&URE SHOT QUESTIONS 2026
Chapter — 01 (Questions)
Electric Charges and Fields

» Questions

1. Two point charges of +1 C and +4 4C are kept 30
cm apart. How far from the +1 4C charge on the

line joining the two charges, will the net electric
field be zero?

2. (a) Derive an expression for the electric field E due
to a dipole of length ‘23’ at a point distance r from
the centre of the dipole on the axial line.

(b) Draw a graph of E versus r forr >> a.

3. Three point charges, 1 pC each,, are kept at the
vertices of an equilateral triangle of side 10 cm. Find
the net electric field at the centroid of triangle.

4. A particle of charge 2uCand mass 1,6.gs'mdving
with a velocity 4ims™'. At t = Otheyarticle.entérs
in a region having an electdeigld £ (inN\(+) =

80i + 60/. Find the velocity of the pafticle at t =
5s.

Four point charges of 1 uC,—2 uC, 1 uC and —
2 uC are placed at the corners A, 6, Cand D
respectively, of a square of side 30 cm. Find the
net force acting on a charge of 4 uC placed at the
centre of the square.

Derive an expression for the electric field due to

dipole of dipole moment !; at a point on its
perpendicular bisector.
OR
Derive the expression for electric field at a point
on the equatorial line of an electric dipole.

OR
Find resultant electric field due to an electric
dipole of dipole moment 2aq (2a being the separation
between the charges +q) at a point distance x on its

equator.

7. (i) Define the term ‘electric flux’. Write its SI unit.
(i) What is the flux due to electric field

E' =% 1WfoCthrough a square of side 10 cm,
when it is held normal to E ?
8. A point charge (+Q) is kept in the vicinity of an

uncharged conducting plate. Sketch the electric
field lines between the charge and the plate.

Two infinitely large plane thin parallel sheets
having surface charges densities 0 and 0,

(107> 0, ) ace.shown in the figure. Write the
magnituaes and directions of the net electric fields
sirithe regions marked Il and Il
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. An electric field is uniform and acts along +x
direction in the region of positive x. It is also
uniform with the same magnitude but acts in -x
direction in the region of negative x. The value of
the field is E = 200N C-* forx >0 and E = -200 N C*
for x < 0. A right circular cylinder of length 20 cm
and radius 5 cm has its centre at the origin and its
axis along the x-axis so that one flat face isat x =
+10 cm and the others is at x = -10 cm.

Find:

(i) The net outward flux through the
cylinder.

(ii) The net charge present inside the
cylinder.




11. Consider two hollow concentric spheres S, and S,, intensity E at a point on the axis of the ring. Hence
enclosing charges 2Q and 4Q respectively as shown show that for points at large distances from the
in figure. ring, it behaves like a point charge.
(i) Find out the ratio of the electric flux
through them. . (a)Define Electric flux. Is it a scalar or a vector
(ii) How will the electric flux through the quantity? A point charge q is at a distance of d/2
sphere $; change if a medium of dielectric directly above the centre of a square of side d, as
constant '€, 'is introduced in the space shown in figure. Use gauss’s law to obtain the

expression for the electric flux through the square.
inside S, in place of air? Deduce the P T[, 8 9

necessary expression.

‘._ — - - - - -

(b) If the point charge is now moved to distance ‘'d’
from the centre of the square and the side of the
square is doubled, explain how the electric flux will

12. State Gauss’s law on electrostatics and derive an be affected.
expression for the electric field due to a long
straight thin uniformly charged wire (linear charge 19. State Coulomb's law and express it in vector form.
density A ) at a point lying at a distance r from the

wire. 20. Two free point charges +4e and +e are placed at

distahce ‘a’ apart, Where should a third point

. Using Gauss law, derive expression for electric field ghhrge als glaced between them such that the
due to a spherical shell of uniform charge ‘entiressvstém may be in equilibrium? What should

‘ beithg magnitude and sign of q? What type of

distribution O and radius R at a point lying at a i -
‘equilibrium will it be?

distance x from the centre of shell, such that

14. Two large charged plane sheets of charde‘densities
o and — 20 C/m? are arranged Vertically,with a- 21. Three point charges of +2uC, —3uC and — 3uC

separation of d between them Deduce are kept at the vertices A, B and C respectively of

expressions for the electricfield-at.pointe (i) to the an equilateral triangle of side 20 cm as shown in

left of the first sheet, (ii) to thewright of the second figure. What should be the sign a-nd njagnitude '?f
sheet, and (jii) between the two-sheets. the charge to be placed at the midpoint (M) of side

BC so that the charge at A remains in equilibrium?

15. Consider a uniform electric field E = 3 x 103N/
C. Calculate the flux of this Field through a square
surface of area 10 em? when

(i) its plane is parallel to the y — z plane
(ii) the normal to its plane makes a 60° angle with the
X — axis.

+2 uC
A

B 20 cm ¢
16. (a) Derive an expression for the electric field at 3uC -3uC

any point on the equatorial line of an electric
dipole. 22. Two point charges +4uC and + 1uC are
(b) The identical point charges, q each, are kept 2 m separated by distance of 2 m in air. Find the point
apart in air. A third point charge Q of unknown on the line joining charges at which the net electric
magnitude and sign is placed on the line joining field of the system is zero?
the charges such that the system remains in
equilibrium. Find the position and nature of Q. 23. Derive an expression for the electric field at 2

point on the axial position of an electric dipole.
17. A charge is distributed uniformly over a ring of

radius ‘a’. Obtain an expression for the electric




24. Find the expression for electric field intensity at a
point on the axis of a uniformly charged ring.

25. Define electric flux. Write its S| unit.

26. Derive an expression for torque on an electric
dipole in a uniform electric field.

27. State Gauss theorem and use it to find the electric
field at a point due to an infinitely large thin plane
sheet has a uniform surface charge density

28. A hollow cylindrical box of length 1 m and area of
cross-section 25 cm? is placed in a three
dimensional coordinate system as shown in the
figure. The electric field in the region is given by
E= 50xi, where Eisin NC~! and x is in metres.
Find

(i) net flux through the cylinder.
(ii) charge enclosed by the cylinder.

29. A hollow cylindrical box of length 1 m and ared\of.
cross section 25 em? is placed in a three :
dimensional coordinate system as shown'in the
figure. The electric field in the regionis'given bw.

E = 5xi, where E is in NG @nt%i%in mettes. Find

(i) Net flux through the cylinder.
(ii) Charge enclosed by the cylinder.

Pai=

30. Derive an expression for the electric field due to an
infinitely long straight uniformly charged wire

31. Five Charges, q each are placed at the corners of a
regular pentagon of side a.

(i) What will be the electric field at O if the charge
from one of the corners say (A) is removed?

(ii) What will be the electric field at O if the charge q at
A is replaced by -q?

oyl ——d

32. Givep'arpntform field £ = 5 x 10%f N/C, Find the
fluxef this field through a square of side 10 cm on
F ) side whose plane is parallel to the y-z plane.
What would be the flux through the same square if
the plane makes a 30° angle with the x axis?




&URE SHOT QUESTIONS 2026
Chapter — 01 (Solutions)
Electric Charges and Fields

» Solutions

1. Ans. Letat point P, the net electric field is zero,

then ——- : q:
4m X 4nz, (30-X°

=1l‘-Iz =4uC

30-x
£,
=—2 = x=10cm
(30-x)2
Ans. (a) Electric field at an axial point of an electric
dipole. Let us consider an electric dipole consisting
of charges +q and -q, separated by distance 2a and
placed in vacuum. Let P be a point on the axial line
at distance r from the centre O of the dipole on
right side of the charge +q.

Electric field atan axial poihi of dipole
E_ 4= zp (towards [eff).

-mn.{r-m‘,-

Where p is a unit vector along the dipole axis from
-q to +q.
Electric field due to charge +q at point P is

— A

= q :
Eig= premrmpcd J (towards right)

Hence the resultant electric field at point P is

Eaxiat = E+q + E-q =

q 4ar

T amey (r?-a?)? p

q 1
4meg (1"—u)2 (r +u]

E

R N 2pr " _ __ i
orEgviat = p .mpHere p =qx 2a = dipole
moment

For r >> a, a’ can be neglected as compared to r’.

{ p {towards right)

Let O be the centriod of triangle.
Angle between E5 and E, is 120°.
Resultant of E5 andF., JE' =

WIES ¥ EZ 4+2E;F;co5120°

) 3 (I T

_Js 2 + 262 (-2) = E

Since all charges are of same magnitude, thus,
..E1=EZ=E3=E

E' and £, are same in magnitude but opposite in

direction.
S0, net electric field at 0 =

EI_E|=

4, Ans Givenq ZpCm 16=1.6x10-3 kg,
u= 4ems g E 801 + Gﬂjand t=5s.

P= ma (From Newton’s law)
Or 1;;.' = ma

=2 X 1{}-6(30:T + f.u}) = (1.6 th-#*}&'

=a=100x 1073 + 75 x 1073j
Now from equatlon of motion,

v—u+ac—41+(100x10 "t+75x10 ;}5—

45i +0.375]

5. Ans
{a) (1uQ
A

=

30cm

D
(=2 uC)




Let O be the centre of the square.

Force between charges at O and at B and charges at 0
and D will cancel each other.

Force between charges at 0 and A, and between
charges at 0 and C will cancel each other.

So, net force on 4 uC placed at the centre of square
will be zero.

6. Ans. Electric field on the equatorial line of an
electric dipole : Electric field at any point on the
perpendicular bisector of an electric dipole at
distance r from its centre is

Epg sind

g i

E.=E,=E,c0s6+E,, cosd
(Vertical component cancel each other)
or E, =2E,,c0s0 (E,,=E,;)

1 q a
dre, (F + @) (F* +a)"*
= 1 q-z?_“?orEm= 1 R -p?

4z, (r* +a’)"? Arey)(r' + @' )
Directed antiparallel to dipﬁj}i‘moment};ja-ﬂ?or

short dipole, when r >>>> a, th_ép"e_ltctfric field at
point P is

E=

Ew! = 2

Efrf

In vectorial form, the electric field intensity at point P
on the perpendicular bisector of short electric dipole is

1 -p*
_.r
drg, 1°

then given by E =

7. Ans. (i) Electric flux: Total number of electric field
lines crossing a surface normally is called electric
flux. SI unit of electric flux is N m? C.,

(i) The area of a surface can be represented as a
vector along normal to the surface.

Here, E =3x10°i NC™

Area of the square AS =10x10cnt

AS =100cm?=10"m’

Since normal to the square is along x-axis, we

AS=10"int
Electric flux through the square,

¢=E.AS=(B3x10°D).0107 )
¢ =30 NniC™

8. Ans.

I O A R |

9. Ans. (a) Surface charge density on the inner surface
__4
dar?
Q-q
4rry

On the outer surface.=

dre X

10. Ans. (i) Given [=20cm, r=5cm=0.05m
Net flux,

¢ = | EdA+ [ E.dA=2007(0.05)* cos0x 2
= aNmtC™

i ™y

e
A [Y—A

1

W
(i) The net charge enclosed, = qﬁ,sﬂ
aNtC ' x8.85x10 “C*N 'm*
= 27.789x107*C

11. Ans. (i) Charge enclosed by sphere S, = 2Q
By Gauss law, electric flux through sphere S; is

#=2Q/¢,

Charge enclosed by sphere,




S,=2Q+4Q=6Q

¢,=6Q/ ¢,

The ratio of the electric flux is

¢:¢,=2:6=1:3

(ii) When a medium of dielectric constant &, is
introduced in sphere S, the flux through S would

be ¢’ = L

&ty
Ans. According to Gauss's law, total flux over a

closed surface S in vacuum is — times the total
£,
0

charge enclosed by closed surface S

¢= éEdS qarlam

Electric field Intensaty due to line charge or infinite
long uniformly charged wire at point P at distance r
from it is obtained as:

Assume a cylindrical gaussian surface S with
charged wire on its axis and point P on its surface,
then net electric flux through surface S is

IG‘S
F

[ I EEILE: KN

b E
i EId_S.
°=§€-d$= | Edscos90°+ | mmm.,‘ _}_'_Ii! Rir

Or ¢=0+EA+Qo0r ¢ = EZmT
q_Aa

But by Gauss’s theorem ¢ = —
& &

Where q is the charge on length [ of wire enclosed

by cylindrical surface S, and A is uniform linear

charge density of wire.

13. Ans. Consider a thin spherical shell of radius R

carrying charge q. To find the electric field outside
the shell, we consider a spherical Gaussian surface
of radius r (> R), concentric with given shell. The

electric field E is same at every point of Gaussian
surface and directed radially outwards (as is unit

vector Nso that ¢ =0")
According to Gauss’s theorem,

gssf.dé':gﬁsf.nds:%

Gaussian

» E(4nr?) =2
&y
” q
4megr?
Vectorially, E = i,r
r

Special cases
At the point on the surface of the shell, r =R

1
p.loa
47z, B
o is the @jrface charge density on the shell then

r=R
Distance from —
centre (r)
If the point P lies inside the spherical shell then the

Gaussian surface encloses no cha

14.50ln.

(i} Electric field due to plane sheet toward right = =
o

Where, o is charge densitv.
Towards left = —

|- )

=20

Electric fleld at point A i.e., to the left of first sheet and
due to Iarge plane sheet.

-2+ (+Z)=Z

Eg £p




(i) Electric field at point B i.e., to the right of second
sheet,

vEH =

(iii) Electric field at point C i.e., between two
plates,

15. Soln. Given electric field E =3x10°i NC™

Magnitude of area, S=10cm?=1x10°m?
(i) When the surface is parallel to y-z plane, the
normal to plane is along x-axis.
In this case ¢ =0;so electric flux,

b= ES—watﬂjxm o—ame'

(ii) In this case &= 60", so electric flux,
¢=EScosd

1
=3x10°x1x10"3cos60° =3x§
= 1.5Nm*C~1.

16. Soln.

(a) Consider an electric dipole of char@es™qand #q
separated by a distance 2a dndﬂl,aced inatrée
space. Let P be a point on eguatarialdina.of dipole
at a distance r from the centre/of 3 diptle.

A
g = =P g

Let E,and E, be the electric field at point P due to

charges -q and +q
Then resultant electric field at point P is

FoE,+E,

———— (along PA)

me, AP2 ~ Amey (r? + a?)
PR (A long BP
|Ep| = 4me, BP? 4:'[?" (r*+ )(a ongBr)

The, resultant intensity is the vector sum of Ea and Ea.

Ex and Es can be resolved into two components. The Y-
components cancel out each other. And X-
component will add up to give the resultant Field.

Ey sl

E, wrd

~ |E| = E cos + Egcos 0

Now in right, triangle ORB

0B a

BP iy a?

s % 1 q a

X e Pr R Tl

B 2qa

" 4mey(r2 +a?)3/2
_ P

" 4me, (r? +a?)3/2
[ 2qa=p]|

This is the required exoression.

(b) Let the two char «EeS“O‘E +q each placed at point A
,am‘B ‘at adistance’2 m apart in air.

A::" —— O
i———x—po + 2-2)
§t’lgbo§e, the third charge Q (unknown magnitude and
"'ct"harge) is placed at a point O, on the line joining the
other two charges, such that OA=xand OB =2 - x.

For the system to be in equilibrium, net force on each
3 charges must be zero.

If we assume that charge Q placed at O is positive, the
force on it at O may be zero. But the force on
charge q at point A or B will not be zero. It is
because, the forces on a charge q due to the other
two charges will act in same direction. If charge Q. is
negative, then the forces on q due to other two
charges will act in opposite direction.

Hence, Q will be negative in nature.

For charge (-Q) to be in equilibrium

Force on charge (-q) due to charge (+q) at point A

should be equal and opposite to charge (+Q) at B
1 Qu_ 1 _Qq
4neg x? 4nz:9'(2—x)"-
or (2-x)*=x*
= X=02-X=Xx=1m
Therefore, for the system to be in equilibrium a charge
-Q is placed at a mid point between the two charges of

+( each.

cosf =

17. Soln. Suppose we have a ring of radius a that
carries a uniformly distributed positive charge q.




As the total charge q is uniformly distributed, the
charge dq on the element dl is

*. The magnitude of the electric field produced by

the element dl at the axial point P is
. ﬂﬂ kq dl
dE = ‘¥ 2ma're
The electric field dE has two components.

(i) The axial components dE cosf/and
(i) The perpendicular component dE sing .

Since the perpendicular component of any two
diametrically opposite elements are equal and
opposite, they cancel out in pairs. Only the axial
components will add up to produce the resultant
field.

E at point P is given by

2ra
E=| dE
]n' cosd

[~ Only the axial components
contribute towards E]

E= J'zm,:% %.il'cosl&':ﬂ
kax 1 [2ma
~zma i), @
=%'$ui‘%?"‘
- Z:E (x%+ c:zz}:’:-'.’fmzjrm
[+ 7% =x2 +a?]

E=

kqgx
m
[Where k = —a= constant]
AME,
1 iqx
ameq (x? +a2)?
If x>>a, then x? + a? = x?
1 qx
E(rz)agz
- 4
" 4mey x?
This expression is similar to electric field due to a point
charge.

a—

18. Soln. (a) Electric flux: Electric flux through an area
is defined as the product of electric field strength E
and area dS perpendicular to the field. It
represents the field lines crossing the area. Itis a
scalar quantity. Imagine a cube of edge d,
enclosing the charge. The square surface is one of

the six faces of this cube. According to Gauss’
theorem in electrostatics,

Total electric flux through the cube = . §
&g
This is the total flux through all six surface

. Electric flux through the square surface =

P R

(b) On moving the charge to distance d from the
centre of square and making side of square 2d, does
not change the flux at all because flux is
independent of side of square or distance of charge
in this case.

19. Soln. The force of attraction or repulsion between
two paint charges q:.and q; separated by a distance r
is directly proportionalto product of magnitude of
.charges and invetsely proportional to square of
distanceietween charges, written as:

Foogiq,and Fx Ll,

o ‘i‘;qg F = k‘h‘h

Where k is a constant of proportronaluty, called

electrostatic force constant. The value of k depends

on the nature of the medium between the two
charges and the system of units chosen to measure

F. G qzand r.

For the two charges located in free space and in S|
units, we have

Nm?C—?
Where sﬂ is called permittivity of free space. So we

can express Coulomb’s law in Sl units as
1 0%
‘hTfu‘ ré
In vector form, Coulomb’s law may be expressed as

F5, =Force on charge q; due to q;
— L 192 i
T amey” 12 "2

A =
Where 1y, = 1-:72-, is a unit vector in the direction
from q; and q..
F,, =Force on charge q; due to q;

1 ﬂlﬂz
ane,’ r 2

Similarly,




= 1.35N, alongAB

Where 1, = -2, is a unit vector in the direction Force exerted on charge +24C by charge at C,
r _ 9%109%x2x10"%x3x10""

from q; to q.. Fp= (0.20)?
The coulombian forces between unlike charges = 1.35N, alongAC
(q,q, < 0) are attractive, as shown in fig. Resultant force of F, and F,
F = JFf+ F# + 2F\F, cos 6 0°
= /1.35% + 1.35% + 2 x 1.35 x 1.35 X 0.5
= 1.35 x V3 = 2.34N, alongAM
For the charge at A to be equilibrium, the charge q
to be placed at point M must be a positive charge
_ . so that it exerts a force on +2.C charge along MA.
Attractive coulombian forces for q,q, <0. — AM = VZ0Z =102

=+/300 = 10v3cm
= 0.1 xv3m
i Net force on charge at A will be zero if
> > ux:t:"quz_xm"' =234
F F, (0.1xy/3)2 '
2.34%0.01x3
o o = Tiex10°

¥
2

+a

A

"2

20. Soln. Suppose the charges are placed as shown in

=3.9x 1075C = 3.9uC.

As the charge +e exerts repulsion F on charge +4e,
so for the equilibrium of charge +4e, the charge -q )

must exert attraction F’ on +4e. This requires the —t B
charge q to be negative.
For equilibrium of charge +4e, 4 :

) L 1 - = 2m ‘
1 4exe _ 1 4exq : ‘ E{i’staﬂte between the two charges, AB =2
amey, a®  amey x? 1 N PA=xm PB=2-xm
Or = %2 Net electric field at point P=E
For equilibrium of charge -a. Electric field at point P caused by +4.C charge,
Attraction F, between +4e,ahd'sq Ey = Ax10 /Calong PA

= Attraction F, between#e'aid - T aney(PA)
1 dexq _ 1 exq ’ ente 9 Magnitude of electric field at point P caused by

" ame, x?  amey (a-x)? +1‘uC :harge,

Or x2 = 4(a—x)? +1x10~6
s x=2a/3 ) k2 = wt"(’,mih'/Canng Pf'
2 ' ] y 4%10° +1%107
Hence q= % = #4;_‘ = % Now, anea(0)? 4meg(2-x)?
The equilibrium of the negative charge q will be Cross multiply and soclve:
unstable. Ameg(2 = x)2 4% 1078 = 4mey(x)2 1 x 1076
(2-x)?4x107°=(x)?1x107°
21. Soln. (2-x)4=(x)*1
16 —16x +3x2 =0

Now on factorizing,

4(4—x)—3x(4—x)=0

(4—-3x)(4—x)=0

= %.x = 4, possible point on the line will be x =

+1uC

- X —p pe— 2-x —»

-3uC -3uC
(a)
As shown in fig. the force exerted on charge +24C by

23. Soln. Electric field at an axial point of an electric
charge at B,

dipole. As shown in fig. consider an electric dipole
=g 12 consisting of charges +q and -q, separated by

_ 9x10”x2x107°x3x107° distance 2a and placed in vacuum. Let P be a point
h (0.20)2

1 -
F]_ 49192




on the axial line at distance r from the centre O of
the dipole on the side of the charge +g.

0 *q E—-w P _E«r
+ .- ---- . >
20—

Lo r e

Electric field due to charge -q at point P is

E -q

g A== (towards left)

Where pis a unit vector along the dipole axis from

-q to +q.
Electric field due to charge +q at point P is
- . 5
Eiq = 4meg(r —a)? p
Hence the resultant electric field at point P is

.;

(towards right)

Eaxml = E-I-q T E—q

_ l 1 _ 1 I £
T aney lir—a)®  (r+a)? p
q 4ar »

- 4ne, (r¢ —a?)? p

—

Or Egxigt =

A

1 2pr
4mey  (r2—a?)? P
Here p = ¢ X 2a =dipole moment.

For r>> a, a* can be neglected compared to T°.
S 1 2p”

& Baxial = E-ﬁp
Clearly, electric field at any axial point of the dipole
acts along the dipole axis from negative to po;“ltﬂ;e

(towards right)

charge i.e., in the direction of dipole moMent p.-

24. Soln.

a

.. The magnitude of the field d E produced by the
element dl at the field point P is
aio .t d
r-2zar
As shown in fig. the field dE has two components:

1. The axial component dE c0s&, and

2. The perpendicular component dE sin .

Since the perpendicular components of any two
diametrically opposite elements are equal and
opposite, they all cancel out in pairs. Only the axial
components will add up to produce the resultant

field E at point P, which is given by

[~ Only the

E =TdEcose
]

axial components contribute towards E]
_ J-:!rm kg dl x _ kqx 1 clma dl
= 0 2ma'r?'r  2ma’r3’0
X

[ cosf = ;]
_kax 1 rpopa _ kax 1
~ oma’rd “l(.’l T (x7 +az_:l3',«z .2ma

[+ % = x? + a?]

E= kqx _ 1 qx
T (x2+a?)? T amey” (x¥+a?)¥?

Or

25. Soln. The electric flux through a given area held
inside an electric field is the measure of the total
number of electric lines of force passing normally
through that area.

Adpp = EAcos @ = ; as
Sl unit of electric flux = Vm.

26.50In. Torque on a dipole in a uniform electric field.
As shown in fig. consider an electric dipole
consisting of charges +q and -q and of length 2a

placed in a uniform.electric field E making an angle
-0 With'it. it has,a.dipoie moment of magnitude,
p = q.'l( za

Forceéxerted on charge +q by field E' = qE
(along E)
Force exerted on charge -q by field é’ =—q é

(opposite to E')
Ergtar = +qE —qE = 0.

Fepsd ®
Hence the net translating force on a dipole in a
uniform electric field is zero. But the two equal and
opposite forces act at different points of the dipole.
They form a couple which exerts a torque.

Torque = Either force x Perpendicular distance

between the two forces




r =qE x 2asind = (g< 2a) Esing
Or r= pEsing
(p=qx2a)

As the direction of torque r is perpendicular to

both pand E, so we can write

T=pxE
The direction of vector r is that in which a right
handed screw would advance when rotated from

pto E. As shown in fig. the direction of vector 7

is perpendicular to and points into the plane of
paper.

When the dipole is released, the torque 7 tends to

align the dipole with the field E i.e., tends to
reduce angle #to 0. When the dipole gets aligned

sides. We choose cylindrical Gaussian surface of
cross-sectional area A and length 2r with its
perpendicular to the sheet.
As the lines of force are parallel to the curved
surface of the cylinder, the flux through the curved
surface is zero. The flux through the plane —end
faces of the cylinder is

¢, =EA+EA=2EA
Charge enclosed by the Gaussian surface,

q=cA

According to Gauss’s theorem,

Clearly, E is independent of r, the distance from the
plane sheet.

(i) If the sheet is positively charged (o > 0), the field

is directed away from it.
If the sheet is negatively charged (o < 0), the field is
directed towards it.

with E, the torque r becomes zero.
Clearly, the torque on the dipole will be maximum

when the dipole is held perpendicular to E . Thus
T = PESINS0’ = pE. 28 54IA.

Dipole moment. We know that the torque,

r = pEsing
If € =1 unit, @ =90", then r = p
Hence dipole moment may be defined asi‘he%oque
acting on an electric dipole, piaced. pe,rpendicufar-tb
a uniform electric field of unit strength. -

. Soln. Gauss theorem states'that total flu% through
a closed surface is 1/ &, times thie nét charge

enclosed by the closed surface.,
Mathematically, it can be expressed as

¢p = JE.dS =
Electric field due to a uniformly charged infinite
plane sheet. As shown in fig. consider a thin, infinite
plane sheet of charge with uniform surface charge
density o . We wish to calculate its electric field at

a point P at distance r from it.
Plane sheet,

arca A
By symmetry, electric field E points outwards
normal to the sheet. Also, it must have same
magnitude and opposite direction at two points P
and P’ equidistant from the sheet and on

siataile

Given, K = 50xiand A = 25cm? = 25 x
10~*m?As the electric field is only along the x-axis,
s, flux will pass only through the cross — section of
cylinder.

Magnitude of electric field at cross-section A,
E;=50x1=50NC!

Magnitude of electric field at cross — section B,

Ep =50x2=100NC™!

The corresponding electric fluxes are

4 = Ex. A = 50 X 25 X 10~* cos 180°
= —0.125Nm2C""

¢ = Eg.A=100x 25 x 10~* cos 0°
= 0.25Nm3C - 1
So, the next flux through the cylinder,
¢ =, +¢s =—0.125 + 0.25 = 0.125Nm*C !
(ii) Using gauss’s law
$E.dA =:_‘—"=0.125 seten
=q=885x0125x10"12=11x10"1%C

29. Soin. {l) Given:

E 50xi _ ‘
And A4S = 25¢cm2or25 x 1074m?




As the electric field is only along the x-axis , hence,
flux will pass only through the cross-section of
cylinder.

Magnitude of electric field at cross-section A,
E,=50x1=50N/C.
Magnitude of electric field at cross-section B,

E,=50x2=100N/C

The corresponding electric fluxes are

36@, =E.AS
= 50 x 25 x 10~* x cos 180°
=—0. 125!‘-‘}112/6‘2

g = E.AS
=100 x 25 x 10~* x cos 0°
= 0.25Nm?/C?
So, the net flux through the cylinder,
$p=9ds+$ds
= 0.125+ 0.25
= 0.375Nm?/C?
(i) Using the Gauss’s law,
_ . = ) _ i
¢ = ﬁE‘;ds =
=2 0375 =g =pz
=qg=885x10"'? x0.375
=33 %10°2¢C

30. Soln. In a long straight wiréa,yﬂtﬁ uniferm eharge
per unit length Z, there should bg électric field
generated by charge distributiodforcylindrical
symmetry. Also, field to point will radially be away

from the wire.
vd wire
e

——
____,_.#‘

In this, cylindrical gaussian surface is co-axial with
the wire of radius R and length L where symmetry
implies to electric field generated by wire that will
be perpendicular to curved surface of cylinder, so as
per Gauss' law,

E(R)x 27 RL = 2L

Sfj
Where, E(R) is electric field strength which acts as
perpendicular distance R from the wire.
In figure, left part shows electric flux through
Gaussian surface while right part shows total charge

enclosed by cylinder which is divided by «,.

;I
Further, E(R) =
Rl ®)= 27, R

Here, the field points are radially away from
the wire then A >0, and radially towards the wire
when 4 <0

31. Soln. (i) If a charge q is removed from point A, a
negative charge is developed at A where electric
field will be

A= —ﬁwfﬂch is along OA.

Anegn

,{nﬂfa i'.‘harge uis replaced by charge -q at point A,

therp_ganemtes a net electric field at point O as a
result of - Zq charge, so

Y

l-—l—ﬂ |—l-—-|
-2q

-tm-‘,_. r?

. _1 29 P
E= v alongOA

32, Soln. Flux of this field through a square of 10 cm
Flux of the square with normal making 30° angle
¢ =EAcos@
¢ =5%10%x10"%cos 0° NC~'m?
¢ = 50NC'm?
¢ =5%x10%%x10"2 cos 6 0°NC~1m?
= 25NC~'m?




