p

L .

At rest s called lectrostatics
—_—'-j

jd“" I\Hh Ihinds o

dectrie Charpes ﬂhi‘:‘:’:kﬁ \/
...-“:,-\\’lwn two bodies .llc’l ul}h(ll together, they get Mc
that there are two : ALEeS:
(l) 1;0'*'" ¢ Q‘l'_"!;'(_?_l_sbm_u_dx.u e 1S plmhu_u.Lhy_LhL

l hat is (pmmw (‘llmgc mgums lch(lcnc‘

o

”i)'f zonservation of Charge: The charge of an isolated system u.mams constant. This means that
\r-k________|
/ th arge can ncnthc be

W ———
creatéd nor destr oyed but it may snmply be transferred from one bod

to another:

~— -«-""—'
/f Additive Additive Property: Total cha ‘ge.on an 1solated

system 1is equal to the : *1lg§_111_g.lc_sum—ef-eh&pg
on individual b()(hcs of system. This is called additive property-of
—— "M_*:
tln e charges, ¢ 910 9 —‘q,/rh(.n total charge o

ains
P O 1 ey AT
/@:Q_ua—mug harge: THe total charg a bod

IS mteers multlple fundflm tal

E where 7 is an Integer (n = 1, 2, Jyeet). /

; ected by motion: The charge on_a-bady—re ains unaffected of its velocity, i.e.,
| Char ge at rest = Chal ge in ll’lOthIl

\i(zfj./}ke charges repel while unlike charges attract each othd .

/) flomb’s Law in General Form

¢ @
! tstates that the force of attraction or repulsion between two oint char es 1s directl
to the pl oduct oI mag itude oi chal es and Inversel

harge is un




o)
q1
-efore
For free space K = 1, Thereto
: iV The diele _ . ;
Dielectric constant Or Relative per mittivity ,(K)-tt'vit of free space, ¢ K= 8/§0 . | |
the ratio, of permittivity OfIW‘X *;l b when laced at a distance of limetre
1€ 1'd 10, ' \ ' W |
—— lomb charge is the charge whi¢ _ F9x 10°N. ;
iti ulomb: 1 coulom o ~———th a force :
? EEmEZI(ll:'fllc;nd similﬁﬁ/m-gmmmor. air) willTepel 1t , | |
rom 4 ¢ :
4. Coulomb’s Law in Vector Form . - ts A and B in vacuulil. The separation between
Consider two like charges ¢, and g5 located at po = e the o ce exerted on charge |
| - «- . Let I'2] |
the charges is 7. As charges are like, they repel each othel . . the position vector o
= It ro1 1S
by charge ¢, and Fio tth exerted on charge ¢, by charge §2
- | e Ty is along A to B and
' ¢ is uni lone A to B, then the force ka1 13 g |
relative to ¢, and 7, 1s unit vector along , o -
- ] .ql'qg X | | | (i) =
Fo1 = - —— r T
4me, 2 4
. _ T2 A |
But To1 = T A 1 B
y Fyi f
= 1 D92 721 1 %92- Fi2 Q rz2 - L. 21 |
Fo1 = TR A r21. —r—P
- 4ng, 42 T e, 42 * _.
Similarly if T12 s position vector of ¢, relative to go and 7, 1 unit vector from B to A, th¢n
— 1 D% 1 %192 - | |
= 1o = rol - | ... (12)
. dme, ,2 12 d4me, 4 ')F
- " L. u
- Obviously r;, = - 7, therefore equation (iz) becomes
- 1 %% > g
ko = - ~—s T2l : ... (212)
ane, o° ..i

Comparing (2) and (uz), we get

— —
For = -k

This means that the Coulomb’s force exerted on ¢y by ¢, is equal and opposite to the Coulomb’s
force exerted on ¢, by ¢,; in-accordance with Newton’s third law.

Thus, Newton'’s third law also holds good for electrical forces.
5. Principle of Superposition of Electric Charges

Coulomb’s law gives the force between two
charges, then the force on a particular cha
states that

point charges. But if there are a number of Interacting

rge may be found by the principle of superposition. It
Y

exerted on it by all remaining charges.

The force between any two charges
presence of other charges.

Suppose that a system of charges contains n charges g
|

havin OSitiOH VECLOrS 7.. 7 T |
() ! 7 1 ‘ "
I g P 12 79 3:---?71 relatwe to orlgm O

1s not affected by the

l Xam idea Physics—XI| “




respectively. A point charge ¢ is located at P having

r ] rce
position vector 7 relative to O. The total fo

. arges
_.F,,, are the forces acung on{ due to charg

e to all n charges is to be found. If Fi, Is, Fs, .

du
o _respectively, then by the principle of su

(I|: ‘?QF q3, = 5 q

@F2+F3+.

perposition, the net force on ¢ 15

.

1as | If the force exerted due to charge ¢; on g 1s Fi,
: — 1 14; - - —_—
j Ff=74_ - = 3(7‘_?‘5) \\
tre _ T[E()lf_r—fr_i ‘ S
| The total force on ¢ due to all n charges may be expressed as
F‘ - ~ n o n 1 qql - =
> k= ZFf: Z - (T_Tf)
<1 = £=14HEO|T—T;'|3
rge
L q,: —> —>
F Z " (T - Tf)
92 i=l"r—?‘¢'|3' N
Herel;l:epresents the vector-sum.
) 6. Continuous Charge Distribution
The electrostatic force due to a charge element dq at charge ¢ situated at point P 1s
IT = 1 0 B ] _}0 ('r—?)
" 47’CEO R 47[8’0 I,r _,’__rl 3
21 The total force on g, by the charged body is
- =
F = | J‘ dq (T =T )
| 47[8090 I?_?‘i’) |
) f)For linear charge distribution,|dg = A dl,)where A 1s charge per Y
unit length and integration 1s over the whole length of charge. o :
3-:)F0r surface charge distrihution, where o 1s charge per N
unit area and integration is for the whole surface of charge. . | R=r-r
9 For volume charge distribution,Eq =pd I{there p 1s charge per
unit volume and integration is for whole volume of charge.
L
3¢ Electric field
S

The electric ézeld. strength at any point in an electric field is a vector

quantity whose magnitude is equal to the force acting on per unit
———————— e ————e P
ositive test charge and the direction is along the direction of force.

If F is the force acting on infinitesimal positive test charge ¢, then electric field strength
) )

Therefore from definition, electric field can be given as

-

The unit of electric field strength is

newton/coulomb oy
(abbreviated as N/C or V/m respectively.) ' or volt/metre

() The electric field strength due to a point char
magnitude form

~o "8 7 atadistance r in

Electric Charges and Fields] (8.



4%80 ;=1 Tz-"

ame, " 1 5 |

e i wfjo"( W‘hb \ : colated

7 Alectric field lines -5 alons which an isolated free
. . . . : B ey |

The klectric field linelin an electric field is anmagi ary smooth - S ‘ ]

posztwe test charge tends to move. ws: / ]|

In terms of electric 1eld lines the electrlc fi

|
h pit any point 1S defmed as a vector quanti /
eIectrzc fzeld stren J’ p —y T —'fnge lines A — N :

whose magnitude is_measurec
passing normally through per umt small area amund that point tmd\/”’\

whose direction is along the tangent on field line drawn on that

pomt | + -

L= )
Accordingly nearer the electric field lines, stronger is the electric field, and farther the electric field

lines, weaker is the electric field. In figuTe, the electric ic field strength at A is greater than that atj.

@ Pmpertles of electric field !gnes

(2) e €électric field lines appef

charge, T

(i) The tangent drawn at any. point on the field line gives the dlrectlon of electric ﬁeld strength at
that point and the direction of force acting on a positive charge at that pomt

eld strength is defined as IollOW: follo

to start from p051t1ve charge and to terminate at negative

(z1z1) No two electric field lines can intersect each other because 1f thez do so, then two tangents can

\ a7 _——"*\.i
~\>\( be drawn at the point of intersection;: which would mean two directions of electric field strength
m

at one point and that is impossible.
AR OZ % PUTIE aTC a1 U PUssINe.

(tv) The electric field lines have a tendency to — -
. contract lengthwise like a stretched elastic Ii
string and separate from each other laterally. I 2 —>

* The reason 1s that opposite charges attract _13 N _ \
and similar ¢ | .'
O . (a) Unlform elegtric (b) N0n-unif0rm

vy v v ¥V

l/

1 ee}eﬂwm e e'ectric'ﬁV '
loops. ! ~ |
/

@M«»DIPOIE OTITENT Of € €CIrIC ;
2 the product 6f magnitude of ome ¥ t Ipole having charges +g and - ¢ at separation 2/ is defined

“\ o P=¢3V]_ -

h .
It 1s a vécior g r-- 1ty\d1

/ ( 1rected from — q to _|..
[Remark: Net char e on an ¢ ECtric dipg:

‘?

. s zero_]
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() A point P on axis, £ = 47’(80 .

olechre Q

(if) At a point P on

quatorlal line, y e LT

1 P/ xR
— 7 1\

E' =

3
\OQ# ) % €

% %’7 a Uniform Electric Field N

%
Electric Force and Tm orque on an Electric Dipole ina U
_— e SRy ——

| 14
1‘ In a uniform electric field of strength E, the net electric force AR 1SS

| I O
L. is Z€ro; but a torque equal t§ pE sin 6lacts on the dipole (where o - I‘

0 is the angle between directions of dipole moment p and . 2

| electric field E ). This torque tends_ to align the dlpole along — , 2——-———»
| the direction of electr-i(: field, Tc;rque in vector form F q_E:— 1 ___+
T=pXE " Q_\Qc,%nc_ %\—!Q\d /2 | -

117 Electritaa) I[PO‘Q Nomen |- v
The total number of e E&ﬂiﬁ_e_ld-hﬂﬂs-ﬂmssmg (or diverging) a surface

normally 1s called electric flux.

------

where E 1S electrlc field strength.

Electric flux thrqugh entire closed surface 1S

eo%omg;a Shgg W M@u x

I unit of electric flux is volt—metre or Nm

‘% auss’s Theorem @
X |
Tstates that the total electric fllix thro Aoh a closeg ace 1s equal t the net charge

enclosed by thesurface j.i_!i-r" & Q*’f& QO‘*
' N Ve

2 Joc -
] [ g \
13. Formulae {hr|Electric Field Strength Lalculaled iresa Gan

2.,

a
(@) Electric field due to infinitely long straight wire of
from the wire 1s

o 2\
4%80 r
(b) Electric field strength-due to a .
_ o ue. ite plane sheed)of charge Per unit area o is
= %e, mdependent of distance of point from the sheet.

(c) Electric field strength due to a umforml charged(thin sy herical shell
ell or

of radius £ having total charge ¢, at a dlstanc?from centre s - conducting spgere
y X v

—_—
) : _
(1) at ex'ternal point|E_, =

1 ¢
E. = i

\_@/at 1nternal pomt

(22) at surface point




(d) Electric field strength due to alu

at a distance r from centre 1

. _ (
(i) at external point E,. 4TE, 1

1 9
(i) at internal point, £, = ime, -R3 (r < R)

B SELECTED NCERT ouesTIoNS NN,

C .
Quantisation of Charge | o eof3 x 107 C.
Q. 1. A polythene piece rubbed with wool 1s found to have a neg?tll‘:’e cw;l;ihb)
(a) Estimate the number of electrons transferred (from which to -
(b) Is there a transfer of mass from wool to polythene?

ransferred to t
Ans. When two neutral bodies are rubbed together, electrons of one body are t he

“other. The body which gains electrons is negatively charged and the body which loses electrons
is positively charged.

(2) From quantisation of charge

q = ne ol
Here, ¢ = 3)(10"7(3, e=16x10""°C |

3x 10~
. Number of electrons transferred, n = % = o IF = 1.875x10"
When poiythene 1s rubbed with wool, the polythéne becomes negatively charged and wool

becomes positively charged. This implies that the electrons are transferred from wool to
polythene. |

(b) Yes as electrons have finite mass, the mass is transferred from wool to polythene
AM =nxm, = 1.875x10'*x9.1x107 kg = 1.7x107'8kg
Coulomb’s Law

Q. 2. What is the force between two small charged spheres. havihg charges of 2 X 10”7 C and
3x107C placed 30 cm apart in air?

Ans. Two charged spheres at finite separation behave as point charge and the Coulomb’

. s force of

repulsion |
1 9%

J . 4ne, ,2 .
|
Here ¢ = 2)(10’7(],42 =3%x107'C,r = 30 cm = (.30 - 1
|
2x107") x -7 |
F = 9x10°x .—)—-(3)(19 ) =6X10™° N 1?

(0.30)* |

Q. 3. The electrostatic force on a small spher ' 1
charge - 0.8 uC in air is 0.2 N phere of charge 0.4 uC due to another

small sphere of |




-0
' / Here @1~ 0.4pC = 047 ].O o | | (
L | 0.81C = (0.8 X 10°°C = 0.8 X 107" (nmgniludc), = 0.2 N ) .
" - R T qopitude 15 4
/ ’]; \s charges are of the opposite sign, the force hetween the charges mag
(@) >~ ‘
i | |
(0-‘1-><10“')><£(_)_.8><1()““)

2

[ , 0.2 =9x10" x
.. .

, 9_.__9><10_9_><(0.4><10'ﬁ)><£9.8><10-ﬁ)__:gxlﬁxl()"‘

::’ 4 0.2
r
L Distance, T~ 12 X 10°m = 12cm e —>
r | B
. | (b) The force on second sphere due to first is = 0.2 N. Since | Fo1 | = | F12 |
= 2uc, qp=-5nC,qc=2puc andgp =~ 5 uC are located at the comer;
f1uG placed at the centre O

4, Four point charges g
Q of a square ABCD of side 10 cm. What is the force on a charge 0
the sphere? D -
ans. 1he oulomb’s forces acting on a charged particle due to qD='5PC
.l other charges are added by vector method. Force on
—1 uC placed at centre O will be the vector sum of

charge 4o
forces due to all the four charges ¢4, 4p, 4c and gp.
Clearly, OA =0B=0C=0D }
— 10
='12—\/102+102= fcm A|~ o
qg =—5HC

= 5/2cm = 5/2 x102m qa=20C

Force on g,=1uC due to charge ¢, = 2pGC 18
: -0 -6 ———p
= 1 Y94 (110 )(-QXIO——- = 3.6 N along OCG

Foa = e along6(_j = 9x 10" xX—
7€, (0A)’ ' (5\/2'><10'2)2

‘Force on gy =1uC due to charge g, = 2uC 15

1  Yo9c — g . I 108 % 2% 107°) —
5 along 04 = 9X107 X .= o = 3.6 N along OA
4ne, (OB) (542 x 1079

—
Fop =

Clearly, F@A =+ F oc = 0
The force on g, =1uC due to charge gg =-buC 1s

0o e
L__%0%5 long OF = 9% 10° X

~

(1%107%) (5% 107°) iy s
-along OB = 9.0N along Ob

Fos = 5-—
4nE) (OB)* (542 % 107%)?
The force on g, =1uC due to charge ¢, =-buC 1S
> 1 909D — 1x10°°%x5%107°
Fop = — along OD = 9X 10” X = 0 ON alone OD
¢ (D) (542 %107 °

Clearly, FOB + i;op =0
Therefore, net force on ¢ 18
F = fOA + Fop + Foc + Fop = (FOA"I' Foc) T (fOB + FOD) =0+0=0

that is, the net force on charge ¢ 1s zero.
Q.5. (a) Two insulated charged copper sph :
pheres A and B have their centre -
of 50 cm. What is the mutual force of electrostatic repulsion if the chasgze(f:laz:tt:;disbg 5a :l::?‘l;éi

The radii of 4 and B are negligible compared to the distance of separation

(b)) What is the force of repulsion if each sphere i
s ch
distance between them is halved? ' “harged double the above amount, and the

tlectric Charges and Fieldsl 13 <




repulsion 1 given by
2ql.2£]2 _ 9o — 94 X 102N = 0.24N '
| (T/2)2 4 . . o sizeS- A third Sphere Of the

B in above question have "~ ~ht in contact with the
(-G SOppass the spheres A afld : first, then bro lsgion between A and B?

uncharged sphere C is

Ans-

&l similar but
Ans. Charge on each spheres A and B =g = 6.5 X 10 C when a

each sphere shares a charge =, equally.

®» + © — &G 3

. e Iy !
Now, when the sphere C is brought in contact with sphere B, the charge 18 redistributed eqrua Y-

f sphere B rC—-l— +i)=§i |
Charge of sphere B or L = ; q 5 4 |

Q.9

7 3'? /2 SQ/2 :1 A]].S-

Y2 1
v © — @©X© ?

0y 3/, . o |
C—C) f

A B
So, the force of repulsion between 4 and B 1s

|

-

q 3q %
|

Now,

- 24 =§'x1-5><10'2N=5.7><10'3N
4ne, T 8

Q. 10

Electric Field

Q. 7. Two point charges g, =+ 3uC and g5 = - 3uC are located 20 cm a ] is -
the electric field at the mid point O of the part In vacuum. (¢) What is

line 4B joining the two charges? (b) If i B
charge of magnitude 1.5X10° C is pl s poi - ges? () 1 a negative test]
ot cgharge? 5™ Is placed at this point, what is the force experienced by the

Ans. (a) The electric field strength at point O due
to charges 4 and B is additive (

" Ans

away from

oot e A B aUdllve (away from O ——»F
positive charge and towards negative charge) R """"""" e +E1 -------------- »
" Electric field strength at mid point dye o charge ¢, is Jg
1 4 £
= ——— = 9., 3X10-6
L dne, 2 T XX I = 9 10O NG e T

14 l Xam idea Physics-X|| ‘w
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, Electric hield strengthh at U due to charge gg

1 __‘YB_

-0 .
4me, ,2 gxlogx"‘gj_l'o 5 92.7x10°NC™'along OB
°7 (0.10)

Net electric field at O .
E=E +E,=27x10°+2.7x10° =5.4x10°NC'along AB

| (b) Electric force on test charge ¢, placed at O

F=q,E=15x107x5.4%x10° =8.1x10>N

A system has two charges g, = 2.5 X 107 C.and g, = -2.5 X 10 C located at points A = (0, 0,-15 cm)

E, =

Of : Q. 8- .nd B=(0, 0, +15 cm) respectively. What are the total charge and electric dipole moment of
; the system? . >
; ans. A dipcﬂe has two equal and opposite charges with dipole moment qs4B(0,0,15cm)

e ' ; = ¢2I, directed from —q to + ¢. |

x Given 7, =25%107C,q, =-25%107C

Total charge,g =g, + g, = 25X 107C-2.5 X 107C = 0.
2l = AB = 30cm = 0.30m
Electric dipole moment, p = q.2? directed from —q to +¢ X qas A(0,0,—15¢cm)

=(2.5%1077¢)(0.30 m) = 7.5x 10 Cm along B4
= 7.5 X 10~ Cm directed along negative 7-axi1s.

'0.9. An electric dipole with a dipole moment 4X10~° Cm is aligned at 30° with the direction of a
uniform electric field of magnitude 5% 10* NC™ Calculate the magnitude of the torque acting
on the dipole. _

' Ans. Adipole placed in a uniform electric field, experiences a torque t = pE sin 8 which tends to align
the dipole parallel to the direction of field.

Torque t=pE sin 6
Here p =4x10"7C-m, E = 5x10*NC, 0 = 30°

Torque t = 4%10~° x5 x10%* sin 30°
— 4%10°%% 5 X10* X %=10‘4Nm

Q.10. The figure shows tracks of three charged particles in a uniform electrostatic field. Give the
signs of the three charges. Which particle has the highest charge to mass ratio?

A 1 y

++++++++++++++++/¢2
__..__—b— —

— ——
- — -
\ —\
S s T T 3 - x

“Ans. A positively charged particle is deflected towards a negative plate and a negatively charged
particle towards a positive plate and shows a parabolic path.

From fig. it is clear that the particles (1) and (2) are deflected towards positive plate; hence, they
carry negative charges.

Particle (3) is deflected along negative plate, so it carries positive charge.
The transverse deflection in a given electric field is

E
y = -é—ati', where a = = and ¢ = (i)

m Uu




l
YT o\m/ u =t
From fig., 1t 18 obvious that the transverse deflectio

.. 3t - ass ratio (g/m) | .
article (3) has the highest charge to mass — tric field 20
iql;;;:c:ing sphere of radius 10 cm has an unknown charge- If the electric 1€ Miroy Q.

- | ; . -nward what is the net charge on
the centre of sphere is 1.5 X 10> NC™" and points radially 1 : :

sphere?

Given, radius of sphere R = 10 cm = 0.10 =

Distance from centre, r = 20 cm = 0.20 m .
Flectric field at distance r from centre, E=15x10 NG

The electric field due to charged sphere at external point d

1 9
4me, o

o < m

q )E v 9

Q. 11.

Ans.

istance 7 from centre 18

E =

.. Substituting the given values,

15%x10>=9x%10"X— !

(0.20)°
9
1.5%10°x(0.20) )
- — Charge on sphere,q = o 6.67x107°C = 6.67 nC A
i - 0% 10
| As electric field is radially inward, charge on sphere is negative, therefore, charge on sphere

= - 6.67 nC.
'h' Q. 12. An infinite line charge produces an electric field of 9 X 10
i | Calculate the linear charge density. .

A 1 2\

i Ans. Flectric field a distance r from an infinite line char eis, E = =
il - o 5 2ME,T 4ne, 7

4 NC! at a distance of 2 cm..

| !, i . Linear charge density A = 15(4“50)"' E

Here,r =2 cm = 0.02m, E =9 X 10 NC™ I ln C

;:1||' 1 1 l
fik A ==X —)%(0.02)% (9% 10*) =107 Cm™
it 2 (9x109) Py 8 S

Q. 13. Anoil drop of 12 excess electrons is held stationary under a constant electric field of 2.55 X 10 NC!
i in Millikan’s oil drop experiment. The density of the oil 1s 1.26 g cm®. Estimate the radius of the
Ik drop (g = 9.81 ms%; e = 1.60 X 107 C). :
fi Ans. In Millikan’s oil drop experiment, the charged oil drop remains suspended (in equilibrium) when
' downward weight of drop is balanced by upward electrostatic force and charge on drop, g = ne, i..,

gE = mg - = nell = mg F

If r is radius of oil drop, then mass m =

—_—

i 3
nell = g‘m‘ og

T=

dnels

1/3

L
3 }

>0

i.

4mpg

Here, n = 12,¢ = 1-6X107° C, E = 2.55x10* NG, p = 1.26 g cm™ = 1.26x10%kg m™
g = 9-81[1‘15_2 . g |

3x12x1-6x10™9%x 255 x10*]"
4X3-14%1-26%x9-81

fr:
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=[3><12><1-6><2-55><1000 o,
4X3-14x1.26x9- 8] <1 “m

, = 9.81X107"m = 9.81x 10 ;m

Oy 14. Apar ticle of mass " am.:l charge (—g) enters the region between the two charged plates initially
the " moving along X-axis with SPeed v, as shown in fig. The length of plate is L and an uniform

electric field E is maintained between the plates. Show that the vertical deflection of the
qEL?

particle at the far edge of the plate is 5 [HOTS]

A_:__.._'_____:____—"_ = > X
<+ — L - >
) - s E
Ans. FO‘I ¢C Oon pai ticle towards upper plate B, Iy = qE vertical acceleration of particle, a. = _?m_
Initial vertical velocity v, =0 ’
€ Speed of particle along X-axis =V, (constant)
, Time taken by particle between the plates, ; = L
v
. ) 1( oF 2
From relation s = ut + = g2 vertical deflection y=0+—-at?=0+—| 4 ) <2
2 \ M U,
gEL?
= y —
2mvf

Q.15. Suppose that the particle in above question is an electron

10° m/s. If electric field between the plates separated by 0.5 cm is 9.1 X 10> N/C, where will the
electron strike the upper plate? (Je|=1.6 x 107!° G

,m, = 9.1 X 107! kg.) [HOTS]
Ans. Vertical deflection for distance x along X-axis is

B gEx* -/ 2my _ ) T—
Y= ;7 = X= oE v

2 mvx . * Y max

Projected with velocity v_ = 2.0 x

Givenm =9.1x107' kg, y = 0.5 cm=0.5X10""m, — l

v, = 2.0X10°ms™,g = | ¢ | = 1.6X 107°C,E = 9.1 x 102 N/C.
\/ng__l—x 101 x 0.5 x 1072
CoX = N
1.6 X 10719% 9.1 x 102

/[ 1 _ 6 9
— 16)‘(108)(20}(10 WOSXQXIO 2m=1.6x10—'2m=

X2.0X10°m

1.6 cm

Electric Flyx

Ans.  Given electric field E = 3X 10 NG .
Magnitude of area, S=10 cmX 10 cm=0-10) mX0'10 m=1x102 m-




- X-axis.
’ -mal to plane 18 along
. varallel to YZ plane, the norma !
(@) When plane 1s para h 10_25) _ 30 Nm2C!

(b) In this case § = 60°, so electric flux, ¢ = EScos v
1 : ¢ AnSs
= 3X10°X1X10%cos 60° = 30X 5 = 15 Nm C™.

Q. 17. What is the net flux of the uniform electric field E = '3)( 10° N/Eo through a cube of side
20 cm oriented so that its faces are parallel to the coordinate planes:

Ans. Electric field is along positive X-axis. The flux through Y

1. /
two faces [1 and 2] Y-Z plane 1s zero. Q 27 q
For face 1, flux = ES cos 180° = - ES 1
For face 2, flux = ES cos 0° = ES |
Net flux through faces 1 and 2 = ES-ES =0
The electric flux through faces in XZ plane 1s zero because Ans.

ES = ES_cos90° = 0°.

The electric flux through faces in XY plane is zero because
E.Sy = ES_cos 90° = 0.

.. Net electric flux through cube is zero.

Q. 18. Careful measurement of the electric field at the surface of a black box indicate that the net
outward flux through the surface of the box is 8.0 X 10° Nm?/C. Q. 22.

(a) What is the net charge inside the box?

(b) If the net outward flux through the surface of the box were zero, could you conclude that !
there were no charges inside the box? Why or Why not?

Ans. (a) Given electric flux ¢ = 8.0X10°Nm?*C™! Ans.
From Gauss’s theorem ¢ = EL.q

0
". Charge enclosed, ¢ = €,$ = 8.85X107'*x8.0x10% = 70.8x 109 C =70.8nC

(0) If the net outward flux is zero, it indicates that the net charge enclosed in the blackbox is

zero. The conclusion is either (i) there is no charge inside the bo 7
- X or () there may be dj
types of charges in the box such that the algebraic sum of charges inside the box isyzern[:;dlﬁ%rent

Q. 19. A point charge + 10 uC is at a distance 5 cm directly above the
centre of a square of side 10 cm as shown in figure. What is the
magnitude of the electric flux through the square? [Hint: Think | 5 cm

of the square as one face of a cube with edge 10 cm]  [HOTS |
Ans. Obviously the given square ABCD of side 10 cm is one face of a

cube of side 10 cm. At the centre of this cube a charge + ¢g=10) ne

®q=10uC

1s placed.
According to Gauss’s theore
m, t K
oo A he total electric flux through the
six faces of cube= I

0

- 0

" | )(am idea Ph‘.ysig,

periy



Total electric flux through square
1 q

! l ------ ’

_- e cneodosemanen '
' : ;

)

#680 ' _
| 1, He I
~ 6 8.85x107"° E E |5cm
x| - 1.88 X 10° Nm*C™". By 1‘ i;
| a///k . /10.cm
| : —C

| . D 10 cm

A point charge of 2.0 pC 1s at the centre of a cubicl Gaussian surface 9.0 cm on edge. What 1s
Q- 20 the net electric flux through the surface?

| Given ¢ = 2-0pC =2-0X 107°C

: 5.
| - Net electric flux through the cubical surface
e | 9 _ 2.0x107° el
3 = E——— =2-26X1

A point charge causes an electric flux of - 1.0 x 10° Nm? C™ to pass through a spherical
surface of 10.0 cm radius centred on the charge.

| (e) If the radius of the Gaussian surface were doubled, how much flux would pass through the
| surface?

(b) What 1s the value of the point charge?
" ans. (a) The electric flux through a surface depends only on the charge enclosed by the surface.

If the radius of the spherical surface is doubled, the charge enclosed remains the same, sO
the electric flux passing through the surface will remain unchanged.

|F Q2L

| (b) 1t g 1s the point charge, then by Gauss theorem, the electric flux ¢, = -g—

| 0
= g=¢y o= 8.85x107"* X (- 1.0 x 10%) = - 8.85 x 10 C

' Q.22. A uniformly charged conducting sphere of 2.4 m diameter has a surface charge density of

‘[ 80.0 ;LC/In2 (a) Find the charge on the sphere. (b)) What is the total electric flux leaving the

_f surface of the sphere?

Diameter 2.4

Ans. (a) Radius of sphere r = — o9 T g M= 1.2m

Surface charge density 6 = 800 nC/m* = 80-0x107°C/m?
Charge on sphere Q = 6X4mr*
= 80.0x10°%x4x3.14%(1.2)°=1.45x10°C

(b) Total electric flux leaving the surface of the sphere

g 1.45%x107° ]
= _—= - = 1.6X10°Nm*C™!
% = T 385x10" e

Q.23. Two large, thin metal plates are parallel and close to each other. On their inner faces, the
>

plates have surface charge densities of opposite signs and of magnitude 17.0 X 107** C/m?
What is electric field strength E: (a) in the outer region of the first plate,

of the second plate, and (c) between the plates?

(b) in the outer region

Ans. The electric field due to each surface charge = =

Given o = 17.0 X 107%* C/m? 28

(@) The electric field in the outer region of first plate (point P).

—E,-E =——— =

2e, 2¢,




A
(point 2 ) gt -
: . origin of second plate poin o] - 5
(b) The electric field in the outel (;”g , I El,.. - Q
c O _ — -k |
= B~y = 5.~ 7 g, ;——-,;*'g;" : - ET&[\E
+ | | . .
(c) The electric field betwecn the plateso l :. - [ | An
0] N
_ 2 4+ —
E=E1+E2_'250 2€ B ll P Q.ﬁ
o _170 X107 _ 9% 1071N/C
~ €  885x107"
Very Short Answer Questions
~ Ans.
RS’ (UESTIONS _
PREVIOUS YEARS' () | . hares ¢, and g for 41 = 92 and ¢; > g3 Separateg
Q. 1. Sketch the electric field lines for two point charg ...l ‘ (CBSE Chennai 2015]
by a distance d. - S B A . . - Ve ioinine the charges
- - -e of the line jo! 8¢S,
Ans. When the charges are equal, the HMMJ@QF the Celiltl € e charge. 0.8
However, when the CIWL the point ) N
' | AI]_S.
- 9 - 0Q.9.
+{ 1 +d2 - |
@ -u—dil- - a1 +—( EN @ - !:
- : !
791 = 4> ﬁ\ Ans.
. q,~ 9, ‘g
Q.2 A positive point charge +q is kept in the vicinity of an uncharged conducting plate. Sketch
electric field lines originating from the point on the surface of the plate. [CBSE (AI) 2009]
Ans. \;
A4 d ‘

Q. 1C

An:

i

:

Q. 3. Why do the electrostatic field lines not form closed loops? [CBSE (AI) 2014, Allahabad 2015) Q. 1
Ans. Electric field lines start from positive charge and terminate at . _, ? i
positive charge, the field lines start from the char gative charge. If there is a sing}

e and termj infini : "

lines do not form closed loops. B 'nate at infinity. So, the electric ﬁelti A
Q. 4. Does the charge given to a metallic sph - _ 5
reason for your answer. *phere depend on whether it is hollow or solid? Givl

Ans. No, Reason: This 1 |CBSE Delhi 201 7{




" ‘t' l‘l\lll‘ H‘il ('Q) .
Iwo I"N“h“l e Hl"“'l't"ﬂ I ' '
A wnd B . \ L ' . -
cespectivelys When they ave brouy ' ol identical size have charges ¢, and =3¢,
]

htin co

. : nine ne o0 . . v
= - | ihe New charges on them? ct with ench other and then we pnrt'm..tl, wlurtl nre
‘ e (CBSE (1) 2011
‘I.l L1 ‘,l

V) | f,l

0. b wo insulated vh‘nrgml Copper
respectivelys A thivd sphere
first and then in contact w

o

Clhange oneach

sphoere - :
Pherves 4 and n ol identical wize have charges q, and ¢,

(: t'r " . . : . . .
" ¢ Rame size but uncharged ix brought in contact with the
ih the second

I r o R . - ' ’ ™ ™ .
charges on A and B? vl finally removed from both. W:I(-l:z::’l‘t :Iu, (n;,;ﬁ;
BSE (1) 20
q
o New charvceon s - - S
Ans.  New charge on s 0 and new chinge on B i 1. | “n
‘Al

Q. 7- Fig. shows three point chirges 2

, s <0 = q amd +3q. The charpes +2¢
- ( l ﬁl?]‘] ll\) | and -q are t‘lll‘lﬂ.ﬂ}‘(l within a surface 'y, What is |{“. clectric hlﬂm d“’.
——— to this conhiguration through the surlace ‘§°? | € '.1;1;;'.-'” .}; : *1“!”|L v 3¢
| l / ’ d { f’ A v .
s, Eleetiie lux = X (Net ehinree el |
Ans €, (Netcharge enclosed within the surface)

> {2 SCpa Nateq

(‘;I“:.”“”* :()]:;] — ml.."t) — l
ne the . | € =4 =) = €, 1
R :
= S. What s the electric flux thy aC * g :
o Q. 8 clectric flux through a cube of side 1 cm which encloses an electric dipole?
Ans. Net electrie flux is zervo. IO S
Reason : (1) Independent to the shape and size.
(1) Net charge of the electric dipole is zevo.
Q. 9. ;I::IO C!larlg;‘es ;Jf mflgmtudes = 2Q and + Q are located at points (a, 0) and (4a, 0) respectively.
! \at s t 1;. electric flux due to these charges through a sphere of radius ‘3a’ with its centre at
1€ origin:
g |CBSE (A) 2013)
Ans. —2Q +Q
— e —— & _
(0, 0) (a, 0) (4a, 0)
plate. Sketch . . -2Q
SE (A1) 2009] Electric flux, ¢ = e,

Concept: Imagine a sphere of radius 3a about the origin and observe that only charge -2Q) is
mside the sphere.

Q.10. How does the e-lectri(.: ﬂu.x fiue to a point charge enclosed by a spherical Gaussian surface get
affected when its radius is increased? |CGBSE Delhi 2016

Ans. Electric flux through a Gaussian surface, enclosing the charge qis b g = -g—

| 0
This 1s independent of radius of Gaussian surface, so if radius is increased, the electric flus

through the surface will remain unchanged.
bad 2015]  Q.11. A charge Q nC is placed at the centre of a cube. What would be the flux through one face?

is a single - [CBSE (F) 2010, (AI) 2012
>ctric field! Q )
. _ _ . 1 Q
Ans. Electric flux through whole cube = E; Electric flux through one face = —6-8—11 Vm.
0

lid? Give
lhi 2017] |
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