Schedule...

Date

Day

Class Title Chapters HW Lab Exam
No. Due date | Due date

AC Circuit Analysis

21 Oct | Tue NO LAB
22 Oct | Wed 15 Transient Response 54
1t Order Circuits >
230ct | Thu >
24 Oct | Fri Recitation HW 6
>
250ct | Sat
>
26 Oct | Sun
27 Oct | Mon 16 Transient Response 55
2" Order Circuits
28 Oct | Tue
Y Y Y
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Obedience = Happiness

Mosiah 2:41

41 And moreover, | would desire that ye should consider on the
blessed and happy state of those that keep the commandments
of God. For behold, they are blessed in all things, both temporal
and spiritual; and if they hold out faithful to the end they are
received into heaven, that thereby they may dwell with God in a
state of never-ending happiness. O remember, remember that
these things are true; for the Lord God hath spoken it.
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Lecture 14 — AC Circuit Analysis

Phasors allow the use of familiar
network analysis
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RLC Circuits
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RLC Circuits - Series Impedances

Series Rule: two or more circuit elements are said to be In

series if the current from one element exclusively flows into
the next element.
Impedances in series add the same way resistors in series add

N
Leq = Z Z,
n=1
O— —O
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RLC Circuits - Parallel Impedances

Parallel Rule: two or more circuit elements are said to be In
parallel if the elements share the same terminals
Impedances in parallel add the same way resistors in parallel add

PSR R S )
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RLC Circuits

ECEN 301 Discussion #14 — AC Circuit Analysis

Electrical Engineering
Computer Engineering



RLC Circuits

Examplel: find i (t)

v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

R,
H ’
(0
Vy(t) § R, C——
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

1. Note frequencies of AC sources

R,
@
I(t
b T Only one AC source - o = 377 rad/s
/
vy(t) § R, C——
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

1. Note frequencies of AC sources
2. Convert to phasor domain

Z, =R,

s ¢ —>
V() SR, C j> 2R, | |z 1ljeC

na

BYU
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

1. Note frequencies of AC sources
Z1 =R, 2. Convert to phasor domain
3. Represent each element by its impedance
. ‘ l,jo)
V=10el0
Z,=-R, Z:=1/joC

+ T

BYU
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

_ Nod 1. Note frequencies of AC sources
1= Ry odea 2. Convert to phasor domain
3. Represent each element by its impedance
_ ‘ I (jo) > 4.  Solve using network analysis
V=10el? e  Use node voltage and Ohm’s law
22:R2 Z3:1/j(0C
ECEN 301 Discussion #14 — AC Circuit Analysis BYU 12




RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

4.  Solve using network analysis
Z, =R, Node a Use node voltage and Ohm’s law

— >
Vszloeioﬁsgm) p

Z,=R, Z=1/joC

+
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RLC Circuits

Examplel: find i (t)

v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

Node a

4.

Solve using network analysis

Use node voltage and Ohm’s law

Z:=1/joC

ECEN 301
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

4.  Solve using network analysis
Z, =R, Node a Use node voltage and Ohm’s law

— >
Vszloeioﬁsgm) p

Z,=R, Z=1/joC

+
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RLC Circuits

Examplel: find i (t)
v (t) = 10cos(mt), ® = 377 rad/s R, = 50Q, R, = 200Q, C = 100uF

4.  Solve using network analysis
Z, =R, Node a Use node voltage and Ohm’s law

5. Convert to time domain
— >
VS:lOeJ'O‘ 02
22:R2 Z3:1/J(DC

+
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RLC Circuits

Example2: find I, and I,

V(1) = 155cos(mt)V, o = 377 rads/s, R, = 0.5Q, R, = 2Q, R, = 0.2Q,
L, =0.1H, L, = 20mH

RS
oL
V50 il(t)% 0] %
L, L,
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RLC Circuits

Example2: find I, and I,

V(1) = 155cos(mt)V, o = 377 rads/s, R, = 0.5Q, R, =2Q, R, = 0.2Q,
L, =0.1H, L, = 20mH

R 1. Note frequencies of AC sources

Only one AC source - @ = 377 rad/s

vy(t) < il(t)l iz(t)l

I|‘—o
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RLC Circuits

Example2: find I, and I,

V(1) = 155cos(mt)V, o = 377 rads/s, R, = 0.5Q, R, =2Q, R, = 0.2Q,
L, =0.1H, L, = 20mH

R 1. Note frequencies of AC sources
X * 2. Convert to phasor domain
—>
‘ I(t) _
: §R1 § R, Z, =R,
20 o)) wo) ?
; L, L, V,=155el° (Jco) Z~ =R, Zro=R;
* ) () o) o)
— Z|_1:j(0|—1 ZLZZj(DLZ
+ |
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RLC Circuits

Example2: find I, and I,
V(1) = 155cos(mt)V, ® = 377 rads/s, R, = 0.5Q, R, = 2Q, R, = 0.2Q,

L, =0.1H, L, = 20mH

‘ —>
VS:155ej0 Is(J(’))

Z. =R

|1(j°))l,

1. Note frequencies of AC sources
2. Convert to phasor domain
f 3. Represent each element by its impedance
SR Zro=R;

Z, mjoL, Z ,mjoL,

ECEN 301
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RLC Circuits

Example2: find I, and I,

v (t) = 155cos(mt)V, o = 377 rads/s, R, = 0.5Q, R, =2Q, R, =0.2Q, L,
=0.1H, L, = 20mH

4.  Solve using network analysis
Zs = Rs ® Ohm’s law

A
VS:155ej0 Is(J(’))

1,(j m)l IZ(jm)l Ly=Lpy*tZy,
2y=LpytZy,

+
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RLC Circuits

Example2: find I, and I,
v (t) = 155cos(mt)V, o = 377 rads/s, R, = 0.5Q, R, =2Q, R, =0.2Q, L,

=0.1H, L, = 20mH
_ 4.  Solve using network analysis
Z V(o) - KCL
‘ —>
VS=155610 (o) ?
|1(j°))l, “ =
|2(j(’))l,

Electrica eering
Compute neering
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RLC Circuits

Example2: find I, and I,

v((t) = 155cos(ot)V, o = 377 rads/s, R, = 0.5Q, R, = 2Q, R, = 0.2Q, L, =
0.1H, L, = 20mH

Z

S

V(o)

V=155¢i i(jw) ?

|1(j°))l,

Z

|2(j(’))l,

Z, =371.75/1.52Q ;
Z, =7.54./1.54Q
Z, =050

4.

Solve using network analysis

Ohm’s Law

ECEN 301
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RLC Circuits

Example2: find I, and I,

v((t) = 155cos(ot)V, o = 377 rads/s, R, = 0.5Q, R, = 2Q, R, = 0.2Q, L, =
0.1H, L, = 20mH

5. Convertto Time domain

Z, V(o)

V=155¢i i(jw) F)

. Z, Z
I1(Jm)l o) l i

BYU
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

BYU
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

, Rﬂ 1 ) ’L’.’ 1. Note frequencies of AC sources
\ C \ R, — | Only one AC source - @ = 1500 rad/s
V(1) —=71 | 3
15(1) I,(t)
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

R 1. Note frequencies of AC sources
1 L )
2. Convert to phasor domain
C_ R2 ZRl ZL
OCHt V=1 )3
15(1) Ip(1)
V (jco) C Zgy

T — Go) L \1Ge

.
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

1. Note frequencies of AC sources
Zr1 Z, 2. Convert to phasor domain
r T 3. Represent each element by its impedance
V(o) Zc Zro
ﬁD o | o
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

+ZR1‘ tZ, - 4.  Solve using network analysis
. Mesh current
S(JO‘)) +
_ i Z
a(Jco) l,0® e
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

+ZR1‘ tZ, - 4.  Solve using network analysis
. Mesh current
S(JO‘)) +
_ i Z
a(Jco) l,(® e
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RLC Circuits

Example3: find 1,(t) and 1,(t)
v¢(t) = 15c0s(1500t)V, R, = 100Q, R, = 75Q, L = 0.5H, C = 1uF

+ZR1‘ tZ - 5. Convert to Time domain
S(JO‘)) +
_ i Z
a(Jw) l,(Jo e
ECEN 301 Discussion #14 — AC Circuit Analysis BYU



AC Equivalent Circuits

I
—

Norton Equivalent

< +

Thévenin Equivalent

&
8
7

Iy(o)

o1 < +0l7
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AC Equivalent Circuits

NB: same procedure as equivalent resistance
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AC Equivalent Circuits

NB: same procedure as equivalent resistance

ECEN 301

Discussion #14 — AC Circuit Analysis

Electrical Engineering
Computer Engineering



AC Equivalent Circuits

NB: same procedure as equivalent resistance
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AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

L
RS
||
||
C +
Vy(t) R S Vi

e

BYU
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AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

1. Note frequencies of AC sources

L
RS
___—| Only one AC source - & = 103 rad/s
C +
Vy(t) R S Vi
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AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

1. Note frequencies of AC sources

2. Convert to phasor domain
| | Z,
| V4

C S

Vs(t) R, § VL |7 —@® O—Q—‘
i V(jo) =
2 ) J e

—

BYU
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AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

~ 1. Note frequencies of AC sources
L 2. Convert to phasor domain
Zs 3. Find Z;
—@ O « Remove load & zero sources
ZC

Electrical Engineering
Computer Engineering
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AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

ZL
7 1. Note frequencies of AC sources
S c
2. Convert to phasor domain
—¢ *© 3. Find Z,
V.(jo) « Remove load & zero sources
S Zc + 4. Find V(jo)
Vo (jo) « Remove load
NB: Since no current flows in the
? O circuit once the load is removed:
ECEN 301 Discussion #14 — AC Circuit Analysis BYU 40




AC Equivalent Circuits

Example4: find the Thévenin equivalent
o = 103 rads/s, R, = 50Q2, R, =50Q, L = 10mH, C = 0.1uF

Zy
Zy y
.
vsam)F z. \ VT(jw)‘ \
+
- Z\p ::> ﬁ) 1D
Vi =V |Z; =82.33£0.9182
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