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c o n c e p ts  in  th e  g ra v ita tio n a l fie ld  a n d  in  th e  e le c tric a l fie ld  to p ic s .

c o n s e rv a tio n  la w  a s  w e ll.  T h e re  a re  im p o rta n t a n a lo g ie s  a n d  d is tin c tio n s  b e tw e e n

e x p e rie n c e  fo rc e s  in  e le c tric  a n d  m a g n e tic  fie ld s .  L ik e  m a s s -

e n e r g y , c h a rg e  o b e y s  a

m a s s  e x p e rie n c e s  a  fo rc e  in  a  g ra v ita tio n a l fie ld , 
a n d e le c tric a lly

-
c h a rg e d  o b je c ts

s e e m s  to  b e  p re c is e ly  q u a n tis e d , 
w h ile  it is  n o t c le a r if m a s s  is  q u a n tis e d .  A n  o b je c t w ith

a n  a ttrib u te  th a t a p p e a rs  to  b e  ju s t a s  fu n d a m e n ta l a s  m a s s , o r  e v e n  m o r e  s o
-

c h a rg e

E le c tro m a g n e tic  in te ra c tio n s  in v o lv e  p a rtic le s  th a t h a v e  a  p ro p e rty  c a lle d  e le c tric  c h a rg e ,

g ra v ita tio n a l a n d  e le c tro m a g n e tic  in te ra c tio n s .

T o p ic s  s u b -

a to m ic  le v e l, a  la rg e  n u m b e r o f d a ily  h u m a n  e x p e rie n c e s  c a n  b e  e x p la in e d  b y

S e c tıo n s  a n d  a n d  w e a k  in te ra c tio n s .  W h ile  th e  s tro n g  a n d  w e a k  in te ra c tio n s  e x p la in  p h e n o m e n a  a t th e

L in k s  B e tw e e n  T h e re  a re  fo u r fu n d a m e n ta l fo rc e s  in  p h y s ic s  : th e  g ra v ita tio n a l, e le c tro m a g n e tic , s t r o n g

* e e  s p a c e  o r a ir .

(k) u s e  th e  e q u a tio n  V - Q /4 Æ£o
' f o r  t h e  e le c t r ic  p o t e n t ia ı in  t h e  f ie ıd  o f  a  p o in t c h a r g e  in

p o te n tia l g ra d ie n t a t th a t p o in t .

ü) s ta te  th a t th e  fie ld  s tre n g th  o f th e  e le c tric  fie ld  a t a  p o in t is  n u m e ric a ıly  e q u a l to  th e

b rin g in g  a  s m a ll te s t c h a rg e  fro m  in fin ity  to  th a t p o in t .

«i) d e fin e  e le c tric  p o te n tia l a t a  p o in t a s  th e  w o rk  d o n e  p e r u n it p o s itiv e  c h a rg e  in

(h) d e s c rib e  th e  e ffe c t o f a  u n ifo rm  e le c tric  fie ld  o n  th e  m o tio n  o f c h a rg e d  p a rtic le s .

(g ) c a ıc u ıa te  th e  fo rc e s  o n  c h a rg e s  in  u n ifo rm  e ıe c tric  fie ld s .

p la te s  in  te rm s  o f  p o te n tia l d iffe re n c e  a n d  p la te  s e p a ra tio n .

(f) c a lc u la te  th e  e ıe c tric  fie ld  s tre n g th  o f th e  u n ifo rm  fie ld  b e tw e e n  c h a rg e d  p a ra lle l

s p a c e  o r a ir .

(e ) re c a ll a n d  u s e  E - Ql4of 
2  

f o r  t h e  e le c t r ic  f ie ld  s t r e n g t h  o f  a  p o in t c h a rg e  in  fr e e

b e tw e e n  tw o  p o in t c h a rg e s  in  fre e  s p a c e  o r a ir .

(d ) re c a ll a n d  u s e  c o u lo m b
'

s  la w  in  th e  fo rm  F  =  Q q /4 m o f  
2 

fo r  th e  e ıe c tr ic  fo r c e

þ叼

e le c tric  fie ld  a n d  g ra v ita tio n a l fie ld .

(c ) re c o g n is e  th e  a n a lo g y  b e tw e e n  c e rta in  q u a lita tiv e  a n d  q u a n tita tiv e  a s p e c ts  o f

(b ) re p re s e n t a n  e le c tric  fie ld  b y  m e a n s  o f fie ld  lin e s .

p o s itiv e  c h a rg e  p la c e d  a t th a t p o in t ,

fo rc e  a n d  d e fin e  e le c tric  fie ıd  s tre n g th  a t a  p o in t a s  th e  e le c tric  fo rc e  e x e rte d  p e r u n it

O u tc o m e s  
(a ) s h o w  a n  u n d e rs ta n d in g  o f th e  c o n c e p t o f a n  e ıe c tric  fie ld  a s  a n  e x a m p ıe  o f a  fie ld  o f

L e a rn in g  C a n d id a te s  s h o u ld  b e  a b ıe  to

E le c tric  p o te n tla ı 
t l ? (: n

t  
t ł& . . .  L , J 

I k )

U n ifo rm  e le c tric  fie ld s  
3 k u , $

E ıe c tric  fıe ld  o f a  p o in t c h a rg e  
c T I T t  \

E le c tric  fo rc e  b e w e e n  p o ın t c h a rg e s  
/. . N v  t  \ t r

C o n te n t C o n c e p t o f a n  e ıe c tric  n e ld
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o f e n e rg y

c o n s e rv a tio n

L e n z
'

s  la w  a s

c irc u its

o f e n e rg y  in

.  c o n s e r v a t io n

c irc u its

o f  c h a rg e s  in

c o n s e rv a tio n

' " ti. .

in fin ite ly  e x te n d e d  p la n e s
e x te rn a l B - fie ld  c h a rg e s , 

n e g lig ib le  in te rn a l re s is ta n c e ,

c h a rg e  a n d  a n
.  S im p

lif y in g  a s s u m p t io n s  : e .  g .  p o in t
b e tw e e n  a  m o v in g  

p a tte rn s , 
e tc

in te ra c tio n  
e q u ip o te n tia l lin e s , m a g n e tic  flu x  d e n s ity

 F ß as  th e  e
l ec t r i c ci rcu i ts,  f iel d line s  an d �

fie ld   · C o m m o n  r e p r e s e n t a t io n s  : d ia g r a m s  o f

a n d  a n  e x te rn a l E -

.  F a ra d a y
'

s  la w
b e tw e e n  a  c h a rg e

in te ra c tio n .  O h m
'

s  la w  (fo r o h m ic  c o n d u c to rs )

 F E  as  th e   ·  M i cr o s c o p i c m o d e l  o f  th e  fıow  of  ch a r g e s �

ıd e a s  ın te ra c t io n s

L in k s  to  C o re  S y s te m s  a n d  M o d e ls  a n d  R e p re s e n ta tio n s

e x c ita tio n , 
fro m  n e rv e  im p u ls e s  th a t s p re a d  th ro u g h  s p e c ia ı tis s u e  in  th e  h e a rt m u s c le s .

s ig n a llin g  a n d  c o n tro l.  T h e  h e a rt rh y th m s  a re  m a in ta in e d  b y  w a v e s  o f e le c tric a ı

a ris e  fro m  e le c tric a ı fo rc e s  a t th e  a to m ic  le v e ı.  In  b io lo g y , e ıe c tric ity  is  a ls o  im p o rta n t in

E v e n  m o re  fu n d a m e n ta lıy , e la s tic  fo rc e s  in  s p rin g s  a n d  c o n ta c t fo rc e s  b e tw e e n  s u rfa c e s

m a g n e tis m  in  s o lid  s ta te  m a te ria ls .  In n o v a tio n s  a re  a ls o  p u s h in g  o n  th e  q u a n tu m  fr o n tie r .

s m a rtp h o n e s  a re  th e  p ro d u c t o f o u r d e e p  u n d e rs ta n d in g  o f th e  p h y s ic s  o f e ıe c tń c ity  a n d

a lte rn a tin g  c u rre n t a n d  v o lta g e  tra n s fo rm e rs .  S e n iic o n d u c to r d e v ic e s  in  c o m p u te rs  a n d

T ra n s m ittin g  e le c tric a l e n e rg y  o v e r ło n g  d is ta n c e s  is  m a d e  fe a s ib le  b y  th e  u s e  o f

to  D a ily  L ife  fo rc e  a n d  c u rre n t p ro d u c e d  b y  a  c h a n g in g  m a g n e tic  flu x  o r a  tim e -
v a r y in g  m a g n e tic  fie ld .

a n d  R e le v a n c e  C o n v e rtin g  e n e rg y  in to  e le c tric a l e n e rg y  tra d itio n a ııy  in v o lv e s  th e  in d u c e d  e le c t ro m o tiv e

A p p lic a t io n s  T e c h n o lo g ie s  h a rn e s s in g  e le c tric a l a n d  m a g n e tic  p ro p e rtie s  p e rv a d e  m o d e rn  s o c ie ty .

p h e n o m e n a  c o n trib u te d  to  th e  d e v e lo p m e n t o f th e  th e o ry  o f re la tiv ity .

in  th is  m a g n e tic  fie ld  e x p e rie n c e s  a  fo rc e .  T h is  a p p a re n t a s y m m e try  in  e ıe c tro m a g n e tic

M o v in g  c h a rg e s  p ro d u c e  a  m a g n e tic  fie ld , a n d  a n o th e r m o v in g  c h a rg e  o r c u rre n t p la c e d

c h a rg e s  w h e th e r m o v in g  o r s ta tio n a ry , m a g n e tic  fo rc e s  a c t o n ly  o n  m o v in g  c h a rg e s .

b y  M a x w e ıl
'

s  la w s  o f e ïe c tro m a g n e tis m .  U n lik e  e le c tric  fo rc e s , w h i c h  a c t  o n  e ıe c tric

T o d a y , w e  u n d e rs ta n d  m a g n e tis m  a s  a n  e « e c t in s e p a ra b le  fro m  e ıe c tric ity , s u m m a r is e d

T h e  m y s te ry  o f m a g n e tis m  w a s  firs t d is c o v e re d  ın  m a g n e tic  s to n e s  b y  th e  a n c ie n ts .

中
c o n s e rv a tio n  p ro v id e  p o w e rfu ı to o ls  to  a n a ly s e  a  v a rie ty  o f e le c tric a l c irc u its .

c a n  b e  e x p e rim e n ta lly  m e a s u re d .  A p pıyin g  th e  p rin c ip le s  o f c h a rg e  a n d  e n e rg y

b y p o te n tia ı d iffe re n c e s  (a ıs o  k n o w n  a s  v o lta g e s ) .  B o th  c u rre n t a n d  p o te n tia l d iĦe re n c e

m o s tly  s u Ħic e s .  T h e  c o lle c tiv e  m o v e m e n t o f c h a rg e s  re s u lts  In  e ıe c tric a l c u rre n t , d riv e n

re s u lt in  a  m a c ro s c o p ic  d e s c rip tio n  w h e re  c o n s id e ra tio n  o f e n e rg y  a n d  e le c tric  p o te n tia ıs

a  c irc u it, t h e  c o m p lic a te d  e n e c ts  o f fo rc e s  a n d  e le c tric  fie ıd s  a t th e  m ic ro s c o p ic  le v e l

p ro v id e  a  m e a n s  o f c o n v e y in g  e n e rg y  a n d  In fo rm a tio n  fro m  o n e  p ıa c e  to  a n o th e r .  W ith in

P ra c tic a l u s e  o f e ıe c tric ity  o fte n  o c c u rs  ın  c lrc u lte  ra th e r th a n  ın  fre e  B p a c e .  C irc u its

a s  w ith  g ra v ita tio n a ı p o te n tia l a n d  g ra v ita tio n a l p o te n tia l e n e rg y .

s ıtu a tio n .  T e rm e  lik e  e le c tric  p o te n tia l a n d  e le c tric  p o te n tia l e n e rg y  a re  d e fin e d  s im ila rly

ro u te  to  s o ıv ln g  p ro b le m a  th a t c a n  in  c e rta in  c a s e s  b rin g  o u t th e  s im p lic ity  o f th e

e n e rg y  in  th e  c o n te x t o f e ıe c trlc a ı In te ra c tio n s  a s  w e ll, a n d th e s e  id e a s  p ro v id e  a n o th e r

ıa w  o f g ra v ita tio n  fo r ıs o ıa te d  p o in t m a s s e s .  W e  c a n  u e e  th e  c o n c e p ts  o f w o rk  d o n e  a n d

p o in t c h a rg e s  ia  g o v e r n e d  b y  C o u ıo m b
'

a  la w , w h ic h  ia  m a th e m a tic a lly  s im ila r to  N e w to n
'

s

in  th is  fie ıd  e x p e rie n c e s  a  fo rc e  d u e  to  th ls  n e ld .  T h e  e ıe c tric  fo rc e  b e tw e e n  tw o  is o la te d

A  c h a rg e  p ro d u c e s  a n  e le c tric  fie ld  In  th e  s p a c e  a ro u n d  łt,  a n d  a  s e c o n d  c h a rg e  p la c e d
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to w a rd s  Q  o r to  th e  le ft .

S in c e  b o th  c h a rg e s  a re  o p p o s ite ıy  c h a rg e d , th e  fo rc e  a c tin g  o n  q  d u e ,  to  Q  is  d ire c te d

(b ) M a g n itu d e  o f fo rc e ,

o r to  th e  rig h t .

S in c e  b o th  c h a rg e s  a re  p o s itiv e , th e  fo rc e  a c tin g  o n  g  d u e  to  Q  is  d ire c te d  a w a y  ū o m  Q

4 n f o  r
z \  T  Ĺr łlH o

' '

) ı.  
o \  \ n - 3

S o lu tio n  (a ) M a g n itu d e  o f fo rc e ,

m a g n itu d e  a n d  d ire c tio n  o f th e  fo rc e  o n  q  b y  Q .

(b ) If q  is  n e g a tiv e ly  c h a rg e d  in s te a d , b u t w ith  th e  s a m e  m a g n itu d e ,  d e te rm in e  th e

(a ) D e te rm in e  th e  m a g n itu d e  a n d  d ire c tio n  o f th e  fo rc e  a c tin g  o n  g  b y  Q .

3 .  0  m

Q   
·  · 9

E x a m p ıe  1 T w o  c h a rg e s  Q  (
+ 2 .  0  p c ) a n d  9  (

+ 1 .  0  p c ) a re  s e p a ra te d  b y  a  d is ta n c e  o f 3 ,  0  m .

a n d  n e g a tiv e .  L ike  c h a rg e s  re p e l, w h iıe  u n lik e  c h a rg e s  a ttra c t .

a ttra c tiv e  o r re p u ls iv e .  T h is  is  b e c a u s e  th e re  a re  tw o  ty p e s  o f c h a rg e s - p o s itiv e

fo rc e  is  th a t th e  fo rm e r is  a lw a y s  a n  a ttra c tiv e  fo rc e  w h ile  th e  la tte r c a n  b e

*  T h e  m a jo r d iĦe re n c e  b e tw e e n  g ra v ita tio n a ı fo rc e  a n d  e le c trıc  (o r  e le c tr o o ta tï c )

in v e rs e -
s q u a re  la w s .

w o re
- U o m  c o u lo m o s

'

la w  a n a  N e w to n
-

S  ıa w  o r g ra v n a ï ıu n  a ru  a u ın e \ııï ıe a  ıe ıe ııe u  w  a a

N o te .

'

T h
y  

ľ t N , 
i.

°
. "

]
" * l F  í r ,  t ť 4 ı

'

P e   
·  ·  .  ı , b ,  h *  

T
, U \ r a e ł f . ' . "

j
" .  ï  \ ı)  r ◆ 

łu
, k .

p e ım iH iv ily  o f  th e e  s p a c e , w h ic h  h a s  a  v a lu e  o f 8 .  8 5  x  1 0
-

1 2  

F  m
-

1

.

w h e re  Q  a n d  g  a re  th e  c h a rg e s  (In  c o u lo m b , C ), r  th e  d is ta n c e  b e tw e e n  th e m  a n d  a  û ıe

4 m o  
r

F o rm u la  O r ,
F = ― ―

丁 ı

Q q

1 3 .  2  E ıe c t r ıc  F o r c e
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L e  X s , C r
' " w c E  i' ' " h ' ' " .  p la c e d

w ith  th is  fie ld , a n d  h e n c e  e x p e rie n c e  a  fo rc e .

'

W h e n  o n e  c h a rg e  is  firs t in tro d u c e d , 
it c re a te s  a  lıe ld  o f in llu e n c e  a ro u n d  its e lf th a t

p e rm e a te s  th e  e n tire  u n iv e rs e .  A n y  o th e r c h a rg e  th a t is  m tro a u c e a  tn e re a n e ı w " ' " " ' "

) a1 3 .  3  r ıć  F ie ıd  g t h

l o n g  园  L3 .  3

a n d  it is  a c tin g  a t a n  a n g le  Q  b e lo w  th e  h o riz o n ta l g iv e n  b y

T h e  m a g n itu d e  o f th e  re s u lta n t fo rc e ,

o 0 3 ū p J

, 
l 3  1  l4 1 0

-
3

·，
一

女睾
ー イ而 訾 ， 奴

re s p e c tiv e ly .

L e t F 1 a n d  F z  b e  th e  f o rc e  a c tin g  o n  Q a d u e  to  Q 1s o ıu tio n

D e te rm in e  th e  m a g n itu d e  a n d  d ire c tio n  o f th e  re s u lta n t fo rc e  a c tin g  o n  Q a ·

2 .  0  m

Q 2 =  ◆

E x a m p ıe  2  T h re e  c h a rg e s  Q 1
' " .  O  p c , Q z 

=  ◆  1 .  0  p c  a n d  Q 3
'

" .  O  r\c  a re  a rr a n g e d  a s  s h o w n .
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S o m e  A - L e v e ı q u e s tio n s  re fe r to  it a s  Ju s t
'

e ıe c tric  fie ıď .

lts  u n it ïs  N  C
-

1  

o r V  m
-

1

.

fıo t ii lā ı{s e  la b r s   · c til n  1 3 .  4 ).

N o te

w h e re  E  ls  th e  e ıe c trlc  fie ld  e tre n g th  a n d  F  ıa  th e  fo rc e  a

M a th e m a tic a lıy , It ls  w ritte n  a s

P a g e  1 5 o f 2 5

F  

q

re q u ire  th e  p re s e n c e  o f a n o th e r c h a rg e  s u c h  a s  q , 
w h ic h  c a n  b e  v ie w e d  a s  a  te s t c h a rg e .

N o te  th a t a n  e le c tric  fie ld  e x is ts  a ro u n d  a n y  c h a rg e d  o b je c t a n d  its  fie ld  s tre n g th  d o e s  n o t

F o rmr mr m u illa  

c hhh a rrr g e  Q  atttadddiiistttan" 

įįį[tt 
° 

"

""' " '
" ''' .  

Rrr  ·  · 

'

. ---
.

F ro m  th e  d e fin itio n  o t e ie c trıc  Tie ta  s tre n g m  Ł = -

,  
m e  e i e c t n c  Tie ta  s tre n g m  L  a u e  1o

C h a rg e

S tre n g t h  d u e  

Q  r

b d qle c tric  F ie ıd  A  p o s itiv e  p o in t c h a rg e  q  is  p la c e d  a  d is ta n c e  r fro m  a n o th e r p o s itiv e  p o in t c h a rg e  Q .

島

n e g a tiv e  c h a rg e .

T h e  d ire c tio n  o f th e  e le c tric  fie ld  s tre n g th  is  o p p o s ite  to  th a t o f  th e  fo rc e  a c tin g  o n  th e

s o ıu tio n  
T h e  m a g n itu d e  o f th e  e le c tric  fie ld  s tre n g th  is  E  =  E .  8 8  ·  4 .  o x 1 o

a  
N  c

4

ďo t ı.   
· 

◆  m ů le r  ip  ų p o r m . . R w +

fie ld .  D e te rm in e  th e  e le c tric  fie ld  s tre n g th  a t tE  int ·
E x a m p le  3  A  c h a rg e  o f - 2 .  0  p c  e x p e rie n c e s  a  fo rc e  o f 8 .  0  N  w h e n  p la c e d  a t a  p o in t in  a n  e ıe c tric

"

:



m id 
ı 
ırT  

t ¢.  A 3x  \ b
-

L ) tı
ı.

.  ľ

p a g e  1 6 0 6 2 5

th e  2  s c e n a rio s  a re  id e n tic a l.  O n ly  th e  m e th o d s  u s e d  to  s o lv e  th e m  w e re  d iffe re n t .

N o tic e  th a t th e  a n s w e r to  (b ) is  id e n tic a ı to  th a t o f E x a m p ıe  2 .  T h is  is  n o t s u rp ris in g  a s

e le c tric  fie ıd  s tre n g th  a t th e  p o in t .

S in c e  c h a rg e  Q 3 is  a  p o s itiv e  c h a rg e , t h e  f o r c e  a c t i n g  o n  it is  in  th e  d ire c tio n  o f th e

T h e  d ire c tio n  o f th e  re s u lta n t fie ld  s tre n g th  is  a t a n  a n g le  Q b e ıo w  th e  h o riz o n ta ı w h e re

E - =  

: J (\.  1 \ ct ıo
'þr  ( r .  

1 1 t p lb ry  
\0 0  0 0  N c

4

.   
·

L e t E , a n d  E 2  b e  th e  e le c tric  fie ld  s tre n g th  a t c o m e r  X  d u e  to  Q 1 a n d  Q 2 , r e s p e c tiv e ly .

E  2  į . _

(a )

(b ) If a  c h a rg e  Q a o f ◆ 3 .  0  p c  ls  p ıa c e d  a t c o m e r X , d e te rm ın e  th e  fo rc e  ït e x p e rie n c e s ,

(a ) D e te rm ın e  th e  e le c tric  fie ıd  s tre n g th  a t th e  th ird  c o m e r X .

2 .  0  m

.  

- 7 1

d im e n s io n s  a s  B h o w n .

T w o  c h a rg e s  Q 1
- ◆  2 .  0  ııC  a n d  Q z 

°  ◆  1 .  0  p c  ą re  p la c e d  a t th e  c o m e rs  o f a  tria n g le  w ith
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s o ıu t io n

E x a m p le  4

























P a g e  1 1 8  o f 2 5

w h e re  x  is  th e  p e rp e n d ic u la r d is ta n c e  fro m  th e  p ıa te  w ith  th e  h ig h e r p o te n tia l.

cf× (

― ―
=

― ―
= ーど · . . . Ta n t

dv  b v

a n y  p o in t w ith in  th e  p la te s  is  g iv e n  b y

S in c e  th e  e le c tric  fie ıd  b e tw e e n  th e  p a ra lıe ı p la te s  is  u n ifo rm ,  th e  p o te n tia ı g ra d ie n t a t

p t A u ıŁ) b łh  J u
A

'" "

ł '

ł-

R
) Ï ) C  c + ų

ì e r ¢ t  o r

- & b l/

(, 
W W

6 0

th e  ıw o  p ıa to s  w h e re  « w  fie ıd  ıı u n « o rm

e « e c te .  ın  th e  ıu b ıe q u e n ı d iıa n ıio n .  w e  w «l o n ly  c o m ld e r th   · re g io n  n e a r m n u   · o r

finlte d im e n ııo n o  a n d  th e  fie ıd  a t th e  m ı o f th e  p lıım  v n ïı n o t h  u n łlo rm  d u *  ıo  ¢rln g ln g

u n ifo rm  e ıe c u ic  fie ıd  b e tw e e n  th e m .  H o w e v e r In  U  旧  ııb o rıto ry , m  pııiıı h * v*

T w o  q u a ıly  b u l o p p o ıite ły  c h a rg e d  p a ra lb l p l= le ı o ı ın łin ll  · d im o n s lo n ı c o n  p r o d u c o  D

(b ) « 1
ıe  C  l d  ıim  a re  p ırıılıł ın d  e q u ıiıy  ıp ıc e d .

( · ) th e  liııd  ıırın g ıh  ıı ın y  p o ın t h a ı ıh o  s a m e  m n N ım  ın d  d

W iıhłn  a  re g ıo n  o ï  u n ıfo n n  d a c M c  n ıłd

1 3 .  a  U n ıfo r m  E ıo c t r ıc  F ıo ıd
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= 3 0 7 V

m g d  (2 .  0 × 1 0
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) (9 .  8 1) (5 .  0 × 1 0

-

3
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e x p e rie n c e s .  H e n c e , w e ig h t is  u s u a lıy  ig n o re d  in  s u c H  c a lc u la tio n s .

N o te  : A s  th e  e le c tro n  is  v e ry  lig h t , its  w e ig h t is  n e g lig ib le  c o m p a re d  to  th e  e le c tric  fo rc e  it

ċ i - -

2 (3 .  8 4 × 1 0
"

)
- ı .  U X ı U  ı ı ı

m u  (9 .  1 1× 1 0
-

"

X 2 .  9 × 1 0  
6

) 
2

m u
2

_ 0  =  F .  
x s

ņ
&

2

=  w o r k d o n e  a g a in s t e le c tric  fie ld

lo s s  in  K E - g a in  in  E P E

B y th e  p rin c ip ıe  o f c o n s e rv a tio n  o f  e n e rg y ,

m o m e n ta rily  a t re s t .

A s  th e  e ıe c tro n  m o v e s  a w a y  * o m  th e  u p p e r p la te , its  k in e tic  e n e rg y  d e c re a s e s  u n tiı it is

w ill e x p e rie n c e  a  c o n s ta n t e le c tric  fo rc e  F E  in  th e  d ire c tio n  o p p o s ite  to  its  m o tio n .

S in c e  th e  p ıa te s  a re  p a ra lle ı, th e  e le c tric  \ie ld  b e tw e e n  th e m  is  u n « o rm  a n d  th e  e le c tro n

冒
= S o lu tio n

°. ' "

上国四ıı《
m o m e n ta rily  a t re s t.

lo w e r p la te .  D e te rm in e  th e  d is ta n c e  s  fro m  th e  u p p e r p la te  w h e re  th e  e le c ıro n  iı

in je c te d  th ro u g h  a  h o le  in  th e  u p p e r p la te  w ith  a  s p e e d  o f 2 .  9  × 1 0
o  

m  s
-

'

to w a rd s  th e

p la te  is  m a in ta in e d  a t a  p o te n tia l o f ◆ 6 0  V  re la tiv e  to  th e  lo w e r p la te .  A n  e le c tro n  i8

T w o  h o o n ta l p la te s  o f le n g th  5 .  0  c m  a re  p la ć e d  2 .  5  c m  a p a rt in  a  v a c u u m ,  T he  u p p e r

 ° ş- m g
�

ı
c   

·  IŤa 
q E . n ıg

w e ig h t F c ,

S  ◆ u tıo n  F o r  th e  p ırılc ıe  to  re m   · ın  ıtıtio n a ry ,  û ıI  u p m « d  e  ¢o r c *  F a  b ıh n c o s  tM  d o w n w ırd

p a w

o o n ııd M n g  th o  f o ıc  a c tin g  o n  th e  p a ılld e ,  d e ıe m u n e  V  (o  ° 1 ó 0  ×  1 0
"

C )

pııla ı m n [n ıa ïm d  a ı 1  p o le n \ia ı d rfıe r e n c e  V  a n d  s o p a ra ıo d  b y  o  U is la n o o  o f S  O  rn m  B y

A  pırtıc ıe  o f m a n a  2  0 ,  1 o

-
M  

k g  a n d  c h a t» e  ◆ 2 e  ro m n in s  s m llo n n ry  v ri\h m  ıv ro  p a ra llo ı
E x a m p le  7
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s im ila r to  th a t o f g ra v ita tio n a l fie ld  o n  a  m a s s .

It c a n  b e  s e e n  fro m  th is  e x a m p le  th a t th e  e « e c t o f  e le đ ric  fie ıd  o n  a  c h a rg e d  p a rtic le  is

t
$ in

飞
了

· 上上

V e it ic a ıly

Ų  T T i b  ·

(b ) H o ń z o n ta lly

B e y o n d  th e  p a ra lle l p la te s , th e  e le c tro n  m o v e s  a lo n g  a  s tra ig h t p a th .

'
,  L = ,

'

'

L

(re s t m a s s  o f e le c tro n  m .
-

9 .  1 1 × 1 0
-

3 1  

kg , e le m e n ta ry  c h a rg e  e - 1 .  6 0  × 1 0
- m  

C )
(b ) d e te rm in e  th e  a n g le  th e  e le c tro n  m a k e s  w ith  th e  h o riz o n ta l u p o n  le a v in g  th e  p la te s .

p la te s ,

d e s c rib e  a n d  e x p la in  th e  p a th  ta k e n  b y  th e  e le c tro n  w h ile

s p e e d  o f 7 .  5  × 1 0
8  

m  s
-

.  N e g ıe c tin g  a n y  g ra v ita tio n a l a n d  e d g e  e « e

E x a m p ıe  9  A n  e le c tro n  is  

j  ectd 
h o riz o n ta lly  b e tw e e n  th e  p la te s  in  E x a m p le  8  w ith  a n  in itia l

P H Y S IC S  D E P A R T M E N T

R A F F L E S  IN S T IT U T IO N



P a g e  I 2 1 o f 2 5

f, t, , 
V

'

Fn i n l  Ĺ e J . . .  L

b rin g in g  a  s m a ll te s t c h a  ◆  e fro m  in fin ity  to  th  t o i t

d o n e  p e r u n it p o s itiv e  c h a rg e  b y  a n  e x t e r n a l  fo rc e  in

 T h e  e l ec t r i c p o t e n t i al  a t  a  p o i nt  i s d e f i ne d  a s  t h e  w o r k �

 P r o p e r t y  o f
 an y

 c h
a r g

e . �

 P o s i ti ve  o r  ne g a t i ve ,  d e p e n d s  on  ch a r ge  Q. �

.  P r o p e r t y  o f  a  s y s t e m  o f  c h a r
g

e s .

 P o s i ti ve  o r  n e g a t i ve ,  d e p e n d s .
 o

n  pr od u c t  Qq . �

a t th a t p o in t .

E -

i
1 Q  e le c tric  fo rc e  e x e rte d  p e r u n it p o s itiv e  c h a rg e  p la c e d

(V e c to r) q  

N  c
-

1   

·  T h e  e le c tric  fie ld  s tre n g th  a t a  p o in t is  d e fin e d  a s  th e

F ie ld  S tre n g th  
E  =  

o r   

·  P ro p e rty  o f a n y  c h a rg e .

cfr  

V  m
-

1  
c h a rg e .

E  = - .  P o in ts  a w a y  fro m  p o s itiv e  c h a rg e
, o r  in to  n e g a tiv e

Q u a n t ity  E x p re s s io n  旧国国  R e m a rk s

s u m n iä r y
, æ
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a n  e le c tro n  is  n e g a tiv e ly  c h a rg e d .

 a n y  c h a r g e  q  i s a l wa y s  a n  i nt e g e r  mu l ti pl e o f  e,  i .  e. ,
 e

l ec t ric ch a r ge  ls qu a n t ize d �

\  /  
th e  fu n d a m e n ta l u n it o f e le c tric  c h a rg e  e  is  1 .  6 o .  1 o

"
c

{ N o te  I  w a s  a b ıe  to  p ro v e  th a t

B y re p e a tin g  th e  p ro c e d u re  fo r d iffe re n t o il d ro p le ts  c a rry in g  d iĦe re n t c h a rg e s , R o b e rt M illik a n

T h e  e le c tric  c h a rg e  g  o n  th e  o 11 d ro p ıe t c a n  th e n  b e  fo u n d  b y  m e a s u rin g  V 2   ·

ł1r r  
'

p g  
+  6 m Trv a

- ĝ tr r  
'

p u , g  +  q rE

T h e  p o te n tia l d iffe re n c e  V  c a u s e s  th e  o ıı d ro p le t to  ris e  w ith  a  te rm in a l s p e e d  V z , s u c H  t h a t

V
b e ıw e e n  th e  p la te s  is  E  =  

, 
w h e re  d  is  th e  p la te  s e p a ra tio n .

b e tw e e n  th e  p la te s  u s in g  a  p o te n tio m e te r c irc u it (n o t s h o w n ) .  T h e  e le c tric  fie ld  s tre n g th  E

A  u n ifo rm  e le c tric  fie ld  is  s e t u p  b e tw e e n  p la te s  P  a n d  Q  b y  a d ju s tin g  th e  p o te n tia l d iĦe re n c e  V

F ig .  (c ) : W ith  a n  e le c tric  fie ld , t h e  o il d ro p le t ris e s  w ith  te rm in a l s p e e d  v z ·

.  .  r  
=  J

w h e n  th e  o il d ro p ïe t is  fa llin g  w ith  te rm in a l s p e e d  v t � n r  
a  

p a 19  
=  n r  

a  

p d , 9  +  6r wv ,

S to k e s
'

ıa w  F
,  

=  6 1 n
T

r v , 
w h e r e  v  i s  t h e  t e r m i n a l s

p
e e d  a n d  ?

q  
is  th e  v is c o s ity  o f a ir .

a llo w in g  it to  fa ll w ith  te rm in a ı s p e e d .  T h e  d ra g  fo rc e  F d  a c tin g  o n  th e  o iı d ro p le t is  g iv e n  b y

F irs t  w e  c a n  d e te rm in e  th e  ra d iu s  r  a n d  h e n c e  th e  w e ig h t W  o f a n  o b s e rv e d  o il d ro p le t b y

m ic ro s c o p e .

o th e rs  n e g a tiv e ly .  T h e  d ro p le ts  a re  illu m in a te d  b y  a  lig h t s o u rc e  a n d  o b s e rv e d  u s in g  a

F ń c tio n a l e Ħe c ts  in  th e  a to m iz e r c a u s e d  th e  o il d ro p le ts  to  b e  c h a rg e d  s o m e  p o s itiv e ly  a n d

A n  a to m iz e r is  u s e d  to  p ro d u c e  tin y  o iı d ro p le ts  w h ic h  fa lı th ro u g h  a  h o le  in  th e  u p p e r p ıa te  P .

F ig .  (b ) : W it h o u t  a n  e ıe c t rıc  f ie ıd
, 
th e  o il d ro p ıe t fa lls  w ith  te rm in a ı s p e e d  v \ ·

m e a s u re d .  R o b e rt M illik a n  w a s  a w a rd e d  th e  N o b e l P riz e  in  p h y s ic s  in  1 9 2 3 .

m e a s u rin g  th e  te rm in a ı s p e e d s  o f th e  o il d ro p te t b e tw e e n  th e  p la te s , it s  e le c t r ic  c h a rg e  c a n  b

M illik a n  a n d  H a rv e y  F le tc h e r to  d e te rm in e  th e  e le c tric  c h a rg e  o f
.  
Th e  e le c tro n  in  1 9 0 9 .  B

F ig .  (a ) s h o w s  a  s im p lifie d  s c h e m e  o f th e  M illik a n
'

s  o i l
- d ro p  e x p e rim e n t, ¢irs t u s e d  b y  R o b e

(c ) m g

V 2 舍

( 

◆

D ro p  E x p e r im e n t

'

(A ) M ilik a n
'
s  O i ı

-

k iıik
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T h e  m a ln  fe a tu re s  o f a  c a th o d e  r a y  s s c ıllo s c o p e

= >  V
r

°
, if v l

=
O .

a n d  its  fin a l v e lo c ity  is  m  (v ,

'
_

v

ı

'

) =  Q v

T h e  k in e tic  e n e rg y  it g a in e d  is  A E
x  

=  Q V ,

m  m  m d

'
d iffe re n c e  V  a n d  d is ta n c e  d ,  its  a c c e ıe ra tio n  is  a  =  .  g  : Q  V

W h e n  a  p a rtic le  o f c h a rg e  Q  a n d  m a s s  m  is  a c c e le ra te d  fro m  re s t th ro u g h  a  p o te n tia ı
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H e n c e , 
d e lle c tio n  y  o f th e  e le c tro n s  is  p ro p o rtio n a l to  th e  p .  d .  V  b e tw e e n  th e  p a ra lle l p la te s .

s im ila r tria n g le s , h e n c e

T h e  d e lle c te d  e le c tro n  w ill e v e n tu a lly  s trik e  th e  s c re e n  a t p o in t D .  A O B P  a n d  A O D C  a re

B y u s in g  s
,

- u
,  
t  +  Į a ,  

t
'

, th e  v e rtic a l d is p la c e m e n t o f th e  e le c tro n  is

V

2

th e  h o riz o n ta l g iv e n  b y

lo n g e r e x p e rie n c e s  a n  e le c tro s ta tic  fo rc e  a n d  h e n c e  tra v e ıs  in  a  s tra ig h t ıin e  a t a n  a n g le  Q  tt
w

T h e  e le c tro n  tra v e rs e s  a  p a ra b o lic  p a th  A B .  W h e n  it e m e rg e s  fro m  th e  e le c tric  fie ld , it n o
=

C o n s id e rin g  its  v e rtic a l m o tio n , its  v e rtic a l v e lo c ity  V
y  

a fte r e m e qg in g  fro m  th e  e le c tric  fie ld  is

I =  v t  + O  = >  t
= -

fo r th e  e le c tro n s  to  tra v e rs e  th e  le n g th  o f th e  p la te s  is

H o riz o n ta lly ,  t h e re  is  n o  a c c e le ra tio n , h e n c e  u
.

- v
x .

- v .  U s in g  s
ł

- u
=

t  +
-

a

$

ť  th e  tim e  ta k e n

F
.

- e E - m
.

a .  a  
=

e E

e ıe c tro s ta tic  fo rc e  a c tin g  o n  it) .

n e t fo rc e  a c tin g  o n  th e  e le c tro n  (a s  th e  w e ig h t o f th e  e le c tro n  is  n e g lig ib le  c o m p a re d  to  th e

W ith in  th e  p a ra lle ı p ıa te s , a n  e le c tro n  w ill e x p e rie n c e  a n  u p w a rd  e le c tro s ta tic  fo rc e .  T h is  is  th e

p a ra ıle ı p la te s

D e fle c tio n  b y
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