CHAPTER - 30
GAUSS’S LAW

Given: E =3/5E; i +4/5E |
Eo = 2.0 x 10° N/C The plane is parallel to yz-plane.

X X X X X X
x X X X X X

Hence only 3/5 E, i passes perpendicular to the plane whereas 4/5 E, ] goes
parallel. Area = 0.2m? (given)

. Flux=E+A =3/5x2x10° x 0.2 = 2.4 x 10° Nm’/c = 240 Nm?/c
Given length of rod = edge of cube =1{

Portion of rod inside the cube = {/2

Total charge = Q.

Linear charge density = A = Q/£ of rod. v w2
We know: Flux o charge enclosed.

Charge enclosed in the rod inside the cube.
=02exQN=Q/2 g
As the electric field is uniform.

Considering a perpendicular plane to it, we find that it is an equipotential surface. Hence > E
there is no net current flow on that surface. Thus, net charge in that.region is zero. .
Given: E = %? f=2 cm, a=1cm.
3 . \ To,a,o H

Eo = 5 x 10° N/C. From fig. We see that flux passes mainly through surface RN
areas. ABDC & EFGH. As the AEFB & CHGD are paralled to the Flux. Againin  p — E
ABDC a = 0; hence the Flux only passes through'the surface are EFGH. o S,

_ Ex: o a,0,0
E=—"i /B o0,0a F

3 34, 43 3 -3
Flux = ELXXArea= 5x10 X8 a2 = N xa” _ 5x10 X(O'201) =25x10"
L 1 2x10”
Flux = a S0, q = g * Flux
€0
=8.85x 1072 x 25 %107 =2.2125 x 10 ¢
According to Gauss’s Law Flux = 4
€

Since the charge is placed at the centre of the cube. Hence the flux passing through the

Q X6=8
€0 €0

six surfaces =

Given — A charge is placed o a plain surface with area = a’, about a/2 from its centre.

Assumption : let us assume that the given plain forms a surface of an imaginary cube. Then the charge
is found to be at the centre of the cube.
Hence flux through the surface = gxl -Q

gg 6  6Bgg

Given: Magnitude of the two charges placed = 107"c.
We know: from Gauss’s law that the flux experienced by the sphere is only due to ¥
the internal charge and not by the external one. Q

. -7
Now §E.o|s=8 =107 4410 N-mZC,
gy 8.85x107"?

+— 2R —
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Gauss’s Law

10.

1.

We know: For a spherical surface
Flux = §Eds =L oy Gauss law] C oD
€
, _ _ 9. 1_ 4 '
Hence for a hemisphere = total surface area = —x— = —
€p 2 280
Given: Volume charge density = 2.0 x 10~ ¢/m®

In order to find the electric field at a point 4cm =4 x 1072 m from the centre let us assume a concentric
spherical surface inside the sphere.

Now, §E.ds:i
€0
Buto= —1— so,q=cx 43R’
4/37R
_ ox4/3x22/7x(4x1072)® 1
Hence =

£ 4% 22/7x(4x10°2)
1

8.85x107"2

Charge present in a gold nucleus =79 x 1.6 x 107° C

Since the surface encloses all the charges we have:

q _79x1.6x107"

g  8.85x10"2

_ 4 _79x16x107" 1
gods 8.85x10° 2 4x3.14x(7x107"°)

=2.3195131 x 10*' N/C
(b) For the middle part of the radius. Now here'r=7/2 x 107"°m
Volume = 4/3 nr* = 38,22, 343 1o-45
3 7 8
Charge enclosed = ¢ x volume [  :-volume charge density]
_ Netcharge _  7.9x1.6x10'%c

Net volume (%j L% 343 %1074

=20x10%1/3x4 x 1072 x =3.0 x 10° N/C

@) §E.d_s' -

5 [.areas 4nr2]

But ¢

-19 -19

Net charged enclosed = 47'9X1'6X10 x%nx%xw"‘s = —7'9X1'ZX10

(—jxnx343x10_45

3

Eqe = 9 enclosed
€o
-19 -19
~EZ 7.9%1.6x10 - 7.9%x1.6x10 e = 1.159 x 102'N/C
8xzg xS 8885102 xdnx " 107

Now, Volume charge density = 7] ( )
3 .3

—xXmx\rp," —r.

3 2 —h

L 3Q

Again volume of sphere having radius x = %nx3
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Gauss’s Law

12.

13.

14.

Now charge enclosed by the sphere having radius

3.3
Y= [inx3—inr13jx4 Q4 =Q[X3 r13]
3 3 *Tfr23—*nr13 r2 _r1
3 3

2 _ qenclosed
€9

E= Qfy®-r? 1 _ Q x°-r?
=ET s 3/ drr?  Amer? | 13 2
0 r2 —r1 U4 TESOX r2 _r1

Given: The sphere is uncharged metallic sphere.

Due to induction the charge induced at the inner surface = —Q, and that outer surface = +Q.
charge

Applying Gauss’s law — Ex4my

(a) Hence the surface charge density at inner and outer surfaces = ¥
total surface area
=-— Q2 and - respectively.
4ra 4ra
(b) Again if another charge ‘q’ is added to the surface. We have inner surface charge density = — % ,
na

because the added charge does not affect it.

On the other hand the external surface charge density = Q + 2 9 3
na

as the ‘q’ gets added up.

(c) For electric field let us assume an imaginary surface area inside the sphere at a distance X’ from
centre. This is same in both the cases as the ‘q’ in ineffective.

Now, §E.ds:B SO,E:EX 12 =_Q :
€0 g 4nx 4megx
(a) Let the three orbits be considered as three concentric spheres A, B & C. 2S

Now, Charge of ‘A’=4x1.6x10"°¢c
Charge of ‘B’ =2x16x10"°¢c c
Charge of ‘C'=2x 1.6 x 107° ¢ 13x18 %‘

As the point ‘P’ is just inside 1s, sa its distance from centre = 1.3 x 10" m

-19
Electric field = — % = 4x1.6x10 - 3.4 x 10"N/C

4regx? " 4x3.14%8.85x10 2 x(1.3x10""")2

(b) For a point just inside the 2 s cloud
Total charge enclosed =4.x 1.6 x 107°—2x 16x 10" =2x 1.6 x 107"°
Hence, Electricfiled,

2x1.6x107"°
4xB814x8.85x107 2 x(5.2x1071")?
Drawing an electric field around the line charge we find a cylinder of radius 4 x 1072 m.
Given: X = linear charge density

5.2 2

E = =1.065x 10> N/C = 1.1 x 10" N/C

Let the length be £ =2 x 107 ¢/m ) ©
| |
We know §E.o||=3:M ! c |
€ €o : > :
t | B |
:>E><2nr2=M:>E= A I g |
€ gg X 2mr : I

v 4 cm
For,r=2x10?m&A=2x10"°c/m @

-6
E= 2x10 = 8.99 x 10° N/C ~ 9 x10° N/C

 8.85x10 2 x2x3.14x2x1072
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Gauss’s Law

15.

16.

17.

18.

19.

Given :
A=2x10"°c/m
For the previous problem.

E= for a cylindrical electricfield.

€ 2mr

Now, For experienced by the electron due to the electric
force.

2 | weknow,m, = 9.1><10’31kg,

Eq=mv )
Vo =7, r=assumed radius
2
2 2 r
- _ 1 7\, _19_
S>KE=12xExqxr= —x x16x10"7 =2.88 x
2 8027[['

Given: Volume charge density = ¢
Let the height of cylinder be h.
- ChargeQatP =(¢x4my’xh

For electric field §E.ds = 8
€o
E- Q _ Cx4my? xh _ 20y
go xds ggx2xmxyxh €9
§E.dA _a
€0

Let the area be A.
Uniform change distribution density is

Q=CA
=8XdA=—€XaXX :Q_X
80 80><A 80

Q=-2.0x10"°C Surface charge density = 4 x 10° C/m?
We know E duetoa charge conducting sheet = 9

€0
Again Force of attraction between particle & plate
c _ 4x107%x2x107°

X

2¢ 2x8x10712
Ball mass =10g

Charge =4x10° ¢

Thread length = 10 cm

Now from the fig, T cosf = mg

T sin® = electric force

oq

Electric force = YN (o surface charge density)
€0

= 0.452N

=Eq:

T sind = G—q, T cos = mg
2g
oq
2mge,
o= 2mgegtand _ 2x8.85x1072x10x 107> x9.8x1.732
q 4x107°

Tan 0 =

filed in wire = centripetal

~ ~
F\\ __,/]
| == |
| |
| |
| |t
| |
| |
[ N
k\ B

—_——_—

107" J.

4 .
C ////
L) =

O<x<d

X
X
x
X

X X X X x X X

X X X X X x X
X X X X xXx X X
X X X X X x X

X X X X X x X

=75x 107 C/m?
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Gauss’s Law

20.

21.

22.

23.

(a) Tension in the string in Equilibrium

T cos 60° = mg
-3
T=_M9_ 1010210 _yg15 52020 N
cos 60° 1/2

(b) Straingtening the same figure.
Now the resultant for ‘R’
Induces the acceleration in the pendulum.

T=2xn\/§ =2n ’{gh[;ﬂm =2n | ‘ 5 Jz 172

100 +{ 0.2x
2gom { 2x1072
-2
son |t =on | =2x3a416x 120 _ 945 e,
(100 +300) 20 20
s=2cm =2 x 107°m, u=0, a=? t=2us=2x10"s
Acceleration of the electron, s=(1/2) at’
-2

2x10%=(1/2)xax(2%x10°’ =>a= % =a=10"" m/s?

4x10”

The electric field due to charge plate = el
€

. (e} . (e}
Now, electric force = — x q = acceleration = — x 9

€ € Mg
Now % x4 = 10"
€0 ﬁk
_ 10" xgxm, _ 10'°x8.85x10,"? x9.1x107*
q 1.6%1071°
=50.334 x 107 = 0.50334 x 1072 ¢/m?

=

Given: Surface density = &
(a) & (c) For any point to the left &right of the dual plater, the electric field is zero.
As there are no electricflux outside the system. “
(b) For a test charge put in the middle. 5
460
It experiences a.fore ;—qtowards the (-ve) plate. ==
€0
m

Hence net electric field 1o P I

280 280 €p

(a) For the surface charge density of a single plate.
Let the surface charge density at both sides be 61 & o,
= Now, electric field at both ends.

G1 o> _ Oq & (e

- 2ey 2

Due to a net balanced electric field on the plate 1 g 92
2y 2gg

L. o1=0y S0,01=Q9,=Q/2

.. Net surface charge density = Q/2A

<«—2cm—»

60
m
R Eq
Q
A

X

e+ b+t o+

<
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Gauss’s Law

24.

(b) Electric field to the left of the plates = 9 Q
€0
Since 6 = Q/2A Hence Electricfield = Q/2Ag, Q2 Q/2

This must be directed toward left as ‘X’ is the charged plate.

(c) & (d) Here in both the cases the charged plate ‘X’ acts as the only source of
electric field, with (+ve) in the inner side and ‘Y’ attracts towards it with (-ve) he in

its inner side. So for the middle portion E = towards right.

€0

(d) Similarly for extreme right the outerside of the ‘Y’ plate acts as positive and hence it repels to the

right with E = Q
2A¢g,
Consider the Gaussian surface the induced charge be as shown in figure. +Q -2Q
The net field at P due to all the charges is Zero.
o —2Q +9/2A ¢, (left) +912A ¢, (left) + 9/2A g, (right) + Q — 9/2A g, (right) = 0 A B

= -2Q+9-Q+9=0=>9=3/2Q
.. charge on the right side of right most plate
=-2Q+9=-2Q+32Q=-Q/2 o

—2Q+9

L G B N
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