BRIEF REVIEW

Gauss’s Law isanalternative to Coulomb’s Law. Electric

flux Dj E = mf% . Electric flux is independent of the radius

R of the sphere. It only depends upon the charge ¢ enclosed
in the sphere. According to Gauss’s law the closed integral

q
of electric field intensity is equal to . where ¢ is charge
0

enclosed in the closed surface. In other words, total flux
through a closed surface enclosing a charge ¢ is given by

—-— 49
mE.dS:;O.

o If F is at right angle to the surface area 4 at all points

and has same magnitude at all points of the surface
then £, = E and J-EL.ds =FA.

» If Eis parallel to the surface on all points then E, = 0
and hence [ E,.ds =0.

» If E=0 atall points on a surface then ¢_= 0.

. The surface need not be a real surface, it could be a
hypothetical one.

o  FElectric field in mﬁ% is complete electric field, it may

be partly due to charge outside the surface and partly

due to charge inside the surface. However, if there is no

charge enclosed in the Gaussian surface E will be zero

and hence mi% =0

e While evaluating mE.ds , the field should lie on the

surface and there should be enough symmetry to
evaluate the integral.

Various forms of Gauss’ s Law

¢ = mECOS¢dS = mf_%: YGenclosed

&y
Note that net number of field lines leaving a closed surface
is proportional to the total charge enclosed by that surface.

The excess charge (other than the ions and free electrons
that make up the neutral conductor) resides entirely on the
surface and not in the interior of the material.

Electric field due to a long thread (Line charge) having
A 18x10°2
27e,y - y

linear charge density Ais E =

y

v

S  Electric field due to a long line charge

Tt
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Electric field due to a shell having radius R and charge
Q

0
inside - 0’ Esurface = 472'5‘0R2 > Eout - 472}5‘0)62 x> R
E,
o |
4rze R !
R L
m Electric field due to a shell
Potential due to a shell
0
Vin - 47[(90R 7 surface
0
Ve = 4re,x x>R
Va
Y
4ze, R
o » X
R

S AEIRY Electric potential due to a shell

Electric field due to a sphere charged uniformly with
charge Q

X
eide = o T Xx<R
msidae 472.80R
= ——x=R
surface 47[50R2
EA
_Q |
472':90R2 :
o 1:1 > x
SR Electric potential due to a sphere charged
uniformly
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outside = 472'5 x2 X>R
0
.= 0 x>R
o 4reyx
]- —Ox*dx 0 R
= <
insid 3
inside v 4re,R° Ang R
o .
surface 472.5 R X =R
0
30 Vju
8me,R
o |
4meyR !
i
i
i
i
o : > X

Potential due to a uniformly charged
sphere

Electric Field due to a thin plane Sheet (long) of charge

densi E = .
ensity o 2¢,

Electric field due to a charged surface having surface

(o2

charge density o E= .
L)

o
Electric field due to conducting plate £= 2 -
0

Electric field between two oppositely charged sheets

o
atany pointis £, = g (= E, + E,). Assuming equal surface

o
charge density (for example in a capacitor) £ = PR Electric
0

field intensity is zero at any point outside the plates as
E  =E —E,=0,asshowninFig. 19.6.

ne

+ —
+ —
+_E_ -
+ —_
+P | E E *
—> 2 !
+ E, -
+ —_—
+ —

m Electric field due to charged plates



SHORT CUTS AND POINTS TO NOTE

2.

Electric flux through symmetrical surfaces placed in
a uniform electric field is zero. For example, for a
cylinder (solid or hollow) placed in a uniform electric
field ¢,= 0. Hence no charge is stored.

;ds
MM~ _—

ds < | ds

mf.% = Q where Q is charge enclosed in the

&y
surface. The electric field is perpendicular to the
surface so that it is parallel to surface vector ds. If
E and ds are not parallel take the dot product. i.e.
EA cos ¢ as the flux. Gauss’s law in differential form
E_»p
or &
Electric field intensity due to a long line charge at a
distance y from one end as shown in Fig. 19.8 at P

2

— and is directed at 45° with
dreyy

from end 4 is

the vertical.

P

4. Electric field due to a uniformly charged sphere of

Ox
radius R and charge Qis E, ., = dre R X< R
0

= 4ne,R K

surface

= 4ze x> X > R asshown in Fig. 19.9.
0

Note that E_.=0.

tre

outside

47g,R*

5. E
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v

lectric potential due to a uniformly charged sphere

of radius R and charge QO

Note that =

4re,R

0 _ox
== - <R
e~ 4rg R J 476, R’ ¥

L x=R.
surface 472.80R

as shown in Fig 19.10.

centre - 872'50R

6. Electrical shielding is achieved if a body is keptin a
metallic shell or metallic enclosure irrespective of
the shape of the enclosure. That is £, = 0.

7. Electric field due to a thin sheet (thin sheet < 200
A®) having linear charge density A. The charge is

distributed on both sides. Therefore E =

E

(o2

2 ©

| O

8. Electric field due to a thick conducting sheet £= "~
0

o
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9. Work done in assembling the charged sphere of

30°
207, R

radiusR = = PE of the charged sphere.

10. Work done in assembling the charge on a shell

QZ
~ 875,R

= PE of the charged shell spherical.

11. The electric field inside the capacitor sheets

S o

o
E = + — = — as shown in Fig 19.12.
2¢, 2¢, & J

o
However electric field due to a single plate is 26 -
0

T+ +++++++
[

12. Electric field in a long cylinder of radius R having
charge per unit length 4

A

Eoutside - 27[6‘0"' forr>R

. =0forr<R.
inside

13. Electric field due to long charged plates is uniform.

CAUTION

1. Considering any electric field in [[]E.ds will form

flux.

= E which is parallel to surface vector ds will form

flux. E, which is parallel to the surface as shown in

Fig 19.13, does not form any flux.

O—+»ds

Physics by Saurabh Maurya (IIT-BHU)

Considering like a shell, electric field inside a charged
sphere is also zero.

If the sphere has charge distributed only on its
surface then £ = 0. If the charge is distributed
throughout the volume then

Ox

i = T forx <R.
mside 47z-goR

Considering E = 0 if =0 or vice versa.

Inside a shell £=0but }» (0 Rather

S = g _ V. .. @nd along the equatorial
472'50R surface

line of a dipole V'=0but £ =0 .

14
Note: E= 7‘2— represents £ =0 if V'is max, Vis min
X

or V' = constant.
Considering £_= 0 only in a shell (spherical).

E_= 0 in any type of hollow metallic body. £, =0
even in a long metallic cylinder.

Considering V., = d7e R in a charged sphere
0

(charge Q, radius R).

Vo= 4n. £ R inside a shell. If the charge is uniformly

distributed throughout the volume then

= I _Q);s dx.

) ar
n " 4zg,R 347,

Not knowing the electric field lines direction in a
metallic charged body.

Electric field lines are perpendicular to the surface
because a metal body acts as an equipotential
surface.

Considering equipotential surface has electric field
intensity also equal at all points of the body.

Electric field is very large at pointed ends, sharp
corners. i.e. E—> o if R— 0.InFig19.14 E > E_
> E,. E is minimum at D.

B
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SOLVED PROBLEMS

1.  Three infinitely charged sheets are kept parallel to x—y m (d) Resolve T; T cos 8= mg (D)
plane having charge densities as shown in Fig. 19.15.
The electric field at P is. Fein O oF o 5
(IIT Screening 2005) SIMOTIETA 2, ~2)
~ - Divide Eq (2) by (1
—4ok 4ok ivide Eq (2) by (1)
(a) ) (b) ) 4o
tan 6= 2e,g O x tand
20 20 »
k d —k -+
© @ +
+
+
VA +
A +
j +
Z=3a i +
: o +
i oP
Z=2a ! Py
H - Fig 19.18
Z=0
(AIIMS 2005)
Fig. 19.15 o . .
3. Two infinitely long parallel conduting plates having
m ©) E = E + fz + E: surface charge densiti.es +c an'd -0 respectively.are
separated by a small distance (Fig 19.19). The medium
A between the plates is vacuum. If ¢ is the dielectric
o, 20 ~ -0 |» 20k . o ", .
= — ()| — k)| — |k= permittivity of vacuum then the electric field in the
2 2, 28, & region between the plates is (AIIMS 2005)
A +o -0
+ —
1 - + _
+ B -
) EVEWE, +
+ 5 >
3 s + -
+ J—
Fig. 19.16 + -
2. A charged ball B hangs from a silk thread S which Fig. 19.19

makes an angle € with a large charged conducting sheet

P as shown in Fig. 19.17 The surface charge density . o
o of the sheet is proportional to (2)0Vm (®) 2¢, Vm
(a)cos @ (b) cot &
. o 20
(c)sin (d) tan @ (¢) = Vm' (d) " Vm"
&y &y
i o ,0_o
v Solution EEOFSIRS SRSy
+
+ |0 4. A charge Q is distributed uniformly in a sphere (solid).
_':: Then the electric field at any point » where » < R (R is
+ radius of the sphere) varies as (BHU 2005)
’ (@) 2 (b

Fig. 19.17 (©r (d)r?
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(a

O .
Solution R CT IR

5. Ancelliptical cavity is carved out in a perfect conductor.
A positive charge g is placed at the centre of the cavity.
The points 4 and B are shown in Fig. 19.20. Then

Eoxr

Fig. 19.20

(a) electric field near 4 in the cavity = electric field
near B in the cavity.

(b) charge density at 4 = charge density at B
(c) potential at 4 = potential at B
(d) total electric field flux through the surface of the

cavity = 4

80
B (o) and (d) Because A and B lie on the same

conductor, potential at each point is equal. For (d)
Gauss law.

[IIT 1999]

6. A solid conducting sphere having a charge Q is
surrounded by an uncharged concentric conducting
hollow spherical shell. Let the potential difference
between the surface of the solid sphere and that of the
outer surface of the hollow shell be V. If the shell is
now given a charge —3Q, the new potential difference
between the same two surfaces is

@V (b)2r
(c)4V (d)-27.0
[IIT 1989, DCE 1995]
EIMYY (2) Because the potential difference between
solid sphere and hollow shell depends on the radii of
two spheres and charge on the inner sphere. Since the

two values have not changed, potential difference does
not change.

7. A metallic solid sphere is placed in a uniform electric
field. The lines of force follow the path(s) shown in

Fig. 19.21 as

1 1
2 2
3 > > 3
4%4

Fig. 19.21
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(@1 (b)2
©3 (d) 4 [1IT 1999]
MY (d) £, = 0 and electric field lines are

perpendicular to the equipotential surface.

8.  Two conducting plates 4 and B are parallel. 4 is given
a charge O, and B is given a charge Q,. The charge on
inner side of B is

9
[ 1 A
[ 1 B
o,
Fig. 19.22 (a)
Ql - Qz (Q1 — Qz)
(a) > (b) 5
(Q] + Qz) _(Q1 + Qz)
() S (o)
EIMYY  (b) Electric field inside the conductor at point
P=0
[ - — 0:—0— Ql —4 ] A
| i tq
| |
| | —4q
Z _PmPmPP—_— Y Y Y———— 1 B
E=0 Q2+ q
Fig. 19.22 (b)
Q-9 g 9 9+q _,
" 24g,  24s, 24e, 24e,
Ql — Qz

or Q-q—(Q,tq)=0o0rg= T

9. A hemisphere of radius r is placed in a uniform electric
field of strength E. The electric flux through the
hemisphere is

(a)2Em* (b) — Em?
(¢)—2Em* (d) zero
X
A tds B
ML
Fig. 19.23

B 0 6= [|Eds = [ Eds+[ Eds+] Eds
=Em’+Em’—Em*=-En’

Short cut: AXB is symmetrical surface .. Electric flux
due to this part is zero. However, electric flux due to
AB part is — EzR?



10.

A positively charged sphere suspended with a silk
thread is slowly pushed in a metal bucket. After its
insertion the lid is closed. What will be the electric field
intensity inside when the sphere has touched the
bucket? o is the surface charge density of sphere.

Fig. 19.24
o
(a) zero (b) 2,
o
(c) . (d) none of these
0

(a) The charge of sphere will be taken by the
bucket and appear on its outer surface only. .. £, =0
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BN (b) 6= Ea’and O = s, = Ea’e, = 8004’5,

12. Adipole is placed in a shell as shown. Find the electric

flux emerging out of the shell and in a hypothetical
sphere of radius » as shown in Fig. 19.26.

Fig. 19.26
29 4=
@ ®) %
14 d)0,0
© 5% ()0,

SolutionJCY

13. Two concentric shells as shown enclose charge ¢ and

—q. The electric flux from the shell of radius R is

-q

11. An electric field in a region is 800\/; [. The charge
contained in a cubical volume bounded by the surfaces
x=0,x=a,y=0,y=a,z=0andz=a s Fig. 19.27
-4 b g
. @ ® %
T .
- d)0
| © % @
7 Solution S
/—— a —»p 14. A charge Qisplaced in a medium of dielectric constant
(0,0,0) K. The maximum number of lines of force are
Fig. 19.25 0
@ 5 (®)
Ja i °
] P
% © Ke, @0
(c) 800 a’¢, (d)800 Vag, [Solution RG]
TYPICAL PROBLEMS
15. A region in space has a total charge Q distributed

spherically such that the volume charge density p (r) is
given by

p(r)=3 ar(2R)

forr< =
orr< o

forr>R
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Fig. 19.28 Fig. 19.29
R 4 ,
Find the electric field at p B <x<R m O, tosed = P 3T (x—b)
Charge on hypothetical sphere of radius x is 4 R
given by ’Dg(x_b)
[[]E.ds =2  Ed4n(x-b)
£
M 3ar I rY 2 ’
ancloccd = J‘E(“-ﬂ'l’z d}’) + J‘ @ 1_(Ej 47[” dr
) 0 R/2 4 (x—b)’
—z(x— - -
r3 _ _ plx=h)
3a & T r B g ET T3,
Q :E(4ﬂ).[r3dr+47raj I—F I"zdl" 0 0
enclosed
0 k2 17. A charge Q is placed at the outer side of a cube. Find
the flux passing through a face adjoining the charge
R 4
3a (2) R dnmax’ 9 9
=—(4 ~=Z _Ara— + —— + a b
Y RN 38 | 3 @ 6, ®) 3z,
drax’  4rma R’ =
_ (c) (d)
SR 32x5 24¢, 32¢,
(C) The charge will be completely covered by
_3azR’  4zaR’  Amax’  4max’ 8 cubes. 3 faces of each cube will share the flux. Hence
= — + + 5 . .
32 24 3 5R 24 faces in all will share the flux
4 raR? mE ds = —Qi:ide or
© 160 ’
EQ4qa®) = 2 or Ea* —
[3R3 R 47 4 1 3j £ 24¢,
—ar|l —_ =+ _
32 6 3 5R 40 18. An electron of 100eV is fired directly towards a metal

plate having surface charge density — 2 x 10° cm™. Find
distance from where the electron be projected so that it

mE.ds = 0, E4n x> = ar (% - %3 + 43i3 — just fails to strike the plate.
(2) 0.22 mm (b) 0.44 mm
. () 0.66 mm (d) 0.33 mm
% - 4110] MY  (b) Gainin PE=loss in KE = 100e

e, 100x8.85x10™"2
ord= 100x885x10

, g —~ =0.44 mm
3aR® aR ax ax’ R’ } 0 2x10

E=|"—<5+t- =2+ Tl T3 . . . .
128x 24x 3 5R 1607x 19. A long conducting cylinder carrying a charge +q is
surrounded by a conducting cylindrical shell having
charge — 2¢. The charge on the inner and outer side of

conducting shell is
(@) ¢,—q (b)—¢.-3¢q
(C) -, + 3q (d) -4, —q

16. Aninsulating sphere with radius a has a uniform charge
density p. The sphere is not centered at the origin but

at ;. = p . Find the electric field at any point inside the
sphere.

Physics by Saurabh Maurya (IIT-BHU)



(D)

Fig. 19.30

29 tq

(d) Let — g be the charge induced on the inner
side then —2¢g + ¢ will be charge on outer side of the
shell.

20. Two point charges ¢ and —q are 2/ apart. Find the flux of
the electric field strength vector across a circle of radius
R. (SeeFig. 19.31)

+q l q
i——»\'j— B

Fig. 19.31
B Electric field due to a dipole at equatorial line

R S
3
= 47[80( lz+x2)

Fig. 19.32

2ql
4rs, (12 +x° )/

Let elemental surface area be xd@dx

P :jExd@dx:z—‘”T xdx 2fale

471"5‘0 0 (12 +x2 )3/2 0

_q_ljx_dx_i{l_;}
800(12+x2)3/2 & NP+R ]
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PASSAGE 1

Read the following passage and answer the questions given
at the end.

Consider the electrical field of a simple positive point charge
g shown in Fig. 19.33. By symmetry the field is everywhere
radial (there is no reason why it should deviate to one side of
aradial direction rather than to another) and its magnitude is
the same at all points at the same distance » from the charge
(any point at this distance is like any other). Hence if we
select as a gaussian surface a spherical surface of radius 7, £/
= E = constant at all points of the surface.

Then E
Gaussian
surface
E E
Fig. 19.33

[Eda = E, [[ld4 =E4=4 m°E

From Gauss’s law

q 1
4mPE="" andE= 4
& 4dre, »

The force on a point charge ¢, at a distance r from the charge
q is then

1
- e 99
F=qE= e, 1?

which is coulomb’s law.

1. Acavity of radius 7/3 is made in a sphere of radius 7,
charge Q. The emptied part is placed at a distance 2r
from the centre as shown. If the charge was uniformly
distributed throughout, then force between the two
is

110° 110
@ T2« 27z, r’ (®) dng,r’
110°
(c) W (d) none

Fig. 19.34

Physics by Saurabh Maurya (IIT-BHU)
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2. Apointcharge g is placed asymmetrically in a metal
cavity as shown in Figure 19.35 (a). Which one of
the diagrams correctly represents the field lines?

Fig. 19.35 (a)
(@) (b)
AN
(©) (d)
Fig. 19.35 (b)

3. Two point charges ¢ and g, are placed distance r
apart. A dielectric sheet of dielectric constant k and
thickness ¢ is placed in between. Find the force
between the two charges

GO—— - »q,

Fig. 19.36

qq qql
! 2
@) A hr’ (b) 4z, [(r ~1) +ktzJ

q4,
(©) drg, (r —t+ \/%t)z

(d) none

4. A ring has charge O, radius R and a charge g is
placed at the centre. The increase in tension in the
ring is

Physics by Saurabh Maurya (IIT-BHU)

0
Fig. 19.37
Oq Oq
(@) dng, R (b) 4r’g, R
Oq

(©) 87°¢, R’ (d) zero

SolutionRROY E=RCEEE

r/3 /3
2r
Fig. 19.38
F =gqF
/27
0 0 0

= o7 | 4me,(2r) 47;50(4;)2

0 o 90

T 27 167t 48x4mey’
110?

T 27x167g,r” x12

Solution[EXY
BRI 3- (c) The equivalent distance between the
charges g and g, is (r— 1) + Jkt - Therefore

94,
F = 4z, (rft+\/%t)2

40(26R
BRI 4. (c) 27'sin 6= Z(TR)

47, R2




Fig. 19.39
qQ20
2T 60 = 87?26‘0R2
99
T =8¢ R
PASSAGE 2

Read the following passage and answer the questions given
at the end.

The Gravitational force between two point masses separated

1
by a distance r is proportional to —, just like the electric
r

force between two point charges. Because of this similarity
between gravitational and electric interactions, there is also
a Gauss’s law for gravitation. Let g be the accelaration due

Gauss’s Law 621

to gravity caused by a point mass m at the origin so that g =

—-Gm
5— 7. Consider a spherical Gaussian surface with radius
B

r centered on this point mass.

1. The flux of § through this surface is given by

() [[Jg-ds =4aGm () [flg-ds =—42Gm

(© [flg-ds = Gm @ [fig-ds =Gm

2. Using general logic for electric field, the flux of §

through any closed surface is given by

@ [[g-ds =42Gm

enclosed

® [fJg-ds =—42Gm

enclosed

(C) [ﬁ§ : d; = Gmcncloscd
A [flg-ds =—Gm

SolutionRNO)
Solution X0

enclosed

QUESTIONS FOR PRACTICE

1. A charge is kept at the centre of a shell. Shell has
charge Q and radius R. The force on the central charge
due to the shell is

(a) towards left (b) towards right

(d) zero.

2. Fig. 19.40 (a) shows an imaginary cube of edge L/2. A
uniformly charged rod of length L moves towards left
at a small but constant speed v . At ¢ =0, the left end
just touches the centre of the face of the cube oppo-
site it. Which of the graphs shown in Fig. 19.40 (b)
represents the flux of the electric field through the cube
as the rod goes through it ?

(c) upward

“—7V

L2

(b) “— time
Fig. 19.40

3. Electric charges are distributed in a small volume. The
flux of the electric field through a spherical surface of
radius 10 cm surrounding the total charge is 25 V/m.
The flux over a concentric sphere of radius 20 cm will

be
()25 V-m (b) 50 V-m
(c) 100 V-m (d)200 V-m.

4. A charge g is placed at the centre of the open end of a
cylindrical vessel (Fig. 19.41). The flux of the electric
field through the surface of the vessel is

[ ]
q
Fig. 19.41
@ (b) -
a) Zer
€1ro 80
4 2q
(c) 280 (d) & '
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5.

Mark the correct options:

(@) Gauss’s law is valid only for symmetrical charge
distributions.

(b) Gauss’s law is valid only for charges placed in
vacuum.

(¢) The electric field calculated by Gauss’s law is the
field due to the charges inside the Gaussian sur-
face.

(d) The flux of the electric field through a closed sur-
face due to all the charges is equal to the flux due
to the charges enclosed by the surface.

A large nonconducting sheet M is given a uniform
charge density. Two uncharged small metal rods 4 and
B are placed near the sheet as shown in Fig. 19.42.

(a) M attracts A. (b) M attracts B.
(c) A4 attracts B. (d) B attracts 4.
M
A B
Fig. 19.42

An electric dipole is placed at the centre of a sphere.
Mark the correct options:

(@) The flux of the electric field through the sphere is
Zero.

(b) The electric field is zero at every point of the
sphere.

(c) The electric field is not zero anywhere on the
sphere.

(d) The electric field is zero on a circle on the sphere.

A positive point charge Q is brought near an isolated
metal cube.

(a) The cube becomes negatively charged.
(b) The cube becomes positively charged.

(c) The interior becomes positively charged and the
surface becomes negatively charged.

(d) The interior remains charge free and the surface
gets nonuniform charge distribution.

A closed surface S is constructed around a conduct-
ing wire connected to a battery and switch (Fig. 19.43).
As the switch is closed, the free electrons in the wire
start moving along the wire. In any time interval, the
number of electrons entering the closed surface S is
equal to the number of electrons leaving it. On closing
the switch, the flux of the electric field through the
closed surface

Physics by Saurabh Maurya (IIT-BHU)

10.

11.

12.

13.

14.

Fig. 19.43

(a) increases (b) decreases

(c) remains uncharged (d) is zero.

Ifthe flux of the electric field through a closed surface
is zero,

(@ thedectricfidd must be zero everywhere on the

surface

(b) thedaectric fidld may be zero everywhere on the
surface

(¢) thechargeinside the surface must be zero

(d) the chargein the vicinity of the surface must be
Zero.

Fig. 19.44 shows a charge ¢ placed at the centre of a

hemisphere. A second charge Q is placed at one of the

positions 4, B, C and D. In which position(s) of this

second charge, does the flux of the electric field through

the hemisphere remain unchanged ?

De ehB
q
ce [ o4
Fig. 19.44
()4 (b) B
(c)C (d) D.

The electric field in a region is radially outwards and
has a magnitude £ = Kr. The charge contained in a
sphere of radius a is

4
(a) K4 e a* (b) K 3 me,a’

(c) Kdrea® (d) none of these

A charged particle having a charge —2 x 10-° C is placed
close to the non-conducting plate having a surface
charge density 4 x 10° cm 2 The force of attraction
between the particle and the plate is nearly

(@a)0.9N (b)0.71N
(¢)0.62N (d)0.45N

A non-conducting sheet of large surface area and
thickness d contains uniform charge density p. The
electric field at a point P inside the plane at a distance
x from the central plane 0 <x <d



PX od
@ 25, ) 55
yoRs pX
© 5 @ 5,

15. A long cylinder contains uniformly distributed charge
density p. The electric field at a point P inside the
cylinder at a distance x from the axis is

pX PX

(@) 5_0 (b) 2_50

px

e d f th
(c) 4¢, (d) none of these

16. A long cylindrical wire carries a linear density of 3 x
108 cm™. An electron revolves around it in a circular
path under the influence of the attractive force. KE of
the electron is

(a) 1.44 x1071J (b)2.88 x10°'7]
(c)4.32x10177J (d)8.64 x 10°17J

17. The electric field at a point 5 cm from a long line charge

of density 2.5 x 10° cm! is
(a)9x 10°NC! (b)9 x 10*NC!
()9 x10°NC! (d)9 x 10°NC!

18. A charge g isuniformly distributed in the hollow sphere
ofradii » and r, (r,> r,). The electric field at a point P
distance x from the centre for r, <x <r, is

0(x)
@) 47¢, (r23 —~ rf)

o(x' -r') or’
©) drg,x’ (r23 - rf) @ 47z,2° (r33 —~ rf)
19. The radius of gold nucleus is about 7 x 105 m (Z=79).

The electric field at the mid-point of the radius
assuming charge is uniformly distributed is

(a) 1.16 x 10° NC! (b) 1.16 x 102 NC"!
(¢) 2.32 x 10> NC! (d) 2.32 x 10" NC"'

20. A spherical volume has a uniformly distributed charge
density 2 X 10 cm™. The electric field at a point inside
the volume at a distance 4.0 cm from the centre is

(a) 3.15 x 10° NC"!

(c) 6.2 x 105 NC"!

21. A charge Q is placed at the centre of a cube. The flux
through the six surfaces of the cube is

(b) 2.1 x 10°NC™!
(d) none of these

60

@, (b)
Q2 L2

© 6¢, (d) 3¢,

Gauss’s Law 623
22. The electric field in a region is

3 -1 -1
_ 5x10 (Nc cm )x;.

2

The charge contained inside a cubical volume bounded
by the surfacesx=0,x=1,y=0,y=1,z=0,z=11s
(where x, y, z are in cm)

(a)2.21 x 102 C (b) 4.42 x 102 C

(¢)2.21 x 10 C (d)4.42 x 10° C

23. A charge Q is uniformly distributed over a rod of length
1. Consider a hypothetical cube of edge / with the centre
of the cube at one end of the rod. The minimum
possible flux of the electric field through the entire
surface of the cube is

Q Q2
@ () 5,
2 Q2
© 8¢, (d 6s,

3.
24. The electric field in a region is given by g = 5 E,j

with E; = 2 x 10> NC"'. Find the flux of this field
through a rectangular surface of area 0.2 m? parallel
to the Y-Z plane.

(a) 320 Nn’C"! (b) 240 Nm?C"!

(c) 400 Nm*C™! (d) none of these
25. A positive point charge Q is brought near an isolated
metal cube.

(a) The cube becomes negatively charged.

(b) The cube becomes positively charged.

(c) The interior becomes positively charged and the
surface becomes negatively charged.

(d) The interior remains charge free and the surface
gets non-uniform charge distribution.

26. Mark the correct options.

(a) Gauss’s law is valid only for symmetrical charge
distribution.

(b) Gauss’s law is valid only for charges placed is
vacuum.

(¢c) The electric field calculated by Gauss’s law is the

field due to the charges inside the Gaussian
surface.

(d) The flux of the electric field through a closed
surface due to all the charges is equal to the flux
due to the charges enclosed by the surface.

27. Electric charges are distributed in a small volume. The
flux of the electric field through a spherical surface of
radius 10 cm surrounding the total charge is 25 V-m.
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The flux over concentric sphere of radius 20 cm will be
()25 Vm (b) 50 Vi
(c) 100 Vm (d)200Vm

28. A metallic particle having no net charge is placed near
a finite metal plate carrying a positive charge. The
electric force on the particle will be

(a) towards the plate (b) away from the plate
(c) parallel to the plate (d) zero
PASSAGE 1

Read the following passage and answer the questions given
at the end.

A long coaxial cable consists of an inner cylindrical conductor
with radius a and outer coaxial cylinder with radius b and
outer radius c. The outer cylinder is mounted on insulating
supports and has no net charge. The inner cylinder has a
uniform positive charge per unit length A.

1. The electric field at any point between inner and outer
cylinders is

A
(a) e radially outward
0

A
(b) e radially inward
0

A
© 5 £ co-axially
(d) none of these

2. The electric field at any point P (x > b) outside the
outer cylinder is

A
@@ 5., radiallyinward
0

A
(b) e radially outward
0

A
(@) e co-axially
0

(d) none of these

3. Find the charge per unit length of inner surface and
outer surface of the outer cylinder.

(a) — Aoninner, + A on outer surface

(b) — Aonouter, + A on inner surface
(c) — A/2 on both inner and outer surfaces

(d) + A/2 on both inner and outer surfaces
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q[n
Solution RRONICRCESEE
qin = /Il
Al
EQml) = 2meyrl
A
or E = 2me,r
[
{(\ l(\\
\U \U}
\
< i >
Fig. 19.48

BRI 2. (b) radially outward.

EXIMYY 3- (2) Induced charge is expected on inner and
outer surface so that net charge is zero as no charge is
given on this cylinder.

PASSAGE 2

Read the following passage and answer the questions given
at the end.

In an arrangement an insulating sphere with radius a has
uniform charge density p. The sphere is not centered at the

origin but at ; = 5 as shown in Fig. 19.49. In another

arrangement an insulating sphere of radius R has a spherical
hole of radius a located within its volume and centered at b,
from the center of the sphere such that a < b < R. A cross-
section of the sphere is shown in Fig. 19.50. The solid part of
the sphere has a uniform volume charge density p.

&

Fig. 19.49
1. Find the electric field in the sphere in first arrangement
of Fig. 19.49.
P __* (r-2)
@) E = 4ze, b)) E="3 o
E ph d f th
c = none of these
© F = 4e, )

2. Find the electric field in the hole in the second
arrangement of Fig. 19.50.



3.

Gauss’s Law 625
Qin
1.b) [|1E-ds = —_—
Solution MU
pﬂfr(bfr)3
= Ed4rnb-rP=——2
50
b—
Fig. 19.50 or E:p( r)
B 3e,
=2 =_ 2L The direction is radially out ward
(@ F = 35, b F = 3, e direc 1orj ISfa ially out war
Y G-
_» _ plp-r) B %
©OF =3 OF 5, g el
ORR 2.0 £ B, + B = 5, + 5
The electric field inside the hole in second arrangement 0 0
is pb
(a) constant (b) varies radially 35
(c) varies exponentially  (d) none of these m 3. (a) as E is independent of 7.
(b) 2. () 3. (a) 4. (o) 5. (d) 6. (ab,cd 7. (a c)
(d) 9. (c d) 10. (b, c) 1. (a0 12. (o) 13.  (d) 14. (o)
(@) 16.  (c) 17. (o) 18.  (c) 19. (b) 20. (a) 21.  (a)
(@) 23. () 24.  (b) 25.  (d) 26.  (d) 27.  (a) 28. (a)







