EECS 16B
Designing Information Devices and Systems i
Lecture 5



Transient Response

e Qutline
— Phasors
— Complex Impedances
— Solution of circuits using complex impedances

 Reading- Hambley text sections 5.2, 5.3,5.4, 5.6, 5.5, slides
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Recap: Sinusoidal voltages

v(t) = Vcos(wt) v(t) = Vecos(wt — 60°)

T/ [ N4

VARIRY |/

t
0 v(t) = Vcos(wt + 30°)
T : Period
21
Y=
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Recap: How do we add arbitrary sinusoids?

v(t) = Vcos(wt — 60°)
v(t) = 10coswt + 5sinwt — 5cos(wt — 309) _ /

v(t) = 10coswt + 5cos(wt — 90) — 5cos(wt — 30?)

Remember? cos(a+b)=cosacosb-sinasinb

Lets do it it differently  e/? = cos@ + jsin6
e 19 = cosH — jsind _ /
Then . 1
cosd == (e + e71?) v(t) = Vcos(wt + 30°)
2

sinf = i (e/f — e719)
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Recap: How do we add arbitrary sinusoids?

v(t) = 10coswt + 5 cos(wt — 90°) — 5 cos(wt — 309)

1 . 1 . 1 .
E e]wt[lo] _|_E e](wt—90°) [5] __2 e](wt—SOO)[S]

+ 1 e—ja)t[lo] +_1 e—j(a)t—900)[5] 1 e—j(wt—SOO)
2 2 2

1, . .
cosf = > (e’ +e719)

sinf = é (e/? —e™/9)

1 , 1 . . .
— ]a)t joo __ —Jj30 —_ p,—jwt +j90 __ +j30 .
= e [10 + 5e” Se~/30] +-e [10 + 5e Set/30] de~I8 = 5.66 — 2.5
. Ael? = 5,66 + j2.5
Eef“’t[lo + 5¢0s90 — j55in90 — 5¢c0s30 + j5sin30] + cc A? = 5.66% — j22.52
A%? = 5.66% + 2.52
1 3 j5
= et 10 +0 - ﬁ—ﬁi:+g-+w A=+/5662 +2.52 = 6.18
1
=5 e/9t[5.66 — j2.5] + cc cosd = 5.66/6.18; sind = 2.5/6.18
1

= =6.18¢/(@t=23°) 4 (¢

N

tand = 22 — 0.44
MY =566

= 6.18 cos(wt — 23°) 6 = 0.41 = 23°



Recap: Some Observations

1 .
v(t) = > e/?t[5.66 — j2.5] + cc

6.18¢/(@t=23%) +—1 6.18¢J (@t-23%)
2

Phasors

In short hand, it is represented as 6.18 2 — 23°
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Some Observations

A(t) = 5cos(wt) = Real[5e/(@D] v(t) = Vcos(wt —90°)

B(t) = 5cos(wt — 90°) = Real[5e/(@t=90%)]
C(t) = 5cos(wt + 90°) = Real[5e/(@t+90°)]

At any given time t, B(t) is trailing or lagging behind A(t) by 900
while C(?) is leading A(t) by the same amount

Let us now look at the phasors at t=0

gej(wte@?®) — o ™~
5/ (@t=90%) = 5(c0s90° — jsin90°) = —j5 /
5/ (@t+90°) = 5(c0s90° + jsin90°) = +j5 v(t) = Vcos(wt +90°)

Therefore +j or —j signifies signals having 90° phase lead or lag respectively.



Some Observations

+j or —j signifies signals having 90° phase lead or lag respectively.

5ej(wt-90°) — g
5e/(©t=90°) = 5(£0s90° — jsin90°) = —j5

5/ (@t+90°) = 5(¢0590° + jsin90°) = +5

2 =5
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Some Observations
@= 10coswt + 5cos(w_ti0°);_5_aas€mt—\35_°))

=10+ 52—-90°—-52—-30° In phasor notation
= 6.182 — 23°

5cos§0° 55in30° 10 — 5c0s30° = 5.66

«

—(5 —5sin30%) = —-2.5

Phasors are like vectors where the phase angle denotes the angle between coordinate axes with j representing 900
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Some Observatons

What is — ? | AL K BT
YA

o
:’]\Q’{r%@ = AB Lot e
= ¢
| LB = | o as)
| = o
T
L& ¢

EECS 16B Spring 2022 Lecture 5, Slide 10 Instructor: Prof. Salahuddin



Complex Impedances

Inductance:
Say a sinusoidal current is flowing in a circuit with inductance

i(t) = I,sin(wt) = I, cos(wt —90°)

[
v (t) = L_t = wLlycoswt

d
Therefore, the current in an inductor lags the voltage by 909 We could have obtained the same result
working directly with exponentials
In the phasor notation
d : 0
V = (ULIO LOG V = LE [Ioe](wt—90 )]
— _ 0

I'=1,2-90 V = Liw[lye/(«t=90%)]
Then, inductive impedance V = jwLlyz —90°

¥ 3

V =jwLl

2—900 —; /¢

| 4 wlL wlL
ZL == 7



Capacitance:
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Complex Impedances

AC steady-state analysis using phasors allows us to express
the relationship between current and voltage using a formula
that looks likes Ohm’s law:

V=IZ

Impedance depends on the frequency w.
Impedance is a complex number.

Impedance allows us to use the same solution techniques for
AC steady state as



Circuit Solution with sinusoidal sources

100 Q) R=100 Q)
Wy —MWV—
Vi +
o i(1) L= o i vV, 41500
100 cos(500¢ + 30°) \— 03 H 100/30° \_ — I L J
b v, B
W =50 e I[ I( - o~ v et
C=40 uF —~j50 Q v = IRT T2y 12e
(a) (b)
\
0 \ ._J
- o0 L@D 2 - :J/— - -—-——/"f)g_jz/
Ve " YLz g 500X 003 M 50X A%
%.‘/5 J B
N \
= ) lso ) = —) 50
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Circuit Solution with sinusoidal sources

N & e I £"15 oD
N _ Vi - - Rt
L0b /20 = QD_O_,_ J]go JEOQ)I 8 TR = iz
(\/

= (lov y 1) T V= eI w0 LIS = HLST
oo Wt -3t - Jwexag &' ﬁ
503 LD - ysolac Xﬁz e
|06 2306 = 4 LS
- e Vi = Bl - —jsox o TETY
e 2 = a5 [0 LY
A = 25 (16677

L= 5 {5
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Vo = 1 L-15

v - A L5’

V, _ L&D t46° =
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