
s e ıe c tio n  fo r c h a rg e d  p a rtic ıe s .  ţ
(m ) e x p la in  h o w  e ıe c tric  a n d  m a g n e tic  fie ld s  c a n  b e  u s e d  in  v e lo c ity

u n ifo rm  e le c tric  a n d  u n ifo rm  m a g n e tic  fie ıd s .  [  ć ļ y j j a b ū】
(I) d e s c rib e  a n d  a n a ly s e  d e fıe c tio n s  o f b e a m s  f ı m ı e s  b y
(k ) re c a ll a n d  s o lv e  p ro b le m s  u s in g  F  =  

B Q v  s in  6 .  ħ

ü) p re d ic t th e  d ire c tio n  o f th e  fo rc e  o n  a  c h a rg e  m o v in g  in  a  m a g n e tic

th e  d ire c tio n  o f th e  fo rc e s .

(i) e x p la in  th e  fo rc e s  b e tw e e n  c u rre n t- c a rry in g  c o n d u c to rs  a n d  p re d ic t

u s in g  a  c u rre n t b a la n c e .

c o n d u c to r c a n  b e  u s e d  to  m e a s u re  th e  flu x  d e n s ity  o f a  m a g n e tic  fie ıd
(h ) s h o w  a n  u n d e rs ta n d in g  o f h o w  th e  fo rc e  o n  a  c u rre n t -

c a i T yin g

(g ) defl e  m a g n e tic  fıu x  d e n s ity  a n d  th e  te s la .

d ire c tio n s  a s  in te rp re te d  b y  F le m in g
'

s  le ft- h a n d  ru ıe .

(f) re c a ll a n d  s o ıv e  p ro b le m s  u s in g  th e  e q u a tio n  F  =  
B IL s in  Q , w ith

m a g n e tic  fie ld  m ig h t e x p e rie n c e  a  fo rc e .

(e ) s h o w  a n  u n d e rs ta n d in g  th a t a  c u rre n t-

c a r r y in g  c o n d u c to r p ıa c e d  in  a

b e  in fıu e n c e d  b y  th e  p re s e n c e  o f fe iT o u s  c o re .

(d ) s h o w  a n  u n d e rs ta n d in g  th a t th e  m a g n e tic  fie ıd  d u e  to  a  s o le n o id  m a y

ıo n g  s o ıe n o id  re s p e c tiv e ly .

fie ld s  d u e  to
'

c u rre n ts  in  a  lo n g  s tra ig h t w ire , a  fıa t c irc u la r c o il a n d  a

2 tr d  2 r

u s e  B -
, B -

/
ı
o
N l 

a n d  B   ·  
l l o n l fo r th e  fıu x  d e n s itie s  o f th e

(c )

c irc u la r c o iı a n d  a  lo n g  s o le n o id .

(b ) s k e tc h  flu x  p a tte rn s  d u e  to  c u rre n ts  in  a  ıo n g  e tra lg h t w ire , a  Ħa t

p e rm a n e n t m a g n e ts .

o f fo rc e  p ro d u c e d  e ith e r b y  c u rre n t -
c a r r y in g  c o n d u c to ra  o r b y

(a ) s h o w  a n  u n d e rs ta n d in g  th a t a  m a g n e tic  fie ld  ıa  a n  e x a m p le  o f a  fie ıd

C a n d ld a le s  s h o u ıd  b e  a b le  to

回

L o a rn ln g  O u tc o m o 8

 F o r c e  o n  a  m o v i ng  c h a r g e  I No t  In H1  r y l lab u s l �

*  F o r c e  b e tw e e n  c u r r e n t -
c a r r yin g  c o n d u c to rs

 F o r c e  o n  a  currenlarrying co n d u c t or �

*  M a
g

n e t ic  f ie ld s  d u e  I o  c u r r e n ıs

 C o n c e p t  o f  a  m a g n e t i c f i eı d�

Æ n te n t



a re  p ro d u c e d  b y  s ta tic  c h a rq e s .

e x p e rie n c e d  b y  m o v ı n g  西画 a s  o p p o s e d  to  e lė c tń ç  lie ld s , w h ic h

It is  ım p o rta n t to  n o te  th a t m a g n e tic  f ie ld s  a re  p ro d u c e d  a n d

flu x  d e n s ity  is  a

A  m a g n e tic  fie ld  is  a  re g io n  o f  s p a c e  w h e re  a  m a g n e tic  p o le

th e  o th e r .

th e  in te ra c tio n  b e ıw e e n  o n e  m a g n e t a n d  th e  m a g n e tic  fie ld  o f

o  T h e  fo rc e  e x e rte d  b y  o n e  m a g n e t o n  a n o th e r m a g n e t is  d u e  to

A  m a g n e t s e ts  u p  a  m a g n e tic  fie ld  in  its  v ic in ity .

m a g n e t ic  fie ld  m a g n e tic  fie ld .

C o n c e p t o f  a  F o rc e s  b e tw e e n  m a g n e ts  c a n  b e  e x p la in e d  u s in g  th e  c o n c e p t o f a

ņ
th e  m a g n e t a n d  th e  o th e r th e  s o u th  p o ıe .

(v ) T h e  p o le  th a t p o in ts  to w a rd s  th e  n o rth  is  c a lle d  th e  n o rth  p o le  o f

th e  E a rth
'

s  N o rth - S o u th  a x is .

a lig n  s o  th a t th e  lin e  jo in in g  its  p o le s  is  a p p ro x im a te ly  p a ra lle l to

(iv ) W h e n  n o  o th e r m a g n e t is  n e a r , a  * e e ly  s u s p e n d e d  m a g n e t w iıı

(iii) P o ıe s  o c c u r in  e q u a l a n d  o p p o s ite  p a irs  (d ip o le s ) .

Oi) L ik e  p o le s  re p e l e a c h  o th e r
, 

u n lik e  p o le s  a ttra c t .

(i) M a g n e tic  p o le s  a re  o f 2  k in d s  : N o rth  ( N ) o r S o u th  (S )

E x p e rim e n ts  h a v e  s h o w n  th a t

m a g n e t c a lle d  p o le s .

 T h e  m a g
n e t i c p r o p e r t i es  o f  a  m a g n e t  o r i gi na t e  a t  c e r t a i n r e g i on s  i n t h e �

th e  n a m e  o f o n e  o f th ė  lo c a tio n s  th e s e  s to n e s  w e re  fo u n d .

s ite s  m o re  th a n  tw o  th o u s a n d  y e a rs  o ıd .  T h e  te rm
'

m a g n e ť  c o m e s  fro m

m a g n e ts  
· N a t u r a l m a g n e t s  h a v e  b e e n  d is c o v e r e d  f r o m  a n c ie n t  a r c h a e o lo g ic a l

P r o p e rtie s  o f

1 6 .  1 C o n c e rÆ o f a  m B Į ti e t ic  fie ld
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u n ifo rm  fie ld

c «»n s ta n t,  1.  e .  a

1 P ıin e s  B  ıs

 r a f a l lel  t i eı d�

 n

- �

fo rc e  th a t a c ts  o n  th e  n o rth  m a g n e tic  p o le  o f a  m a g n e t .

T h is  is  b e c a u s e  th e  d ire c tio n  o f th e  fie ld  ls  g iv e n  b y  th e  d ire c tio n  o f th e

th e  a rro w s  p o in t a w a y  fro m  th e \N # O ıö  o f  ā  m a g n e t to w a rd  th e  S  iiđ đ

M a g n itu d e  o f ß ,  
\ ıf th  引  Fie ld  is  u n ifo rm , th e  fie ld  lin e s  a re  e v e n ly  s p a c e d ,

 t h e \ nu f nb e r  of  line d  p e r  un i t c r os s - s e c t ion a l  a r ea  l st p r op o r l�m l to t he �

a n d

 t heängentlto a fiel d ıine  at  a p o i nt  gi ve s  the p ırec t loi to f  B at  tha t  po i nt ,�

(a ) B a r m a g n e t 
F ig .  3

F ig .  2

t

P

th e  p la n e  o f th e  p a p e r re s p e c tiv e ıy .

a n d  c ro s s e s , d e p e n d in g  o n  w h e th e r it is  p e rp e n d ic u la rly  p o in tin g  o u t o r in to

F o r a  tw o - d im e n s io n a ı v ie w , m a g n e tic  fie ld s  c a n  b e  re p re s e n te d  b y  d o ts

F lg .  1

(a ) n o n - u n ifo rm  fie ld  (b ) u n ifo rm  fie ld

to g e th e r = >  B  la rg e

1島

F ie ıd  ıin e s  c lo s e  B  s m a ıı

r = Į ı = i

Jp

o f B  a t P

*  D ire c tıo n

回

国

fie ld

o f  a  m a g n e tic

R e p re s e n t a tio n  A  m a g n e tic  fie ld  c a n  b e  re p re s e n te d  b y  fie ld  lin e s  d ra w n  s u c h  th a t
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4

h o riz o n ta l p la n e  a re  a ffe c te d  o n ly  b y  B H  ·

In s tru m e n ts  s u c H  a s  c o m p a s s  n e e d le s  w h o s e  m o tio n  is  c o n fin e d  in  a

m  =
B E ıM  S ir i Æ

IB H  
=  B .  C OF o r m u la

ņ

It is  c o n v e n ie n t to  re s o lv e  ßE a rth  in t o  h o r iz o n t a l a n d  v e r t ic a l c o m p o n e n t s .

a n g le  o f  in c liiTa lio n , a ) » o m  th e  h o riz o n ta l.

A t a lı o th e r p o s itio n s , th e  B E .  rth  is  in c lin e d  a t v a rio u s  a n g le s  (c a lle d  th e

m a g n e tic  fie ld , 
ßE ,  rth , is  a lm o s t h o riz o n ta l.

F ro m  th e  fie ld  p a tte rn , it c a n  b e  s e e n  th a t, n e a r  th e  e q u a to r , th e  E a rth
'

s

g e o g ra p h ic a l

to  th e  s o u th  o f a  b a r m a g n e t) .

N o ıl h  p o le  (b e c a u s e  th e  n o rt h  e n d  o f a  c o m p a s s  n e e d ıe  l8  a ttra c te d

T h e  n o rth  o f a  c o m p a s s  n e e d le  p o in ts  to w a rd s  th e  E a rth
'

8  m a g n e tic

in s id e  th e  c e n tre  o f th e  E a rth .

T h e  fie ıd  p a tte rn  l8  s im ila r to  th a t o f a  b a r m a g n e t e m b e d d e d  d e e p

N o rth  d o e s  n o t c o in c id e  e x a c tly  w ith  th e  m a g n e tic  N o rth .

tiıte d  1 1 
° 

w it h  r e s
p

e c t t o  lt s  r o t a t io n a l a x is .  H e n c e , t h e  g e o g ra p h ic a ı

ıt ls  k n o w n  th a t th e  a x ıs  o f th e  E a rth
'

8  magnuc fie ıd  ls  a p p ro x ım a te ıy

E a rth
'

8  s u r fa c e  a n d  c h a n g e s  g ra d u a ııy  w ith  tim e .

T h e  m a g n itu d e  a n d  d ire c tio n  o f lh ls  fie ld  v a rie s  w llh  p o s itio n  o v e r th e

c a u s e d  b y  e ıe c trlc  c u rre n ts  c lrc u ıa lin g  w ith in  th e  c o re  o f th e  E a rth ,

T h e  E a rth
'

8  m a g n e tic  fie ıd  ıe

'

a  w e a k m a g n e tic  fie ıd  b e lie v e d  to  b e
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n e t ıc .



5

3 \ d l t c \ -
+  d ıJtÀn Ĺ  f \ Qltļ

th e  c u rre n t w h ic h  flo w s  th ro u g h  it .

re la tio n s h ip  b e tw e e n  th e  m a g n e tic  fie ld  o f a  c u rre n t c a rry in g  c o n d u c to r a n d

F o ılo w in g  O e rs te ď s  d is c o v e ry , e x p e rim e n ts  d e d u c e d  th a t th e re  is  a

s u rro u n d s  it c a n  b e  s e e n .

o f th e  m a g n e tic  fle ıd  w h ic h

c a rry in g  c o n d u c to r , th e  p a tte rn

c o m p a s s e s  a ro u n d  th e  c u rre n t-

B y a rra n g in g  a n  a s s o rtm e n t o f

o p p o s ite  d ire c tio n .

n e e d le  w o u ld  d e fle c t in  th e

o f th e  s a m e  c o n d u c to r , th e

W h e n  a lig n e d  o n  th e  o th e r s id e

d e fıe c te d  in  o n e  w a y .

c o n d u c to r , th e  n e e d le  w o u ld  b e

s id e  o f a  c u rre n t- c a rry in g

c o m p a s s  w a s  a lig n e d  o n  o n e

It w a s  fo u n d  th a t w h e n  a

囤

e le c tric  c u rre n t .  H is  f in d in g s  s a w  th e  b irt h  o f  e le c tro m a g n e tis m .

In  1 8 1 9 , H a n s  C h ris tia n  O e rs te d  d is c o v e re d  th e  m a g n e t ic  e ffe c t o f a n
e  le c t ro m a g  n  e t is  m

T h e  b ir th  o f

1 6 .  2  a g n e t ic  f ie ld s  d u e  t o  c u r r e n t s

F ig .  5

x  =  
n e u t r a ı 

p
o in t

a  b a r m a g n e t .

(b ) E ffe c t o f E a rth
'

s  fie ld  o n  th a t o f
h o riz o n ta l p la n e

(a ) E a rth
'

s  ıo c a ı fie ld  in  a

A  4  】

시
亲

回

p o in tin g  N .  T h e  c ro s s e s  in d ic a te  n e u tra l p o ĺn ts  w h e re  th e  re s u lta n t fie ld  is

s h o w s  th e  c o m b in e d  fie ld  d u e  to  th e  E a rth  a n d  a  b a r m a g n e t w ith  its  N  p o le

F ig .  5  (a ) s h o w s  th e  E a rth
'

s  lo c a l fie ld  in  a  h o riz o n ta l p la n e  a n d  F ig ,  5  (b )

lin e s  a re  p a ra lle l
, 

e q u a lly  s p a c e d  a n d  p o in t d u e  n o rth ,

L o c a lly , th e  E a rth
'

s  m a g n e tic  fie ld
'

c a n  b e  c o n s id e re d  a s  a  u n ifo rm  fie ld  ; th e
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I  ·  c u r r e n t  in  t h e  w ir e

w h e re  B   ·  m a g n e t ic  f lu x  d e n s it y

th e  w ire  is  d ire c te d  in to  th e  p a p e r a n d  its  m a g n itu d e  is  g iv e n  b y

p a p e r .  A t th e  p o in t P , th e  m a g n e tic  flu x  d e n s ity  d u e  to  th e  c u rre n t in

F ig .  8  s h o w s  a n  in fin ite ıy  lo n g  s tra ig h t w ire  ıy in g  in  th e  p la n e  o f th e

F ig .  a

It [s  a s s ig n e d  a  v a lu e  o f 4 n  x  1 0
4  

H  m
1

.

» e e  s p a c e  (v a c u u m ) ,

p o   
·  a  c o n s t a n t  k n o w n  a s  t h e  

p
e r m e a b ilit y  

o f

r   ·  
p

e r p e n d ic u la r  d is t a n c e  o f  P  f r o m  w ir e

< - r  +

コ
ー _ _ _ _ . p

F o r m u la

C »  « ı l

F ig .  7  ]
A  o JL  t .  

.

o f p a p e r p a p e r

(b ) C u rre n t o u t 
(c ) C u r

v

e n t in to

F ie ld  lin e

w ire

T o D  v ie w

(a ) S tra ig h t w ire

fie ld .

th e  d ire c tio n  o f th e  c u rre n t - th e  fin g e rs  th e n  p o in t in  th e  d ire c tio n  o f th e

g n p ru le  : G rip  th e  w ire  u s in g  th e  rig h t h a n d  w ith  th e  th u m b  p o in tin g  in

T h e  d ire c tio n  o f th e  fie ld  c a n  b e  d e te rm in e d  u s in g  M a x w e ll
'

s  n ŕg h l- h a n d

m a g n itu d e .

w ire .  T h is  in d ic a te s  th a t th e  m a g n e tic  flu x  d e n s ity  d e c re a s e s  in

T h e  s e p a ra tio n  b e tw e e n  th e  fie ld  lin e s  in c re a s e  w ith  d is ta n c e  fro m  th e

T h e  m a g n e tic  fie ld  ıin e s  a re  c o n c e n tric  c irc le s .

lo n g  s t ra ig h t w ire

to  a n  in f in ite ly  w ire .

M a g n e tic  f ie ld  d u e  F ig .  7  s h o w s  th e  fie ld  p a tte rn  a ro ū n d  a n  in fin ite ıy  lo n g  s tra ig h t c o n d u c tin g
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7

Fıg  9

(a ) fıa t c irc u la r c o iı (b ) s o ıe n o id

T o p  v ie w .

(a ) fla t c irc u la r c o il (b ) s o ıe n o id

ņ

 T h e  m a g n e t i c f i el d i ns i de  a  l on g  s o l en o i d l s u n i fo r m . �

e ffe c t o f m a n y  c irc u ıa r tu rn s .

re g a rd e d  a s  a  c irc u la r c o il.  H e n c e , th e  n e t fie ld  in  a  s o ıe n o id  is  th e

W h e n  th e  tu rn s  o f a  s o le n o id  a re  c lo s e ly  s p a c e d , e a c h c a n  b e

g iv e s  th e  d ire c tio n  o f th e  m a g n e tic  fie ld .

yo u r n n g e rs  p o in tin g  in  th e  d ire c tio n  o f th e  c u rre n t , th e n  y o u r th u m b

fo u n d  u s In g  th e  ń g h t- h a n d  g rip  ru le  G rip  th e  c o ll In  y o u r rig h t h a n d  w ith

c o ıl a n d  s o ıe n o ıd  T h e  d ire c tio n  o f th e  fie ld  lin e s  w ith in  th e  c o ll a n d  th e  s o le n o id  c a n  b e

d u e  to  a  c lrc u ıa r

M a g n e tic  fie ıd s  F lg  9  s h o w s  th e  fie ld  p a tte rn s  d u à  to  a  c lrc u ıa r c o il a n d  a  ıo n g  s o [e n o id



r =  r a d iu s  o f  t h e  c o il

l =  c u r r e n t  in  t h e  c o il

fo rm u la e  lis t .

F o r th e  A - L e v e l E x a m in a tio n , th e  a b o v e  fo rm u la e  a re  p ro v id e d  in  th e

; N o te

2
一

汽 n l .

A t e ith e r e n d  o f a  fin ite  le n g th  s o le n o id , th e  flu x  d e n s ity  o n  th e  a x is  is

B

F ig .  1 1 C r o s s  s e c tıo n  v ıe w  o f  a  S o ıe n o ıd

ın to  p a p e r

c u rre n t fıo w in g

o u t o f p a p e r

c u rr rr e n t flo w iin gg

 e

�

r   ·  r a d iu s  o f  t h e  c o il

İ =  c u r r e n t  in  t h e  c o i l

n   ·  
n u m b e r  o f  t u r n s  p e r u n it le n g th  a f  s o le n o id

m   
·  

p e r m e a b ilit y  o f  f r e e  s p a c e

B  =  
m a

g
n e t ic  fıu x  d e n s ityw h e re

F o ım u la  

B  =  
þ o

n İ

d ire c te d  a lo n g  th e  a x is  a n d  its  m a g n itu d e  is  g iv e n  b y

T h e  m a g n e tic  flu x  d e n s ity  o n  th e  a x is  o f a n  in fin ite ly  lo n g  s o le n o id  is

N   ·  N u m b e r  o f  t u r n s

Jıo 
·  

p e r m e a b ilit y  o f » e e  s p a c e

 m
a g n e t i c fl u x  d e n s i ty �

d ire c te d  in to  th e  p a p e r (b y  th e  rig h t- h a n d  g rip  ru le ) a n d  its  m a g n itu d e  is

c e n tre  o f th e  c o il, th e  m a g n e tic  flu x  d e n s ity  d u e  to  th e  c u rre n t in  th e  c o il is

F ig .  10  s h o w s  a  fla t c irc u la r c o iı ly in g  In  th e  p ıa n e  o f th e  p a p e r .  A t p ,  th e
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F ig .  1 2

F ig .  1 3

e ıe c tric a l c o n ta c ts  in  th e  c irc u it b e in g  c o n tro lıe d .

L - s h a p e d  s o ft iro n  a rm a tu re .  T h is  ro c k s  o n  its  p iv o t a n d  c lo s e s  th e

fıo w s  th ro u g h  th e  c o il, th e  s o ft iro n  c o re  is  m a g n e tiz e d  a n d  a  钛 ra c ts  th e

T h e  s tru c tu re  o f a  re la y  is  s h o w n  in  F ig .  1 3 .  W h e n  th e  c o n tro lıin g  c u rre n t

la m p , e le c tric  b e ıı o r m o to r w h ic h  re q u ire s  a  ıa rg e  c u rre n t .

c u rre n t in  o n e  c irc u it to  c o n tro ı a n o th e r c irc u it c o n ta in in g  a  d e v ic e  s u c H  a s  a

T h is  is  a  s w itc h  w o rk e d  b y  a n  e ıe c tro m a g n e t .  ıt is  u s e fu ı if w e  w a n t a  s m a ıl

R e la y .

fo rc e s  to  lift h e a v y  lo a d s .

e ıe c tro m a g n e t .  Its  s tre n g th  c a n  b e  a d ju s te d  to  e x e rt ıa rg e  m e c h a n ic a ı

A n  iro n  c o re  w ith  a  m a g n e tiz in g  c o il w o u n d  a ro u n d  it is  c a lle d  a n

g n e ıt

 e

�

e ıe c t ro m a g n e t s  tıe c t r o m a g n e t ,  ıts  s tre n g th  c a n  b e  a d ju s te d  to  e x e rt la rg e  m e c h a n ic a ı

U s e s  o f  A n  iro n  c o re  w ith  a  m a g n e tiz in g  c o iı w o u n d  a ro u n d  it is  c a lıe d  a n

th o u s a n d s  tirn e s  th a t d u e  to  th e  c u rre n t a lo n e .

th e  m a g n itu d e  o f th e  re s u lta n t fie ld  c a n  h a v e  a  m a g n itu d e  h u n d re d s  to

th e  s u m  o f th e  fie ıd  d u e  to  th e  c u rre n t a n d  th a t d u e  to  th e  iro n  c o re  s o  th a t

a x is  a n d  th e  b a r is  m a g n e tiz e d  a c c o rd in g ıy .  T h e  re s u ıta n t m a g n e tic  fie ıd  is

c u rre n t p a s s e s  th ro u g h  th e  s o ıe n o id , it p ro d u c e s  a  m a g n e tic  fie ıd  a lo n g  itsc o r e

E ffe c t  o f a  f e rro u s  A  b a r o f iro n  c a n  b e  m a g n e tiz e d  b y  p la c in g  it in s id e  a  s o le n o id .  W h e n  a

S o le n o id s  a n d  e ıe c t ro m a g n e t s
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1 0

1

ch il d

0

k x »n v e n t io n ıı»

r r e n t  

- :

*  t h e n  t h e  t h u m b  g iv e s  t h e  d ir e c t io n  o f  t h e  f o r c e  o r  m o t io n .

 w h i le t h e  s e c o n d  f i ng e r  i s i n t h e  d i re c t i on  o f  th e  c u ı Te n t ,
�

*  th e  f ir s t f in g e r  is  p o in t e d  in  t h e  d ir e c t io n  o f  t h e  f ie ıd

o f th e  łe ft h a n d  a re  p u t m u tu a lły  a t ń g h t - a n g le s
,

F ıe m in g
'

s  L e f t - H a n d  R u ıe .  \ \ s ta te s  th a t if th e  th u m b  a n d  firs t tw o  fin g e rs

T h e  re la tiv e  d ire c tio n s  o f c u rre n t , fie ld  a n d  fo rc e  a re  s u m m a ń z e d  b y

a n d  th e  d ire c tio n  o f th e  m a g n e tic  fie ıd .

T h e  m a g n e tic  fo rc e  is  a lw a y s  p e rp e n d ic u la r to
.  

Th e  d ire c tio n  o f th e  c u rre n t

F ig .  1 4

(a ) T h e
'

k ic k in g  w ire  
'

e x p e rim e n t 
a n d  w ire

(b ) fro n t v ie w  o f m a g n e t

j  ·

P a p e r F o rc e  o n  w ire

ın to  p la n e  o f  B i i a

c u rr e n t  g o ın g

m a g n e tic  f o rc e

D ire c tio n  o f  t h e  A  c u r re n t -
c a r ry in g  c o n d u c to r In  a  m a g n e tıc  fıe ld  e x p e r ie n c e s  a  fo r c e .

16 .  3 m rc e  o n  a  c u r re n t -
c a m  c o n d u c to r
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1 1

园

F  =  
B ï  L

p la c e d  a t rig h t a n g le s  to  th e  fie ld  is  g iv e n  b y

R e - a rra n g in g  e q u a tio n  (1 ) , th e  fo rc e  F  a c tin g  o n  a  w ire  o f ıe n g th  L  w h e n

ıe n g th  o f 1 N  m
-

1  

o n  th e  w ire .

ıo n g  s tra ig h t w ire  c a rry in g  a  c u rre n t o f 1 a m p e re
, 

c a u s e s  a  fo rc e  p e r u n it

O n e m is  th e  u n ifo rm  m a g n e tic  flu x  d e n s ity  w h ic h
, 

a c tin g  n o rm a lly  to  a

w _ 吐o ï  
v

u u n l 门

与
I T  =  

1  N  A

-
1  

m
-

1

w h ic h  is  g iv e n  th e  s p e c ia l n a m e , th e  te s ıa  m .

If F  =  
1 N , I =  

1 A  a n d  L  =  
1  m , th e  S .  I.  u n it fo r flu x  d e n s ity  is  N  A

-
1  

m
'

'

L  =  le n g th  o f w ire

I =  
c u r r e n t  f ıo w in g  t h r o u g h  t h e  w ir e

F  =  
m a

g
n e t ic  fo rc e  a c tin g  o n  th e  w ire

w h e re  B  =  
m a g n e t ic  f lu x  d e n s it y

廿 =

厂
· · · ţ 飞)

F

rig h t a n g ıe s  to  a  u n ifo rm  m a g n e tic  fie ld .

fo rc e  p e r u n it le n g th  o f a  ıo n g  s tra ig h t c o n d u c to r c a rry in g  a  u n it c u rre n t a t

T h e  m a g n e tıc  flu x  d e n s ıt*  o f a  m a g n e tic  fie ld  is  n u m e ric a lly  e q u a l to  th e

T h is  ıe a d s  to  a  d e fin itio n  o f m a g n e tic  flu x  d e n s ity

D e ıFn itio n

d e n s ity  th e  m a g n e t ic  n u x  d e n s ıty  s t r e n g t h  B

m a g n e t ic  fıu x  th e  ıe n g th  L  o f th e  w ire  in  th e  m a g n e tic  fie ld

a n d  d e fin it io n  o f  th e  c u r re n t  ı in  th e  w ire

m a g n e t ic  f o r c e  th a t th e  m a g n itu d e  o f th e  m a g n e tic  fo rc e  F  is  d ire c tly  p ro p o rtio n a ı to

M a g n it u d e  o f  t h e  E x p e rim e n ts  w ith  a  w ire  p la c e d  a t rig h t a n g le s  to  th e  m a g n e tic  fie ld  s h o w
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p ro b e .

d u e  to  th e  s m a N s iz e  o f th e

P ra c tic a l a n d  c o n v e n ie n t

fie ld s .

 C a n  m e a s u r e  v e r y  w
e a k �

s tre n g th .

m a g n e tic  fie ld  o f k n o w n

 R e q u i re s  c a l ibr a t i on  b y  a
�

H a ıı P ro b e

ノ
ト
ー

1 3

p ra c tic a l a n d  p o rta b ıe .

*  A p p a r a t u s  is  b u ık y
.  N o t s o

 U n a b l e t o  m e a s u r e  w e a k  f i el ds . �

a n d  ıe n g th  o f te s t w ire .

D e d u c e s  B  u s in g  fo rc e , c u r r e n t

D o e s  n o t re q u ire  c a lib ra tio n .

C u r re n t B a ıa n c e

b e tw e e n  th e  tw o  d e v ic e s .

s tre n g th  is  th e  H a ıl p ro b e .  T h e  fo llo w in g  ta b le  h ig h lig h ts  s o m e  d iffe re n c e s

A n o th e r d e v ic e  th a t is  m o re  c o m m o n ıy  u s e d  to  m e a s u re  m a g n e tic  fie ld

C u re n t B a ıa n c e

H a ıl P ro b e  v s

1e  a p p ro p ria te  q u a n titie s  k n o w n .

[e n c e , 
th e  m a g n e tic  flu x  d e n s ity  o f a  m a g n e tic  fie ld  c a n  b e  d e te rm in e d  w ith

IL x

B 一

m g )f

=  B Į L x

m g y
- F x

S u m  o f c ıo c k w is e  m o m e n ts  =  S u m  o f a n tic lo c k w is e  m o m e n ts

B y th e  p rin c ip ıe  o f m o m e n ts ,

th e  fra m e  to  its  h o riz o n ta l p o s itio n .

A  m a s s  m  (k n o w n  a s  a  rid e r) is  s u s p e n d e d  o n  th e  rig h t s id e  to  re s to re

o f th e  fra m e  d o w n w a rd s  (F le m in g
'

s  L e ft- H a n d  R u ıe ) .

W h e n  c u rre n t flo w s , a  m a g n e tic  fo rc e  a a s  o n  A D  a n d  p u s h e s  th a t s id e

 W n e n  t h e r e  i s n o  c u r r e n t ,  t he  fram e  is ho r izo n t al .�

ıie s  w ith in  a  m a g n e tic  fie ld  w h o s e  flu x  d e n s ity  B  is  to  b e  d e te rm in e d .

*  T h e  f r a m e  is  a r r a n g e d  s u c H  t h a t  t h e  s id e  A D  o f  t h e  f r a m e  (o f le n g th  L )

fro m  a  d .  c .  s o u r c e  e n te rs  fro m  P  a n d  le a v e s  fro m  Q .

 A  wi re  f r a m e  AB C D  l s b a l an c e d  o n  2  p i vo t s  t h r o u g h  wh i ch  a  c u r r e n t  I�

F ıg .  1 7

* x  i :x

m o m e n ts .

m a g n e tic  n u x  d e n s ity  o f a  m a g n e tic  fie ıd .  It m a k e s  u s e  o f th e  p rin c ip ıe  o f

A  c u rre n t b a ıa n c e  ı8  a n  a rra n g e m e n t th a t c a n  b e  u s e d  to  m e a s u re  th e
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c u r r e n t  b a la n c e

d e n e ıty  u s ın g  t h e

m a g n e tıc  f lu x

M e a s u rın g

田

园



14

m  o to rs .

s h o w n  in  F ig .  19 .  T h is  is  th e  p rin c ip le  b e h in d  m o v in g
- c o il m e te rs  a n d

c o il is  a c te d  u p o n  b y  a  c o u p ıe  d u e  to  th e  m a g n e tic  fo rc e  o n  b o th  s id e s  a s  W

Q R .  T h e  2  fo rc e s  p ro v id e  a  to rq u e  (tu rn in g  e ffe c t) o n  th e  c o iı.  H e n c e , th e  =

U s in g  F le m in g
'

s  L e ft H a n d  R u le , t h e  fo rc e  o n  P S  is  o p p o s ite  to  th e  fo rc e  o n

s id e s  P S  a n d  Q R , w h ic h  a re  a t rig h t a n g ıe s  to  th e  fie ld  ıin e s .

W h e n  a  s te a d y  c u rre n t p a s s e s  th ro u g h  th e  c o iı, a  m a g n e tic  fo rc e  a c ts  o n

F ig .  1 9

F ig .  1 8

a s  s h o w n  in  F ig ,  1 8 .  T h e  p la n e  o f th e  c o il is  p a ra lle l to  th e  fie ld  lin e s .

C o n s id e r a  re c ta n g u la r c o il p la c e d  in  th e  p la n e  o f  a  u n ifo rm  m a g n e tic  f ie ld

T o rq u e  o n  a  c u r r e n t -

c a r r y in g  c o il in  a  m a g n e t ic  f ie ld
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1 5

, , i t w  j c ť ° °  
o f  l w  alf t  t - +.  pr o v ,

' L O l U i n w  m ţ ţ n r

r   · " "

'

p e rp e n d ic u la r to  B .

r  is  z e ro  w h e n  Q   ·  9 0
°

, 
i.  e .  w h e n  th e  p la n e  o f th e  c o il is

to  B .

r  is  m a x im u m  w h e n  0 - O
°

, i.  e .  w h e n  th e  p la n e  o f th e  c o il is  p a ra lle l

w h e re  A  =  
a r e a  o f  th e  c o il =  x y

= lB W M Ø

- N B Jyx  c o s o

.  F x  c o s  e

(o n e  fo rc e )  · (p e rp e n d ic u la r d is ta n c e  b e tw e e n  lin e s  o f a c tio n  o f  fo rc e s )

 T h e  f o r c e s  c o n s t i tu t e  a E  画画國 Pw h o s e  tor qu e  r i s gi ve n  b y �

th e  m a g n e tic  fie ld  a n d  s o  th e  fo rc e  F  re m a in s  c o n s ta n t in  m a g n itu d e .

 W h a t e v e r  t h e  p o s i ti on  o f  t h e  c o i ı, i ts ve r tica l  si de s  ar e at  righ t  an g l es  to�

o p p o s ite  in  d ire c tio n  a n d  e q u a l in  m a g n itu d e , g iv e n  b y  F  =  
N B ly .

 T h e  f o r c e s  o n  t h e  v e r t i ca l  s i de s  ( PS  a n d  Q R ) ,  e a c h  o f  l en g t h y ,  a r e �

ris e  to  a  tu rn in g  e ffe c t b u t s im p ly  d is to rt th e  c o iı.

*  T h e  f o r c e s  o n  t h e  h o ń z o n t a l s id e s  o f  t h e  c o il (P Q  a n d  S R ) d o  n o t g iv e

 W h e n  c u r r e n t  fıow s  i n t h e  c o i l, e a c h  si de  of  the  co i ı ex p e r ien c e s  a for ce . �

(a ) s id e  v ie w  
F ig .  2 0

a n d  v e rtic a l s id e s  a re  o f ıe n g th  x  a n d  y  re s p e c tiv e ly .

m a k e  a n  a n g ıe  Q  to  th e  fie ld .  A s s u m e  th e  c o il h a s  N  tu rn s  a n d  lts  h o riz o n ta l

s u c h  th a t th e  v e rtic a l s id e s  a re  9 0
° 

t o  t h e  f i e ld  w h ile  th e  h o riz o n ta l s id e s

F ig .  2 0  s h o w s  th e  s a m e  c o ll P Q R S  p la c e d  In  a  u n ifo rm  m a g n e tic  fie ld  B

c o ll.

L e t u s  ta k e  a  c ıo s e r lo o k  to  d e te rm in e  a n  e x p re s s io n  fo r th e  to rq u e  o n  a
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1 6

 e

�

· 马勺
仆

:  ( '
L b ì( 0 .  ł3l ( .  S) ( b .  \ l l( 0 .  \\

s o ıu tio n

(a d a p te d  * o m  N 2 0 1 0 / 1 /3 1 )

w h e n  th e  to rq u e  is  z e ro ?

(c ) A t w h a t a n g ıe  d o e s  th e  p la n e  o f th e  c o il m a k e  w ith  th e  m a g n e tic  fie ıd

a n g le  o f 3 0
° 

w it h  t h e  m a
g

n e t ic  fıu x  d e n s ity .

(b ) S ta te , in  te rm s  o f \  th e  to rq u e  o n  th e  c o iı w h e n  its  p la n e  m a k e s  a n

(a ) C a lc u la te  m a x im u m  to rq u e  r o n  th e  c o il

0 .  1 1 m .  T h e  c u rre n t in  th e  c o il is  4 .  5  A .

T h e  le n g th s  o f s id e s  X Y  a n d  Z W  a re  0 .  17  m  a n d  o f s id e s  W X  a n d  Y Z  a re

u n ifo rm  m a g n e tic  fie ld  o f llu x  d e n s ity  0 .  8 3 T .

ın  a n  e ıe c tric  m o to r , 
a re c ta n g u la r c o il W X Y Z  h a s  2 0  tu rn s  a n d  is  in  a
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1 7

F ig .  2 2

fıe ıd  d u e  to  Y  a t X

(b ) D ire c tio n  o f  m a g n e tic

fie ıd  d u e  to  X  a t Y

(a ) D ıre c tio n  o f m a g n e tıc

, 

X

T o p  v ie w

T h e fo rc e p e r u n it le n g th  o n e a c h  w ire is g iv e n b y  
- H

w ire s  a ttra c t o n e  a n o th e r ,

B y N e w to n
'

s  T h ird  L a w
, 
F y . .  Y  a n d  F y . .  x  a r e  e q u a l a n d  o p p o s it e  f o r c e s .  T h e  2

m a g n itu d e  o f

S im iıa rıy , 
th e  m a g n e tic  fo rc e  o n  a  ıe n g th  L  o f X  is  to w a rd s  Y  a n d  h a s  a

F
. . . .   

·  B
.

'
2
L  =  Ĺ  )'2

L

b e  t o w a rd s  X  a n d  h a s  a  m a g n itu d e  o f

U s in g  F le m in g
'

s  L e ft- H a n d  R u le , th e  m a g n e tic  fo rc e  o n  a  le n g th  L  o f Y  w o u ld

A t Y , th e  d ire c tio n  o f th e  fie ld  d u e  to  X  is  p e rp e n d ic u la r to  Y  (s e e  F ig .  2 2  (a )) .

w ire  X  a n d  Y

F ig .  2 1 : F ro n t v ie w  o fĐ �

ı
2 ?r d  d

B
.

-

M  r  \. .  «ıŁn  o u t o f th e  p a g e  a t w ire  Y  g iv e n  b y

' " n 4  i .  ) w  T h e  c u rre n t in  x  p ro d u c e s  a  m a g n e tic  fie ld  d ire c te d  
l l

s a m e  d ire c tio n , s e p a ra te d  b y  a  d is ta n c e  d .

a n d  Y  c a rry in g  c u rre n ts  İ 1 a n d  l2  f lo w in g  in  t h e

C o n s id e r 2  in fin ite ly  lo n g  p a ra lle l v e rtic a l w ire s  X  
X  Y

C u r re n t s  f ıo w in g  in  t h e  s a m e  d ir e c t io n

1 6 .  4  Æ rc e s  b e tw e e n  c u r re n t - c a r n s  c o n d u c t o r s
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日

: ł ł  ·

a t t r a c t io n

1 9

re s u lta n t fo rc e  a c tin g  o n  P ?

W h ic h  a rro w  s h o w s  th e  d ire c tio n  o f th e ,

' '

.

A tl th re e  c u rre n ts  h a v e  th e  s a m e  m a g n itu d e .  D .

.

d ire c te d  o u t o f th e  p a p e r

.

o f th e  p a p e r a n d  w ire  Q  c a rrie s  a  c u rre n t

'p  a n d  R  c a rry  c u rre n ts  d ire c te d  in to  th e  p la n e  

E  B

c o rn e rs  o f a n  e q u ila te ra l tń a n g le  P Q R

T h re e  lo n g  v e rtic a l w ire s  p a s s  th ro u g h  th e  
?
ı

-

国

の

F ig .  2 5

ii) L ik e  c u r re n ts  a ttra c t , u n l i k e  c u r r e n t s

L 2 rrd

F
.

i) th e  fo rc e  p e r u n ıt ıe n g th  o n  e a c h  w ire  ls  g iv e n  b y  th e  e q u a tio n

F o r 2  p a ra lle l c u rre n t- c a rry in g  c o n d u c to rs ,

!u w c lg §į g ņ ,
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e

_

a m

T h ın k  ıs  th e re  a n y  fo rc e  a c tin g  o n  s id e s  A B  a n d  C D ?

 L t+ U ì , �

L \  tu \)

t lr (A  b T W  

(Ç.  O ūk 1o
-

'

t .  & V 0
-

'

) ( nn)[O .  I n)

 h  ţ  °.  Ĥb �

2 o r
대 ㈹

鸟 乜(

c a rry in g  a  c u rre n t l is  g iv e n  b y  B
-

. )

(T h e  flu x  d e n s ity  a t a  p e rp e n d ic u la r  d is ta n c e  r  fro m  a  v e ry  ıo n g  s tra ig h t w ire

(b ) C a lc u la te  th e  re s u lta n t fo rc e  a c tin g  o n  th e  ıo o p .

(
« 
i 

ni) 

A  

B C  

D

(a ) C a lc u la te  th e  m a g n e tic  fie ıd  d u e  to  th e  c u rre n t in  X Y  a lo n g

 ļ l,
 t

tm  t
'" �

& lt w  
a j ť ţ q w

l =  
3 0  c m .

ıo o p  A B C D  c a rrie s  a  c u rre n t o f 2 0  A ,  G iv e n  : a   ·  
1 .  0  c m , b   ·  

8 .  0  c m  a n d

T h e  fig u re  s h o w s  a  ıo n g  w ire  X Y  ċ a rry in g  a  c u rrie n t  o f  3 0  A .  T h e  re c ta n g u la rE x a m p le  4
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2 1

d ire c tio n  o f m o tio n  o f th e  c h a rg e

c u rre n t l8  In  th e  o p p o s ıte  d ire c tio n  a s  th e

n e g a tıv e  , th e  d ire c tio n  o f th e

m o tio n  o f th e  c h a rg e

c u rre n t l8  In  th e  s a m e  d ire c tio n  o f th e

ıt i v e  , th e  d ire c tio n  o f th e

H e n c e , fo r a

c o n s id e rs  th e  d ire c tio n  o f c o n v e n tio n a l c u rre n t .

R e m e m b e r th a t F le m in g
'

s  L e ft- H a n d  R u le

Q  =  
a n g le  th e  v e lo c ity  m a k e s  w ith  th e  fie ıd

v  =  s p e e d  o f  c h a r g e

q
- m a g n it u d e  o f  c h a r g e

B  =  
m a g n e tic  flu x  d e n s ity

w h e re  F  =  fo rc e  a c tin g  o n  a  c u rre n t c a rry in g  c o n d u c to r

q v  E

If th e  v e lo c ity  a n d  fie ld  a re  in c ıin e d  to  e a c h  o th e r b y  a n  a n g ıe  ą  th e n

F - B IL  =  B  Ť L  =  B q  ĹĮ)- B q v

H e n c e , th e  fo rc e  o n  th e  c h a rg e  is  g iv e n  b y

T h e  m o v in g  c h a rg e  c o n s titu te s  a  c u rre n t o f  I  =  7 .国

园

V  =

d is ta n c e  L  in  tim e  t, s o  its  s p e e d  is

A s s u m e  th e  p a rtic le  tra v e ls  a

flu x  d e n s ity  B .

r ig h t -
a n g ıe s  to  a  m a g n e tic  fie ld  o f

m o v in g  a t c o n s ta n t s p e e d  v  a t

C o n s id e r a  p o s itiv e  c h a rg e  9

F ig .  2 6

ď> B  fie ld

fie ld

ın  a  m a g n e tic

c h a rg e d  p a rtic le  s h o u ıd  a ls o  e x p e r ie n c e s  a  fo r c e  In  a  m a g n e tıc  fıe ıd .

F o rc e  o n  a  S in c e  a  c u rre n t c a n  e x p e rie n c e  a  fo rc e  in  a  m a g n e tic  fie ld , a  m o v in g  c h a r g e

1 6 .  5  F o rc e  o n  a  m o v E】 c h a m
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2 2

l\JLt v ļ r û n l q R r \ d

ĝ. : h

g tť ınlĹb 18  F W

v e lo c ity , t h e  c o n d itio n s  a re  m e t fo r c ırc u la r  m o tıo n .

 S i nc e  t h e  f o r c e  i s o f  c o n s t a n t  m a g
n

i tu d e  a n d  l s a ı wa y s  a t  r i gh t  a n g l es  t o  t h e �

m a g n e tic  fie ld  a n d  th e  p a rtic le
'

s  s p e e d  ls  a lw a y s  c o n s ta n t.

 T h i s l mp ı ies  t h a t  n o  e n e r g y  i s g a i ne d  o r  ıos t  b y  t h e  p a r t i cl e m o v i ng  I n t h e �

T h e re fo re  th e  w o rk  d o n e  o n  th e  c h a rg e d  p a rtıc le  la  a ıw a y a  z e ro

s h o w n  in  F ig .  2 8 .

v e ıo c ity ) a n d  th e  d is ta n c e  tra v e lle d  In  th e  d ire c tio n  o f th e  fo rc e  ıs  z e ro , a s

M o tio n

'

m a g n e t ic  f o r c e  F  ls  a lw a y s  p e r p e n d ic u la r  t o  t h e  dire c tio n  o f tra v e l (o r

M o t io n  o f a  c h a B Į】e d  [Ħ ū tlc ıe  ın  a  m M e tic  f ie ld



0

2 3

0 3 1 1 m  ri

ırb

fn ¢u

'士三兀二ふじ心一至， 阜吧
v · ，

;) F ,  e

v

S o lu tio n

c le a rly  th e  d ire c tio n  o f th e  e le c tro n
'

s  p a th , th e  fie ld  a n d  th e  fo rc e .

(ili) S k e tc h  th e  p a th  tra v e lle d  b y  a n  e le c tro n  w ith in  a n d  b e y o n d  th e  fie ld .  In d ic a te

(iİ) C a lc u la te  th e  ra d iu s  o f c u rv a tu re  o f e a c h  e le c tro n
'

s  p a th  w h ile  in  th e  fie ld .

(i) C a ıc u la te  th e  fo rc e  o n  e a c h  e le c tro n  w ith in  th e  fie ld .

e le

(e - 1 .  6 0  × 1 0
-

1 9  

C  : m .
-

9 .  1 1 × 1 0
-

3 1  

kg . )

fie ld  o f 0 .  4 7  m T .  T h e  e le c tro n s  a re  tra v e llin g  a t rig h t a n g le s  to  th e  fie ld .

A  b e a m  o f e le c tro n s  tra v e llin g  w ith  a  v e lo c ity  o f 3 .  2  × 1 0
7  

m  s

-

1  

e n te rs  a  m a g n e ticE x a m p le  5

Oi) a  s te a d y  a x ia t s p e e d  V ir a lo n g  t h e  d ire c tio n  o f  ß .

p e rp e n d ic u la r to  th e  d ire c tio n  o f ß .

(i) a  u n ifo rm  c irc u la r m o tio n  in  w h ic h  it h a s  s p e e d  V J_
in  a  p la n e

M o tio n  o f th e  c h a rg e d  p a rtic le  is  th e  re s u lt o f  s u p e rp o s in g

v l
- v s in  Q

R e s o lv e  v  in to  2  c o m p o n e n ts  : 

v i/
-

V  c o s  O

' " '

p b .  r .  U
-

JL L I \ py  llr d pı

E x p ıa n a tio n

F ig .  2 9 
s id e  v ie w

X  X  X  X  X  X  X

::İ· : q

B  in to  p a g e

O ° 
< đ <  9 0

°

, th e  p a rtic le  w o u ld  d e s c rib e  a  h e lix  (s e e  F ig .  2 9 ).

H e lix  F o r  a  c h a rg e d  p a rtic le  e n te r in g  a  m a g n e tic  f ie ld  a t a n  a n g le  Q s u c h  th a t
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2 4

)

C .  7 H b
- '

m

i) -
l
tt h .  t -

pn v a u  u rin  f , r u

s o ıu tio n

re s t to  a c h ie v e  th is  e n e rg y .

(iv ) th e  p o te n tia ı d iĦe re n c e  th ro u g h  w h ic h  it w o u ld  h a v e  to  b e  a c c e le ra te d  fro m

(iii) its  k in e tic  e n e rg y , a n d

O i) its  p e rio d  o f re v o lu tio n
,

(i) its  s p e e d ,

p a th  o f ra d iu s  0 .  4 5  m .  C a lc u la te

a n g le s  in to  a  u n ifo rm  m a g n e tic  fie ld  o f flu x  d e n s ity  1 .  2  T .  ıt tra v e ls  in  a  c irc u la r

A n  a - p a rtic le , o f m a s s  6 ,  7 × 1 0
-

2  7 .  Kg  
·  

a n d  c h a rg e  + 2 e , w a s  in je c te d  a t rig h tE x a m p le  6
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2 5

ど

日

th e  a p p e n d ix .

m a g n e tic  fie ld s  h a s  m a n y  a p p lic a tio n s  a n d  s o m e  o f th e s e  a re  d is c u s e d  in

T h e  c o n c e p t o f c h a rg e d  p a rtic ıe s  m o v in g  th ro u g h  c o m b in e d  e ıe c tric  a n d

H e n c e  o n ly  p a rtic ıe s  h a v in g  th is  s p e e d  v  w ilı p a s s  th ro u g h  u n d e fle c te d .

u n d e fıe c te d  

B g v  =  g E  \  tw t w .  N L   
· 

0

P a rtic le s  w h o s e  v e ıo c itie s  a re  s u c h  th a t F .
- F .  w ilı p a s s  t h r o u g h

-

ĘËI I I í ū  ◆ m l【a e fıe c t d o w n w a rd ]

W ó i >  Ę il * .  

TıĒ  p á rtic ıe  W ilı d e fıe ċ t w M B

s m a ll c o m p a re d  to  F .  a n d  F .  a n d  h e n c e  c a n  b e  ig n o r e d .  ]
[N o te  th a t th e  g ra v ita tio n a ı fo rc e  a c tin g  o n  s u c h  c h a rg e d  p a rtic ıe s  is  v e ry

fo rc e  F .
-

q E  (s e e  F ig .  3 1 (b )).

ıt e x p e rie n c e s  a n  u p w a rd  m a g n e tic  fo rc e  F .
-

B
q

v  a n d  a  d o w n w a r d  e le c t r ic

3 0 ( a .

fie ld s  a re  a p p lie d , w ith  its  v e lo c ity  v  p e rp e n d ic u la r to  b o th  fie ld s  (s e e  F ig .

S u p p o s e  a  p o s itiv e  c h a rg e  +
q  e n te rs  th e  re g io n  w h e r e  th e  tw o  c ro s s e d

F ig .  3 0

(a ) (b )

o p p o s ite  d ire c tio n s .

s u c H  th a t th e  e le c tric  fo rc e  a n d  th e  m a g n e tic  fo rc e  o n  th e  p a rtic le  a c t in

T h e  tw o  fie ld s  a re  a p p lie d  p e rp e n d ic u la r to  e a c h  o th e r in  a n  o rie n ta tio n

v e lo c ity  to  p a s s  th ro u g h  u n d e fle c te d .

o v e r th e  s a m e  re g io n , a llo w in g  o n ly  c h a rg e d  p a rtic le s  o f a  p a rtic u la r

A  v e lo c ity  s e le c to r c o n s is ts  o f a  m a g n e tic  fie ld  a n d  a n  e le c tric  fie id  a p p lie dV e ıo c ity  s e le c to r

a n d  m a M Æic  f ie ld s .

A p p ıic a t io n s  in v o lv in g  m o t io n  o f  c h a rg e d  p a r tic le s  in  u n ifo rm  e ıe c t ric
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2 6

e

ii) +¢n  iN » w c ł v i \ \  Jþu ı « f h .  

T a i ! h f \ l  

Y  
レ o  .

\  \  iıN  N l u M a rJ  f o n ı o "  1  
F°ĻN q

.

Ų  
P \ m  ţ .  \ ł 

H Ļ  d ° U N r J a  \ l  t  «ıt q l  { l u
'fo m  ţ t  iJ 

V  
忉  a h Ju   

。

ļ  ) ;) Į  
t * t  

\ cL  Ų4IuFUJ

d -) 輒批 내 軍 lı¢ F 轵  
J t- ı

'

一  行 
む

'

卜
姓 \ · 。

ö o ıu t io n

(ii) c h a rg e  + g  a n d  s p e e d  2 v .

«i) c h a rg e -

qr a n d  s p e e d  v
,

th e  fie ld s  if th e  p a rtic ıe  h a s

(b ) S ta te  a n d  e x p la in  th e  e ffe c t, if a n y , o n  a  p a rtic le  e n te rin g  th e  re g io n  o f

e le c tric  fie ld .

(a ) O n  th e  fig u re  a b o v e , m a r k , w ith  a n  a rro w  la b e lle d  Ę  th e  d ire c tio n  o f th e

th a t th e  p a rtic le  p a s s e s  th ro u g h  u n d e fle c te d .

A  u n ifo rm  e le c tric  fie ld  is  a p p lie d  in  th e  s a m e  re g io n  a s  th e  m a g n e tic  fie ld  s o

d u t o   ·  r r  \  r , t u .

【 į į į į ļ
' "  · ' " '" . .

ロー 今

p a rtic le  
p ıa n e  o f p a p e r

re g io n  o f u n ifo rm

th e
.  

M a g n e tic  fie ld .

th e  p la n e  o f th e  p a p e r .  T h e  p a rtic le  is  tra v e llin g  w ith  v e lo c ity  v  a t rig h t a n g le s  to

A  p a rtic le  o f c h a rg e  + q  e n te rin g  a  u n ifo rm  m a g n e tic  fie ld  B  th a t is  d ire c te d  in to
E x a m p le  7
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2 7

E  

B

B e v  = e E

th e  b e a m  p a s s e s  th ro u g h  u n d e fıe c te d .  H e n c e
,

s h o w n  in  F ig .  3 1 a n d  th e  m a g n itu d e s  o f th e  tw o  fie ld s  a re  a cıju s te d  s o  th a t

A  u n ifo rm  m a g n e tic  fie ld  B  is  a p p ıie d  p e rp e n d ic u la r to  th e  e le c tric  fie ıd  a s

th u s  c re a tin g  a n  e le c tric  fie ıd  E  b e tw e e n  th e  p la te s .

tw o  p a ra lle l p la te s  Y 1 a n d  Y 2 .  Y 1 is  h e ld  a t a  p o te n tia ı + y w ith  re s p e c t to  Y 2 ,

ıu m in o u s  tra c e  w h e n  it h its  a  v e rtic a l flu o re s c e n t s c re e n  s u p p o rte d  b e tw e e n

T h e  b e a m  o f e le c tro n s  e m e rg in g  fro m  th e  a n o d e  p ro d u c e s  a  n a rro w

w h e re  e  a n d  m e  a re  t h e  c h a rg e  a n d  t h e  m a s s  o f  a n  e ıe c t r o n  r e s p e c t iv e ıy .

'

マm
e

' " ' " "
\ = l J

{ 1 \v
一 乒妇八厂

m
e
v  

2
_

e  V

G a in  in  K .  E .  o f e a c h  e le c tro n - L o s s  in  P .  E .  o f th e  e ıe c tro n

s h o w n  b e lo w

c a th o d e , th e y  w iıl le a v e  th e  a n o d e  w ith  a  s p e e d  v  w h ic h  c a n  b e  fo u n d  a s

A s s u m in g  th a t th e  e ıe c tro n s  a re  e m itte d  w ith  n e g ıig ib ıe  s p e e d  fro m  th e

to w a rd s  a n  a n o d e  h e ıd  a t a  p o te n tia l +  V  w ith  re s p e c t to  th e  c a th o d e .

E le c tro n s  p ro d u c e d  b y  th e  h o t c a th o d e  a re  a c c e le ra te d  in  a  v a c u u m

0  

0

l

p a p e r

a p p ıie d  in to  th e

m a g n e tic  fie ld

h o t a n o d e  

re g io n  o f
c a th o d e

0  V o

1 ı ı ı ı ıı ı l ł

l 
ı(/

'

flu o re s c e n t s c re e n

e v a c u a te d  tu b e
'

F ıg .  3 1

◆ V  O

o f a n  e ıe c tro n .  ıt ls  s im ila r ın  p rin c ip le  to  1 .  J .  T h o m s o n
'

s  e x p e rim e n t ,

18 9 7 .  F lg ,  3 1 s h o w s  th e  s e t- u p  o f a n  e x p e rim e n t to  fin d  th e  s p e c ific  c h a rg e

m e a s u re m e n t o f th e  s p e c ific  c h a rg e  o f c a th o d e  ra y s  b y  J .  J .  T h o m s o n  in

A n  e x p e rim e n t s ig n ific a n t to  th e  d is c o v e ry  o f th e  e le c tro n  is  th e

m

e le c tro n s  specific c h a rg e  = !
s p e c ific  c h a rg e  o f

D e te rm in a tio n  o f  T h e  s p e c ific  c h a rg e  o f a  p a rtic le   
· is  th e  ra tio  o f its  c h a rg e  to  its  m a s s
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2 8

q

s in c e  ß\ , ß2  
a n d  E  a r e  c o n s t a n t , r  o c  

T

r  =  

m
-

m
m v  m E

― ―
. 8 月V

m v

8 2 ,

E  

ą

S in c e  th e  io n s  e x p e rie n c e  a  c e n trip e ta l fo rc e  d u e  to  th e  m a g n e tic  fo rc e  in
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