CHAPTER - 1 ELECTRIC;;IQ_F{!%;S AND FIELDS

T Uy | 5

1 Which of the following properties is not satisfied
by an electric charge?
(@)  Total charge conservation. 5
(b)  Quantization of charge. '
(c)  Two types of charge.
(d)  Circular line of force. Ans.
1. FofEfEa § & s a1 or e 3maa § T8 ara
ST &2 &
@ o 3TTART IR0
(b)  3TART BT YRHATOHROT |
(© QIYhR b 3zl
(d &1 BT g 3@l
Ans.  (d)
2. Which one of the following charges is possible? &
(@) 5.8x1078C (b) 3.2x1078C
(0 45x10™C (d) 86x10™C
2. fofefEa ¥ @ o a1 fag@ smudua &
(@ 58x1078C (b)  32x1078C
(@  45x10™C (d) 8.6x10™C Ans.
Ans. (b)
7.
3. If a charge on a body is 1 nC, then how many ex-
cess electrons are present on the body ?
(@) 625x107 (b) 16x10" ,;
() 625x107 (d) 625x 10! '
3. gfRkfew fisw 3maerncd arawq w fosan sifafvaa
saTia Hise 87 Ans.
(@  625x107 (b) 1.6x10°
(©  625x107 (d)  6.25x 10" 8.
Ans. (0
4. Two charges of equal magnitudes kept at a dis-
tancerexert aforce F on each other, if the Charges
are halved and distance between them is doubled
then the new force acting on each charge is
@ F/8 (b) F/4 8
(o 4F (d) F/16
4. QA r WIW FATH GRATOT P Y TART U G G F I
T &, afE 3R Y 31T o T 1ran @ 31k 36
dfadHgh B AT 8, AN TS AN WA ¢
aTeqT 99T g
a) F/8 b) F/4
o) 4F d F/16
Ans.  (d)
PefT-12 (ifadn

{1}

Which one of the following is the Sl unit of elec-
tric field?

(@ Coulomb (b) Newton
() Volt (d N/C
FofafEa § A o faga 87 Hi siso8 &2
(@  Coulomb (b)  Newton

() Volt (d N/C

(d)

When an electric dipole is placed in uniform elec-
tric field it experiences

(@) anetforce

(b) atorque

(c)  both a net force and torque

(d) neither a net force nor a torque

51d U faera feera o1 vaamr fagra &3 o v strar
T gE ITqUT BT @

a) U RGUTA

b) U dat 3TEOf

0 UP G g 3R I gl

d  AA TP YGd I 3R 7 & g g

(b)

The force per unit charge is known as

(@ electric flux (b) electric field

(c) electric potential (d) electric current
a1 ufe gfie (31mazn a1t &t o ¥9 F s st7ar @
(@ fagd gare (b)  faegd &

©  faggd eman o fagd ar

(b)

Two charged spheres are separated by a distance
d ,exert a force F on each other. If charges are
doubled and distance between them is doubled
then the force is

@ F (b) F/2
© F/4 (d) 4F
2 3TAR0 aTA M UH WRAGA RS GEIWF
mmiluﬁmafﬁ; &= fear sty 3ik
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9. A positively charged glass rod attracts an object. 13.  faE[d &7 MU fopads R A FAFAGRY U= Bl ¥
The object must be @ fagad@adidiaar o) fam
(@) Negatively charged (b) neutral (©)  3AR DI Uepid (d) I FHT
(c) either negatively charged or neutral Ans.  (d)
(d  amagnet . .
) 14. Which of the following figures represent the elec-
9. gﬂi ﬂq'alﬂﬁﬁﬁ &g DI B3 T a3 I 3HIAd Bl tric field lines due to a single negative charge?
| 3% S TIfR U .
@ BT IS b 3IE ﬁuﬁﬁaﬁgg?}?ﬁamawnﬂa;mﬂas
amwlaqa &1 ufaffera o=ar &7
(© I BUMHD 151 T HTAREH - _
d TBYED @ ,;itg. ®) _;;&/ ,
Ans.  (c)
- — -
10. The surface considered for Gauss’s law is called 6 T 0= i
(@ Closed surface (b) Spherical surface < —
(c)  Gaussian surface (d) Plane surface
Ans. (b)
10. A & faq & fAU 3uant i 11 arel Ads seardal
2 15.  The conservation of electric charge implies that:
@ §CHdE (b) TATHR HcTe (@ Charge can't be created
(© TR e (d HHJA (b) Charge can't be destroyed
Ans. ¢ (©0  The number of charged particle in the
niverse is constant
11.  If a sphere of bad conductor is given charge then u. &) .
it is distributed on: (d)  Simultaneous creation of equal and
(@ surface opposite charges is permissible
(b) inside the surface 15 faega 3marT & Heeror o aread @ fa:
(0 only inside the surface (@  faggd 3mmaRr T8t a1 311 Ahar &
@ None (b)  faEga 3marT 7€ et fosut 571 HepdT &
(©  FeTus § 3MafRId STl B IReAT 9 & &
1L uﬁwﬁa;asrnﬁaﬂaiﬁarﬁmm%msﬁﬁﬂﬁa ) wag?ﬁwﬁﬁqamﬂwwmuw
@ YT (HdE) A
(b) T (|AE) P 3R Ans. ()
© Pad “'“E E 16.  The minimum amount of charge observed so far is:
d  PIsTE
314 T UTU 7MY 3770 B YA AR &:
Ans.  (d) »
(@ 1C (b) 48x10™mC
12.  The total flux through the faces of the cube with © 16x10™C (d  16x107C
side of length a if a charge q is placed at corner A Ans. (0
of the cube is
17.  Quantisation of charge implies:
gfE a1 & B A W 15T q @1 SATaT 2 ,9) 899 & o 7 vantisati rge Implt
ﬁﬁﬁﬂﬂmmﬂm (@) Charge does not exist
/_[7 (b)  Charge exists on particles
' | (©)  There is @ minimum permissible magnitude
4 of charge
(@ 1 ) -1 (d) Charge can't be created
8gy 4gq .
© L o 9 17. 314 & FICHIHOT &1 7S &
2€0 €0 (@ SR HGEEE
Ans. (@) (b)  HUI TR AR ENAT &
(© TR BT YAdH 30T URATOTR
13.  Electric field lines provide information about (d 3792 TE I 31T JbelT &
(@) field strength (b) direction Ans. (o)
(c)  nature of charge (d) all of these
18.  Uniform Electric Field is
BefT-12 (ifdedn 5 FREIA, - T EE-T e B BT i (2024)
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18.

Ans.

19.

19.

Ans.

20.

20.

Ans.

(@ Conservative

(b)  Non - Conservative

()  Somewhere Conservative Somewhere
non conservative

(d) None of above

RRfEmaat

@ e

(b) 3RRES

(0 hel URes Pl IRRES
(d) 3WIFTH A PIE T8

(@)

An electron and a proton are placed in the same
electric field . What will be the ratio of their accel-
eration

wgﬁmﬂaﬂ?uas;ﬂmaﬁuasﬁﬁqamﬁm
ST 81 393 @ROT ST HJUTd F9T &80T

(@ Zero (R by 1
(© Mp/Me (d)  Me/Mp
()

What is the ratio of Electrostatic force and Grav-
itational Force between two electrons placed at
certain distance

fFiffga @ R @ A seag [l & g RR dg@aa aan
T g 9@ W1 31[aTd J9T EraT &2

(@  4x10°? (b) 103
() 2x10* (d) 4x10%®
(@)

Subjective Question (fawafas wsn |

Q.1.

Ans-

UM 1

Q.2.

Ans:

Which orientation of an electric dipole in a uni-
form electric field would correspond to stable
equilibrium ?

When dipole moment vector is parallel to electric
field vector

PIE
UHHT dgfa a7 3§ dega fEga &1 oi=-ar fRafa R
e & 3FT e
579 fggga e, fagd &5 & TR edT 8 |

PiE

If the radius of the Gaussian surface enclosing
a charge is halved, how does the electric flux
through the Gaussian surface change ?

Electric flux ¢. is given by
- —>
de=E .ds =Q/e0

where [Q is total charge inside the closed surface

HeT-12 (ifahn

{3}

Ui 2

Q3.

Ans:

U3

Q4.

Ans.

U4

Q.5.

Ans-

.".On changing the radius of sphere, the electric flux
through the Gaussian surface remains same.

gfe fsHl 3T B A are) MHHT |Ade H FHFar
HTER R €Y FMY, A MHHET A A §BR R ATl
faera woiaw &9 gaa STgTIT?

fagrd uare ¢ g1 fear siran @

¢e=J_E) . $=Q/£0
5781 [Q < JdAE & 3R el a1 8]

TS T BT g W A9 Ade A R arel
éqawwww%l

Define the term electric dipole moment of a di-
pole. State its S.I. unit

T=pEsin®
If E=1unit, 8 =90° then T =p

Dipole moment may be defined as the torque acting
on an electric dipole, placed perpendicular to a
uniform electric field of unit strength is called dipole
moment.

> >
Ip|=ql2al
.Sl unitis Cm.

faga feega 3mgof & e HfE01 sH7HT s
$PB1E TS0

T =PEsin®
gfcE=18P18,0=90dT T=p

g &0T &1 U fae[a fg R T B ATl

%%Wﬁ W@%THTWT? 51 ghTs
R1feRT & Uh AT fagld & & wfead @7 31T &, 51
fegraTa 3rmgot &8t STTaT &l

D l=qlZal
.S 3HIS Cm &l

In which orientation, a dipole placed in a uniform
electric field is in (A) stable, (B)unstable equilibri-
um?

For stable equilibrium, a dipole is placed parallel to
the electric field.For unstable equilibrium, a dipole is
placed antiparallel to the electric field.

foru foufa 4, wmﬂﬁTmﬁmwwﬁa{q’
@ fRR, @ fRR aqE &

lab e i ekt b U
ERCICIG I [iG2)

& UfTHHIAR 3@T 37T 8l &

Name the physical quantity whose S.I. unitis NC.Is
it a scalar or a vector quantity?

Electric Field. It is a vector quantity.

FWMEIRA. — N IF-Te-3R T e RAawor ¥ (2024)
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Uy 5 39 4ifas iR &1 919 aarsy fFaeT S e NC1 B
&1 g% Uop Aferr ar afer afr &

3R- fagd &= g8 U AfCRI AR

Q.6. Why should the electrostatic field be zero inside
a conductor?

Ans- Electrostatic field inside a conductor should be zero
because of the absence of charge. As in a static
condition, charge remains only on the surface.

U 6 gﬁdﬁﬁ)*ﬂasﬁa@mmm
I 74 BT ATfRg? e
IR- TR BT U & HROT T ITaich & iR FRR
éqgm%%qmml%m R Rt o, 311921 o A

R 81 38T 8l

Q.7.  Why must the electrostatic field be normal to the
surface at every point of a charged conductor?

Ans- So that tangent on a charged conductor gives the
direction of the electric field at that point.

UH 7 TP HTARTE a1eieb & AP fdg R 4998 ®H
oTgad o4l ST 91feu? s bk

IR~ difs 3TTAfRTd ATeieh U TRl 3@ 39 fog u fagd &5 &bt
ferm &l

Q.8. A charge ‘q’is placed at the center of a cube of
side I. What is the electric flux passing through
each face of the cube?

Ans- Electric flux through each face of the cube = (q/6¢,)

UH 8 TP A/’ BN FT I FH 09 S be A @I T8l a1 &
TS BAd | TR ATl fae]d FoaH a1 82

3R - U & b Beich o H1eAH A fag]d UdTe =(q/6e.)

Q.9. Why do the electric field lines not form closed
loops?

Ans- Electric field lines do not form closed loops because
the direction of an electric field is from positive to
negative charge. So one can regard a line of force
starting from a positive charge and ending on a
negative charge. This indicates that electric field
lines do not form closed loops.

s o faea & Y@1Y 9 o7u ol e gt &

3IR- &% ¥@TJ 9 9 e g1 & Flfe as
%@mmﬁ%mwaﬁmm| ar
faErdar &1 ¥@T P TS 3730 I LF & arait 31k
BUNEB 3712 TR JATK &1 ITedl T4 bl &l T8
e ot @ b faga & YTy &< o[y 81 a1a &

Q.10 Why do the electric field lines never cross each
other?

Ans- The electric lines of force give the direction of the
electric field. In case two lines of force intersect,
there will be two directions of the electric field at
the point of intersection, which is not possible.

HeT-12 (ifahn

w10 faega OF Y@1Y H*Y U ST ) e a4l T8 E

3TR-

Q.1

Ans-

U311

Q.12.

Ans-

UM 12

Q.13.

Ans-

Fega &1 Ty faveger & B FRRIT ATt &1 9f st i ey
Y0 Ui et €, ol wfaee g W faee &% o1
< feRITY &1, 31 v T 21

What is the electric flux through a cube of side 1
cm which encloses an electric dipole?

Zero because the net charge of an electric dipole (+ g
and - q) is zero.

1 aTel T A 81 TERA aTedT TG T
%gﬁﬂ?ﬁqaﬁqaaﬁuﬁagama%?ﬂ

[ Fife U fagld f6ga + q 31R - q) &1 Pt 3
Y T 8l

How does the electric flux due to a point charge
enclosed by a spherical Gaussian surface get af-
fected when its radius is increased?

The electric flux due to a point charge enclosed by
a spherical gaussian surface remains ‘unaffected’
when its radius is increased.

MATHR Mifaae 9as 3 fik ge fag 31 & SRt
faera vaTe sad izt agm @R & ywifaa Srar &

TP MTATHR Miag— a8 J iR f§g 37d37 & SR
[EEGR U CANEERIC IS R D 1o} EAT R

Derive an expression for the torque experienced
by an electric dipole kept in a uniform electric
field.

Consider an electric dipole consisting of charges + q
and - g and of length 2a placed in a uniform electric

field £ making an angle 0 with it. It has a dipole
moment of magnitude,

P=4qg %X 2a
Force exerted on charge + g by field,

E:qﬁ (along E)
Force exerted on charge — g by field,

i::=qE (opposite to E)
l;lnlal =+¢?E—QE=0 8

A

Lo

v v

V

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

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)




U 13

Q.14.

Ans:

T =qEx2asin®
T =pEsin® [ p=qgx2a;pisdipole moment]
As the direction of torque T is perpendiculartoﬁ

—> . > -
and £ sowecanwrite 7 =P x E

UHaAH defd &9 § 1@ dga e qrr 3@ aa
3ot & fAU o1t Sgeud Hif5vl

U faea fega o faar &3 5w 3maer+ q 3R - q 37k
ETE 20 &, 511 Ueb A fAe[d &5 L 1 SHb AU HI0T 0
T §T T AT B

g8l deld feeldTa 3mgot &l URHToT 8

pP=9q X% 2a
Force exerted on charge + g by field,

ﬁ-—-ql-:: (along E)
Force exerted on charge — g by field,

i::=ql-:: (opposite to E)

2 s —
Fiotai =+gE—gE =0 =

ATy U I fag[d & § fged R Pl iMoo
37 BT 81 wfoe &1 e 3R faudia 9 fggra o fafam
g 31t U= &1l el 81 A Yo JITed ST & 311 U SeaTeof
T 8l

T HTYUT = Uob Icd x THI il b ol ciaded g3l

T =qEx2asin®

T =pEsinG['.‘p=qx2a;pﬁ€133~1T§[UT?]
fs e Hrfeem p 3k £ & viaad & safmu o
T =D xE fagasat

Define electric flux. Write its S.I. unit. A charge q is
enclosed by a spherical surface of radius R. If the
radius is reduced to half, how would the electric
flux through the surface change?

Electric flux over an area in an electric field is the
total number of lines of force passing through the
area. Itis represented by ¢. It is a scalar quantity. Its
Sl unitis Nm2 C* or Vm.

Electric flux ¢ when q charge is enclosed
ie = [E&=2

Hence the electric flux through the surface of the
sphere remains the same.

HeT-12 (ifahn

{5}

U114 faga vars & gfonfya HIf5gl sa@sr si. AFe

Q.15.

Ans-

fAfEU| U 31330 q =91 R &) U MATHR Jd8 |
o 21 afe = &) geTe 311en & &t 11y, aY was
& ey A faega yare &3 e

U fagld &9 o U &9 R fde[d Ydre &9 & qreqd o
TR dTeil 91 bl IGTHT BT Pl TAT 8l 30 ¢ GRT
a%ﬁmam;%lwumaﬁ%rwfﬁ%l SH®T S ATHAD Nm?2
C'gTVm Bl

ic.p= [ Bds =2

ﬁqam¢aamérqazmﬁmﬁaﬁrnﬁﬁ
HE A 1A aTe fde]d Foiad JHTH 38T 8l

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

Since the field is radial everywhere, flux through the
two ends of the cylindrical Gaussian surface is zero.
At the cylindrical part of the surface, E is normal
to the surface at every point, and its magnitude is
constant, since it depends only on r. The surface
area of the curved part is 2mrl, where | is the length
of the cylinder.

Flux through the curved cylindrical part of the
surface is zero. At the cylindrical part of the surface,
E is normal to the surface at every pointand its
magnitude is constant, since at every point, and its
magnitude is constant, since it depends only on r.

Flux through the Gaussian surface = Flux through
the curved cylindrical part of the surface = E x 27rl

i
£ /
& M 4
- - i
pi i
O q_+_ — I
E y P E. d i
il - P L g
U Rerst
]
1

(a)

L Y I x|

-
S

(a) Electric field due to an infinitely long thin straight
wire is radial.

(b) The Gaussian surface for a long thin wire of
uniform linear charge density

The surface includes a charge equal to Al
Gauss’s law then gives

E x 2rrl = M /g

A
B = e

FWMEIRA. — N IF-Te-3R T e RAawor ¥ (2024)
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U 15 Ub Ude H1 33T
IRERS ] ]

A€ P FATICR TeIPR W & HIEAH I YdTE 2
2| Idg &b SeTHR 9T IR, E U EI'\"H?I'E'E?\’
Ich U fdg

MRAYT Hdg & HIAH F YdIE = Hde & gHTGER
TATHR YT & ATEAH H UdTE = E x 2l

]
1
/

7

\
\

T
\
-—— e

A
k- |
K74

]
\

B DY T T x|

~
=

g)mﬁmuﬂﬁms}aﬂasmﬁmmm
|

(b) AT TS 151 T9cd & s T d1R &b foAQ THATT
e T Nl & SIS 151 A 8l

M B furaaears

E x 2rrl = M /gg

A
B 2megr

~
Given a uniform electric field & =5x103 i N/C,
find the flux of this field through a square of side
10 cm, whose plane is parallel to the y-z plane.
What would be the flux through the same square,
if the plane makes an angle of 30° with the x-axis?

-~
Given: E =5x103 i N/C

Q.16.

Ans.
A=10x10x10™m?
Flux (¢) = EA cos ©
(i) For first case,0=0,cos0=1
. Flux = (5 x 103) x (10 x 10 x 107)
=50 Nm2 C!
(i) Angle of square plane with x-axis = 30°
Hence the 8 will be 90°-30° = 60°
EAcos 0 = (5 x 103) x (10 x 10 x 10™) x cos 60°
=50x1/2

=25 Nm2C!

HeT-12 (ifahn

{6}

> ”~
%16 Uh AT fIga & E =5x10% ¢ N/ Cfaarmang sa
& BT JaTs 10 VM F arf & Areny | W, S ads
yz T8 & THHICR &1 OfE e x-378 A 30° BT HI0T AT
2, A 3 v A S1a TERA AT Ui 4T e

feard: E =5x10° H; N/ C
A =10 x 10 x 10™m?,

YT () =EA cos ©
(i) geet fRIfT &5 fig, 0= 0, cos 0 =1
SRR = (5 x 103) x (10 X 10 X 1079)
=50 Nm2C-!
(ii) x-37&f & ATY TIDBR T DT DIV = 30°
SUTeIT 6 BT 90° - 30° = 60°
EA cos 8 =(5 x 103) x (10 x 10 x 107) x cos 60°
=50x1/2

=25 Nm2C™

Q.17. An electric dipole is placed in a uniform electric

field & with its dipole moment P parallel to the
field. Find

(i) the work done in turning the dipole till its
dipole moment points in the direction opposite
>

toE .

(ii) the orientation of the dipole for which the
torque acting on it becomes maximum.

L2
Ans- () W = _f'tdB

9,

n
W = [pEsinede
1}

W = pE[—cos8];
W = pE[(1) — (D]

w = pEl[cos ® — cos 0]
W = —-2pE

e > >
(ii) |T‘ = |P X E| = pEsinf
For®=1/2,sin ©® =1and 7 is maximum

U 17. U faregga g &) e faga & T d 30 Rea
3ol P & & wuiar W@ T 1 HT Y

() fomar war &1d s1e fRe@ @ guTAT SiTaT  Sede
3 fegra 3ol A1 fzn £ & foda 3 @ sm

Gi) fegra o1 1fufa=ame fGrass fAo 39 @ @A arer
g 3Tgof 31ferman &) simar &l

a. E
3A- () W = _f-cde W = _[pEsinede
a, o

W = pE[cos m — cos 0]
W = —2pE

W = pE[-cos8];
W = pE[C1) — (D]

U faegd fegga &) yeberT g &9 & i gads

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)
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Q.18.

Ans.

UM 18.

HeT-12 (ifahn

i |7 = [F % | = pEsin6
9=n/2$fﬁ'[l,sin9=13ﬂ'\’f3-l'f\ﬂﬁ'ﬂr?

State Gauss’ law in electrostatics. Using this law
derives an expression for the electric field due to
a uniformly charged infinite plane sheet.
Gauss’ Law states that “the total flux through a
closed surface is 1/€0 times the net charge enclosed
by it
> > q

OFE = fE.ds =0
Let o be the surface charge density (charge per
unit area) of the given sheet and let P be a point at
distance r from the sheet where we have to find B

- P

Q

L R R

O*Ial
2
I
I
:
my

i

R X X I
sesbepepe

e

.

*

* 4
-

Choosing point P, symmetrical with P on the other
side of the sheet, let us draw a Gaussian cylindrical
surface cutting through the sheet as shown in the
diagram. As at the cylindrical part of the Gaussian
surface, E and ds are at a right angle, the only

surfaces having E and ds parallel are the plane
ends

w4m= f BdS+ f B
=j§Eds+j§Eds:EA+EA= 2EA

[As E is outgoing from both plane ends, the flux is
positive.

This is the total flux through the Gaussian surface.

Using Gauss’ law, ¢p = -
0
2EA = -1 _5A
€n €p
B= 2 |
2gg

...[As g = oAl

This value is independent of r. Hence, the electric
field intensity is the same for all points near the

charged sheet.

soigeIciead § E &1 fFaw Iamgl 39 Fan &1
TONT & §0 Uh 9 §9 A ARG 313d a9dd
2fte & BRUT faed &9 & fAU U s1eb sgeas HIf5ul
T & Fam o o1 T 6 Ue 9 a8 b Arerd o

P fIE[d UdTe 1/€0 T[UTT BIdT 8 T8 P e §& 3TA2A
asn

Q.19.

Ans.

¢ =f§d-)=i
E .as €0

T W50 o €1 11 2fie &1 g8 31maR1 o @15 ufd
gfie T & 3R Pefie A r R UB Rig d et e 1
QI &l

- P

."”'q
'*a' ’..‘.
\_!y .
|
|
|
|
ml

+

R X X I
sesbepepe
+

]

e

.

*

* 4
-

faig P o1 TU 1T & IR AR P o ATY THTHA fdar T
& 31130 o ¥ fewmy 1A 2fte & "1enm A Ues Mifag

TOATDHR T8 BT BIC| MITIT Td8 B TodThR U1 H
TN B 3R & 7o TP RE B 3R ds THAR
Tl UHHTS AdE T 9% &

> > > >
SLOE = fE.ds +7§E.ds

=]§Eds+]§Eds: EA + EA = 2FEA
%@%Eaﬁwﬁqﬁﬁwmmamm
|

& MY [ & HIeAH I o dTe el

Using Gauss’ law, ¢ = ——

Eq
q aA

g B Eo
E=_-2.
2e,

2 EA =

-.-.[As g = oAl

TE O r A TdT &l SATAY, T151 (3Tafere) 2fic &
F1 foig3t & feTy fagga & B e F9m= 81 8

(i) Derive the expression for an electric field at a
point on the equatorial line of an electric dipole.

(ii) Depict the orientation of the dipole in
(a) stable equilibrium in a uniform electric field

(b) unstable equilibrium in a uniform electric field.
(i) Electric dipole moment: It is the product of the

magnitude of either charge and distance between
them.

It is a vector quantity whose direction is from
negative to positive charge.

r2 + ,2
FYcyall
(>
Expression :
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Electric field intensity at P due to +q charge is

—

+

-1 __9_ along PD
4req BP? B

- along PD ...(i)

4neg (r2 + 12)
Electric field intensity at P due to -q charge is,

5 1

. i
E_ = 4ngy AP?

along PC

1 9

——— 1 PC ...(ii
P g along (i)

From (i) and (ﬁ); " = E_" = -—-——] _‘]
|E,| =|E| aneo (2 + 1)
..(if)
Net electric field intensity due to the electric
dipole at point P

E = JE? + E? + 2E,E_cos20

= E= |JE? + E + 2E2c0s20 (VE.=E)

= E= [2E? + 2Ec0s20

= E= \}2123(1 + c0s26)
= E= J2E22c0s%0

E=2E, cos =2 x s 24 57 €0s @
ancy (12 + %)
[Using equation (iii)]

(*1 + cos 20 = 2 cos® 9)

1
Now from AOAP, cos 6 = T__

P24+
1 q 1
= X X
drey (r2 +12) (P2 +19)V2
x 21
= E-=
dneo(r? + 12)°/2

Since q x 21 = p ...(p is dipole moment)

—

= D . 2 2
E= e (for very small dipole, r* >> I’)

HeT-12 (ifahn R

(ii) (@) For stable equilibrium, the angle between p
and E is 0°,

-

-

P S— 1

(b) For unstable equilibrium, the angle
between p and E is 180°,

-

3 -
+qe——t ——— E

-

-

(b) For unstable equilibrium, the angle between p
and E is 180°

i C3) X & faet

i) fEela & srfufaama ot Fefa &1
(a) U 90 faga 49 9 R Iqea e w,

(b) Uk AT fagl & & 3R A= 814 W
- 78 et Up 3731 & ufmror 3R

IW- f&
igﬁﬂqaaﬁ 1 U Bl &l

TE Uob T2 AT & Fach! &M Homeass T eATHD
37TA?T b 37R &I B

Expression :

+q 31T & HRUT P W faeg[d &F B digar &

—: = 4;0—8-?’-2- along PD
= 4;0 (_rz_";_lz_) along PD ...(i)
-q 3T P BROT P W fagd &5 B dfiaar g,
B - 4:%'A—qr,—2310ng PC
- 2 - 7 along PC ...(if)

ansg (r2 + 12)
From (i) and (i), |E.| =|E.| = #m
o (r

...(fiD)

faerd feg[d & BRUT [ge fagd & B diadr
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E= JE2 + E? + 2E,E_cos20

= E= JE + E? + 2E2cos20 (<E. =E)

= E = J2E2 + 2E2 cos20

= E= J2E2(1 + cos20)

= E = [2E22cos?0 ("1 + cos 28 = 2 cos? )

E=2E, cos 8 =2x -———-—""—2 cos ©
dneg (r? + 17)
[Using equation (iii)]

1
Now from AOAP, cos © = 7_

2+ 12

1 q 1
= 4ZX X
E 2 4ne, (1’2 +12) (1'2 +12)l."2
x 21
= E=
41&0(',2 + 12)3 2

Since g x 21 = p ...(p is dipole moment)

—

e (for very small dipole, r* >> I°)

(b) 3TF&R Ay P 3R B & a9 o1 P07
180° %ﬁr%

—=
F =

Q.20. Derive an expression of electric field intensity on
a point in axial position (end on position) of an
electric dipole.

Ans:  Consider an electric dipole made up of charges + q
and - q separated by a distance 2/ apart and placed
in vacuum. We have to find out the electric field at
point P situated at a distance r from the center of the
dipole system. To find out the electric field intensity,

imagine a unit positive test charge situated at P.

r+ -
PR S—
B ' o ¢ A E; P

§

Ey

-q +q

< r >

Electric field intensity due to charge (+q) situated at
A will be

HeT-12 (ifahn

{9}

= 4 ;
E1 ine0 AP2 , (along AP
i3 q AT
- _ (T:T}T‘ {along AP)
1 o : .
E, = s '(.r'——.'::]:?, {in magnitude form)

Electric field intensity due to charge (-q) situated at

B will be 1
_’
E,= ,. alon PB
l - | PB\
" ney (redy BlON8
- 9__ (in magnitude form)
25 R, e 8

As AP < PB, hence the repulsive effect due to charge
+q will be more effect then the attractive effect of
charge - q. Therefore, E1> E2 but their directions are
opposite. Hence, the net electric field will be

1 g 1 q

E=E -E;=
: o 4 mweg [r—.")2 4mg, (r+1)?

__4q 11 ]
478, (r=-0° (r-i-f):"_

__gq [+ -¢r-1)]
ansg| (r=DF(r+1y |

[(r—Dr+DHY

q
4 TEg (r2

{r2+!2+2rf) (- -—.F‘—"n’}
4 TEy

m}—NIC, (- p=2gl ..(1)

This is the expression for the electric field which is
directed from A to P. For small and strong dipoles,

rs2] = sl = r2 >»|2

12 =2

Hence, eqn. (1) becomes

__ 2pr 1 2p
4 g, (,,2)2 4.7, r

N/C

This is the required expression.

u# 20. faet fera &1 31afta fRafa o foeit fig
mﬁﬁﬁmgmmﬁﬁo R e

IR A R AR BT + q 3R - q AT A T8

ﬁzl@ﬁw%aﬂ?ﬁaﬁﬁwwélaﬁ@{dw
SR A JRI/ATdGP IR & BT UdT T
& fagra &5 & digdr &1 udr & foy, PR R

TP SHIS IATHD URIEUT 3TTA2T hl BT il
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IS r+{I -
je—r —f—mj
} bl | | Ea
B ! o A P E,
-q +q

< r >

A TR fRI 37TdRT (+q) &5 BRUT fe[d &5 T drerd1 eIt

| S
E1 = e - AP27(along AP
i @ s
= Gy -1y (along AP)
L= 4’:_5 {r—q:‘—j'? ({in magnitude form)
a =
B TR fRIT 3T (-q) b BRUT fagld & 1 diaar gt
? 1 -q -
2, =-——.—7,(along PB
2 4”50 sz ( g )
1 -q -
Az, Grip AersPB)
I g :
E; = , (in magnitude form)

47z, _(rﬂ')z

Yfd AP<PB, THTEU 1A +q b HRUT YfdHYUT GHTG
371427 - q & 3TTHY B W1 J 37ferh g9TdT 8Tl 3T,
%WW%?WWH%I ATy, e faerd

1 q 1 q

E=E,-E; = -
: 2 4 ey 1‘:1»—.")2 475, (r+1)

__q
4??50

1 _ 1
_{r—f}l {r+ f}:

g [+D*=(r-0*]
amsy| (r=D*(r+1) |

g [(P+P+2rD)—(F +F —2r1)
dmeg | [(r=0(r+ DT

| i 4rf
dmey | (r2 =)

__ 4 2.2rl
dme, (r*-P)°
2 pr

= amaa Ty N/ G ¢ p=2gD D)

ge fag[d &7 & foiy 51 & 31 A ¥ P 1 3R FEfRia
B1aT 81 81 37k u=Igd fgga & fy,

2] = >l = r2 5|2
- =r?
ST, HIHROT (1) 99 SATaT &
-_ 1 2pr 1 2p
dxey (Y dzey P
TE 319D 3T R &l
HeT-12 (ifahn

N/C

Q.21. Determine the intensity of electric field by Gauss’
law, due to a uniformly charged spherical shell at
a point
1. Outside the shell
2.0n the surface of shell
3.Inside the shell.
Draw a graph showing the variation of electric
field with the distance from the center.

Ans: Intensity of electric field due to uniformly charged

spherical shell:

Suppose that a sphere of radius R is uniformly
charged with +q charge. Intensity at any point due
to this charged sphere depends on its position
relative to the sphere.

(i) When point P lies outside the spherical shell:

Consider a point P which lies outside the spherical
shell of radius R. Now, imagine a sphere of radius r
which passes through P.This closed surface behaves
as a Gaussian surface. Since, sphere is uniformly
charged, so that the electric field at each point on
the surface is equal and points radially outward.

Gaussian
surface

Net flux through the Gaussian sphere of radius r will
be

@ = §SE.JS=§Eam9
=EddScos0, (.- g=0)
=Edds

©p =E.4m?, (- $dS =4xr?) ..(1)

But, the charge enclosed inside the Gaussian surface
is q. Therefore, from Gauss’ law

Equating egns. (1) and (2), we have
E. 4mr? = qg/eg
E = (g/4T1€0r?)

It is clear from the above equation that the electric
field outside any uniformly charged spherical shell
is exactly to that electric field when we take the
same charge at the center of the sphere.

(i) Point P lies on the surface of spherical shell:

In this case,r=R
FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)
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From egn. (3),

E = (g/41€,R?)

Shell

Gaussian
surface

(i) When point P lies inside the spherical shell:

As we know, the charge given to a spherical shell
spreads equally all over the surface, there is no
charge present inside the sphere. Hence, by Gauss’
law,

1
D =—(0)=0 _ (4)
£
But, ®; =$E.dS =FEdScos0
by

=E§dS=Ed4xr’ —(5)

From equations (4) and (5),
E4mr?= 0
=>E=0

Therefore, the electric field inside a spherical shell is
always zero. The adjacent figure shows the variation
of electric field with distance

E
= r R r —a
U 21. ME & a9 gr1 fo foig ur 9o ¥9 3 3mafia
M W & BRoT faea a7 & digar st Sl
(i) WY &b qTER
(i) W I e U
(iii) W &b 37
&e A gl & A1y fagga &7 & ufvad= H1 <=0fA arer v
T Syl
IR THIHM AR MHATDR Wiel & HRUT {de[d & I
= @570 foh 33T R &1 U TTeT 9= 9 T +q 37920
A 3MAfIE 81 39 3MAfRId Mo & HRoT foeet foig ©®
T Moy & FTUe 37 fRIfa or 3R el 81
HeT-12 (ifahn

(i) 579 fdg P MG R T &b d16R U 81T &:

U fdg P IR faaR &3 311 3T R & MATHR Tl &b
e fRId 81 3719, 3347 r & Ub M B HedaT B T

P BaR %| U§ 9 Tde MIaud Ade b TTH
IIER HECRIGIREE:EIE R R IR

8, 3T Acle & Ul fog UR faggd
=g T A 9182 Y 3R foig B 8l

AT RTEREATE 3R

r F3AT & T3t Ml A 3¢ e 8T
®; =§ E.dS = §EdScosd
=EqdScos0, (--9=0)
=Edds
®p =E.422, (- $dS =4xr’) (1)

W TR |de & 3R IRage 190 q B 37e: M
CACCER

P, =q/s...2)

FHEROT (1) 3R (2), o o T 3 R

E 4mr? =g/

E = (g/4m€er?) ......(3)

IR THIHROT A WE & foh fopad o 3mafra miefia

IR P FTER fae & Sied 3T &5 P A BT &
519 89 Tl & b, UR A 3TART A ol

(ii) faig P IR Wl bl e IR [RU &

g fafd®, r=R

THIBIT (3) 3,

E= (q/4T<0R?)

(iii) 519 fig P TIATHR WA B 37 8l &

47 o6 89 ST & fob MeThR @ied o fear may 3maRT
TAE U THM ¥9 A eadT &, ey & 37c pIg 37920
TEY 81T 81 s9feiu, T & Fuw g,

@ = ;';(0>= O 0y

But, @ = C_ﬁE.a_C;' =§EdScos0
~

=E§dS=Ed4xr’ —(5)

THTROT (1) 3R 5T,
E4mr?=0
>E=0

ATAY, PR Wiel P 3icR faefd & s [ Bl
&1 Iy e g & A1y gl & & ufac ol aR1idT &
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Q.22. Two positive ions which have the same charges
having a force of repulsion of 3.7 x 10°N. The
distance between them is 5 A. Find the deficiency
of electrons on each ion.

Ans:  Solution Given:

F=37x10°N,r=5A=5x10"1m

4,=9,=9
1 a9
l:,'.:4 IZE
mEy
37x10°° = 9x10° xg”>
(5x1071%)?
1 a4
F=4 |22
mEy F
37%10° = 9x10° x g°
(5x1071%)?
q1=3-7xl0_9x25x10_2°
9x10°
=10-28x107%
g=32x107"°C
g=32x107%
g=ne
32x107"?
n="—__.— __ =2
16x107°

There will be a deficiency of two electrons in each ion.

WH 22. HTT 31420 dTA &1 ITcHS T BT UTahpyor a1
37 x 10°N &l 7% g H gJh 5 A Bl UQAS AT A
ST ! BH ATd HIFUI

IR F=37x10°N,r=5A=5x10"1"m
al=q2=q
F= 1 99
Amey r?
37x10° = 2X10° <g*
(5x1071%)?
PHefT-12 (ftfaehn

Q.23.

Ans:

¥ 23.

1 q19;

e
dmey r
9 2
37%10°° = 9x10 xoq
(5%1071%)?
g 3-7x1077 x25x107%°
9x 10’
=10-28x 1078
g=32x10""°C
g=32x107%
g=ne
p32x107%
16x1071°
TAD T H &I SHaael-1 ol HHT 8T

Two point charges + 9e and + e are placed 8 m
apart. Where should the third charge q be placed
on the line joining the two charges so that q
should be in equilibrium?

Let the charge q be placed at distance x from +9 e
charge, then its distance from e will be 8 - x.
In equilibrium,

+9e q +e

—(x-8)—

X
< ° >
< L >

1 9exg 1 exqg
drey, x° 47xe, (8—x)°
T —

x? (8-x)*
+1
B8—x

-
x

Taking + ve sign

=24 -3X=X

24 = 4x or x=6m

Taking - ve sign,

=> 24 -3X=-X

24-2xorx=12m

Since, +9e and+e are similar charges, hence g will be

in equilibrium when x=6 mi.e, q should be placed 6
m apart from +9e between the charges.

a1 fig 31TazT +9e 37K +e, 8 WX B g W W 7Y 2
IR 3T q B AT 3R B A aret YT )
&HE 3WT STY fob q ATTaeT o 817

A WY 151 q BT +9 e TS A x GO WIWT AT, dT e
A SADI A 8 - x BN

ITRITaRAT H,
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Q.24.

Ans.

¥ 24

+9e q +e

<<
< A4 >

1 exg _ 1 exqg
drmey, x* 4me (8-x)°

2 (S_x}z
+1
B—x

L -
X

+ve A& &1

=24 -3X=X
24=4xTTx=6H
AT - ve @,
=>24-3x=-X

24 - 2x GT x = 12 HIe?

Ifeh, +9e 37X +e THTT 3MART & $ATHU q TR |
56 x = 6 Hicx |

An electrified rod attracts pieces of paper. After a
while these pieces fly away. Why?

When an electrified rod is brought close to the
pieces of paper, by induction an opposite charge
appears on pieces of paper due to which these
pieces of paper are attracted towards the rod. But
when these pieces of paper touch the charged rod,
charge of rod transfers to the pieces of paper due to
which there will be the force of repulsion between
rod and pieces of paper, hence the pieces of paper
fly away from the rod.

US fEdiga B3 ST & T3] B TSI Bl 81
I1E1 & 1< A THs 33 5114 Bl e

519 fagldiepd ©3 &I BT b [ & UTRY ST AT &,
1 ORUT gRT HITST b "WU%W?TBHW
% 570 BRUT SN & T Ths B3 I 3R TH N 8l
Bl A 316 BITST & U gabs AT B3 B Td &, A1 83
BT 3712 BT & sl B IR 81 S7dT & 5a®
PRUT BT 3R B & ¢hsl & dId TN 0T g 81T,
AU DI &b ¢ehs TS A R 33 311 &l

HeT-12 (ifahn
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