Schedule...

Date Day Class Title Chapters HW Lab Exam
No. Due date Due date
16 Oct | Thu
17 Oct | Fri Recitation
>
18 Oct | Sat
>
19 Oct | Sun
— - >
20 Oct | Mon 14 AC Circuit Analysis 4.5 NO LAB
21 Oct | Tue NO LAB
22 Oct | Wed 15 Transient Response 5.4
v 15t Order Circuits
ECEN 301 Discussion #13 — Phasors U

Electrical Engineering
Computer Engineering



Imaginary

JS-H 1:16

16 But, exerting all my powers to call upon God to deliver me
out of the power of this enemy which had seized upon me, and
at the very moment when | was ready to sink into despair and
abandon myself to destruction—not to an imaginary ruin, but
to the power of some actual being from the unseen world, who
had such marvelous power as | had never before felt in any
being—just at this moment of great alarm, | saw a pillar of light
exactly over my head, above the brightness of the sun, which
descended gradually until it fell upon me.
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Lecture 13 — Network Analysis with
Capacitors and Inductors

Phasors
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Euler’s Identity

< Appendix A reviews complex numbers
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Phasors

Rewrite the expression for a general sinusoid signal:

— T

"

magnitude | | Angle (or argument)

Complex phasor notation for the simplification:

NB: The €Wt term is implicit (it is there but not written)
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Frequency Domain

1.5
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Time domain Frequency domain
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Electromagnetic Spectrum

~@tom

ule H-nucleis

AFavs Gamma-rays Cosmic rays
o 10fkeV MRSV VAMARAAAY

= II EFFrequency: LHz 102'=1ZHz 10ZHz 100 ZHz

ym  Wavelength:m 300 fm 30 fm 3 fm
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Phasors
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Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)
V,(t) = 15cos(377t+m/12)
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Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)
V,(t) = 15cos(377t+m/12)

1.  Write voltages in phasor notation
“0 ()

Electrical Engineering
Computer Engineering

ECEN 301 Discussion #13 — Phasors



Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)
V,(t) = 15cos(377t+m/12)

—O
1.  Write voltages in phasor notation
vi(t) 2. Convert phasor voltages from polar to
| rectangular form (see Appendix A)

. /A
_ V. (iw)=15/=-V
,(Jo) T

Convert to rectangular :

. T . . T
— — V =15cos| — |+ |15sIn| —
(o) 1500 2 )+ s %)

L—o
!
—O
v(t) @ —14.49 + j3.88 V
L—o0

Electrica neering
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Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)

V,(t) = 15cos(377t+m/12)

1.  Write voltages in phasor notation
vi(t) 2. Convert phasor voltages from polar to

rectangular form (see Appendix A)

3. Combine voltages
vt () 9

ECEN 301 Discussion #13 — Phasors BYU 12




Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)

V,(t) = 15c08(377t+n/12) 1. Write voltages in phasor notation
2. Convert phasor voltages from polar to
I 0 rectangular form (see Appendix A)

Combine voltages
Convert rectangular back to polar
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Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)

V,(t) = 15c08(377t+n/12) 1. Write voltages in phasor notation
2. Convert phasor voltages from polar to
I O rectangular form (see Appendix A)

Combine voltages
Convert rectangular back to polar

<
[N

~—~
~+
~
&~ W

o1

Convert from phasor to time domain
w0 (5
| : _ NB: the answer is NOT
simply the addition of
ﬂ the amplitudes of v,(t)
Q — and v,(t) (i.e. 15 + 15),
—O and the addition of their
/ phases (i.e. n/4 + /12)
vy(t)
| Bring ot back
ECEN 301 Discussion #13 — Phasors BYU 14




Phasors

Examplel: compute the phasor voltage for the equivalent voltage v(t)
v,(t) = 15cos(377t+n/4)
V,(t) = 15cos(377t+m/12)

Vs(ja))=28.984%
14.49 | ™6 Vs(jo)

T
v, (t) = 28.98 cos(377t + Ej L/z Re
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Phasors of Different Frequencies

il(t)dP I(t)
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Phasors of Different Frequencies

(D
\
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Phasors of Different Frequencies

Example2: compute the resistor voltages
I(t) = 0.5cos[27(100t)] A
v((t) = 20cos[2x(10001)] V
R, =150, R2 =50 Q

+R,—

i, (1) F; @ V(1)
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Phasors of Different Frequencies

Example2: compute the resistor voltages
I(t) = 0.5cos[27(100t)] A
v((t) = 20cos[2x(10001)] V

R, =150Q, R2=50 Q 1. Since the sources have different frequencies
(0, = 27*100) and (®, = 2n*1000) use
superposition

AN\ — «  first consider the (o, = 27*100) part of
+R,- the circuit
s «  When v,(t) = 0 —short circuit
Il(t) Rl
ECEN 301 Discussion #13 — Phasors BYU 19




Phasors of Different Frequencies

Example2: compute the resistor voltages

I(t) = 0.5cos[27(100t)] A

Vy(t) = 20cos[2(1000t)] V| 1.  Since the sources have different frequencies
R, =150Q, R, =50 Q (0, = 21*100) and (w, = 21*1000) use
superposition
first consider the (o, = 2n*100) part of
the circuit
+
11(t) Rill R,
ECEN 301 Discussion #13 — Phasors BYU




Phasors of Different Frequencies

Example2: compute the resistor voltages
I(t) = 0.5cos[27(100t)] A

Vy(t) = 20cos[2(1000t)] V| 1.  Since the sources have different frequencies

R, =150Q, R, =50 Q (0, = 21*100) and (w, = 21*1000) use

superposition

«  first consider the (o, = 27*100) part of
the circuit

»  Next consider the (o, = 22*1000) part
of the circuit

Electrical E ering
Computer F ering
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Phasors of Different Frequencies

Example2: compute the resistor voltages

I(t) = 0.5cos[27(100t)] A

v((t) = 20cos[2x(10001)] V
R, =1509Q, R, =50 Q

1.

Since the sources have different frequencies
(0, = 27*100) and (®, = 2n*1000) use
superposition

«  first consider the (o, = 27*100) part of the

circuit

*  Next consider the (o, = 2*1000) part of

the circuit
«  Add the two together

(1) { @G
]

ECEN 301 Discussion #13 — Phasors
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Impedance

| @)O | @)O |@)O
+ + +
v (2 R2wo  vo () c==w w0 (5) L%w)
Lo - I - Lo
I(jo)
00— .
VsG‘”)@ Z |V (o)
= -
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Impedance — Resistors

%
(o)
| - + Phasor
Vs@"’)@ Z |V;(jo) _s\J ‘
| o B —
A Im Phasor domain
NB: Ohm’s
LRV Law works the
" Re same in DC and
>——> > AC
ECEN 301 Discussion #13 — Phasors BYU 24
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Impedance — Inductors

NB: current is shifted
90 from voltage

—

ECEN 301
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Impedance — Inductors

i(t) |(jO))
—O Phasor —0
+ | +
Vs(t) @ L$VL® ‘ Vs(j(o)® Z V209 [opasor domain
| O B | ~ -
A lm
Phasor
—> — - v
- ) =
2 >
/-n/2
— — \
|
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Impedance — Capacitors

 © +  Phasor —0 L,
v (1) e=mve) =) Viio) (1) [z|vo)
| O B -
_ U | O
Phasor

SN :
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Impedance — Capacitors

I(jo)

| Y] + Phasor domain
VieX(1)  |z]vetio A im
| O B
oC G /V
el R
V, (j) = AZO Q\
I, (jo) = oCAL z
BYU
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Impedance

| I(Jm)u |
o Phasor domain _ +
k(oL Vs(j(o)® Z |Vy(jo)
z, L o B
/2
Re
o8 R 7 ?
) Zq + + &
-1t/2 1
z. RS L C
-1/oC S &
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Impedance

%
| (Jm)u |
o Phasor domain _ +
k(oL Vs(j(o)® Z |V, (jo)
Z, | o B
\n/2 5 RE
z
i X
Z A
-1/oC /
Not a phasor buta | | AC resistance reactance

complex number

BYU
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Impedance

Ideal Capacitor Practical Capacitor
@)
Alm
Alm *
v +
T 1 R Re
R
+ Re § cC v, ZR)- >
(O W > - — -1t/2
— -1t/2 ‘ ZC%
(B Zc -1/oC
-1/oC O
NB: the ratio of Z to Zj, is highly frequency dependent
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Impedance

Ideal Inductor Practical Inductor
Im Im
+
IcoL L zl_; oL
+ Z _
L w2 R
B N e = ZR) >

NB: the ratio of Z, to Zj, is highly frequency dependent
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Impedance

Example3: impedance of a practical capacitor
Find the impedance
o = 377 rads/s, C = 1nF, R = 1MQ

O
+ ? + + T
R§ C |:> Z
O
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Impedance

Example3: impedance of a practical capacitor
Find the impedance
o = 377 rads/s, C = 1nF, R = 1MQ

O
+ ? + + T
R§ C |:> Z
O
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Impedance

Example4: find the equivalent impedance (Zq)
o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH

Electrical Engineering
Computer Engineering
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Impedance

Example4: find the equivalent impedance (Zq)
o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH

R, T
L |::> Zeo
! i
RS ¢ 50
O
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Impedance

Example4: find the equivalent impedance (Zq)
o = 10%rads/s, C = 10uF, R, = 100Q, R, =504, L = 10mH

7

R,

: T

o7 <=

NB: at this frequency () the circuit has an inductive

Impedance (reactance or phase is positive)
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