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2022 onwards AC CIRCUITS 
 

CAPACITIVE CIRCUIT 

 

𝑖 =
𝑑𝑞

𝑑𝑡
=

𝑑(𝐶. 𝑒)

𝑑𝑡
 

𝑖 =
𝑑

𝑑𝑡
(𝐶. 𝑒௢ sin(𝜔𝑡)) 

𝑖 = 𝐶𝑒௢

𝑑

𝑑𝑡
sin(𝜔𝑡) 

𝑖 =  𝐶𝑒௢ cos(𝜔𝑡) . 𝜔 

𝑖 =
𝑒௢

1
𝜔𝐶

cos(𝜔𝑡) =
𝑒௢

𝑋஼
cos(𝜔𝑡) 

𝑖 =
𝑒௢

𝑋஼
sin ቀ𝜔𝑡 +

𝜋

2
ቁ 

𝑇ℎ𝑢𝑠, 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑒𝑎𝑑𝑠 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑏𝑦
𝜋

2
 

𝑤ℎ𝑒𝑟𝑒 𝑋஼ =
1

𝜔𝐶
=

1

2𝜋𝑓𝐶
 

𝑖𝑠 𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 

𝑆. 𝐼. 𝑈𝑛𝑖𝑡 Ω 
Waveform: 

 

Phasor : 

 
P =  e௥௠௦ x i௥௠௦ cos

𝜋

2
= 0 

NOTE:  
𝑓𝑜𝑟 𝐷𝐶 , 𝑓 =  0 , 

𝑡ℎ𝑢𝑠 𝑋௅  =  0 𝑎𝑛𝑑 𝑋஼ =  ∞ 

𝑇ℎ𝑢𝑠, 𝑐𝑜𝑖𝑙 𝑜𝑟 𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟 𝑎𝑐𝑡 𝑎𝑠 𝑠ℎ𝑜𝑟𝑡  

𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑓𝑜𝑟 𝐷𝐶 𝑎𝑛𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 𝑏𝑙𝑜𝑐𝑘𝑠 𝐷𝐶 

 
As f increases, XL increases  
and XC decreases 

 

 

RESISTIVE CIRCUIT  

 

𝑒 = 𝑒௢ sin(𝜔𝑡) 

𝑖 =
𝑒

𝑅
=

𝑒௢

𝑅
sin(𝜔𝑡) = 𝑖௢  sin(𝜔𝑡) 

Waveform: 

 
Phasor Diagram: 

 

 

Power P =  e௥௠௦ x i௥௠௦ cos 𝜙  

=  
e௢ i௢

2
 𝑐𝑜𝑠0௢ =  

e௢ i௢

2
 

 

INDUCTIVE CIRCUIT 

 

𝐼𝑛𝑑𝑢𝑐𝑒𝑑 𝑒𝑚𝑓 𝑒௕ =  −𝐿
𝑑𝑖

𝑑𝑡
 

𝐴𝑝𝑝𝑙𝑖𝑒𝑑 𝑒𝑚𝑓 𝑒 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑒𝑞𝑢𝑎𝑙  

𝑎𝑛𝑑 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑒 =  − 𝑒௕ =  𝐿
𝑑𝑖

𝑑𝑡
 

𝑑𝑖 =
𝑒

𝐿
𝑑𝑡.   𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑛𝑔, 

න 𝑑𝑖 =  න
𝑒

𝐿
𝑑𝑡 

 𝑖 =
1

𝐿
න 𝑒௢ sin(𝜔𝑡) 𝑑𝑡 

=
𝑒௢

𝐿
ቈ
− cos(𝜔𝑡)

𝜔
቉ 

= −
𝑒௢

𝜔𝐿
cos(𝜔𝑡) = −

𝑒௢

𝑋௅
cos(𝜔𝑡) 

𝑖 = −
𝑒௢

𝑋௅
sin ቀ

𝜋

2
−  𝜔𝑡ቁ 

𝑖 =
𝑒௢

𝑋௅
sin ቀ𝜔𝑡 −

𝜋

2
ቁ 

𝑇ℎ𝑢𝑠, 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑎𝑔𝑠 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑏𝑦
𝜋

2
 

𝑤ℎ𝑒𝑟𝑒 𝑋௅ = 𝜔𝐿 = 2𝜋𝑓𝐿  

𝑖𝑠 𝑡ℎ𝑒 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟 
𝑆. 𝐼. 𝑈𝑛𝑖𝑡 Ω 

Waveform: 

 

Phasor: 

 

P =  e௥௠௦ x i௥௠௦ cos
𝜋

2
= 0 
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2022 onwards 

 
SERIES LCR CIRCUIT 

 
Phasor: 

 

𝑒 = ඥ𝑒ோ
ଶ + (𝑒௅ − 𝑒஼)ଶ 

𝑖𝑍 = ඥ(𝑖𝑅)ଶ + (𝑖𝑋௅ − 𝑖𝑋஼)ଶ 

𝒁 = ඥ𝑹𝟐 + (𝑿𝑳 − 𝑿𝑪)𝟐 

Impedance triangle 

 

NOTE:  

tan 𝜙 =  
𝑋௅ −  𝑋஼

𝑅
 

(𝑖)𝐼𝑓 𝑋௅ > 𝑋஼ , 

tan 𝜙 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑎𝑛𝑑  

𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑖𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑒, 

𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑤𝑖𝑙𝑙 𝑙𝑒𝑎𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑏𝑦 𝜙 

(𝑖𝑖)𝐼𝑓 𝑋௅ < 𝑋஼ , 

tan 𝜙 𝑖𝑠 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑎𝑛𝑑  

𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑣𝑒, 

𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑤𝑖𝑙𝑙 𝑙𝑎𝑔 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑏𝑦 𝜙 
(𝑖𝑖𝑖) 𝐼𝑓 𝑋௅ = 𝑋஼ , 

tan 𝜙 = 0 , 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑖𝑠 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 

𝑍௠௜௡ = 𝑅 𝑎𝑛𝑑  

𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑖௢ =
𝑒௢

𝑅
 

 

 

𝑄 =
𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ
=

𝜔௥

2Δ𝜔
 

 
Definition:  
Peak value: Peak value of an alternating 
current (or emf) is the maximum value of the 
current (or emf) in either direction. 
 
Average / Mean value:  
Average value or mean value of one HALF 
cycle can be found as follows: 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑟 𝑚𝑒𝑎𝑛 𝑣𝑎𝑙𝑢𝑒  𝑜𝑓 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 

=
∫ 𝑖௢ 𝑠𝑖𝑛𝜃 𝑑𝜃

గ

଴

∫ 𝑑𝜃
గ

଴

=  
𝑖௢ ∫  𝑠𝑖𝑛𝜃 𝑑𝜃

గ

଴

[𝜃]଴
గ  

=
𝑖௢[−𝑐𝑜𝑠𝜃]଴

గ

𝜋 − 0
=  

𝑖௢[−𝑐𝑜𝑠𝜋 − (−𝑐𝑜𝑠0)]

𝜋
 

=
𝟐𝒊𝒐

𝝅
= 𝟎. 𝟔𝟑𝟕𝒊𝒐 

𝑺𝒊𝒎𝒊𝒍𝒂𝒓𝒍𝒚, 𝒎𝒆𝒂𝒏 𝒐𝒓 𝒂𝒗𝒈 𝒗𝒂𝒍𝒖𝒆 𝒐𝒇 𝒗𝒐𝒍𝒕𝒂𝒈𝒆  

𝒐𝒗𝒆𝒓 𝒐𝒏𝒆 𝒉𝒂𝒍𝒇 𝒄𝒚𝒄𝒍𝒆 =
𝟐𝒆𝒐

𝝅
= 𝟎. 𝟔𝟑𝟕𝒆𝒐 

NOTE: Average value over a full cycle of sin or 
cos wave is zero. 

Effective value / Virtual Value  / RMS value:  
Consider an AC current of peak value i0 passing 
through a resistor R and producing heat H in 
time t. Then, the steady value of current, 
which produces the same heat in a resistor (R) 
in same time t is called as 
effective/virtual/RMS value of current. 
RMS value can be found as follows: 

𝑅𝑀𝑆 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = ඨ∫ 𝑖௢
ଶ 𝑠𝑖𝑛ଶ𝜃 𝑑𝜃

ଶగ

଴

2𝜋

=  ඨ
𝑖௢

ଶ ∫  𝑠𝑖𝑛ଶ𝜃 𝑑𝜃
ଶగ

଴

2𝜋
 

= ඨ
𝑖௢

ଶ

2𝜋
න ൬

1 − 𝑐𝑜𝑠2𝜃

2
൰  𝑑𝜃

ଶగ

଴

 

= ඨ
𝑖௢

ଶ

4𝜋
൤𝜃 −

𝑠𝑖𝑛2𝜃

2
൨

଴

ଶగ

 

= ඨ
𝑖௢

ଶ

4𝜋
 . 2𝜋 =

𝑖௢

√𝟐
= 𝟎. 𝟕𝟎𝟕 𝑖௢ 

𝑺𝒊𝒎𝒊𝒍𝒂𝒓𝒍𝒚, 

𝑹𝑴𝑺 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 =
𝒆𝒐

√𝟐
= 𝟎. 𝟕𝟎𝟕 𝒆𝒐 

 

SERIES RESONANCE (Acceptor 
Circuit) 

 𝐼𝑓 𝑋௅ = 𝑋஼ ,   

𝜔𝐿 =
1

𝜔𝐶
, 𝜔ଶ =

1

𝐿𝐶
 

𝜔 =
1

√𝐿𝐶
 

𝑡ℎ𝑢𝑠, 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

𝐟 =  
𝟏

𝟐𝛑√𝐋𝐂
 

𝐴𝑡 𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒,             

tan 𝜙 = 0 , 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑖𝑠 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 

𝑍௠௜௡ = 𝑅 𝑎𝑛𝑑  

𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑖௢ =
𝑒௢

𝑅
 

𝑃 = 𝑒௥௠௦ . 𝑖௥௠௦. 𝑐𝑜𝑠𝜙 

𝑃 =
𝑒௢

√2
 .

𝑖௢

√2
. 𝑐𝑜𝑠0 =  

𝑒௢. 𝑖௢

2
 

 

PARALLEL RESONANCE (Rejector 
Circuit) 

 
𝐼𝑓 𝑋௅ = 𝑋஼ ,   

𝜔𝐿 =
1

𝜔𝐶
, 𝜔ଶ =

1

𝐿𝐶
 

𝜔 =
1

√𝐿𝐶
 

𝑡ℎ𝑢𝑠, 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

𝐟 =  
𝟏

𝟐𝛑√𝐋𝐂
 

𝐴𝑡 𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒, 𝑖 𝑖𝑠 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 

𝑍 𝑖𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 

 
Q- FACTOR/QUALITY FACTOR 
Q factor of a series resonant circuit is defined 
as the ratio of resonant frequency to the 
difference in two frequencies taken on both 
sides of resonant frequency such that at each 
of these frequencies the current amplitude is 
1/√2 times the value at resonant frequency. 


