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Capacitors and Inductors



ECE/ENGRD 2100 2

Announcements

• Recommended Reading:
– Textbook Chapter 6

• Upcoming due dates:
– Prelab 3 due by 12:20 pm on Tuesday March 5, 2019
– Homework 3 due by 11:59 pm on Friday March 8, 2019
– Lab report 3 due by 11:59 pm on Friday March 15, 2019

• Lab 3 is next week (starting Tuesday March 5, 2019)
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Capacitors

𝑖"

𝑣"C 𝑖" = C
𝑑𝑣"
𝑑𝑡

C ≡
𝑑𝑞"
𝑑𝑣"

Capacitance	measured	in	Farads	[F] 1	F	 ≡ 	1	 C V.

𝑞"

𝑣"

Linear Capacitor
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Capacitance of Parallel-Plate Capacitor

/𝐷 1 𝑑𝑠 =3𝜌	𝑑𝑣𝐴

𝑙
𝜖 where: 𝐷 = 𝜖𝐸

Gauss’ Law:𝑞"

𝑣"
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Energy Stored in a Capacitor

𝑤" 𝑡: = ; 𝑝"

=>

?@

𝑑𝑡Energy:

𝑝 =
𝑑𝑤
𝑑𝑡

Power	≡ Time	Rate	of	Change	of	Energy



ECE/ENGRD 2100 6

Inductors

𝑖A

𝑣AL 𝑣A = L
𝑑𝑖A
𝑑𝑡

L ≡
𝑑𝜆A
𝑑𝑖A

Inductance	measured	in	Henrys	[H] 1	H	 ≡ 	1	Wb A.

𝜆A

𝑖A

Linear Inductor
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Inductance of Toroidal Inductor

𝐴𝜇

𝑙𝑖A

Ampere’s Law:

𝐵 = 𝜇𝐻

Compare to: C =
𝜖𝐴 
𝑙

K𝐻 1 𝑑𝑙 =L𝐽 1 𝑑𝑠 +
𝜕
𝜕𝑡
L𝐷 1 𝑑𝑠

𝜆A = 𝑁𝐵𝐴

L ≡
𝑑𝜆A
𝑑𝑖A

𝑁 turns
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Energy Stored in an Inductor

𝑤A 𝑡: = ; 𝑝A

=>

?@

𝑑𝑡Energy: 𝑤A 𝑡: = ; 𝑖A𝑣A

=>

?@

𝑑𝑡
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Example Capacitor Circuit

C𝑖 𝑡 𝑣"

𝑖

𝑡

𝑣"

𝑡
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Example Inductor Circuit

L𝑣 𝑡

𝑣

𝑡

𝑖A

𝑡

𝑖A
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Series and Parallel Combinations of Capacitors

Parallel

Series

C: CR CS

C:

CR

CS
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Series and Parallel Combinations of Inductors

Parallel

Series

L: LR LS

L:

LR

LS
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Continuity Condition – State Property

Capacitor

Inductor

𝑖" = C
𝑑𝑣"
𝑑𝑡

𝑣T = L
𝑑𝑖T
𝑑𝑡

𝑖A

𝑡

𝑣"

𝑡
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State Property of Capacitors and Inductors
Capacitor Inductor

• Capacitors and inductors exhibit memory
– Future capacitor voltage depends on past capacitor voltage
– Future inductor current depends on past inductor current

• Circuits that contain capacitors and/or inductors exhibit dynamic behavior
– Solving such circuits requires solving differential equations

𝑖" = C
𝑑𝑣"
𝑑𝑡 𝑣A = L

𝑑𝑖A
𝑑𝑡

𝑣" 𝑡: = 𝑣" 𝑡U + 	
1
C
; 𝑖" 𝑡
=>

=V

𝑑𝑡 𝑖A 𝑡: = 𝑖A 𝑡U + 	
1
L
; 𝑣A 𝑡
=>

=V

𝑑𝑡
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State Variables

Capacitor

Inductor

Capacitor voltage is a state variable 
– it has memory (remembers its previous state)

Inductor current is a state variable 
– it has memory (remembers its previous state)
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Capacitors and Inductors Summary

Capacitor Inductor

𝑖" = C
𝑑𝑣"
𝑑𝑡 𝑣A = L

𝑑𝑖A
𝑑𝑡

𝑤" =
1
2C𝑣"

R 𝑤A =
1
2 L𝑖A

R

C ≡
𝑑𝑞"
𝑑𝑣"

L ≡
𝑑𝜆A
𝑑𝑖A

Energy Stored Energy Stored

𝑖"
𝑣" 𝑣A

𝑖A

𝑣" 𝑡: = 𝑣" 𝑡U + 	
1
C
; 𝑖" 𝑡
=>

=V

𝑑𝑡 𝑖A 𝑡: = 𝑖A 𝑡U + 	
1
L
; 𝑣A 𝑡
=>

=V

𝑑𝑡

𝑣" 𝑡:X = 𝑣" 𝑡:? 𝑖" 𝑡: < ∞if 𝑖A 𝑡:X = 𝑖A 𝑡:? 𝑣A 𝑡: < ∞if


