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Transient Response

e Qutline
— R-L-C Circuits
— Phasors

 Reading- Hambley text sections 4.5, 5.1,5.2slides
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R-L-C circuits: Response in time
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R-L-C circuits: Response in time

dvc 1 dv, 1

+—v =v R
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LC/ = _> A
20 L/R
d?v, dv,
- e
a2 Ty + wgve _% W, = Jc:?
Homogeneous solution
d?v, dv, V(1)
dc? + 2a d—+w0vc=

From previous discussions we have seen that an
exponential solution works

Lets try: v.(t) = Aest
st v, Sb _ 0

As¥e @At e & W A
=y [?—e 248 4+ W, =0
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R-L-C circuits: Response in time

S\: -—Da"‘"*]ﬁq/
g, - —a = aTw, >

s?+2as+wi =0

(—2a i§/4a2 — 4w}
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R-L-C circuits: Response in time

— X & A&
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R-L-C circuits: Response in time

RZD A = %:D

It
Velt) = A, e + A, C

U, ()
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Summary

 Overdamped — real unequal roots
e Critically damped — Real Equal roots

* Underdamped — Complex roots
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R-L-C circuits: Response in time

Particular solution:

dvc 1 dv, 1
(L/R) dt

dzi 1 di 1_ 1 dv,
Y amyd Tic T ar V(1)
N

~ poarRemler solwhom 13 stmely

phx  Shady shake solutt o

Constant source: Vs = Vy

EECS 16B Spring 2022 Lecture 4, Slide 9 Instructor: Prof. Salahuddin




Sinusoidal voltages

v(t) = Vcos(wt) v(t) = Vcos(wt @
T / / : /

cpy x T
Pegree >R LPGE- -~

VARIRY |/

t
0 v(t) = Vcos(wt + 30°)
T : Period
21
Y=
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Root Mean Square Values

v(t) = Vcos(wt) Average Power over one period:
< > 7 1 T 172
T P==]| —dt
\ // TJO R

2

A e

\ / Comparing with conventional equation: P=voltage”2/R

A new quantity is defined for time-varying voltages known

0 t as the root-mean-square voltage
T : Period
2
W il 1 (T 5
T Vpms = ?jo vedt
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Root Mean Square Value for Sinusoidal Voltage

v(t) = Vcos(wt)

T

0
T : Period
21
©=T
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1T 1T 11 T
Vi = —f vidt = ?f V2 cos?(wt)dt =—=V? f (1 + cos2wt)dt
0 0 0

T 2T
VZ V2 VZ
Vi = ﬁ(t + 2sin2wt)} =7 [T — 0+ sin2wT — 0] ==
¥
_V Sin 2W. 2TC . Qna0T
Vrms __2 o
=0
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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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How do we add arbitrary sinusoids?

v(t) = 10coswt + 5 cos(wt — 90°) — 5 cos(wt — 30°) 1 '
1 ; L, 0 1. 0 cos =—(el? +e779)
e]wt[lo] +_e](wt—90 )[5] _ e](wt—30 )[5] 12 . |
2 sinf =E(e19 —e™19)

2 2
+ 1 e J@t[10] _|__1 e —J(@t=90) 5] 1 o —J(wt-30°)
2 2 2

, . . 1 . . .

jwt -j90 _ £,-j30] 4 = ,—jwt +j90 _ £, +j30 _

e [10 + Se Se ] + 5 € [10 + 5e Se ] I\A,(\\:e\"J;‘Ae_”’ = 5.66 — j2.5
Ael® =566 +j2.5

(»3 A% = 5.66% — j22.52

N =

1 .
=3 e/®t[10 + 5¢0s90 — j55in90 — 5c0s30 + j5sin30] + cc
n 2 2 2
1 jot . \/§ J5 M'm\’?m . ”\&:j—f A —[\1/5_66526_'? 2-;225 6.18
_Ee 10+OT;5—5—2+3 + cc Mip the a9r =4/5. 54 = 6.
1 P~
=3 e/9t[5.66 — j2.5] + cc cosf = 5.66/6.18; sinf = 2.5/6.18
_1 6.18e/(@t=23%) 4 (¢ 2.5
' tand = —— = 0.44
T 566

N

6 =0.41=23°

= 6.18 cos(wt — 23%)
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Some Observations

1 .
v(t) = > e/?t[5.66 — j2.5] + cc

— L618ei0t-23%) 4 1 g 1ge-ito-23")
2 2
—_ ——VV

$)
= %6.18[Cos(a)t — 239 +jsin(/y/— 23%)c0s(wt — 23%) —jsi/n@t -239] = AN W&m k-2

= Real [6.18¢/(@t-23%)]

\-/V

Phasors

In short hand, it is represented@
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