. FEstablish the relationship between electric field intensity and electric

potential.
Answer:
E
< dr <
@ } e e .
0 A B infinity
{(v+dV) (V) =

Suppose two points A and B are placed at small distance dr in electric field E.
The potentials of these points are (V +dV) and V respectively.
Potential difference between points A and B will,

—ow _Cfdr :w—g-x dr=-Edr

dv =
Negative sign indicates opposite direction.

q q

av
0 = _ 2
= dr

6. The side of an equilateral triangle is 20 cm. Two equal point charges +3nC
are placed at its two corners. What will be the amount of work done in

bringing a test charge of + 1 nC from infinity to third corner of the triangle.

Answer:
+1InC
& 7.0
(+C1ﬂC) e == 7 (infinity)
20cm 20cm
A B
{+3nC) 2ocen {+3nC)

Potential at point C due to charges at points A and B will,

N = 1 [_c_;é_+_¢;_,3_]=9x109[3x10‘9+3x10‘9]

4TtEg LT 4C TBC 0.2 0.2

3x107°

=9x109[2>< ]=9x109><3><10—8

=270 volt.

The amount of work done in bringing a test charge of + 1nC from
infinity to third corner C will,
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W=gV=1x 102 x270 = 2.7 x 1077 J

Section -B (of 3 marks)

An electric dipole is placed in uniform electric field at an angle 0 with the
direction of field.

(a) Show that no translator force act on it.

(b) Derive an expression for the torque acting on the dipole.
(c) Find work done in rotating the dipole through 180°.
Answer:

~

(a) According to figure, electric force on charge +q of electric dipole
due to uniform electric field will,
F.,=qE [alongE]
And Electric force on charge -q of electric dipole due to uniform electric
field will,
Fq= —qE [opposite to E]
= Net force on dipole F =Fiq+F=qE—qE=0
Hence no translator force act on the dipole.
(b) But action lines of forces F., and F are different. So, dipole will want
to rotate.
.. Torque acting on the dipole will,
1 = magnitude of either force X perpendicular distance between forces.

= gE X AC =qE x AB sin @ [ From triangle ABC, sin 6 =2= = AC=
ABsin 0 ]
=qE x 2/sin®=2q/(Esin6)

=PE sin 0
~1=PEsing® .......... )
Invector formZ=P X E ..oevveennenen (ii)
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Now, work done on electric dipole by external torque in turning through
small angle d6 will,

dW = Tex d0 = 1, dO = PE sin 6 d6
-~ Total work done on electric dipole by external torque in turning
anticlockwise through angle 0° to 180° will,

180° 180°

W=, —fooe pEsin® =PE [, sinf

= pE {- cos 9}180 —pE (cos 180° — cos 0°)
=—pE (—1—1) =2pE
(a) Obtain an expression for the torque 7 experienced by an electric

dipole of dipole moment  in a uniform electric field E.
(b) What will be happen if the field were not uniform ?

Answer:

(a)

e

i
: -
T 7 E
!

According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,
Fo=qilil....... @) [ along E]
And Electric force on charge -q of electric dipole due to uniform electric
field will,
FA\ = 9B comue (ii) [opposite to E ]
Net force on dipole,
Fnet ﬂFB +FA et qE—qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces Fg and F, are different. So, dipole will want
to rotate.
- Torque acting on the dipole will,
© = magnitude of either force X 1 distance between forces.
=qE X BC =qE X AB sin 0
[ From triangle ABC, sin 6 =§-g— = BC=ABsin0 ]
=qE X 2/sin®=2q/(Esin0)
=PEsin 9
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In vector form, TR S F s i (ii)
(b) When electric field is not uniform, then forces acting on the both

Charges are not equal. Therefore, net force and net torque on the

dipole will non-zero.
Hence, dipole will do translator as well as rotatory motion.

State Gauss' theorem for electrostatics. Applying this theorem, derive an
expression for the electric field intensity due to 2 uniformly charged
spherical conducting shell at a point

(i) outside the shell and (ii) inside the shell.
Plot a graph showing variation of electric field as a function of r >R

andr<R
Where r is the distance from the centre of the shell.
Answer:
Gauss’ theorem: The total electric flux linked with a closed surface is

L times of net charge inside the closed surface (g;,q:)-

&o

ie. ¢p=¢ E.ds=1=

o

- ~ _.Closed Surface
N

’,f Q + 5
| + R PK'“T""‘”NE
o
;] as
-~

Consider a charged spherical shell of radius R placed in air or vacuum.
Let we have to determine electric field intensity at point P outside the
shell at distance r from centre O. For this we imagine a spherical closed
surface S; of radius r such that point P is on the surface of S;. The electric
field intensity at every point on the surface of S, is E directed outside
along radius. Let surface S; is divide into many equal parts of area ds.
Again, consider one area element ds.
Now, total electric flux linked with closed surface S; will,
$p=¢E.dS=FEdScosd =$EdScos0°=§EdS=E §dS
=E X total area of closed surface S;
Or ¢g=EX4nr® ..ooooniennann.n. 1)
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According to Gauss’ theorem, ¢ = %’3 == -3— ................. (11)
0 0
Comparing equations (i) and (ii), we get
Exdne =2
)
5 w10
& E TaarE e (iii)

This equation is same as electric field intensity due to a point charge.
Hence charged spherical shell can be assumed as a point charge.
If point P is at inside the spherical shell, then g, =0

EXAny = I ol
4meyT 4megT
Or E=0
A graph showing variation of electric field as a function of r is shown in
the figure:

E(N/C)
F

Eo
Ea 1/r2

= >r (inm)

State Gauss' theorem in electrostatics. Apply this theorem to obtain the
expression for the electric field intensity at a point due to an infinitely long,
thin, uniformly charged straight wire.

Ans.
N9=99“E5“ Curved Surface
E S3 E
§=90° P L =900
N } N
P T Ty T TR ey e
s ++j+++*++++++++++++++1’+++++++++T TFEr X
e I >
Circular surface S2 Ciroslar surface S5

Suppose an infinite long wire is placed in air of surface density of charge
A. We have to calculate electric field intensity at point P at distance r
from wire. For this we imagine a cylindrical closed surface of length /.
The point is situated on this surface as shown in the figure.
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Now, electric field flux linked with surface S; will,
¢1=ESicos® [ ¢z =ES cos 6]

Or ¢1 =ES;1c0890° =0 ........ @)

Flectric field flux linked with surface S; will,
$3=ES;3c0s8 =ES3c0s90° =0 ........ (ii)

And, electric field flux linked with surface S, will,
$> = ES; cos O = ES; cos 0° =ES,

Or ¢ =E X 2nxl ........... (iii)

[+ Area of curved surface of cylinder = 2nrh}

= Total electric flux liked with closed surface will,

¢E:¢l+¢3+¢2:¢0+0+ E X 2mrl
Or ¢g= E X 271l .......... (iv)
According to Gauss’s theorem,

E= Ei Where q is net charge inside closed surface.
(1]

&g
[ linear density of charge A = 5:— orq=»A]

Comparing equations (i) and (ii),we get,

Al Al
Ex2arl = — orE=
g 2megrl
A 0
O I e eenreeennnes Vi
T 2WELT ( )

5. (a) Briefly explain the principle of a capacitor.
(b) Derive an expression for the capacitance of a parallel plate capacitor,
whose plates are separated by a dielectric medium partially.
Answer:
(2) Principle of capacitor:- when an earthed conductor plate is brought
Near to the unearthed conductor, then capacitance of unearthed
conductor is increased extremely.

(®)
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Die!ectf}i/c medium

L p— e—
- +
+ g -
= b Er + =
-
Eao s -
- =
e i ——}_
-+ et
=
-+ _—
= g
+ -
~ = - =
wE = b T e e S e 2 =

Suppose a dielectric medium of permittivity k and thickness t is

placed in between plates of capacitor, where t <d.
k=2 opg=2 )
E K

Where E = electric field in dielectric medium and
Eo = electric field in air.
Potential difference between plates will,

V= Vair + Vdieiecl:ric
=Eo(d—t)+Et=Eg(d—t)+ =2t [since V=Ed]

=E0[d—~t+%]=z—0[d—t+i;]

=..q_ il E 11 1 xg.
=V EOA[d t+K] .............. (i) [since o A]

Capacitance of capacitor will,

e, q _ ___%4q — _ %04
] L2 s gt
m[d—t'l'K] g[d t+K] d t+K
EgA .
= C= e e (iii)
d-t(1-— "I"(-)

6. Two parallel plate capacitors X and Y have the same area of plates and same
separation between them. X has air between the plates while Y contains a
dielectric medium of k = 4.

X b
| | | |
e b

3 —
9 o
5V
(i) Calculate capacitance of each capacitor if equivalent capacitance

Fuamisnmare Nhoonlca Alacan- | o P VRO R 1N L R R L N e L
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of the combination is 4 uF.

(ii) Calculate the potential difference between the plates of X and Y.
(iii) Estimate the ratio of electrostatic energy stored in X and Y.

Answer:
- c1><c2 CX kC _
(1) C~=4uF Or =T =4 uF Or Ly 4 uF
C x 4C 4c?
Or C+4C—4[,LF Or —§—~—4yF Or C= 5puF

~Ci=5uF and C, =kC=4 X 5uF =20 uF
(ii) Charge (q) on each capacitor in series combination is same
~q=CsV =4uF x15=4x10"%x 15
= 60 x 107° coulomb =0.6 uC

q 60x107°

Vlza—m =12 volt

60 x 10~¢
And V=d="_ =34
C, 20x107¢

1
U; _ 361%%  5x1076x 122
Uz  ZCVp® 20Xx1076x32

(iii) =4:1
A parallel plate capacitor of capacitance 20 uF is connected to a 100 V
supply. After sometime, the battery is disconnected, and the space between
the plates of the capacitor is filled with a dielectric of dielectric constant 5.
Calculate the energy stored in the capacitor.

(i) before (ii) after the dielectric has been put in between its plates.
Answer:

(i) C=20uF=20x10"%F, V=100 volt, E=?
E=2 CVZ=0.5x20 x 1076 x 1002=0.1]
(ii))C=20 uF =20 X 107°F , k=6, V=100 volt, E=?
E== CnV2= ~kCV?  [Cp=KC]
=kX =CV2=5x01] =057
A particle, having a charge +5 pC, is initially at rest at the point x = 30 cm
on the x axis. The particle begins to move due to the presence of a charge Q
that is kept fixed at the origin. Find the kinetic energy of the particle at the
instant it has moved 15 cm from its initial position if

(a) Q =+15uC and (b) Q=-15uC
Answer:

.......... T T i [ VSN T SR O 1 AhFndae ldbimme Ffiiniams
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(a)
Q=+15uC q=+5 pC
19 O
O X X1
“~ ~----~-30cm----- =
& mr ommmm m m— — 45cm--—-~-~~- - - -

(a) Kinetic energy of the particle at final position (x;) if Q =+ 15 uC,
1

-Q@i-1-a(2-2)-keo(2-3

Ty Tr
=9x10° X5X 1076 x 15 X 107® (= — —2—)
3010 45 % 1072
= =322 100 i
4515 x 107 (2 45) 45%x15% 1073 x 22 =0757

(b) Kinetic energy of the particle at final position (x;) if Q =—15 uC,

g= -15 LiC >"~:1 qgg%; —————
(o x
Gm o m = BOCM -
—— o i 2
15cm
E,=9%10° x5 X107 x15 x 1076 (———= - ———)
=45 % 15 x 10~3 (13‘;" 1"") 45x15x 1073 x =2 =—225]

A capacitor of 200 pF is charged by a 300 V battery. The battery is then
disconnected and the charged capacitor is connected to another uncharged
capacitor of 100 pF. Calculate the difference between the final energy stored
in the combination system and the initial energy stored in the single

capacitor.
Answer:
The initial energy stored in the single capacitor,
E:= % Cl V12

=§x (200 x 10712) x 3002 =9 x 107¢]
Again, Common potential of combination after connecting with

uncharged capacitor,
= CiVat+ GV _ 200%10712x300+100x10712x0
Ci+ Cy 200X107124+100x10712
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= ::11(?_:0 = 200 volt
The final energy stored in the combination system,
E, =§ X (C; + C,) V2 x-;- X (200 x 10~12 + 100 x 10~12) 2002
=3x 10767
- The difference between the final energy stored in the combination

system and the initial energy stored in the single capacitor.
E=E —-E;=—6x 107¢]

10. (a) Obtain equivalent capacitance of the following network given in the
figure below.

(b) For a 300 V supply, determine the charge and voltage cross each
capacitor.

C1= 100 pF
|
I

I I
C2 =200 pF C3=200pF ¢

3
300 V

Answer:

i q/2
s 1
L

=

C2=200pF Cs
qvy 300 V

|

QA

C4=100pF
(a) Equivalent capacitance of C, and Cs is

C2.C3 _ 200 X200 _ 200 X200
Cz+C3; 2004200 2 X200

Cas =100 pF

| Ml cmimn Flacnan Mt foadia MAfalie Lot mno fliinmimae cabarsmine
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C»; 1s connected with capacitor C; in parallel.
Therefore, equivalent capacitance of Cy; and C; will,
Ciz3 = Cy3 + C; = 100 pF + 100 pF = 200 pF

Again, C;z; is connected with C, in series.

Equivalent resistance of Circuit will,

_ Ci1z3 X C4 _ 200 X100 _ 200 X 100 _ 200 F
Ciz3+Cs  200+100 300 3 P

(b) Charge flowing in the circuit will,

q=CV=Z2pF X300 V

= 3-(319- X 10712 x 300 V=2 X 1078 coulomb

Since charge does not distribute in series,
». Charge on each plate of Cjp; and C;=2 X 1078 coulomb
i.e. qi2s = qa =2 X 10~% coulomb
Again, charge distribute equally in parallel , when they are of equal

capacitances
-8
= Charge on each plate of C; and Cy3 = -§= X2 = 1078 coulomb
ie. qi=q=q;=1072 coulomb
-8
Now, voltage across Cy will, V;= —gf = IEE%?IFE =100 volt
-8
Voltage across C; will, V= g—z = Z)%)—:ﬁ =50 volt
-8
Voltage across C; will, V3= - S 50 volt

g 2Eig®

B i =200 volt

And voltage across Cswill, V,=

11. Four point charges Q, q, Q and q are placed at the corners of a square of
side ‘a’ as shown in the figure.

- q
a
q a Q
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Find the (a) resultant electric force on charge Q and (b) potential energy of
this system.

Answer:
(a)
()7 2 B(q)
4 a
(Q) ~Fon
(@)D a & e
A
Fep Fea

Electric force on charge Q at corner C due charge q at comer B,
Fop = - tng = Kaqzq =F (let) along BC produced
Electric force on charge Q at comer C due charge q at corner D,

Fep = %g_g_ =F along DC produced

Resultant force of Fp and Fp, will,
Fepp=+VF? + F2=+/2F2 =+/2 F along AC produced
Electric force on charge Q at corner C due charge Q at corner A,
F _Kaqiq: _ KQ.Q _ K@?
cA T2 (ﬁ a)z 2a2
2
Net force on charge Q at comerat C= +2F + %2—
2
= @%+§2_ = I;_g (V2 g + Q/2) along AC produced

2a?
(b) Potential energy of system,

Ki 7 K Kq.
U= Vg , KQQ , KQq . Kq0Q 4 Xeq  Keq
TAB Tac TAD TBC D Tcp

along AC produced

KQq , KQQ L KQq L KQq , Kq*  KQq
e BRI
a VZa a a Za a

KQgq , KQ.Q , Kq? KQq , KQ* , Kq*
= + + = + +
4 a VZa Za a V2a Za

(20 +5+ 9

12. (a) Three point charges q , - 4q and 2q are placed at the vertices of an

equilateral triangle ABC of side ‘x’ as shown in the figure. Obtained the
expression for the magnitude of the resultant electric force acting on the

charge g.
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-4q 2
B X C 4

(b) Find out the amount of the work done to separate the charges at infinite

distance.

Answer:

Electric force on charge g at comer A due to charge (2q) at comer C,

_klaal.lg2l _ K29.q_ 2Kq?
r2 x? x2

Electric force on charge g at comer A due to charge (-4q) at corner B,

_ki-4ql.lql _ K4q.q _ 4Kq* :
=S === along AB

Fyc along CA produced

FAB

Angle between Fy and Fyp is 120°
& Resultant force on charge q will,

| f2rq2\? akq?\? . 2Kq? 4Kq? 5
F—J(xz) + (B +2.EL. =L cos120
| [2rq%\? 4K q?
m\j(xz) +(x2
= [4(xNE ka®\* _ o (Ka%)?
_\j4(x2) b 2% 8(x2)
2 2 2
= 2 Va+16-8 ="L VI2=2V3%

3 2
ne F =235
x

b) U = Klgal. lgsl +KMA|- lqcl +K1QBI- lgcl
TAB Tac L1+

2 2 2
i e L)
x

x2 2

[ * for three point charges U =

RQ1qz+kQ1f13+k‘hQs]
T2 T13 T23
Klgl. |—4 Klgl. |2 K|—-4qg|. 12
_Klal. 1-4q] | Kigl. [29] | K|-4q|. |2q]
x x x

8kq? _ 14Kq*
a x x x

Section - C (5 marks)
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1. (a) An electric dipole of dipole moment P consists of point charges +q and
—q separated by a distance 2/ apart. Deduce the expression for the electric
field E due to the dipole at a distance r from the centre of the dipole on
its axial line in terms of the dipole moment 7 .

Hence, show that in the limit r >> /,
-
= dmegrs
(b) Consider a uniform electric field E = 3 x 103 § N/C. what is the flux of
this field through a square of 10 cm on a side whose plane is parallel to
the y-z plane ?
Answer:

(a) Electric field at any point P on the axial line

> = =
q =P ] E—q E+
Xononns e e s I
A / 0 f B P
(-l
= r >
(r+l) >

Suppose an electric dipole AB of charges +q, dipole length 2/ and
dipole moment p is placed in air. We have to calculate electric field at
point P on the axial line at distance r from O. For this, we imagine a unit
positive charge at point P.

Now, Magnitude of electric field at point P due to charge +q will,

I . q .
B = m@mz  maer T () [alongPtoX ]

And magnitude of ¢lectric field at point P due to charge -q will,

M q = q o .
EoG 4mey (AP)2 ame(r+D2 77 (1) [alongPto X" |
= Magnitude of net electric field at point P due to whole dipole will,
q q

E:E‘Lq“E'q g 4meg(r—1)2 g 4mey(r+1)2

= 4-25 [(rji}z = (r-:l)z] i 4;3 l(::_?;ﬁ(i:;)zzl
. :
E 41350 [(ririz)z] [ (a+b)? — (a—b)*=4ab]
R T [+ p=2q]
= = o oin st e (i)

If r > I then neglecting 7, we get from equation (iii),

T e e B (N L T e T e
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- 2pr
E ';_T or EA -3

— Z 1
In vector form, E,;= ;g

Its direction is along P to X i.e. along p.

(b) Given,
Electric field intensity E =3 x 103 { N/C or E=3x 103 N/C,
Area of square A = side? = 10% = 100 em®= 100 X 10™* m?*=10"2 m?,
Electric flux passing through the plane of square ¢ = ?

Z
\ normal drawn on the
piane of the square

square
N

>E

X

¥
Since, the plane of the square is parallel to the y-z plane and direction of
electric field is along X- axis. Therefore, angle between the normal drawn

on plane of square and direction of E is 8 = 0°.
~¢=EA cos @ =3x 103 x 10~2 x cos 0° =30 Nm*C".

2. (a) Explain, using suitable diagrams, the difference in the behavior of a
(i) conductor and (ii) dielectric ; in the presence of external electric field.

Define the terms polarization of a dielectric and write its relation with

susceptibility.
(b) A thin metallic spherical shell of radius R carries a charge Q on its
surface. A point charge -g— is placed at its Centre C and another charge
+2Q) is placed outside the shell at a distance x from the Centre as shown

in the figure.
Q A
2Q

Find (i) The force on the charge at the Centre of shell and at the point
A, (ii) the electric flux through the shell.

Answer:
(@)

Conductor:

VAl b mne Fliiininas
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Conductor
+ € “l’ A .
+ e F -
+ = By ¥ o
> |- +{==
+ _— .
# = E N
= +
* p .

When a conductor ABCD is placed in an external electric field of

intensity

E., then free electrons of conductor move from AB side to CD side.
As a result, an opposing electric field Ep induces inside the

conductor, which is equal to the external electric field E‘; . Therefore, net
electric field inside the conductor is zero.
Dielectric:

Dielectric

!
eERCT:R

“Ee b

Lot

+ + 4+ + + +

%

Eex

When a dielectric is placed in an external electric field of intensity E,..
then some molecules of dielectric are polarized.

As a result, an opposing electric field E; induces inside the
dielectric, which is less than external electric field E;; . Therefore, net
electric field inside the conductor is not zero.

Polarization:
The dipole moment per unit volume is called polarization (). For a linear
isotropic dielectrics,
PxE
Oor P= ¥ E
where y,. is a constant characteristic of the dielectric and is known as the
electric susceptibility of the dielectric medium.

(b) Charge g- at Centre induces a charge -—% at the inside surface of the

shell and +% at the outside surface. Therefore, net charge on the outer
surface will be
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Now, electric field at point A willbe, E=—7
(i)  Since, the electric field inside a hollow conductor is zero. Therefore,
force experienced by the charge -g— at the Centre will be zero.
And, the force on charge 2Q at point A will be,

K@+ %) _3Q%k
xz2  x2

F=qE = 20X

(ii) The electric flux through the shell =22 =2 = ¢

Ep £p
3. (a) Define electric flux. Is it a scalar or vector quantity ?
A point charge Q is at a distance of d/2 directly above the centre of a
square of side “d’ as shown in the figure. Use Gauss’s law to obtain the

expression for the electric flux through the square.
Q

df2

d
(b) If the point charge is now moved to a distance ‘d’ from the centre of
the square and the side of the square is doubled , explain how the electric
flux will be affected.
Answer:
(a) The electric field lines passing normally through a surface is called

electric flux.

It is a scalar physical quantity.

According to Gauss’ law, total electric flux passing through a closed
surface is

= net
o5 =22

Electric flux passing through given square,

1
(pE - % Qnet _ _Q
6 Eo 6 &g

(b) Since, net charged within closed surface made by cube of side 2d is
same as net charge within closed surface by cube of side d.
Therefore, electric flux does not change, when side of square would
be doubled and distance of charge would be increased by distance d.

4. (a) Use Gauss’s law to derive the expression for the electric field due to a
straight uniformly charged infinite line of charge of charged density 2 C/m.
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(b) Draw a graph to show the variation of E with perpendicular distance r
from the line of charge.
(¢) Find the work done in bringing a charge q from perpendicular distance 7,
tory, (rg2 > 11).
Answer:

(a)

Circular surface S2 : Circular surface S1

Suppose an infinite long wire is placed in air of linear density of charge
A. We have to calculate electric field intensity at point P at distance r
from wire. For this, we imagine a cylindrical closed surface of length /
and radius r. The point P is situated on this surface as shown in the figure.-
Now, electric flux linked with surface S; will,
¢1 = ES;cos© [~ ¢ =ES cos 0]
Or (i)] = ES} COoS 900 | | (1)
[Since, angle between normal drawn on S; and direction of E is 90°. ]
Electric field flux linked with surface S, will,
92 =ES;cos0 =ES;c0890° =0 ........ (i)
[Since, angle between normal drawn on S; and direction of E is 90°. ]
And, electric field flux linked with surface S3 will,
¢3 i ES3 cos 0 = ES}; COs 00 = ES3
[Since, angle between normal drawn on S3 and direction of E is 0°. ]
Or ¢ =EX2ml ......... (ii1)
[+ Area of curved surface of cylinder = 2nrh = 2mur/ ]
~ Total electric flux liked with closed surface will,
=1 +td2+d3=0+0+ E X 2nrl

Or ¢ = E X 2mxl ... (iv)
According to Gauss’s theorem,
¢ = dnet
Z i

Where g,,; is net charge inside the closed surface.
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[ linear density of charge A=2 or i
; q

Comparing equations (iv) and (v),we get

E X 2mr] = —
£p
Or s Al
2megrl
0 - A .
r Gmaay (vi)
(b)
E
r
()
Required work done
2] _ (T2 A _ A 1
W= f Fdr _I qE dr f?& q 211'807" Znsof
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