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Lecture 14 — Summary

Learning Objectives
1. Inductance and RL circuits



Example 3 Switch opensatt = 0™

o
zAC‘D %zg i"l%? %m
V@)

Find D) i,(07) @ i,(07) (& V(o)
@ V,(07) @ V,(0%)



Example 3

10 t=0"] V,(0°)

2A C‘D 20 " 1:2 10

7 U

Find (O i,,(07) @ V,(07)

At t = 0~ the capacitor is an open circuitand i,,(0™) = 0.

Current Divider

i,(07) = 2A

20
20 +2Q

1A

V,(07) =i, x1Q =1V



Example3  For practice, let’s do the same with source transformation.
t=0"| V,(07)

2() 10

_\/\/\/ ;/\/\/ o—0° liy
=i +i ]

4VC> » k| 1:2 10

i,(07) =0 V.
7 =

Find (O i,,(07) @ V,(07)

i =i, (07) = i = 1A
WY ) T 0 r10+10
Voltage Divider
190
V,(00) =4x-—=1V

4 ;



Example 3

10

Switch opensatt = 0™
t=0"

VvV

g\ o _

2a(}) %g "xl?f 10

V,(07)

Find 3 i,(0%) (@ V,(0%)

V,(07) =V,(0") =1V

» + _ o . .
ly(() ) = 0 | since the switch is open

voltage does not change



Example 3 Switch opens att = 0"
t=0"
Vo(o) 14D

AN Ahan
ZACD ‘1< 20 | 1f 10

V, (o0
0 Vil

Find @ V, (005

ix(OO) =0 Capacitorisanopenat t —» o

Capacitor has the same voltage as at the terminals of the
20 resistor through which flows the only current i = 2A

V() = 2A X 2Q = 4V




Magnetic Inductance

Current flowing in electric wires generates a magnetic
field. When a change in current occurs, an
“electromotive force” (voltage) is generated as a
reaction, due to the change of the magnetic flux
concatenated with the wire. The structure is said to
“store” magnetic energy.

Inductance (quantified as the ratio between the
magnetic field flux and the current) expresses the
tendency of a conductor to oppose a change of the
current flowing through it.



Inductors

All conductors carrying current exhibit inductance.
The devices called inductors are desighed to
maximize the concatenated magnetic field and the
associated storage of magnetic energy.

A coiled wire structure is
called a “solenoid” and it
is the most common way
to realize an inductor.

{a) Loosely wound (b) Tightly wound
solenoid solenoid



Inductance

The inductance value of a solenoid inductor depends
on the number of wire loops in the coil, on the cross-
sectional area, and on the “magnetic permeability”
of the core region. Rods of high relative permeability
material are often inserted in solenoids to amplify
the local magnetic field and increase the inductance
value of the device.

A A ﬂ
total length
area
vacuum permeability

Relative permeability

loops per unit length
inductance
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Example: Ferrite material used for compact
antennas used in portable AM radios (medium
wave frequency range)

Adjustable
inductor

~ 60nH

Knowles Johanson
Manufacturing
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Circuit symbol of an inductor

. &)

A 0600 B
ﬁ
i, (t)
Relationship between current and voltage
diy, (t)
dt

The unit of inductance is the henry with symbol [H]

VL:L

12




Inductor time-behavior
Faraday’s law describes (%43 (t)

the electrical behavior + —
of an inductor: the emf 0—/60-0-0-\—0
A B

potential in a current — >

loop equals the time i (t)

derivative of the loop

magnetic flux @. For an inductor
O =1L1

v (t) =

d d
dtLlL(t) = L lL(t)
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Inductor time-behavior

, U (&)

v (t) = L—-i(0) A B

dt

iy, (1)

Change of inductor current in time interval [t, t]

™~

i, (t) =i,(ty) +

1 C
7 f v, (t) dt’

Lo




Series of N inductors

+V1— +V2— +VN— Le
-= 7000 - o~ 000 —
-II; 1 2 .ﬁ LN <:> -I‘} -

Equivalent Inductance

Leq:L1+L2+L3+"‘+LN

15




Parallel of N inductors

l'il ‘Liz i Ly _I_O—‘_)fjiififi —
[
L, L, Ly < v
_ o-
Equivalent Inductance
-1
1 1 1
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Example

2 mH
— T
|_> %SmH 4 mH
e /TN
2 mH 4 mH

L. = 8 mH
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Duality between capacitor and inductor

Ve
+ —_
A °B
Lc
. dVe(t)
ic(t) =C 17

Ve(t=07) =Vc(t=0")

At steady-state capacitor acts like an
open circuit

. @)

200004

i, ()

diy (t)

Vi(t) =L
() = 1=

if(t=07)=1i,(t=07)

At steady-state inductor acts like a
short circuit
18



RL Circuits — Transient Analysis
Response to “step input”
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t=°+?< V(1) lL—(t)>

® +
i (t) f R L v (t)
l, ip(t) —

Write KCL at node @

is(t) = ig(t) +i,(t) =

Vi(t)
R

i (t)



t=°+?< V(1) lL—(t)>

® +
is(t)( 4 R L = v (1)
l, ig(t) —

Write KCL at node @

is(t) = ig(t) +i,(t) =

Vi(t)
R

d
Va() =V (t) = L i1 (D)

. L d, .
ig(t) = 2 ElL(t) + 1, (t)

i (t)



t=°+?< V(1) lL—(t)>

®
is(t)( 4 R L
l, ip(t)

v (t)

L d
ig(t) =— —i,(t) +i,(t)

R dt

dt

R R
ip(t) +i(t) 7= is(t) T

Equation 1




] 1 (E J (t) ] (t)
—— — — — E i 1
" lL( ) + l 3 lg 3 quation

This equation has the same mathematical form of the
Ordinary Differential Equation for the voltage in a series
RC circuit, considering a constant current source.
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d _ R R
— i (t) + lL(t)z = ls(t)z Equation 1

dt

This equation has the same mathematical form of the
Ordinary Differential Equation for the voltage in a series
RC circuit, considering a constant current source.

General Solution

iL(t) = Kle_“t —+ Kz [A]
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] 1 (E J (t) ] (t)
—— — — — E i 1
" lL( ) + l 3 lg 3 quation

This equation has the same mathematical form of the
Ordinary Differential Equation for the voltage in a series
RC circuit, considering a constant current source.

General Solution

iL(t) = Kle_“t —+ KZ [A]

iL(t = o) =K
iL(t — O+) — iL(t — O_) — K1 + KZ
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dt

This equation has the same mathematical form of the
Ordinary Differential Equation for the voltage in a series
RC circuit, considering a constant current source.

General Solution

iL(t) = Kle_“t —+ KZ [A]

ip(t > o) =K,

iL(t — O+) — iL(t — O_) — K1 + KZ

L __1_Rq

Req T_ L

T =

d _ R R
— i (t) + lL(t)Z = ls(t)z Equation 1
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Example 1 30

VVV
o+ 6Q
yo—/\V/\/
. +
L (L
Vip = 12V Ci) 6 L )l V. (t)
(constant) L =6H-
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Example 1

Vin —_ 12V

(constant)

B Za

Switch closesatt = 07

iL(t) = Kle_“t ~+ KZ

[A]
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32, 00)

—
t = 0_
OPEN & SHORT
0- +
Vin = 12V ("‘) 60 )l v, =0
(constant) —_
T
r— V =0
Step @ Find i; (07) and V;(0™) before the switch is closed
_ 12— 0
l; (O_) — 3 =4 A

VL(O_) =0V 30



VVV
o 69
. +
Vip. = 12V <+> 6 lL(t)‘l' VL (t)
(constant) L =6H-

step (2) Find i, (0%)

iL(O+) — iL(O_) — K1 + Kz =4 A
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V,, =12V C"‘)

(constant)

iL(t)l V, =0

T

The inductor acts as a short circuit

Step @ Find i; (o0)

i(0) =K, =Vy,/(30//6Q) =12/2 =6 A

i,(07) =i,(07) =K,

K,=4A

—) K2=6A

K4

= —2A
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REDRAW the circuit

3Q
vV
o 60
~o—/\/\/—

NOTE: This resistor does not affect the rest of the circuit
because it is in parallel with the voltage source.
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6}

31
A

1

@)

6.} <—‘
bypassed by

shorted source ?

Step @ Find a

Step @ Find i;(¢t)

R., =30Q//6Q=2A

"Ry 2 1 _
=7 "6 3°

1

i;(t) = —2e 3 4+ 6[A]

R,

34



i (t)
[A]

i;(t) = —-2e 3 4+ 6[A]

‘1ICI



i;(t) = —-2e7 3 4+ 6[A]

Find the inductor voltage

6 H

dt

Vi(t) =1L iiL(t) =6 X ge‘t/:‘ [V]

10
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Example 2

Switch moves to the left positionat t = 0

iL(t) — Kle_“t + KZ

[A]

(constant DC source)



R, =20 i, (f) l

I

Step @ Find i; (07) and V;(0™) before the switch is closed

ip(07) = hd

20

VL(O_) =0V

2 [A]
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R, = 20Q
oo YV V

SHORT

+
R, =2Q i;(t) l V=20 (i 4V

Step @ Findi; (0")

iL(O+) — iL(O_) — K1 + KZ =2A
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R, = 20Q
oo YV V

SHORT

+
R, =2Q i;(t) l V=20 (t 4V

Step @ Findi; (0")
iL(O+) — iL(O_) — K1 + KZ =2A

Step @ Find i; (o0)

if(0) =K, =0A

é KZZOA K]_:ZA 40




R, = 20Q
N VVV

R, = 20 J_r) v
Req

—0

Step @ Find o Req —20

R.; 20
a = = — =
L 2H

1s1

Step @ Find i; (1)
é iL(t) — Kle_“t + KZ — Ze_t [A]
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iL(t) — Kle_“t + KZ = 2e ! [A]

V. (t) =Ld(2e™™)/dt = —4e ! [V]

i)
[A]
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