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E le c tr ic  C h a r g e s  a n d F ie ld s

TEXTBO O K q u e s d o n s

1 1 W h a t is  th e  fo rc e  b e tw e e n  tw o  s m a ll A n s (o ) C h a rg e  o n  firs t s m a ll s p h e re
,

c h a r g e d  s p h e r e s  h a v in g  c h a r g e s  o f q 1 
= o 4  1C =  0 4  × 1 o

6
c

2  × 1 0
7  

C  a n d  3 × 1 0 7  
C  p la c e d  c ľ "g e  o  n  th e  s  e  c  o  n d s  m  a  ll s p h e re

,

3 0  c m  a p a r t in  a ir? q 2
- 0 8 rıc  = 0 8 × 1 0 6  C

A n s H e re
, 
w e  a re  g iv e n  Ele c tro s ta tic  fo rc e  o n  th e  firs t s p h e re

9 1
- 2 × 1 0

7 
C  d u e  to  s e c o n d s p h e re  F  =  0 2 N

q 2
- 3 × 1 0 C  E le c t ro s ta t ic  fo r c e  b e tw e e n  th e

r - 3 0 c m - 0 3 m  s p h e re s  is  g iv e n  b y th e  re la tio n
,

E le c tro s ta tic  fo rc e  b e tw e e n  th e  c h a rg e s 

F  =  w h e re
,is  

4 7tE  
O  
r
2

F  =  e
o

- P e r m ittiv ity o f fre e  s p a c e  a n d
4 7u  

o  
r
2 

1

w h e re  � 
o

- P e rm ittiv ity o f fre e  s p a c e
- 9 × 1 0 9 

N  m
2 
c 2

a n d .  9 × 1 0
9 
N  m

2 
C

2

4 7te
o  

9  × 10
9 

× 2 × 1 0
7  

× 3 × 1 0
7

S o
, 

F  =  

(0 3)��
=  6 × 1 0

3 
N

A s  b o th c h a rg e s  a re  h a v in g  th e  s a m e

p o la rity , 
fo rc e  w ill b e  re p u ls iv e  in  n a tu re

1 2 T h e  e le c t r o s t a t ic  fo r c e  o n  a  s m a ll

s p h e r e  o f c h a r g e  0 4  p c  d u e  t o

a n o t h e r  s m a ll s p h e r e  o f c h a r g e

0 8  ııC  in  a ir  is  o 2  N

(a ) W h a t is  th e  d is t a n c e  b e t w e e n  th e

tw o  s p h e r e s ?

(b ) W h a t is  th e  fo r c e  o n  th e  s e c o n d

s p h e r e  d u e  to  th e  fir s t?

r
2

.  

Q l q 2

4 7【 � 
o  
F

=  

0 4 × 1 0 6  
× 0 8 × 1 0 6  

× 9 × 1 0 9

0 2

=  14 4  × 1 0

r  =  14 4  × 1 0 �

=  0 1 2 m  =  1 2 c m

T h e  d is ta n c e  b e tw e e n  th e  tw o

s p h e re s  is 1 2 c m

(b ) B o th th e  s p h e re s  a ttra c t e a c h o th e r

w ith th e  s a m e  fo rc e T h e re fo re
, 
th e

fo rc e  o n  th e  s e c o n d s p h e re  d u e  to

th e  firs t is  a ls o  0 2 N

1
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1 3 c h e c k  th a t th e  r a tio  k e
z/G  m

.  
m

,  
is  (b ) 

o f e le c t ric  c h a rg e  w h e n  d e a lin g
d im e n s io n le s s L o o k  u p  a  T a b le  o f 

w ith  m a c ro s c o p ic  i e
, 
la rg e  s c a le

p h y s ic a l c o n s ta n ts  a n d d e te r m in e  th e  

c h a rg e s ?
v a lu e  o f th is  ra tio W h a t d o e s  th e  ra tio  

A n s (o ) A n y c h a rg e  (Q ) in  n a t u r e  is a n

s ig n ify ? 
in te g ra l m u ltip le  o f th e  e le c tro n ic

k e
2 

c h a rg e  I e  I o r Q  =  n  1 e  I, w h e re  n  is
A n s T h e  g iv e n  ra tio  is 

G m
.
M

p  a n  in te g e re  P

w h e re
, 
G  =  G ra v ita tio n a l c o n s ta n t a n d 

(b) B e c a u s e  I e  is v e ry s m a ll a n d n  is

its  u n it is N  m
2 kg

2 

g e n e ra lly v e ry la rg e
, 

c h a rg e s  o n

m
,  

=  m a s s  o f e le c tro n  a n d o bje c ts b e h a v e  a s if th e y a re

m =  m a s s  o f p ro to n  c o n tin u o u s

T h e ir u n it is  kg 1 5 W h e n  a  g la s s  r o d  is  r u b b e d  w ith  a  s ilk

e  =  c h a rg e  o n  a n  e le c tro n  a n d its u n it is  
c lo t h

.  
c h a r g e s  a p p e a r  o n  b o t h A

C  s im ila r  p h e n o m e n o n  is  o b s e r v e d  w ith

1 m a n y  o th e r  p a ir s  o f b o d ie s E x p la in

/  =  c o n s ta n t =  a n d  its  u n it is  
h o w  th is  o b s e r v a tio n  is  c o n s is te n t

N  m
z c

2

4 7ce
o  

w it h  t h e  la w  o f c o n s e r v a t io n  o f

T h e re fo re
, 

u n it o f th e  g iv e n  ra tio  

A n s W h e n  a  p a ir o f b o d ie s  a r e  r u b b e d

k e
z

.  

[N m  
2 C 2 

][C    ] 
a g a in s t e a c h o th e r

, 
th e  tra n sfe r o f c h a rg e

G m
,  
m

p  
[N m  

2 kg ] [kg ] [kg ] ta ke s p la c e In  th e  p ro c e s s
, 

o n e  b o d y

=  M ° し甲  re c e iv e s  c h a rg e  a n d o th e r lo s e s it a n d

H e n c e
, 
th e  g iv e n  ra tio  i5  d im e n s io n le s s Th e y b e c o m e  n e g a tiv e ly a n d p o s itiv e ly

c h a rg e  c re a te d o r d e s t ro y e d  in  m e

G  =  6 6 7 × 1 0
1 1 N  m

2 kg
p ro c e s s T h is  im p lie s  th a t in  a n  is o la te d

m =  9 1 × 10
3 1 kg  

s y s t e m
, 

t h e  to ta l c h a rg e  is  a lw a y s

m
p  

=  1 6 7  × 1 0
27 kg 

c o n s e rv e d a n d h e n c e
, 
th e  o b s e rv a tio n  is

H e n c e
, 
th e  n u m e ric a l v a lu e  o f th e  g iv e n  

c o n s is te n t w ith th e  la w  o f c o n s e rv a tio n

ra tio  is 
o f c h a rg e

k e
ž 9 × 1 0  

9 
x (1 6 × 10

"
) 
2 

1 6 F o u r  p o in t c h a r g e s  q .
- 2  p c

,

G m
,  
m

,  
6 67 *  1 0

"
.  9 1 *  1 0

3 1 

e ı' ' " .  d  ; th e  c o r n e r s  o f ,  s q u a r e

x  1 6 7 × 1 0
2 7  

A B C D  o f s id e  1 0  c m W h a t is  th e  fo r c e

=  2 4  × 1 0
3 9 

o n  a  c h a rg e  o f 1  p c  p la c e d  a t t h e

T h is  is th e  ra tio  o f e le c tric  fo rc e  to  th e  
c e n t re  o f th e  s q u a re ?

g ra v ita tio n a l fo rc e  b e tw e e n  a  p ro to n  a n d A n s In  th e  g iv e n  fig u re
, 
it c a n  b e  e a s ily s e e n

a n  e le c tro n
, 
ke e p in g d is ta n c e  b e tw e e n  th a t th e  c h a rg e s o f e q u a l m a g n itu d e  a n d

th e m  c o n s ta n t s a m e  s ig n  a re  a t th e  c o rn e rs  o f s a m e

1 4 (a ) E x p la in  t h e  m e a n in g  o f t h e  d ia g o n a l s o
, 
th e y w ill e x e rt e q u a l a n d

s ta t e m e n t
'

e le c t r ic  c h a r g e  o f a  o p p o s ite  fo rc e s  a t th e  c h a rg e  p la c e d a t

b o d y  is  q u a n tis e d
'

c e n te r
, 
c a n c e llin g o u t e a c h o th e r S o

, 
th e

P
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n e t fo rc e  o n  th e  c h a rg e  a t c e n tre  o f th e  (b ) E x p la in  w h y  tw o  fie ld  lin e s  n e v e r

sq u a re  is z e ro  N e w to n  
c ro s s  e a c h  o th e r  a t a n y  p o in t

q A
.  2  p c F

.
.

,  /

' g ß
° 5 rrc  A n s (a ) A n  e le c tro s ta tic  fie ld lin e  re p re s e n ts

th e  a c tu a l p a th o f a  u n it p o s itiv e
\

.  

\
. .

/
.

c h a rg e  w h ic h is  c o n tin u o u s T his  fie ld

g  ·  1 p ĉ x
'

10  c m l lin e  c a n n o t h a v e  s u d d e n  b r e a k s

团团■围困 b e c a u s e  m o v in g c h a rg e s  c a n n o t

9 o  
= 5 p C LI J 9 c  

·  2 1 0  (b) T h e y d o  n o t c r o s s e a c h o th e r

国国国国 El ju m p fro m  o n e  p o s itio n  to  a n o th e r

1 7 (a ) A n  e le c t r o s ta tic  fie ld  lin e  is  a  b e c a u s e  a t th e  p o in t o f in te rs e c tio n

c o n tin u o u s  c u r v e T h a t is
.  

a  fie ld  tw o  ta n g e n ts c a n  b e  d ra w n  b u t tw o

lin e  c a n n o t h a v e  s u d d e n  b r e a k s D ire c tio n s  o f fo rc e  is im p o s s ib le  a t

W h y  n o t? a n y p o in t

1 8 T w o  p o in t c h a rg e s  q A  
·  3 ııC  a n d  q ß

- 3 p c  a r e  lo c a te d  2 0  c m  a p a r t in  v a c u u m

(a ) W h a t is  th e  e le c tr ic  fie ld  a t th e  m id p o in t 0  o f th e  lin e  A B  jo in in g  th e  tw o  c h a rg e s ?

(b ) If a  n e g a tiv e  te s t c h a rg e  o f m a g n it u d e  1 5 × 1 0 C  is  p la c e d  a t th is  p o in t
,  

w h a t

is  th e  fo r c e  e x p e rie n c e d  b y  t h e  te s t c h a rg e ?

2 0  c m

A n s '

A  ◆ A - 3rc O  B

q ß
3 FıC

(a ) g A
- 3 rıc  =  3 × 1 0 6

c  A B  =  2 0  c m - 0 2 m

q B
- 3 p c  = 3 × 1 0 6 c  ; A 0  =  O B  =  1 0 c m  =  0 1 m

. - . .  . - 9 *  1 0 9 LT   · X】" " o ß

=  5 4  × 1 0
6 
N C '

a lo n g O B

(b) W h e n  q
.

- 1 5 × 1 0
9
c  is  p la c e d a t 0

ーシ

F
o  

=  q
.   

E
.

- ( 1 5 × 1 0 ) × 5 4  × 10
6

=  8 1 × 1 0 3 
N  a lo n g O A

1 9 A  s y s te m  h a s  tw o  c h a rg e s  q A
.  2 5 × 2 1 =  3 0 c m  =  3 0  × 1 0 2 

m

1 0 7  C  a n d  q ß
- 2 5 × 1 0 7  C  lo c a te d

.  
2 1

a t P o in ts  A  (0 ,  
0

,
1 5 c m ) a n d  B  (0 ,  0

O
.  

+ 1 5 c m ),  
re s p e c tiv e ly W h a t a r e  th e  

g A

t o t a l c h a r g e  a n d  e le c t r ic  d ip o le  
(i) To ta l c h a rg e  is  z e ro  b e c a u s e  b o th

m o m e n t o f th e  s y s t e m ? 
h a v e  e q u a l a n d  o p p o s ite  c h a rg e

A n s
G A  

·  2 5 × 1 0 7 C  (it) P - q (2 0 =  2 5 × 1 0 7  
× 3 0  × 1 0 2

g B  
= 2 5 × 1 0 7 C  =  7 5 0  × 1 0 9

.  7 5 × 1 0 8  C m
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1 1 0 A n  e le c t r ic  d ip o le  w it h d ip o le  (b ) W h a t is  th e  fo rc e  o f r e p u ls io n  if

m o m e n t 4  × 1 0
9  C m  is  a lig n e d  a t 3 0  

° e a c h s p h e r e  is  c h a rg e d  d o u b le  th e

w ith d ire c tio n  o f a  u n ifo r m  e le c t r ic  a b o v e  a m o u n t
,  

a n d  th e  d is ta n c e

fie ld  o f m a g n it u d e  5 × 1 0
4  

N C
1 B e tw e e n  th e m  is  h a lv e d ?

c a lc u la te  th e  m a g n itu d e  o f th e  to rq u e  A n s (o ) ąA
- 6 5 × 1 0 7 C

a c tin g  o n  th e  d ip o le  qß
- 6 5 × 1 0 7 C

A n s U s e  fo rm u la  r - 0 5 m

T  =  p E s in  e
9 × 1 0

9 
x  (6 5 × 1 0

7
) 
2

= 4  × 10
9 

× 5 × 10
4 

X  0 5 F  =  

(0 5)��

- 1 0 N m  ( s in  3 0 
°

.  

2
- 0 5) =  1 5 × 10 2 N

1 1 1 A  p o ly th e n e  p ie c e  r u b b e d  w ith w o o l

is  fo u n d  to  h a v e  a  n e g a tiv e  c h a rg e  o f

3 × 1   C

(a ) E s tim a te  th e  n u m b e r  o f e le c t ro n s

t r a n s fe r r e d  (f r o m  w h ic h  t o

w h ic h ?)

(b ) Is  th e r e  a  t r a n s fe r  o f m a s s  fr o m

w o o l to  p o ly th e n e ?

A n s q - 3 × 1 0 7 c  e - 1 6 × 1 0 19 C

(o ) Ele c tro n s  a re  tra n sfe rre d fro m  w o o l

to  p o ly th e n e

3 × 1 0
n  

1 66 × 1 0 
1 9

( v e  s ig n  c a n  b e  n e g le c te d )
=  1 8 × 10 12

- 2 × 1 0 12 
e le c tro n s

(b ) Y e s
, 
th e re  is a  tra n sfe r o f m a s s B u t

o f n e g lig ib le  a m o u n t

M a s s tra n s fe rre d is (m )

=  2 × 10 "
x  9 1 × 10 3 1 kg

=  1 8 2 × 10 18 kg

- 2 × 10 1 8 kg

1 1 2 (a ) T w o  in s u la te d  c h a r g e d  c o p p e r

s p h e re s  A  a n d  B  h a v e  th e ir  c e n t r e s

s e p a ra te d  b y  a  d is ta n c e  o f 5 0  c m

W h a t is  t h e  m u t u a l fo r c e  o f

e le c t r o s ta t ic  r e p u ls io n  if t h e

c h a rg e  o n  e a c h is  6 5 × 1 0 7 C ? T h e

r a d ii o f A  a n d  B  a r e  n e g lig ib le

c o m p a r e d  t o  t h e  d is t a n c e  o f

s e p a r a tio n

(b) qA
.  2 qA ,  q =  2 q B /

F 1
·

上 q q

4 7cE  
o (r ') 

2

.   

q A  
2 q a

I
'

=  

2

4 7oe  
o  

2

=  1 6  × 1 5 2 × 1 0 2 N

=  0 2 4 3 2 N  o r 0 2 4  N

1 1 3 S u p p o s e  t h e  s p h e r e s  A  a n d  B  in

E x e r c is e  1 1 2  h a v e  id e n tic a l s iz e s A

t h ir d  s p h e r e  o f t h e  s a m e  s iz e  b u t

u n c h a rg e d  is  b r o u g h t in  c o n ta c t w ith

th e  fir s t
,  
th e n  b ro u g h t in  c o n ta c t w ith

th e  s e c o n d
.  

A n d  fin a lly  r e m o v e d  fr o m

b o t h W h a t is  t h e  n e w  f o r c e  o f

r e p u ls io n  b e tw e e n  A  a n d  ß?

A n s In itia lly th e  c h a rg e  o n  s p h e re  A  is
,

q A
- 6 5 × 1 0 7 C

W h e n A  a n d C a re  b ro u g h t in  c o n ta c t
,

c h a rg e s a re  s h a re d e q u a lly

A  C

9 A  9

i e  q A
- 3 2 5 × 1 0 7  C

q c  
=  3 2 5 × 1 0 7  C

qß 
=  6 5 × 1 0 7  C

r

1
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W h e n  ß a n d  C  a re  b ro u g h t in  c o n ta c t
, c h a rg e d w h ile  p a rtic le  3 is  p o s itiv e ly

a g a in  c h a rg e s  a re  s h a re d  e q u a lly c h a rg e d P a rtic le  3 h a s  th e  h ig h e s t
c h a rg e  to  m a s s  ra tio

1 1 5 C o n s id e r  a  u n ifo r m  e le c t r ic  f ie ld

- E - 3 × 1 0 3 l N /C

(a ) W h a t is  t h e  flu x  o f t h is  f ie ld
3 2 5 × 1 0

7  
+  6 5 × 10 7 

th r o u g h a  s q u a re  o f 1 0  c m  o n  aie Q B  
=  

2 s id e  w h o s e  p la n e  is  p a ra lle l to  th e

=  4 8 7 5 × 1 0 7 C  y z  p la n e ?

9 c
- 4 8 7 5 × 1 0 7 C  (b ) W h a t is  th e  flu x  th r o u g h th e  s a m e

If T
A ß

- 0 5 m  s q u a re  if th e  n o r m a l to  its  p la n e

S o
, 
th e  n e w  fo rc e  o f re p u ls io n  b e tw e e n  m a k e s  a  6 0  ° 

a n g le  w ith th e  x a x is ?

A  a n d B  is

h ß 
=  

A n s G iv e n
, E  =  3 × 1 0

3 N C 1

9 × 10 9 
× 3 2 5 × 1 0

7 
× 4 8 7 5 × 1 0

7  

=  (0 10 ) 
2 1 m 2

(0 5)��

h ß 
=  5 7 × 1 0 3 N  (0 ) QE

- E   S

1 14 F ig u r e  1 3 3 s h o w s  t r a c k s  o f t h r e e
- 3 × 1 0 3 

x  0 1 0  × 0 1 0 (l î)
c h a r g e d  p a r t ic le s  in  a  u n ifo r m

e le c tr o s ta tic  fie ld G iv e  th e  s ig n s  o f 
中 E - 30  N m

ź C 1

th e  th r e e  c h a rg e s W h ic h p a rtic le  h a s  
(b ) 中 E - E  S  c o s 6 0  

°

t h e  h ig h e s t c h a r g e  t o  m a s s  r a t io ? 1

m
- 1 5 N m

źc 1

◆ +  +  +  +  +  +  +  +  + 1 1 6 W h a t is  th e  n e t flu x  o f t h e  u n ifo r m

争
e le c t ric  fie ld  o f E x e r c is e  1 1 5 th ro u g h

x  a  c u b e  o f s id e  2 0  c m  o r ie n te d  s o  th a t

its  fa c e s  a r e  p a r a lle l to  th e  c o o rd in a te

p la n e s ?
Fig u re  1 3 3  

A n s A s  a ll th e  fa c e s  o f th e  c u b e  a re  p a ra lle l

1 to  th e  c o o rd in a te  a x e s
, 

th e re fo re
, 

th e
A n s w e  k n o w  y - u t +  å" 2  

n u m b e r o f fie ld lin e s  e n te rin g  th e  c u b e

A s s u m in g  u  =  O  is  e q u a l to  th e  n u m b e r o f fie ld lin e s

1 
o t

2
.  

1 9
r �

le a v in g  th e  c u b e A s a  re s u lt
, 

n e t flu x

y -

2 2  m  
th ro u g h th e  c u b e  is  z e ro

If ' ť  is  s a m e  fo r a ll th e  p a r tic le s
, 1 1 7 C a re fu l m e a s u r e m e n t o f th e  e le c t r ic

T h e n  

m

- y  in d ic a te s  th a t th e  n e t o u tw a r d  flu x

T h u s
, p a rtic le  h a v in g  m a x im u m  t h r o u g h  t h e  s u r fa c e  o f t h e  b o x  is

d e fle c tio n  a lo n g  v e rtic a l d ire c tio n  w ill b e  8 0  × 1 0 3  N m
2/C

h a v in g  th e  h ig h e s t c h a rg e  to  m a s s  ra tio  (a ) w h a t is  t h e  n e t c h a r g e  in s id e

T h u s  p a rtic le s  1 a n d  2 a re  n e g a tiv e ly th e b o x ?

ダ

个



Scanned by CamScanner

(b ) If th e  n e t o u tw a rd  flu x  th r o u g h A n s C h a rg e  in s id e  th e  c u b ic  G a u s s ia n  s u rfa c e

th e  s u rfa c e  o f th e  b o x  w e r e  z e ro
, q  ·  2 0 p c

c o u ld  y o u  c o n c lu d e  th a t th e r e - 2 0 × 10 6 c

w e r e  n o  c h a rg e s  in s id e  th e  b o x ? To ta l flu x  th ro u g h s u rfa c e  o f c u b e

W h y  o r W h y n o t? 

中 =  
ļ

_

2 O × 1 0
6

A n s (o ) Flu x  (中) =  
ļ  E

o  
8 8 5 × 1 0

2

=  2 2 × 1 0 5 N m
2 c 1

ie
, q =  eo 

1 2 0 A  p o in t c h a rg e  c a u s e s  a n  e le c tric  flu x

- 8 8 5 × 1 1 2  × 8 0 × 10 3 C  
o f 1 0  × 1 0 3 N m

2/C  to  p a s s  th r o u g h

g - 0 0 7 H C  
a  s p h e r ic a l G a u s s ia n  s u rfa c e  o f 1 0 0

(b) w e  c a n n o t c o n c lu d e  th is a s 
c m  r a d iu s  c e n t r e d  o n  th e  c h a rg e

a c c o rd in g to  G u a s s
'

s th e o re m  th e re  
(a ) If t h e  r a d iu s  o f t h e  G a u s s ia n

a re  tw o  p o s s ib ilitie s 
s u rfa c e  w e r e  d o u b le d

,  
h o w  m u c h

(i) N o  c h a rg e in s id e  flu x  w o u ld  p a s s  t h r o u g h  t h e

(ii) N e t c h a rg e  is z e ro  in s id e  s u r fa c e ?

1 1 8 A  p o in t c h a rg e  +  1 0  p c  is  a t a  d is ta n c e  (b ) W h a t is  th e  v a lu e  o f t h e  p o in t

5 c m  d ir e c t ly  a b o v e  t h e  c e n t r e  o f c h a rg e ?

s q u a r e  o f s id e  1 0  c m  a s  s h o w n  in  A n s (o ) A s s a m e  c h a rg e  is e n c lo s e d b y th e

F ig u r e  1 3 4 W h a t is  th e  m a g n itu d e  o f G a u s s ia n  s u r fa c e
, 

e le c t r ic  flu x

th e  e le c t ric  flu x  th r o u g h  th e  s q u a r e ? re m a in s u n c h a n g e d
, 
ie 10 3 N m

2 C 1

[H in t T h in k  o f th e  s q u a re  a s  o n e  fa c e  

(b) 中 =  
ļ

o f a  c u b e  w ith  e d g e  1 0  c m ] 
i 
o

5  c m
q 一 中e

o

.  ( 1 0  × 1 0 3) × 8 8 5 × 1 0 12 C

q - 8 8 × 1 0 9  C

1 2 1 A  c o n d u c tin g  s p h e r e  o f r a d iu s  1 0  c m

h a s  a n  u n k n o w n  c h a rg e If th e  e le c t r ic

1 o c m  
fie ld  2 0  c m  fr o m  t h e  c e n t r e  o f th e

s p h e r e  is  1 5 × 1 0 3 N /C  a n d  p o in ts

Fig u re  1 3 4
r a d ia lly  in w a rd

, 
w h a t is  th e  n e t c h a rg e

A n s A s w e  c a n  im a g in e  th a t g iv e n  s q u a re  is 
o n  th e  s p h e re ?

o n e  o f th e  fa c e s o f a  c u b e  o f s id e  1 0 c m  
A n s R  =  1 o  c m

, 
r - 2 0 c m

,

1 ļ  
: 

1
.  

10  × 1 0

g - 4 7te  
o  

r
2 E  = 6 6 7 n c=  

6 0
-

6 8 8 5 × 1 0
12 

1 2 2 A  u n ifo r m ly  c h a r g e d  c o n d u c t in g
[ n u m b e r o f fa c ė s in  a  c u b e  is 6] 

s p h e r e  o f 2 4  m  d ia m e te r h a s  a  s u rfa c e

中 =  1 8 8 × 1 0 5 N m
2 C 1 

c h a rg e  d e n s ity  o f 8 0 0  p c /m
z (a ) F in d

- 2 × 1 0 5 N m
2 C ı 

th e  c h a rg e  o n  th e  s p h e r e (b ) w h a t is

1 1 9 A  p o in t c h a r g e  o f 2 0  p c  is  a t t h e  
t h e  t o ta l e le c t r ic  flu x  le a v in g  th e

c e n t r e  o f a  c u b ic  G a u s s ia n  s u r fa c e  
s u r fa c e  o f th e  s p h e re ?

9 0  c m  o n  e d g e W h a t is  t h e  n e t A n s (o ) D ia m e te r o f th e  s p h e re
, 
d  =  2 4 m

e le c t ric  flu x  th r o u g h th e  s u rfa c e ? R a d iu s ` f th e  s p h e re
, 
r - 1 2 m

0
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S u rfa c e  c h a rg e  d e n s ity , r e g io n  o f th e  fir s t p la t e
,  (b ) in  th e

� - 8 0 0 ııC /m
2   8 0 × 10 6 

C /m
2 

o u te r  r e g io n  o f th e  s e c o n d  p la te  a n d

W e  kn o w  th a t
, 
to ta l c h a rg e  o n  th e  (c ) b e tw e e n  th e  p la te s ?

s u rfa c e  o f th e  s p h e re
, 

A n s (o ) a n d (b) In  th e  l a n d II re g io n s  o f th e

Q  =  C h a rg e  d e n s ity × S u rfa c e  a re a  p la te s
, 
e le c tric  fie ld is

 8  × 4 7 cr2
 =

 =  O �

- 8 0 × 10
6 

× 4  × 3 14  × (1 2)   
a s e le c tric  fie ld s

=  1 4 4 7 × 1 0
3
c  =  1 4 5 × 1 0

3
c  

a re  e q u a l in  

+ �

T h e re fo re
, 
th e  c h a rg e  o n  th e  s p h e re  is m a g n itu d e  a n d 1 1+  III 1 II

1 4 5  · 10
3 c o p p o s ite  in  +  

◆  E
.

s u rfa c e  o f th e  s p h e re  C o n ta in in g n e t re g io n s I a n d II 
\  - �

c h a rg e  Q  is , 

9  
(C) Ele c tric  fie ld b e tw e e n  th e  p la te s

¢To  ta l 
=  

C i 1 7 × 1 0
2 2

w h e re
, 
� 
o

- ĺł r m  i tti v i ty o f fre e  s p a c e  

E -

�
o

-

8 8 5 × 1 0
12 

N C 1

- 8 8 54  × 1 0
1 2 c 2 N

1 
m

2 
E
m  

=  1 9 × 10 6 N C 1

Q  =  1 4 5 × 1 0
3 
C  

1 2 5 A n  o il d r o p  o f 1 2  e x c e s s  e le c t ro n s  is

1 4 5 × 1 0 3 h e ld  s t a t io n a r y  u n d e r  a  c o n s t a n t

中 T o  ta l 
=  

8 8 54  × 1 0
1 2 e le c t r ic  f ie ld  o f 2 5 5 × 1 0 4  N C l in

=  1 6 × 1 0
8 
N  m

2
c

' M illik a n
'

s  o il d r o p  e x p e r im e n t T h e

T h e re fo re
, 

th e  to ta l e le c t ric  flu x  d e n s ity  o f th e  o il is  1 2 6  g  c m
3 E s tim a te

le a v in g th e  s u rfa c e  o f th e  s p h e re  is th e  r a d iu s  o f th e  d ro p

1 6 × 10 8 N  m
2 C '

(g   ·  9 8 1 m s
2 
; e   ·  1 6 0  × 1 0 1 9  C )

1 2 3 A n  in fin ite  lin e  c h a r g e  p r o d u c e s  a  A n s H e re
, 

n - 1 2

fie ld  o f 9 × 1 0 4  N /C  a t a  d is ta n c e  o f e - 1 6 × 10 1 9 C

2 c m C a lc u la t e  t h e  lin e a r c h a r g e  E  =  2 5 5 × 1 0 4  N C 1

d e n s ity p - 1 2 6 × 10 + 3 kg m
3

A n s E  ·  9 × 1 0 4  N /C  r  ·  2 c m  g - 9 8 1 m s
2

k  ·  

E  (4 7【 � 
0  
r )

.  1 0 7 C lm  

r - ?

2 
A s  m g - n e E

ie
, 

=  0 1 H C /m  4  
76r  

3 
pg - n e E1 2 4 T w o  la r g e

, 
t h in  m e t a l p la t e s  a r e  3

p a r a lle l a n d  c lo s e  t o  e a c h  o th e r O n

t h e ir in n e r fa c e s
, 

t h e  p la t e s  h a v e T =  Ľ]
" 3

s u rfa c e  c h a rg e  d e n s itie s  o f o p p o s ite

s ig n s  a n d  o f m a g n it u d e  1 7 0  × 1 0 2 2 - 9 8 1 × 1 0 7  
m

C / m 2 W h a t is  E  (a ) in  t h e  o u t e r
- 9 8 1 × 1 0 4

m m

E
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1 2 6 W h ic h  a m o n g  th e  c u r v e s  s h o w n  in  F ig 1 3 5 c a n n o t p o s s ib ly  re p r e s e n t e le c tr o s ta tlc

fie ld  lin e s ?

d  e

F ig u re  1 3 5

A n s (o ) T h e  fie ld lin e s  s h o w e d in  (a ) d o  n o t re p re s e n t e le c tro s ta tic  fie ld  lin e s  b e c a u s e  fie ld lin e s

m u st b e  n o rm a l to  th e  s u rfa c e  o f th e  c o n d u c to r

(b) T h e  fie ld lin e s s h o w e d  in  (b) d o  n o t re p re s e n t e le c tro s ta tic  fie ld  lin e s  b e c a u s e  th e  fie ld

lin e s c a n n o t s ta rt fro m  a  n e g a tiv e  c h a rg e  a n d e n d a t a  p o s itiv e  c h a rg e

(c) T h e  fie ld lin e s s h o w e d in  (c ) re p re s e n t e le c tro s ta tic  fie ld lin e s T h is  is b e c a u s e  th e  fie ld

lin e s a re  e m e rg in g fro m  th e  p o s itiv e  c h a rg e s a n d a re  re p e llin g e a c h o th e r

(d ) T h e  fie ld lin e s  s h o w e d in  (d ) d o  n o t re p re s e n t e le c tro s ta tic  fie ld  lin e s  b e c a u s e  th e  fie ld

lin e s c a n n o t in te rs e c t e a c h o th e r

(e ) T h e  fie ld lin e s  s h o w e d in  (e ) d o  n o t re p re s e n t e le c tro s ta tic  fie ld lin e s  b e c a u s e  fie ld lin e s

c a n n o t fo rm  c lo s e d lo o p s

1 2 7 In  a  c e rta in  re g io n  o f s p a c e
,  

e le c tr ic  A n s In  n o n  u n ifo rm  e le c tric  fie ld

th ro u g h o u t T h e  m a g n itu d e  o f e le c t r ic  
F  =   · 

E
.

fie ld  is
,  
h o w e v e r

,  
n o t c o n s ta n t b u t 

ôE  

ĉ x  ð)y  ĉ z

in c r e a s e s  u n ifo r m ly  a lo n g  th e  p o s itiv e
.  1 0 5 N C 1 

m
1

z d ir e c tio n
.  
A t th e  ra te  o f 1 0 5  N C 1  

p e r  ĉ z

m e tre W h a t a r e  th e  fo r c e  a n d  to rq u e = 1 0 7  C m
, 
P

x  
=  %  =  O

e x p e r ie n c e d  b y  a  s y s t e m  h a v in g  a  ğE
.  O

, 

ğE
.  O

to ta l d ip o le  m o m e n t e q u a l to  1 0 7  C m  ĉ x

in  th e  n e g a tiv e  z d ir e c tio n ?
◆

F  = 1 0 7 
× 1 0 s N  = 10 2 N

S
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H e re v e  s ig n  in d ic a te s  th a t fo rc e  is T h e re fo r e
, 

c h a rg e  in s id e  th e

d ire c te d a lo n g v e  z a x is c o n d u c to r ís  z e ro
◆ >

A s  b o th P  a n d E  a re  a lo n g Z a x is
, 

a p p e a r o n  th e  o u te r s u rfa c e  o f th e

H e n c e
, 
th e  e n tire  c h a rg e  Q  m u s t

s in  e =  O 
c o n d u c to r

T =  P E s in O =  0 [  e  ·  0 o  】 (b) If a n o th e r c o n d u c to r B h a v in g
1 2 8 (a ) A  c o n d u c t o r  A  w ith a  c a v ity  a s  c h a rg e  + q is  k e p t in s id e  th e

s h o w n  in  F ig u re  1 3 6 (a ) is  g iv e n  a  c o n d u c to r A  a n d in s u la te d  fro m  A
, 
a

c h a rg e  Q S h o w  th a t th e  e n tir e  c h a rg e  o f a m o u n t q w ill b e  in d u c e d

c h a rg e  m u s t a p p e a r  o n  th e  o u te r  in  th e  in n e r s u rfa c e  o f c o n d u c to r A

s u r fa c e  o f th e  c o n d u c to r A n d + q  is in d u c e d  o n  th e  o u te r

(b ) A n o th e r  c o n d u c to r B  w ith c h a rg e  s u rfa c e  o f c o n d u c to r A T h e re fo re
,

q  is  in s e r t e d  in t o  t h e  c a v ity  to ta l c h a rg e  o n  th e  o u te r s u rfa c e  o f

k e e p in g  B  in s u la te d  fro m  A S h o w  c o n d u c to r A  is Q  +  q
t h a t t h e  t o t a l c h a r g e  o n  t h e  (c) A  s e n s itiv e  in s t r u m e n t c a n  b e

o u t s id e  s u r fa c e  o f A  is  Q  +  q  s h ie ld e d fr o m  th e  s t r o n g

[F ig u re  1 3 6  (b ) ] E le c tro sta tic  fie ld  in  its  e n v iro n m e n t

(c ) A  s e n s itiv e  in s t r u m e n t is  to  b e  b y e n c lo s in g it fu lly b y a  m e ta llic

s h ie ld e d  f r o m  t h e  s t r o n g  s u rfa c e A  c lo s e d m e ta llic  b o d y a c ts

e le c t r o s t a t ic  f ie ld s  in  it s  a s a n e le c tro s ta tic  s h ie ld

e n v ir o n m e n t S u g g e s t a  p o s s ib le  1 2 9 A  h o llo w  c h a rg e d  c o n d u c to r  h a s  a  tin y
w a y H o le  c u t in to  its  s u rfa c e S h o w  th a t th e

Q  Q + q e le c t r ic  fie ld  in  th e  h o le  is  (a r/2 e
o
) ii

w h e r e  ii is  t h e  u n it v e c t o r  in  t h e

o u tw a rd  n o r m a l d ir e c tio n  a n d    is  th e

s u rfa c e  c h a rg e  d e n s ity  n e a r  th e  h o le
A n s In  c a s e  h o le  is fille d u p , 

to ta l e le c tric  fie ld

o u ts id e  is

a  b 争 ート
仃

Fig u re  1 3 6  E
, 

+  E
2

- n (ı)1 2
吕A n s (o ) Le t u s c o n s id e r a  G a u s s ia n  s u rfa c e

th a t is  ly in g w h o lly w ith in  a  

To ta l fie ld in s id e  th e  h o llo w  c o n d u c to r

c o n d u c to r a n d e n c lo s in g  th e  c a v ity
一如 含

E
1 

+ E
2

- 0 Et)
T h e  e le c tric  fie ld in te n s ity , 

E  in s id e
.

th e  c h a rg e d c o n d u c to r is z e ro H e re  E
1 

is  th e  e le c tric  fie ld  d u e  to  th e

L e t q is  th e  c h a rg e  in s id e  th e ◆

c o n d u c to r a n d e
o  

is  th e  p e r m ittiv ity p o rtio n fillin g  u p th e h o le  a n d  E
2 

is  th e

o f fre e  s p a c e E le c tric  fie ld  d u e  to  re s t o f th e  c h a rg e d

A c c o rd in g to  G a u s s
'

s  la w
, 

c o n d u c to r

Ele c tric  flu x
, ¢ =  ; .  

ļ  
F ro m  re la tio n  (in w e  c o n c lu d e  th a t

H e re
, 
E   ·  0 

o E - Ĝ  I
ļ

.  O

H e n c e
, 
from Ø, 

w e  g e t

◆

e
o

,  

¢ O  q - 0  
�� E

0

c

6  
0
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1 3 0 0 b ta in  t h e  fo r m u la  fo r  th e  e le c t r ic

f ie ld  d u e  t o  a  lo n g  t h in  w ir e  o f In  A A C P d¢ =  .  

d

u n ifo r m  lin e a r  c h a r g e  d e n s ity  X

w ith o u t u s in g  G a u s s
'

s  la w [H in t U s e  In  A A P T  s in  e  =

C o u lo m b '

s  la w  d ir e c tly  a n d  e v a lu a te
, r

th e  n e c e s s a ry  in te g r a l] d¢ =

,  
2

/ .  N s L e t R S b e  a  th in  w ire  h a v in g a  lin e a r

c h a rg e  d e n s ity k p  is a n y p o in t a t n o rm a l 
o r d l =  d

d ista n c e  r  fro m  th e  m id p o in t o f w ire  R S
,

i e
, 
T L e t A B b e  a  s m a ll e le m e n ta ry k k  x

2

le n g th d l T h e  c h a rg e  o n  A B is d g - k  d l
D E  =  

T  
d q

Le t A P =  B P =  x  (a s  d l is  v e ry s m a ll) Le t k

A c  b e  th e  p e rp e n d ic u la r fro m  A  o n  B p
-

T  
d¢

m e e tin g it a t C dþ b e  th e  a n g le  s u b te n d e d S u b stitu tin g th is  v a lu e  in  e q u a tio n  (B)
b y e le m e n ta r y le n g th d l a t P T h e

e le m e n ta ry e le c tric  fie ld d E  a t P d u e  to E  =  J  c  o  s  ¢ d

c h a rg e  o n  A B w ill b e  If th e  w ire  is  in fin ite ly la rg e
, 
th e n  lim its o f

d E  =  ° - k (A )
Fo r in fin ite ly la rg e

, 
c h a rg e d

, 
th in  w ire

X X

th e  in te n s ity o f e le c tric  fie ld a t P  w ill b e

.  

E  C O S  ¢ 

E  =  

r  

C O S ¢ d¢ 

r

k  n 12

r 
L " ' v J

·/2

It c a n  b e  re s o lv e d in  m u t u a lly

p e rp e n d ic u là r c o m p o n e n ts  d E  c o s ¢ a n d

d E  s in  中 a s  s h o w n A s  th e re  w ill b e  

1 3 1 It is  n o w  b e lie v e d  th a t p r o to n s  a n d
s y m m e t r ic a lly o p p o s ite  e le m e n ta r y 

n e u t r o n s  (w h ic h  c o n s tit u te  n u c le i o f
c h a rg e  in  th e  u p p e r h a lf o f th e  w ire  (T R ), 

o rd in a ry  m a tt e r) a r e  th e m s e lv e s  b u ilt
th e  c o m p o n e n t dE  s in  Q w ill b e  c a n c e lle d

, 

o u t o f m o r e  e le m e n ta r y  u n its  c a lle d
w h ile  d E  c o s 中 w ill b e  a d d e d u p fo r e a c h 

q u a r k s A  p r o t o n  a n d  a  n e u t r o n

p a ir o f sy m m e tric a lly o p p o s ite  e le m e n ta ry 
c o n s is t o f t h r e e  q u a r k s  e a c h T w o

le n g th s 

ty p e s  o f q u a r k s
,  

t h e  s o  c a lle d '

u p
'

H e n c e  E a t P w ill b e  E  =  d E  C O S  ¢ (B ) 
q u a r k  «d e n o t e d  b y  u ) o f c h a rg e

A C  +  (2 / 3 ) e
,  

a n d  t h e
'd o w n

'

q u a r k

In  A A B C  s in  e =  

1  (d e n o te d  b y  d ) o f c h a rg e  ( 1 /3» e ,

A C  
t o g e t h e r  w it h  e le c t r o n s  b u ild  u p

d l - o r A C  =  d l s in e  o r d in a r y  m a t t e r (Q u a r k s  o f o th e f

s in  O 
ty p e s  h a v e  a ls o  b e e n  fo u n d  w h ic h g iv e

r

X  

2

r

R
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A n s

°' "  i 0

1 t  
° n  a ' ' " r 0 "

ī ī Ł 
i 

X ĮìËŢī
po s s ib le  q u a rk c o m p o s itio n  o f p ro to n  is a n d  a  u n if o r m  e le c t r ic  f ie ld  E  is

2 u  +  1 d  ie u
, 
u

, 
d  s o  to ta l c h a rg e  o n  it is  m a in ta in e d  b e tw e e n  th e  p la te s S h o w

2 2 1 t h a t t h e  v e r t ic a l d e fle c t io n  o f th e

+ =  +  1 
p a r tic le  a t th e  fa r  e d g e  o f th e  p la te  is3 3 3
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Ele c tric  fie ld b e tw e e n  trie  tv / o  p la le ĵ
,

[U s in g (i) a n d (iĮ)】 M a s s o f a n  e le c tro n
, 
rrı

,  
·  9 1 ] 0 J kg

Le t th e  e le c tro n  s trike  th e  u p p e r p la te  a t

s  ·  

2 m u  
T h e re fo re

,

th e  e n d o f p la te  L
, 
w h e n  d e fle c tio n  is s

,

a t th e  fa r e d g e  o f th e  p la te  is q E L 
2
/(2 m u  :) � �

1 3 4 s u p p o s e  th a t th e  p a r tic le  in  Exerci e  
2 m u

in  1 3 3 is  a n  e le c tr o n  p ro je c te d  w ith

v e lo c ity  u
.  

·  2 0  × 1 0 6  
m  s

1 If L =

E b e tw e e n  th e  p la te s  s e p a r a t e d  b y

0 5 c m  is  9 1  × 1 0 2 N /C
,  

w h e r e  w ill th e x  9 11 × 1 0 3333 1 
× 2 0000 Á 30000 G G G G 2222

e le c t r o n  s t r ik e  t h e  u p p e r p la t e ?
-
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× 9 l v 1 0 2

=  Ą0 0 2 5 × ł0 2
.   / 1 0

Ą

A n s V e lo c ity o f th e  p a rtic le
,

u
.

- 2 0 × 1 0
6 

m /s - 1 6 × 1 0 2 
m  =  1 6 c m

S e p a ra tio n  o f th e  tw o  p la te s
, 

T h e re fo re
, 
th e  e le c tro n  w ill s trike  th e

d  =  0 5 c m - 0 0 0 5 m  u p p e r p la te  a fte r tra v e llin g 1 6 c m


