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THE CURRENT WAR

E d i s o n i n v e n t e d a c o m p a c t e l e c t r i c b u l b w h i c h
c o u l d g l o w f o r a s u s t a i n e d p e r i o d o f t i m e

H e  b e l i e v e d  t h a t  A C  i s  t h e  m o r e  e f f i c i e n t  
f o r m  o f  c u r r e n t .

A t t h e s a m e t i m e w h e n E d i s o n d i s c o v e r e d
t h e e l e c t r i c b u l b , a y o u n g s t u d e n t b y t h e
n a m e o f N i c o l a T e s l a c a m e u p w i t h d i f f e r e n t
v i s i o n .

E d i s o n w a s a p r o p o n e n t o f D C w h i c h w a s t h e
p r e v a l e n t f o r m o f e l e c t r i c c u r r e n t a t t h a t
t i m e .



THE CURRENT WAR

T e s l a p i t c h e d h i s i d e a a b o u t A C m o t o r t o G e o r g e W e s t i n g h o u s e , t h e r i c h e s t p e r s o n o f
U S A a t t h a t t i m e , a n d t o l d h i m t h a t t r a n s m i s s i o n o f e l e c t r i c i t y w o u l d b e m o r e e f f i c i e n t
u s i n g A C .

G e o r g e W e s t i n g h o u s e g o t i m p r e s s e d w i t h T e s l a ’ s i d e a a n d T e s l a s t a r t e d b u i l d i n g A C p o w e r
p l a n t s w i t h t h e h e l p o f “W e s t i n g h o u s e E l e c t r i c c o . ” .



THE CURRENT WAR
EDISON electrocuted animals and human to show that AC was too dangerous to use.

S i n c e T e s l a c o n t i n u o u s l y t r i e d t o t r a n s m i t p o w e r a t a l a r g e d i s t a n c e , e i t h e r t h e c u r r e n t o r
t h e v o l t a g e s h o u l d b e h i g h , s i n c e 𝑃 = 𝑉𝐼 . I f c u r r e n t i s h i g h , t h e n t h e r e w i l l b e h u g e j o u l e
h e a t i n g ( 𝐼 2𝑅 ) . S o , t h e o n l y o p t i o n t o d i s t r i b u t e l a r g e p o w e r w a s p r o d u c i n g h i g h v o l t a g e .
I f v o l t a g e b e c o m e s h i g h , t h e n t h a t w o u l d n o t b e s a f e a n d t h i s w e a k n e s s w a s e x p l o i t e d b y
E d i s o n a n d h e s t a r t e d a n t i A C c a m p a i g n .

A t t h e s a m e t i m e , t r a n s f o r m e r s w e r e i n v e n t e d a n d t h i s h e l p e d T e s l a a l o t . T e s l a s t a r t e d
u s i n g s t e p u p a n d s t e p d o w n t r a n s f o r m e r w h e n i t r e q u i r e d t o g e n e r a t e o r r e d u c e h i g h
v o l t a g e .



Tesla-Westinghouse Niagara falls 
power plant( 1895)

I t w a s T e s l a w h o p i t c h e d i n , a n d h i s A C m a d e i t p o s s i b l e a n d t h e N i a g a r a p r o j e c t g o e s
t o W e s t i n g h o u s e E l e c t r i c c o . E d i s o n h a d t o j u s t w a t c h i t a n d t h e p i v o t a l b a t t l e o f t h e
c u r r e n t i s w o n b y T e s l a ’ s A C .



I f w e t a k e a v i d e o o f t u b e l i g h t i n s l o - m o . W e c a n s e e t h e l i g h t i s n o t c o n s t a n t . I t i s
c o n s t a n t l y f l u c t u a t i n g . T h i s i s b e c a u s e t h e c u r r e n t w e g e t i n o u r h o u s e s i s A C .



An e lectr ic current wh ich per iod ica l l y reverses its  d irect ion in contrast to d irect 
current wh ich f lows on ly in one d irect ion .

D i rect Current(𝐷𝐶)

A lternat ing Current(𝐴𝐶)

+
−

𝐷𝐶 Source

𝐴𝐶 Source

𝑖

𝑡
𝑇/2 𝑇

𝑖

𝑡
𝑇/2 𝑇



Square Wave 𝐴𝐶

𝑖

𝑡𝑇

2
𝑇 3𝑇

2

2𝑇

Tr iangu lar Wave 𝐴𝐶

𝑖

𝑡
𝑇

2

𝑇

S inuso ida l  𝐴𝐶

𝑖

𝑡𝑇

2

𝑇

An e lectr ic current wh ich per iod ica l l y reverses its  d irect ion in contrast to d irect 
current wh ich f lows on ly in one d irect ion .



Var iat ion of current w ith t ime for four types of generators are shown in the f igures .  
Wh ich amongst them can be ca l led AC .

𝑖

𝑡
𝐴)

𝑖

𝑡

a b c

only 𝐴

d

𝐴 & 𝐷 𝐴,𝐵, 𝐶, 𝐷 𝐴 & 𝐵

𝑖

𝑡

𝑖

𝑡
𝐵)

𝐶)
𝐷)



𝑖

𝑡𝐴)

𝑖

𝑡

𝑖

𝑡

𝑖

𝑡
𝐵)

𝐶) 𝐷)

a b

only 𝐴 𝐴 & 𝐷 𝐴,𝐵, 𝐶, 𝐷 𝐴 & 𝐵

cb d

In a l l  the g iven cases ,  current i s  chang ing d irect ion w ith t ime .  Hence a l l  these cases are 
of a lternat ing currents .



∆𝑞 = න
𝑡1

𝑡2

𝑖𝑑𝑡

Average current (𝑖𝑎𝑣) =
∆𝑞

∆𝑡

Average current (𝑖𝑎𝑣) for time varying current is,

𝑖𝑎𝑣 =
∆𝑞

∆𝑡
=
𝑡1׬
𝑡2 𝑖𝑑𝑡

𝑡2 − 𝑡1

Average current representations: 𝑖𝑎𝑣 =< 𝑖 > = (𝑖)

𝑖𝑎𝑣 =
1

Δ𝑡
න
𝑡1

𝑡2

𝑖𝑑𝑡

𝑖

𝑡
𝑡1 𝑡2

𝑖 = 𝑓(𝑡)



∆𝑞𝐷𝐶 = 𝑖𝐷𝐶∆𝑡 ∆𝑞𝐴𝐶 = න
𝑡1

𝑡2

𝑖𝑑𝑡

If ∆𝑞𝐷𝐶 = ∆𝑞𝐴𝐶

𝑖𝐷𝐶∆𝑡 = න
𝑡1

𝑡2

𝑖𝑑𝑡

𝑖𝐷𝐶 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖𝑑𝑡

⇒ 𝑖𝑎𝑣 = 𝑖𝐷𝐶

𝑖

𝑡

𝑖𝐷𝐶

𝑡1 𝑡2

∆𝑞 = 𝑖𝐷𝐶∆𝑡

𝑖𝑎𝑣 =
1

Δ𝑡
න
𝑡1

𝑡2

𝑖𝑑𝑡
Average va lue of an AC i s  equa l  to that of DC for wh ich the 
amount of charge that f lows in a g iven amount of t ime i s  the 
same as that of AC .  



If 𝑖 = 3𝑡 2 , f ind average current in 2 𝑠 .

a b c

12 𝐴 3 𝐴 4 𝐴 0 𝐴

d



𝑖𝑎𝑣 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖𝑑𝑡

𝑖𝑎𝑣 =
1

2

3𝑡3

3 0

2

=
8

2
𝐴

𝑖𝑎𝑣 = 4 𝐴

𝑖𝑎𝑣 =
1

2
න
0

2

3𝑡 2𝑑𝑡

𝑖 = 3𝑡2
𝑡1 = 0 𝑠
𝑡2 = 2 𝑠

a b

12 𝐴 3 𝐴 4 𝐴 0 𝐴

dc



𝑖

𝑡

𝑖

𝑡

𝑖

𝑡

∴ න
0

𝑇

𝑖𝑑𝑡 = 𝑞 − 𝑞 = 0

𝑖av =
1

Δ𝑡
න
0

𝑇

𝑖𝑑𝑡 = 0

𝑖𝑎𝑣 for full cycle of 𝐴𝐶 is zero

+𝑞 +𝑞

−𝑞 −𝑞

−𝑞

+𝑞

−𝑞

+𝑞



𝜀 = 𝜀0 sin𝜔𝑡

𝑖 = 𝑖0 sin𝜔𝑡

I n t h i s c a s e , c u r r e n t i s g e n e r a t e d t h r o u g h t h e h y d r o e l e c t r i c p o w e r p l a n t , w h e r e w a t e r w a v e s
a t h i g h s p e e d h i t t h e t u r b i n e t h a t r e s u l t s i n g e n e r a t i o n o f A C c u r r e n t .



𝑖𝑎𝑣 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖𝑑𝑡𝑖𝑎𝑣 =
1

(𝑇 − 0)
න
0

𝑇

𝑖0 sin𝜔𝑡 𝑑𝑡

𝑖𝑎𝑣 =
𝑖0
𝑇𝜔

cos 0 − cos 2𝜋 = 0 𝜔 =
2𝜋

𝑇

𝑖𝑎𝑣 𝑓𝑢𝑙𝑙 𝑐𝑦𝑐𝑙𝑒 = 0

𝑖 = 𝑖0 sin𝜔𝑡

𝑖

𝜔𝑡

𝑖0

−𝑖0

𝜋/2 𝜋 3𝜋/2 2𝜋

𝑖𝑎𝑣 =
1

𝑇
𝑖0 −

cos𝜔𝑡

𝜔 0

𝑇

=
𝑖0
𝑇𝜔

cos 0 − cos𝜔𝑇

For full cycle



For half cycle

𝑖𝑎𝑣 =
1

𝑇
2
− 0

න
0

𝑇/2

𝑖0 sin𝜔𝑡 𝑑𝑡

𝑖𝑎𝑣 =
2

𝑇
𝑖0 −

cos𝜔𝑡

𝜔 0

𝑇/2

=
2𝑖0
𝑇𝜔

cos 0 − cos
𝜔𝑇

2

𝑖𝑎𝑣 =
2𝑖0
𝑇𝜔

cos 0 − cos 𝜋 =
4𝑖0

𝑇 ×
2𝜋
𝑇

=
2𝑖0
𝜋

𝑖 = 𝑖0 sin𝜔𝑡

𝑖𝑎𝑣 ℎ𝑎𝑙𝑓 𝑐𝑦𝑐𝑙𝑒 =
2𝑖0
𝜋

𝑖

𝜔𝑡

𝑖0

−𝑖0

𝜋/2 𝜋 3𝜋/2 2𝜋



For full cycle

𝜀 = 𝜀0 sin𝜔𝑡

𝑖𝑎𝑣 𝑓𝑢𝑙𝑙 𝑐𝑦𝑐𝑙𝑒 = 0

For half cycle 𝑖𝑎𝑣 ℎ𝑎𝑙𝑓 𝑐𝑦𝑐𝑙𝑒 =
2𝑖0
𝜋

For half cycle 𝜀𝑎𝑣 ℎ𝑎𝑙𝑓 𝑐𝑦𝑐𝑙𝑒 =
2𝜀0
𝜋

𝑖 = 𝑖0 sin𝜔𝑡

𝑖

𝜔𝑡

𝑖0

−𝑖0

𝜋/2 𝜋 3𝜋/2 2𝜋

These are true if and only if:



( )

Root mean square (rms) 

< 𝑥2 > = 𝑥𝑟𝑚𝑠

𝑖𝑟𝑚𝑠 = < 𝑖2 >

𝜀𝑟𝑚𝑠 = < 𝜀2 >

𝑖𝑟𝑚𝑠 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖2𝑑𝑡

𝜀𝑟𝑚𝑠 =
1

∆𝑡
න
𝑡1

𝑡2

𝜀2𝑑𝑡

The procedure of finding the RMS value of any function is just doing the mathematical operation
in the reverse order of the name i.e., find square of the function ⇒ find its mean ⇒ find square
root.



𝑖𝑟𝑚𝑠 = < 𝑖2 >

𝑖𝑟𝑚𝑠 = < 𝑖0
2 sin2𝜔𝑡 >

𝑖𝑟𝑚𝑠
2 =

1

𝑇
න
0

𝑇

𝑖0
2 sin2𝜔𝑡 𝑑𝑡 =

𝑖0
2

𝑇
න
0

𝑇

sin2𝜔𝑡 𝑑𝑡

𝑖𝑟𝑚𝑠
2 =

𝑖0
2

𝑇
න
0

𝑇 1 − cos 2𝜔𝑡

2
𝑑𝑡 sin2 𝜃 =

1 − cos 2𝜃

2

𝑖𝑟𝑚𝑠
2 =

𝑖0
2

2𝑇
𝑡 −

sin 2𝜔𝑡

2𝜔
0

𝑇

𝜀 = 𝜀0 sin𝜔𝑡

𝑖 = 𝑖0 sin𝜔𝑡

𝑖

𝜔𝑡

𝑖0

−𝑖0

𝜋/2 𝜋 3𝜋/2 2𝜋



𝑖𝑟𝑚𝑠 = < 𝑖2 >

𝑖𝑟𝑚𝑠
2 =

𝑖0
2

2𝑇
𝑡 −

sin 2𝜔𝑡

2𝜔
0

𝑇

𝑇 =
2𝜋

𝜔

𝑖𝑟𝑚𝑠
2 =

𝑖0
2

2𝑇
𝑇 −

sin 2𝜔
2𝜋
𝜔

2𝜔
− 0 − sin 0 =

𝑖0
2

2𝑇
T

𝑖𝑟𝑚𝑠
2 =

𝑖0
2

2

𝑖𝑟𝑚𝑠 =
𝑖0

2

𝜀 = 𝜀0 sin𝜔𝑡

𝑖 = 𝑖0 sin𝜔𝑡

𝑖

𝜔𝑡

𝑖0

−𝑖0

𝜋/2 𝜋 3𝜋/2 2𝜋

𝑖𝑟𝑚𝑠 =
𝑖0

2

𝜀𝑟𝑚𝑠 =
𝜀0

2

𝑖𝑎𝑣 ℎ𝑎𝑙𝑓 𝑐𝑦𝑐𝑙𝑒 =
2𝑖0
𝜋

𝜀𝑎𝑣 ℎ𝑎𝑙𝑓 𝑐𝑦𝑐𝑙𝑒 =
2𝜀0
𝜋



T h e A C g e n e r a t e d i n p o w e r p l a n t c a n b e
t r a n s m i t t e d o v e r l a r g e d i s t a n c e s u s i n g
t r a n s m i s s i o n c a b l e s a t h i g h v o l t a g e .

T h i s A C v o l t a g e i s m a d e u s a b l e a s p e r t h e
v o l t a g e r e q u i r e m e n t o f t h e u s e r s u s i n g s t e p
u p o r s t e p d o w n t r a n s f o r m e r s .



Household current  → sinusoidal AC (𝜀 = 𝜀0 sin 𝜔𝑡)

220 𝑉, 50 𝐻𝑧

𝜀𝑟𝑚𝑠 = 220 𝑉

𝜀𝑎𝑣 = 0 𝑉

𝜀0 = 2𝜀𝑟𝑚𝑠

𝜀0 = 2 × 220 = 311.12 𝑉 ≈ 311 𝑉

If problem states only 𝜀 (not 𝜀0, 𝜀𝑟𝑚𝑠, 𝜀𝑎𝑣)
then, consider it as 𝜀𝑟𝑚𝑠



𝑖𝐴𝐶 = 𝑖0 sin𝜔𝑡

𝐻𝐴𝐶 = න
𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑅𝑑𝑡 𝑖𝑟𝑚𝑠 =

1

∆𝑡
න
𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑑𝑡

Heat produced in AC circuit through resistor 𝑅 in time 𝑡1 to 𝑡2

𝑖𝐷𝐶

𝑖𝐷𝐶

𝐻𝐷𝐶 = 𝑖𝐷𝐶
2 𝑅∆𝑡

Heat produced in DC circuit through resistor 𝑅 in time 𝑡1 to 𝑡2



𝐻𝐷𝐶 = 𝑖𝐷𝐶
2 𝑅∆𝑡

𝑖𝑟𝑚𝑠 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑑𝑡𝐻𝐴𝐶 = න

𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑅𝑑𝑡

∴ If ∆𝐻𝐷𝐶 = ∆𝐻𝐴𝐶

𝑖𝐷𝐶
2 𝑅∆𝑡 = න

𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑅𝑑𝑡

𝑖𝐷𝐶 =
1

∆𝑡
න
𝑡1

𝑡2

𝑖𝐴𝐶
2 𝑑𝑡 = 𝑖𝑟𝑚𝑠

⇒

𝑖𝐴𝐶 = 𝑖0 sin𝜔𝑡

𝑖𝑟𝑚𝑠 = 𝑖𝐷𝐶 𝑖𝑟𝑚𝑠 is actually the DC equivalent of an AC 

If we require to have ∆𝐻𝐷𝐶 = ∆𝐻𝐴𝐶 , then,



𝑖𝑟𝑚𝑠

𝑖𝑟𝑚𝑠

⇔

RMS va lue of a g iven AC can be def ined as that DC va lue wh ich produces same 
heat in a res i stance wh ich the AC produces in that res i stance in same durat ion .

𝐻 = 𝑖𝑟𝑚𝑠
2 𝑅∆𝑡

𝑖𝑟𝑚𝑠 is the effective DC value of a given AC

𝑖𝐴𝐶 = 𝑖0 sin𝜔𝑡



𝐻 = 𝑖𝑟𝑚𝑠
2 𝑅∆𝑡

𝑖 = 𝑖0 sin𝜔𝑡
𝑖

𝜔𝑡

𝑖0

−𝑖0
𝜋/2 𝜋 3𝜋/2 2𝜋

𝜀 = 𝜀0 sin𝜔𝑡

DC dev ices cannot measure a lternat ing current or emf .  Norma l  Ammeter , Vo ltmeter 
w i l l  show on ly zero for AC

Hot Wire Ammeter & Hot Wire Vo ltmeter are used to measure AC .  They measure 
RMS va lue of 𝑖 & 𝜀 .

𝑖𝐴𝐶 = 𝑖0 sin𝜔𝑡



sin𝜔𝑡 = 0

cos𝜔𝑡 = 0

sin2𝜔𝑡 =
1

2

cos2𝜔𝑡 =
1

2

Useful Results :

The overhead bar denotes the
average value of each of the
functions and the average is taken
over a complete cycle



F ind RMS current for 𝑖 = 𝑖0 + 𝑖0 sin 𝜔𝑡 .

a b c

3𝑖0 3

2
𝑖0

2𝑖0 0

d



𝑖 = 𝑖0 + 𝑖0 sin 𝜔𝑡

𝑖𝑟𝑚𝑠 = ഥ𝑖2

𝑖𝑟𝑚𝑠 = 𝑖0
2 + 𝑖0

2 sin2𝜔𝑡 + 2𝑖0
2 sin𝜔𝑡

𝑖𝑟𝑚𝑠 = (𝑖0 + 𝑖0 sin 𝜔𝑡)
2

𝑖𝑟𝑚𝑠 = 𝑖0
2 + 𝑖0

2 ×
1

2
+ 2𝑖0

2 × 0 =
3 × 𝑖0

2

2

sin𝜔𝑡 = 0

sin2𝜔𝑡 =
1

2

𝑖𝑟𝑚𝑠 = 𝑖0
3

2

a c

3𝑖0 2𝑖0

db

3

2
𝑖0

[Since 𝑖0 is constant, ഥ𝑖0
2 = 𝑖0

2]



F ind RMS current for 𝑖 = 𝑖1 sin 𝜔𝑡 + 𝑖2 cos 𝜔𝑡 .

a b c

𝑖1 + 𝑖2 𝑖1 + 𝑖2
2

𝑖1 − 𝑖2 𝑖1
2 + 𝑖2

2

2

d



𝑖 = 𝑖1 sin 𝜔𝑡 + 𝑖2 cos 𝜔𝑡

𝑖𝑟𝑚𝑠 = ഥ𝑖2

𝑖𝑟𝑚𝑠 = 𝑖1
2 sin2𝜔𝑡 + 𝑖2

2 cos2𝜔𝑡 + 2𝑖1𝑖2 sin𝜔𝑡 cos𝜔𝑡

𝑖𝑟𝑚𝑠 = (𝑖1 sin 𝜔𝑡 + 𝑖2 cos 𝜔𝑡)
2

𝑖𝑟𝑚𝑠 =
𝑖1
2 + 𝑖2

2

2

𝑖𝑟𝑚𝑠 = 𝑖1
2 ×

1

2
+ 𝑖2

2 ×
1

2
+ 2𝑖1𝑖2 × 0

sin𝜔𝑡 = 0

cos𝜔𝑡 = 0

sin2𝜔𝑡 =
1

2

cos2𝜔𝑡 =
1

2

Short cut for full cycle



F ind RMS va lue of potent ia l  d ifference 𝑉 shown in the f igure i s

𝑉

𝑡

𝑉0

𝑇/2 𝑇

a b c

𝑉0

3

d

𝑉0 𝑉0

2

𝑉0
2



𝑉

𝑡

𝑉0

𝑇/2 𝑇

𝑉𝑟𝑚𝑠 =
1

∆𝑡
න
0

𝑇

𝑉2𝑑𝑡

𝑉𝑟𝑚𝑠
2 =

1

𝑇
න
0

𝑇
2
𝑉0
2𝑑𝑡 + න

𝑇
2

𝑇

0𝑑𝑡

𝑉𝑟𝑚𝑠
2 =

1

𝑇
𝑉0
2
𝑇

2
− 0 + 0

𝑉𝑟𝑚𝑠
2 =

𝑉0
2

2

𝑉𝑟𝑚𝑠 =
𝑉0

2

a b

𝑉0

3

d

𝑉0 𝑉0

2

𝑉0
2

c



A d iagram that represents AC and vo ltage of same frequency as rotat ing vectors (phasors)

a long w ith proper phase ang le between them .

𝜀 = 𝜀0 sin𝜔𝑡

𝑖 = 𝑖0 sin(𝜔𝑡 + 𝜙)
𝜔

𝜀

𝑖0

𝑖

𝑦

𝑥

𝜀0

𝜔𝑡



𝜀 = 𝜀0 sin𝜔𝑡 𝑖 = 𝑖0 sin(𝜔𝑡 + 𝜙) Phase 
difference

= Phase of 𝑖 − Phase of 𝜀
(𝜔𝑡)(𝜔𝑡 + 𝜙)

Length of arrow → Peak value

Projection on y axis → Instantaneous value

𝜀

𝑖0

𝑖

𝑦

𝑥

𝜀0

𝜔𝑡



I . An AC source connected on ly to :

II . An AC source connected to more than one e lement .

RC 
C ircu it

LR 
C ircu it

LC 
C ircu it

LCR 
C ircu it

A Res i stor

An Inductor

A Capac itor



Apply KVL in clockwise direction: 

𝜀 − 𝑖𝑅 = 0 𝑖 =
𝜀

𝑅

𝑖 =
𝜀0 sin𝜔𝑡

𝑅

𝑖 = 𝑖0 sin𝜔𝑡

⇒

⇒ 𝑖0 =
𝜀0
𝑅

Phase difference 𝜙 = 𝜔𝑡 − 𝜔𝑡 = 0

Current is in phase with potential

Peak current

Peak voltage

𝑅

𝜀 = 𝜀0 sin 𝜔𝑡

In AC circuit, hinderance to the current is defined by 
𝜀0

𝑖0

For purely resistive circuit



𝑖 = 𝑖0 sin𝜔𝑡

Phasor diagram

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡

Current is in phase with potential

𝑅

𝜀 = 𝜀0 sin 𝜔𝑡

▪ Since the current and potential are in phase, their phasors will
overlap with each other.

▪ Since the magnitude of peak value of current is less than that of
the potential, current phasor will be smaller than voltage phasor.



Phasor diagram

Wave diagram

𝜀 = 𝜀0 sin 𝜔𝑡
𝑖 = 𝑖0 sin𝜔𝑡

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀0
𝑖0

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡

▪ Since the current and potential both are represented by sine
function with same angular frequency (𝜔), their waveform will be
same as shown in the figure below.

▪ Since 𝑖0 =
𝜀0

𝑅
, the magnitude of peak value of current is less than

that of the potential.



Potential drop across inductance, 𝑉𝐿 = 𝐿
𝑑𝑖

𝑑𝑡

Apply KVL ; 

𝜀 − 𝑉𝐿 = 0

𝐿
𝑑𝑖

𝑑𝑡
= 𝜀 𝑑𝑖 =

𝜀

𝐿
𝑑𝑡

𝑖 = න𝑑𝑖 =න
𝜀0 sin𝜔𝑡

𝐿
𝑑𝑡

⇒

𝑖 =
𝜀0
𝐿

−cos𝜔𝑡

ω
= −

𝜀0
𝐿𝜔

cos𝜔𝑡

𝜀 = 𝜀0 sin 𝜔𝑡

𝐿

𝑉𝐿



𝑖 = −
𝜀0
𝐿𝜔

sin
𝜋

2
− 𝜔𝑡 =

𝜀0
𝐿𝜔

sin 𝜔𝑡 −
𝜋

2

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝑖0

𝑖0 =
𝜀0
𝐿𝜔

=
𝜀0
𝑋𝐿

SI Unit : Ohm (Ω)

𝑖 =
𝜀0
𝐿

− cos𝜔𝑡

ω
= −

𝜀0
𝐿𝜔

cos𝜔𝑡

𝜀 = 𝜀0 sin 𝜔𝑡

𝐿

𝑉𝐿

𝑋𝐿 = 𝐿𝜔 Inductive reactance



𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

Phase difference 𝜙 = 𝜔𝑡 −
𝜋

2
− 𝜔𝑡 = −

𝜋

2

Current lags potential by 90°

Phasor diagram

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡

𝜀 = 𝜀0 sin 𝜔𝑡

𝐿

𝑉𝐿



Phasor diagram

Wave diagram

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡

Phase difference 𝜙 = 𝜔𝑡 −
𝜋

2
− 𝜔𝑡 = −

𝜋

2

Current lags potential by 90°



𝑋𝐿 v/s frequency (𝑓)

𝑋𝐿 = 𝐿𝜔

𝑋𝐿 = 𝐿 × 2𝜋𝑓 ∴ 𝜔 = 2𝜋𝑓

𝑋𝐿

𝑓

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝐿

𝑉𝐿

𝑋𝐿 ∝ 𝑓



F ind 𝑖𝑎𝑣𝑔 and 𝑖𝑟𝑚𝑠 of g iven c i rcu it .          

𝜀 = 10 sin(10𝑡 + 30°)

a b c d

𝑖𝑎𝑣𝑔 = 0 𝑖𝑎𝑣𝑔 =
1

𝜋
𝐴 𝑖𝑎𝑣𝑔 = 0 𝑖𝑎𝑣𝑔 =

2

𝜋
𝐴

𝑖𝑟𝑚𝑠 = 0
𝑖𝑟𝑚𝑠 =

0.5

2
𝐴 𝑖𝑟𝑚𝑠 =

0.5

2
𝐴

𝑖𝑟𝑚𝑠 = 0

𝐿 = 2 𝐻



𝜀 = 𝜀0 sin(𝜔𝑡 + 𝜙) 𝜀0 = 10 𝑉 𝜔 = 10 𝑠−1

𝑖0 =
𝜀0
𝑋𝐿

=
𝜀0
𝐿𝜔

=
10

2 × 10
= 0.5 𝐴

𝜀 = 10 sin(10𝑡 + 30°)

𝐿 = 2 𝐻

𝑖𝑎𝑣𝑔 = 0 (For full cycle of AC 𝑖𝑎𝑣 = 0)

𝑖𝑟𝑚𝑠 =
𝑖0

2
=
0.5

2
𝐴

a b d

𝑖𝑎𝑣𝑔 = 0 𝑖𝑎𝑣𝑔 =
1

𝜋
𝐴 𝑖𝑎𝑣𝑔 = 0 𝑖𝑎𝑣𝑔 =

2

𝜋
𝐴

𝑖𝑟𝑚𝑠 = 0
𝑖𝑟𝑚𝑠 =

0.5

2
𝐴 𝑖𝑟𝑚𝑠 =

0.5

2
𝐴

𝑖𝑟𝑚𝑠 = 0

c



Potential drop across capacitance, 𝑉𝐶 =
𝑞

𝐶

Apply KVL ; 

𝜀 − 𝑉𝐶 = 0

𝑞

𝐶
= 𝜀 𝑞 = 𝐶𝜀0 sin𝜔𝑡

𝑖 =
𝑑𝑞

𝑑𝑡
=
𝑑 𝐶𝜀0 sin𝜔𝑡

𝑑𝑡

⇒

𝑖 = 𝐶𝜔𝜀0 cos𝜔𝑡

𝜀 = 𝜀0 sin 𝜔𝑡

𝐶

𝑞𝑞

−
−
−
−

+
+
+
+ 𝑖𝑖



𝑖 = 𝐶𝜔𝜀0 cos𝜔𝑡

𝑖 =
𝜀0
1
𝐶𝜔

sin 𝜔𝑡 +
𝜋

2

𝑖0

𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

𝑖0 =
𝜀0
1
𝐶𝜔

=
𝜀0
𝑋𝐶

SI Unit : Ohm Ω

𝜀 = 𝜀0 sin 𝜔𝑡

𝐶

𝑋𝐶 =
1

𝐶𝜔
Capacitive reactance



𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

Phase difference 𝜙 = 𝜔𝑡 +
𝜋

2
− 𝜔𝑡 =

𝜋

2

Phasor diagram

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡

Current leads potential by 90°

𝜀 = 𝜀0 sin 𝜔𝑡

𝐶



Phasor diagram
Wave diagram

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2
3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

𝜀0
𝑖0

𝑖0

Phase difference 𝜙 = 𝜔𝑡 +
𝜋

2
− 𝜔𝑡 =

𝜋

2

Current leads potential by 90°

𝑖0

𝑦

𝑥

𝜀0

𝜔𝑡



𝑋𝐶 v/s frequency (𝑓)

𝑋𝐶 =
1

𝐶𝜔

𝑋𝐶 =
1

𝐶 × 2𝜋𝑓

∴ 𝜔 = 2𝜋𝑓

𝑋𝐶

𝑓

𝑋𝐶 ∝
1

𝑓

𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝐶



E lement      Current ( emf :𝜀 = 𝜀0 sin 𝜔𝑡 )      𝜙 𝑋 (Reactance)

Res i stor

Inductor

Capac itor

𝜀0
𝑅
sin𝜔𝑡

𝜀0
𝜔𝐿

sin 𝜔𝑡 −
𝜋

2

𝜀0

ൗ1 𝜔𝐶

sin 𝜔𝑡 +
𝜋

2

0

−
𝜋

2

𝜋

2

𝑅

𝜔𝐿

1

𝜔𝐶



A capac itor of capac ity 𝐶 has reactance 𝑋. If capac itance and frequency become 
doub le then reactance w i l l  be…

a b c

4𝑋 𝑋/2 𝑋/4 2𝑋

d



𝑋 =
1

𝐶𝜔
=

1

𝐶2𝜋𝑓

𝑓′ = 2𝑓

𝐶′ = 2𝐶

𝑋′ =
1

𝐶′2𝜋𝑓′
=

1

(2𝐶) × 2𝜋 × (2𝑓)
=

1

4(𝐶2𝜋𝑓)

𝑋′ =
𝑋

4
a b

4𝑋 𝑋/2 𝑋/4 2𝑋

dc



Current in a pure capac it ive c i rcu it of 𝐶 = 5 𝜇𝐹 i s  5 sin(50𝑡 + 30°) .  F ind the 
equat ion for emf .          

a b c d

2 × 104 sin(50𝑡 + 90°) 2 × 104 sin(50𝑡)2 × 106 sin(50𝑡) 2 × 104 sin(50𝑡 − 60°)



𝑖 = 𝑖0 sin(𝜔𝑡 + 𝜙) 𝑖0 = 5 𝐴 𝜔 = 50 𝑠−1

𝑖0 =
𝜀0
𝑋𝐶

𝜀0 = 𝑖0𝑋𝐶 = 𝑖0
1

𝜔𝐶

𝜀0 = 5
1

50 × 5 × 10−6

𝜀0 = 2 × 104 𝑉

𝐶 = 5 𝜇𝐹

𝑖 = 5 sin(50𝑡 + 30°)

Current leads potential by 90°. 

𝜀 = 𝜀0 sin(𝜔𝑡 + 𝜙 − 90°) 𝜀 = 2 × 104 sin(50𝑡 + 30 − 90°)

𝜀 = 2 × 104 sin(50𝑡 − 60°)



Wave diagram

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0

0 →
𝜋

2

𝜋

2
→ 𝜋

𝜋 →
3𝜋

2

3𝜋

2
→ 2𝜋

𝜀 = 𝜀0 sin 𝜔𝑡

𝑉𝐿

𝜀 increases from zero to maximum, 
current becomes zero.

𝜀 decreases from maximum to zero, 
current grows to maximum.

𝜀 increases from zero to negative 
maximum, current becomes zero.

𝜀 decreases from negative maximum 
to zero, current grows to negative 
maximum.

Current tries to follow path of voltage. 
The phase difference between them 
always remains to be 90°.



𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0

The lagging of current can be seen from the mechanical analogy as shown. Height represents the voltage and 
velocity of block is current. When height is maximum, velocity is zero and vice-versa.



Wave diagram

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0



𝜀 = 𝜀0 sin 𝜔𝑡

𝐶

Wave diagram

𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2
3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡𝜀0
𝑖0

𝑖0



𝑍

The re lat ion b/w peak current and peak vo ltages can be wr itten as

Pu re l y  re s i s t i v e  c i r cu i t Pu re l y  i nduct i v e  c i r cu i t

𝑖0 =
E0

𝑍

𝑍 = 𝑅 𝑍 = 𝜔𝐿

𝑍 i s  ca l l ed impedance .

Impedance i s  def ined as the oppos it ion any c i rcu it shows 
when vo ltage i s  app l i ed to it .

SI un it i s  Ohm (Ω )

Pu re l y  capac i t i ve  c i r cu i t

𝑍 = 1/𝜔𝐶



− |

E0 sin𝜔𝑡

𝐶𝑅

E0
2 = 𝑉𝑅

2 + 𝑉𝐶
2

E0
2 = 𝑖0

2𝑅2 + 𝑖0
2𝑋𝐶

2

𝑖0
2𝑍2 = 𝑖0

2𝑅2 + 𝑖0
2𝑋𝐶

2

𝑍2 = 𝑅2 + 𝑋𝐶
2 𝑍 = 𝑅2 + 𝑋𝐶

2

𝑍 = 𝑅2 + 1/𝜔𝐶 2

𝑋𝐶 = 1/𝜔𝐶

⇒

𝑉𝑅

𝜙

𝑉𝐶 E0

𝑖0



− |

𝑍 = 𝑅2 + 1/𝜔𝐶 2

tan𝜙 =
𝑋𝐶
𝑅

𝜙
𝑋𝐶

𝑅

𝑍

E0 sin𝜔𝑡

𝐶𝑅

tan𝜙 =
1

𝜔𝐶𝑅

𝑍2 = 𝑅2 + 𝑋𝐶
2

𝑋𝐶 =
1

𝜔𝐶

Peak current ( 𝑖0 ) i s  g iven by-

𝑖0 =
E0

𝑍
=

E0

𝑅2 + 1/𝜔𝐶 2

𝑉𝑅

𝜙

𝑉𝐶 E0

𝑖0



− |

𝑍 = 𝑅2 + 1/𝜔𝐶 2

tan𝜙 =
1

𝜔𝐶𝑅

𝑖0 =
E0

𝑍
=

E0

𝑅2 + 1/𝜔𝐶 2

Steady state current ( 𝑖 ) i n the c i rcu it

𝑖 =
E0

𝑍
sin(𝜔𝑡 + 𝜙)

E0 sin𝜔𝑡

𝐶𝑅

The current leads the emf by 𝜙 .

𝑉𝑅

𝜙

𝑉𝐶 E0

𝑖0



− |

E0
2 = 𝑉𝑅

2 + 𝑉𝐿
2

E0
2 = 𝑖0

2𝑅2 + 𝑖0
2𝑋𝐿

2

𝑖0
2𝑍2 = 𝑖0

2𝑅2 + 𝑖0
2𝑋𝐿

2

𝑍2 = 𝑅2 + 𝑋𝐿
2 𝑍 = 𝑅2 + 𝑋𝐿

2

𝑍 = 𝑅2 + 𝜔𝐿 2

𝑋𝐿 = 𝜔𝐿

⇒

E0 sin𝜔𝑡

𝐿𝑅

𝑉𝑅𝜙

𝑉𝐿 E0

𝑖0



− |

tan𝜙 =
𝑋𝐿
𝑅

𝜙
𝑋𝐿

𝑅

𝑍

tan𝜙 =
𝜔𝐿

𝑅

𝑋𝐿 = 𝜔𝐿

Peak current ( 𝑖0 ) i s  g iven by-

𝑖0 =
E0

𝑍
=

E0

𝑅2 + 𝜔𝐿 2

𝑍2 = 𝑅2 + 𝑋𝐿
2

𝑍 = 𝑅2 + 𝜔𝐿 2

E0 sin𝜔𝑡

𝐿𝑅

𝑉𝑅𝜙

𝑉𝐿 E0

𝑖0



− |

tan𝜙 =
𝜔𝐿

𝑅

Steady state current ( 𝑖 ) i n the c i rcu it

𝑖 =
E0

𝑍
sin(𝜔𝑡 − 𝜙) E0 sin𝜔𝑡

𝐿𝑅

𝑉𝑅𝜙

𝑉𝐿 E0

𝑖0

𝑍 = 𝑅2 + 𝜔𝐿 2

𝑖0 =
E0

𝑍
=

E0

𝑅2 + 𝜔𝐿 2

The current lags the emf by 𝜙 .



In the g iven c i rcu it ,  f ind

(a) induct ive reactance 𝑋𝐿 .

(b) impedance 𝑍 .

(c) Peak current 𝑖0 .

(d) i (t ) 𝜀 = 200 sin(100𝜋𝑡)

𝐿 =
2

𝜋
𝐻𝑅 = 200 Ω



𝜀 = 200 sin(100𝜋𝑡)

𝐿 =
2

𝜋
𝐻𝑅 = 200 Ω

(a) induct ive reactance 𝑋𝐿 .

𝑋𝐿 = 𝜔𝐿

𝑋𝐿 = 100𝜋 ×
2

𝜋
= 200 Ω

𝜙
𝑋𝐿

𝑅

𝑍𝑍2 = 𝑅2 + 𝑋𝐿
2 𝑍 = 𝑅2 + 𝑋𝐿

2

∴ 𝑍 = 200 2 Ω

𝑍 = (200)2+ 200 2

(b) impedance 𝑍 .



𝜀 = 200 sin(100𝜋𝑡)

𝐿 =
2

𝜋
𝐻𝑅 = 200 Ω

(c) Peak current 𝑖0 .

𝑖0 =
𝜀0
𝑍

𝜀0 = 200 𝑉

𝑖0 =
200

200 2
=

1

2
𝐴

𝑉𝑅𝜙

𝑉𝐿 ε0

𝑖0

𝜙
𝑋𝐿

𝑅

𝑍

(d) i (t )

𝑖 𝑡 = 𝑖0 sin 100𝜋𝑡 − 𝜙

tan 𝜙 =
𝑋𝐿

𝑅
=
200

200
= 1 ⇒ 𝜙 =

𝜋

4

∴ 𝑖 𝑡 =
1

2
sin 100𝜋𝑡 −

𝜋

4



A ser ies R-C c i rcu it i s  connected to an a lternat ing vo ltage source .  Cons ider two s ituat ions

(a) When capac itor i s  a i r  f i l l ed .

(b) When capac itor i s  m ica f i l l ed .

Current through res i stor i s  𝐼 and vo ltage across capac itor i s  𝑉 then-

a b c

𝑉𝑎 = 𝑉𝑏 𝑉𝑎 < 𝑉𝑏 𝑉𝑎 > 𝑉𝑏 𝐼𝑎 > 𝐼𝑏

d



𝑉𝑎 > 𝑉𝑏

𝑋𝐶 ∝
1

𝐶

When capac itor i s  f i l l ed w ith m ica ,  i ts  capac itance increases .

As 𝐶 i ncreases ,  𝑋𝐶 decreases

As 𝑋𝐶 decreases ,  vo ltage across capac itor decreases (𝑋𝐶 ∝ 𝑉) .

𝐶 𝐶′

𝐶′ > 𝐶

𝑋𝐶 =
1

𝜔𝐶

a

𝑉𝑎 = 𝑉𝑏 𝑉𝑎 < 𝑉𝑏 𝑉𝑎 > 𝑉𝑏 𝐼𝑎 > 𝐼𝑏

dcb



An A .C .  vo ltage i s  app l i ed to a res i stance 𝑅 and an inductor 𝐿 i n  ser ies .   If 𝑅 and the 
i nduct ive reactance are both equa l  to 3 Ω ,  the phase d ifference between the app l i ed 
vo ltage and the current in the c i rcu it i s  

E0 sin𝜔𝑡

𝑋𝐿 = 3 Ω𝑅 = 3 Ω

a b c d

Zero 𝜋/6 𝜋/4 𝜋/2



tan𝜙 =
𝑋𝐿
𝑅tan𝜙 =

𝑋𝐿
𝑅

= 1

𝜙 = 45° or 𝜋/4
E0 sin𝜔𝑡

𝑋 = 3 Ω𝑅 = 3 Ω

𝜙
𝑋𝐿

𝑅

𝑍

a b d

Zero 𝜋/6 𝜋/4 𝜋/2

c



In an A .C .  c i rcu it ,  an a lternat ing vo ltage ,  𝜀 = 200 2 sin(100𝑡) vo lt i s  connected to 
capac itor of capac ity 1 𝜇𝐹 .   The r .m . s .  va lue of current in the c i rcu it i s  

𝜀 = 200 2 sin(100𝑡)

1 𝜇𝐹

a b c d

10 𝑚𝐴 100 𝑚𝐴 200 𝑚𝐴 20 𝑚𝐴



A lternat ing vo ltage ,  ε = 200 2 sin(100𝑡)

compar ing w ith ε = 𝜀0 sin𝜔𝑡

𝜔 = 100 𝑟𝑎𝑑/𝑠 𝜀0 = 200 2 𝑣𝑜𝑙𝑡

𝑋𝐶 =
1

𝜔𝐶
=

1

100 × 10−6
Ω = 104 Ω

𝐼0 =
𝜀0
𝑋𝐶

=
200 2

104
𝐴 = 2 2 × 10−2𝐴 𝐼𝑟𝑚𝑠 =

𝐼0

2
=

2 2×10−2

2
= 2 × 10−2𝐴 = 20 𝑚𝐴

𝜀 = 200 2 sin(100𝑡)

1 𝜇𝐹

𝜀 = 𝜀0 sin𝜔𝑡

a b c

10 𝑚𝐴 100 𝑚𝐴 200 𝑚𝐴 20 𝑚𝐴

c



E = E0 sin𝜔𝑡

𝑖 = 𝑖0 sin(𝜔𝑡 +𝜙)

𝑑𝑊 = E0𝑖0 sin𝜔𝑡 sin(𝜔𝑡 + 𝜙)𝑑𝑡

= E0𝑖0 sin2𝜔𝑡 cos𝜙 + sin𝜔𝑡 cos𝜔𝑡 sin𝜙 𝑑𝑡

sin(𝜔𝑡 + 𝜙)

Tota l  work done in a cyc le i s ,

𝑊 = E0𝑖0 cos𝜙 0׬
𝑇
sin2𝜔𝑡 𝑑𝑡 + E0𝑖0 sin𝜙 0׬

𝑇
sin𝜔𝑡 cos𝜔𝑡 𝑑𝑡

= E0𝑖0 cos𝜙 0׬
𝑇
(1 − cos 2𝜔𝑡) 𝑑𝑡 + E0𝑖0 sin𝜙 0׬

𝑇 1

2
sin 2𝜔𝑡 𝑑𝑡

𝑊 =
1

2
E0𝑖0 𝑇 cos𝜙

The work done by source in t ime interva l  𝑑𝑡 i s ,

𝑑𝑊 = E 𝑖 𝑑𝑡 𝐿 𝐶 𝑅

=
E0𝑖0 cos 𝜙

2
0׬
𝑇
𝑑𝑡 − 0׬

𝑇
cos 2𝜔𝑡 𝑑𝑡 + E0𝑖0 sin𝜙 0׬

𝑇 1

2
sin 2𝜔𝑡 𝑑𝑡



Tota l  work done in a cyc le i s ,

𝑊 =
1

2
E0𝑖0 𝑇 cos𝜙

Average Power de l i vered ,

𝑃𝑎𝑣𝑔 =
𝑊

𝑇

=
E0

2

𝑖0

2
cos 𝜙

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 𝜙

𝑃𝑎𝑣𝑔 =
1

2
E0 𝑖0 cos 𝜙

E = E0 sin𝜔𝑡

𝑖 = 𝑖0 sin(𝜔𝑡 +𝜙)

𝐿 𝐶 𝑅



E = E0 sin𝜔𝑡

𝑖 = 𝑖0 sin(𝜔𝑡 +𝜙)

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 𝜙

Power Factor

For purely resistive circuit,

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 0°

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠

Power drawn is maximum in a purely resistive circuit

𝑅

𝜀 = 𝜀0 sin 𝜔𝑡

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀0
𝑖0



𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 𝜙

Power Factor

For purely reactive circuit -

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2

3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡

𝑖 = 𝑖0 sin 𝜔𝑡 −
𝜋

2

𝜀0

𝑖0

𝑖0

𝑡

𝑖 , 𝜀

0 𝜋 2𝜋𝜋

2
3𝜋

2

𝜀 = 𝜀0 sin 𝜔𝑡𝜀0
𝑖0

𝑖0 𝑖 = 𝑖0 sin 𝜔𝑡 +
𝜋

2

𝜙 = 𝜋/2 𝜙 = −𝜋/2

𝜙 = 𝜋/2 or 𝜙 = −𝜋/2

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos ±
𝜋

2

𝑃𝑎𝑣𝑔 = 0

No power is absorbed for a full cycle in purely 
inductive or purely capacitive circuits



|

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 𝜙

E0 sin𝜔𝑡

𝐶𝑅

cos 𝜙 =
𝑅

𝑍

cos 𝜙 =
𝑅

𝑅2 + 1/𝜔𝐶 2

Average Power in RC c i rcu its i s ,

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠𝑖𝑟𝑚𝑠

𝑅

𝑍

𝜙
𝑋𝐶

𝑅

𝑍



𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠 𝑖𝑟𝑚𝑠 cos 𝜙

cos 𝜙 =
𝑅

𝑍

cos 𝜙 =
𝑅

𝑅2 + 𝜔𝐿 2

Average Power in LR c i rcu its i s ,

𝑃𝑎𝑣𝑔 = E𝑟𝑚𝑠𝑖𝑟𝑚𝑠

𝑅

𝑍

E0 sin𝜔𝑡

𝐿𝑅

E0 sin𝜔𝑡

𝜙
𝑋𝐿

𝑅

𝑍

|


