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Announcements
• Last time:


• Transient behavior of RC circuits

• Solving 1st Order Diff. Eq. 


• Homogenious - exponential decay

• Inhomogenious - asymptotic exponential recovery

• Step response

• Pulse response


• Today:

• Inductance, inductors, transformers

• Solving diff. EQ for arbitrary inputs
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Natural Response of RC circuits
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Pulse Response of RC circuits
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Pulse Response of RC circuits
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Pulse Response of RC circuits
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Pulse Response of RC circuits
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EECS16A Lab1

Light-detecting Circuit
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EECS16A Lab1

Light-detecting Circuit

ΔT = 7ms
↔

RC = 100kΩ ⋅ 1μF = 0.1s

Vs(t) 1μF
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EECS16A Lab1

Light-detecting Circuit

ΔT = 7ms
↔

RC = 100kΩ ⋅ 1μF = 0.1s

vc(t) = 50% ± 1.75 % Vs(t) 1μF

100kΩ

−
+
vc(t)

Input Output
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EECS16A Lab1

Light-detecting Circuit

ΔT = 7ms
↔

RC = 100kΩ ⋅ 1μF = 0.1s

3RC = 0.3s

vc(t) = 50% ± 1.75 % Vs(t) 1μF

100kΩ
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Input Output
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Inductance

•  Capacity to store energy in a magnetic 
field


•  Units: Henry [H]  

•  Components nH (10-9), uH (10-6), mH 

(10-3)

•  Magnets, power transformers > 1H
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Inductors

• Many designs and uses 

• Current produces a magnetic flux: 

                                 
• Change in flux induces voltage  

                           (Faraday’s Law)

ΦB = Li

v =
dΦB

dt
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Inductors

•  For N-turn solenoid, area  and length A l

L =
μN2A

l

μ0 = 4π × 10−7

μr ≈ 1 air
μr ≈ 350 − 20000 Ferrite

magnetic permeability:  μ = μ0μr
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Inductors

L
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dt

v
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Time varying current:

i(t) =
1
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v(t)(τ)dτ + i(t0)

Memory!!!

= v(t)



EECS16B Tennant & Lustig,  EECS UC Berkeley

Inductors

• Inductors store energy in the magnetic field

p(t) = i(t) ⋅ v(t)• Power :p(t)

• Energy  is integration of power:w

= Li(t)
di(t)
dt

p(t)dt = Li(t)di(t)

w = L∫
I

0
idi = L

i2

2

Lv

i

−
+
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Equivalent Inductance
Parallel Inductors: Series Inductors:
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Leq = L1 + L2
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Equivalent Inductance
Parallel Inductors: Series Inductors:
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Summary
Capacitors Inductors

• Capacitors resist instantaneous 
change in voltage


• Current can change instantaneously

• Open circuit in steady-state

i(t) = C
dv(t)

dt
v(t) = L

di(t)
dt

w =
1
2

Cv2 w =
1
2

Li2

1
Cser

=
1
C1

+
1
C2 Lser = L1 + L2

Cpar = C1 + C2
1

Lpar
=

1
L1

+
1
L2

• Inductors resist instantaneous 
change in current


• Voltage can change instantaneously

• Short circuit in steady-state
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RL Circuits
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i
L

R

vL(t)
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R
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L

Constant coefficients 
1st order diff. Eq.
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RL Circuits
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RL Circuits

Vs(t)
L

R

vL(t)
−

+
Vs(t)

C

R

−
+
vc(t)

dvc(t)
dt

+
1

RC
vc(t) =

1
RC

Vs(t)
di(t)
dt

+
R
L

i(t) =
R
L

Vs(t)
R

di(t)
dt

+τ−1i(t) = τ−1 Vs(t)
R

τ =
L
R τ = RC

dvc(t)
dt

+τ−1vc(t) = τ−1Vs(t)

⇔



EECS16B Tennant & Lustig,  EECS UC Berkeley

Step Response of LC circuits
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R
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Example: Step-Response Vs(t)
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Step Response of LC circuits
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Example: Step-Response Vs(t)
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Mutual Inductance

• Occurs when two windings are arranged such flux 
generated in one runs through the other


• Change in current in one winding, causes voltage in the 
other

Used in transformers, motors and generators
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Dot Convention

• Dot indicates polarity of coupling
i1 i2

−

+
v2

−

+
v1 L2L1

M
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di1
dt

+ M
di2
dt
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dt
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dt

i1 i2

−

+
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−

+
v1 L2L1

M

v1 = L1
di1
dt

− M
di2
dt

v2 = − M
di1
dt

+ L2
di2
dt
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RFID: Transformer at a distance!

• Card Keys, contactless payment, wireless charging
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Why twist wires? 

• Any loop can capture flux

• Captures interference through mutual inductance
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RC Circuits - General Response
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RC Circuits - General Response
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