
\k K ıı h  m n c  f i  w ı\ k in  ılh  ; l b l d d  t o n * w L \ ū r

o n  th e  te rm in a ı p o te n tia ı d iffe re n c e  a n d  o u tp u t p o w e r .

(k) s h o w  a n  u n d e rs ta n d in g  o f th e  e ffe c ts  o f  th e  in te m a ı re s is ta n c e  o f a  s o u rc e  o f e .  m .  f.

e n e rg y  c o n s id e ra tio n s .

ü) d is tin g u is h  b e tw e e n  e le c tro m o tiv e  fo rc e  (e .  m .  f.) a n d  p o te n tia ı d ilfe re n c e  (p .  d . ) u s in g

«i) re c a ıı a n d  s o ıv e  p ro b ıe m s  u s in g  R -
p

l  /  A .

(h ) s k e tc h  th e  re s is ta n c e - te m p e ra tu re  c h a ra c te ń s tic  o f a n  N T C  th e rm is to r .

c o e ffic ie n t (N T C » th e rm is to r .

o h m ic  re s is to r ,  a  s e m ic o n d u c t o r  d io d e ,  a  f i l a m e n t  ıa m p  a n d  a  n e g a tiv e  te m p e ra tu re

f9 ) s k e tc h  a n d  e x p ıa in  th e  1- V  c h a ra c te ris tic s  o f  v a ń o u s  e ıe c tric a l c o m p o n e n ts  s u c h  a s  a n

(f) re c a ıı a n d  s o b e  p ro b ıe m s  u s in g  th e  e q u a tio n  V  ·  I R .

(e ) re c a ıı a n d  s o ıv e  p ro b ıe m s  u s in g  th e  e q u a tio n  P .  ıV ,  P - I

Z

R  a n d  P  ·  V
Z  

/  R .

(d ) re c a ll a n d  s o b e  p ro b le m s  u s in g  th e  e q u a tio n  V - W / Q .

(c ) 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  Q  =  l t .

th e  n u m b e r d e n s ity  o f c h a rg e  c a rrie rs  a n d  V  is  th e  d rift v e k x tity .

(b ) d e riv e  a n d  u s e  th e  � q u a ü o n  I  =  n A  v
g  

f o r  a  c u ıT e n t m r r
y

i n
g  

c o n d u c t o r , w h e r e  n  l8

(a ) s h o w  a n  u n d e rs ta n d in g  th a t e le c tric  c u rre n t ıs  th e  ra te  o f fıo w  o f c h a rg e ,

C a n d id a te s  s h o u ıd  b e  a b ıe  to

o u tc o m e s

Learning
e

 S o u r c e s  o f  eı ec t r o m o t ıve  f o r c e �

 R e a l at a n c e  a n d  r e ı ı ıd v ı ty �
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u n it tim e .

a v e ra g e  e le c trıc  c u rr e n t  ıı*ı ıs  e q u a l t o  t h e  n e t c h a r g e s  t h a t  p a s s  t h ro u g h  t h e  a re a  p e r

If a Q  ls  th e  a m o u n t o f c h a rg e  p a s s in g  th ro u g h  th is  s u rfa c e  in  a  tim e  in te rv a l A t, t h e

冒
ー

ミノニ4 自
.

b e lo w .  (T h is  a re a  A  c o u ıd  b e  th e  c ro s s  s e c tio n a l a re a  o f a  w ire , f o r  e x a m
p

le .)

S u p p o s e  c h a rg e s  a re  m o v in g  p e  中  e n d ic u la r to  a  s u rfa c e  o f  a re a  A  a s  s h o w n  in  th e  fig u re

P a g e  P a g e  2 o f 2 4

İ  =  ı j'ı
'

a t d r 
(2 )

a s  th e  d iĦe re n tia l lim it o f a v e ra g e  c u rre n t .

If th e  ra te  a t w h ic h  c h a rg e s  flo w  v a rie s  w ith  tim e , t h e  ın s ta n t a n e o u s  c u rr e n t  1  is  d e fin e d

łiliĦ

LL  
" " m rm M  is  d e fin e d  a s  th e  t a te  o f  fıo w  o f  c t e

a n d  ıt s  U n it

c u r r e n t  ı

E le c t r ic  W n e n e v e r  c h a rg e d  p a rtic le s  m o v e ,  a n  e l e c t r i c  c u r r e n t  is  s a id  to  e x is t .

1 4 .  2  E ıe c t r ic  C u r r e n t  1  &  C h a r g e  a

e le c tric n ı c irc u it .

te rm in a l.  T o  a n a ıy s e  s u c H  a  c ıo s e d  c irc u it,  w e  s h a ll n o w  ıo o k  a t th ę  d iffe re n t p a rts  o f th e  r
s o u rc e  o f e .  m .  f.  To  o n e  o r  m o re  d e v ic e s , l ik e  a  r e s is t o r , a n d  th e n  b a c k  to  th e  o th e r

p ro v id e d  b y  th e  c o n n e c tin g  w ire s , fo r e le c tric a l c h a rg e s  to  flo w  n o m  o n e  te rm in a l o f th e

T h e  fig u re  a b o v e  s h o w s  a  c lo s e d  e le c tric a ı c irc u it .  T h e re  is  a  c o n tin u o u s  c o n d u c tin g  p a th ,

C o n d u c to r o f re s is ta n c e  R

C irc u it  

ı

E ıe c tric a ı

1 4 .  1  ın t r o d u c t io n

p H Y S ıC S  D  E P A R T M E N T
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ł ł

P a g e  P a g e a o f 2 4

(b ) H o w  lo n g  d o e s  it ta k e  fo r 1 .  0 0  C  o f c h a rg e  to  p a s s  th ro u g h  th e  c a lc u la to ľ ?

it in  a  s e c o n d ?  (c h a rg e  o f a n  e le c tro n ,  e
-

1 .  6 0  × 1 0
-

1 9  C )

E x a m p le  1  (a ) If a  c u rre n t o f 0 .  3 2 0  m A  flo w s  th ro u g h  a  c a lc u la to r ,  h o w  m a n y  e le c tro n s  p a s s  th ro u g h

(本)Q  =  lİ  d t

If th e  c u rre n t fıo w  is  n o t c o n s ta n t , fro m  e q u a tio n  (2 ) ,ņ

l o n e  s e c o n d  w h e n  th e re  is  a  c o n s ta n t c u rre n t o f o n e  a m p e re ( 1 c - 1 A s  )  ·
D el i 

O n e  c o u ıo m b  is  d e fin e d  a s  t h e  a m o u n t o f  e le c t ric  c h a rg e s  t h a t p a s s e s  t h r o u g h  a  p o in t in

T h e  S .  ı.  u n it fo r e le c tric  c h a rg e  is  th e  c o u lo m b , C .

-
0 .  Ų ¢

Q  =  ï t  
ľ

'

p a s s in g  th ro u g h  it is  g iv e n  b y

/ 
th ro u g h  a  c ro s s -

s e c tio n  o f  a  c o n d u c to r fo r a  d u ra tio n  t,  th e  a m o u n t o f e le c t ric  c h a rg e  Q

ıts  U n it  e x p e rie n c e  a  fo rc e  w h e n  p la c e d  in  a n  e ıe c tric  fie ıd .  W n e n  a  c o n s ta n t c u rre n t I  n o w s

C h a rg e  Q  a n d  E ıe c tric  c h a rg e  is  a  fu n d a m e n ta l p ro p e rty  o f  m a tte r  w h ic h  c a u s e s  a  c h a rg e d  o b je đ  to

T h e  S .  I.  u n it fo r c u rre n t is  th e  a m p e re , A  (it is  o n e  o f th e  s e v e n  b a s e  u n its ) .

C k r n 1  A
w  1  · 

f lo .  * l  d q e  ◆ n a¢

L r r u u  4° f  \ o " "

rr b l  · Ħ

o u ı, \h  t Ħl



P a g e  P a g e 4 o f 2 4

g a p s .

a v a ila b le  fo r e le c tric a l c o n d u c tio n  d u e  to  la rg e  b a n d -

s u ffic ie n t e n e rg y  to  b e  n e e ď , a n d  t h e y a re  n o t

gıa s s  s e m ic o n d u c to rs , t h e s e  e le c t r o n s  c a n n o t  a c
q

u i r e  
q w

p o rc e la in ,  in s u ıa to r a re  In v o lv e d  ın  fo rm in g  c o v a le n t b o n d s .  u n lik e  眉 目 匕

In s u la to rs  n o n e  ru b b e r , A lı e le c t r o n s  in  t h e  o u t e r  s h e ll o f  t h e  a t o m s  o f  a n

c o n d u c tio n .

s o lu tio n  a n d  th e y  a re  m o b ile .  H e n c e ,  t h e y  c o n trib u te  to  e ıe c tric a l

c h ıo rid e  T h e s e  io n s  a re  e ith e r p o s itiv e ly  o r n e g a tiv e ly  c h a rg e d ,

s o d iu m  S o m e  s a lts  d is s o c ia te  in to  io n s  w h e n  d is s o ıv e  in  w a te r .E le c tr o ıy te s  io n s

m o v in g  in  th e  o p p o s ite  d ire c tio n  to  th e  e le c tro n - n o w .

s e e m  to  b e h a v e  lik e  p o s itiv e ly  c h a rg e d  p a rtic le s ,

h o le s  fro m  w h e re  th e y  c o m e  fro m .  ın  th is  w a y ,  t h e  h o le s

n e ig h b o u rin g  e le c tro n s  c a n  m o v e  to  fill th e m  a n d  le a v e

T h e s e  e le c tro n s  le a v e  b e h in d  h o le s  in  th e  a to m s  w h e re

e n e rg y  to  le a v e  th e  a to m s  to  b e c o m e
"

f r e e

"

e le c t r o n s .

ro o m  te m p e ra tu re , t h e s e  e le c tro n s  m a y  h a v e  s u f fic ie n t

c o n tl tıc to r s  h o le s  s ilic o n  a m o n g  n e ig h b o u rin g  a to m s  to  fo rm  c o v a le n t b o n d s , a t

S e m i e le c tro n s  a n d  g e rm a n iu m , A lth o u g h  a ll fo u r e le c tro n s  in  th e  o u te r  s h e ll a re  s h a re d

s ilv e r , * o m  its  o u te r s h e ll to  fo rm  th e  b o n d  n e c e s s a ry  to  h o ld

E a c h  a to m  o f th e  m e ta t s u p p lie s  o n e  o r m o re  e ıe c tro n sM e ttta '''"

国画囲国曝狸

M a te ria l C h a rg e  e a rn e rs  E x a m p le s  R e m a rk s

T h e  ta b ıe  b e lo w  s h o w s  e x a m p ıe s  o f th e  c h a rg e  c a rrie rs  in  d iffe re n t m a te ria ls .

p a rtic le  «re g a rd le s s  o f s ig n ) a s  a  m o b ile  c h a rg e  c a i 了 ie r .

p o s itiv e  a n d  n e g a tiv e ıy  c h a rg e d  p a rtic le s .  It is  c o m m o n  to  re fe r to  a  m o v in g  c h a rg e d

In  s o m e  c a s e s -

s u c h a s  g a s e s  a n d  e ıe c tro ly te s - th e  c u rre n t is  th e  re s u ıt o f  b o th

theırection o f th e  c u lT e n t ls  o p p o s ite  to  th e  d ire c tio n  o f fıo w  o f eıectro .

In  m e ta ls ,  t h e  c u ıT e n t re s u ıts  * o m  th e  m o tio n  o f n e g a tiv e ıy  c h a rg e d  e ıe c tro n s .  T h e re fo re ,

C a r r ie r s  d in e r  fo r  d iffe re n t c o n d u c to r s .

C h a rg e  c h a rg e s ,   r e
g

a r d l e s s  o f  t h e  a c t u a l c h a r
g

e d  
p

a r tic le s  In  m o tio n .  T h e  c h a rg e d  p a r tic le s  m a y

T y p e s  o f B y  c o n v e n tio n , t h e  d i r e c t io n  o f  c u r r e n t  i s  d e f i n e d  a s  t h e  d i r e c t i o n  o f th e  flo w  o f p o s itiv e

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

R A F  F L E S  I N S T IT U T ıO N
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◆ W  
· 

q  \ *u  F  
· t t  r t w

æ l w ï

p o te n tia l.

h ig h e r p o te n tia ı to  a  ıo w e r p o te n tia l s in c e  th e  e ıe c tric  Ħe ld  is  d ire c te d  to w a rd s  lo w e r

c u rre n t w o u ld  b e  th e  s a m e  a s  th e  m o tio n  o f p o s itiv e  c h a rg æ c a rrie rs , w hic h  m o v e  fro m  a

c o n d u c to r, c a u s in g th e m  to  m o v e  a n d  th e re fo re  c re a tin g  a  c u rre n t .  T h e  d ire c tio n  o f th e

a n d  ıts  U n it th e  c o n d u c to r .  T h e  e le c tric  fie ld  e x e rts  a  fo rc e  o n  th e  fre e  c h a rg æ c a rrie rs  in  th e

D iffe re n c e  V  p g !ę n !ia !.  T h e  b a tte ry  s e ts  u p  a p o te n d b ı
'

c rlĦe r e n c ¢ a n d  h e n c e  a n  e le c tric  fie ld  a c ro s s

p o te n tia ı ıf a  c o n d u c to r is  c o n n e d e d  to  į  a ll p o in ts  o n  th e  c o n d u c to r a re  ņ g ţ  p L ţ e  s a M e

1 4 .  3  P o t e n t ia ı D if fe r e n c e  V

T im e  in te rv a l A t A t

I  =  

T o ta l c h a rg e  th ro u g h A  in  A t
.  

N A  V
D  q A t 

4 1i4
'

ťif gı.

n A v o q d .  T h e  c u rre n t is  th e n  g iv e n  b y

c h a rg e  c a rrie d  b y  e a c h  c h a r g r r i e r  is  g , th e  to ta l c h a rg e  p a s s in g  th ro u g h  A  in  t  is

T h e  n u m b e r o f c h a rg e -

c a r  

v  

ie rs  p a s s in g  th ro u g h  A  in  t  is  th u s  n A v o f .  G iv e n  th a t th e

(th e  s h a d e d  c y ıin d e r) w ill p a s s  th ro u g h  A .  T h e  v o lu m e  o f  th e  s h a d e d  c y lin d e r is  A v o d .

to  th e  rig h t .  T h u s , in  t , c h a rg e s  w ith in  a  d is ta n c e  o f v b t  to  th e  le ft o f th e  c r o s s e c t i o n  A

ın  a  tim e  in te rv a l t , e a c h  c h a rg æ c a iT ie r (a s s u m e d  to  b e  p o s itiv e ) m o v e s  a  d is ta n c e  v b t

II

-

= ı l=

V o t

c u rre n t I  is  n o w in g  to  th e  rig h t .

c u rre n t n o w ) a n d  n  c h a rg e - c a rrie rs  p e r u n lt v o ıu m e  杯葛
'

c a lıe d  th e  iiû in b iiir
.

'

Deine .  A

C o n s id e r a  c o n d u c to r w ith  c r o s s e c t i o n a l  a re a  A  (p e rp e n d ic u la r to  th e  d ire c tio n  o f

C u r re n t  ı ( v b ) .

v o  a n d  E ıe c t r ic  m o v e  w it h  a n  a v e ra g e  v e lo c it y  o n  t h e  o r d e r  o f  1 0
4  

m  s
-

1

.  T h is  is  c a lle d  d r ift v e ló c ity

D ń ft V e lo c ity  W n e n  th e re  is  a n  e ıe c tń c  c u rrie n t  in  a  c o n d u ċ to r ,  th e  fre e  c h a rg e - c a rrie rs  in  th e  c o n d u c to r

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

R A F F L E S  I N S T IT U T ıO N



P Į ņ t ï n l 
=

_ t
4 .  * O V

r.  *  

t u q * \
.

ł

'

0  
y t \ o v

M t m N a k ñ oin \ r
y  

X  q A 1 \ r t  : : h f \ n ik  H J  \ $l m u

P a g e  I P a g e  6 o f

=  2 4 3  V

3 7 0 0
◆
(1o 0 0) (900 )

V -

ï i t ų o V

W - Q V  (6 )

e le c tric a l e n e rg y  c o n v e rte d  to  o th e r fo rm s  in  th a t p a rt o f th e  c irc u it is  g iv e n  b y  
=

If a  c h a rg e  Q  flo w s  in  a  p a rt o f a  c irc u it a c ro s s  w h ic h  th e re  is  a  p o te n tia l d iĦe re n c e  V  th e

ü o m  o n e  p o in t to  th e  o th e r ( 1 V  =  1 1 C
-

'

).

D e ıin it fo n  L  e le c tric a l e n e rg y  is  c o n v e rte d  to  o th e r fo rm s  o f  e n e rg Y  a s  o n e  c o u ïo m b  o f c h a rg e  p a s s e s

1 0 n e  v o ıt is  th e  p o te n tia l d iĦe re n c e  b e tw e e n  tw o  p o in ts  in  a  c irc u it w h e n  o n e  jo u le  o f

T h e  S .  ı.  u n it fo r p o te n tia ı d iffe re n c e  is  th e  v o ıt , V .

Q  =  
n e t  a m o u n t  o f  c h a r

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

p
o in t  t o  t h e  o t h e r  in  C

ł  \ 
N

W w h e re  W =  
e ıe c t r ic a ı e n e r

g y  c o n v e r t e d  t o  o t h e r  f o r m s  o f  e n e r g y  
in  J

fp C m  
itm

l  in , d  t
- V

- ( )

H e n c e , t h e  p o te n tia ı d iĦe re n c e  b e tw e e n  tw o
.  

p o in ts  ın  a  c ır c u it  is  g iv e n  b y

P H Y S IC S  D E P A R T M E N T
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e le c t r ic a l e n e rg y  to  o th e r fo rm s  I fo rm s  to  e le c tric a ı e n e rg y

W is  th e  e n e rg y  c o n v e rte d  f ro m  I W is  th e  e n e rg y  c o n v e rte d  fr o m  o t h e r

v  =  E -

i
W  W

p .  u .  =  e ı ı ıı

C o m p a ń n g  p .  d .  V a c r o s s  a n  e x te m a ı ıo a d  e .  m .  f.  E  o f  a  s o u rc e

in to  e ıe c tric a ı e n e rg y  w ith  e v e ry  c o u ıo m b  o f c h a rg e  th e  b a tte ry  d riv e s  th ro u g h  th e  c irc u it.

A s  a n  e x a m p le ,  fo r a  b a tte ry  w ith  a n  e .  m .  f.  o f 1 .  5  V , 1 .  5 1  o f  c h e m ic a l e n e rg y  is  c o n v e rte d

It is  im p o rta n t to  n o te  th a t e .  m .  f.  Is  n o t  a  fo rc e  a s  th e  n a m e  m a y  s u g g e s t .

T h e  S .  I.  u n it fo r e .  m .  f.  Is  a ls o  th e  v o ı\  V .

  ·  -( 7)�

ın  e q u a tio n  fo rm ,

ų o !ţ Ę .  
rg ę ,  

th a ! is  c o n y ę R  m ,  
« hæ  Tg m § ,  Q t r g v  to  d riv e  c h a rg e s  a ro u n d  a

r
- -

-
- -

ı 
T h e  e le c tro m o tiv e  fo rc e  o f  a  s o u rc e  ls  d e f i n e d  a s  th e  a m o u n t o f  a įæ ! .  E n e ! g e r

a s  b a lle rie s , g
e n e r a t o r s , s o la r c e lls  a n d  fu e l c e lıs ) .

e le c tric a l e n e rg y  is  c o n v e rte d  fro m  c h e m ic a l, m e c h a n ic a ı o r  o t h e r fo rm s  o f e n e rg y  (s u c h

S o u rc e s  o f e .  m .  f.  A r e  a n y  d e v ic e s  w h ic h  c a n  b e  lik e n e d  to  a
"

c h a r g e  p u m p
"

ïn  w h ic h

c o n s ta n t n o w  o f e le c tric  c u rre n t , a  s o u r c e  o f e le c tro m o tiv e  fo rc e  (e .  m .  f.) is  n e e d e d .

ıts  U n ıt e n e rg y  is  c o n tin u o u s ly  d is s ip a te d  a s  h e a t o r o th e r fo rm s  o f e n e rg y .  In  o rd e r to  s u s ta in  th ls

E .  m .  f.  E a n d

'

W h e n  a n  e le c tric  c u rre n t ıs  flo w in g  th ro u g h  c o n d u c t o  ın  a  c lo s e d  c irc u it, e ıe c tric a ı

1 4 .  4  E le c t r o m o t iv e  F o r c e  (e .  m .  f . ) E

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

V

(吕)

In  e q u a tio n  fo rm ,  e l e c t r i c a l  r e s is t a n c e  i a  g iy e n  b y  
ī' ·

, l t ı H 4  C o n ¢\ m J  r .  R L  t lM  m ı n l  ctt Ļ f r x  \ t : v m j  U  r t  
J \\ W  b n

to  th e  c u rre n t Ħo w in g  th ro u g h  it ,

1 T h e  re s is t a n c e  o f  a  c o n d u c to r  is  d e fin e d  a s  th e  ©  o f th e  p o te n tia l d iĦĘ re n c e  a c ro s◆-
Ñ
H

g Ħ ! 
E ven ĦE ¢ T « �

T H Ē FR ıC T io Ţ I O F f L o W lN b

FLo W  O F  W ÞT R   · lrr FPĹf
,

ıĮpT  R 臥 IST $ T n e

ĦLLFT? W IT H  Ĝ R A M  し
Ï ELECT R I n w  I w » m  L iK E  A  $ F Ĺ T tO N  O F  p m

T W  し博  r ĦLN H L I r  ı5

A P LP Ē .  T H E H  W E  H h v ļ  T HES E  c D p « ËW P E N C ES
'

,

IM AB IIŪË T Ł\PT  E L EC T R IC  C u R E N T  I  し車  E  W AT E R  F L o w ıAtt,  T H R O U Ó II

a n d  ıts  U n it c o n d u c to r a n d  lts  re s is ta n c e .

R e s is ta n c e  R  T h e  e le c tric  c u rre n t In  a  c o n d u c to r d e p e n d s  o n  th e  p o te n tla ı d iffe re n c e  a p p lie d  a c ro s s  th e

1 4 .  5  R e s is t a n c e  R  &  R e s ls t ıv ıt y  p

P H Y S ıC S  D E P A R T M E N T

R A F F L E S  IN S T ıT U T IO N
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th e  re c ip ro c a ı o f th e  g ra d ie n t o f th e  g ra p h l

R e a lis e  th a t R  is  th e  ra tio  o f V  to  1 , a n d n o t

N o te

H -

7  
=  

3 0 0  × 10
-

3  

= 1 0  £ı
V  3 .  0

F ro m  G ra p h , w h e n  V - 3 .  0  V , Þ  3 0 0  m A

n e g lig ib le .  W h a t is  th e  re s is ta n c e  o f th e  c o n d u c to r w h e n  th e  p .  d .  Is  3 .  0  V ?

c o n d u c to r a n d  th e  p o te n tia l d iĦe re n c e  V  a c ro s s  it .  W h e n  V  <  1 .  8 V , t h e  c u rre n t is

T h e  g ra p h  b e lo w  s h o w s  th e  re la tio n s h ip  b e tw e e n  th e  d ire c t c u rre n t I  in  a  c e rta inE x a m p le  5

p .  d .  A c r o s s  th e  s te re o  w h e n  it s to p s  p ıa y in g ?

o ff .  T h e  ra d io  c a n  c o n tin u e  to  o p e ra te  u n til th e  c u rre n t d ro p s  to  3 2 0  m A .  W n a t is  th e

=  (b ) T h e  s te re o  is  le ft p la y in g  fro m  th e  b a tte ry  fo r s e v e ra l h o u rs  w h ile  th e  e n g in e  is  t u r n e d

(a ) W h a t is  th e  re s is ta n c e  o f th e  s te re o  s y s te m ?

E x a m p le  4  A  c a r s te re o  s y s te m  d ra w s  a  c u rre n t o f 4 0 0  m A  w h e n  c o n n e c te d  to  a  1 2 .  0  V  b a tte ry .

尺

m e a s u re s  th e  p .  d .  A c r o s s  it.  T he  re s is ta n c e  c a n  th u s  b e  d e te rm in e d  u s in g  e q u a tio n  (8 ) .

T h e  a m m e te r m e a s u re s  th e  c u rre n t n o w in g  th ro u g h  th e  c o n d u c to r a n d  th e  v o ltm e te r

中厂
一 叵卜 ı  T

'

, E

p a ra lle l w ith  th e  c o n d u c to r a s  e h o w n .

(a s s u m e d  0  n ) In  s e rie s  w ith  th e  c o n d u c to r a n d  a n  id e a l v o ltm e te r (a s s u m e d  o o  n ) in

A  s im p le  w a y  to  d e te rm in e  th e  re s is ta n c e  o f a  c o n d u c to r is  to  c o n n e c t a n  id e a ı a m m e te r
D e te rm in in g  R



M  a  t iıt ļ  \ m þt  r  u  r r
,  

K ī
° .  4 l - .  T  ( \ r  ī k y  

ņ h J  r í L L   ·
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1 '

U n if o r m  c o n d u c t o r

'

h e r e  r e f e r s  t o  a  c o n d u c t o r  t h a t  i s  m a d e  o f  a  s i n
g

le  t
y p

e  o f  m a t e r i a l .

\  
tEŁŁóT U 私い þ \ N a Ķ  � dl) PR o f o R T ïo *lA L  》  ıT $  ( 1  

·  5¢CTIO》L ARÇÞ.

.

L1ıtE N t$ t , M  t L T R R  * ııR E \ R B  \ W RN CE ı$  p R oP o R Ħo N A L To  (T S

S》ıa m  6 M v �c ,  m  P ĺ  切 切 罅  C  �  R o u ů 《  ó Q A  � t , H 1 lı14  P E 《 Q T A 》 ( �

Lo N  P E ÇıS ï Pł*C e  
L o w  tiirNke

(ĺ
.

T IIE T YP E O F 6 P A V E L .

çPA a s Fo p  W ÞT Q  7 0  n o w . . .  Al«p  R e S Ł* A E  p E P E) p s  0 0

A W ip e R  P \P Ē  H A S  LE $ $  t ŁE Ç « T A N , B R A u $ Ē  IT  ô F M  M o R  �

A $Ë(T ro N  9 p  P Ip E  T w I(� M  Lo N G  A A $  T W V E  ılE  s ıÇ ī A N c  �. . .

T A IN K  l ó A w  O F W  TEP  F LO W ıN G  T U R o U ó H  A  p ïpĒm  O F  ö R A V .  

\

A  u s e fu ı a n a ıo g y

T h e  S .  ı.  u n it fo r re s is tiv ity  is  th e  o h m  m e tre , n  m .

w h e re  th e  c o n s ta n t o f p ro p o rtio n a ıity  p  is  c a lle d  th e  re s is tiv ity  o f th e  m a te n a ı.

O R  R -
p i (10 )

H  o c  

Ã 
(y )

2 ) in v e rs e ıy  p ro p o rtio n a l to  its  c r o s s e c t i o n a ı a re a  A ,

1 ) d ire c tio n a lıy  p ro p o rtio n a ı to  its  le n g th  1, a n d

R e s is ta n c e  o f a  u n ifo rm
'

c o n d u c to r  ( a t a  g iv e n  te m p e ra t u re ) is

riw

ın d

C o n d u c t iv i

R e s is tiv iw  a r

o n ly  fo r c e rta in  m a te ń a ls  a n d  d e v ic e s , a n d  o n ly o v e r a  ıim ite d  ra n g e  o f c o n d itio n s .

O h m
'

s  ıa w  is  n o t a  fu n d a m e n ta l la w  o f n a tu re  ra th e r it is  a n  e m p iric a l re ıa tio n s h ip  v a lid

o h m f c .  M a te ria ıs  a n d  d e v ic e s  th a t d o  n o t o b e y  O h m
'

s  ıa w  a r e  n o n
-

o h m ic .

M a te ń a ıs  w h ic h  o b e y  th is  re ıa tio n s h ip  a re  s a id  to  o b e y  O h m
'

s  l a w  a n d  t h e y a re  s a id  to  b e

D e /in itio n し― ― ，

e le c tric  c u rre n t p a s s in g  th ro u g h  it ,  p
r o v i d e d  t h a t  itś te m p e ra tu re  re m a in s  c o n s ta n t.

O h m
'

s  L a w  O h m

'

s  l a w  s t a t e s  t h a t  t he  p o te n tia ı d iffe re n c e  a c ro s s  a  c o n d u c to r is  p ro p o rtio n a l to  th e

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 ıO N
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A  ×y  y

R  =  
° ĺ -

p

į .  £ R  is  in d e p e n d e n t o f  × (C )

E  in v e rs e ıy  p ro p o rtio n a l to  x
2

D  in v e rs e ly  p ro p o rtio n a l to  x

C  ın d e p e n d e n t o f x

B  p ro p o rtio n a ı to  x

A  p ro p o rtio n a l to  x
a

s h a d e d  ın  th e  fig u re  b e lo w ) ıs

g iv e n  th ıc k n e s s  y , t h e  r e s is ta n c e  b e tw e e n  o p p o s ite  e d g e  fa c e s  o f th e  s a m p le  (s h o w n

A  s a m p ıe  o f re s ls tiv e  m a te ria l ıs  p re p a re d  in  th e  fo rm  o f a  th in  s q u a re  s la b  O f s id e  x .  F o r aE x a m p le  7

n

ty p e  o f d o p a n ts  u s e d .

*  
N o t e  T h e  r e s is t iv iv  o f  e x tń n s ic  s e m ic o n d u c to rs  g re a tly  d e p e n d s  o n  th e  a m o u n t a n d

S u lp h u r 1 0
1 5

ın s u ıa to rs  R u b b e r 1 0
13

_ 10 16

G ıa s s  1 0
10

_ 10 14

S ilic o n  2 3 0 0

P u re  s e m ic o n d u c to rs  
G e rm a n iu m  o .  6 o

T u n g s te n  5 .  6  X  1 0
-

8

1 .  6  X  10
-

eS ilv e r

C o n d u c to rs  
G o ıd

1 0  X  1 0
-

8

ro n

2 .  4  X  10
-

8

C o p p e r 1 .  7 X  10 +

A ıu m in iu m  2 .  8  X  1 0 +

T y p e  I M a te rıa ı R e s i s t l v / Q  m

T h e  fo llo w in g  ta b le  s h o w s  a  ıis t o f re s is tiv itie s  o f s o m e  c o m m o n  m a te ria ls  a t 2 0  
° 

C .

c o m p u te r c h ip s  a n d  o th e r e ıe c tro n ic  d e v ic e s .

s ig n ific a n tıy  re d u c e d .  T h is  p ro p e rty  m a k e s  th e m  a n  id e a l m a te ria ı fo r fa b ric a tio n  o f

in s u ıa to r .  B y  in tro d u c in g  c o n tro lle d  a m o u n ts  o f im p u ritie s , t h e i r  r e s i s t i v i t i e s  c a n  b e

T h e  re s is ta n c e  o f p u re  s e m ic o n d u c to rs  ıs  b e tw e e n  th a t o f a  c o n d u c to r a n d  th a t o f a n

a n d  ıt s  U n it  
re s is tiv itie s  a n d  In s u la to rs  h a v e  h lg h  re s is tiv itie s .

R e s is t iv ity  p  
E v e ry  m a te ria l h a s  a  c h a ra c te ris tic  re s ls tlv lly .  G o o d  e le c tric a l c o n d u c to rs  h a v e  lq w

p H Y S ıC S  D E P A R T M E N T

R A F F L E S  IN S T IT U T ıO N
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T h e  te m p e ra tu re  c a n  b e  k e p t c o n s ıa n t b y  im m e rs in g  th e  c o n d u c to r in  a  w a te r b a th .

 t h u s ,  r e s i s t a n c e  R  is co n s t an t �

 r
a t i o- i

s  c o n s t an t �
V .

 I
 is pr op o r tion a l  to V (I  oc  V  )�

T h is  m e a n s  th a t

re m p e ra tu re

I- V  C h a ra c te ris tic  o f M e ta llic  C o n d u c to r a t C o n s ta n t

ı  
R e s is ta n c e , R

=  
V t  /  h

a n  o h m ic  re s is to r

C irc u it s y m b o l fo r

I小

(O h m ic )

T e m p e ra tu r e  T h e  V  c h a ra c te ris tic  is  a  s tra ig h t - lin e  g ra p h  th ro u g h  t h e  o rig in .

c o n s ta n t

C o n d u c to r  a t its  re s is ta n c e  w ill re m a in  c o n s ta n t .

M e ta llic  ıt h a s  b e e n  fo u n d  e x p e rim e n ta lly  th a t if th e  te m p e ra tu re  o f a  c o n d u c to r ls  k e p t c o n s ta n t
,

c o m p o n e n ts

o f  C irc u it

C h a ra c t e r is t ic  a c ro s s  « , it is  p o s s ib le  to  d iĦe re n tia te  b e tw e e n  o h m ic  a n d  n o n -

o h m ic  m a te ria ls /d e v ic e s .

ı- V  B y  lo o k in g  a t h o w  th e  c u rre n t th ro u g h  a  m a te ria l v a rie s  w ith  th e  p o te n tia l d iffe re n c e

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

R A F F L E S  I N S T IT U T ıO N
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F o rw a rd - B ia s e d  D io d e  R e v e rs æ B ia s e d  D io d e

'

W

E  E

- le s s  th a n  1 m A ) w h e n  it is  re v e rs æ b ia s e d .

c o n d u c ts  o n ıy  w h e n  it is  fo rw a rd - b ia s e d .  T h e re  is  n o  c u rre n t (o r o n ly  a  v e ry  s m a ll c u rre n t

T h e  c irc u its  b e lo w  s h o w  d io d e s  a rra n g e d  in  fo rw a rd - b ia s  a n d  re v e rs e b ia s .  T h e  d io d e

th e  s a m e  s c a le  is  u s e d  fo r b o th  fo rw a rd  a n d  r e v e r s b i a s .

h a s  a  v e ry  h ig h  re s is ta n c e .  T h e  c u lT e n t is  a  fe w  p A  a n d  a p p e a rs  to  b e  z e ro  o n  a  g ra p h ,  if

U n d e r re v e rs æ b ia s ,  th e  c u r  
v  

e n t th ro u g h  a  d io d e  is  v e ry  s m a ll.  A  d io d e in  r e v e r s b i a s

d io d e

C irc u it s y m b o l fo r a

re s is ta n c e .

ris e s  a b o v e  a b o u t 0 .  7  V  (tu m - o n  v o lta g e ) ,  a n d  a  d io d e  ın  fo rw a rd - b ia s e d  h a s  a  v e ry  lo w

U n d e r fo rw a rd - b ia s , t h e  c u r r e n t  t h ro u g h  a  d io d e  in c re a s e s  v e ry  ra p id ly  w h e n  th e  v o lta g e

łjo d e

u c to r  A  d io d e  is  a  s e m ic o n d u c to r d e v ic e  w h ic h  a llo w s  c u rre n t to  flo w  in  o n e  d ire c tio n  o n ly .

◆

S e m ic o n d u

p H Y S ıC S  D E P A R T M E N T
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th e rm is to r.

In c re a s e s  In c re a s e s .  Th e rm is t o r is  th u s  te rm e d  a  N T C

te m p e r a tu re  In c re a s e  a s  te m p e r a tu re  te m p e ra tu r e  1 n c re a s e s .  A

re s is ta n c e  a s  e ffe c t 2  ls  p re s e n t,  r e s i s ta n c e  r e s is ta n c e  d e c re a s e s  a s

C h a n g e  in  A S

'

e fıe c t 1  ls  n o t s ig n ific a n t  a n d  A s  e ffe c t 1  ls  g re a te r th a n  e c t  2 ,

th ro u g h  th e  la ttic e .

re s u lt ,  r e s i s t a n c e  i n c r e a s e s .  D iffic u lt fo r  e le c tro n s  to  F S S

c o l s to n  w ith  th e  e le c tro n s .  A s  a  a m p litu d e s ,  m a k i n
g  

i t  e v e n  m o r e

in c re a s in g  th e  fre q u e n c y  o f  io n s  v ib ra te  fa s te r  a n d  w Èth  g re a te r

a n d  w ith  g re a te r a m  p litu d e s ,  s e m lc o n d u  c to r  b e c o m e s  h o t te r
,  

it s

e le c tro n s .  Its  io n s  v ib ra te  f a s te r  e n e rg ie s  to  th e  io n s .  A s  a

e n e rg y  d u  to  its  c o lıis io n  w ith  e le c tro n s  lo s e  th e ir  k ln e tİ c

in c re a s e s  a s  th e  m e ta l a c q u ire s  s e m ic o n d u c to r  in c re a s e s  a s

�E r e c t 2  T h e  te m p e ra tu r e  o f  t h e  f ila m e n t  T h e  te m p e ra tu r e  o f  t h e

m o re  fre e  e le c tro n s  a n d  h o s .

b e tte r  e le c tric a l c o n d  u c to r  w ith

s e m ic o n d u c to r  th e n  b e c o m e s  a

b re a k  fre e  f ro m  th e  a to m s .  T h e

n s e s ,  m o r e  a n d  m o r e  e l e c t r o n s

c h a rg e d  p a rtic le s .  Te m p e ra tu re s .  A s  its  te m p e ra tu re

�th e ï m is to rs  a  p p re c ia b le  in c r e a s e  in  n u m b e r  o f p o o r  c o n d u c to r  a t lo w

妇呷 ) a n d  te m p e r a tu re  w ili n o t c a u s e  a n  to  th a t in  m e ta Js .  H e n c e  it is  a

fe .  g - ıi*a m e n t te m p e ra  山  re .  
A n y in c r e a s e  īn  fre e  e ıe c tro n s  is  s m a ll c o m p a re d

C O n d u c t o  E Ħe c t 1  A s  M e  e le c tro n s  a re  fr e e  a t ro o m  In  s e m ic o n d u c to rs , t h e  n u m b e r  o f

M e t a n  (e .  g .  Iila m e n t la m p )  N T C  th e rm is lo rs

M a te ria is  M e t a l l  c o n d u c to r s  S e m ic o n d u c to r

te m p e ra tu re  c o e ffic ie n t (N T C ) t h e rm ls to rs  (m a d e  o u t o f s e m i c o n d u c ıo ) .

L e t u s  lo o k  a t th e s e  e « e c ts  in  t h e  m e ta llic  c o n d u c to rs  (e .  g .  Fila m e n t la m p ) a n d  in  n e g a tiv e

m a k in g  it e v e n  m o re  d iffic u lt fo r e ıe c tro n s  to  p a s s  th ro u g h  th e  ıa ttic e .

io n s .  A s  th e  m a te ń a l b e c o m e s  h o H e r , it s  io n s  v ib r a t e  f a s t e r  a n d  w it h  
g

r e a t e r  a m
p

ıit u d e s ,

T h e  te m p e ra tu re  o f th e  m a te ria l in c re a s e s  a s  e le c tro n s  lo s e  th e ir k in e tic  e n e rg ie s  to  th e

E ffe đ  2  io n s  v ib ra te  fa s te r a n d  w ith  g rę a te r a m D litu d e s

m a te ria ı th e n  b e c o m e s  a  b e tte r e ıe c tń c a l c o n d u c to r w ith  m o re  n e e  e ıe c tro n s .

A s  its  te m p e ra tu re  ris e s , m o r e  e le c t r o n s  a r e  a b le  t o  b re a k  fre e  ū o m  th e  a to m s .  T h e

ls  o f m a te ria l w h e n  te m p e ra tu re  in c re a s e s .

E Ħe m  m c re a s e  į ņ  n u m b e r o f fre e  e le c tro n s

T h e re  a re  tw o  e ffe c ts  th a t a ffe c t th e  re s is tiv itie

te m p e ra tu re

a n  in c re a s e  in

a s s o c ia te d  w ith

E ñ e c ts
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T e m p e ra tu re  / 
° 

C

m e ta l w ire

N T C  th e rm is to r

Ą  R e s is ta n c e  / Q

P a g e  I P a g e  1 5 o f 2 4

g ra p h

te m p e ra tu re

V s

R e s is ta n c e

ţ   · Ť ť  · Ť

c h a ra c te ris tic

(e .  g .  Fila m e n t la m p ) N T C  th e rm is to rs

M a te ń a ls  M e ta llic  c o n d u c to rs  S e m ic o n d u c to r
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P a g e  I P a g e  1 6 o f 2 4

(N o te  1 k w h  ·  1 0 0 0  W  ×  3 6 0 0  s -
3 .  6  × 1 0

6  
J )

c o n s u m e d  in  o n e  h o u r b y  a  d e v ic e  w ith  a  p o w e r ra tin g  o f o n e  k w .

s o m e tim e s  u s e d  in s te a d  o f th e  jo u le  (J ) .  O n e  k ilo w a tt- h o u r is  th e  e le c tric a l e n e rg y

T o  m e a s u re  th e  c o n s u m p tio n  o f e le c tric a ı e n e rg y , t h e  u n it k ilo w a tt - h o u r  (k w h ) , is

O R  P - Ĺŕ). " (16 )

O R  P - ı .  (ıR ) =  ı
Z

R  (15 )

kw h

o f  e n e rg y
-

A n o th e r u n it

P  =  I V

T h e  ra te  a t w h ic h  e n e rg y  is  d is s ip a te d  a c ro s s  a  re s is to r is

V  =  
ı R  (14 ) 

=

a  R e s is to r

D is s ip a te d  b y

p o w e r  F ro m  e q u a tio n  (8 ) , t h e  p .  d .  A c r o s s  a  r e s is to r is

P  =  I E  

(1 3 )

"

百
一

百
ヒ

dw  m

T h e  p o w e r P  s u p p lie d  b y  s o u rc e

S o u rc e  ( 1 2 )

a n  ıd e a l W  =  Q E

S u p p lie d  b y

p o w e r  F ro m  e q u a tio n  (7 ) ,  fo r a n  id e a l s o u rc e  o f e .  m .  f.  E , w o r k d o n e  b y  th e  s o u rc e  is

T h e  S .  ı.  u n it fo r p o w e r is  th e  w a tt , W .  (1 W  =  
1  1  s

-
'

)

T h is  e q u a tio n  a p p lie s  fo r a n y  e le c tric a ı d e v ic e .

0 1 cll crt (1 1 )

p - W .  

d  (Q V )
.  Q  V - 1 V

T h e  ra te  a t w h ic h  e n e rg y  c o n v e rs ıo n  ta k e s  p ıa c e  ls

W  ·  Q V

lts  U n it

p o w e r  p  a n d  e le c tń c a l e n e rg y  c o n v e rte d  to  o th e r fo rm s  ls

E ıe c t r ic a l A s  s h o w n  e a rlie r In  e q u a tio n  (6 ) ,  if a  c h a rg e  Q  m o v e s  th ro u g h  a  p .  d .  V  th e  a m o u n t o f

1 4 .  6  E ıe c t r ic a ı P o w e r  P
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P a g e  I P a g e  1 7 o f 2 4

C O s t =  0 .  I× 0 .  17 - $0 .  0 17

(b ) 
E  =  Ħ - 2 0  × 5  =  1 0 0  W n  =  0 .  1 kw n

N o te  : A l t e r n a t i v e l y ,  u s e  p  =   
·

y z中
P  1 .  1 0 × 1 0

4

R A  7 .  2  × [(1 .  0  × 1 0
-

3

) (o .  0 5 0  × 1 o
-

) ]l = ― ―
=

= 0 . 3 2 7  m

F ro m  R °  
P Ä ,

n e ◆i u j t l c e  U f re S ıS IO r  =  

7
- .  { .  Z  5 2

V  1 2

(a ) u u rre n t ın ro u g n  re s ıs to r ı =  

ï
-

ñ  
A

P  2 0

[R e s is tiv ity  o f n ic h ro m e  is  1 .  1 0 .  1 0
-

°  Q  m ]

(b ) th e  c o s t o f ru n n in g  th e  h e a tin g  e le m e n t fo r 5  h o u rs , if  e le c t r i c it
y  c o s t s  $0 .  17  p e r k w h .

(a ) th e  le n g th  o f rib b o n  re q u ire d , a n d

iś to  b e  m a d e  » o m  n ic h ro m e  rib b o n  o f w id th  1 .  0  m m  a n d  th ic k n e s s  0 .  0 5 0  m m .  C a lc u la te

A  12 - V  h o m e -
m a d e  e le c tric  h e a tin g  e le m e p t h à s  a  p o w e r o f 2 0  W .  T h e  h e a tin g  e le m e n tE x a m p ıe  8

P H Y S ıC S  D E P A R T M E N T

R A F F L E S  ıN S T ıT U T ıO N



P a g e  ı P a g e  1 8 o f 2 4

p o w e r d is s ip a te d  a s  h e a t , Ą  =  l

Z

R .  I

ın  th e  e x te rn a ı lo a d  R ,

p o w e r d is s ip a te d  a s  h e a t,  p
,

- ı

a

,  =  I

ın  th e  in te r n a l re s is ta n c e  r ,

T M a - - ' " ıy c t . . !.  � m d  len M a '" đ.  w

s o u rc e .

d u e  to  its  in te rn a l re s is ta n c e .  A s  a  re s u lt , t h e  te rm in a l p .  d .  Is  n o t e q u a ı to  th e  e .  m .  f.  o f th e

is  a v a ila b le  to  th e  e x t e r n a l  lo a d  R .  S o m e  o f th e s e  e n e rg y  is  lo s t a s  h e a t w ith in  th e  c e lı

H o w e v e r , r e a l  c e l l s  h a v e  in te rn a l re s is ta n c e  r .  H e n c e , n o t  a lı e le c t r ic a ı e n e rg y  g e n e ra te d

 t he  ter mi na ı p.  d.  V o f  the  ce l l =  e .  m.  f. E  of  the  ce l l.�

 t
h e  co n n e c t ing  wi res  wo u l d ha v e  no  res i st an c e ,  a n d �

 t
h e  e.  m.  f. s o u r c e  w o u l d ha v e  no  res i st an c e , �

ın  a n  ¡d e a ! c irc u it,

尺

a n d  ıts  E ffe c ts

R e s is ta n c e  r  a re  u s e d  in te rc h a n g e a b ly  h e re .  ]
ın te rn a ı C o n s id e r a  s im p ıe  c irc u it c o n s is tin g  o f a  c e ll a n d  a  re s is to r .  IT h e  te rm s  c e ll a n d  b a tte ry

1 4 .  7  ın t e r n a ı R e s is t a n c e  r o f  a  S o u r c e  o f  e m f
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P a g e  I P a g e  1 9 o f 2 4

 =  E
�

 t
e r m i na l  p.  d.  ·

 e
.  m.  f. o f  so u r ce   ·

 V
.  =  E -

ı r�

te n d s  to  O   
· te rm in a l p .  d .  D e c re a s e s  b y  ır

 p
.

 d.  A c r o s s  t he  int er na l  res i st an c e  r  ·  p .  d.  A c r o s s  t he  int er na ı res i st an c e  r is fini te�

W h e n  n o  c u rre n t  fıo w s  (i.  e .  R  o o ), 
W h e n  a  c u ıT e n t  I  flo w s ,

0
> C u rre n t I

in te m a ı re s is ta n c e  r

a g n itu d e  o f g ra d ie n t

T e rm in a ı P .  d  

n te rc e p t =  
e .  m .  f.  E  o f c e lı

石\
t 一 ' "p d . ' " ' " ' 。 ，

IE - 1

2

,  +  ı

2

R

P o w e r s u p p lie d  b y  s o u rc e -
P o w e r  d is s i p a t e d  t h r o u

g
h  r  a n d  R

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

'
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P a g e  I P a g e  2 0  o f  2 4

(1 9 )Ą  =  

(r + R ) 
2

E
z
R

.  =  1
2
R .  [] 

a 

R

H e n c e , p o w e r tra n s fe rre d  to  e x te rn a l lo a d  R  ıs

E
I -

tn ii

O n e  o b ta in s  e q u a tio n  ( 1 7 )

t '
国是望望里目■
A  Ť

T ra n s m itte d  to

(P o w e r  s h o w n  b e lo w .

p o w e r O u t p u t A  b a tte ry  w ith  e .  m .  f.  E  a n d  in te r na l re s is ta n c e  r  is  c o n n e c te d  to  a  lo a d  o f re s is ta n c e  R  a s

(c ) th e  re s is ta n c e  o f th e  la m p .

(b ) th e  in te rn a ı re s is ta n c e  o f th e  c e lı, a n d
(a ) th e  e .  m .  f.  o f th e  c e lı,

F in d

c irc u it a n d  1 .  2 2  V  w h e n  th e  s a m e  c e ll ls  s u p p ly in g  a  c u rre n t o f 0 .  3 0  A  th ro u g h  a  ıa m p .

E x a m p ıe  9  A  h ig h -

r e s is ta n c e  v o ltm e te r re a d s  1 .  6 5  V  w h e n c o n n e c te d  a c ro s s  a  d ry
-

c e ll in  a n  o p e n

P H Y S IC S  D E P A R T M E N T
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P a g e  I P a g e  2 1 o f 2 4

s o u rc e .  T h is  is  th e  m a x im u m  p o w e r th e o re m .

external ıo a d  w h e n  th e  re s is ta n c e  o f  th e  ıo a d  ls  e q u a ı to  th e  in te r n a ı re s is ta n c e  o f th e

ıt c a n  b e  c o n c lu d e d  th a t a  s o u rc e  o f e .  m .  f.  D e liv e rs  th e  m a x im u m  a m o u n t o f p o w e r to  a n

R  =  r

( · +  R )- 2 R  =  O

L o a d ) E
2 

(,  +  R )- 2 E
2
R  =  O

T ra n s m itte d  t o

(M  a  

$X = °  O

T h e o re m  d R

.  O

p o w e r

M a x im u m  T o  ñ n d  m a x im u m  p o w e r d e liv e re d  to  th e  e x t ė m a ı lo a d  R ,

P H Y S IC S  D E P A R T M E N T
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P a g e  [ P a g e  2 2 o f 2 4

(c ) th e  m a x im u m  h e a tin g  e n e c t it c a n  d e v e lo p  in  a n  e x te rn a l lo a d .

(b ) th e  in t e r n a l re s is ta n c e  o f th e  c e ll
, a n d

(a ) th e  e .  m .  f.  o f th e  c e ll,

re s is to r , r e s
p

e c t i v e ly .  C a lc u la te

E x a m p ıe  1 0  A  c e ll d riv e s  a  c u rre n t o f 1 .  5 0  A  th ro u g h  a  3 ,  0 8  Q  re s is to r a n d  2 .  0 0  A  th ro u g h  a  2 .  0 0  0
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P ı g e  I P a g e  2 4 o f 2 4

U S A  C h a p te rs  2 0  a n d  2 1 .

B a s e d  T e x ť  I n t e r n a t i o n a l  S tu d e n t E d itio n , F o u r t h  E d it io n ,  T h o m s o n  B r o o k s / C o ıe ,

S e rw a y ,  R .  A  a n d  J e w e tt , J .  W .  J r «2 0 0 6 ) .

'

S e rw a )f s  P rin c ip le s  o f P h y s ic s .  A  C a ıc u ıu s -

lっ員

M o d e m  P h y s ic s
"

,  F if t h  E d it io n , S a u n d e r s  C o lle g e  P u b ıis h in g , U S A ,  C h a p te rs  2 7  a n d

S e rw a y , R .  A .  a n d  B e ic h n e r , R .  J .  (2 0 0 0 ).  

°  

P h y s ic s  fo r S c ie n tis ts  a n d  E n g in e e rs  w ith

E d itio n , S ix th  E d itio n ,  T h o m s o n  B ro o k s  / C o le , C a n a d a , C h a p te r s  1 7  a n d  1 8 .

S e rw a y , R .  A .  a n d F a u g h n
,  J .  S .  (2 0 0 3 ).  

°  

C o ııe g e  P h y s ic s
"

, In te rn a tio n a l S tu d e n t

H e in e m a n n  E d u c a tio n a ı B o o k s  L td .
,  
L o n d o n ,  C h a p te rs  8  a n d  9 .

N e ık o n ,  M .  a n d  P a rk e r ,  P .  (1 9 8 7 ).  

ı ı 

A d v a n c e d  L e v e ı P h y s ic s  
°

, S ix th  E d itio n ,

P e a rs o n  E d u c a tio n  I n t e r n a t i o n a l ,  U S A , C h a p te rs  1 8  a n d  1 9 .

G ia n c o li, D .  C .  (2 0 0 5 ).

"

P h y s ic s ,  P r i n c i
p

l e s  w i t h  A
p p

l ic a t i o n s

"

,  I n t e r n a t io n a l E d it i o n ,

In te rn a tio n a l E d itio n , 
M c G ra w  H ill, N e w  Y o r k , C h a p te r 1 8 .

G ia m b a ttis ta , A .
,  
R ic h a rd s o n , B .  M .  a n d  R ic h a rd s o n , R .  C .  (2 0 0 4 ).

"

C o lle g e  P h y s ic s
"

,

A p p ıic a tio n s
"

, W m .  C .  B ro w n  P u b ıis h e rs , U S A , C h a
p

t e r s  2 6  a n d  2 7 .

C ru m m e tt, W .  P .  a n d  W e s t e r n ,  A .  B .  (1 9 9 4 ).  

°  

U n iv e rs iv  P h y s ic s , M o d e l s  a n d
R e fe re n c e s

R e f e r e n  c e s
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