Electric Circuits Prof. Shayla Sawyer Fall 2014
ECSE 2010 CP17 solution

Questions:
LEC 16: What is phasor notation?
How does phasor notation relate to measureablalsign
How do capacitors behave as a function of frequency
How do inductors behave as a function of frequency?
What does it mean if we say an impedance is cape®itnductive?
How do we use transfer functions to determine phpeiblems?

LEC 17: What is admittance?
What are Kirkoff's laws with phasors?
How does a transfer function give you informatitoat a circuit’s frequency response?

What is a cascading circuit and how does it makarssfer function?
What is the role of a buffer circuit?
What is a decibel (dB)?

1) Review: RC Circuits with Phasors

R{R
Ry = 182 Ry
R1+Ry
R3
R1
AN MWV
4k
3k
Vs () 2 R2 T C1
12k 0.166E-6

The source is a 5V sinusoidal signal with a frequency of 239.7Hz and has a zero phase.

f :=239.7Hz

w = 2
w = 1.506x 1662
S

a. Determine the phasor expression for the voltage source

5 < Odeg
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b. Determine the impedance seen by the source

(Zr3*2c1)ZRo
Zr3*Zc1) * Zro

+Z

ZEQ: (

1200003000~ 4009j
EQ"™ 12000+ 3000 4000j

1200013000= 3.6x 107

L
ONGWaY 150003 4000= -4.8x 10

3.610 - 4.810]
15000- 4000]

+ 4000+ Oj

make phasors

/(3.6[107)2 + (—4.8&07)2 = 6x 10’
ata L‘:LJO? = -53.13deg
3.6

J (15000 + (40002 = 1.552x 18

-4000
atar(—j = -14.931deg

15000
7
610
— 4 3.866x% 18‘
1.55210

610" < -53.13leg
1.551064< —14.93leg

+ 4000

-53.13+ 14.931= -38.199

3.866110 < ~38.199+ 4000

3.866]].(53@05(— 38.196eg = 3.038x 1(’)3
3.866:&8@in(—38.199169 = -2.391x 103

3.03816 - 2.39115} + 4000+ Oj

7.03810 - 239116
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o 3 o 3
Zpy=400°Q  Zpgi= 310°0
1
wD.166[10
3 _ 3
ZCl =-4ix10"s ZCl = -4010 JQ

ZEQ = 7.037x% 18‘ - 2.39ix 103

h f
Phasor form /(7_03m3)2+(‘2-39103)2 = 7.432x 16

angle( 7.030 1%,—2.39103) = 341.24Tdeg

3
-2.3910
atan ———— | = —18.678deg

7.0711

note: quadrant4 360- 18.7= 341.3

7432< -18.deg

convert phasor back to rectangular

3.038]1(53 +4000= 7.038x 1(’)3
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2 2
\/(7-0381&) + (—2.391[103) = 7.433x 10
~2.39110°
atarj —————— | = —18.764deg B
7038x 10 7.43310 < -18.7deg

c. Determine the phasor expression for the current through the source.

Vs 5 < 0deg 4

_ _ %23 = 6.736x 10
S Zpg 7432< -18.76eg

| = (67310 4 < 18.76deA

6.7310 4mos( 18.76deg= 6.372x 10 4

6.7310 4Bin( 18.76depy = 2.164x 10 4

d. Determine the phasor expression for the voltage across resistor R2.
Determine the phasor expression for the voltage across C1. TEAMASSIGNMENT!

VR2 strategy, find current through R2 and multiply by ZR2

Using the current divider Zp3 = 3% 1039

(zrs* Zc1)fZR2m Zoq = -4ix10°s
Ipat+tZ~qt2Z S
R3*Zc1*ZR2

Easy way

. 4
3000- 4000)1.210 — . - .
( ) &6.372X 10 4y 2.164jx 10 4) = 2.453- 0.866i
3000- 4000+ 1.2(10

J (2.453% + (~0.866° = 2.601

-0.866
atan ———— | = —19.445deg
2.453

2.6< -19.445
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Hard way

S
(3000- 400082010 f ;574 ¢ 15 76deq

3000- 4000+ 12010

put first part in phasor form then multiply phasors

3.610 - 4.810]
15000- 4000]

from above

610" < -53.13leg
1.551064< —14.93leg

(3.866:15’ < —38.195)[66.7310_ 4 < 18.76deQ;
3.866106.7410 * = 2.602

-38.2+18.76= -19.44
2.6< -19.44

VCL1 strategy: use VR2 and voltage divider

-Z
C1
Ve = A%
C1 R2
Zr3*Zca
-4000j
3000- 4000jm2.6< 19.44le9 J 300 + (—400()2 - 5x10°
can do this a couple of ways atar(%)j = -53.13deg
WAY 1 WAY 2
2.6tog— 19.4deg = 2.452 4000< - 9@leg

[[2.6 < —19.44e9
g

2.608in(— 19.4deg = -0.865 5000< - 53.18e
-4000j (0.8< -36.8Teg 2.6 < —19.44leg
(2.452- 0.8653————— = 1.154— 1.731i
3000- 4000j

-36.87-19.44= -56.31

J1.15z? +(-1.739% = 2.08

-1.731
ata = -56.31deg
1.154

2.08< -56.31leg

2.08< -56.31leg
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e. Determine the time domain expression for the voltage across C1.

VCl = VAEOS(LOI + d))

V(1 = 2.08To¢ 1500t 56.3dpg

Spring 2014 Homework
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2. Admittance
2 R1
2 R2
YEQ & 100
) pr— CZ
ZEQ Ly 1E-4
# -
€075 T C1
C 2E-4
1

a. Determine the equivalent admittancegyfor the above circuit for a frequency

15.9 Hz. Determine the equivalent impedanco.

1 1 1
YEQ: Y1+Y2+Y3: + +

ZR1*tZ11 Zr2tZci “c2

wy = 20&(15.9Hz

rad
wy := 100—
s
_ . 72~ = -50j02
Z2pq = 750 72| 1 = 7502 Cl
1 1 1
YEQ™ — + — +—
75+j75 100- j50 —j100
1 1 1

- 0.015+ 7.333k 10° mhos

-3

7.3310

atan ———— | = 26.0431deg
0.015

. + . + .
75+ 75j 100- 50 -100j

/0.0152 + (7.33]163)2 =0.017

0.017< 26deg
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3. Transfer functions

L
I e vV

®Vs § R

Determine the transfer functions in the following circuit. Determine the behavior of the transfer function as
goes to 0 and w goes to «.

a. Ve ) .
H(s) = voltage across C relative to the source voltage
s
R
Us sC
R+ !
H ) V@) ZRlZ¢ sC getting sC out of denominator
Vs(s) ZR*Zc R
ZRZc g+ —C
ZL+Z 7 R+ 1
R™4C -
SC
R R
sC note sC cancels SCR+ 1 getting sCR+1 out of the denominator
sCR+ 1 R
sL+
sC sCR+ 1
R
SCR+ 1 R
2 (SCR+ Jcancels 2 divide by RLC
s RLC+sL+R sRLC+sL+R
sCR+ 1
1
LC
H(s) 1 1
52 +sH—+—
RC LC

b. Determine the magnitude of the transfer function as frequency approaches zero.
Keeping the dominant terms

H(s) =

SRS

consistent with a capacitor becoming an open circuit and inductor
becoming a short circuit

6 of 9



Electric Circuits Prof. Shayla Sawyer Fall 2014
ECSE 2010 CP17 solution

c. Determine the magnitude of the transfer function as frequency approaches infinity.

Keeping the dominant terms

1
H(S) = c _ 0 consistent with capacitor becoming a short and inductor
)= 2 becoming an open circuit
s

Spring 2012 HW

4. Transfer functions-multiple stages

R1
ré) i J - c2
Vi T 5 Vout
C1
‘ ) T 1E9 1E-6 ?kz
~o =
-0
a. How many stages are present in the above circuit.
Three stages
. . V()
b. Determine the transfer functiok (s) =
Vin ()
1 1
H,(s)= SCll = RlCll Voltage divider if point above C1 is Vout
RL+ S+
sC1 RIC1
H,(s)=1 Buffer (voltage follower)
R2 S
Ha(s) = =
i R2 + L S+ L
sC2 R2C2
1
s
H ()= H(S)H (9, (s)=| —RICL o) —=
s+—— | | s+——
RIC1 R2C2
( )= SlE6
(s+1E6)(s+1E3)
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H,(s)= R2 = Sl Voltage divider again
R2 + S+
sC2 R2C2
1
s
()= Hy (O, (O, (9)=| —RISL- |y — .
S+ Y
RIC1 R2C2
( )= SlE6
(s+1E6)(s+1E3)
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