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OUTLINE

• Capacitors 
• Inductors 
• Transient circuit analysis 

– Natural/Step Response R-C/R-L Circuits 

• Next Lecture
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Capacitor

• Capacitor is a passive electrical component consists of two electrical 
conductors separated by an insulator and the capacitance is related to area of 
the conductors and the spacing between them, where E is the dielectric 
primitivity of the insulator 

• Capacitance (C) is measured in Farad (F) named after Michael Farady

Michael Farady
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Capacitor

• Capacitors store energy in the form of an electric field between two 
charged plates (sort of like it is “storing voltage”)
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Example 1) Capacitor Current 
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Capacitors in Series
• Capacitors in series combine like resistors in parallel.

Using KVL:  

Differentiating:  

Substituting: +  

𝑣 = 𝑣1 + 𝑣2

𝑑𝑣
𝑑𝑡

=
𝑑𝑣1

𝑑𝑡
+

𝑑𝑣2

𝑑𝑡

𝑖
𝐶𝑒𝑞

=
𝑖

𝐶1

𝑖
𝐶2

𝑖 = 𝐶𝑒𝑞
𝑑𝑣
𝑑𝑡

_+
𝑣

𝑖 = 𝐶1
𝑑𝑣1

𝑑𝑡
𝑖 = 𝐶2

𝑑𝑣2

𝑑𝑡

𝑣1 _+
𝑣2 _+

𝐶1 𝐶2

𝐶𝑒𝑞 1
𝐶𝑒𝑞

=
1
𝐶1

+
1
𝐶2
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Capacitors in Parallel
• Capacitors in parallel combine like resistors in series.

𝑖2 = 𝐶2
𝑑𝑣
𝑑𝑡

𝑖1 = 𝐶1
𝑑𝑣
𝑑𝑡

Using KCL:  

Substituting: 

+  

𝑖 = 𝑖1 + 𝑖2

𝐶𝑒𝑞
𝑑𝑣
𝑑𝑡

= 𝐶1
𝑑𝑣
𝑑𝑡

𝐶2
𝑑𝑣
𝑑𝑡

= (𝐶1 + 𝐶2) 𝑑𝑣
𝑑𝑡

𝑖 = 𝐶𝑒𝑞
𝑑𝑣
𝑑𝑡

𝐶1 𝐶2

𝑖1 𝑖2+ 

 

_

𝑣

𝑖

𝐶𝑒𝑞

𝑖+ 

 

_

𝑣 =𝐶𝑒𝑞 𝐶1 + 𝐶2
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Inductor

• An inductor, also called a coil, is a passive two-terminal electrical 
component that stores energy in a magnetic field. It typically consists of 
an insulated wire wound into a coil. 

• Inductance (L) is measured in Henry (H) named after Joseph Henry

Joseph Henry
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Inductor
• Inductors store energy in the form of an magnetic field (sort of like it is “storing current”)
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Inductors in Series
• Inductors combine in series exactly like resistors.

𝑣1 _+
𝑣2 _+

𝐿1 𝐿2

𝐿𝑒𝑞

_+
𝑣

𝑣1 = 𝐿1
𝑑𝑖
𝑑𝑡

𝑣2 = 𝐿2
𝑑𝑖
𝑑𝑡

𝑣 = 𝑣1 + 𝑣2 = (𝐿1 + 𝐿2) 𝑑𝑖
𝑑𝑡

𝑣 = 𝐿𝑒𝑞
𝑑𝑖
𝑑𝑡

𝐿𝑒𝑞 = 𝐿1 + 𝐿2
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Inductors in Parallel
• Inductors combine in parallel exactly like resistors.

𝑣 = 𝐿2
𝑑𝑖2
𝑑𝑡

1
𝐿𝑒𝑞

=
1

𝐿1
+

1
𝐿2

𝐿𝑒𝑞

𝑖+ 

 

_

𝑣

𝐿1 𝐿2

𝑖1 𝑖2+ 

 

_

𝑣

𝑖

𝑣 = 𝐿1
𝑑𝑖1
𝑑𝑡

Using KCL:  

Differentiating:  

Substituting: +

𝑖 = 𝑖1 + 𝑖2

𝑑𝑖
𝑑𝑡

=
𝑑𝑖1
𝑑𝑡

+
𝑑𝑖2
𝑑𝑡

𝑣
𝐿𝑒𝑞

=
𝑣

𝐿1

𝑣
𝐿2

𝑣 = 𝐿𝑒𝑞
𝑑𝑖
𝑑𝑡
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Inductors vs. Capacitors
• Inductors and capacitors are passive devices which store (and release) energy (energy is 

not created/generated by a passive device).

Inductor Capacitor

Circuit  
Symbol

Fundamental I/
V relationship

Units L=inductance (Henrys) C=capacitance (Farads)

+ V _ + V _
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Properties of Inductors and Capacitors
• From the fundamental I/V relationship we can infer several properties of inductors and 

capacitors.

Inductor Capacitor
Fundamental I/V 
relationship

Instantaneous 
changes

The current in an inductor cannot 
change instantaneously.  To do 

so would cause an infinite 
voltage to appear.

The voltage across a capacitor 
cannot change instantaneously.  
To do so would cause an infinite 

current to flow.

Steady State (when 
things are not 
changing with time)

When a circuit with an inductor 
reaches steady state, the voltage 
across the inductor will be zero.  
➔ An inductor acts like a short 

circuit in steady state.

When a circuit with a capacitor 
reaches steady state, the 

current through the capacitor will 
be zero.  ➔ An capacitor acts 

like an open circuit in steady 
state. 
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Inverse to Fundamental I–V  Relationships
• From the fundamental I–V relationships we can also derive inverse relationships.

Inductors 

 

 

 

𝑣 = 𝐿
𝑑𝑖
𝑑𝑡

𝑡

∫
𝑡𝑜

𝑣(𝑢)𝑑𝑢 = 𝐿
𝑡

∫
𝑡𝑜

𝑑𝑖
𝑑𝑢

𝑑𝑢

𝑡

∫
𝑡𝑜

𝑣(𝑢)𝑑𝑢 = 𝐿(𝑖(𝑡) − 𝑖(𝑡𝑜))

𝑖(𝑡) = 𝑖(𝑡𝑜) +
1
𝐿

𝑡

∫
𝑡𝑜

𝑣(𝑢)𝑑𝑢

Capacitors 

 

 

 

𝑖 = 𝐶
𝑑𝑣
𝑑𝑡

𝑡

∫
𝑡𝑜

𝑖(𝑢)𝑑𝑢 = 𝐶
𝑡

∫
𝑡𝑜

𝑑𝑣
𝑑𝑢

𝑑𝑢

𝑡

∫
𝑡𝑜

𝑖(𝑢)𝑑𝑢 = 𝐶(𝑣(𝑡) − 𝑣(𝑡𝑜))

𝑣(𝑡) = 𝑣(𝑡𝑜) +
1
𝐶

𝑡

∫
𝑡𝑜

𝑖(𝑢)𝑑𝑢
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Power and Energy in Inductors and Capacitors
• From the fundamental I–V relationship we can infer several properties of inductors and 

capacitors.

Inductor Capacitor
Fundamental I–V 
relationship

Power

Energy
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Capacitor Circuits in Transient: How it works

• Now, we will look at how circuits change over time (Transient) 
• Capacitor circuit when switch is closed 

– electrons are drawn from the upper plate through 
–  the resistor to the positive terminal of the battery 
– Surge in current limited in magnitude by R  
–  a net positive charge on the top plate. 
– until the potential difference V= E
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Transient Circuit Analysis

• We’ll solve these  
• (1) steady-state before the switch  
(t < 0)  C: O.C. and L is Sh.C 
• (2) instantaneously after the switch 
(t=0) 
• (3) steady-state after the switch 
(t > 0)  C: O.C. and L is Sh.C

-               +𝑣

𝑖

10 Ω

𝐶 = 5 𝜇𝐹

Switch closes at 
 seconds𝑡 = 0

Initial voltage on 
capacitor is 2 V
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Example 2 discharging RC Circuit
1. Steady-state before the switch: 

Energy stored in the capacitor = 

2. Instantaneously after the switch: 

Equation: 

3. In steady state after the switch:  

Energy stored in the capacitor = 0 J

𝑣  =  2 𝑉𝑖 = 0 𝐴
1
2

𝑣2𝐶 = 10 𝜇𝐽

𝑣 = 2 𝑉

𝑖 = −
2𝑉

10Ω
= − 0.2 𝐴

𝐶
𝑑𝑣(𝑡)

𝑑𝑡
= 𝑖(𝑡) = −

𝑣(𝑡)
𝑅

𝑖 = 0 𝐴
𝑣 = 0 𝑉

-               +𝑣

𝑖

10 Ω

𝐶 = 5 𝜇𝐹

Switch closes at 
 seconds𝑡 = 0

Initial voltage on 
capacitor is 2 V
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Capacitor Charging and discharging
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Natural Response (discharging) capacitor
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Natural Response RL and RC
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Capacitor Charging
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What You Need to Know Today
• Capacitors 

– Fundamental equation: , where C is capacitance in Farads 

– Add in parallel, combine in series the way resistors do in parallel 
– In steady-state, they act like an open circuit 
– Energy stored is  

• Inductors 

– Fundamental equation: , where L is inductance in Henries 

– Combine in series and parallel the same way as resistors 
– In steady-state, they act like a short circuit 
– Energy stored is  

• Transient circuit solutions 
– We are solving for  and  as a function of time,  and  
– Write the differential equations using KVL and KCL 
– Next class we will start to work on solving them

𝑖 = 𝐶
𝑑𝑣
𝑑𝑡

𝐶𝑣2

𝑣 = 𝐿
𝑑𝑖
𝑑𝑡

𝐿𝑖2

𝑣 𝑖 𝑣(𝑡) 𝑖(𝑡)
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Next Lecture

• Phasor


