Electric Circuits
ECSE 2010

Questions

What is partial fraction expansion?
What is the cover-up rule?

Prof. Shayla Sawyer
CP13 solution

What is the impedance of a capacitor, including initial conditions?
What is the impedance of an inductor, including initial conditions?

How do we anayze voltage dividersin the s-domain?

How do we anayze current dividersin the s-domain?

How do we implement source transformationsin the s-domain?

How do we apply s-domain analysis to circuits?

s+1
s+4) s+ 3){s+2)

1) F(s) = (

a. Find the poles and zeros
b. Draw the pole zero diagram

Zeros -1
Poles -2,-3,-4

s+1 Al A

A3

(s+4){s+3)s+2)

Find A1l using the cover up rule

s+1
(s+9s+2) "1

ats=-4

Find A2 using the cover up rule

Ll =A ats=-3
(s+4)fs+2) 2 )
Find A3 using the cover up rule
s+1 - A
(s+4)(s+3) '3 ats=2

+ +
s+4 s+3

S+ 2

~4+1
M tary 0
-3+1
A= Grafs+2 °
Ag= 21 - o5

(2+4(2+3)

f(t) = (-1.5@xp(-4t) + 2exp(-3t) - 0.5exp(-2t)) m(t)
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Pole zero diagram

2) Transfer functions
Find the poles and zeros for the following functions
Apply partial fraction expansion to the following functions to find f(t)

o 9= 28
52 +8s+25

See course notes

o F(9= 2
(s+3)
pl!p2:_3

Tofind L~ Y(F(s))

A A
Expand F(S) = ! + 2
St3  (s+3)?
f(t) = Aje S+ A 0 t>a=0
To find A2 use the cover up rule
Ay =|(s+3)%H(s)]d Ap = 2iss
s=-3 $=-3

Need only to find A1 and A2
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Cannot use cover up rule forAl
Use F(0) with A2 subsituted in

A1 A2 2s
(s) = S+3 2 F(s) = 2
(s+3) (s+3)
A _
F(0) = 2[@2=0= 1, 62 AL -
(0+3) 0+3 (0+3) 3 3
i(t) = 23" - 6me
can also do
F(1) 2 M 6 g AL,
- =+ 8 _ 1=
16 4 16 16 4
45’ +12s+8
F =
S (s+8)s+aF(s+1)
affs+2) s + 1) e (s+2)
(s+8)[Gs+4)2[Gs+1) (s+8)[ﬁs+4)2
Zeros -2
Poles -8, —4double
A A A
=L, "2, A
s+8 s+4 (S+4)2
f(t) = Age B+ A e M4 Agme
Find Al using cover up rule
4D(s+2)[ﬂs+8) _ 4ls+2)

(s+ 8)[Gs+4)2 (s+4)2

ats=-8

Fall 2014

30f10



Electric Circuits Prof. Shayla Sawyer Fall 2014

ECSE 2010 CP13 solution
_4f-8+2)
AlC T 2
(-8+4)
Aqc = -15

Find A3 using the coverup rule for s+4 at s=-4

2
4D(s+ 2)(s+4)° _ 4ls+2) ee
(s+e)fs+4)?  (5+9)
Ao a4+ 2)
3¢ (-4+8)
Azec =2
Find A2 using F(0) or F(1)
4o (s+2 _ -15 A2 L2
(s+8)fs+a)? T8 54 (sig2  FO
-15 A2 -2
0.063= — =+ =+
Ap=15
i(t) = -15@ &+ 15@ % -2me
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S-domain analysis

| +

a. Draw the s-domain equivalent circuit. V1 isan arbitrary source.
Symboalically, determine the transfer function for the voltage across the capacitor.
If the initial conditions are zero and V1isastep function 5u(t), R = 1kQ and C = 2E-6F, find the

voltage across the capacitor.
d. If the source voltageis 10V for t <0 and 5V for t >0, R = 1kQ and C = 2E-6F, find the voltage

across the capacitor.

=3

= 1/sC

VS(S@ Vc(0-)/s VC(S)

Voltage is across both components!

Ve(s) = Vze+V(07)
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Whatis VZc? How do you find it? Voltage divider but account for the other source

l = =
vl = gy -0 ), Yl

S S First order circuits in the s-domain
S+ E for capacitors

c. If the intial conditions are zero and V1 is a step function

5 _
Vq= 5U(t) Vl(s) = p VC(O+) = VC(O ) =0
Ry := 1kQ Ry(s) = kO
Cy:=200 ®F C1(S) = ;—6

200 "I Just by inspection
-t
1K 20103
V(t) = -5 +5
MWV

V1=5/s

O
- = 1/2E-6s

Veld) = sf(:;)o [@ ) Oj V(s = icl [ﬁvs(s) _ VC(O_)j L Ve(0)

S S
S+ ——
_ 2500 RC
"~ sifis + 500) 1
——— =500-
R1ICy

Find poles and zeros
poles  0,-500

ZEros 0
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He) = 2500 _ A1 A2
sifs+500) s s+500

Coverup rule forAl

25008 2500
sifs+500) (s +500)

ats=0

Coverup rule forA2

25000(s+500) 2500  ats=-500
sifs+500) s

5 -5
Vels) = 5+ 5500

V(1) = 5-5e~>0%

2500

Aq =

17 500
/\1 = 5

2500

Aoz S

27 _500
/\2 = —5
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because at t<0 10V Setup partd only!

v (0*) = V(07) = 10V

Fall 2014

5
Vs(s) s
but because Vs goes to 5V
1
RC Ve(O7) ), Ve(Y)
RC (¢ (
veld) = —1[€V5(S) s j+ S
S+ —
RC
1k
A%
= 1/2E-6s
C>\/1:5/s
+
T Vc0-= 10/s

VC(S)=s+500 S S S

500 -5\ 10
O—|+—
(s+ 500 s ) S

~2500 Al A
= = — + ——
sifs+500) s s+500

0 {2-10), 2

F(s)

10/s is easy so do it separately
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Coverup rule for Al

—-2500(3 —-2500

sfs+500)  (s+500) o

Coverup rule for A2

—2500[{)s + 500) _ —2500 4ts=-500

si{is + 500) s

5 5 10
Vels) = 5 " 5is00 s

Ve(t) = -5+ 10+ 5@~ >

V(t) = 5+5@ >
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~2500
Aq =
AT 500
A=-5
_ —2500
AT 500
Ap=5
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