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The resultant dipole moment of the combination

o

|P_1)2|=2PC059=2 cos =2 o _ 1
> p =2p cos 60 —2px5=p,

i 6
{ and the resultant dipole moment subtends an angle 5 =60° from either of two dipoles p_; or ;;; .
- 5 o R z
Thereforé PR subtends an angle 30° from +X direction. Pl
= i) 3
If the system i subjected to electric field E directed along D o ”
X direction, the torque acting on the system is -q 60° IlpR
30° 1
- - = X § > X
T = prxE 120 :
= C
. . . 1 +q >
Thus, the magnitude of torque is |1 =pE sin 30° = —pE 5
2 -qeB C
and the torque is directed into the plane of paper i.e., the torque VL
—-) r
tends to align the system along the direction of electric field E. - Y -
ig. 1.

(8~ Il) Short Answer Type Questions (3 marks each)

Q.34. Write Coulomb’s law in vector form. Show that it is consistent with Newton’s third law of

motion.
Ans. Consider two point charges g; and 4, separated by a distance r as shown in Fig. 1.52. Then
force acting on charge 4; due to gy, according to Coulomb’s law, is given by

- 1 N9 ,
F, = AL12p (i
2= Ire, P2 21 (1)
where 7, is a unit vector in the direction of g, from g,
R <« —— <«—o—>
(01' from a2 to {h) Fi2 qj ?21 ?12 az F2q
Similarly force on charge g, due to 4; is given by T o
. ) Fig. 1.52
-_) A .-
Fo1 = .qu—zrlz ..(1i)
4ney t

where 7, is a unit vector from g, to g,.

As unit vectors f; and 7, have equal (unit) magnitude but are in mutually opposite directions,

therefore,
f1 = ~h2
Hence, equation (if) may be written as
-2 1 2, & 1 Gd2, _ _TF
Fi = = ,171_;7_(_1,12) = —Z—"—f”u = ~Fxz
drey 1 TEy T

It shows that the forces exerted by the two charges on each other are equal and opposite. Thus,
Oulomb's law is consistent with Newton’s third law of motion.

el Q'?S' Define electric dipole moment. Is it a scalar or a vecto
fetric field of a dipole at a point on the equatorial line of the dipole.

ector ? Derive the expression for the
[A.L 2013]
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- ;
tends to align the system along the direction of electric field E. - K 154
ig. 1.

(8-1) Short Answer Type Questions (3 marks each)

Q.34. Write Coulomb’s law in vector form. Show that it is consistent with Newton’s third law of

motion.
Ans. Consider two point charges g; and 4 separated by a distance r as shown in Fig. 1.52. Then

force acting on charge g, due to gy, according to Coulomb’s law, is given by

- 1 fm92; .
E, = Ly ()
2 = e P 21 (@)

where 7, is a unit vector in the direction of g; from g,

= +—o—>; <«——o—>_
(or from g, to 47). Frz @ e G P2
Similarly force on charge ¢, due to g is given by B ' "
) Fig. 1.52
__) A .
Fop = n 32 Ao ..(if)
dmey r

where 7, is a unit vector from 4; to 2.

As unit vectors #; and fj, have equal (unit) magnitude but are in mutually opposite directions,

therefore,

1 = —#13
Hence, equation (ii) may be written as
> 1 . hi2, _ _F
Plz = 'ql ;72 (—7’12) = —'4 . 2 r‘12 e —P21
dme, 1 nE€ T

It shows that the forces exerted by the two charges on each other are equal and opposite. Thus,

oulomb’s Jaw is consistent with Newton’s third law of motion. ‘ .
Q.35. Define electric dipole moment. Is it a scalar or a vector ? Derve the expression for the

electric field of a dipole at a point on the equatorial line of the dipole. [A.L 2013]
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1.34 R
i 31 under the heading “Chapter At o
Ans. For definition of dipole moment, see Point Number A ' T\_FL
-II . . o . . |‘ / ) \"‘\
Glar;)ciepole moment is a vector. Let us calculate the clectrostatic field at a point P on the equatorial Jip, 08 {-
at a distance “7 from mid-point O of an electric dipole AB. Q}iq .
g 19
2 2 q v ANS
: _ __ 19 )
Obviously, |Eal = | Egl e, (a2+r2) l
= .‘
Resultant intensity at point Pis E = EA+EB- | »
| Let us resolve E 4 and EB along and perpendicular to the dipole axis. We find that components
A E,sin® and Egsin® nullify each other and hence |
> 62 1 g __a«a Ep T Eg sin 0 Al
|E | = (E4+Ep)cos? = 4T € (a%+71%) \/;2_+r2 Ea cOS 0 .
+
2qa p Eg oS 0
—} = . a]
4 gy (r12+r2)3/2 4n e (¢12+72)3/2 y EAsin 6
where p = 4.2a = dipole moment of electric dipole.
=
' fE ite to that of p ie, E 4 8 \ (
i i i at o .e., = -
I i The direction of E is opposite to p ey (r2 N a2)3/2 N L A
If r >> a, then the above relation may be modified as < 23 >
Fig. 1.53
g r ' (
- dngr thre
ver!

N
Q.36. Derive an expression for the torque T experienced by an electric dipole of dipole moment

_)
; kept in a uniform electric field E. [Delhi 2005, 2008, 2012 C, AI 2012 C, 2014]
_)

Ans. Consider an electric dipole AB placed in a uniform electric field E oriented at an angle 0
with the field.

As shown in Fig. 1.54, forces gE and gE act on the two charges in A > ‘.
mutually opposite directions. Consequently, net translational force +q/7__> qE
on dipole is zero and there is no translatory motion of dipole. N /  E

However, as the two forces act at two different points non- —
linearly, they constitute a couple whose torque is given by : - <— W : >

. B
; torque T = (gE).Normal distance between the forces o ©
. Fig. 1.54
= gE 2asin@ = pEsin® [ p=q(2a)] b
o rig:f }tl(;;%uiﬁ:s a tendency to align the dipole along the direction of electric field. Thus, according
- - 5
T =pxE.

.3 . . - N - .
Q.37. An electric dipole of dipole moment p is placed in a uniform electric field E Obtain the

expression for the tor
in the expression.

b d .
que T experienced by the dipole. Identify two pairs of perpendicular vectors
[Delhi 2015 C]
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 torque acting on the di t =pxF
\ns. The torque acting on the dipole © = p x E . For its derivation, see Answer to Short Answer

,é Qucstion Number 36.
TYF . . R .

Obviously; (@ t and p,aswellas (b) T and E are mutually perpendicular.

38. Show mathematlca!ly that the electric field due to a short dipole at a distance ‘d’ along its
axis 18 twice the value of field at the same distance along the equatorial line.

Ans. We know that electric field at a distance ‘d’ along the axis of an electric dipole is
1 2pd

Am e, ' (d2 —a2)2

and for a short dipole (a < < d), we have

Eaxial =

1 2p
E.. = — — .
axial Ame, d3 (1)
Again electric field at a distance ‘d’ along the equatorial line of dipole is

1

E L= ;
equatorial AT 5 (dz +a2)3/2
and in case of a short dipole
1 p ..
] (i
dne, d° @)

Comparing (i) and (i), we have

Eequatorial

Exial
E axm. ) =2 or Eaxial =2X Eequatorial'
equatorial
Q.39. Two identical pith balls,

threads of length I each. If in equi
vertical in equilibrium, find value of charge on each ball.
Ans. The equilibrium state is shown in following Fig. 1.55. Forces acting on e

(i) Weight mg in vertically downward direction,

each of mass m and charge +¢, are suspended from a point with
librium state 6 be the angle which each thread makes with

ithcr ball are

. 1 7 1 . . .
Coul i F=—————75= .9 __ in horizontal direction, and
(ify Coulombian force ne, (ABY  ime, 4 ZanZ6

(iii) Tension in thread T.

In equilibrium state Tcos® = mg (D)

. q >

d 0 = = — 5 ...(ll)
o Tsin 4T ey - 41%sin* 0

2
q
= tan® = —5 24 .
Ane, Al*sin®8.mg
or g =2 sin B./4m€g .mg .tan®. Fig. 1.55
expression for the electric field due

Q.40. State Gauss’s law in electrostatics. Using it derive an

to an infini i - o of linear charge density A C/m.
initely long straight wire 0% % & [AL 2005, 2007, Delhi 2004, 2009, 2011 Cl

o nducting wire of linear charge
/7, its axis coinciding with the
for the electric field, indicating its direction at a point on
[Delhi 2012 C]

State Gauss’ law in electrostatics. A thin straight infinitely long co
rface of radius ‘v’ and length

?ensity “\ is enclosed by a cylindrical su
ength of the wire. Obtain the expression
the surface of the cylinder.
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12 i ber 50 under the heaq:
For statement of Gauss law in electrostatics, Refer to Point Num : ¢ headin,
Ans. For state
” E
“Chapter At A Glance”. ‘ . o )
CI::)nsider an infinitely long straight charged lere lgf 11$- T T” .
ear charge density A. To find electric field at a PO?‘t & o oLl 2
distance r from the wire by using Gauss law co o ! — £ ‘
e ol i s the Gaussian 4 + ! +' + + + N
sider a cylinder of length I and radius r a - ; “—'T
surface. o _ -, 5 1 .Iy-»
From symmetry consideration: electric field at each point S i+ 1 _____ ¥
- . _
of its curved surface is E and is pointed outwards nor vh -
mally. Therefore, electric flux over the curved surface =
Fig. 1.56

-
=J Efids = E2nrl

On the side faces 1 and 2 of the cylinder normal drawn on the surface' isﬂpfil’perldicular to electric
field E and hence these surfaces do not contribute towards the total electric flux.

. Net electric flux over the entire Gaussian surface ¢ = E2nrl (1)
1 Al )
By Gauss law electric flux ¢ = E—(charge enclosed) = _e: A (i)
0
Comparing (i) and (if), we have
El2rnrl = M E
€ T
A
E =
= 2meyr .
1 . = 0 T g
As Ee< pY hence E-r graph is as shown in Fig. 1.57. Fig. 1.57

Q.41. State Gauss’s theorem in electrostatics. Using it, deduce an expression for the electric
field due to a uniformly charged infinite plane thin sheet.
[Delhi 2000, 2006, 2007, 2009, A.IL 2004, 2005, 2007, 2016]
Or
Using Gauss’ law, prove that the electric field at a point due to a uniformly charged infinite
plane sheet is independent of the distance from it. How is the field directed if the sheet is
(i) positively charged, (ii) negatively charged. [Delhi 2012]
Ans. For Gauss’ theorem, see Point Number 50

under the heading “Chapter At A Glance”. /
Consider an infinite thin plane sheet having a + t I +
surface density of charge . To find electric field at a L
point P situated at a normal distance 7 from the sheet, + 7 : + I E
consider an imaginary cylinder of cross-section area ds E’ 4_13 I B %_* | r E
around point P and length 2r passing through the sheet A “b’f +ds: Z A
as the Gaussian surface. 24— B e e e R
From symmetry consideration, only side faces 1 and e adt
2 of cylinder contribute towards the flux because here ¥ : # =
5 +
E and 7 are parallel but the curved surface of cylinder /

does not contribute towards the flux because here E Fig. 1.58
and 7 are Mmutually perpendicular.
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El
Total electric flux ¢ = 2Eds

As per Gauss theorem total electric flux op = i(charge enclosed) = i.(c ds)
€o €o

comparing (i) and (i), we get

2Eds = Z.4s
€0

= _ O
2¢€y

Thus, the electric field at a point due to a uniformly charged infinite plane sheet is independent of
the distance from it.

. 2 c
Vectorially E= 2_,7
€o

. s -
Thus for (i) pO&?l’ﬂde charged sheet electric field E is directed outwards and for (ii) negatively
charged sheet the field is directed inwards.
Q.42. Use Gauss’ law to derive the expression for the electric field between two uniformly

charged large parallel sheets with surface charge densities ¢ and — o respectively. [A.L 2009]
Ans. First write the answer of Short Answer Type Question Number 41 given above. After that
add the following :

Now consider two uniformly charged large parallel sheets A and B with surface charge densities
o and — o respectively as shown in adjoining figure. At a point P lying between these two sheets.

Bl o 1En =2 A i
Al = B = —
2 € /‘ 5 M
+ 4+ - -
- =2 . o Eal - -
Moreover, both E4 and Ep are directed in same direction. Hence, + 0+ =3 .
+ c g
net electric field at point P will be . . Eo| = ~
>, i - >
E = EA + EB + o+ E V
-9 normaltoAorB towards B. Fig. 1.59
€

theorem derive the expression for the electric

cs. Using this
[Delhi 2004, A.L 2007]

~ Q.43. State Gauss law in electrostati : e il
field at any point outside a uniformly charged thin spherical shell.
Or

xpression for the electric field at any point outside a charged
. 2 [A.L. 2006]
spherical shell of radius R and of charge density 6 C/m'- W e
Ans Foi G(;u;:’ 11:w refer to Point Number 50 under the hea?{mgdiha;.)ter AthA GlagceT. .
) ! : i 11 of radius R and having a charge i o fin
Consider a uniformly charged thin spherical she

i i distance r (r > R) from the centre of
electric field j i oint P outside the shell situated at a dis . .
shel], consic(liel;1 fﬁzrzt Oaf};adius r as the Gaussian surface. All points on this surface are equivalent

Using Gauss’s theorem derive an e

- .
s, electric field E at all points of Gaussian surface has same

relative to given charged shell and, thu

Magnitude E and E and # are parallel to each other.




1.38
i face
] electric flux over the Gaussian sur |
- Tota _E ;o = EAT r2 .(0)
0p = 95 s = =
. 7 m,
According to Gauss’s theore1 ) g P
0 = g;(charge enclose -
Comparing () and (ii), we get 0
E.4nr2=gQ(; or E=4neor2'
i i the Fig. 1.60
From the result it is clear that for any point outside the shell,

effect is, as if whole charge Q is concentrated at the centre of the

spherical shell. )
’ If surface charge density of shell be ¢ then Q = 4nR%c and therefore,

2
4nR*s _oR
4in € Tz €p r2

Q.44. State Gauss theorem in electrostatics. Prove that no electric field exists inside a hollow
charged sphere. [Delhi 2000, 2002, A.I. 2004, 2009]

Ans. For Gauss theorem, refer to Point Number 50 under the heading “Chapter At A Glance”.

Consider a hollow charged conducting sphere of radius R and having charge Q. To find electric

field at a point P inside the shell, consider a sphere through point P and having centre O, i.e., r = OP
(where r < R) as the Gaussian surface.

The electric flux through the Gaussian surface

o= gSE.ﬁ ds = Edns? (i)
According to Gauss theorem, total electric flux should be

o = é(charge enclosed) = 0 ...(ii)
[Since the Gaussian surface is not enclosing any charge]
Thus, op = EAnr® =
= E=0

Q.46. A thin con

_ ducting spheri
sul'f?;e- Using Gausg’ law, derfve arfaeleheH.Of radius
Taw a graph of e Pression for an

R has char
lectric field E(r) with distance

8¢ Q spread uniforml r its
electrio ¢ iformly ove
v frOI;h:}cl field at a point outside the shell.
€ centre of the shell for 0 < r < oo

[Delhi 2009]
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1.39

Using Gauss’ law obtain the expression for Or

. cal shell of radius R at a poj . the electric field due to i i
SPl::ilC field with 7, for r <R 3ndE>lrll{t_ outside the shell. Draw a graph :hztxgﬁﬁgecil:rrigai‘iio:\hz
Ans. For dgrivation of expression for an el Lk
iric field at a point outside a charged thin conduict: T
ing shell, see Short Answer Type Question Num-
er 43. |
b Graph showing the variation of electric field ey
E(y) with distance r is shown in Fig. 1.62. For » < R
the electric field is zero and for r > R, the electrié

ele

my

1 L —
field E o ;7 Thus, field is maximum at the surface o r<R

of the shell. Fig. 1.62

Q47. A gosi.tive point charge (+4) is kept in the vicinity of an . “
Sketch e.lectrlllc field 11n.es originating frczm the point on to thz surfaceu(?fcg\a: gpelgt:.o nducting plate 1
Derive the .expr('essmr.t for the electric field at the surface of a charged conductor. [A.L 20091 L

Ans. Electrical field lines have been shown in Fig. 1.63.

Consider a charged conductor whose surface charge density is 6. To
derive electric field at its surface consider a short cylinder (pill box) as the
Gaussian surface about a given point. The cylinder is partly inside and
2 partly outside the surface of the conductor. It has a small area of cross-
section 8S and negligible height.

Just inside the surface, the electric field is zero but just outside the
field has a magnitude E and is directed normal to the surface. Thus, the
contribution to the electric flux comes only from the outside circular cross-
section of the cylinder.

- - '
bg=E-8S = E-85 (1)
As per Gauss theorem :
1 ..
b = 1 (charge enclosed) = — - (O 8S) (1))
=0 =0 Sun‘acg charge  Surface of
Comparing (i) and (ii), we get density & Conductor ‘.
GO |
=2 |
= E= 24
~ h tward direction
in the outwa ton.
where fi is a unit vector normal to the surface in L
ductor is given b E=—n
Q.48. Show that the electric field at the surface of 2 charged con g y o .
. aoi i tor normal to the surface in the outward
where ¢ is the surface charge density and 118 a unit vecto e L 2000

e i 47 given just above.

. ANS Type Question Number 47 given ] . .

(‘2‘\2; ieeil tlﬁe answefi Eitisrk:;r:pher:vz rZPc{iuS 8§ cm is givfen a cf;ht;;‘rgz pl}?e}:ec; What is the electric
-39, w con 3 e of the .

field (j) at theocecr)ltre of the sphere, and (ii) on the outer surfac
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Xl

-6 =8 cm =0.08 m.
- C=16x10"CandR . e rie s
An(s) g:ﬁri% fiellfl Eue to hollow sphere at its centre = 0, because field at any point inside 4 hollg,
i

here is always zero. .
* (i) Electric field on the outer surface of the sphere is

Q _9><109><16><10%=2.25><107 NC™. |
" dme, R (0.08)* |

; 2. .
. e f cross-section 25 cm” is placed in a three
.50. A hollow cylindrical box of length 1 m and area o ECHI X Seeain
dingnsional coordinZte system as shown in the Fig. 1.65. The electric field in the region is glven by
_)

E =50 xi, where E is in N C"! and x is in metres. Find
(i) Net flux through the cylinder. _

(i) Charge enclosed by the cylinder. [Delhi 2013)

Y y

—»E=50xi NC™
1

2
- A=25cm?
‘ AT () Ph-2
} ’/o<—1m——>\! B \/ﬁx ‘/o“—‘”" X/ ‘g "
“—1m—>>
_ z

Fig. 1.65

Fig. 1.66

Ans. (i) As electric field E = 50 xi N Cis along + ve direction of X-axis, hence flux passing
through side faces 1 and 2 of cylinder is ¢; = E;A inward and 02 = E;A outward. However, there is no
flux associated with curved surface of cylinder.

: ¢1%—E1A=—(50><1)><25><10‘4Nm2C‘1=—O.125Nm2C'1
and 92=+EA=+(E0x2)x25x 10 Nm2C ! = 4 0250 N m? -1
- Net electric flux through the cylinder

6 =01+ ¢ =-0.125 + 0.250 = + 0.125 N m? -1

(i) As net flux ¢p = ei' hence charge enclosed by the cylinder will be
0

‘a’ as shown in Fig. 1.67. Obtain the

tant electric
[Delhi 2014 C]

charge +7 placed

expression for (i) the magnitude, and (1) the direction of the resul
field at the vertex A due to these

two charges.
Ans. Asshown in Fig. 1.68, electric field at vertex A due to
at vertex B is

=120° from one another. Hence

Scanned with Ca
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0] Magnitude of net electric field at A
—_ 2
E = JE2 + E2 + 2EgEc cos 120° = JE2 + E% — EgEc

= E = 1 .ﬁ.

dne, a®
I3 - - —_>
(i) If the net electric field E is directed at angle B from the direction
AC, then \
tan = EBSIN120° _ Ep-(3/2) _ Ep-(J3/2) |

EC + EB cos 120° EC = (EB /2) 2EB e (EB/Z) /

= tanl3=—1— or ti=tan—1 = =30°
V3 NE]

Q.52. Two point charges 4, and g, of magnitude +10~8 C and <10"% C respectively are placed

0.1 m apart. Calculate the electric field at points B, C and A (refer to Fig. 1.69).
[NCERT Exemplar]

Ans. Given charges g; and g, constitute an electric dipole of C
dipole moment p = q.24 = 108 x 0.1 =107 C-m N
(i) Point B lies on the axial line of dipole, where / E \\
¢ =0.05 + 0.05 = 0.1 m, hence SN
1 5 0.1 ml / \ 3 0.1m
EB = . pr / Il \\
AT S (rz _ {12)2 II |I \\
9 -9 Be- MJ, . \‘.N

[(0.0)% - (0.05)*]
— 3.2 x 10* N/C directed along NM.

(ii) Point C lies on the equatorial line of dipole, where \/az +72 =0.1 m, hence

<« 0.05 m>< 0.05 m—>< 0.05 m—>
Fig. 1.69

1 p 9%10° 10~ 3
E. = : = =9 x 10° N/C along MN.
C= 4ne, (2+10%7 (0.1)° i

(iii) Point A also lies at equatorial line where 7 =

9 -9
1 '—ps“_‘ 9x10 X;O =72 x 10 N/C along MN.
4m € a4 (005)
Q.53. Charges of + 2, + 2 and — 2 nC, respectively are placed at the vertices of an equilateral

triangle of side 0.3 m each in Fig. 1.70. Find net force experienced by each charge.
[NCERT Exemplar]

Ans. HereAB=Ac_—_Bc=o_3manqu=qB=+2pC=2>< 10°Cand gc=-2uC=-2x 10°cC.
Thus, it is clear that mutual force of attraction/repulsion between any two charges have equal magni-

tude given by

0

EA=

’ - - - -
.F =|FAB|=|FACI=IFBA|-ElFBCl

9 62
9x10°x 2107 _ 4N

= = Fog
=IFca!=1tcB 1= (0.3)

§cannea Wlt“ {Ea
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1.42 C—2pC
Direction of these forces have been shown 1 —> =
) - FCA FCB
Fig. 1.70. 3
- = ° hence
(a) As angle between Fcu and Fcp 18 60° he A LA 5. %
> 60)° X ;
| Fe | =2Fc4 COS —E-
ys _?4'—2—-—“:’7»0 ) ] 2l ‘L'?
— —_— B
=2x04x 2 Fas Fig. 1.70 . *

— 0.69 N and the force is 1 to AB.
— - .
(b) As angle between Fsp and Fyc is 120° hence

1
|Eyl =2F45 cos 60°=2 x 04 x > =04N
and the force makes an angle 60° from line AL,

(c) As in (b) force IIF,Z | = 0.4 N inclined at an angle of 60° from line BC.

Q.54. Two large metal plates of area 6.0 m? face each other. The plates are 3 cm apart and carry
equal and opposite charges on their inner surfaces. If electric field at a point between the plates is
5 x 10 N CL, then calculate the magnitude of charge on each plate.

Ans. Let magnitude of charge on the inner surface of each plate be Q.

Q -Q
It is given that A=60m?and E=5x10* NC™ e 2
At a point P between the two plates, electric field due to both plates is equal + _
and directed in same direction, i.e., + _
Fi1=Fp=-2 [From plate 1 ds pl pe
1=Ey = — rom plate 1 towards plate 2 t PE”
< P plate ] + ._E)l_
. Net electric field at point P I EZ.__
E=E+E=2=5 N
€p =h) A + -
" Fig. 1.71
= Q=eyAE = 885 x 1072 x 6.0 x 5 x 1¢*

=2.655 x 10 C or 2.66 1C.

Q.55. If the electric field is given by 6i+3]+4k, calculate the electric flux through a surface of
area 20 units lying in y-z plane.

Ans. Since area A = 20 units lie in y-z plane, hence Z =201
= 24 n
As E = 61+3j+4k is a uniform electric field, hence

Total electri »e = E.A 1+3]+4k
electric flux 0p = E.A = (61+3]+4k).(207) = 120 units
Q.56. A tin '

arti ;
V)\,Jlfat Chcijg: fs;:zisi : R is kept over a large horizontal sheet of charge density
e given to the particle so that if released it does not fall down ?

Scanned with Ca



f ctric Charges and Fields 1.43
e
Ans. Let@ charge 4 be given to the particle. As particle does not fall, hence downward weight of
Je Mg = upward force due to electric field of charged plate gE = q- 2
partic 2 ¢
_ 2mge,
)

Here,rrl=5}1g=5x10'6 g=5x10—9kg’ G = 4X10‘6Cm—1

2x5x107x%09. -12
Sl B8 X 10 _ oy x WBC.

q =

4x10°

7. A small metal sphere carrying charge +Q is located at the centre of a spherical cavity

find the expression for the

(ii) at a point P,
[A.L 2012 C]

5
ins%e a large uncharged metallic spherical shell. Use Gauss law to
electric field (i) at a point P; situated inside the cavity at a distance x; from centre,
situated in the metallic spherical shell at a distance x, from the centre.

Ans. Leta charge +Q is located at the centre O of a spherical cavity
inside a large uncharged metallic spherical shell as shown in Fig. 1.72.
Then a charge =Q is induced on inner surface of shell and a charge +Q
is induced on the outer surface of the shell.

(i) Let P; be a point inside the cavity at a distance x; from the
centre O. To find electric field E, at point P; let us consider a spherical

surface of radius x; as the Gaussian surface. Then, electric flux

- - 5
0p = [ E-dS = Esy = Ey(4mx])

= i(charge enclosed) = 2
€o o
= == Q
! 4dre x12

tuated in the metallic shell at a distance x; from the centre. To find electric

(ii) Let P, be a point si
rface of radius x, as the Gaussian surface. Then

field E, at point P, let us again consider a spherical su
Eiectric flux

1
bp =Ex$2 = E2(41tx%) = El—(charge enclosed) = e_(Q -Q)=0
0 0

= E2 = 0
_ Q.58. A spherical conductor of radi
its surface. What is the electric field (2)

18 em from the centre of the sphere ?
Ans. Here g= 1.6 x 107 Cand R=12cm =0.12m

(@) Electric field intensity at any point inside the sphere E = 0.
(b) Electric field intensity at a point just outside the sphere

-7 9
16 x107x9x10° s,

us 12 ecm has a charge of 1.6 x 1077 C distributed uniformly on
inside the sphere, (b) just outside the sphere, and (c) at a point

E=—o = —
4me, R2 (0.12)*
() Electric field intensity at a point 18 cm from the centre of sphere (ie, r=18 cm =0.18 m)
7 9
__ g _16x107x9x10 _ 4y x10'NCT
dmey 1° (0.18)
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pa4s i it to have a positively charged point nucleus of oy,
atom considered it to : . The atom as a wholej
Q.59. Anearly mogfflofr(:;illznsify of negative charge up to aﬁadlisdlz i v?rhen (i) r<R (l_ie)lfi‘eutral‘
+ze Surroundd‘;dx{l:tuis the electric field at a distance 7 from the n N CEI,{T Ex; nl\{ 6;nd
For this model, Plar)
. ’ em. 3
@ii) r> R ?LUtse Gs,;l:)svi ; g:elgirg 1.73 positive charge at the centre of the atom be +Ze and let densuy
Ans. Let as et

. 4 3 __7e
e ZnR Z
negative charge be p, such that total negative charg 5 nR’p

3Ze
4mR3

= p=-

(i) For any point P situated at a distance 7 (r < R) from the nucleus considering a sphere o

radius r as the Gaussian surface, we have
Charge enclosed

q = (+Ze) + negative chargé enclosed within the sphere of radius r

3 3
4 _ Zer® _ _rr
= q=Ze+ ERRESP =Ze— = —Zel:l e

' 1 Ze|, »®

<. Flux on Gaussian surface ¢g = E4nr* = —g=""|1- =

EO EO R
Ze [1 r
E = —= -
B dm g [rz , R3:|

(if) For any point P situated on or outs

ide the atom (i.e., r 2 R),
total charge enclosed ‘

q =(+Ze) + (-Ze) =0
Hence o = Edn = 1 0 =0
o

= E =0.

then with sphere B. Spheres A and B are then brought i
in cont
charges on the spheres A and B. § ontact and

th [A.L 2011 C]
Ans. Initial charge on sphere A, g, = +4Q and charge on B, g = —10Q. When an identic

al uncharged
sphere C is placed in contact with sphere 4, it shares its char

and the remaining charge on A becomes g4 = +2Q. ’ :
Now sphere C ha

ving charge q¢ = +20 is by i : .
~ 10Q. The two spheres share their charge(s2 and S:Zi};:eu;hiiggt with sphere B having charge g5 =

' 2Q -
de=p= U22-100)

ge and charge on C, g.= 4 - 22 2Q
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glectric C

©) Long Answer Type Questions (5 marks each)

1. What 18 meant by continuous charge distribution ? How do you apply superposition

I.imzilfl:. ;?1 gbtam total force on a point charge due to all the three types of a continuous charge
distributlO™ " N
An5~h A C;nt;nigﬁfigﬂarge ilst_rlbu’gon. may be means a system of extra large number of closely
; acei Crgzr?ﬁst:ribution OrOZ;Z_Si)Ca argle dlstrlli)u’aon either (i) a linear charge distribution, or (if) a sur-
face cha n, ( volume charge distribution. L '
e B eharge distributions cne by one :g n. Let us calculate force on a point charge

(i) Linear charge distribution in which charge is distributed uniformly along a line e.g., a charged
e Or 1iNg etc. +
Let there be a linear charge distribution having linear charge density
) If we consider a point charge g at point P situated at a distance r from *

1 element of length dI, then force due to this element will be

wir

asma
>
TEy r L.
- + qo r
and hence F =10 M? i
. é Fig. 1.74

(i1) S.urfuce charge distribution in which charge is distributed continuously over some area e.g., &
marged.thm sheet. Let there be a surface charge distribution having surface charge density ¢. When
we consider a point charge g, at point P situated at a distance r from a small surface element of area ds,

then
d—) _ G0 c.ds?
Ame, 1*
gt ods .
and hence = o —
dmteg JS r

(ifi) Volume charge distribution in which charge is distributed con-
tinuously over a volume e.g., a metal sphere or cylinder etc.
Let charge density be p. Then force on a point charge 4o due to a

charge element of volume 4V will be
— qu P dV: 7

dF = 5
4r € T /'\-
2 av %o
and h = ] J -p—’é 7 r
ence F Imegdv 2 + o =
In general, if all the three types of continuous charge distributions  E ++
are present then net force experienced by a given point charge go will be LA i S R
given by + 7 o4+
+ + 4o,
I | L | LI
= Ameg |91 1P s r? v r? Fig. 1.76
Q.2. (1) Define electric flux. Write its SI units.
o (b) The electric field components due to a charge inside the cube of side 0.1 m area as shown
in Fig. 1.77: E, = owx, where o = 500 N/C m, E,=0and E;=0.
[A.L 2008]

cube, and (ii) the charge inside the cube.

Calculate (i) the flux through the
d 46 under the heading “Chapter At A Glance”.

Ans. (1) See Point Numbers 45 an
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_ F._=ox, hence €
d E=E, plane

b) (i) As E, and E; are zero an % AS
flux is (111112@1 om;jf with two faces of the cube lying 1 Y

-
(e., perpendicular to Ey)- o
At the position of left face of cube x = 0.1 m, hence E,=0x

500 x 0.1 = 50 N/C ) s
and surface area of face s = (0.1)" = 0.01 m 21 (inward) 4
- Flux on this face ¢; = E; s =50 X 0.01=05Nm nwe Fig. 1.77

Again on the opposite face of cube (i.e., right face) X = 0.2 m and
hence E. = ox =500 X 02=100N/C
-1
~.Flux on this face ¢, = Ey-s =100 X 001=1N m?C 1 (outward) _
2 (inward) + 1.0 N m” C" (outward)

~. Net electric flux through the cube ¢ =0.5 N m
—+0.5Nm? C! (outward)

q

(ii) From Gauss’s law ¢ =
€p

Charge inside the cube q = ¢ €y =+0.5 % 8.85 x 1072

=
—+442x102C

- -
Q.3. (a) An electric dipole of dipole moment p consists of point charges + q and - 4 separated
-
by a distance ‘24’ apart. Deduce the expression for the electric field E due to the dipole on its axil
-
" . - : . - = 2p
line in terms of the dipole moment p . Hence show that in the limit r >> a4, E = 1
n €T

3"

- A
(b) Given the electric field in the region E = 2xi [refer to Fig. 1.78], find the net electric flux
[Delhi 2015]

through the cube and the charge enclosed by it.
Ans. (a) See Short Answer Type Question Number 15.

- :
(b) As electric field is given by E = 2xi, it is obvious that
- >
electric flux ¢g = IE .ds is finite for only two surfaces marked 1 and 2

in figure, which lie in Y-Z plane and for all remaining four surfaces

of cube, flux is zero.
Here area of each surface s = .

_)
For face 1, x =0 and E = 0. Therefore electric flux ¢, = 0.

- n
For face 2, x=aand E =2ai. Therefore electric flux

- - a, 28 3
0, = E-s =(2ai)(a i)=2a
. Net electric flux through the cube ¢g = ¢; + 0, =0 + 22% = 24°

and the charge enclosed by the cube g = €;-0g = €p-20° =2¢ya

-
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Electric 2=

Q.4. (a) Using Gauss’s law derive an expression for the electric field at any point outside a
aniformly charged thin spherical shell of radius R and charge density & C/m2. Draw the field lines
when the charge density of the sphere is (i) positive (if) negative.

(b) A uniformly charged conducting sphere of 2.5 m in diameter has a surface charge density
of 100 pC/mz. Calculate the

(i) charge on the sphere, (ii) total electric flux passing through the sphere. [Delhi 2008]
Ans. (a) See .Short Answer Type Question Number 43.
For electric field lines, see Figs. 1.18 and 1.19 respectively.

(b) As diameter D = 2.5 m, hence radius R = % =125m

(i) - Total charge on the sphere Q = 5.4nR>
= (100 pC/m?) x 4m x (1252 m? =196 x 10° C
(ii) Total electric flux through the sphere

1.96x1072

W =2.2X108VI1'1.
. X

0p = — Q=

€0
Q.5. State Gauss’ law in electrostatics.
Consider an overall neutral sphere of radius R. This sphere has a point charge +Q at its centre
and this positive charge is surrounded by a uniform density p of negative charge up to a radius R.
Use Gauss’ law to obtain expressions for the electric field, of this sphere, at a point distant 7,
from its centre, where (i) ¥ <R, (ii) r > R.

Show that these two expressions give identical results, for the electric field, at r = R.
[A.L 2010 C]

Ans. For statement of Gauss’ law, see Point Number 50 under the heading “Chapter At A Glance”.
Consider a sphere of radius R and having a point charge +Q at its centre point. If negative charge

4
density of sphere be p, then total negative charge on sphere = gnR3 p=-0Q

3Q
47R3
(i) For a point P4 situated at a distance r (where ¥ < R)
from its centre, considering a sphere of radius ‘7’ as the
Gaussian surface, we have

= p=-

- - D) 1
= ¢E=(j)E-ds=E-4nr =—(charge enclosed) r<R .
= Fig. 1.79
=—1:— Q+p-fl-nr3]
€y L 3
1T 3Q43'I 1 or’| ol
= 4 =—|Q- =’ | =—|Q-"F|=—|1-—=
E41U’2 c _Q 4TER3 3 -w € R3 & R3
S
Amey > R ‘

For r =R we have Egface = 0-
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ain consider a sphere of radiys , -

3Q 4 R
=T

4nR3 3

(ii) For a point P, situated at a distance r (where r > R) we ag

Q+parRi=Q
1 3 ace = +p— ==
the Gaussian surface. Now total charge enclosed in the surface p 3

=Q-Q=0. 1
This shows that ¢ = E-dnr’= Eio(charge enclosed) = E—O(O) =0
= E=0
and field at surface of sphere Eq e =0
Q.6. Using Gauss’ law deduce the expression for th
spherical conducting shell of radius R at a point (i) outside, flnd .
Plot a graph showing variation of electric field as a function of r for r> R and r < R. (r being the
distance from the centre of the shell). [A.L 2011 C, 2013, 2013 C]
Ans. For expression of electric field at a point outside the shell, see Short An.?\\'er Type Question
Number 43 and for field at a point inside the shell, see Short Answer Type Question Number 44.
The plotted E-r graph has been shown in Fig. 1.62.
Q.7. (a) Define electric flux. Write its SI unit.
“Gauss’ law in electrostatics is true for any closed surface, no matter what its shape or size is.”
Justify this statement with the help of a suitable example.
(b) Use Gauss’ law to prove that the electric field inside a uniformly charged spherical shell
is zero. [A.L 2015]
Ans. (a) For electric flux and its SI unit, see Point Number 45 and 46 under the heading “Chapter
At A Glance”.
To justify the statement that Gauss’ law is true for any closed surface irrespective of its shape or
size, let us consider two spherical surfaces of radii ; and r, respectively with a charge g at its centre.

q Sz

4rneg rl2

he electric field due to a uniformly charged
(i) inside the shell.

Now electric field at the surface of 1st sphere E; =

normally outward and flux over this surface

(FdcFe |1 4 2y_ 1
¢1 = IEdS —Elsl = (47{50 ~?Jx(4nr1 )=e—0

Again electric field at the surface of 2nd sphere E, = L

[

4“60 r22
normally outward and flux over this surface
- - 1 =
¢2=J.E.ds =E252=[ .izjx(4nr22)=i E2
dney = Fig. 1.80

Thus, it is clear that ¢; = ¢,, i.e., electric flux is same for both the closed surfaces.
(b) See Short Answer Type Question Number 44.
PROBLEMS FOR PRACTICE

Q.1. How far apart two protons be if the electrostatic force exerted by one on the other is equal to weight of
the electron ?

[Hint : Here ;= g, =+ 1.60 x 107 C and F = m, g =9 x 107! x 9,81 N] [Ans. 5.1 m]
Q.2. Two point electric charges + q and + 4q are separated by a distance of 6a. Find the point on the lin¢

joining the two charges where the electric field is zero. [Ans. 22 from charge g or 44 from charge 471

g 19
(ﬂ) m ‘
& 4
(Hint:

6. Tux
. ,“-_;mm‘t'.
'ﬁ’:ltr‘g:’—: uv}n’n
cha 7. Tw

1dl-

- onsity
d intensti!
‘quﬁ.C“
[Hinl 3

Q.9. T
point at a di

[Hint :

Q.10. T
third charg
Calculate t1

Q.11.
of the dipo
axis of the

Q2.

Unifory |
and the to

Q.13.

inlike. If

Hj,

Slps,
-

Qg



