
 c
o l lec t  an d  an a l yz e  ?t a�

 u
s e  t o o l s an d  ap p a r a t us  sa f el y�

 p

e r for m ca l cu l at ion s �

 d i sc u s s  the  sa f et y iss u e s  as s o c i at ed  wi tlı el ec t ri ci ty�

 e
x p l ai n the  stnıct tıre  of  the  at om �
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7 22 .  Alternate E ıæ tric a l S o u r c e s

1 .  G e n e ra tin g  E le c tric ity  l

L e s s o n  P a g e  C o m p le te d  o n

 d e s c r i be  tæh n i qu e s  for  re d u c i ng  an d  co n s e r v i ng  en e r g y �

 a
s s e s s  s a f e an d  un s a f e el ec t rica l  ac t ivi ties �

 c
o n s t r u c t  s e r i es  an d  pa r al lel  ci rc u i ts an d  dr aw  sc h e m a t ic di ag r a n a s re p r e s e n t ing  ea c h  typ e �

 c
o n s t r u c t  e l ec t ri ca l  de v i ce s  an d  ex p l ai n ho w  the y  wo r k�

 b u i ld an d  ev a l ua t e si mp ıe st or a g e  ce l ls�

 d i st ing u i sh  an d  gi ve  ex a m p l es  of  co n d u c ń n g ,  i ns u l at ing ,  a n d  res i st ing  ma t er i aıs�

 i
d e n t i f y an d  de s c r i be  en e r gy  typ e s  an d  de v i ce s  for  tran s f er ri ng  en e r gy �

 p

e r f or m  eıæt ri ca l  ca l cu l at ion s �

 d i st ing u i sh  be t we e n  st at ic el ec t ri ci ty an d  cu r r e n t  el ec t ri ci ty�

 i de n t ify an d  ev a l ua t e the  en e r g y  so u r c e s  for  pr od u c i ng  el ec t ri ci ty�

W ħe n  y o u  a r e  fim s h e d  th is  u n iĻ  y o u  s h o u ld  b e  a b le  to . . .

C T R I C A L  p R I N c I p L E s  A N D  T E C H N O L Q I中

の
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C A M E  R O C K  R F S R.  A R C H  70  C o p y rig h ı H o rc c le d

s u lfu r  d io x id e  e m is s io n s  p r o d u c e  a c id  ra in .

g a s e s .  H ig b  c a r b o n  d io x id e  e m is s io n s  c o n trib u te  to  g lo b a l w a r n ıin g  w h ile

T h e  burning o f  fo s s il fu e ls  p ro d u c e s  c a r b o n  d io x id e  a n d  s u lfu r  d io x id e

C o a l-

a n d n a h ıra l g a s -

g e n e ra te d  p o w e r  c o n tr ib u te s  to  a ir  p o llu tio n .

e n e r g y

p o te n t ia ı e n e r g y  s to r e d

«  
h

y
d r o

"
m e a n s  w a t e r

o il
,  

a n d  
g

a s

F o s s iı F u e ıs  in c lu d e  c o a l
,

G e n e r a to r

g ia n t tu rb in e s  th a t s p in  th e  g e n e ra to r s  to  p r o d u c e  e le c tric a l p o w e r .

n e c e s s a ry  to  c h a n g e  w a te r  in to  s te a m .  T h e  s u p e r h e a te d  s te a m  is  p ip e d  to

C o a l a n d  g a s  a r e  b u r n e d  n  la r g e  f u r n a c e s .  T h e y  p ro v id e  th e  h e a t e n e r g y

F O S S IL  F U E L  G E N E R A T E D  P O W E R

o n  th e  s m a lle r  s c a le .

fr e q u e n tıy  u s e d .  W in d , t o o ,  is  p re s e n tly  b e in g  h a r n e s s e d  to  g e n e ra te  p o w e r

m a k in g  e le c tr ic ity .  F o s s il fu e ls  a n d  w a te r  a re  in  a b u n d a n c e  a n d  m o s t

A lb e r ta
,  

w e  a r e  fo r tu n a te  to  h a v e  s e v e ra l e n e r g y  r e s o u r c e s  a v a ila b le  fo r

o fte n  ta k e  fo r  g r a n te d  th e  s o u r c e  a n d  p ro d u c tio n  o f  e le c tric a l p o w e r .  In

F lip p in g  a n  e le c tr ic a l s w itc h  is  s o  c o m m o n  in  th is  d a y  a n d  a g e  th a t w e

L e s s o n  1 G E N E R A  T I N G  E L E C T R J C I  T Y

E L E C T R IC A L  P R IN C IP L E S  A N D  T E C H N O L O G IE S - L e s s o n  I



S c im c e  9  C la s s  N o te s

r e p la c e d  ( e x a m p le  : o il)

a  r e s o u r c e  th a t c a n n o t b e

n o n -

r e n e w a b le  r e s o u r c e

r e p la c e d  ( e x a m p le  : w a te r )

a  r e s o u r c e  th a t c a n  b e

r e n e w s b ıe  r e s o u  r c e

r e le a s e d

e m  is s io n s  p a r tie  le s

w a te r  f lo w s

a  d a m  th r o u g h  w h ic h

p e n s t o c k  c h a n n e l in s id e

N  ◆ fo r R c p ro d .  A io n  7 1

w in d  e n e r g y  is  a  r e n e w a b le  r e s o u r c e .

a p p ro x im a te ly  2 0  h o m e s .  A lth o u g h  th e  in itia l c o s t o f  c o n s tr u c tio n  is  h ig h ,

E a c h  w in d m ill is  c a p a b le  o f  g e n e ra tin g  e n o u g h  p o w e r  to  m e e t th e  n e e d s  o f

th e  m o u n ta in  s lo p e s .  W in d m ills o r  w in d  tu r b in e s  a r e  c o m n ıo n  in  th is  a r e a .

T h e  P in c h e r  C re e k  a re a  in  s o u t h e r n  A lb e r ta  h a s  s tr o n g  w in d s  th a t b lo w  o f i

W W D  G E N E R A T O R S

e n d le s s  e n e r g y  f o r  m a k in g  p o w e r .

c o a l -

g e n e ra te d  p o w e r .  W a te r  is  a  r e n e w o b le  r e s o u r c e  a n d  s h o u ld  p r o v id e

o n c e  in  o p e ra tio n
,  

t h e  c o s t o f  p r o d u c in g  e le c tr ic ity  is  lo w e r  th a n  th a t o f  a

T h e  in itia l c o s t o f  c o n s tr u c tin g  a  h y d ro e le c tric  p o w e r  p la n t is  h ig h ,  b u t

H y d r o e ıe c t r ic  P o w e r  P ıa n t

fa s t -

m o v in g  w a te r s p in s  th e  h ır b in e  a n d  g e n e ra to r  to  p ro d u c e  e le c tric ity .

p o te n tia l e n e r g y .  W n e n  it is  s e n t r u s h in g  d o w n  th e  p e n s lo c k  o f  a  d a m
,  

t h e

o f  w a te r  a r e  c o lle c te d  b e h in d  d a m s .  T h e  c o ıle c te d  w a te r h a s  a  h ig h

W a te r p o w e r  o r  h y d r o e le c tr ic ity  is  g e n e r a te d  in  a r e a s  w h e r e  la r g e  v o lu m e s

H Y D R O E L E C T R IC IT Y

L e s s o n  1 - G e n e ra tin g  E le c tr ic ity
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ゴ

了气

H o t w a  d

e le m e n t fo u n d  in  m o s t

S u ıfu r  o d o ro u s c h e m ic a l 
th e  e n v iro n m e n t .

s m e ll c o m m o n  to  u n d e rg ro u n d  s p r in g s , g
e o th e rm a l e n e r g y  d o e s  n o t p o llu te

Ic e la n d  h a s  b e e n  u s in g  g e o th e r m a t e n e r g y  fo r  y e a rs ,  E x c e p t fo r th e  s u ıfu r

th e r m a l -

m e a n s  h e a t u n d e rg r o u n d  p ip e s  tr a n s p o r ts  th e  h o t w a te r  a n d  s te a m  to  a  p o w e r  s ta tio n .

g e o -
m e a n s  e a r th  

ro c k  b e n e a th  E a rth
'

s  s u r fa c e  h e a ts  th e  g ro u n d  w a te r .  A  s y s te m  o f

G e o th e r m a l 

G e o th e rm a l p o w e r  is  m a d e  fro m  e n e r g y  c o n ta in e d  in  h o t r o c k s .  M o lte n

G E O T H E R M A L  P O W E R

fa r  b e ıo w  th e  s u rfa c e  o f  E a r th .

in  le a d  a n d  c o n c re te  c o n ta in e rs .  T h e y  a r e  b u rie d  in  a b a n d o n e d  m in e  s h a fts

d is p o s in g  o f  ra d ia tio n  c o n ta m in a n ts .  U s e d  ra d io a c tiv e  fu e l c e ıls  a re  s to re d

W ith  th e  d is c o v e ry  o f  n u c le a r e n e rg y  c o m e s  th e  c h a lle n g e  o f  s a fe ly

F u e ı ro d ı

N ııc ıe ır  R e ıc lo r

A  n u c le a r re a c to r  is  a  s o u rc e  o f  c le a n  e ıe c tr ic a ı p o w e r .

A d d in g  o r  re m o v in g  c a d m iu m  ro d s  s p e e d s  u p  o r s lo w s  d o w n  th e  re a c tio n .

re m o v e  th c  e x c e s s  h e a t s a fc ıy .  C a d m iu m  r o d s  a re  u s e d  fo r th e  c o n tro l,

A  n u c le a r re a c to r is  d e s ig n e d  to  m a k e  a  c o n tr o lle d  c h a in  re a c tio n  a n d  to

u s e d  to  p r o d u c e  s te a m  fo r  g e n e r a tin g  p o w e r ,

o c c u rs  a n d  a  tre m e n d o u s  a m o u n t o f  h e a t e n e rg y  is  re le a s e d .  T h e  h e a t is

th c  n u c ıc u s  o f  th c  u ra n iu m  a to m .  W h e n  th e  n u c ıe u s  is  h it,  a  c h a in  re a c tio n

N u c ıe a r re a c to rs  u s c  u ra n iu m  to  p ro d u c e  h e a t e n e rg y .  It is  p o s s ib ıe  to  s p lit

N U C L E A R  P O W E R

d is a s te r

n u c le a r  p o w e r p ıa n t

C h e r n o b y ı s ile  o r a

re a c to rs

m a te r ia l u s e d  in  n u c ıc a r

U r a n iu m  r a d io a c tiv e

g c o th c rm a ı,  b io m a s s , l id e s , s o la r , a n d fu c ı c c ıls .

g e n e ra tin g  c ıc c tr ic ity  m u l l b c  c o n s id e re d  ; th e s e  in c ıu d c  n u c le a r ,

A s  n «m -
r c n c w a b lc  re s o u rc e s  b e c o m e  d c p ıe tc d ,  a ıtc m a tc  e n e rg y  s o u rc e s  fo r

L e s s o N  2  A I .  T E R N A  T E  E L E C T R IC A L  S O U R C E S

ı : ı.  M '" ı(
'

A ı" I( IN (
'

ll' I .  tis  Ą N IL
'

I
'

ı{¢
'

IIN O L.  o [iıl(s ı,  C H W M  2



S c ie n c e  9  C la s s  N o te s

th e  e le m e n t s ilic o n .

io n ic  p la te s  a r e  m a d e  f r o m

s u n

S o la r  p e r ta in in g  to  th e

in  g a r b a g e

o r g a n ic  m a te r ia l p r e s e n t

B io m a s s

N o t fo r  R e p ro d u c tio n  7 3

s u n lig h t is  n o t a lw a y s  a v a ila b le .

e n e r8 y  p ro d u c e d  in  in e x p e n s iv e  a n d  p o llu tio n  fl e e .  H o w e v e r , d i r e c t

a n d  s p a c e c ra f t.  T h e  in itia l c o s t o f  b u ild in g  s o la r  c e lls  is  h ig b ,  b u t th e

c u lT e n t .  It is  n o w  c o m m o n  to  fin d  s o la r  p o w e r  u s e d  in  c a lc u la to r s
,  
lig h ts ,

s ilic o n  to  r e le a s e  e le c tro n s  to  th e  m e ta llic  p la te s  p ro d u c in g  a n  e le c tric

io n ic  p la te s  a r e  m a d e  f ro m  g la s s ,  m e t a l
,  

a n d  s ilic o n .  S u n lig h t c a u s e s  th e

H e  d e te c te d  a  s m a ll c ıu r e n t .  T h is  w a s  th e  b e g in n in g  o f  s o la r  p o w e r .

e x p o s e d  tw o  m e ta llic  p la te s s o a k e d  in  a  c o n d u c tin g  s o lu tio n  to  s u n lig h t .

S o la r  e le c tric ity  is  g e n e ra te d  u s in g  s lın lig h t .  B e c q u e re l
,  
in  th e  e a r ly  1 8 0 0 s

,

S O L A R  P O W E R

tid a l flo w

W a te r  
P r o p e lle r

g ra v ita tio n a l p u ll o f  th e  m o o n .

s o m e w h a t in c o n s is te n t in  fo r c e  b e c a u s e  th e y  a r e  a f k c te d  b y  th e  c h a n g in g

W a v e s  a r e  a  g o o d  s o u r c e  o f  e n e r8 y .  T h e y  a re  re a d ily  a v a ila b le  b u t

r e la tiv e ly  n e w  c o n c e p t a iıd  in  th e  e x p e r im e n ta l s ta g e s  o f  d e v e lo p m e n t .

to  p r o d u c e  a  p o r ń o n  o f  N o v a  S c o ń a
'

s  e le c tr ic ity .  T id a l p o w e r  is  a

w a v e s  in  th e  B a y  o f  F u n d y  a r e a  s p in  s p e c ia lly  d e s ig n e d  tu rb in e  g e n e r a to r s

T id a ı g e n e ra to rs  u s e  w a te r  c u lT e n ts  to  p r o d u c e  e le c tr ic ity .  H u  \  tid a ı

T ID A L  G E N E R A T O R S

p o w e r  p la n ts  in  c e r ta in  a r e a s  o f  G e r m a n y .

B io m a s s  c a n  a ls o  b e  in c in e ra te d .  BUrning g a r b a g e  p r o v id e s  e n e r g y  fo r

n e a r b y  E d m o n to n  P o w e r  P la n t .

g a r b a g e  a t th e  E d m o n to n  S a n ita ry  L a n d fill is  tıs e d  to  p r o v id e  f u e l fo r  th e

fo r  g e n e r a tin g  e le c tr ic ity .  T h e  m e th a n e  g a s  p r o d u c e d  b y  th e  d e c o m p o s in g

d e c o m p o s e s  to  p ro d u c e  m e th a n e  g a s .  T h e  g a s  is c o lle c te d  a n d  u s e d  a s  fu e l

B io m a s s  re fe r s  to  o rg a n ic  m a te r ia l p r e s e n t in  g a r b a g e .  O rg a n ic  m a te r ia l

B IO M A S S

L e s s o n  2 - Alternate E le c tr ic a l S o u r c e s



74  C o p y r ig h t p T o te c te d

10 0 y e a r s .  T h e r e fo r e
,  alternate e n e r g y  s o u r c e s  m u s t b e  c o n s id e r e d .

S c ie n tis ts  e s tim a te  th a t th e  s u p p ly  o f  fo s s il fu e ls  w ill r u n  o u t in  th e  n e x t

n a tu ra l g a s ,  a n d  o il.

irr e p la c e a b le .  O n c e  u s e d  u p , th e y  a r e  g o n e .  E x a m p le s  in c lu d e  c o a l,

w in d ,  w a t e r , g
e o t h e rm a l, a n d  lig h t.  N o n -

r e n e w a b le  r e s o u r c e s  a r e

R e n e w a b le  s o u r c e s  a r e  r e p la c e d  a s  th e y  g e t u s e d  u p .  E x a m p le s  in c lu d e

n o n -

r e n e w a bıe .

T h e  e n e rg y  s o lırc e s  fo r p ro d u c in g  e le c tr ic ity  a r e  e ith e r  r e n e w a b le  o r

W H E R E  D O  W E  S T A  胃 D ?

团团国画围

自写南■區

a r e a s  w h e re  s m a ll a m o u n ts  o f  e le c tric ity  a r e  r e q u ir e d .

c lırr e n t in c r e a s e s .  T h e rm o -

e le c tr ic  g e n e ra to rs  a r e  o f te n  tıs e d  in  is o la te d

e le c tric a l p o te n tia l d ifife re n c e .  A s  th e  d iffe r e n c e  in c r e a s e s , t h e  a m o u n t  o f

p a s s e d  th r o u g h  tw o  d if ï e r e n t m e ta ls  c a lle d  llle r m o c o u p fe s  to  c re a te  a n

A  th e rm o -

e le c tric  g e n e ra to r  c o n v e r ts  h e a t e n e r g y  in to  e le c tr ic ity .  H e a t is

T H E R M O - E L E C T R IC  G E N E R A T O R S

r 

te

w ill b e c o m e  th e  m a in  e n e rg y  s o u rc e  o f  th e  fu tu r e .

a r e  e x p e ń m e n tin g  to  d e v e lo p  v e h ic le s  p o w e re d  b y  fu e l c e lls .  P e r h a p s ,  t h i s

c e ıls  a re  e f f ic ie n t a n d  p ro v id e  n o  e m is s io n s .  A u to m o b ile  m a n u fa c tu r e r s

c o m b u s tio n .  W a te r ,  h e a t , a n d  e l e c t r i c i t
y  

a r e  t h e  o n l
y  

b
y

-

p r o d u c ts .  F u e l

F u e l c e ıls  c o n v e r t h y ? o g e n  g a s  a n d  o x y g e n  g a s  in to  w a te r  w ith o u t

O n e  o f  th e  fa s te s t g r o w in g  a re a s  o f  e n e rg y  r e s e a r c h  in v o lv e s  fu e l c e lls .

F U E L  C E L L S

C A S T L E  R O C K  R FS E .  A R C H

e le c tr ic a l e n e r g y

th a t c h a n g e s  h e a t e n e rg y  to

T h e r m o c o u p le  d e v ic e

p ro d u c e s  w a te r

h e m i c a l  re a c tio n  th a t

-

p ro d u c e  c le a n  fu e l

F u e ı c e ııs

E L E C T R ıC A L  P R IN C IP L E S  A N D  T E C H N O L O G IE S L e s s o n  2
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g e n m tin g  m a c h in e

s ta tic  e le c tr ic ity

V a n  d e  G r a a n  g e n e r a to r

+  n e u tr a l,
-

n e u tr a l a t? c t

+ -

a ttr a c t

+  +  o r - -
r e  \  1

C h a r g e s

L a w  o f  E ıe c t r ic a ı

S ta tic  m e a n s
"

c h a rg e ď
'

p a rtic le s  in  a n  a to m

E le c tr o n s  tin y  m o v in g

N o t fo r  R e p r o d ııc tio n  7 5

v e ry  lo w , le s s  th a n  o n e -

q u a r te r  a m p .

g e n e r a to r  is  n o t c o n s id e r e d  d a n g e ro tıs  b e c a u s e  th e  a m p e r a g e  p r o d u c e d  is

p ro d u c e  3 0  0 0 0  v o ıts  o f  s ta tic  e le c tric ity .  T o u c h in g  a  V a n  d e  G r a a ft

c a iıs e s  th e  h a ir  to  s ta n d  o n  e n d .  A  b u iıd u p  o f  e le c tr o n s  o n  th e  d o m e  c a n

b e c o m e s  n e g a tiv e ly  c h a r g e d .  T w o  n e g a tiv e ly  c h a r g e d  o b je c ts  re p e l .  T h is

d o m e  is  tra n s fe rr e d  th r o u g h  th e  h a n d  a n d  b o d y  in to  th e  h a ir .  T h e  h a ir

V a n  d e  G r a a ft g e n e ra to r .  A  b u ild u p  o f  e le c tr o n s  (n e g a tiv e  c h a r g e ) o n  th e

W a n t a  h a ir  ra is in g  e x p e r ie n c e ?  T ry  p la c in g  y o u r  h a n d  o n  th e  d o m e  o f  a

n a tu ra l e x a m p le  o f  s ta tic  e le c tric a l d is c h a r g e .

e le c fr ic ü t  d is c lio r g e  in  th e  f o r m  o f  a  s p a r k  a n d  a  s h o c k .  L ig h tn in g  is  a

c h a rg e d .  T o u c h in g  a  n e u tra l o r  p o s itiv e ly  c h a r g e d  d o o r  k n o b  r e s u lts  in  a n

fr o m  th e  c a rp e t to  th e  s tu d e iıť  s  b o d y .  T h e  b o d y  b e c o m e s  n e g a tiv e ly

A s  s h o w n  in  th e  d ia g ra m  a b o v e ,  w a lk in g  o n  a  c  \  t tr a n s fe rs  e læ tr o n s

 c
h a r g e d  ob j ec t s at tra c t  ne u t ral  ob j ec t s�

 l ike  ch a r g e s  rep e l �

*  
u n lik e  c h a r g e s  a ttra c t

It s ta te s  th a t

E le c tr ic a l C h a rg e s .

p ro d u c e d .  T h e  b e h a v io u r o f  th e s e  c h a r g e s  is  e x p la in e d  b y  th e  L a w  o f

tr a n s fe r re d  fro m  th e  c a rp e t to  th e  d o o r  k n o b ,  e le c tr ic a ı c h a rg e s  a re

m a d e  b y  r u b b in g  to g e th e r tw o  d if re re n t m a te r ia ls .  A s  e le c tro n s  a re

Z a p ! T h e  s tu d e n t g e ts  a  s h o c k .  T h is  is  a n  e x a m p ıe  o f  s ta tic  e le c tr ic ity

A  s tu d e n t w a lk s  a c ro s s  a  c  \  te d  f lo o r  a n d  to u c h e s  a  m e ta l d o o r  k n o b ,

c o n d u c tin g  w ire
,  

t h e y  c re a te  c u r r e n t e te c lr ic iu .

c h a rg e
,  

t h e y  c re a te  s ta tic  e te c lr ic ily .  If th e  e le c tro n s  m o v e  a lo n g  a

e le c tro n s  m o v e  fr o m  o n e  p la c e  to  a n o th e r to  p ro d u c e  a  p o s itiv e  o r  n e g a tiv e

E le c tr ic ity  is  th e  m o v e m e n t o f  tin y  p a r tic ıe s  c a lle d  e ıe c tro n s .  If th e

L e s s o R  3  S T A  T I C  E L E C T R I C I T ı
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0  

0

T h is  m e th o d  o f  p r o te c tio n  is  c a lle d  g r o u n d in g .

b e n e a th  th e  g ro u n d .  It is  h e re  th a t th e  e x tra  e le c tr o n s  a r e  s a fe ly  d is p e rs e d .

T h e  e le c tr o n s  a r e  c a rr ie d  th ro u g h  a  w ire  c a b le  to  a n o th e r  ro d  lm a te d

L ig h tn in g  r o d s  a r e  m a d e  fr o m  a  m e ta l th a t a ttra c ts  e x tr a  e le c tro n s .

T a ll b u ild in g s  a r e  p ro te c te d  f ro m  lig h tn in g  d a m a g e  b y  lig ıım in g  r o d s .

e le c tr ic a l c h a r g e

s a fe ly  d is p o s in g  e x c e s s

G r o u n d in g  m e th o d  o f

m  T * a P ņ L \ F m  1  7  

T h e  F o r m a tio n  o f  L ıg h t n ın g

e le c tr ic ity .

30  0 0 0 a m p s  o f  c u rre n t .  T h is  is  a n  e x tre m e ly  ? n g e ro u s  d is c h a rg e  o f

tig llln in g  b o ll th a t p ro d u c e s  u p  to  1 0 0 0  0 0 0  v o ıts  o f  e le c tric a l fo r c e  a n d

c lia r g e d .  A  p o s itiv e  a n d  n e g a tiv e  c h a r g e  c o m in g  to g e th e r  m a k e s  a

c h a rg e d .  T h e  a c c u m u la tio n  o f  e x tr a  e ıe c tro n s  m a k e s  th e  c lo u d  n e g o liv e ty

th e  g ro u n d  b y  th e  h s in g  a ir  c u ıT e n ts .  T h is  m a k e s  th e  g ro u n d  p o s iliv e ty

a ir  in  a  th u n d e rc ıo u d  c re a te s  a n  e ıe c tric a l f ie ld .  E ıe c tr o n s  a re  d r a w n  fr o m

A n  e le c tr ic a l c h a rg e  in  a  c e r ta in  a re a  is  r e fe rr e d  to  a s  a j ìe td ,  M o v e m e n t o f

L IG H T N IN G

E L E C T R IC A L  P R ıN C ıP L E S  A N D  T E C H N O L O G IE S L e s s o n  3
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c o m p le te  p a th

flo w  o f  e le c tro n s  in  a

C ir c u it u n in te m lp te d

c o n d u c tin g  p a th

s o u rc e  th a t re q u ire s  a

e le c tr o n s  fr o m  a n  e n e rg y

c o n tim m n s  ñ o w  o f

C u r r e n t e ıe c t r id ty

N o t fo r  R e p ro d u c tio n  7 7

C o n  
1

P o w e r  s u p p ly

o u tle t (p o w e r  s u p p ly ) .  T h is  re p re s e n ts  a  c o m p le te  p a th  o r  c ir c u it .

p a n ,  o u t  t h r o u g h  th e  s e c o n d  w ir e  in  th e  c o r d  ( c o n d u c to r ) ,  
a n d b a c k  to  th e

s w itlc h  (c o n u o ł
.  

o n  th e  h a iıd le ,  t h r o u g h  th e  h e a tin g  e le m e n t (ıo a Ą  in  th e

T h e  c u rre n t tra v e ls  th r o u g h  o n e  o f  th e  w ire s  (c o rıd u c to r )  in  th e  c o r d  to  a

A n  e le c tr ic  fr y in g  p a n  is  p lu g g e d  in to  a n  e le c tr ic a l o u tle t (p o w e r  s u m ó   ·

 s
w i tch �

*  
l o a d

*  
c o n d u c to r

 p

o w e r  su p p l y�

c o n s is t o f  fo u r  m a in  c o m p o n e n ts

S u c h  a  f lo w  r e p re s e n ts  a  c o m p le te  p a th  o r  c ir c u it .  C irc u its  g e n e ra lly

b a c k  to  th e  p o s itiv e  p o le  o f  th e  b a tte ry .  T h is  is  a n  u n in te m ıp te d  f lo w .

c o n d u c tin g  w ir e
,  p a s s  th r o u g h  a  lig h t a n d  a  c lo s e d  s w itc h  a iıd  th e n  c o m e

F o r  e x a m p le
,  

e le c tro n s  le a v e  th e  n e g a tiv e  p o ıe  o f  a  b a tte ry , t r a v e l th ro u g h  a

C u tT e n t e le c tric ity  is  a  c o n tin u o lıs  f lo w  o f  e le c tr o n s  f ro m  a n  e n e r g y  s o u r c e .

L ¢s s o n  4  C U R R E N T  E L E C T R I C I  T Y

L e s s o n  H u rre n t E le c tr ic ity



: 
D io x id e  Z in ' " æt r o d e  (

-

= .  C a r b o ıı e le c tro d e  L+ )

c a rb o n  r o d  b e c o m e s  th e  p o s itiv e  p o le .

to  th e  c a r b o n  e le c tr o d e .  T h e  z in c  c a s e  b e c o m e s  th e  n e g a tiv e  p o le  a n d  th e

c a ııse s  th e  z in c  e le c tr o d e  to  r e le a s e  e le c tr o n s  th r o u g h  th e  e le c tr o ly we  p a s te

(e ıe c tr o ly ße )  a ll p ro te c te d  in  a n  o u te r  c o n ta in e r .  A  c h e m ic a l m c tio n

(e le c tr o d e ) ,  a  c e n t r e  c a r b o n  r o d  ( e le c tr o d e ) ,  a n d  a  m a n g a n e s e  d io x id e  p a s te

A  tw ic a l d ry  c e ll s u c h  a s  a n  A A  o r  D  c e ll c o n s is ts  o f  a lı o u te r  z in c  c a s e

' ' '

U
e ıe c tro ıy ße

S a ıt s o lu tio n

tw o  o r  n x ) r e  c e lls

B a t te r y  c o ï ııp o s e d  fr o ın

le đ r o d e

e ıe c tr ic a l e n e rg y

C C a ı  e n e t g y  in to  Z in c  e ıe c tr o d e  4 - - -
4 1

C e n t d e v ic e th a t c o n v e r ts

Sım p u f le d  C e ıı

is  a  s o lu tio n ,  t h e  c e ıı i s  c a l l e d  a  

"

w e t

"

c e ll.

If th e  e le c tro ly ße  is  a  p a s te ,  t h e  c e ll is  c a lle d  a
"

d ry

"

c e ll.  It th e  e le c tr o ly te

a ılo w s  th e  flo w  to  c o n tin u e .  A  g o o d  e le c tr o ıy ße  w ill c a rry  a n  io tıic  c h a r g e .

th e  e le c tr o n  flo w .  T h e  e le c tro ly ße  is  a  c o n d u c tin g  s o lu tio n  o r  p a s te  th a t

e fe c tro u te .  T h e  e ıe c tro d e s ,  u s u a ıl
y  

m a d e  o f tw o  d r Ďrenl m e ta ls ,  p
r o d u c e

E v e ry  c e ll c o n s is ts  o f  tw o  m a j o r  c o m p o n m ts  : e le c tro d k s  ü n d  a lz

m e r g y .

A  c e lı o r  b a tte ry  is  a  d e v ic e  th a t c o n v e r ts  c lle m ic a l e iıe rw  in to  e le c n ic a l

ıig h tin g  d e v ic e s .

to d a y .  T h e y  s u p p ly  th e  e le c tr ic a l e n e r g y  fo r  g a m e s ,  c lo c k s ,  r a d io s ,  a i ıd

C e lıs  a n d  b a tte r ie s  s e r v e  a s  a n  im p o r ta n t s o u r c e  o f  p o w e r  in  m a n y  g a d g e ts

C E L L S  A N D  b A T T E R IE S

e le c tr o ıy ße

i  '
d r

y

"
c e ıl  h a s a

p
a s t e

e le c tr o ly ße

"
w e t  

9 9  
c e ıı h a s a s o ıu t i o n

ï o ııl  c h a r g e d  p a r tic ıe s

一 一

心 ıe c tro ly t e

l e c t r o d e s

M  ◆ o r  p a r tı o f  a  c e u

c h e ï n ic a ls

e ıe c tr ic ity  p ro d u c e d  b y

E ıe c t r o c h e m b t r y

e ım tro -
r e fin in g .

c h e m ic a ı c h a n g e .  E x a m p ıe s  o f  th e s e  a r e  : e le c tr o ly s is ,  e l e c t r o
p

l a t in g ,  a n d

a  g o o d  e x a m p ıe  o f  th is .  O th e r  r e a c tio n s  lıs e  e le c tr ic ity  to  p ro d u c e  a

C e r ta in  re a c tio n s  lıs e  c h e m ic a ıs  to  p r o d u c e  e ıe c tr ic ity .  A  c e lı o r  b a tte ry  is

"

E le c tr o  
"

p
e r t a in s  to  e le c tr ic io

/ w h i le
"

c h e m is try

-

r e fe r s  to  c h e m ic a ls .

L e s s o n  5  E L E  C T R O C H E M I S  T R Y
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0

« le c tr o -
r e fm in g

« le c tr o p la th ıg

x le c tr o ly s is

E ıe c tr o c h e m ic a ı P r o c e s s

12 V  (fo u n d  in  c a rs )

d e te c to r s )

9 V  (fo u n d  in  s m o k e

B a tte r y  ty p e s

c a n  b e  re c h a rg e d .

N ic k e k a d m iu m  b a tte r ie s

a c id  e le c tro ly te ,  c a n  b e  d e
p

o s i t e d  o n  a  s e c o n d  e l e c t r o d e  t o  f o r m  
p

u r e  
g

o l d .

E le c tric ity  is  u s e d  to  r e m o v e  im p u r itie s  f ro m  m e ta l .  Im p u r e  g o l¢  in  a n

E le c tr o -
r e fin in g

m e ta l o n  to  a n o th e r .  Z in c  c a n  b e  e le c tr o p la te d  o n  s te e l to  p re v e n t r u s tin g

A n  e le c tric  c u rr e n t th a t flo w  th r o u g h  a n  e læ tr o ly we  d e p o s its  a to m s  o f  o n e

E ıe c tr o p la tin g

p ro v id in g  a  s o u r c e  o f  f u e l .

E le c tric ity  c a n  s p lit th e  w a te r  m o le c u le  in to  h y d ro g e n  g a s  a n d  o x y g e n  g a s
,

E le c t r o ly s is

C e r ta in  p ro c e s s e s u s e  e le c tric ity  to  p r o d u c e  a  c h e m ic a l c h a n g e .

E L E C T R O C H E M IC A L  P R O C E S S E S

jo in e d  to g e th e r .

c e lls  c o n n e c te d  to g e th e r .  A  12 -
v o lt c a r  b a tte ry  a ls o  h a s  a  s e rie s  o f  c e lls

A  9 V  b a tte ry ,  o f t e n  fo u n d  in  s m o k e  d e te c to rs , 
m a

y  
c o n s i s t  o f s ix  1 .  5 -

v o lt

A  b a tte ry  is  a  d e v ic e  th a t is  m a d e  f ro m  in d iv id u a l c e lls  c o n n e c te d  to g e th e r .

W H A T  IS  A  B A T T E R Y ?

b a tte rie s .

F r e q u e n tly , fo r  th e  s a k e  o f  c o n v e n ie n c e ,  
c e l l s  a r e  ın i s t a k e n l

y  
c a l ıe d

P o in t o f  I n t e r e s t A  w a ıl c lo c k  u s e s  a n  A A  c e ll- N O T  a n  A A  b a tte ry .

e le c tro n s .

r e v e r s e s  th e  c h e m ic a ı re a c tio n  a n d  r e p le n is h e s  th e  o r ig in a l s u p p ly  o f

T h e  o n e s  th a t c a n  b e  re c h a r g e d  a r e  c a lle d  s e c o n tla ıy  c e iıs .  C h a rg in g

th e  n a m e  p r im a ry  c e łts .  H o w e v e r ,  n i c k e l-

c a d m iu m  c e lls  c a n  b e  r e c h a rg e d .

M o s t c e lls  c a n  n o t b e  r e c h a rg e d  w h e n  th e y  b e c o m e
"

d e a d .

"

T h e y  a re  g iv e n

L e s s o n  5 E ıe c tro c h e m is tr
y
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V O L TA G E  v S .  M * P E R A G E

m o v in g  w a te r  a s  a n  e x a m p le .

T h e  c o m ıæ tio n  b e tw e e n  v o lta g e  a n d  a m p e ra g e  c a n  b e  i l l u s a t e d  tıs in g

g a ıv a n o m e t e r .

A  w e a k  e læ tric a l c u iT e iıt is  m e a s u r e d  in  ın iu i a m p s  ( ın A )  w ith  a

A  s tr o n g  e læ tr ic a l c u lT e n t is  m e a s u r e d  in  a m p e r e s  ( A )  w ith  a n  a m n ıe t e r .

s c ie n tis t A m p e re

- te m ı c o in e d  b y  th e  th n n  d o e s  s lo w -

m o v in g  w a te r .

d o e s ,  ju s t a s  fa s t -
m o v in g  w a te r  h a s  a  g re a te r  v o lu m e  p a s s in g  a  c e rta in  p o in t

o f  e le c ır ic a l Ħo w  
M g h e F  c u rr e n t h a s  m o r e  e le c tr o n s  p a s s in g  a  c e r ta in  p o in t th a n  a  lo w  c u rr e n t

m e a s u r e  o f  th e  q u a n tity  
A m p e r a g e  o r  c u r re n t is  th e  q u a n tity  o f  e le c tr o n s  p a s s in g  a  g iv e n  p o in t .  A

A m p e r e  
A M P E R A G E

V o lta g e  is  m e a s u r e d  in  v o ıt ( V )  u n its  w ith  a  v o lt m e t e r .

E læ tric a l O u tle t l l o  v o lts

C a r  B a tte ry  1 2  v o lts

A A  c e ll 1 .  5 v o lts

E x a m p le

P o w e r  s o u r c e s  h a v e  d iffe r e n t v o lta g e  o u tp u ts .

h a v e  a  M g h e r  v o lta g e  th a n  d o  s lo w -

m o v in g  e le c tr o n s  (s m a ll fo rc e ) .

th a n  d o e s  s lo w -

m o v in g  w a te r .  S im ila r ly ,  f a s t
-

m o v in g  e læ tro n s  (b ig  fo r c e )

th ro u g h  a  p ip e .  F a s t -

m o v in g  w a te r  e x e r ts  m o r e  fo r c e  o n  th e  w a lls  o f  a  p ip e

p o le  in  a  c e ll.  V o lta g e  c a n  b e  c o m p a re d  w ith  th e  fo r c e  o f  w a te r  p a s s in g

d ifk r e n c e  in  e n e r g y  b e tw e e n  th e  p o s iń v e  p o le  in  a  c e ll a n d  th e  n e g a tiv e

c o n d u c to r  th r o u g h  w h ic h  th e  c u lT m t is  flo w in g .  T h e  p o te iıń a l d r o p  is  th e

s o m e tim e s  re fe iT e d  to  a s  th e
"

p
o t e n t ia l d r o p

"

b e tw e e n  tw o  e n d s  o f  a

V o lta g e  in  a  c ir c u it is  th e  m e a s u re m e n t o f  p re s s u r e  o r  fo r c e .  It is

V O L T A G E

s c ie n tis t V o lta

c o in e d  b y  th e

fo r c e

p o tm ń a l d iffe r e n c e  o r

V o ıt a g e  m e a s u re  o f

m e a s u r e m e n ts .

e le c tr ic ity  is  m e a s u re d  a s  r e s is ta n c e .  A ll th r e e  a r e  im p o r ta n t e le c tric a l

e læ tr ic ity  is  m e a s u r e d  in  a m p e r e s .  T h e  fa c to r  th a t lin ıits  th e  flo w  o f

T h e  fo r c e  o f  e le c tr ic ity  in  a  c irc u it is  m e a s u r e d  in  v o lts .  T h e  q u a n tity  o f

L e s s o R  6  E L E C T R I C A L  M E A S U R E M E N T  A N D  S A F E  T Y
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Ą r e a k e r

- fu s e

E le c t r ic a ı s a R g u a r d s

s c ie n tis t O h m

- te rm  c o in e d  b y  th e

XPressed in  o h m s

o f  e le c tr ic ity

- th a t w h ic h  lim its  th e  f lo w

R e s is ta n c e

a m p e r a g e  k ills .

V o lta g e  j o lts ,  b u t

N o t fo r  R e p ro d u c tio n  8 1

ł

A  fu s e  c a lu ıo t b e  r e u s e d .

b e fo r e  th e  w ir e  o v e r h e a ts .  T h is  c a u s e s  a  b re a k  in  th e  flo w  o f  e le c tr ic ity .

lo w e r  m e ltin g  p o in t th a n  th e  w ir e  it is  c o n n e c te d  to .  T h e  m e ta l s tr ip  m e lts

A  fu s e  is  a  d e v ic e  a s  s e e n  in  th e  d ia g r a m  b e lo w  w ith  a  m e ta l s tr ip  h a v in g  a

p o s s ib ility  o f  a  fır e .  F u s e s  a n d  b re a k e r s  in s e r te d  in to  a  c ir c u it p r e v e n t th is .

A n  e le c tr ic a l c ir c u it m m t h a v e  a  s a fe g u a r d  to  p r e v e n t o v e r h e a tin g  a n d  th e

E L E C T R IC A L  S A F E T Y

te m p e ra tu r e .  A  M g h  te m p e r a tu r e  m e a n s  m o r e  r e s is ta n c e .

r e s is ta iıc e  M g b  a 】m p e ra g e  m e a n s  lo w  r e s is ta n c e .  R e s is ta n c e  is  a f fe c te d  b y

R e s is ta n c e  is  a f fe c te d  b y  v o lt a g e  a n d  a m p e r a g e .  H ig h  v o lta g e  m e a n s  h ig h

g iv e s  o f r m o r e  h e a t th a n  a  6 0  W  b u lb .

a m o u n t o f  lig h t a n d  h e a t p r o d u c e d .  A  10 0  W  lig h t b u lb  b u m s  b r ig h te r  a n d

w o r k  h a r d e r  to  g e t th r o u g h .  T h e  h ig h e r  th e  r e s is ta n c e ,  
t h e  

g
r e a t e r  t h e

B e c a u s e  tu n g s te n  w ire  in  a  lig h t b u lb  h a s  re s is ta n c e , t h e  e le c tro n s  m u s t

R e s is ta n c e  is  d e fin e d  a s  a  p r o p e r ty  th a t r e s tr ic ts  th e  f lo w  o f  e le c tr o n s .

R E S IS T A N C E

o f  1 .  0 A  is  d e a d ly .  V o lta g e  jo lts ,  b u t a m p e ra g e
"

k i l l s

"

.

A  c u r re n t w ith  a n  a m p e r a g e  a s  little  a s  0 .  1 A  is  fe lt a s  a  s h o c k  b u t a  c u r r e n t

D id  Y o u  K n o w ?

0  

0

L e s s o n  6 - E ıe c tric a l M e a su r e m e n t a n d  S a fe ty
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◆

口

c o n d u c to r  o f  e le c tric ity .  T his  s ih ıa tio n  c o u ld  h ım  d e a d ly .

p e r s o n
'

s  b o d y  w o u ld  b e  in  c o n ta c t w ith
"

l i v e  

"  

w ir e  a n d  w o u ld  b e c o m e  a

in s u la te  a g a in s t th e  liv e  e le c tric a l c u rr e n t .  O n c e  o u ts id e  th e  c a r ,  t h e

g e t o u t u n le s s  in  d a n g e r  o f  f ir e  o r  e x p lo s io n .  T h e  r u b b e r  tir e s  a c t to

c a n  b e  m a d e  b y  th e  p e r s o n  in s id e  th e  c a r ?  S ta y  ¡n s id e ! D o  n o t a tte m p t to

A  c a r  is  ta n g le d  u p  in  liv e  e le c tric a l w ir e s .  W n a t is  th e  b e s t d e c is io n  th a t

to  r e m o v e  th e  th ir d  p ro n g  to  m a k e  th e  p lu g  fit in to  a  tw o -

p r o n g e d  o u tle t .

c a r ry  a n  o v e r lo a d  o f  c u rr e n t a w a y  fr o m  th e  c ir c u it .  It is  v e ry  im p o r ta n t n o t

p r o n g s .  A  th r e e p ro n g e d  p lu g  h a s  a
"

g
r o u n ď

'

c o n n e c ū o n  th a t s e r v e s  to

S o m e  e le c tric a l a p p lia n c e s  h a v e  tw o -

p r o n g e d  p lu g s ,  o t h e r s  h a v e  th r e e

B im m ııic  s tr ip

e le c tric ity  c o n tin u e s  to  flo w .

a w a y  f ro m  its  c o n ta c t p o in t .  A  b re a k  in  th e  c ir c u it o c c u rs  a n d  n o

c o n ta c t .  A  s u r g e  o f  e le c tr ic ity  p ro d u c e s  h e a t th a t c a u s e s  th e  s tr ip  to  b e n d

A  c irc u it b re a k e r  a s  s e e n  in  th e  d ia g ra m  b e lo w  h a s  a  b im e ta llic  s tr ip

E L E C T R IC A L  P R IN C IP L E S  A N D  T E C H N O L O G IE S - L e s s o n  6
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o f  n ic k e l a n d  c h m m iu m .

N ic ro m e  w ire  is  a n  a llo y

th e  b e tte r  th e  c o n d u c to r .

T h e  lo w e F  th e  te m p e ra tu r e ,

te m p e ra tu r e - 2 7 3 .  ] 5 
° 

C

lo w e s t p o s s ib le

A b s o lu te  z e r o

c o n d u c tin g  w ir e  c o p p e r

C o m m n n ıy  u s e d

s ilv e r

B e s t c o n d u c tin g  w ir e

-

p la s tic

-

r u bb e r

In s u la tin g  m a te r ia ıs

N o l fo r R e p ro d u c tio n  8 3

a  r e s is ta n c e  w ir e  in  s c h o o ls .

N ic h r o m e  w ir e  (m a d e  fr o m  n ic k e l a n d  c h r o m iu m ) is  o fte n  d e m o n s tra te d  a s

s k in  re s is ta n c e  to  d e te rm in e  w h e th e r  a  p e rs o n  is  te llin g  th e  tru th .

p o w e r  a n d  s o u n d .  A  p o ly g ra p h  o r
"

lie  d e te c to r  te s t
"

u s e s  t h e  p ń n c ip le  o f

c o m p u te rs ,  r a d io s , a n d  t e l e v is io n s  lıs e  c o m m e r c ia l re s is to rs  to  c o n tro l

e x a m p le s  o f  r e s is to rs  th a t p ro d u c e  lig h t a n d  h e a t .  C ir c u it b o a r d s  fo u n d  in

R e s is to r s  a r e  b e n e fic ia l to  u s  to d a y .  A  lig h t b u lb  a n d  s to v e  e le m e n t a re

p ro d u c e  e n e r g y  in  th e  fo rm  o f  h e a t a n d  lig h t .

h a rd e r  to  g e t th r o u g h ,  fric tio n  b e tw e e n  th e  e le c tro n s  a iıd  m a te ria l m a y

s lo w e d  d o w n  a n d  r e s tr ic te d  in  m o v e m e n t .  B e c a u s e  e le c tr o n s  m u s t w o rk

a llo w in g  o n ly  s o m e  e le c tr o n s  to  p a s s  th ro u g h .  E le c tro n s  in  a  re s is to r  a re

R e s is to rs  a r e  p a r tia l c o n d u c to rs .  T h e y  lim it th e  f lo w  o f  e le c tr o n s  b y

R E S IS T O R S

p la s tic s , m a k e  g o o d  in s u la to rs .

G e n e ra lly ,  n o n
-

m e ta llic  m a te ria ls  s u c h  a s  w 0 0  g ıa s s ,  r u bb e r ,  a n d  c e r ta in

W ir e  is  tıs lıa lly  p ro te c te d  w ith  a  ru b b e r o r  p la s tic  in s u la tin g  m a te ria l.

w ith  s tro n g  fo r c e s .  A s  a  re s u lt, t h e ir  m o v e m e n t is  p re v e n te d .

E le c tro n s  in  in s u la tin g  m a te ria l a r e  a ttr a c te d  to  th e  n u c le u s  o f  th e  a to m

In s u la to rs  a re  n o n o n d u c t i v e  m a te r ia ls  th a t p re v e n t th  引  R o w  o f  e læ tro n s .

IN S U L A T O R S

c a lle d  s u p e r c o n d u c to r s .

th e y  d o  n o t h a v e  a n y  r e s is ta n c e  to  th e  e le c tr o n  flo w .  S u c h  m a te ria ls  a r e

c e r ta in  m a te r ia ls  c a n  b e  m a d e  to  b e  n e a r ly
"

p e r fe c t
"

c o n d u c to rs .  T h a t is ,

m a te ria ls .  B y  lo w e r in g  th e  te m p e ra tu r e  to  n e a r  A b s o lu te  Z e ro  (
- 2 7 3

° 
C ),

R e s e a r c h  is c o n tin u a lly  b e in g  d o n e  to  im p ro v e  th e  c o n d u c tiv ity  o f

c o n d u c to rs .

M e ta ls ,  s u c h  a s  c o p p e r , a lu m in u m
,  

s ilv e r ,  a n d m e rc u ry , a r e  e x c e lle n t

h a v e  th e  f re e d o m  to  m o v e  a r o u n d .

c o n d u c tin g  m a te r ia l a r e  s lig h tly  a ttra c te d  to  th e  n u c le u s  o f  th e  a to m  a n d

C o n d u c to rs  a r e  m a te r ia ls  th a t a llo w  th e  f lo w  o f  e le c tro n s .  E le c tro n s  in  a

C O N D U C T O R S

d e v ic e s .  T h e s e  in c lu d e  in s u la to rs ,  c o n d u c to rs ,  r e s is to rs , a n d s w itc h e s .

T h e  c u ıT e n t in  a  c irc u it c a n  b e  c o n tro lle d  b y  u s in g  d iffe r e n t m a te ń a ls  a n d

@

0

L e s s o n  7  C O N T R O L L I N G  E L E C T R I C A L  C U R R E N T
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c ir c u it a n d  p re v e n ts  d e v ic e s  fr o m  w o rk in g .

a  lig h t to  tu m  o n  , a n d  a  m o t o r  t o  r u n . a  s w itc h  fıip p e d o fr o p e n s  th e

A  s w itc h  flip p e d
"

o n

"

c o m
p
le te s  th e  c ir c u it a n d  c a u s e s  a  d o o r  b e ll to  r in g ,

fo r  e le c tr o n s  to  flo w  c o n tin u o u s ly .

is a  c o n tr o l m e c h a n is m  th a t b re a k s  o r  o p e n s  a  c irc u it .  It p re v e n ts  o r  a llo w s

S w itc h e s  a re  u s e d  to
"

t u m  o n

"

a n d
"

t u m  o fF
'

e ıe c tr ic a l d e v ic e s .  A  s w itc h

S W IT C H E S

c o n tro l a re  e x a m p ıe s  o f  a  r h e o s ta t .

c u r re n t p a s s in g  th ro u g h  a  c ir c u it .  A  lig h t d im m e r s w itc h  o r  a  ra d io  v o ıu m e

A  v a r io b te  r e s is to r  o r  r lie o s la l is  a  d e v ic e  th a t c o n tr o ıs  th e  a m o u n t o f

v o ıu m e  s w itc h

fo u n d  in  a  d im m e r  o r

v a r ia b le  re s is to r

R h e o s t a t

o p e n s  a  c irc u it

m e c h a n is m  th a t b re a k s  o r

S w ltc ıı is  a  c o n tr o l

b a n d s

is  d e te rm in e d  b y  c o lo r

R e s is t o r  r a t in g

m a d e  fro m  1  1

in c a n d e s c e n t lig h t b u lb  is

re s is ta n c e  w ire  in  a n  
I

gıu e  b in d in g  m a te r ia ı.

C o m m e rc ia l re s is to rs  a re  m a d e  fro m  a  c a rb o n  c o m p o s itio n  m ix e d  w ith  a

ın te r e s tln g  F a c ts

E L E C T R ıC A L  P R ıN C IP L E S  A N D  T E C H N O L O (ìıIŢS  L e s s o n  7
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p a r a lle ı.

T h e r e  a r e  tw o  m e th o d s  o f  c o n n e c tin g  e le c tric a l c o m p o n e n ts  : in  s e r ie s  o r in

ゾ
ー F u s e

ー ノ ― S w i t c h
ー ノヘ

R e s is to r  M o to r

L a m p  R h m s ta t

厂

ı 1- B a tte r y  v o lt m e t e r

― ― ı
― ― C e ll - �- A m m e te r

a n d  th e ir  s y m b o ls .

s y m b o ls .  T h e  Jfo llo w in g  lis t s h o w s  s o m e  o f  th e  b a s ic  e le c tric a l c o m p o n e n ts

L
"

o n s tn ıc tin g  a  s c h e m a tic  d ia g ra m  r e q u ire s  k n o w le d g e  o f  e le c tr ic a l

s y m b o ls

e le c tr ic a l d ia g ra m  u s in g

S c h e m a tic  d ia g r a m

*  

p
o w e r  s o u r c e

*  
c o n t r o l

 c
o n d u c t or �

*  
l o a d

c ir c u it

F o u r  c o m p o n e n ts  in  a

p a r a lıe l

in  s e rie s

C irc u its  c a n  b e

b e  re p r e s e n te d  in  th e  fo llo w in g  s c h e m a tic .

m a k e s  it e a s ie r  to  u n d e rs ta n d  h o w  th e  c lu T e n t flo w s .  T he  a b o v e  c ir c u it c a n

E le c tr ic a l c ir c u its  a r e  d ra w n  a s  s c lie m a tic  d ia g r a m s .  T h e  d ia g r a m  b e lo w

一
一

地

专 节 r
. Ł 加c e ıı w ir e

P o w e r S o u rc e  C o n d u c to r  C o n tr o l L o a d

Q u ic k  R e v ie w  E ıe c tr ic a ı c ir c u its  h a v e  fo u r  b a s ic  p a r ts

te le v is io n s .

m a j o r  w ir in g  p a t t e r n s  n  h o u s e s  to  tin y  m ic r o c h ip  b o a r d s  fo u n d  in

E le c tr ic a l c ir c u its  c a n  b e  s im p le  o r  c o m p le x .  T h e y  r a n g e  in  s iz e  f o m

0  

0

L e s s o n  8  E L E C  T R I C A L  C I R C U I Į S
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:
,  

5  V  ĝ(
'

ı.  5 v  i įê

lıs e s  c o n s id e ra b le  e le c tr ic ity  a n d  w ill n o t la s t a  lo n g  tim e .

T h r e e  1 .  5 v o lt c e lls  w ire d  in  s e r ie s  p r o d u c e  4 .  5 v o lts  o f  c u lT e n t .  T h is  s e tu p

C e lls  c a n  b e  w ir e d  in  s e r ie s  a n d  p a r a lle l .

c o n tin u e s  to  lig h t .  T h e  c ir c u its  in  a  h o u s e  a r e  w ir e d  in  p a r a lle l .

A d v a iıta g e  : I f  o n e  la m p  b u m s  o u t , t h e  o t h e r  h a s  its  o w n  p a th  a n d

b ń g h tly .  A  I .  5 V  D  c e ll p ro v id e s  1 .  5 V  o f  e le c tr ic ity  to  e a c h  la m p .

B o th  la m p s  h a v e  th e  s a m e  c e ll v o lta g e  a c ro s s  th e m  a n d  w ill b u m j u s t a s

A  p a r a lle l c ir c u it h a s  m u ltip le  c u r r e n t p a th s .  E a c h  la m p  h a s  its  o w n  p a th .

IN  P A R A L L E L

S c h e m a tic  d ia g ra m  o f  la m p s  c o n n e c te d  in  s e r ie s

D is a d v a n ta g e  : If  o n e  la m p  b u m s  o u t
,  

t h e  o th e r  w ill n o t lig h t .

th e  v o lta g e .  E a c h  ıa m p  re c e iv e s  0 .  7 5 V  fro m  a  1 .  5 V  D  c e ll.

c u lT e n t .  T w o  ıa m p s  c o n n e c te d  in  s e ń e s  m e a n s  th a t e a c h  la m p  r e c e iv e s  h a lf

A  s e ń e s  c irc u it h a s  O N E  c u lT e n t p a th .  E a c h  c o m p o n e n t r e c e iv e s  th e  s a m e

IN  S E R IE S

C E  R O C K  R F S F A R C H

p a th w a y s

P a r a ııe ı c ir c u it m u ltip le

p a th w a y

s e r ie s  c ir c u it o n e

E L E C T R JC A L  P R IN C IP L E S  A N D  T E C H N O L O G IE S - L e s s o n  8
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th e  h a ll.

F ıip p in g  th e  s w itc h e s  d o w n  c o m p le te s  th e  c irc u it fr o m  th e  o th e r  e n d  o f

F lip p in g  b o th  s w itc h e s  u p  c o m p le te s  th e  c ir c u it f ro m  o n e  e n d  o f  th e  h a ll .

S c h e m a tic  d ia g ra m  o f  a  th re e -
w a y  s w itc h

th e  h a ll.

H o w  is  th is  m a d e  p o s s ib le ?  B y  p la c in g  a  th r e e -
w a y  s w itc h  a t e a c h  e n d  o f

A  h a llw a y  lig h t n « d s  to  b e  c o n tr o lle d  fr o m  b o th  e n d s  o f  th e  h a llw a y .

T h in k  A b o u t ¡t !

T h is  s e tu p  

3

T h r e e  1 .  5 v o lt c e lls  c o n n e c te d  in  p o r a t te t p r o d u c e  1 .  5 v o lts  o f  c u 】r e n t .

r '

L e s so n  8 - E le c u ic a l C irc u its
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T h e  h a ir  d ry e r  h a s  a  c u rr e n t o f  9 .  2 A .

I =  9 .  2 A

I =  V  / R

s o ıu tio n

e le c tric a l o u tle t .  W h a t is  th e  a iııo u n t o f  c lırr e n t p a s s in g  th r o u g h  th e  ? y e ť ?

A  h a ir  d ry e r  p ro d u c e s  a  re s is ta n c e  o f  1 2  n  w h e n  p lu g g e d  in to  a l l O V

E x a m p le

T h e  p o w e r  s o u r c e  h a s  a  v o lta g e  o f  4 5  V .

V  =  4 5 V

V  =  1.  5 A  × 3 0 0

V  =  I × R

S o lu tio n

th r o u g h  a  3 0  Q  la m p  r e s is ta n c e ?

W n a t is  th e  v o lta g e  o f  a  p o w e r  s o u r c e  th a t h a s  a  1 .  5 A  c u r re n t f lo w in g

E x a n ıp le

R E S IS T A N C E  c a n  b e  d e te r m in e d  u s in g  th e  fo rm u la  R  =  V  / I

C L ĮR R E N T  c a n  b e  d e te rm in e d  u s in g  th e  fo rm u ıa  I =  V  / R

K n o w in g  a n y  t w o  o f  th e  v a lu e s  m a k e s  it p o s s ib ıe  t o  c a lc u la te  th e  th ir d .

fo r  a n d  th a t w ill r e v e a l th e  fo rm u la .

H in t fo r  r e m e m b e r in g  th e  fo r m u la  C o v e r  th e  le tte r  y o u  a r e  try in g  to  s o v e

V  =  I × R

t (I)  
· R e s i s t a n c e  (R )

c u lT e n t d e c re a s e s .

O h m  
'

s  L a w  a ls o  r e la te s  to  r e s is ta n c e .  If th e  re s is ta n c e  in c r e a s e s ,  t h e

tile  v o ti \  a p  p lie d .  T h is  m e a n s  : m o r e  v o lta g e ,  
m o r e  c u l T e n t .

O h m
'

s  h w  s ta te s  a t  c u r r e n tjıo w in g  th r o u g h  a  w ir e  v a r ie s  d ir e c tly  to

to g e th e r .

A  G e rm a n  s c ie n tis t
,  G e o r 8  0 h m , lin k e d  v o lta g e ,  

c u r r e n t ,  a n d  re s is ta n c e

O H M  
'
S  L A W

C A S T L E  R O C K  R E S E A R C H

is  n .

T h e  s y m b o l u s e d  f o r  o ıım

R  =  V / ï

I =  V  / R

V  =  Ï  × R

O h m
'
s  L a w  R  

=  
V  /  I

th e  v o lta g e  a p p lie d

flo w in g  v a r ie s  d ir e c t ly  to

O h ııı 
'

s  L a w  c u r r e n t

L e s s o N  9  E L E C T R I C A L  C A L C U L A  T I O N S
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S c im c c  9  C la s s  N o te s

I =  
P / V

V  =  
P  / I

P  =  
V x i

O i n e d  by  Ja m e s  W a tt

-

m e a s u r e d  in  w a tts

p o w e r

N o t fo r  R e p ro d u c tio n  8 9

a n o th e r  s e c tio n .

T h e  c o n n e c tio n  o f  P O W E R  to  e le c tric a l c o n s m p tio n  w ill b e  e x p la in e d  in

P  =  1 0 0 0 W  (w a tts )

P  =  1 10 V  × 8 .  3 3 A

P 一 V  X

s o ıu tio n

W D a t is  th e  p o w e r  ra tin g  o f  th e  ir o n ?

A  c u r lin g  ir o n  is  p lu g g e d  in to  a  1 1 0  V  o u tle t .  It lıs e s  8 .  33 A  o f  c lır re n t .

E x a m p le

P 一
V  X

P o w e r  =  
V o lta g e  x  C u r r e n t

S c o ttis h  in v e n to r  a n d  e n g in e e r .

P o w e r  is  e x p r e s s e d  in  w a tt (W )  u n its ,  n a i ııe d  i n  h o n o u r  o f Ja n ıe s  W a tt,  a

p o w e r .

d e p e n d e n t o n  v o lta g e  a n d  c u rr e n t .  V o lta g e  is  m u ltip lie d  b y  c u rr e n t to  fm d

T h e  a m o u n t o f  e le c tric a l p o w e r  u s e d  b y  th e  lo a d  in  th e  c ir c u it is  a ls o

R 一
V / I

b y  c u r re n t to  fin d  r e s is ta n c e .

o f  th e  p o w e r  s o w c e  a n d  th e  c u r r e n t p a s s in g  th r o u g h  it .  V o lta g e  is  d iv id e d

T h e  a m o lın t o f  e le c tr ic a l r e s is ta n c e  in  a  c ir c u it is  d e p e n d e n t o n  th e  v o lta g e

P O W E R

 i f vo l tag e  is co n s t an t  an d  res i st an c e  ł,  c
u l T e n t  î �

 i f res i st an c e  re m a i ns  co n s t an t  a n d  cu r re n t  į ,  v o l t a g
e

 1 �

 i
f  cu l T e n t  r e m a i n s  c o n s t a n t  a n d  r e s i s t a n c e  1 , v o l t a g

e
 ł�

IN  S U M M A R Y

T h e  r e s is ta n c e  in  th e  c ir c u it is  4 5  o h m s .

R  =  4 5 o h m s

R  =  9 V  / 0 .  2 A

R  =  V  / I

S o lu tio n

th e  re s is ta iıc e  in  th e  ra d io  c irc u it?

A  ra d io  u s e s  a  c u r r e n t o f  0 .  2 A  w h e n  o p e ra te d  b y  a  9  V  b a tte ry .  W ħa t is

E x a m p le

e  

0

L e s s o n  9 - E ıe c tr ic a l C a lc u la tio n s



C A S T L E  R O C K  R E S E A R C H  90  C o p y rig h t P ro le c lc d

c o n tin u e s  to  sp in .

th e  N  p o le  to  a n  S  p o le .  B e c a u s e  tw o  lik e  p o le s  r e p e l, t h e  a r m a tu re

m a w e t,  t h e  c o m m u ta to r  re v e rs e s  th e  p o la r ity  o f  th e  a rm a tu r e  a n d  c h a n  \  s

A s  th e  N  p o le  o f  th e  a r m a tu r e  is  a ttra c te d  to  th e  S  p o le  o f  th e  p e rm a n e n t

m e ta l ń n g  c o n n e c to r  th a t h a s  a  s p lit in  it to  re v e rs e  th e  c u rre n t flo w .

T h is  is  m a d e  p o s s ib le  b y  a  s p lit r in g  c o m m u la lo r .  T h e  c o m m u ta to r  is  a

T h e  N  p o le  n e e d s  to  b e c o m e  a n  S  p o le  a n d  th e n  a n  N  p o le  a g a in , a n d  s o  o n .

Th e  tr ic k  is  to  c h a n g e  th e  p o la r ity  o f th e  a r m a h łr e .

th a t c o n v e r ts  e le c tr ic a l

E le c tr ic  m o to r  d e v ic e  W n a t k e e p s  th e  a rm a tu re  s p in n in g ?

s p in s  to w a rd s  th e  S  p o le  o f  th e  p e rm a n e n t m a g n e t .

b y  th e  p e n n a n e n t m a g n e ts .  T h e  N  p o le  o f  th e  a r m a tu r e  ( e le c tr o m a g n e t)

pe rm a n e n t m a g n e ts  a n d  t u r n s  to  lin e  u p  w ith  th e  m a g n e tic  fie ld  p ro d u c e d

w ire  a r o u n d  a iı iro n  c o r e .  T h e  a r m a tu re  is  p o s itio n e d  b e tw e e n  tw o

A  Strong e le c tro m a g n e t c a lle d  a n  a r m a M r e  is  m a d e  b y  w in d in g  a  c o il o f

m e c fıa ?ıic a t e n e r g y  (e n e rg y  o f  m o tio n ) .  H o w  d o e s  it d o  th is ?

A n  e le c tr ic  m o to r is  a  d e v ic e  tııa t c o n v e r ts  e ıe c t r ic a t e n e rg y  in to

E L E C T R IC  M O T O R

g e n e ra to rs .

T o d a y ,  t h e  p r in c ip le  o f  e le c tro m a g n e tis m  is  u s e d  in  e le c tr ic  m o to rs  a n d

m a g n e tis m  it is  c a lle d  a n  e łe c » o m  \  e l .

m a d e  a  s p e c ia l m a g n e t .  B e c a u s e  th is  d e v ic e  c h a n g e s  e le c tr ic ity  in to

w ra p p in g  w ir e  a r o u n d  a n  ir o n  n a il
,  

a n d a tta c h in g  it to  a  b a tte ry ,  F a r a d a
y

p r in c ip le  o f  e te c lr o m  \  e lis m .  H e  c re a te d  a  m a g n e t u s in g  e le c tr ic ity .  B y

M ic h a e l F a ra d a y ,  
1 1  

y
e a r s  ıa te r , w a s  c r e d ite d  w ith  d is c o v e r in g  th e  b a s ic

Jıo w in g  t h r o u g h  a  w ir e  c r e a te s  a  m a g n e tic jìe ıd  a r o u n d  th e  w ir e .

m a g n e tic  fie ld  w a s  n o  lo n g e r  th e r e .  O e r s te d  c o n c lu d e d  th a t c u r r e n t

p la c e d  n e a r  a n  e le c tric  c u lT e n t .  W n e n  th e  c u lT e n t w a s  in te iT u p te d ,  t h e

e le c tr ic ity  a n d  m a g n e tis m .  H e  n o te d  th a t a  c o m p a s s n e e d le  d e f le c te d  w h e n

H a n s  C h r is tia n  O e rs te d
,  

a  D a n is h  p h y s ic is t,  n o t ic e d  a  re ıa tio n s h ip  b e tw e e n

m a g n e tis m

th a t c o n v e r ts  e le c tr ic ity  to

E le c t r o m a g n e t d e v ic e

L e s s o n  1 0  E L E  C T R I C I  T Y  A N D  M A G N E  T I S M
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S c im M e  9  C II s s  N o łc s

a n d  fo rth

(A C ) flo w s  b a c k

A ıte r n a tin g  C u r r e n t

H o w s  in  o n e  d ire c tio n

D ir e c t C u r r e n t (D C )

N o t fo r  R e p ro d u c tio n  9 1

B

A C  c u rre n t

A C  M o to r

th a t c y c le s  b a c k  a n d  fo r th ,  60  tim e s  p e r s e c o n d .

r e f rid g e ra to rs .  A  l LO V  e le c tric a l o u tle t h a s  a n  a l t e r n a t i n g  c u r re n t (A C )

T h e s e  a r e  A C  m o to rs  a n d  a r e  c o m m o n ly  fo u n d  in  d is h w a s h e r s  a n d

L a r g e r a p p lia n c e s  h a v e  e le c tr ic  m o to rs  th a t ru n  o n  a n  a t t e r n a t i n g  u r r e n t .

D C  c u rre n t

c  

il

o n e  d ir e c tio n .  T h e s e  a re  D C  m o to rs .

m o to rs  th a t a re  o p e r a te d  b y  a  d ir e c t c u r r e n t,  o r  c u r r e n t  t h a t flo w s  o n ly  in

S m a lle r  a p p lia n c e s  s u c h  a s  M P 3  p la y e r s a n d  c o m p u te rs ,  h a v e  e l e c t r ic

to  s p in  c o n tin u o u s ly .

B y  a ttra c tin g  a n d  re p e llin g  a t th e  ń g h t m o m e n t
,  

t h e  a rm a h ıre  c a n  b e  m a d e

L e ss o n  I O - E le c tric ity  a n d  M a g n e tis m
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m a k in g  th e  lig h ts  a n d  h o m  w o rk .

a re  c a lle d  a lte m a to r s .  C a r s  h a v e  a lte m a to rs  to  g e n e ra te  e le c tric ity  fo r

d y n a m o s .  T h o s e  th a t p ro d u c e  a  c u rr e n t th a t s w itc h e s  b a c k  a n d  fo r th  (A C )

(A C ).  G e n e ra to rs  th a t p r o d u c e  a  c u lT e n t in  o n e  d ire c tio n  ( D C ) a re  c a lle d

G e n e ra to r s  c a n  p ro d u c e  a  d ire c t c u rr e n t (D C ) o r  a n  alternating u r r e n t

io n

o f  th e  m a g n e lic T le td .

,  

T h e  lliu m b  p o in ts  in  th e  d ire c tio n  o f  c u r re n t flo w .

w ir e  c o m in g  fr o m  y o ıır  g e n e ra to r .  T h e  c u r te d j ï n g e r  s
_

in d ic a te  th e  d ire c tio n

th e  L E F T - H A N D  R U L E  C u rl y o u r  fin g e r s o f th e  le ft h a n d  a ro u n d  th e

T h e  d ire c tio n  o f  c u ıT e n t f lo w  a n d  m a g n e tic  fie ld  c a n  b e  p re d ic te d  u s in g

p ro d u c e s  e le c tr ic ity  w h e n  th e  w ire s  c u t th r o u g h  a  m a g n e tic  fie ld .

in d b c e s  a n  e le c tr ic  c u lt e n t .  S im ila r ly ,  w h e n  a  
g

e n e r a t o r  i s  m a d e  t o  s
p

i n
,  
it

w ire
,  
it m a d e  a  c o m p a s s  n e e d le  d e n e c t .  M o v in g  a  m a g n e t in  a  c o il o f  w ir e

F a ra d a y  n o tic e d  th a t if  a  m a g n e t w a s  m o v e d  b a c k  a n d  fo rth  in  a  c o iı o f

G E N  E R A T O R

c o n v e r t e ıe c tr ic a ı e n e r g y  in to  m e c h a n ic a ı e n e r g y .

to o ls ,  e ıe c tr ic a l la w n  m o w e rs  a n d  fa n s .  W e  s a y  th a t e le c tr ic  m o to rs

d o n e  b y  th e  m o to r .  E le c tric  m o to rs  a re  u s e d  to  o p e ra te  p u m p s ,  p
o w e r

B y  c o n n e c tin g  a  p u ıle y  o r g e a r  to  th e  s h a ft o f  th e  a rm a tu r e ,  w o r k  c a n  b e

E L E C T R IC A L  P R IN C ıP L E S  A N D  T E C H N O L O G IE S  L e s s o n  1 0



Sc im c c  9 C ln ss  N o te s

e le c tr ic a ł c u n e n t

o r
"

s t e p s  d o w n
"

a n

T r a n s fo r m e r
"

s t e
p

s  u p
"

N o t fo r  R e p ro d u c tio n  9 3

c o il
,  

t h e  U an s fo rm e r  s te p s -

u p  th e  v o lta g e .

th e  v o lta g e .  If th e  s e c o n d a ry  c o il h a s  m o r e  w T a p s  o f  w ir e  th a n  th e  p r im a r y

h a s  Ř w e r  w r a p s  o f  w ir e  th a n  th e  p r im a r y  c o il, t h e  t r a n s fo rm e r  s te p s - d o w n

w ra p p e d  a r o u n d  th e  o p p o s ite  s id e  o f  th e  ir o n  c o re .  If th e  s e c o n d a ry  c o il

ir o n  c o r e .  T h is  r e p re s e n ts  th e  p r im a ry  c o il .  A  s e c o n d  o r  s e c o n d a ry  c o il is

A  c o n d u c tin g  w ir e  is  w r a p p e d  a r o u n d  o n e  s id e  o f  a  c ir c u la r  o r  r e c ta n  \  la r

th is  d o n e ?

T h is  is  th e  a m o u n t n e e d e d  to  r u n  a ll a p p lia n c e s  in  a  h o u s e .  H o w  is

c a lle d  lransrmers m u s t
"

s t e
p  
d o w n

"

t h e  v o lta g e  to  2 4 0  o r  1 2 0  v o lts .

g e n e ra tin g  p la n t c a n  c a iT y  a s  m u c h  a s  5 0 0  0 0 0  v o lts .  S p e c ia l d e v ic e s

to o  h ig h  fo r  u s e  in  a n  o rd in a ry  h o u s e .  S o m e  tra n s m is s io n  lin e s  fro m  th e

T h e  p o w e r  p r o d u c e d  a t a n  e le c tr ic a l g e n e r a tin g  p la n t h a s  a  v o lta g e  m u c h

T R A N S F O R M E R S

A  g e n e ra to r  c o n v e r ts  m e c h a n ic a l e n e r g y  in to  e le c tr ic a l e n e r g y .

A  m o to r c o n v e r ts  e le c tr ic a l e n e r g y  in to  m e c h a n ic a l e n e r g y .

Q U IC K  R E V IE W

L e ss o n  1 0 - E ıe c u ic ity  a n d  M a g n e tis m
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T h e  fry in g  p a n  h a s  a  ra tin g  o f  5 0 0  W .

P  =  5 00  W

P  =  300 000 J/(10 × 6 0 ) s e c o n d s

P  =  E  / t

So lu tio n

c a lc u la te d  if  th e  o th e r T W O  a re  k n o w n .

c o o k  p o ta to e s  fo r  I O  m in u te s ?  H in t : A n y  v a lu e  (P ,  E
,  o r  t ) c a n  b e

W h a t is  th e  w a tta g e  o f  a  fr y in g  p a n  th a t ııs e s  3 0 0  0 0 0 jo u le s  o f  e n e r g y  to

E x a m p ıe

F o rm u la  : P  =  E lt

w a tts  =  jo u le s /se c o n d s

1 W a tt =  1 Jo u le / 1 s e c o n d

P o w e r -
e n e r gy /tim e

fo rm s .

a m o u n t o f  e le c tric a l e n e rg y  c o n v e r te d  to  lig b t , h e a t
,  s o u n d ,  a n d o th e r

P o w e r  is  a ls o  d e fin e d  a s  th e  e n e rg y  p e r  u n it lim e .  P o w e r  d e s c ń b e s  th e

P  =  1 32 0  W

P  =  l LO V × I 2 A

S o lu tio n

12  A  o f  c u rre n t?

W n a t is  th e  p o w e r  o f  a  to a s te r  th a t is  p lu g g e d  in to  a  l L O V  o u tle t a n d  u s e s

E x a m p le

F o rm u la  : P  =  V  × I

H in t : A n y  v a lu e  ( P ,  
V

,  o r  I ) c a n  b e  c a ıc u la te d  if  th e  o th e r  T W O  a r e  k n o w n

(w a tts ) ( v o lts ) ( a m p s )

P o w e r -
V o lta g e  x  C u r r e n t

d is c u s s e d  in  E le c tr ic a l M e a s u re m e n t le s s o n ) .

(W ) u n its .  P o w e r is  d e p e n d e n t o n  v o lta g e  a n d  c u r r e n t ( a s  p r e v io u s ly

P o w e r  o r  th e  r a le  a t w h ic h  a  d e v ic e  c o n v e r ts  e n e r g y ,  i s  m e a s u r e d in  w tılt

P O W E R

p a id  fo r b y  th e  k ilo w a tt h o u r  o f  u s e .

in  a  h o m e  to  r u n  a p p lia n c e s .  Its  c o n s u m p tio n  is m o n ito re d  b y  a  m e te r , a n d

ıin e s
,  

a n d  re d u c e d  to  a  u s a b le  v o lta g e  b y  tr a n fo r m e rs , i t  c a n  be  s a fe ly  u s e d

A fte r  e le c tr ic ity  is  g e n e ra te d  b y  a  p o w e r  p la n t,  c a r r ie d  b y  tra n s m is s io n

L e s s o n  I I P O  W E R , E N E R G Y , A N D  E P P IC ıE N C Y
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Sc Ic H c c  9  C ııss  N o te s

e n e rg y  to  h e a t .

w h e n  a  d e v ic e  c h a n g e s

E ffic ie n c y  d e c r e a s e s

e n e rg y

o u tp u t e n e rg y  b y  in p u t

e t e r m i n e d  b y  d iv id in g

-

m e a s u r e d  a s  a  p e rc e n ta g e

w o r k

-

r e fe rs  to  th e  p ro d u c tiv e

E M c ie n c y

k w h  k ilo w a tt h o u r

w a tt s  m u ltip ly  b y  1 0 0 0

C o n v e r tin g  k iıo w a tts  to

I 0 0 0

k iıo w a tts  d iv id e  b y

c o n v e r tin g  w a tt s  to

N o t fo r  R e p r o d u c tio n  9 5

F o rm u la  E f fic ie n c y  
=  O u 中 u t e n e r g y  / In p u t e n e rg y  

× 1 0 0

b u lb  is  m u c h  le s s  c o m p a re d  to  th e  to ta l in p u t e n e r g y .

e n e r8 Y  to  p ro d u c in g  h e a t .  T he  u s e fu l e n e rg y  o u tp u t o f  a n  in c a n d e s c e n t

o f  a n  e q u iv a le n t flu o r e s c e n t lig h t b u lb  b e c a iıs e  a n  in c a n d e s c e n t b u lb  lo s e s

in p u t .  T he  e f fic ie n c y  o f  a n  in c a n d e s c e n t lig h t b u lb  is  m u c h  le s s  th a n  th a t

E ffic ie n c y  r e fe rs  to  th e  r a tio  o f  th e  u s  m  t e n e rg y  o u tp u t to  th e  lo la t e n e rg y

e f fic ie n t .

th e y  w e re  in  th e  p a s t .  F ń d g e s  to d a y  u s e  m u c h  le s s  p o w e r  a n d  a re  m o re

M a n y  o f  th e  a p p lia n c e s  u s e d  to d a y  a re  m u c h  m o r e  e n e r 8 y
-

e ffic ie n t th a n

E F F IC IE N C Y

th e  lis te d  a p p lia n c e s  is  9 4 .  4 5 k w n  × $ 0 .  0 7 / k w n  o r  $  6 .  6 1

B e c a iıs e  th e  c o s t p e r  k w n  is  7  c e n ts , t h e  t o t a l  m o n t h l
y  

c o s t  o f u s in g

T o ta l =  94 .  4 5 k w n

=  2 2 .  30  k w n

L ig h ts  : 4  × 1 0 0  /  1 0 0 0  
=  0 .  4 k w  × 5 5 .  7 5 h r  ( 4 5  / 6 0  is  0 .  7 5)

T V 2 50 W / 1 0 0 0  =  0 .  2 5 k w × 1 0 0 h r  
=  

2 5 .  00 k w n

S to v e  : 1 5 0 0  W / 1 0 0 0  =  
1 .  5 k w  × 1 6 .  5 h r  =  24 .  7 5 k w n

F r id g e  : 7 0 0  W  / 1 0 0 0  =  0 . ? k w  × 3 2  h r  
=  

2 2 .  4  k w n

◆ 

0

M u ltip ly  b y  th e  c o s t p e r  k w n  ( 7  c e n ts )

by  6 0  b e c a u s e  6 0  m in u te s  =  1 h o u r )

M u ltip ly  b y  th e  m ım b e r  o f  h o u r s  (c h a n g e  m in u te s  to  h o u r s  b y  d iv id in g

M u ltip ly  b y  th e  n u m b e r  o f  s u c h  a p p lia n c e s  ( 4  lig h t b u lb s )

b y  1 0 0 0  b e c a u s e  1 0 0 0  W  =  
1  k w )

C h a n g e  th e  p o w e r  w a tta g e  o f  e a c h  a p p lia n c e  to  K I L O W A T T S  (d iv id e

S o lu tio n

d u r in g  th e  m o n th  o f  A p ń l b y  th e  a p p lia n c e s  lis te d  a b o v e .

h o u r  ( 7  c e n ts / k w n ) .  D e te rm in e  th e  c o s t o f  e le c tr ic a l e n e r g y  c o n s u m e d

T h e  c o s t o f  e le c tr ic a l p o w e r c h a rg e d  b y  th e  c o m p a n y  is  $  0 .  0 7 / k ilo w a tt

 F o u r  1 0 0  W bu l bs  us e d  for  55  ho u r s  an d  45  mi nu t es �

 2 5 0  W TV  us e d  for  1 0 0  ho u r s�

 1
 5 0 0  W st ov e  el em e n t  us e d  for  16 .  5 ho u r s�

 7
0 0  W  f iidg e  is us e d  for  32  ho t ırs�

h o m e  c a n  b e  c a lc u la te d  fo r th e  m o n th  o f  A p r il a n d  th e  c o s t d e te rm in e d .

T h e  a m o u n t o f  e n e r8 y  u s e d  b y  th e  fn d g e ,  s t o v e
,  
T V

,  a n d fo u r lig h ts  in  a

E x a m p ıe

h o m e  d u r in g  th a t p e ń o d .

A  m o n th ly  e le c tr ic a l b ilı in d ic a te s  th e  c o s t o f  e ıe c tric a ı e n e rg y  u s e d  in  a

E N E R G Y

1.  E s s o n  I I P o w e r ,  E n e r
g y ,  a n d  E m c i c n c

y
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o  n  rı

E  c o n * u m p u o n  / C o n ıo m m ıu o n  q u e

NEi+GiüiĎiE
C a n a ?

a p p lia n c e .

8 5 7 k w n  in d ic a te s  th e  a v e r a g e  p e r  y e a r  c o n s u m p tio n  o f  p o w e r  b y  th a t

in d ic a te s  e le c tr ic a l c o n s u m p tio n .  U s u a lly ,  a  n u m b e r  o n  t h e  l a b e l s u c h  a s

A ll a p p lia n c e s  s o ld  in  C a n a d a  m lıs t c a rry  a n
"

E n e r G u i d e
"

l a b e l th a t

E le c tric  m o to r s  h a v e  fe w e r  m o v in g  p a r ts .  L e s s  e n e r g y  is  w a s te d .

E le c tric  m o to rs  a r e  m o re  e f fic ie n t th a n  g a s - fu e le d  c o m b u s tio n  e n g in e s .

c o s t o f  u s in g  th e  c o m p a c t b u lb  is  a b o u t 5  tim e s  le s s .

p ro d u c e s  th e  s a m e  in te n s ity  o f  lig h t a t a  1 0 0  W  in c a n d e s c e n t b u lb .  T h e

p ro d u c ts  th a t u s e  le s s  p o w e r .  A  2 1 W  c o m p a c t f lu o re s c e n t lig h t b u lb

T o  r e d u c e  th e  c o s t o f  o p e r a tin g  e le c tric a l d e v ic e s , c o m
p

a n i e s  a r e  m a k i n
g

2 2%  e f fic ie n t .  A p p r o x im a te ly  7 8 %  o f  its  e n e rg y  is  lo s t to  h e a t .

T h e  r e m a in in g  9 6 %  is  c h a n g e d  to  h e a t .  A  flu o re s c e n t lig h t b u lb  is  a b o u t

A n  in c a n d e s c e n t lig h t b u lb  is  4 %  e f fic ie n t in  p ro d u c in g  lig h t .

E ffic ie n c y
- 3 1 J / 7 8 0  1 × 1 0 0  o r  4 %

E ffic ie n c y  
=  O u tp u t E n e r8 y  / In p u t E n e r g y  

× 1 0 0

s o ıu tio n

W n a t is  th e  e f fic ie n c y  o f  th e  lig h t b u lb ?

A n  in c a n d e s c e n t lig h t b u lb  u s e s  7 8 0 1  o f  e n e rg y  to  p ro d u c e  3 1 1  o f  lig h t .

E x a m p ıe

C A S T L E  R O C  K  R E S  E A R C H

a p p lia n c e s

m a n ? to ry  o n  a ll la r g e r

c o n s u m p tio n  s tic k e r  th a t is

E n e r G u id e  e n e rg y

E L E C T R IC A L  P R JN C IP L E S  A N D  T E C H N O L O G IE S L e s s o n  I 1
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R  =  V  / I (R e s is ta n c e  =  V o lta g e  / A m p e ra g e )

r e m a in  c o n s ta n t .  O h m
'

s  L a w  c a n  b e  e x p r e s s e d  u s in g  th e  fo rm u la

dir e c tly  p r o p o r tio n a l to  th e  v o lta g e  if  th e  te m p e r a tu r e  a n d  r e s is ta n c e

 G e o r ge  O a Ge r ma n  sc i en t ist , s t a t e d  t h a t  a n  e l e c t r i c a l  c u r r e i ıt  i s �

c o n tro lıin g  th e  a m o lın t o f  e le c tric ity  p a s s in g  th r o u g h .

a n d  lig h t .  V a r ia b le  r e s is to rs  (e .  g .  R h e o s ta ts ) a c t a s  d im m e r  s w itc h e s  b y

e le c tr o n s  to  flo w  th r o u g h ,  b u t w ith  fo rc e .  R e s is to rs  o fte n  p r o d u c e  h e a t

(e .  g .  Tu n g s te n ) is  b e tw e e n  a  c o n d u c to r  a n d  a  r e s is to r .  It a llo w s  s o m e

A n  in s u la to r  (e .  g .  R u b b e r ) p re v e n ts  th e  f lo w  o f  e le c tr o n s .  A  re s is to r

 A
 c o n d u c t or  (e.  g.  c o p pe r  wi re )  al low s  el ec t ro n s  to flow  fr ee l y. �

in  e le c tr o ly s is , 
w h e r e b

y  
w a t e r  i s  s

p
l i t  in to  h y d ro g e n  a n d  o x y g e n  g a s .

 E
l ec t ri ci ty is of ten  us e d  to pr od u c e  a ch e m i ca l  rea c t ion .  S u c h  is the  ca s e �

r e c h a r g e a b le .

a r e  n o t r e c h a r g e a b le  w h ile  b a « e r ie s  m a d e  f o m  s e c o n d a ry  c e lls  a re

 C
e l l s  joi ne d  tog e t he r  ma k e  a ba t ter y.  B a t ter ies  ma d e  fr om  pń m a r y ce l ls�

elecolyte m  th e  c o p p e r  e le c tr o d e  p ro d u c in g  a lı e le c tric a l c u r r e n t .

r e a c ū o n  c a iıs e s  e le c tr o n s  to  tr a v e l f ro m  th e  z in c  e le c tr o d e  th r o u g h  th e

(c o p p e r , z i n c ) a n d  a n  e ıe c lr o ły le  (u s u a lly  a  c h e m ic a l p a s te .) A  c h e m ic a l

A  c e ll c o n s is ts  o f  tw o  e ıe c lr o d 【es  m a d e  f ro m  d if fe r e n t m e ta llic  m a te r ia l

 A
 c e l l is a de v i ce  tha t  co n v e r t s ch e m i ca l  en e r g y  int o el ec t rica l  en e r 8y . �

turned o f ï , a  c i r c u i t  i s  s a id  to  o p e n .

 A
 c i rc u i t is sa i d to be  cl os e d  wh e n  the  sw i tch  is on .  I f the  sw i tch  is�

in te iT u p te d ,  t h e  o t h e r s  w i l l  c o n t i n u e  t o  w o r k .

 A
 p

a
r a l lel  ci rc u i t ha s  mu l tipl e pa t hs  of  el ec t rica l  flow .  I f on e  pa r t  is�

is  in te iT u p te d ,  t h e  o t h e r  
p

a r t s  w i l l  n o t  w o r k .

*  
A  s e r i e s  c i r c u i t  h a s  o n e  

p
a t h  o f  e l e c t r i c a l  f l o w .  If o n e  p a r t o f  th e  c ir c u it

 E
l ec t rica l  ci rc u i ts ar e  co n n e c t ed  in se r i es  or  in pa r a l lel . �

o p p o s e s  e le c tro n  flo w  it is  m e a s u r e d  in  o h n ıs .

a n d  is  e x p re s s e d  in  a iııp e r e s  o r  m illia m p s .  R e s is ta n c e  is  th a t w h ic h

e x p r e s s e d  in  v o lts .  A m p e ra g e  m e a s u r e s  th e  fo rc e  o f  m o v in g  e le c tro n s

 V
o l tag e  me a s u r e s  the  po t en t ial  di ffer en c e s  in el ec t ri ca l  ch a r g e s  an d  is�

a  c ir c u it .

 M e a s u r e m e n t  of  vo l tag e ,  a m p
e

r a g
e

,  a n d  r e s i s t a n c e  c a n  b e  t a k e n  w i thi n�

re p re s e n te d  in  a  s c h e m a tic  d ia g r a m  u s in g  e le c tr ic a l s y m b o ls .

m u s t h a v e  a p o w e r  s o u r c e ,  c o n d u c l o f l  c o n t r o l ,  a n d  to a d .  A  c ir c u it is

 A
 c i rc u i t is the  fl ow  of  cu r r e n t  el ec t rici ty in a co m p l et e pa t h.  A  ci rc u i t�

flo w s  a lo n g  a  c o n d u c to r  to  a  lo a d  a n d  b a c k  to  its  p o w e r  s o lır c e .

c o n d u c tin g  p a th .  C u r r e n t e le c tric ity  is  p ro d u c e d  a t a  p o w e r  s o u r c e  a n d

C tır r e n t e le c tr ic ity  is  p r o d u c e d  a t a  p o w e r  s o u r c e  a n d  f lo w s  a lo n g  a

 C u r r e n t  ełec t ri ci Q is the  fl ow  of  el ec t ron s  al on g  a co n d u c t ing  pa t h. �

n e g a ń v e  e le c tro n s .  L ig h tn in g  is  a  g o o d  e x a m p le .

 S
t a t i c  e l e c i r i c i o/  is p

r
o d u c e d  wh e n  po s i ti ve  pr o t on s  ar e  a t ua c t ed  to�

d ifï e r e n c e  in  c h a r g e .

W n e n  e le c tr o n s  m o v e  fr o m  o n e  a re a  to  a n o th e r ,  t h e
y  
b u ild  u p  a

 E
l e c t r i c i ty is a for m of  en e r g y  pr od u c e d  by  mo v i ng  el ec t ron s . �

R E  V IE W  S U M M A R Y

0  

0

R E V IE W  S U M M A R Y



9 8 S c ie n c e  9  C la s s  N o te s
F iııa ı R e v ie w  S o ıu tim

a s  o p tio n s .

c o n s id e r e d .  W in d ,  s o la r  p o w e r
, t id e s

, a n d  fu e l c e lls  a r e  b e in g  c o n s id e re d

*  
W ith  th e  d e p le tio n  o f  fo s s il fu e ls , o th e r  e n e r g y  a l t e r n a t i v e s  h a v e  to  b e

c o n s u m p tio n .

a n  E n e rG u id e  s tic k e r  to  in d ic a te  th e  a v e r a g e  m o n th ly  o r  y e a r ly  e le c tric a l

 G O V e r n m e n t  \ ide l ine s  ma k e  it ma n d a t or y for  lar g e r  ap p l ian c e s  to ha v e �

c o n v e r te d  in to  h e a t .

 T
h e  i nc a n d e s c e n t  ligh t  bu l b is ine f f ici en t  be c a u s e  mo s t  of  the  en e r g y  is�

E ffic ie n c y  
=  O u tp u t E n e r g y  / In p u t E n e rg y  

× 1 0 0

e le c tr ic a l o u tp u t to  th e  e le c tric a l in p u t .

 T
h e  ef f i ci en c y  of  an  el ec t ri ca l  ap p l ian c e  is de t er m i ne d  by  co m p a r i ng  the �

E  =  
P  ×  

t  (E n e r g y  ü/s ) =  P o w e r  (w ) 
× t im e  (s D

u s in g  th e  fo rm u la

 T h e en e r g y  co n s u m p ń o n  of  an  el ec t ri ca l  de v i ce  ca n  be  de t er mi ne d  by �

 E l  � įct rica l  po w e r  is bo u g h t  by  the  ki low a t t ho u r  of  lıse . �

P  =  I × V  (P o w e r  =  C u rr e n t × V o lt a
g e )

e x p r e s s e d  in  w a tts  a n d  is  d e te rm in e d  u s in g  th e  fo rm u la

 G e n e r at or s  pr o d u c e  el ec t ri ca l  cu l Te n t .  T h e am o u n t  of  po w e r  pr o d u c e d  is�

o n  A C .

G e n e ra lly ,  
l a r

g
e  a

p p
l i a n c e s  s u c h  a s  a  f r e e z e r  o r  a  w a s h i n

g  
m a c h in e  r u n

alternating u r r e n t  (A C ) : c u lT e n t th a t flo w s  b a c k  a n d  fo r th

d ir e c t c u r r e n t (D C ) : c u lT e n t th a t flo w s  in  o n e  d ir e c tio n

 E
l e c t r i c mo t or s ca n  run  on �

a r m a tu r e .

th e y  a ttra c t .  T h e  a l t e r n a t i n g  o f  p o la r ity  c a u s e s  ra p id  s p in n in g  o f  th e

m a g n e tic  p o le s  b e c o m e  lik e , t h e
y  

r e
p

e l .  W n e n  th e  p o le s  b e c o m e  u n lik e ,

v e rs a .  T his is  m a d e  p o s s ib le  b y  th e  s p lit rin g  c o m m u ta to r .  W n e n

p o la r ity .  T h e  a rm a tu r e  c h a n g e s  its  p o la r ity  fr o m  n o r th  to  s o u th  a n d  v ic e

 T
h e  pe r ma n e n t  ma g n e t s in a mo t or  ha v e  a fixe d  no r t h an d  so u t h- p

o l e�

m o to r  a r e  : c o m m u ta to r
,  

a r m a t u r e ,  p
e r m a n e n t  m a

w
e t s ,  a n d  b n ıs h e s .

 A
n  e l ec t rica l  mo t or  us e s  el ec t rici ty to pr od u c e  mo t ion .  B a s i c pa r t s of  a�

A  s o la r  c e ll c o n v e r ts  lig b t e n e r g y  in to  e le c tric a l e n e rg y

- A  th e rm o c o u p le  c o n v e r ts  h e a t e n e rg y  in to  e le c tric a l e n e r g y

A  g e n e ra to r  c o n v e r ts  m e c h a n ic a l e n e r g y  in to  e le c tric a l e n e rg y

A  m o to r  c o n v e r ts  e ıe c tr ic a l e n e r g y  in to  m e c h a n ic a l e n e r g y

- A  c e ll c o n v e r ts  c h e m ic a l e n e rg y  in to  e le c tr ic a l e n e rg y

 O n e  for m of  en e r g y  ca n  be  co n v e r t ed  int o an o t he r  for m . �

fo r  r e a d in g s .  A  m u ltim e te r is a  s in g le  in s tr u m e n t th a t m e a s u re s  a ll th r e e .

R e s is ta n c e  is  m e a s u r e d  w ith  a n  o h m m e te r .  A  m u ltim e te r is  o fte n  u s e d

a m m e te r  (la r g e  q u a n titie s) o r  a  g a lv a n o m e te r  (s m a ll q u a n titie s .)

 V
o l tag e  is me a s u r e d  wi th a vo l tme t er .  A m p e r a g e  is me a s u r ed  wi th an �

V 一
I  

x  R  I 一 V /R

 G i ve n  an y  two  va l ue s ,
 t

h e  thi rd ca n  be  ca l cu l at ed . �

E L E C T R IC A L  P R IN C IP L E S  A N D  T E C H N O L O G IE S R e v ie w  S u m m z ry


