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Q.48 What is the net flux through a closed surface due to a charge located outside it ?
Ans. Zero. e of dipole moment 20 X 107 C-m. What is

lectric dipol
ry surface encloses an ele P [A.L 2012, NCERT Exemplar]

.49. An arbitra
Q his surface ?

the electric flux through t .
Ans. Zero, because net charge within the closed surface 15 zero.. .
Q.50. If the radius of the Gaussian surface enclosing a surface 15 halved, how does t;\e electr;,

hro i AL 20g

flux through the Gaussian surface change ? . 2005
Ans. Agss the charge enclosed by the Gaussian surface remains unchanged, hence the electric fly,

also remains unchanged.

X 1 ,
Q.51. If Coulomb’s law had ——15 dependence instead. of z would Gauss’s theorem had beep,
r S

still valid ? . | law d
Ans. No, because Gauss’s theorem is essentially based on inverse square law ependence of

Coulomb’s law. : ) .
Q.52. What is the electric flux through a cube of side 1 cm which encloses an electric dipole ?
[Delhi 2015]

Ans. Total flux is zero because net charge enclosed within the cube is zero.
dius R, and outer radius R,. A charge Q is placed

Q.53. A metallic spherical shell has an inner ra ' :
at the centre of the spherical cavity. What will be surface charge density on (i) the inner surface, and
[NCERT Exemplar]

(i) the outer surface ?
Ans. Due to presence of a charge Q at the centre of spherical cavity,

a charge — Q is induced on the inner surface of shell and a charge + Q
is induced on the outer surface as shown in Fig. 1.27.

’ (i) .. Surface charge density on inner surface oy = L. —_—% -+
. ' ) . Al 47tR1
(#) .~ Surfacé charge density on the outer surface ¢, = +Q =4 Q R
- : - Ay 47R; Fig. 1.27

Q.54. A sphere S; of radius ry encloses a total charge Q. If there is another concentric sphere 5,
of radius 7, (> r;) and there be no additional charge between S; and S,, find the ratio of electric flux

. ) through Sl and Sz.

0 _m/s _4 _Q _ .
Ans. Sk —_-lh = —% =0 1. .[Smc.e charge within both spheres is same = Ql

(B —1) Short Answer Type Questidns (2 marks each)
Q.1. Two charged spherical conductors, each of radius R, are distant d (d > 2R). They carty
‘charges +g and —q Will the force of attraction between them be exactly i— ? [A.L 2000]
k 4T €p dz . ‘

‘Ans. No, the force of attraction between charged spherical
2 '
X

‘conductors Will be more than — 1 O ‘
.On a ,
fuctors prpr ccount.o.f mutual v
Azsxttflactlve force ther.e wm be a redistribution of charges on the :
b}; t‘;res a;fl shown in Fig. 1.28. As a result, effective distance i
tween them is reduced and the force increases. - —
o : ) ’ H d
Fig. 1.28
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Q.2. Two identical metallic spheres, having unequal opposite charges are placed -at a distance
09 m apart in air. After bringing them in contact with each other they are again placed at the same
distance apart. Now the force of repulsion between them is 0.025 N. Calculate the final charge on
each of them- _ - . - [Delhi 2002]

Ans. As two metallic spheres are identical, after bringing them in contact charges on both will be
came (say 7)- As 7=0.9 mand F =0.025 N. ' |

W 2
Hence from the relation F = 1 g% __1 g9 " eihae
411: Eo r2 4n GO rz ;

F g = Janey-For? = /002525)(;9) Sy
‘ X
: . )

Q.3. Two Si’;‘ilaﬂy and equally charged identical metal spheres A and B repel each other with
a force of 2 x 107 N. A third identical uncharged sphere C is touched with A and then placed at the
mid-point between A and B. Calculate the net electric force on C. [A.L 2003]

Ans. Let charges on A and B be q each and r be the distance between them. Then as shown in
Fig. 1. 29(a), we have |

1 q2

F= -4 = 2x107°N. (0)
4Tt € t
| L A B
On touching C with A, charge on A as well as C will be % . Now 9 R
as shown in Fig. 1.29(b) net force on Cis » | | (;) |
@0 L 08 it
- P 1 2N 1 2\ 2 qg =2 4972 q
: PC=|FCAl+PCB| = Fcp=Fca = Tne, (rV dme; (1) 2 Foe 2 Foa
| | L 5) - 2 DS
, 2 2 | | ®)
. _% = — % = 2x10° N alongCA Fig. 1.29
Taneg| P2 12| 4neg v
Q4. The electnc ﬁeld Eduetoa pomt charge at any point near it is defmed as
| E= lim =
70=9 qo
Where qo is the test charge and F is the force actmg on 1t ‘What is the physmal significance of qlil_n)0
0 .

“in this expression ? ' . . .
Draw the electric field lines of a point charge Q when (@) Q>0, and (zz) Q<o. [Delhi 20071
Ans. In the definition of electric field E we take test charge g as small as p0551ble so that presence

of test charge does not affect the electric field at all That's why we con51der lur[rJ ‘

Elecmc field lines of a pomt charge (i) Q>0,and (zz) Q < 0 have been plotted in Flgs 1.18 and 1. 19
respechVely |
Q.5. Fig. 1.30 shows the electnc field 11nes around three point charges A B and C.

() Which charges are positive ?
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[NCERT Exemplay

Why ?
(B)

(b) Which charge has the large

st magnitude ?

Fig. 1.30
‘tive but charge B is ne ative. o .
Ans. (@) Charges A and C are positive tulile becgus o ma)_(igmum number of electric field lines are

(b) The charge C has largest magni
field at a distance r from a point charge 4.
from a point charge g.

originating from it. .
pression for the electric :
oint P situated at a distance 7

Q.6. Derive an ex

Ans. Consider a test charge qo placed ata p

' 1 4.9
-, Force experienced by test charge F= e T2 g_ E’ o
9 )
) F 1 q < . r »
-, Electric field at given point ~ E = :7; = In = "z : Fig. 131
7 q 5 /I
i E = r = r.

Vectorially e, P

! ) where r is the distance

Q.7. Plot a graph showing the variation of coulomb force (F) versus (—7
r

between the two charges of each pair of charges : (1 uC, 2 pC) and (2 uC, - 3 pC). Interpret the graphs

[A.L 2011]

p,=2pC=2x 107 C separated by a

obtained.
Ans. Force between two charges g; =1 pC=1x 10°C and q
distance 7,
bs
1 g 9x10°x1x10°x2x10° 18x107
nEy t r r

and force between two charges 41 =2 uC =2 x 10°C and g5 =—3 uC =-3 x 107° C separated by a
distance 7, the force : v :
1 qigp _9%10°x(2x107°)x(-3x107°) A +ve

2
1‘2

F=
47[60 r

54x 107
- 2N -
r .
TO

Graph showing variation of force F and F’ versus — is shown
r

in adjoi.ning Fig. 1.32. From the graph we note following points :
uls.(1) l?:)th th(;1 graphs are straight line graphs. As force F is
repulsive, its graph is'in 1st quadrant. But force F’ is attracti
the graph is in 4th quadrant. ‘ s atfractive and
y-—ve

—

— 1/r? (mr_z)

Fig. 1.32
ldliicy vvilll ud
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l

= -
(ii) As|F’|=3IF|, hence slope of F - —15 graph for second pair of charges is 3 times as compared
‘ r

to that for first pair of charges.

Q.8. Two charges + q and — g are kept at (- xy, 0) and (x;, 0) respectively in the x-y plane. Find the
magnitude and direction of the net electric field at the origin (0, 0). [A.L 2009]

Ans. Let two charges of +q and —g be kept at points A and B having coordinates (- ¥y, 0) and
(x;, 0) as shown in Fig. 1.33 in the x-y plane.

Net electric field at origin point O = 1—5) = 15)4 e EB Y
> __1 q > 1
But Ex= —5 along AOB and Ep= K +q I En+ Eg
2 o— & —eB—>
e ne * AGqo 0.0 AT
along OB. Hence net electric field at point O Fi: .95 ‘
ig. 1.
E 1 4 q ®
E = 2x —— — = ————along AOB.

4r €p x2 2n €y X

Q.9. Two charges Q and — 3Q are placed fixed on x-axis separated by a distance ‘d’. Where

should a third charge 2Q be placed such that it will not experience any force ?

' [NCERT Exemplar]

Ans. Let charges Q and — 3Q be placed at points A and B separated by a distance d. The third

charge 2Q should be placed at point P on extension of line BA nearer the smaller charge of Q at a
distance x from it. As net force on 2Q charge is zero.

R B0 e B--h B & 08
+2Q Q -3Q
. 1 QeQ) _ 1 (3000 < x———>——d—>
4me, x° dney (x+d)’ Fig. 1.34
1__38 .4
= 2 wrd? T WBo1)

Q.10. Two equal charges of +2 x 107® C are kept 20 cm apart in air. At a point midway between
them find (i) electric field, and (ii) force acting on a charge of + 2 x 1076 C. [A.L 2002]

- o

_)
Ans. (i) Electric fieldat O, E = EA+ EB

Bal =1 Bel = L 2x 1076 N ;

= Bl = —
Now, A dmey (0.1 - < >

i w0 im_ F
but their directions are mutually opposite. +ox10-16¢c 0-1m +9x10-16C
. ., = = 20cm=02m

Hence, their vector sum 1s zero L€., E=0 y Fio. 135

(if) Force acting on a charge of gy =2 X 107° C 1g. 1.

-

=z -16
F =g9E =2x1077x0 = 0.

Q.11. A particle of mass 10~ kg and charge 5 pC enters into a uniform electric field of
2x10°N CY, moving with a velocity of 20 m s in a direction opposite to that of the field. Calculate

the distance it would travel before coming to rest. [Delhi 2012 C]
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i _ 103 =5 uC =5 x 10 C, initial velocity of i
Ans. Here mass of particle m = 10~ kg, charge 4 =5 p z Joctric fi o of particle
u =20 m s}, final velocity v = 0 and electric field E =—2 x 10° N C L. (The electric f1.eld has been taken
— ve because its direction is opposite to that of direction of motion of charged particle).
F_gE_(5x10°)x(-2x10%)

. ati icle a = — =
- Acceleration of partic = 107

From equation v? — u® = 2as, the distance travelled by charged particle

v - _ (0 -(20° _,
20 2(-10%) |
Q.12. Define electric field. Write its SI unit. Write the magnitude and direction of electric fielq
due to an electric dipole of length ‘24’ at the mid-point of the line joining the two charges.
[A.L 2005
Ans. Electric field at a point is defined as the ratio of force experienced by a small positive test
charge placed at that point to the magnitude of test charge. Its SI unit is N ct
We know that electric field at a point on the equatorial line of a dipole is given by

—
= 1 ' p
T dney (@ +1)
At the mid-point of dipole r = 0 and hence
=Y

—_
S N

I e e—— —

4T €p 3

=-10°m s2

2m

s =

3/2

_)
Its direction is opposite to that of dipole moment p.

H
Q.13. Deduce the expression for the electric field E due to a system of two charges g, and ¢,

- - -
with position vectors r; and r, at a point P having position vector ». [Delhi 2010 C]

Ans. Let as shown in Fig. 1.36 two point charges g, and g, be situated at points A and B respec-

- -
tively with position vectors  and r,. Let P be a point having position vector ;) Electric field at P due
to charge g4,

ya q1
= 1 mho DD
E = L (r -1
r—nl
. — 1 g2 - =
and field at P due to charge g,, E, = 1 55— (r—-n)
TCEO lr —7'2 |3

- Total electric field at point P is

- - - 1 q - - - -

E= 1+E2= s l_) -(r—rl)+q“2'-(r-—r2) .

neo| | -1l I?—;Z)IS Fig. 16

Q.14. A charge g is placed at the centre of the line joining two equal charges Q. Show that the

system of three charges will be in equilibrium if q = —% [A.L 2005]
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Ans. For equilibrium of system ¢
m
y the net force on any charge must be zero. Cons; q
- Lonsidering net force on

- -
A, wehave Fac+Fap=0
A - C
_ B
1 Qg 1 Q2 QL r_ 9 +Q
4dne (1)2 47550'?2‘ =0 - 2 r
2 - Fig. 1.37
N L
dme, 12 [4q+Q] =0
or 49+ Q=0
or q = - Q
: 4
Q.15. Derive an ex i :
dipole. pression for the electric field at any point along the axial line of an electric
Ans. Th ic fi i | i
e electric field at a point P on axial line of dipole due to +4q charge at BFDelhl 2001, 2003
1
EB e . q < r »
o 47t o (r—a)2 along BP A O B 4
and electric field due to —q charge at A is -q +q = g
2a Ea E
1 — °
E, = —
A= Iney rrap along PB Fig. 1.38
- Net electric field at point P is given by
E = Ep—F), = q |: 1 1 _ q.4ar
dney [ (r- a)? (r +a)? 4r ey (r* —a*)?
2pr |
= ———, where p = q.2a = dipole moment of given dipole.

4ne (r* —a*)
For a short dipole or if the point P is situated far away, then a << r and hence

i 2 along ABP

= = _—3—-

dnegy 7

2 1

oL

Vectorially = )
ney 7

e is free to move in a uniform electric field. Explain its motion when it is

(i) parallel to the field, and (if) perpendicular to the field. [Delhi 2002]
Ans. (i) When an electric dipole is placed parallel to a uniform electric field, net force as well as
the dipole remains in equilibrium.

net torque acting on the dipole is zero and, thus,
-—

o the field, a torque T =
out the direction of electric field and finally aligns

- Q.16. An electric dipol
placed

-5 o
(ii) When dipole is placed perpendicular t p x E acts on it. Under its
influence the dipole executes oscillatory motion ab

itself along the direction of electric field.
0° with respect to au

Q.17. An electric dipole, when held at 3 :
-26 N m. Calculate the dipole momen

experiences a torque of 9 x 10

niform electric field of 10* N/C,
t of the dipole.
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—26 =30°
ere E=101N/C, T = 9x107° Nm and 6 =3

Ans. H '
From the relation t=p E sin 6, we have 5
9x107% _ 9x10° 0
_ T = = —0 =1.8%x10 C m
P=Esin®  10°xsin30° 10°x0.5
i —3 uC and - 3 nC are kept at the Ao
Q.18. Three point charges of +21uC, -3 1}1 anl ” ple e e o0 cin Y
i ively of an equilateral triang \
vertices A, B and C, respectively o q gnitUde Y i

as shown in the Fig. 1.39. What should be the s.ign and ma
charge to be placed at the mid-point (M) of side BC so th
at A remains in equilibrium ? :

Ans. Charge g on point M should be such that force on A due to it _ 3uC e

at the charge
[Delhi 2005]

- —
should just nullify the resultant of forces F4p and Fac.

1 79
4 € r2

Now FAB = PAC=

9 -6 -6
=9><1O><2><102x3><10 ~ 135N
(0.2)

- -
Resultant of F, and F4c inclined at an angle of 60° is

- - 0
F =2FuB -cosE = 2 x 1.35 X cos30°

=2 x 135 x % = 1.35x+/3 N along AM

For equilibrium, force I?AM should be equal and opposite to -P_‘)

FoI|F I_9><109><2x10'6><q 9x10°x 2 x 10°x g
CoAaME 2 7 2 27
(Amy° (022 - (0.1 ]
9 6
or 135 x 3 = 2.X 107X 2x107x% q

0.03

g 13X V3 x 0.03
9 x 10%°x 2 x 107°

Q.19. Three small charges of equal magnitude and same sign lie on
the circumference of a circle forming an equilateral triangle. What is the
value of electric field at the centre of circle ?

Ans. As shown in Fig. 1.41, electrical fields at the centre of circle due to
'three Fbarges are E4, Ep and E, whose magnitudes are equal. As these
Intensities are being represented by three vectors of same magnitude and
making an angle of 120° from one another, the resultant field

- S - - -
E=EA+Ep+Ec =0 Fig. 141
.Q.ZO. Dezfine electric flux. Write its SI units. A spherical rubber balloon carries a charge that i
uniformly distributed over its surface. As the balloon is blown up and increases its size, how does
the total electric flux coming out of the surface change ? Give reason. [Delhi 2007]

Scanned with Ca
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Ans. For electric flux and its SI unit, see Point Numb —
At A Glance”. mbers 45, 46 and 47 under the heading “Chapter

Even on blowing up of the balloon tota] electric flux coming out of its surface remain, hanged
s unchanged.

1
ﬂux = — 7 Wh —_ ] .
Total o eo Q) ere Q charge enclosed within the closed surface. Ag charge enclosed

remains unchanged, hence electric flux remains uncha
Q.21. Define electric flux. Write its SI unit.

A charge q is enclosed by a spherical surface of radiu R ius i
. .If th
would the electric flux through the surface change. i £ tacing s reduce to[ga}f,zl(;g;\i

Ans. For electric flux and its SI unj i .
A Glance”. unit, see Point Number 45 and 46 under the heading “Chapter At

nged.

The electric flux through the surface remains unchanged at ¢ =ei in accordance with Gauss’
law, because the charge enclosed within the surface remains unchange(ll.

Q.22. A thin straight infinitely long conducting wire having charge density A is enclosed by a
cylindrical surface of radius r and length J, its axis coinciding with the length of the wire. Find the
expression for the electric flux through the surface of the cylinder. [A.L 2011]

Ans. As shown in Fig. 1.42, a thin straight infinitely long conducting wire having linear charge
density A is enclosed by a cylindrical surface of radius r and length I with its axis coinciding with the
length of the wire.

As per Gauss’s law total electric flux through the
entire surface of the cylinder

o = = (charge enclosed within the cylinder) . \
<o

1, A Fig. 142

.23. State Gauss’s theorem in electrostatics. .
?K Charg: f)f 17.7 % 102 C is distributed over a large sheet of area 200 m?. Calculate the electric

it in ai [A.L 2003]
field i i istance 20 cm from it in air. o
leldAl::eI;Solzystaatt:r:ént of Gauss’s theorem, see Point Number 50 under the heading “Chapter At A

Glance”. 2

Here q=17.7 x 107 C and surface area A = 200 m” -

17.7 x107*
=, Surface density of charge 0=~ = 200
.. Electric field at a point near the sheet .
6 _ 17.7 x 10 > =5 105 NC™
: t.
The electric field is independent of the dls tance frOI:; .t-h ; Sarzekept in oA +0
2 lane sheets of charge densities + G an . ts A and B
. Q.24. Two plane What are the electric fields at poin's. .

air as shown in the Fig. 1.43. [Delhi 2003]

B? Fig. 143
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sheets 1 and 2

ds E1 and EZ due to

ally opposite as shown 5 ll

Ans. (i) At point A / the electric fiel

cfield at A, Ea = 0. 2 _
. G

in Fig. 1.44. Hence, net electri .
° (if) At point B electric fields due to both sheets are in same Fig. 144
direction as shown in Fig. 1.44. Moreover
F— I - —
|E;| = 1E21 =5 <
- Net electric field at point B
9 2= S nhormally towards 2nd plate.

Ey=Eq+ F2” 2€p 2€0 €o
_5x10° § N C. Find the flux of this field through a

—_
Q.25. Given a uniform electric field E
square of 10 cm on a side whose plane is parallel to the Y-Z plane.

What would be the flux
x-axis ?

through the same square if the plane makes a 30° angle with the
[Delhi 2014]

=10><10cm2=100Cm2=100><10'4m2=

- .
Ans. Here E =5 X 10% i N C! and area of square S

—_ A
0.01 m2. Since surface is in Y-Z plane, hence S = 0.01i m>.

- > 3
Flux ¢ = E-S = ES=(5x10")x0.01 =50 Nm?C™

::)
When plane of square makes a 30° angle with the x-axis, then area vector S subtends an angle 6

= 60° from x-axis and hence new flux will be
o = EScos8 = (5x10%)x 0.01x cos 60° =25 N m? C?
Q.26. An electric flux of - 6 x 10° Nm?C? i
1 € passes normally through i n
surface of radius 10 cm, due to a point charge placed at the centre}t ot SPhel'lcal Gauset
((1)) nlhat is the charge enclosed by the Gaussian surface ?
ii the radius of Gaussi i .
cucace d ussian surface is doubled, how much flux would pass through the

Ans. Here electric flux ¢ = —6% 10 Nm? c*?

G) As o = -
OF - hence charge enclosed by the Gaussian surface g = €.
.(ii) Even g: 3-85b; 10_;21 x (-6x10°)=-531x10° C,
. oubling the radius of G i .
remain unch aussian surfa : i
Q.27. S, :I:\%leg 2<:Cat1::e charge within the surface is ecfe;h fl(fl‘,:;lx passing thtough the surface will
2 are two hollow concentric thin spherical shells eiacrlne .as before.
osing

charges Q and 20 r .
. espectivel . .
(i) What is the ratio of }t'haeSeShown in Fig. 1.45.

(/i) How will th ' lectric flux through S, and

of dielectric constant ; gle.ctnc flux through the shell S c111an S.z £ .
§ Introduced in the space insiclie S o llf 2 medium

1 In place of air ? ‘ S2

[A.L. 2002, 2014 C]

Ans. (i)
gh spherical shell S,

” .
ccording to Gauss’s law electric flux throu

o :
0 =—-Q Fig. 145
€n
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and flux through outer shell S, Oy = L(Q_,_ 2Q) = l-3Q
€0

€0
¢ _ 1

=
¢ 3
(i) When a medium of dielectric constant K =5 is introduced in the space inside the shell S, in
e of air, flux through S; will be modified to

2 lo- L o=
q)l—GQ KEOQ

plac

QKL = ¢5_1 i.e., flux will be reduced to %th of its previous value.

Q.28. A thin metallic spherical shell of radius R carries a charge Q on its surface. A point charge

Q is placed at its centre C and another charge +2Q is placed outside the shell at point A at a distance

x from the centre (x > R).
Find (i) the force on the charge at the centre of the shell and at the point A (ii) the electric flux

through the shell. [Delhi 2015]

Ans. (i) The force on the charge % placed at the centre of shell is zero because electric field at point
A

C, inside the shell is zero.
For the purpose of electric force on charge 20 placed at point A,
the charge Q present on spherical shell may be considered to be

3Q

present at the centre point C. Thus, net charge at C is -§—+ Q= ER

1 (3Q/2eQ) __1 3¢

4me, x? dme, x*

:. Force at point A, Fj=

’ 3 Fig. 1.46
(ii) Electric flux through the shell ¢¢ = —l—(charge enclosed) = 132_30 8
€o

0.29. A spherical conducting shell of inner radius r; and outer radius r, has a charge ‘Q". A
charge ‘g’ is placed at the centre of the shell. '
(a) What is the surface charge density on the (i) inner surface, (ii) outer surface of the shell ?
(b) Write the expression for the electric field at a point x > r, from the centre of the shell.
[A.L. 2010]
Ans. (a) Let us have a conducting shell of inner radius and outer radius r,. When it is given a
charge Q, the charge spreads on its outer surface and there is no charge on inner surface of shell.
When a charge 4 is placed at the centre of the shell, it induces a charge —¢ +(Q+ ‘1)

on inner surface 1 of the shell and a charge + g on outer surface 2 of the shell. *

(i) The surface charge density on the inner surface #
=_1
G4 =
! 411:1‘12 * ’
(i) The surface charge density on the outer surface
Q+
Sam 4nrg | 1
5 Fig. 1.47

(b) For a point lying outside the spherical shell (x > r), electric field E is given by

f - total charge on spherical shell | _Q+q
4me x? 4r er2
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f a spherical cavity ;
_ s located at the centre 0 Y in
here carrying il:fa'rtgeetl-: eQClharges on the inner and outer surfach of the
herical shell. W11 [Delhi 2014 Q)

. eo1d at the point Pi.
r the electric fiel -Qis induced on the

ge +Q is induced on

e

Q.30. A sm
a large uncharged me

all metallic SP
tallic sp

. ion fo
shell. Write the expresi;le adjoining figure a charge

Ans. As shown in

inner surface of thc} rﬁe |
ter surface of the shell. ' . . ) from
the (')Il'tl1: electric field at a point P, situated in the cavity ata distan

the centre of charged small metallic sphere is
-
F-_L 5
dnegy r
The field is solely due to charge +Q of
is no field due to charges induced on the

tallic shell and, in turn, a char

small metallic sphere and there
hollow metallic shell.

Jectric dipole held in a uniform electric field is zero,

Q.31. Show that net force acting on an e (AL 2012

Ans. Consider an electric dipole AB held in a uniform electric field +q . Fy= _(EE
held at an angle 8 with the direction of electric field E . Now force // > £

- =
acting on +q charge, F; = gE along direction of E and force acting on A/ >
= 0

—q charge, F, = gE in a direction opposite to that of E. B/ >

Since F; and F, are equal but in mutually opposite directions, hence Fo=qE
the net translational force acting on the electric dipole will be zero. Fig. 1.49

Q.32. A certain charge Q is divided into two parts g and (Q — q), which are then separated by a
certain distance . What must be the value of ¢ in terms of Q to maximise the electrostatic repulsion
between the two charges ?

Ans. The electrostatic repulsive force between two charge parts is

Fo_1l 4Q-9_40-7°
41'560 r2 41‘ceo.r2

For force to be maximum gﬁ must be zero.
q

£ .1 [Q-29] =0
dg  4meyr? 7=

= Q-29=0 or g= % .
Q.33. Two small identical electrical dj
. al dipoles AB and CD X
:;zl:v:f. dxtlla‘ole.moment ‘p’ are kept at an angle of 120° as: +qe A
Show in the Flg.. 1.50. Whaft is the resultant dipole moment ~
1s combination ? If this system is subjected to electric -9 :

_)
field (E) di - o
(E) directed along +X direction, what will be the magni- X ™\120 .

tude and direction of the tor i
que acting on this ?[Delhi
Ans. As shown in Fig. 1.51, 1 y tionl oo

) et two identi i
Cld}poles AB and CD are kept at an angle 6 = 1;61" 1::}11 eleCtn.C +a©
ipole moments have magnitude P WSS fac -a¢B
- = '
IPal =lpcl =p FigYI 50
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The resultant dipole moment of the combination v e STV S

o

ﬁ
Iprl =2p cos 2 =» 120
2 pCOST=2pc0560°=2px%=p.

and the resultant dipole moment subtends an ang] S 6oe i
gle 5 = 60° from either of two dipoles p—,l or ;;;.

- : i Y
Therefore PR subtends an angle 30° from +X direction. ;
A
If the system is subjected to electric field E directed along D K AR
X direction, the torque acting on the system is -q 60° 7P
I
I S 30°1
T = pgxE 1207 p==Ei
Thus, th i is 1T 1 oE N
us, the magnitude of torque is It | = pE sin 30° = —pE q;
. . . 2 - q B c
and the torque is directed into the plane of paper i.e., the torque I
. . . s d
tends to align the system along the direction of electric field E. Fi Y 151 |
ig. 1. ?

(B-1I) Short Answer Type Questions (3 marks each)
s law in vector form. Show that it is consistent with Newton’s third law of |

Q.34. Write Coulomb’

motion.
Ans. Consider two point charges 4

force acting on charge g; due to g, accor

and g, separated by a distance r as shown in Fig. 1.52. Then

ding to Coulomb’s law, is given by

=i 1 §192» (i)
Eo = — =101
127 Y4ne, 1°
where #; is a unit vector in the direction of g fromégz o
R “A
(OI' from 9> to ql) o F12 CLL o4 r12 ‘;12 21
Similarly force on charge 42 due to g, is given by ' Fig. 1.52
51 mbg (i)
Fa1 = 4me R
0
\ P i ‘ r from 4; t0 q2- o
here 7, is a unit vecto ht . :tude but are in mutually opposite directions,
As unit vectors #; and 7z have equal (unit) Magnittie
therefore,
P = M2
Hence, equation (i) may be written as s 1_:,
n - niZg, =-r2
2 L BB S e, P
12 = .
' 4rey T al and opposite. Thus,
are equ
It xerted by the two charges on e:ild; other q
- on. o
c shc’)ws tha}t the f9rces e o Newton's third law of m© tor ? Derive the expression for the
oulomb’s law is consistent W Is it a scalar or 2 vecto [A.L 2013]
i . dipole moment- % of the dipole:
Q.35. Define electric ¢1P9°% ¢ on the equatorlal line
electric field of a dipole at 2 point 0
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