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UNIVERSITY OF UTAH
Department of Electrical and Computer Engineering

ECE 1270 - Introduction to Electrical and Computer Engineering

Instructor: Dr. Angela Rasmussen
Office: MEB 3254 Office hours: Wed. 10:35-11:35am, by appt.

Phone:
Email:

Class Website:

971-1096 (cell phone)
ecel270@comcast.net

http://www.ece.utah.edu/~ece1270

Prerequisite: MATH 1210 or 1270
Co-requisite: ECE 1020, MATH 1220 or 1280, and PHYCS 2210

Required Text:

Required Packets:

(or available on web)

Homework:

Cheating:

Equal Access:

Electric Circuits, 8" Edition
James W. Nilsson and Susan A. Riedel
Prentice Hall: Upper Saddle River, NJ

ECE 1270 Study Guide
Carl H. Durney and Neil E. Cotter
Available from Campus Copy Center in Union Building

ECE 1270 Conceptual Tools
Neil E. Cotter et al.
Available at Copy Center

Due before class Wednesday’s or on day indicated in syllabus.
No late HW accepted.
Turn in to locker on 3rd floor of MEB near southeast stairway.

Any form of cheating will result in an "E" grade. Students are encouraged to discuss
assignments, but each student must do all their own work on assignments.

The University of Utah seeks to provide equal access to its programs, services and
activities for people with disabilities. If you will need accommodations in this class,
reasonable prior notice needs to be given to the instructor and to the Center for
Disability Services, 162 Olpin Union Building, 518-5020 (V/TDD) to make
arrangements for accommodations.

All written information in this course can be made available in alternative format with
prior notification.

Any questions of concerns about the above information may be directed to:
Olga Nadeau Julene Persinger

Director, CDS ADA Coord/Assoc Director, OEO/ER

162 Olpin Union Building 135 Park Building

581-5020 581-8365




ECE 1270

Tentative Schedule Spring 2008

Prdu.res &o, Basic Cu'cuﬂs .Algeﬁra.,. Eaéswe 1gn éonvenuon,“Umts, Vo.l.l.age v, Current i, Power
p, Sources, Kirchoff’s Laws, Ohm’s Law

Jan. 9 Passive Sign Convention, Sources-voltage, current, independent and dependent, Kirchoff’s Laws, Ohm’s Law
Jan. 11 Kirchoff’s Laws, Ohm’s Law (cont)

2 Jan. 14 Circuits: Resistor Networks (parallel/series), voltage and current dividers, power dissipation, Op Amps

HW1 | Jan 16 HW1 due Op Amps: Ideal Amplifiers
Jan. 18 Op Amps: Ideal Amplifiers

HW2 due Review

Nod‘e‘Vo tage Memod :

Node Voltage, Mesh Current Method

Mesh Current, Thevenin Equivalent

Thevenin Equivalent

HW 3 due Review

HW 4 due Review

RC/RL Clrcmts:wCECapaél or quataons),i(mductor qual ons),General ouﬁéﬁ

RC/RL Circuits: C(Capacitor Equations), L (Inductor Equations), General Solution (Cont.)

R ; E ﬂes

HWS5 due Examples

Maximum Power Transfer, Superposition

HW&6 due Examples

Review

Review

Cbxﬁﬁiéx_Anﬂysis — Basic Math (properties of complex number, rationalization, add, subtract)

Complex Analysis — Basic Math (properties of complex number, rationalization, add, subtract) (Cont.)

Complex Analysis - Impedance, Phasors, Ohms Law
Impedance Circuits — Kirchoff’s Laws, Node-Voltage Method, Thevenin Equivalent

ce Circuits — Superposition

Im

12 March 24 | Examples

HW7 | March 26 | HW7 due Examples
March 28 | Examples

13 March 31 | Examples

HWS | April2 HWS due Examples
April 4 Examples




Text Reading and Example Problems with Answers

Unit 1:

Ch. 1 Units, Voltage, Current, Power, Passive Sign Convention (Summary pg. 17)

Ch. 2 Analysis of circuits - Dependent sources, power, Kirchhoff’s Law’s, Ohm’s Law (Summary pg. 47)
Assessments: (pg. 28, 32, 42, 46) 2.1-2.5, 2.8-2.10

Back of Chapter Problems: (pg. 48-53) Pr. 2.2-2.3,2.6,2.8,2.14,2.17-2.19, 2.24, 2.28
Ch. 3 (3.1-3.4) Resistors in parallel and series, Voltage Divider, Current Divider
Assessments: (pg. 62, 65, 67)3.1-3.4

Back of Chapter Problems: (pg. 80-84) Pr. 3.1,3.2,3.5,3.6,3.13,3.15,3.21-3.23

Ch. 5(5.1-5.2) Op Amps

Assessments: (pg. 161) 5.1

Back of Chapter Problems: (pg. 176) Pr. 5.1-5.3

Examples: 2.1,2.2,2.6-2.8,2.10-2.11, 3.1-3.4

Unit 2:

Ch. 4 (4.1-4.11) Definitions, Node Voltage, Supernode, Mesh current, Supermesh, Thevenin Equivalent
Assessments: (pg. 99-101, 104. 107, 109, 112, 116, 123, 125) 4.1-4.14, 4.16, 4.18-4.20

Back of Chapter Problems: (pg. 139-149) Pr. 4.6,4.9,4.10,4.12,4.13, 4.19-4.21, 4.26, 427,431, 4.32,
437,4.38,441,4.42 447,4.50,4.54-4.56, 4.63,4.67a,4.71,4.77

Examples: 4.1-43,4.4-47,4.10,4.11

Unit 3:

Ch. 6 (6.1.6.3) — Inductors, Capacitors (Summary pg. 217)

Ch. 7 (7.1-7.4) - 1st order response, RL switch, RC switch, General Solution

Assessments: (pg. 195, 199, 203, 236, 240, 245, 248) 6.1-6.5, 7.1(a-d), 7.2a, 7.3(a-d), 7.4-7.6

Back of Chapter Problems: (pg. 218, 220-222, 265-273) Pr. 6.1, 6.3, 6.14, 6.15, 6.21, 6.22, 6.26, 6.27,
THax) 12,73, 121,124, 1.33-7.35,1.30. 151

Sections 4.12, 4.13 Maximum Power Transfer, Superposition

Assessments: (pg. 129) 4.12-4.22;

Back of Chapter Problems: (pg. 149) Pr. 4.79, 4.80

Examples: 7.1-73,7.4-7.6,7.7-19,4.12,4.13

Unit 4:

Ch. 9 Complex Numbers, Sinusoidal Signals, Phasors, Frequency Domain Analysis

Assessments: (pg. 342, 346, 348, 349, 352, 358, 360, 361) 9.1-9.8,9.11-9.13

Back of Chapter Problems: (pg. 377-384) Pr. 9.12,9.13, 9.15-9.16, 9.21, 9.26-9.28, 9.51, 9.56, 9.58, 9.61

Examples: 9.1-9.3,9.5b, 9.6,9.7,9.10-9.12, 9.15
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|COZCEPTUAL _ToOLS | By: Carl H. Dumey and Neil E. Cotter CIRCUITS
BASIC DC CIRCUITS
Passive sign convention
EXAMPLE 1
EX:

ANS:

SOL'N:

In the circuit below, label currents in each element and then label potential
differences according to the passive sign convention.

Ry R3 Rs
M 'A% 'A%
: e -
i C) Vg2 5 <¢ i <t> e
i : B + Vi — g 2t
R} R3 Rs
l\l-_?: lzl R i & A‘_?:
Vv
Vg3 (_D oy E‘R4$Ii4 (¢> ig (:) Vel
Vg2

(Any labeling with current measurement arrows pointing from + signs to - signs
of voltage measurements is valid.)

The answer is not unique. We may choose either direction for the + and - of the
voltage measurement for each resistor and then label the current measurement
with an arrow pointing from the + sign to the - sign. Or we may choose either
direction for the current measurement arrow for each resistor and then label the
voltage measurement with the + and - sign such that the current measurement
arrow points toward the - sign. What matters is the consistency of voltage and
current measurements with each other, not the actual direction of current flow or
the sign of actual voltage.

When we deal with a source, we normally leave it as is and avoid adding labels
to it. Sometimes, however, we may wish to calculate the power dissipation for a
source. In that case, we take the + and - sign or the arrow as the direction of one
measurement, and we make the other measurement consistent with it.



]CO?&’,EPTUAL TOOLS

By: Carl H. Durney and Neil E. Cotter CIRCUITS

BASIC DC CIRCUITS
Passive sign convention
EXAMPLE 1 (CONT.)

Thus, if we were to measure current in the voltage sources for the above circuit,
the arrows would all point down. If we were to measure voltage in the current
source for the above circuit, the + sign would be on top and the - sign would be
on the bottom.

It often turns out to be convenient to label resistors with the current
measurement arrow pointing to the right or pointing down. This often matches
the direction of the physical current flow and is often the direction we would
measure the output voltage for a circuit. Later on, we will usually designate the
bottom wire on a circuit diagram as the "reference" which is where the minus
sign of every voltage measurement will be located.

Note: we normally add voltage and current measurement labels for only the
resistors in a circuit.
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By: Carl H. Durney and Neil E. Cotter CIRCUITS

BASIC DC CIRCUITS
Passive sign convention
ExAMPLE 2

EX:

ANS:

SOL'N:

In the circuit below, the currents in each element are labeled as shown. Using

the passive sign convention, label the potential difference across each element
and show its polarity.

Vel ig
Iy i3 1
BB  o o
+ - AN + =
R; - vy +R2 3 R3 iy Rs
1] g_ V3 w + 15

s A C:D Re 2 Va @),
5 e g

(Any labeling with current measurement arrows pointing from + signs to - signs
of voltage measurements is valid.) ;

The passive sign convention dictates that the current measurement arrow always
points away from the + sign and toward the - sign of the voltage measurement.
Note that the current arrow and + and - sign for voltage indicate only the
Polarity Of current and voltage Measurements—NOT the direction of the
physical flow of current or the sign of the actual voltage. In other words, the
arrows and + and - sign tell us how to connect the leads of a multimeter to make
a measurement. We do not know, (nor do we have to know), in advance which
direction current is flowing or what the actual sign of the voltage will be.
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By: Neil E. Cotter CIRCUITS
KIRCHHOFF'S LAWS
Voltage loops

DEF:

NOTE:

TOOL:

NOTE:

TooL:

NOTE:

ToOOL:

TOOL:

TOOL:

A loop is any continuous path (that may even cross gaps across open space) that
ends where it starts.

The goal of writing current summation and voltage loop equations is to obtain n
equations in » unknowns that we can solve to find all the currents and voltages
in a circuit.

Loops that cross over themselves may always be treated as two smaller loops.
(Smaller loops yield simpler equations.)

We may proceed in either direction around a loop when we write a voltage loop
equation, (but we must continue in the same direction all the way around the
loop).

We set the sum of voltage drops around a loop to zero. If we exit a circuit
element from the + sign of the voltage measurement as we proceed around the
loop, then that voltage appears with a plus sign in the loop equation. If we exit a
circuit element from the — sign of the voltage measurement as we proceed
around the loop, then that voltage appears with a minus sign in the loop
equation.

Using a + sign for a voltage term if we enter a circuit element from the + sign of
the voltage measurement, and using a — sign for a voltage term if we enter a
circuit element from the — sign of the voltage measurement yields an equation
equivalent to using the opposite sign convention (as stated in the preceding tool).
Multiplying one equation by —1 on both sides yields the other equation.

We skip voltage loops where we would be forced to define a voltage for a
current source. Writing an equation for such a loop adds a new variable and a
new equation. Thus, we merely create more equations in more unknowns rather
than moving closer to the goal of writing » equations in n unknowns.

We write voltage loops for all inner loops, if appropriate. If we are able to write
an equation for each inner loop, we have all the voltage loop equations we need.
When we must skip an inner loop equation (because we would have to define a
voltage for a current source), we write a voltage-loop equation for the next larger
voltage loop containing some portion of that inner loop. If we must skip that
next larger loop, we proceed to the next larger loop, and so on recursively. If we
must skip even the largest voltage loop, then that voltage loop is unnecessary.
(In that case, the other voltage-loop and current-summation equations will be
sufficient to solve the circuit.)

When necessary, we supplement voltage-loop equations with equations that
equate voltages across circuit elements that are in parallel.
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By: Neil E. Cotter CIRCUITS

KIRCHHOFF'S LAWS
Current sums at nodes

DEF:
NOTE:

TooOL:
TooOL:

TOOL:

TooL:

ToOOL:

NOTE:

NOTE:

A circuit node is any point to which three or more circuit elements are attached.

The goal of writing current summation and voltage loop equations is to obtain n
equations in n unknowns that we can solve to find all the currents and voltages
in a circuit.

Nodes connected by wires are considered to be a single node.

We set the sum of currents measured as flowing out of a node to zero. If the
current measurement arrow points toward a node, that current appears with a
minus sign in the current-sum equation.

We skip current sums for nodes where we would be forced to define a current
for a voltage source. Writing an equation for such a node adds a new variable
and a new equation. Thus, we merely create more equations in more unknowns
rather than moving closer to the goal of writing # equations in n unknowns.

There is always at least one node we may skip when writing current-sum
equations. The equation for that node would be redundant.

When necessary, we supplement current sum equations with equations that
equate currents flowing in circuit elements that are in series.

Summing the currents flowing into a node yields an equation that is equivalent
to the equation for summing the currents flowing out of that node. Multiplying
one equation by —1 on both sides yields the other equation.

Summing currents measured as flowing into a node and setting that sum equal
to currents measured as flowing out of that node yields an equation equivalent to
setting the sum of all currents measured as flowing out of the node to zero.
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CIRCUITS

BASIC DC CIRCUITS
Sources: v, i, independ,dependent
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By: Carl H. Durney and Neil E. Cotter
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|CONCEPTOAL_TOOLS | . Can H. Dumey and Neil E. Cotter CIRCUITS
KIRCHHOFF'S LAWS

Writing v and i eqns

EXAMPLE |

EX: In the circuit below, use Kirchhoff's voltage and current laws to write equations

relating voltages and currents.
+ v —

A%
R

—

@ T hzep O

ANSWER: i) +iy-iy =0

SOL'N:

vg—vl—v2=0

We sum the currents flowing out of the top center node. Writing an equation
for the bottom node would be redundant. Recall that we always have one extra
node.

Because writing a v-loop equation for the right inner loop would require
defining a voltage for a current source, we write a v-loop equation for only the
left loop. Note that the only larger loop containing the right inner loop would
also require defining a voltage for the current source. Thus, a voltage loop
equation for the right side is unnecessary.

Our voltage loop on the left starts from the lower left and proceeds in a
clockwise direction. We may start voltage loops wherever we desire, but being
consistent tends to improve accuracy.
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KIRCHHOFF'S LAWS
Writing v and i eqns
EXAMPLE 2

EX:

ANSWER:—i; —i

SOL'N:

In the circuit below, use Kirchhoff's voltage and current laws to write equations
relating voltages and currents.
+ vy — . avi
VWA &
R b W2

VgCD e CD ig :3 R3 li3 :'-4 2 R4 1i4

i1 Ry i i

g iz +ig=0

+vg—v1 —v3_v2=0

+v3—avl—v4=0

We avoid labels defining the current for a voltage source or the voltage for a
current source. Thus, we look for nodes where every branch has a labeled
current, (i.e., contains at least one resistor or current source, as opposed to only
v-sources), and v-loops where the loop where every element has a labeled
voltage, (i.e., without current sources).

We sum the currents flowing out of the top center node. (Writing an equation
for the bottom node would be redundant.) Note that, because a wire connects
them, we consider the two top-center nodes as a single node. (We may redraw
the circuit with the wire collapsed to a point.) Note also that current i; continues
around the loop to flow through R; from left to right, and current iy flows
through the dependent source.

Because writing v-loop equations for the left or center inner loops would require
defining a voltage for a current source, we write a v-loop equation for the next
larger loop that goes around the current source. We also write a v-loop equation
for the inner loop on the right.

Our voltage loops start from the lower left and proceed in a clockwise direction.
We may start voltage loops wherever we desire, but being consistent tends to
improve accuracy.
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Example 1

CIRCUITS
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By: Carl H. Dumey and Neil E. Cotter
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ECE 1270

)
Sp 06 HOMEWORK #1 EXGim \'6% uNIvERsITY
D‘rf) oty 5
1

1Q

Yy,

e 2 30
12A CD i1]2120 =
izl% 20

a) Calculateiy,ip, and vo.

b) Find the power dissipated for every component, including the current

source.
2.
+ V1 —
1Q
VAYA
i
; 2 150
240 V *_f)
3 +
iz % 30Q 30Q vo
Calculate i1,12, and vq.
3.
2Vx
5kQ
< A
A
- 11
20 mA 10kQ 2“ = 20 mA
VAYA
15kQ

Find vy, i1, and the power dissipated by the dependent source.
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p 06 HOMEWORK #1 Prob 1. sol» ..
Dr. (olRY
EX:
10

;—'0230
hléao

12 A C) i1 S 120

a) Calculate iy, iz, and v.

b) Find the power dissipated for every component, including the current
source.

soln: a) We First label currernt and voltage for
each vresistor. We Jollow the passive
sign convention: +the arrow Jfor +the
direction of current measurement Foints

toward +the - sign of the veltage
measurement.

For +he 15 resistor, we may define
the current measurement in either
Airection. For +he sake of illustration,
we define the diredtion of cyrrent
'meqsarfmen‘t in a way that (s

some what awkward.

Ky

WA

S

4 ? Ve 3.[1.1.'-0
A LWiSrav B




ECE 1270 U
Sp 06 HOMEWORK #1 Prob 1 soln Ceont.) i
.G

Now we write eghs For wvoltage loops.
wWe +try +to write v-loop eg’ns for
inner Lloeps, but we avold (oops
that include a current source. (The
reason we do So is +to awid def£n£n9
a new vartable <that regaires another
e_g‘h-) In +this problem, +there is enly
one V-loop without a current source.
Going around the inner loop on the
right side in a clockwise direction
and. using +he sign where we exit
a comporent, we have

+ V, S V-3 s VD i 2 = OV

Next, we write e,s‘:\.s for current
summations at nodes. We sum the
currents measured Flowing away From
the +op cemter node.

-12A + i, — La = OA

There s a.\.mqys one redundant node.
Po we only need -+this one es’n.

Now we \look for components in series
+that Sarry the same current:

la= = 1o (minus sign because <currents
measured in opposite directions )

I‘D = L'L



ECE 1270
Sp 06
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HOMEWORK #1 Prob 1 sotn (cont.) =B

Our last set eﬁ’ns comes From Ohm's
Law For each resistor.

Vo = Lo' S5
To solve +the simultanecus eghs, we
substitute 1, For Lo and -1, For Li.

Then we substitute For v's using
+he Ohms law agfns.

Our v-loop egh becomes
Lo 128 = B M R B 2R w0,
Our tL-sum esi‘\ becomes
~J2A + Ly * Ly = OA.
Sa{vi_,na +the second eﬁi’i, we have, for ia,
i, = 1A= L,.
Substituting For L, W +the v-loop eg?\:
i, 1250 - (12A-1))(a+30+22) =ov
e

or L, (l'z.n.-i-G_Q.) = |ZA- 65

or 1, = 12A‘ea/18L = HA
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Do Oy

Llsb\ﬁ an earlier e,ﬁh-.
Ly = 12A~1, = 12A-4A = 8A
From earlier e,af\-.

Vo = Lo 3R = L3°39 = BA-32 =24V

b) Fower oli.ssi.?a'ted_.-. p=ilLv = LR For RS

oz s
L p=t 2= WA RO = 192W

2

2
N ¢ P:.—_ La'l_ﬂ.ac—SA)‘l_fL caw

\aw

I

g 2
3.0 P= Yo' R = (ﬂﬂ) "3
2 T
2. p= L,_'2.$7_=(8A)-z_q__=lzaw

For the current source, we find  the
veltaqe drop From a v-loop on the

left side. se
— g +
124 Va ulIray,
e o

We have =Vvgq —V, = "'Vq-i..,'!?..ﬂ_ = oV

Vg= bR = —HA-Re=-4BV
Power for A sre: p= 12A-vgq = 12A(-48V)

P:-.."5-76W



Homework #1 Examples

30Q 5Q
’\/\/\zIi AYAYAY,
2 lll
e 10Q 1A
20Q

Vo

(a) Calculate 1y, 12, and v,
(b) Find the power dissipated for every component including the current source.



ECE 1270

Sp HOMEWORK #1 Solution Problem 2 un:t'vulr;summ
. Co%f)(
EXx:
TN =
1Q
W

240 V C_*;)

Calculate i1, i, and vy.

$oL‘h s

First, we label R'g.

I RN
|5
— A/
s +
L -
' L) s va
zqové) -
g +
"14' 305 Ve '-"o-l. 305L Y%

Second, we write y-loop eaﬁs. We write
&55'1.'5 for beth inner loops.

Y240V = ¥, ~ Vo ~ Vo = OV
Third, we write current-sum eghs Hor
all but one node. For the node between

R's on +he rlﬁh-b side we Aave

=L ¥ 1g * b = 0OA



ECE 1270 U
Sp 06 HOMEWORK #1 Soln prob 2 Ceont.) wiiem

Dr QoY

Fourth, we eguate currents for components

in series. We have already done this,
however, by wusing L, For both the la
and (552 R's,

FiFth, we write Ohms law efﬁs for
e.ve.r’y R

Now we nse <+the Ohm's law eﬁﬁs +o
substitute For v's:

4240V — Lo L2 = L, 15 ~ L, - B0 =0V
+ 1,300~ {302 =0V
Our current sum eph is undnqaged:

~i) *ia *+ i = OA
From +the 2nd of the above 3 eghs we have
o = g

Using +his in the 3rd eﬂ‘n gives



ECE 1270
Sp 06

D, oty

HOMEWORK #1 solUn Ppoh 2 Ceent.) m];ﬂa:g&ﬂ

T 2y
sti..ntj this n the 15t eﬂ;*t sives

y2u0y - 20, (1 +159) - i,- 32 = oy

or Lz(‘z_-l(,.cz_a- 3o.n.) = 240V
or ta = 240V = 120 A = 3.87A
& 31

ly= 2Zipg = 240 A 2 7Z74A
3|

Vo = Lo 30 = L, 308=120(30) V
31

or Vo = 2600V 2 16V



Calculate iy, i, and v,

iy

1Q




Sp 06 HOMEWORK #1 Solution Prob 3. oxfvassiTy

2vx 5kQ

20mAC> KO Sy, 20 mA

15kQ
Find vy, i1, and the power dissipated by the dependent source.

folUn: We Fiund L,, the current For the dependent
V-sr¢ after we solve the direuit.

Firgt, Llabel i's and v's for R's:
> Vy -
2Vy EKN

' e el
g+ L2 :
20mA I6KR Vy ] Lx 20mA

Secor.ol} write v-loop egﬁs for (.oofs
not con-&qla\a carrent sré's. There Ls
only one such loop, indicated by the

0‘0"&'&20{. Line.
""V)( +2Vx "“Vz "'"Va = 0V

Third, write current—sum eghs Ffor nodes
(unless nodes are connected only by v src 18).
We dont use +he nodes on +top since they

are connected by only the Zvyx sourte.



N L e e e G e R L AT G R T B o o S R A L T N D D M 22 i s A A AT 2 2% s o s anan

&Y

ECE 1270 u
Sp 06 HOMEWORK #1  Soln prob 3 (cont.) uiipm

D (oY

For +*the node on the bottom, left of

center, we have
+20mA — Lx — Ly = 0A w

For +the node on +the bottom, m‘.jh'l: of
center, we have

Lz + 20mA — [, = OA (z)
Fourth, we ook com ponents n Series
carrying the same current. Here, we

(ack any  such COm,aMeA-és.

Fifth, we write Ohms _qu eg?).s For
all the R'S:

Vy = Ly~ 10k
Vo = (3. ISKR

Now substitute OhmsS law For V'S in
V-(oa,o e’ﬁ:

Ex- I0KSL + 2 Ly- IOk~ i; -5k~ ca-iSksL=ov

(3)
Solve one +the three eg/":.s (1-3) For a carrent:

> = L,— 20mA

Substitute His in eﬂﬁs Q) and (2):



S SR e e e e R R A T AR TR

T T Al O A o AR A B e e T L L ST

ECE 1270 : U
o SPM HOMEWORK #1  3olh prob 3 (eont.) v

20mA — Lx ~ (i~ 20mA) = 0A

e (10k+20k0) - i, (5Kk0) ~(i,-20mA) Iskn =0V
SchLr\S the First of these es’n.s Jor iy gives

iz = 4OmA - ix
Using this tn the second of the two eghs gives:

Ly (30k) = (40 MA—Lx J(Skat I15kR) = ~ 20MA-I5ke
or ix (30ks+ 20k%) = “omA(20kR)- 20mA-ISkR
or Lx (S0ks) = S60V

or  Lx = SO0V = 16 mA
SOkJsL

Now we can Find i, From a current sum
at +the node on top to the left of center

.

- 20mA + Lx e F OmA

or 1, =-20mA+ Lx =-20mA+ 10 mA=-omA

The power d‘nssipa-l:ed by +the dependent

source (S
Vi From ohmb law
e

P= i 2y = —lomA-2- IpA-loke

or P-.:-'ZW



iy 2100 = V_" Q)ZA

Find vy, 1;, and the power dissipated by the dependent source.
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CIRCUITS

KIRCHHOFF'S LAWS

Solving circuits

-

By: Neil E. Cotter
Ref: Nilsson & Riedel, Rev 6, Prob 2.27

|COmEmAL TOOLS |

| 1l e T
-l e |
K 4 g e L 0 L 4 :
- nls —— — - ~' e = —_— {ll& V V
3 s @ % O i © N N <o
Lry .3 s .m _...m Q N o =
i 0 T i et R o e 5 :m g LN . 1
v 1 b N I |
i i O P T L e " o ¢
B S - e Z e 1 = I * . &
— - s o -
1708 NG o G, T gl Sl ¢ o s 8 : .3 Z-n&___m p_ g4
s dee ] B R e i a. g i
T A A i 3
FES Mt ek ard [ TR W - S B % o ,_.l.....m..-. i .umna_ : iJ T
— -t i 3 : ¥ -
S E— - ||.I.M!| v.<|l.|<.|.- - ot = i 4 . P— -
22 e S A% T o, SRR I =Y 4 % ..... e
e ] T S8
b . j o] Lt | —he - —e—1- Bl Do, H Do L PSRN VI ey
..[lw . .vlu.u. S o rit_m_ b l.'u_ e o .& P S, S— e R it
] .ﬁu o C.oFB T O R 8 - iD.,.;i i . RS R :m 08 IS SR 0
4 i S I NN o nA . [ B L R . Vs I fo
' =~ S
iy = Iﬂ.-V.-! V,. ..... el e =g ....._ ..... ._no.._!.r g vl T 10 IR |dw =y
.- D S TN W 0% s --...__m: W el bl i PN N -
.l@ .n_h O o - N i
P - - - U Dy— p— — . B s v - p— - -
i ~ORDS M -\M. SO bt L (e R o oL o () [ [ = = S el B
m TR [N S A L ST LSRR, U] ot i . i LA o] L .+ i =
# s o SRl b e, Sy T 0. - e A R R
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By: Neil E. Cotter

CIRCUITS
KIRCHHOFF'S LAWS
Solving circuits
EXAMPLE | (CONT.)

!b)
'F .l | | 1 b
P P R , .
: 7 i o I |l |3
J.d.kf.lgd + | i "Ze?e ddifuﬁﬁaﬂs_?u.}_ﬁ!% "
i | i wrl | ! Y :
I/dn}o Y0, |Re erfe__ﬁgi:a £V drop From, ferminal —14
! lakeled i'i:- ﬁeaumel_ﬁ]ahﬁlrd - {
! ; ]
T
f i 1zV._8n qA:12) = (228 W
i F 2 L s
b Snl |
| ok |
2.
Blaldce
Visre (bA-BY = 128 W/
5 354 W/ astw| V¥
|




s |COZCEPTUAL _TOOLS |

By: Carl H. Durney and Neil E. Cotter CIRCUITS

s KIRCHHOFF'S LAWS

Solving circuits

- : ’ EXAMPLE 2
o !_ | i ! ! | ] ] ! |

i I i Rl ' Rz : i | I

At 3 AA! AA ]
\A v e i

e
| ‘ Ca! | .&. n_: i ; | { j 1 1 ! - s+
nyentus 3 . Qroi
B O T Y e e S I B
—\ | F‘"i"’# From {_-.!’m EC -"-"'i_‘,.'l"‘ of M:ﬂ—imﬂa}ﬁ_‘ruﬁu&mﬁ”
id | towdrd the = — __S.L{;A__M_Q_I_KL.Lfiﬂ’_E‘J‘Lmlﬁm nt-
— ! |
|
. Note 1'—;3i e 1dla fa_ur the: ,z!gss}vc St denvention ue
: |
= St | Adve a{_d_zqgs For | the \direction' of He
o d v |
a current raw . and the Cor gmmma_wra:m#
pat | el N ;
| ' 4
~ | e Vil uam o R S M L e
— T e 2
) | i
= | Ta bath cases tth wrrent sureme a u,_?pamfls
—| From -|f‘ % |- - The djrection |of. the ‘ca [ r
. |
- £ ‘ of cn?c:e,.-.aa.':ﬁgl:}reé{. I = For- nle, Hhe
_l {a.alvs'cn' curreat lis! Flow 'n# own ] e m.;_&y
— qet Aef_q'éf e ue  when  solve for i\ A we
| : | f |
B aﬁe__ﬂL_A.m.wr 2 M€ cheme! op A J-jmé‘ﬁ.
y | | | |
4 | 0 b
1 l SR T 1 RN B P23




T CO7CEPTUAL _TOOLS |
L_ — By: Carl H. Durney and Neil E. Cotter CIRCUITS
KIRCHHOFF'S LAWS
- Solving circuits
EXAMPLE 2 (com'.)_
2 Yo e e LAY e WA AA ,! :
o S - AN B -
i . | 'u-l"" " U";_," '
Ve {Z 3 %l%{ﬁ'g +) Yy ) .
4— ! : —3:- : {—:z— =15 - E_ e
- Naw we qPFJ_r _K;rc.hhni‘fis__l.aw 4: E
. 43 Sum of __currents. _Hawu\g __au.{- S . PR < SO
N R T ‘kﬂ?'mde' Qt 'H(e' R TR e e 2 G T e -
i Ear_ the. X JW\(&‘EJ.Q[L —at R, Rz j-and _R3 _we _ hrwc__.___-_._.. RS SR L,
& Sedades bk Rl G A S SRS
e : AIL:I:J\e -L'.:.rmi —.appear . wr&A Plus___si:,ns bcmu_sc. -3 | s
IR e : __dhree _cwrent . measuremenrt. __arrows. .. pount _out 'me
aae A A _the nede.  _If a current measurement arrow pomzhi_..._ s
..... __toward. _a _sde, . _.subtract _ the._current. . SESEOSS NERS
- i o Tbus, J--Far the _bottom node we have
| ERNL o ; Creit s i -
S ____,, - ___.; s Ll ".'.(: L {: 3 —_OA W - R _,.,_:E.. "
s o b ; wg__obscrzc_._ -&Aaj Lkt _Just ey tintly = OA muéﬁf,a!.{&/ % ST
s i by =l _on_ both._ _sides.. . _ Coascfumﬂ/,ﬁ___ﬂu o egh
LRI PRSI __,dﬁe.sa t__give _us_any new dm::émmfs_.___ ﬁﬁmf heéa__ 2 B
Lz 3 : _solve -15'58 ﬁvé/e/}! LR S, S S S R S e
=W mmzﬁh _A-l: _mest,  we . }nave. one_less _ curmf-___ it b et s

1564/: o PR e T e T /tpa’es Cuhere -ﬁrec PR R,

— ; Mo,r-e. _elements _connect). e A o g e e T e e 8
B ) Sum__a{-____volin.ﬁe. ._drafﬁ qraunel_ -any . Laap _Q.___________,_JE_._....__.._ %
i Sl We. ._.hmre,.__ A LooF on. 'H\e ,_Le'H: qrwl. s LooP PR _ s
ARREN T RGe a __r;_j.h't o Thers...ta. xlte . an..outer. . Loop. ,_,

i




|CO7CEPTUAL _To0Ls | By: Carl H. Durney and Neil E. Cotter CIRCUITS

KIRCHHOFF'S LAWS
Solving circuits
EXAMPLE 2 (CONT.)

TRl L G |

The puter

i
|
L | 'J:!lm,jsof 1 r‘ng nt I+

E
!
M .,! g.iaj, C,,-;_-Hm__m{hr ( niajmkbaer,

ENa e EqquLh;i:ﬁwpt c.la'r'ku‘:.ﬁS’ iraund __+he Lﬁo‘p'
' ther

I
but -H\el_ ' _dire ‘on_wy ke ts_ed +reat
a altage |drap las_ positive if ; il dde. Lo

the | | gign, | T2 | Text| dies! aLJf’ras
bl | |
| i H
1 'l i { ]I ! ] I | £
 Now ' we i q {g{}, Om_wa_aéz'zqmF_B_a re L egas
o | |
= o
7 ‘1'.1"j =l L y 'U'_::_-?_ﬁ’:_ 1 3 LF.E 3
=4
£ |Subsditite! dor | vittapes and | slivel for |iJ
| ' 1
) (e : ;
N | |
2 | : l




|CO7ZCEPTUAL _TQOLS |

e By: Carl H. Durney and Neil E. Cotter CIRCUITS
KIRCHHOFFSLAWS (A7
Solving circuits
el EXAMPLE 2 (CONT.)
e 1 |
| L 4 3 {2
] Onr___-‘c.hm__t.gnnggAm 3 | !
£ PR el !
i iltloidis = 04 Q) . | ]
. i [ . : :
- SREOEE HEaEE |
A e i | 0 T 7
i wa+ L Ry = iRy = 0OV 73 1S 0 585, I e :
3 O i e Bl o 0 G _
3 iaR3 =i, Ra + v 5 = oy - 8y | s
- S TR 7% 40 0 e W P S RN -
S Using the first egn  (which has the fFewest terms) |
o w!e. solve for . Ly : | jE oo ]
L ! l i : H o i pla W
o i : L = e CI.-;;_ ‘t‘ L %) I . e
—~ ¢ | I [
— i pr ‘551,5.{; ,ig-hmj ____mj:o -'d\e. 'z""l qnpl ’3 eﬁﬁé}.,mt__hqlm.:_._,_‘_-_ =
- ! f i : ; st e e e
2 51 S S ! u-ﬁ + —C= -+-%L&h_bg R; (2) el e
=2 : i . ! ) : i
i — : e el
- i ! L}K-s_:'__lq__&z.i_\ij = oy : 2 5 RO SRR 5 TR
i ! : : ,new.__.__.._u____.___.___u 4 IS
& NQ__.nnm __selve -For:.._z.z_-husm}__ the ythird. -ﬁefn ;& w/ucA bqs e
i iy -i:he. J:cuzest__-l‘-crms) ; F S i SN
— i BEL O AR ) SFe
s i . : L - s L oo R + Vﬂ, — e & o
o W SR B e e e R i S S
=N . TS SRR 0 ' i
7 - ey S T ShicAase Ay : hﬁh_
Woog L : i | Subisbibubing Inde the 2™ cgh we have: - 1
. A

!_ | We. sohm__'{:hn.s "V' Jo ;:Eg‘..' i T e : e e
L i . oo T ' R e LA il
) 0 i i ( Sy e
= | | L Ra! r\,u + R,i_&g_}_g____u L:_ 3 | s
9 EEE \-— ] LAV e TR :
- — : e :
: | | | i i i Sy
i : e . i S P
: | o G s i.-g = ¥ .._(R _E_J_ M'ﬁ.\._‘cqa.sgfe&t/ TR
! : i : | : :
| il s T RiRy e BBk Rafla Rt b
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CIRCUITS
Solving circuits

EXAMPLE 2 (CONT.)
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1
i
i

TRapE
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Va=0F
JI
i dlrn]
e
ar
Fd
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KIRCHHOFF'S LAWS
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part  (i).

cilreupt )|
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2) +!R,
VM
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i
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- et g

o
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|
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By: Carl H. Durney and Neil E. Cotter
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By: Carl H. Durney and Neil E. Cotter CIRCUITS
KIRCHHOFF'S LAWS ?)Z{' _

Solving circuits
EXAMPLE 2 (CONT.)

. =1z , i : i e iR 4 i° 1t

1 | | : | i : : : | ]

& | i : B EE F T ,

; i (eont)| < Consider Ry= Ofand  Ry=wn: :mchf Vg d. R3 i ! 5
o | W A | e L 's

y 1 ! i : " i | i | i i i ;
+ : o ! S ;r o 1= )
)| | | Jeie THRENE AR NS RNEE
5 | I | g ) BEETR =
L r—1 g FEE .- A g |
J e N ! J b v Dur -Fn rmula _with. R =04 g = V 5___3.1 : :-.._Eﬂ_
i SECREEE LR A e e 0 R R

‘, r o [ y__,i = V:L Il/I TE N v
| . | Bawo oo Ry Tt ) -
o o ‘, 'Ir | 3 . = . e ... =

: | ' N;:Le It_actmq(l;z glac.smt_wrbtgr whqf 5 SN RO

_u___._+-_u A K,L__O.tz. _.The__vo ._..i-bq}e acrpss Ra _will _be yg,_ !r

:_ 5 e . and the _eurrent _thru  Rx must be -y5/£3- oS N
IV AN I B O A TR =0 nhen e e b PR
: s e __-_Ciwe:n Ri=100 5T, 133 =08, WV Lo s

R T A e N L - R-.»,- 2009, -H;en ia Ev (zoo.a_— mo_ra.)

£ oo B B s S e S e s i SRR I TG0 AN S0 fBSL

DALY Tl R Lot e A s b B e
Ehitr s 1ot 15 3 ' ot ol waa- 00 Labn) |t . i ’ e
s B i or ta = _4.35 _mA. _ PR R B~ A, (e
FLR I NI e ALt % R W NGRS
PPN A L e _____.__.____I-E___ R.=50%, . -!:l\e.n_. s I ( 505~ ma-n.) 37
s . s et Gostao s SRSB4 00, SO0 4 so.mo_n.
S s ol S ac__u! L soat) T MO RN o Y RS
x W ' _ s (zo.cu— oS +loR) ___!_3!!1_..1'; S
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By: Carl H. Durney and Neil E. Cotter CIRCUITS
- ’ ; V AND I DIVIDERS
Example 2
Lo d | 4 Il = : i : . : i .
; R | i TR RS N f
- -* [ . - |
v T 1 T e e —
o el iz o BN TR e
% 1 , g o ih e
n Vo G: VR |=i -b?_' !_.I‘J”.r 2y f_q.;l :F!KCA Maum_mls__ﬁ__ ] ___:P
| : 1 ST R pe iy
2 Explain mi;AmH_m_gs_E;_myﬁ_ﬁnm_L‘w o0 !
| u % FaT | . ” _5” I “ f“ |
o 2 N RS N
? ! g b3 F
= golh: | R, and! R, wCurreat divider. for |curvest (i3 | i
| 1 _
i oy t:i - —d E: : R ﬁ.a = Egl - 5_:___- :
—| 11'R-_1_ Q_d-' 2 I
& | | :
o Also,| lx = | Vg = 2 : l
% [ e ol
] tot R RAR,+F3
bl ! i
o Now, R AR, = 0| (R, = A&z +\Ry =Koy +=0))
2=l = Ri/z2 \(R|=R>) ‘:Rz/l H'ﬁ‘(;‘* )
i = : Y
| =| K (R = iD) Iz P k! za)
=]
- -
o] “Sl L 3 Vg { ,::D)
i 2s
P = 9 f _-==£,J
_: o 4 R
. z
= = tﬁﬂ rR' =m)
Bl R-+ R4
_' '.; =&:! 22 = 1‘ ‘3_ ( _:_—0} f:.. =£B ’_Q_. =
i =y Re 1= lin! (ReR 2=l i3 Ra =il
] Lkl |® RtRl F
,_. ;l -:(: _R_q__ = 0 k_.ﬂ'-ﬂﬁ] E) ® ¢ 0 = a3
> 0O#R 2 2 otRa
1! 1 f- % -
%A _ ' u.lT_l;hb,eEhb_ e
e : | | i . :
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D&P;Vt EKPI‘ESS[Q}; ’G_,r Ve n _ber“s ot pot more

Hhan V‘,_l z‘-'-'; fa, and R,.

sol'n: Replqc: sp~amp with ¥, Sourte qnd assume

OV dcress +,- infaré

®

Use v-leop on left 4hat includes ov drop
across  +,— f.hf:rf:s.
+£lR,+V5 + 0V = 0OV
or t:, = ‘_‘:’;‘5__
R,
Use  y-bop on "i]""é that inclades ov Anu’p
across  +,- ipputs.
—0V = R~ ¥V * oV

or V,= ~ix K2



o Coey

O?PY“P soln: cont- e .
Usc currert Sam at nede hext P

o ~(-vs +is)=V2-i8

) 3 R

or Lg =

f
Use s a 2"‘* y~loop egh.

Vo = —£1R2=._(]3_% & E’ﬁ) Rz

KVO = (Ers‘- E_a_) R,’_
R

—

Cons; stency checek:

14 Ro=0 ‘then 2 ylwp implies

.0 =0V V’/
v, =0V Vg = (b.s 1)
TF ig=0A and ys =0V, we S»{aul'd
jg-{: Vp,=0V. =fo—2 ) R2 =



&)

5. The op-amp operates in the linear mode. Using an appropriate model of the op amp, derive
an expression for v, in terms of not more than vy, iy, Ry, and R.

Op Amp Examples

Vs




ECE 1270 E
Sp 06 HOMEWORK #2 Example #1 ONIVERSITY
Dr. Neil Cotter
EX:
24 Q
VA

-+

g
=&

28V
£
oS
20 A
Calculate v.
soln: We <c¢an use a

vo{-i:aje_ divider coasi.s-tinj
of the 28V sr¢, the 2 Resistor, and

the two 2452 resistors in parallel:
v, ==-28V -_240 o
20+ 2459 |l 240
= "2V - _20 J}’l:{__{_c_t.
141 <
250+ 2452 l”i
= - 28V- 2R
2.9+ 120
v, = =4
No'&E'.

We have a Mminus sign whenever

+he + sign of +the resistor yeoltage
measurement (s on the side qway
from the + sign of the v 3rc.



R e

ECE 1270 ;|
Sp 06 HOMEWORK #2 Solution Prob 1 (cont.) uiivassiTy
Dr. Neil Cotter
Note: We have a voltage divider when
+he -_Fo[laui.nj conditions are met:
i_) The Vol'bngt across ‘twe or more
R's (n series (s Known.
il) The <current +hru +he R's in
sertes (s +the same.
Note -

We can verify that we have
a v-divider in this circduit
be redmwlng t.

Zhs2
2.4
WA Y
28V
ARG g oy
- S
20A

The 20A affects -+the current
in the 28V sourte, bat we
still have 28V across the R's,
The 20A J'I-la'f: circylates in the
bottom half of +Hhe circalt.



L.

Calculate vy.

Vi

4V

HW #2 Examples

2kQ

14 k€2

7 mA

S 5kQ
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EX:
5A
15Q
W—=0)
oA
)
N

2002 e éwn 1on§|i1

Calculate iy.

goln: We have a current divider consi.s—{:inj
of +he I0A sr¢ and +he 40oga and
0L R's quqllel.

To verify +that we have a current
divider, we observe that +the circuit
satisfies the ﬁ//ominj Cond (€ions:
i) The 10A is +the total current
'Flowi.nj ihte one end of +the
4051 and 0L pesistors, and
i) The olp,po.si'kc ends of the 4o and
162 R'3 are connected so Hat
the v-drep acress the /oL and 4on
resitstors (s ‘the same.

us'mj the current ~divider Formula (with a
minus sign because (; ¢S measured i a
direction oppo site 2o the [2A srd:

L, =—loA- "0 =—8A
Gp. 5+ 1052



2.

Calculate 1;.

HW #2 Examples

-

6 kQ

6 mA
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EX:

2

OO 3F O

Derive an expression for ip. The expression must not contain more than the
circuit parameters vg, Vg, ia, R1, and Ra.

goln: Label R's First.

Va
o
A 4
+ V- b
R‘ Lll Rz V?.
WH a
t!"'b ri h‘l‘.
node ¢33 @, L "‘3’“‘-

A
.

- - -’ L S

V-Loapﬁ: (Vq and K,,sz- ngna& Rl]
“VYg = Vs 4+ VU, = oV

"V‘-Vs'c oV .



ECE 1270 =
Sp 06 HOMEWORK #2 Solution Prob 3 (cont.) uNivassiTy
Dr. Neil Cotter

wWe observe +that we aan solve

these 2 e.gf'a.s tin 2 unknowns without
Pmcceo(injv Further.

V, = = Vg from  2nd eﬁf*l
Vp = "'Vq'l‘ Vy = ""Vq"‘US ‘Ft‘oM Ist -Q.ﬂ‘;‘i
Note -

I+ we -l:r‘y +to write currert—sum
g As, we Find +that the (eF
node and r-i.jéf hode and
connected by only v-srd V4.
Thus, we should not write cC-sum
e;ﬁs- (And we doat peed Hhem!)

Note: We also have ho componerts in
serces that carry the same
durren'f.', (except v-sr¢ g and Rz)-

We new use OhmS law:

Ve = i-z RZ

blsi.nj V- eJ};.s :

Rf K;
tam Va = 2 Vg=Vs
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Now +that we have solved the cireuit,
we ¢can Ffind L, Ffrom an iL~sum e.gﬁ
For +the node on +the rF:f}H: ;
R i.'z i L| — I:,q g .lao = oA

or i..oﬁ L|+LQ_+Lq

or b = F¥g >~ Vauid & i,



()

HW #2 Examples

3.  Derive an expression for i;. The expression must not contain more than the circuit
parameters Vg, Vp, iz, R, and Ra.

Ry
N o

,ﬁ
Ef|

. s O O

®
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EX:
R, ia
5 .
Rz
w() ——\A
i
Ji %

a)

b)

Derive an expression for is. The expression must not contain more than
the circuit parameters @, ig, Va, R1, and Ry. (Make sure to eliminate iy
from the answer.)

Make at least one consistency check (other than a units check) on your
expression. Explain the consistency check clearly.

soln: a) Label R's

Only v-loop without current seurde (s thru
Vq and Rz, (dotted Line).
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_Vq ""Vl = oV

we leock For noeded where we can
write (-sum eghs. Here, hwwever, we
reu(l.y or\Ly have +wo podes, and ‘Hte)f
are connedted by only v-sr¢ VU,

Thus, we have no i-sum eghs.

We look For ¢omponents in series
cqrryiuj the same curreat.

Vl = l-., R;_
thséi'&aﬁi.nj for v, Lh our v-loop c,f;:
~Vq — LR = OF

or by =~ Vo

I+ Jellows that oLf.! = l@_ .
K-

Now we wrirte (-sum eg‘}: (for node
cansis-{:i.nj ofF wire on rf:.j}n!.' :s?.o{e) +o
Find (4.
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r.
w
l
&
r't
[
L ol
|
-
D
fl

OA

or Ly = ﬂLLi-PL'-t-Lq

or Lf, = (c(.-\-\) ("'Vq ) 0
R2

or Ld = Lgq —(eet]) Ve
Rz

b) Many consistency checks are possible.
The dea s o Pick c‘.oume.nf va [ues
that make the circuit so simple that
we can solve (t by (nspection.

One example (s +o eliminate <curreat
Sources:

Let Lq-_-OA and =0:

il

We hﬂVE- .l.s: L; - vq =

Ra
Now we ue.m'.-F)r that our 2551 from (a)
qgre.es'-
Ls = O-—(O-l-l)\%_ = —Vq il
2 Ra.

~ Angther example is to set yp=0V, «=0.

Then is=iq. Our egh gives is= lq=W+) 0=(

Rz

*
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4. Derive an expression for i;. The expression must not contain more than the circuit
parameters O, Vg, iz, Ry, and Ra.

Make at least one consistency check (other than a units check) on your expression for
problem 4. Explain the consistency check clearly.



ECE 1270

Sp 06 HOMEWORK #2 Example #5 m}gngm
Dr, Neil Cotter
EX:
R>
WA
R3
YAV
ia R; %
o
, =
——0 4
+
Vs
Vo
R4 Rs

The op-amp operates in the linear mode. Using an appropriate model of the op
amp, derive an expression for vg in terms of not more than v, Vs, ia, R1, R2, R3,
R4 and Rs.

SOL‘n'. RequCt op-amp wtth sre called Vo and

assume Vv-drop across + and - +erminals
is OV. We alsec combine R, and R3.
R-ll Rz
%

p
R T—-" Lz
L \ -
\ !+ +v?_

Lq
? e,
5 4

ov 0 +
+
Va Vg
3 3 Vg Ve
Rq 'LLH r“l' RS l."s \'5
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Write v-loops qusl,ng thra OV across
+ and ~ terminals:

vy + vq + ¢ Dont use Lleft-side v-loop

becdause of current sré.

¥y = Vg TV s, -y, OV
Write current sums at nodes.
The only +rue pode s on +the bottom.

Lock For CGmPonen'l:s in series carrying
+the same current:

Ly

La
L 5 La
ta i uyem
is = oA (since it is in serles with
an open cireutt)
We see +that

ta Flows

all the way
euter Lodp.

around +the

We need er substitute
v—!oop HSinj
each

for vis n

iq and OhmSs law For
resistor:



ECE 1270 o
Sp 06 HOMEWORK #2 Solution Prob 5 (cont.) ONTVERSITY
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ve® ta"Ral Ry = Lyg° R.1R3

Vg = ig Re = 0-Rg =0V
Our v-loop betomes:

OV = vy = oV = g R, - lqg'RellIR3 -y, =0V
Selving Vo gives the expression we seek:

Vo= ~Vg = La (R, + ﬁzflﬁ_a)



&

The op amp operates in the linear mode. Using an appropriate model of the op amp,
derive an expression for vp in terms of not more than is, R |, R2, and R3.

HW #2 Examples

iS
&

R,
e
N—

) B Y
Rj
| .




SR

Calculate vj.

24Q

O3
g

10Q 12Q v

Calculate 5.

120 40A

80A 162 21 i,

AAA
20Q



5D

Derive an expression for ij. The expression must not contain more than the circuit
parameters Vg, ia, R1, R, and R3.

ill R, i

yofn s 5




a. Derive an expression for i,. The expression must not contain more than the

circuit parameters 0., v, Ry, and R;.

%(
S {
b
ail lll R!
+
va Lz L R'}
J——
I3

b. Make at least one c_onsisfency check (other than a units check) on your

expression. Explain the consistency check clearly.

(59



The op-amp operates in the linear mode. Using an appropriate model of the op
amp, derive an expression for v, in terms of not more than vy, i, , Ry, and Ry.

(D) 2w .
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Node Voltage Example
a.
Vi R2
M
+
R, R; Vx
is2/ e
is17 C,D v @ V3
OV Ry

For the circuit shown, write three independent equations for the node voltages vi, v2, and v3. The
quantity vy must not appear in the equations.

b. Make a consistency check on your equations for problem 1 by setting resistors and sources to
values for which the values of v}, v, and v3 are obvious. State the values of resistors, sources, and

v1, V2, v3 for your consistency check, and show that your equations for problem 1(a) are satisfied
for these values. (In other words, plug the values into your equations for problem 1(a).)



e

ECE 1270
Sp 06 Node Voltage Example e
EX:
a)  Use the node-voltage method to calculate v and ij.

b)

Calculate the power in the 300 Q resistor.
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EX:
100 pA
7\ ¥1
,
100 kO 2 <i 50Ky 2 50 kQ
me | e
WA E—tv
v V2
110 kQ
WA
3/1\\’ 110 kQ
- WA
, "

Use the node-voltage method to find v, v2, and vs3.

solh: We First write +the variable For +the

dependent source, cx, in terms of rode V's.

o KJL

We have a super node for Vv, and v, since
these podes are connected only by a V sSre.
Thus, we sum all the curreats Flowing out

of a buabble drawn around v, , v,, and the

V-sr¢  between Hhem.

V,,Va hode: WOpuA+V,-Vz + Va

+ WouMA = 0A
S0k 3ok
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We also write a veltage egh Hor v, § vz:
V' = V-z_ + 50K Lx = Vg_ + SOK.D. Ksiu- V3 )
; noksL
(Remember o use only node V's in eghs.)

For the Vs node, we only have a current sum.

Vy nede: vy-V; + -bO A + V3" 3 == DA
Sok{L . HokR || 1okSL
s5KIL

New we solve +the 3 e.;’n.s. We pat terms
multiplying v,,ve, and vy on the left side and
constant Lterms on +the rr.‘ykt side.

By L sy, L+ va(—l ): ~100uA - 4o A
k.

50k 5L 30 50k
o kJSL IokJn
Vl(—;_l___) +V3(l B ) ):%}LA“"EIV
S0k S sk 55kn.) S5k

We. maltiply both sides of the I5¢ egh by
156 kR to clear the denominators.

V,*3 + V5 + vy (=3) = ~140uA-I150k2= 21V
We mulkiply both sides of the 2" egh Ly
N5 to clear +he denominators.

Y, (1) * va(=1l) + va(5) = 3W(5) = IS5V
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We multiply +the 3™ egh by 100k2< 1. 1M
v, (22) + v3 (22 +20) = HOXA- LIMa+31V (20)
or VI (--2,2) A V3 (‘1-2.) = “4V+ 620V = 66’+V

Now we start ?.L‘IM‘tM'Ei.h? variables. From
the |t zg'\, we have

Va= =20V = 3V, & 3V,

B
our 2" and 3”‘ eg'ns with this v, become
v, - n(--z:v- 3v,+3V3) + Svy = 155V
andl 5
-22v, + %2vz = b&4V

Solving the Llast egh for vy gGives

Va = 664V + 22V,
42

'suhs-!:t-bu-ki.nj ke the |5t eg'n (and coz'(ettbz
terms  multiplying v3) yields the Bllowing egh:

(” & 13,_) v, +6§_3 +5)(5$4v+nvl) = |55V =21(n)v
3 -~ 42 - 4

or, after multiplying hoth sides by 5,

By, - A& (GQ'-I-V+22.V‘) = 775V - 23V =544V,
82

Pividing hoth stdes by “ and moving constant ~terms
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22v, - 2(22) v; = 136V + 2 (664 V.
42 42z

Mu\"c‘lplyi.mj both sides hy 42 3]\:&5
[-H-z(-a.z)-— Lyl-p‘] vV, = 136V (42) + 2 (664) V

or V, = S712+ 1328V = 7040V= 8V
Q24 ~ 44 880

Then Vg = G64V+22(8V) = 20V
42

and vy, = —21v - 3(er) +3(20/) = 3vV.
5

Consistency check: Calculate currents From
these Vol-{:qjes and verify that currents

sum +o 2ero at nhodes.. They do!
1oomA V=8V
< 4 240 0A
ki2-1600A =5V -
L here should e " o
e,
look 2 o B5oKRLix Zsokn 5
=\14onA
YOMA
ok
JJ—-_'_\M ) __@ Va: 20V
- V1=3V
100A oA 1 20044
lokR.
g Hok®
o oty
u —> 100uA
Lx



1270

Sp 06 HOMEWORK #3 Solution Prob 4 ur}:n&lgrn
Dr. Neil Cotter
EX:

30V

7, S AP

N i

— 2

i1
+
3mA GD Vx 10kQ 2 0.5 mA 2v, <":>

15kQ
WA

a)  Use the mesh-current method to find i and i2.
b) Find the power dissipated by the dependent source.

th: a) We Jollow a step- by~ step proc¢edure:

1) We define mesh carrents. TIF, however,
we have any current sourdes on
outside eAgas of +the circuit, the
mesh currents Hor these (cops will
be +the same as the carrent soarce.

In g cireuit, we have a current
Source on the [(eFft edge. Thus, the
mesh current For the (eft loop is 3mA,

Since ¢, and iz, a3 defined, are on

the outside edge of the circuit, we
‘may use them as odr Mmesh currents,

R
3ImA Vy 10k MA 2V,
- ISKQ
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2) We define +he vo ltage From the
de.Pe.m\e.rrl: sré, Vyx, in terms of
mesh currents. Here, we observe
that Vx s adross the [0kQ resistor,
+00. For the /[0ASL resistor, we have

Ve = SmA: I6k&L — L, IOk

3) We look For loop s with a durrent Sourde
in between, meaning we have a sy
mesh. This is the cdase for the (,(,
(oops. For the (), iy supermesh, we
take a y-loop around the outside edge
of the ¢, and Co loops, (bypassing the

0.5 mA src). v,
—A
{yiz voop: =i, kR +30V — 2(3mA~L)) IOk
+ 3mA - lokL

—~ - 15k = oV

Add a current egh for the 0.5 MA s
between +the loops:

LI—.L?. = 0.5mA = mA

&
<

Note: we have -i, Jor current measured
oPposiﬂl:e +he arrow in the currert sre.

4) We solve our eghs For i, and i,.

We groap i) and i, -terms on the left
and move constant to the right side.
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L (Cloka+ 2- 1ok ) + 1, (~15kR) = 60V + GOV
———
= oK
L\ il 3 _]i M

Solving +he ?."J‘ aﬂ'm for I.“ we have

Sabstituting into 1% egh, we have
(L,_+ ,lzmﬁ) ok + L,_(-Ih"k.n) = 3oV

or i, (loka-i15kR)= .ov- LmA- okl

or -"Li (5ka) = -5V

or .I.47_= ]MA

Then L= ImA+ LmA = 2 mA.
= 2z

Consistency check: caleulate v-dreps

for L, iy and verify v-loops,
: sy 30V A
I
——r ! ,_’@_- . - |
b 3"_’;_”‘ %m& : lmA 3oV 5
ImA Vx 10K 0.5m =2Z.Vx £
B ‘5_‘: Vg wA 15k -
—AA
1SV

Vx= 2mA: lokQ = ISV
2

All v-loops sum 4o 0V, and all current
sams at nodes = 0A. ¥V
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b) We know vy= (RmA-i,) loka
"= 3 wmA - ok
z
Vx = ISV
The carvent For +the dependent sre i3 i,.
i-z= 1 MA
Thus, power Jor the olepemlen-ﬁ sr¢ (8

p= Vi = 2y iy = 2(50) ImA

or = 230 mW.



Mesh Current Example @

For the circuit shown, write three independent equations for the three mesh currents iy, iz,
and i3. The quantity vx must not appear in the equations.

AN
Ry
Vs1
E R,
1g]
® Q




Mesh Current Example

8 mA

44V

a.  Use the mesh-current method to find i;.

b.  Find the power dissipated by the dependent current source.
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conected ak ajb -termirals')

3

5
2

4

(dollpa)+l2

A}

= 9A

i
1

(i fop)=lswr- 2 =l

R

22

2 6 =i 94

L =i BA 4[R2V

Vg !

le

ar .

w ]
— m MV . S—p— %‘ v e
& el B ) s (X IO D] L e & & L [
# _n - M-
b e ¥ n s iUmH.I.I.IMM!.M. mn lﬂ 4 \.
el el W e K S
3 e p
VM L 5 |8 . . = e et e
s " i e P i 2
aoy. [ O - o TSR e Ao e [ ! - I PR [CIy i e
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L 1
V)
o
R5§ = R
‘ .
1s2
R3
ol i
Vi
For the circuit shown, write three independent equations for the node voltages vy,
v2, and v3. The quantity vx must not appear in the equations.
¢
- A Make a consistency check on your equations for problem 1 by setting resistors and

sources to values for which the values of vy, v, and v3 are obvious. State the
values of resistors, sources, and v1, vo, v3 for your consistency check, and show that
your equations for problem 1(a) are satisfied for these values. (In other words, plug
the values into your equations for problem 1(a).)

solns 4 ) V= Vs (Comected to ref node by veary

) R 2 + 2|V3 Ry + Ve ™ ¥3 e R
Rs Rz* Ry R

This is vy in terms of
hode veltage. We are
using a v-dinder:

3) vu—Va

- Va= VI 4 va-0OV = 0A
y Rz Ra+Ry

Note: we only have Lo write the eghs,

not solve them.
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possible.

such tuat
from iLnspectlon.

con s‘.rbeucr checks are

Hﬁur
Rls and sre's

Choose  values of

values of vy Ye, V3 are obvious

My thoites:

Rg K, ==
= 00
\ Va = oV e I
e Ra=3a How on
right side
- R=0V

Rl* =% __Far RU RN qu

Y, '5 i'to
are Satistied.

and

Plua all +th i
eﬁ'n:a in fr‘oé | to verify +that egns

& Component values

) 1y = 2V =

VI = VS

o
2) M{-O‘

i 3th 1
Iﬂ_:* i o V-‘ R-lt & y_.'-.VS o’ OA
Ry R+ Re R
3) o-0 o
e - th

2z . VJF'V‘ + Va-ov o OA
% e Ry t+Ry



Homework #4 Example
1 . ¥] Rg_
AYAYAY,

%3

R, : R; Vx

152 e

isl (D Va @ V3
vy R4

(a) For the circuit shown, write three independent equations for the node voltages vi, vz, and v3.
The quantity vx must not appear in the equations.

(b) Make a consistency check on your equations for (a) by setting resistors and sources to
values for which the values of v1, v, and v3 are obvious. State the values of resistors, sources,
and vy, vy, v3 for your consistency check, and show that your equations for problem (a) are
satisfied for these values. (In other words, plug the values into your equations for problem (a).)
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Homework #4 Examples

\;-loor For SHPc.rmash

For the circuit shown, write three independent equations for the three mesh currents
i1, ip, and i3. The quantity iy must not appear in the equations.

bl First, mi-i-!:e ix In terms of mesh eurrents,

tx® ~ia (use mesh currents oaly)

Now do v-loops for mesh currents.

current Source between loops For ¢, and iz.

we have
we hqve Super—)uesll (oo arcund outside of
i, and iy locps (Lhat avolds /fqu}aj +o Aefine
v for 6-5 ). {da.:t use ix l’\.ﬁl"t.‘ s
s-l:o?‘. net

super mesh v-loop: tVs, ~l2Re~ 4Ry =
we must not need -this v=-locp. Indeed, we .hqve a
current Src on the cutside edge, giving us| ¢, = ~&(-ia)

we must also have 4 cuprent 6551 For is source
+o Coﬁple‘bﬁ sSuper Mmesh:

io= i, - ta]
X flows agalast 1y SO s minds

Normal v-loop For La:

+ve - LaR3 - Ly Ry -.:OVJ
“f’;..‘ RB

Question only reguires 3 eghs we could <olve, but
we deqt have 4o solve them.




Homework #4 Example
2, j ix
X R
<> e

Ig
R,
W\ Cl\
0
Ry § Cl\: vs1

Write 3 independent equations for iy, 12, and 13. iy must not appear in the equations.
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Vi x, a
e R L ise
v : short )b
SCD <I> i = when Finding
ise
O
.8 ?

Find the Thevenin's equivalent circuit at terminals a-b. iy must not appear in your
solution. Hint: Use the node voltage method. Note: o> 0.

=olh:

Yo ™ Vﬂ,b epen  circurt

Assumlnﬂ Ve U3 Ccurrent Bre:

Use node —voltage methed to Find ¥ :

-vg - | i oy = OA
| RatRa Re+R3
c ix
or V' } — o = Vg
R;'I-R:',
¥, = Vs Ra+ R3

[—a

R.+ R3

They Viie. B = Vg Rz

v-divider
1~

Npws short a,b terminals and find Lse ')clalvlnj

From a +o b.
Note that
flows +hra e Short. .
b i
q
R Ra
9 iy Vise
—+ /\
Now, Lse=ix=% = Y3
R= Vgt~

R-Tha/ = VTW/E'SC'-"‘ Rs

Ry will carry Ao Current; it all

we may ignore K3 -

Use hode votage to
J"l‘hOl V!.

Rz

®ix
v, = ve Rz
1=
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Rmhe, = K3
T cont. Thevenin eguiv: -
%P
Vihev = 8%
| =—=Di e
Aﬁﬁuﬂlhj Vg s VO['E_Q?_Q gd @ Vi .
Vihey = vﬂ,h open circuit
v,
{
wd vV,
Use mode-voltage methed to Fitd Vi
= OA
Vi=Vs _ x|V, + Vﬁl' -
R) R-szfB e
=ix
= Y3
v s 1—& =
l (Rl g ‘r?z‘rﬁ'?) &
mult both sides by R; and re-arange:
1+ Q-«) Ry
Rz+ K3
V4 R3
vV = ¥, - E_'_& =
e RetR2 I+ (1~<) R, )(ﬁ'-ﬂ-k—g)
Rz+Ra
Vg R3
VM =

e (N e
Re+R~+ (1-)R,

Now  short 4b terminals and findd ise 'Flu.lby
Frem a +o b. Note that Ra will be
bypassed. All current win Flow Yhry Shat.

-
-

We may ignae KR3.



Homework #4 Examples

L. cont.

or Vl =

RThev

Thevenin eguiv:

ﬁp 65
Dr. Neil Cotter

Ve
1+ A-) R,

R=2
S SR
Rz R=+ ('_“-) R]

Ra . R-g'l‘ (l"‘() Rl

Rat Ra t+ (-<) Ry

Ra | (Ret (=<)R, ]

Rthey = R2MCR2+(1—<IR, ]

V‘rhey =Vs Ra p

§ i . q

R+ Rat ()R,




Homework #4 Example :
*—A\N/N\s ® ol
Ra & i
is (D ? Ry Vy <L> vy
- » °
b

Find the Thevenin's equivalent circuit at terminals a-b. vx must not appear in your solution.
Hint: Use node voltage method to find v above R;. Note: o> 0.
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U‘ = IOV
! &
1 B W
g *Vx v Vi R2 = 2.(2
+ i G)is =10A
TRE < b sV
&
Ty

Calculate the power consumed by the dependent current source, (labeled

%Vx ). Note: If a source supplies power, the power it consumes is negative.

- gollne V en top rail = 10V From IOV sre Cif ref on bottom).

Then Vy = 5y = lov- SV

Lg e b By VA - R depandent, Src
S-R.x S5a

- ~loy = oV
usi.hg V—loop on left, —1A-R, 4

or V= -by-I1A-R, = -I5V
]
S5

(A (-18v) = =15 w



Homework #4 Example
@
10Q2
1 6V
va<1 R <+> 24V
ik =188F O
Ri > Vx
=1pe .

®

Calculate the power consumed by the dependent current source, (labeled %Vx ).

Note: If a source supplies power, the power it consumes is negative.
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EX:
Ri Vi R
VW
+
SR
is1
Rs S
V —
is2
Rs
WA <

v

For the circuit shown, write three independent equations for the node-voltages,
v1,v2, and v3. The quantity vx must not appear in the equations.




ECE 1270
) Review ot
Dr. Neil Cotter

EX:
R;

~d Ui

.

is
D> O

i
N Rz% C %Rs

For the circuit shown, write three independent equations for the three mesh
currents, i1, i, and i3. The quantity ix must not appear in the equations.
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Review mzﬁu%sum
Dr. Neil Cotter
EX:
A o
— 5 -+ — o Oa
o g N S
X
R; 2 Qx R;
ob

Find the Thevenin's equivalent circuit at terminals a-b.
your solution. Note: o=1.

ix must not appear in
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EX:

3
jo ® 2 SN

Calculate the power dissipated in the dependent current source, (labeled 3vy).



: Q@QZLE‘EQY" (Cin Famd.g @

ik \ . Toductor (L in Hery)
gich - ] 'I-_ =4t o i | 5
" s (0= ( g ::é [v(t\ = L%f—)
- i d Vv
paraliel plaitS diefechric bahneen ; . .
VRS (o fow { cannot chanog 'nstﬂ%YL
sgh?\g'eu& C&%ﬁ‘y on p\(ﬂ?}S hke.a [ CUHSW = V=0 {%ﬂ—.())

vV tan not chcuyg nstartly for ¢ Foergu 12_ e
V- tnSte- = =0 ( d@ypo) e :

.-Lﬁ‘ ) E’" ﬂ%‘ Le: S L]-+—L2_
SNtS C '::L_‘-:’C‘Ez :%:t‘—i Ech:.}:h Lo daee
Eerou = |10y P&M\% C;QJrQ |1 paxulle) - Loy = fa
3% % 20\/ w G & EL_.L\ e ‘l L, Lo

&L 2o, g . o
m, ¥y
X&) iﬁlﬁﬂﬂ F [aihiad - Anad] @ g,

st +ime, ot switeh ( %m}
procedure

| Find Toiad valke on CO%P / md\m"m\‘ b’f‘:vrbfe Svoijrt\,\ (4= d)
‘ (£207) R V. (+=07) .
%h?okrit \?oHaﬁe, in G cannot (‘,hange mfﬁnﬁaneou&\\j

-5)= Ve (£707) RVSeS
—> Note: m%ﬁ— Op?\ L cannot Chane \ﬂSﬂhmfou&\j

L(E=0)= 1 (E=07) §T s
2 Find final valia on ¢/l (4 -
= Note: USe v (£)=0 (Wirey Lc(ﬂ"‘)["f’m
3 Fird Y (st Swich in MBI posigony
k= R"C%.C 2 R L/RmB,thrf Rf% IS R s bﬂ e}amem{—
4 Plug inp it Lguotdn
Nofe. \f wcir\olirg oPhey \/ahaHe,S, ntlee v,

(&) or- Llﬁﬂ f%



DervorioN @e;olk @®
“ -
R . Paws
V-m-l‘eﬁ‘,\"’mio N - Lol K™ \.@)=0
W Vo - 1R 8 70 BT &y, - 0 %) R, -\ =0
d\L%\ —Nmn- LR
e M) _ V- Vel
3ilD) ~\LRm - \}m\ ot B o
(_\ —ar L-{— Ve &) ch(:ﬂ 5 d,\._
S JilH) 1 N~V = S oy
TT PP S VAES) o b
{(‘{'a) -k, i -]
(-t’l'o \‘f\(v ) ~Vin) - n (MelB)- V‘rh\ B e
5 . R i) ¢ 41
D“ SSCRISEUCRENAEN \“K. (Ve )~ V) ¥ _C_%-;’fg
_(+ "-'o) R‘“’\ V(_(‘l"o Vﬂ'\ n x (_\r .b)

& [ R i) *\11\-,]

?ﬁ\\&') V‘\‘h L.

&%) R
‘Th"‘-'ﬂ V'n-\ (R-fhl(JC)"\J.m\J‘ —)‘—

R
= Y o (itk) - W)\Lﬁtﬁ}—“‘

Note: afttr o long Font, (- 2)
V= Constany- add So W ({--3::0)-0(“\1{’,\
So L,_G: —»=0) = V'rh (5;\“&9. V‘M')

(L) = inHod Vm\u—t,

-(-t)
\ = Find. #(inihol-Fined) L T

ﬁmc,

V. () Vi = (Vc ()~ Vim) &
V(4 = Vi ¥ (Ve UB)- V) 2 wri,

Note: After o |o\nj L (=)
Vr= Corshtny and 20 [ (£)=0(optn)
o (o)~ Vi (Fingd Wolue)

v, () = ini¥ial ol

2 V() = Final + Linkiad- Firod €



Homework #5 Examples @

After being in position a for a long time, the switch moves 1o position b at t = 0.

O———————  Find R, and R, that give the following plot for vc(t):
"'c(n
3 »
3V
[ 5 30N R,
t

Ne = Yo(R))
22k |
(07 = bcasse Cap V Can ot t.\-nnaaa Ivstaurtewion
Velk=0) = Ve bt =0") = lo(R)

From W -- etk
\ic o=’V

= 1o(R) = Y€, +Hiok =lbR,-2R,
?—-—2*—2‘[ ) 2 Ibgz_

R=2i U
(.{.:. ) @ o~ Ve=0
b g}‘% Y=Rn) ;
\e EEY=84(6-%X |- ,_@_*/Esm)_.; v 5/ ‘
g“"“'\ W\\ %(‘5‘%: 39V -
3,2+ 8 g > P |

32 A0 . -So) i
5 - e E;(% > R- 2“(1#\(31)) "{5‘(—-(1, E 1




Homework #5 Example

After being in position a for a long time, the switch moves to position b at t = 0.
Find R, and Ry that give the following plot for vo(t):

N2
gV

" #K
—t £




Homework #5 Examples

om() i3 20 %M

After being closed for a long time, the switch opens at t =0, Find ip (t) fort> 0.

G‘f{j‘} ‘S‘w o _A.’lLL

‘ CL(%‘%’) i [, (£=0")=lmA "‘Um—hﬂi WJM')

_ -'t!'r
SR L)
(SWV?Q\“ ok t=*0):

Brin= ZEE
¢ b
mm& &%“A




Homework #5 Example

a1
i 5.0

1oL

After being closed for a long time, the switch opens att=0. Find if (€) fort>0.

00



Homework #5 Examples

After being in the above position for a long time, the switch changes at t=0. Find v,(t) for t > 0.

(=6 - oy e
2“1\’ A -L(L . Lfr ':-—Fll‘ /o
s L, = 9Le _ Y2
' wel 4T T P
e A
(--:"O b J j;nclud‘or Wd—gﬂﬁs "RULS TRy
CUE=0N=( /lont _ o
e Yo L£307) LJ%-—D*)z‘-i%A 4 (nihad valug
N, O g0 L 2
o 10 Dy (4

VW H=0")48@) Cinihal okue) 20
L==): .
¢ T

L \, =0
'2.0'\‘ e 2 l\‘l‘ + ! 3&‘ MH&“‘_{
i - W

24
N SR
R e
. 20y | b P2 ~ O 25

L by
Vi()= A+ (0-a6Y |- B2 =6




Homework #5 Example

After being at position 1 for a long time, the switch moves to position 2 at t=0. Find vy(t) fort > 0.



Homework #5 Examples @

2ol

f 1

After being closed for a long time, the switch opens at t=0. Find Vc(t) for t > 0.

(t=67) Ve -0 e T
5 a0 VR TR T e
L, = %‘5
\}c W 89
a0 "03(%, “«E’o" 40

L, 5 Pt R e W
C(IbD l(no*'{'gp b

\, =1~ = 2(ieo)
S (5/th e

A\j Sinee Urn=0 and Bm#O of

for will ok disdhaxge. | st Hough
%fﬁf—o as o hvm.& medd_ .s%aﬁcdbuta?

UV m’n&Uﬂ

e o (o 05k -
\;c&)--eu j o . ¥lm




Homework #5 Example

T aF y )

After being open for a long time, the switch closes at t=0. Find Vo(t) for t > 0.




RC/RL Examples

Find Ry and Rj that give the following plot for ve(t):

1 1.5k a b
e ——————T—
v (1)
t=0 y
B

+
2nl v,

LI Vdeeamaneae=s

After being in position a for a long time, the switch moves to position b at t = 0.



RC/RL Examples

ilore |
4.5 mA ‘D 33KO g"“‘“ gzzm

After being closed for a long time, the switch opens at t= 0. Find i (1) fort>0.



RC/RL Examples

1.8kQ tw0
———— AN N—0 -
+ i’L
2000 <& V1 1
o + “
0V C_> 3, 120 uH
10V

After being open for a long time, the switch closes at t = 0, Find v{(t) fort>0.



RC/RL Examples

For both circuits, the switches close at t = 0 after being open for a long time.

a.  Find ve(t) for t> 0 for the circuit on the lefi.

b. Find vg and C' values that make v¢ for the circuit on the right equal v¢ for
the circuit on the left. Assume vp(07) =0V,



Superposition Example @

. 2
i .
x l R &

i
—
[ AN
Vs Ry
Bix
~-

Using superposition, derive an expression for i that contains no circuit quantities other than
is, Vs, Rig RZ: md ﬁ-



Max Power Example

20Q
AN,

” A(‘) § 100

SA

> 250

AW
»

-

Calculate the value of Ry that would absorb maximum power, and calculate that value of

maximum power Ry, could absorb.



Energy Example

!.;2 & aEee s

AL
20kQ2
10kQ g %;mu %Vkﬂ == 10nF

After being open for a long time, the switch is closed at t = 0, Calculate the energy stored
on the capacitor ar t — oo

Write a numerical expression for v(t),t>0.




Switch RL Example @

R, Ra
MA—e .
'@ g, En e
@ »

Atter being open for a long time, the switch is closed at t = 0. Write an expression for if (1),
t>0,



w6 ExampRS . Gfer

t=0
P 1
- 81 mH
2.4mAT i(t)lgx.zm 3.6kQ
7.2kQ
®-

After being open for a long time, the switch is closed at t = 0.
Calculate the energy stored on the inductor at t — o,
Write a numerical expression for i(t), t> 0.

Sl 0 e e, L weis Uke [idieg, Soitel i cle,

x
o B T
Find UL (+»>). Energy, W=-3 L.
¥ L (£re0)
24 mA .2k
: 32k aska B
\__‘_,.—v“"-—-)
= |. -
Reg = 12kl 3ekn = L2ke- 3 = l.2ka :
R, = 0.9 k&n
Es

We have current dirvider.

= 2.4mA 0.9k
3

i.l_(i:-beo) = 2.bmA- Rg
R“s" 7.2kSL : 8.

k

EL(‘&"’OO) = 2.4YmA = 24 mA = 1Z mA = 4 mA
= 15

9

w=‘_81mﬂ(‘i) wmA = lzﬁl‘lk nJ

= 15,

&

W = UB)JAT = 72:% 4T = 2.88nT
25 25 4p

WL('E-MO) = 2.88 nT




soln: 2. We want 4o Sind U(+=0*). We start by fnding
L(£=07) 2 we will knew i, (t=0%), slnce
LL;(-I:.-:O"') = i (+=0"),
£=0": L acts Uke wire, switeh is -open.

No pwr sr¢ for L, so L dischqrges +o

give i (07) = 0A.

! 1 (67) = 0A
3.6k 7.2k

+=0V: L aets Uike curreat sre of value
Lot) = (07) = 0A= open circuit
Switeh is clesed.

]

e t (B*):OA
2.4 mA L(o*-)l .2KJL 3.6k ¥
%7.2!:4’2
This i3 a current divider.
o) = z.uamA: 3.6kn = 1.8 mA

L2k + 3.6k

For “time constant L_, we look inte the
Rh

terminals where L s ¢onnected, We -turn oft
independent 2.4mA sSvc which bedomes open circuit.

3 - 1
ot l <= Rvh
\“Lk_n_ E.Qk.ﬂ.
l % 72 ks

W
0.9 kst (From soln o))




2ol'n:

eont.

©

R'rh e 7.2ksU + 0.9k = 8.lka

time constant is L_= 8ImH - 1o us.
8.1 ks

Our

Fll"* ‘L(t'.'“) ts@e btlwl,
Pluq values into general solution.

) . -t/
L(£20) = L{t»w) +[‘L(o+) - i.,(-l:-o-en']] e Rth

-t/ oS
L£>0) = LemA +[|.3MA-.;,(,MA] e
i —t/1048 |
Lt>0) = LemA + 0.2mA e
£ >0 L acts like wire switeh alosed
Eind  L(t2e0) e U T
7.2k

a(kli72ke = 3okl
n =3 (ka2
3

. = 2.4k2
t=dwider: L) = 2.4 mA® 2.4ka = LemA

2.4k + 1.2k
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10 pH
LI0)

1=0

3

29%

150 V

li(t}

2002

002

After being closed for a long time, the switch closes at t=0.
Calculate the energy stored on the inductor as t ~ 0,
find i(t) fort > 0.



~ » b.-
)
a t= 0 R3
: e VAVAY
vs( + b
R, +
™ § C= v
&
After being at position a for a long time, the switch moves to position b at time
t=0.
a.  Write an expression for v¢(t = 0%).
b.  Write an expression for v¢(t), t > 0.
solh: a) Ve (£=0%) = Ve (£=07)
At +=0, switch is in positlon a.
) ¢ acts Like open eircuit.
R3
—
{ 1=0 l +
Vi 3R, ve (07)

-

e

No current in R means ho v~drop for Ra.

o’s VC (0 -) = Vs

Valo*) = Vg

b) Find Vc(‘b—bu] " and KThc - +ime donstant.

+->00: Switeh = In Poai.'tlbh b. No pwr Src,

¢ discharges 4hru  R's.

e Ve (£=e0) = OV

i Ryp s resistance seen looking ints terminals
where C connedted with switeh in fmsi-uon b,



f

Boln: 2.b) cont. : R3

Rn = (R,n R-g)"" R3

Now Pl“j values into general soln.

-t/RnC
Va(£>0) = v, (£»e0) +[\é(o*) - vc(-t-v“)] e e

Vel®>0)= oV + [V-,o, - ov-le

~t/(R IR, +R3)C
ch (£>0) = Vg & /(I bk 3) )




Homework #6/Review Examples
2 t=0

: >

R.é is Rzz Raé

After being open for a long time, the switch closes at t = 0. Write an expression
for ve(t 20) in terms of Ry, Ry, R3,ig, and C.



L, =

Ry
a o—AAA—OD
300Q2
N
2V 16 mA 1.5kQ

a.  Calculate the value of Ry, that would absorb maximum power.

'b.  Calculate that value of maximum power Ry, could absorb.

Solh: q] Rl..= RTh yields max pwr transfer

We Find Ry by remeving Ry, -tqmu.’ independent
Srels off, and seeing what resistance we have
Laoki.uj into  terminals 4,b.

R
a u b
ov OA .S ko

|

= 302 )15ke = 300a - 1|5 = 3055
£ 2| :

RT’\ = 2504

IR, = 150ﬂ




san: 4.b)  Find Thevenin eguivalent of circuit where R, comnected.

Vi, = Vq,h with Ry removed.
use superposition (or vther methed such as hode.~
voltage) +o Find Uy, -

case I: 2V sr¢ on, lemA sr¢ off (open cn'r'tu.i«é)

il T
a b
i We have v-divider

V, =2V- 3000

m e
| o 1.5ka 3oo+1.5kKJL
| Vig = 2
| 6
case L. 2v sre off, 16 mA sre on
* o2t
i o »
3009 We have (~divider.

All Survent Flows
J oV IemA .5k Ahry wire,
E : =
[ % V-mz = OV
| Vyp, ® Vauo # U sV eov = 2V = LV

Bl Bl Relt 6 3
: < 2
max pwr = Vo o (-%V) = L mW




Homework #6/Review Examples
6A RL

&
&

80V

20{)2

100 Q

a)  Calculate the value of Ry, that would absorb maximum power.
b)  Calculate that value of maximum power Ry, could absorb.



ixl

Using superposition, derive an expression for v that contains no circuit quantities
other than ig, vg, Rq, Rp, and B. Note: > 0.

I’S on, Vs oHf = wire

folh: case I:

Vy= Bixy  From
outer v Lloop

~ig+ L ¥*8in = oA

R:tp



cont. case I: i off, Vs on

-5ol_',h: 5 .
=open

31ve5

V leop around outside

B f.,‘-,_ -"i'xz - Ra

érz(ﬁ*' Re) = Vs

ixe = X
% B+Ra

Yo = —l:x:. Ry = —V-s____.k': =-—Vs£‘f___
A*RQ lﬁfﬁ

VEVia+v, = BSig B = Fg By =(r‘5':a"‘v5) R2
RotA R.t8 k.3

V= (Bis=Vs) Re _
Ra+ 8




Homework #6/Review Examples

Using superposition, derive an expression for
v that contains no circuit quantities

_ other than ig, vs, Ry, R2, and B, where
@ Pix B>0.

B

-~
S
R,
v —4
+ V) -
Y.
Ra




Homework #6/Review Examples

0.05 uF
i | |
1

20kQ2

=0

11 s

50,;.«() 120m}b

+ v(D) =

240 kQ
After being closed for a long time, the switch opens at t = 0.
a) Calculate the energy stored on the capacitor at # = 0%

b) Write a numerical expression for v(7) for 7> 0.



Homework #6/Review Examples

R, After being open for a long time, the switch closes at t = 0.
a) Write an expression for i (t = 0%)

) l = b) Write an expression for i (t > 0) in terms of Ry, R, R3, vg, and L.
it

Rz

T

OF



30V

100 Q

Homework #6/Review Examples

a) Calculate the value of RL that would absorb maximum power.
b) Calculate that value of maximum power RL could absorb.



Homework #6/Review Examples

vy \:s

i) Using superposition, derive an expression for i; that
contains no circuit quantities other than is, vs, R,
Ry, and o, where o > 0.

i C)
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By: Carl H. Durney and Neil E. Cotter COMPLEX ANALYSIS \.:_J)Z
BASIC MATH
Addition and subtraction
; EXAMPLE
j32° -j40° .
EX: Express 3¢/ +4e™/ W rectangular and polar form.

ANs:  5.608 - j0.981 or 5.693¢ /%?% (approx)
SOL'N:  Use Euler's formula to write each complex number in rectangular form a + jb:
Ae’® = Acos¢ + jAsind
3¢/3%" = 3c0s(32°) + j3sin(32°) = 2.544 + j1.590
4e7 7% 2 4c0s(-40°) + j4sin(-40°) = 3.064 — j2.571
Sum the real’and imaginary parts:
3e/3% 4+ 4774 =2.544 + 3.064 + j(1.590 - 2.571)

Our answer in rectangular form:
3¢/3% 4 4¢77%° = 5,608 - j0.981
Use the Pythagorean theorem to find the magnitude for polar form:

|3ef'32° + 4e‘f""°| —/5.608% +0.981% =5.693

Use tangent of phase angle = Im/Re to find angle for polar form:

L(3ef-°'2° % 4e-f4°°} o tan ! (“0'98 1) = 929°

5.608

Our answer in polar form:

3¢/ 4 46714 =5.693¢77
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By: Carl H. Dumey and Neil E. Cotter COMPLEX ANALYSIS ?)7:)
BASIC MATH l
Rationalization
ExXAMPLE 1
+ jl.
EX: S J =
-j2.6

ANS: 035 +,/0.48

SOL'N:  Multiply the numerator and denominator by the denominator's complex
conjugate. This turns the denominator into a real number equal to the magnitude
squared of the original denominator.

3+ LS . 3%jlS 5+ )26
S8 56 5+i26

3+ j1.5)(5 + j2.6)
5% 4.2.6*
15-30+ 118+15
31.76
0.35+/0.48

Dl i
A+ ')UF-D) = A9 L

mEL

e N JOE)
S 2T5) RELD,

Bt = 0.bL

i

— 0o CO(BH. 1) + 0.6SI (A ‘>J

- Bls o.%‘“\j
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BASIC MATH
Rationalization

EXAMPLE 2

EX: Evaluate il £,
2-j6
ANS: —-1-+j—3—
4 "4

SOL'N:  Multiply the numerator and denominator by the denominator's complex
conjugate. This turns the denominator into a real number equal to the magnitude
squared of the original denominator. Divide the numerator's real and imaginary
parts by this new denominator.

d+ 3 4+ j3.02-]16)*
2-j6 2-j6 (2-j6)*
4+ j3 2+ j6
2-j6 2+ j6
8-18+ j(6+24)

4 + 36
-10+ ;30

40




|COZCEPTUAL _TOOLS | By: Neil E. Cotter COMPLEX ANALYSIS @
BASIC MATH
Conjugate
DEFINITION
DEF:

Complex Conjugate of a + jb = a— jb=complex number with imaginary part
inverted

NOT'N: z* = complex conjugate of z
TOOL: To find the complex conjugate of an expression, change each j to —j. L
NOTE: This is equivalent to (but easier than) converting the expression to -
form a + jb and changing it to a — jb.
L\ * \
TooL: (AeJ ¢) = Ae™7? when A is real
TOOL: To find z*, reflect z around the real axis. In other words, preserve the magnitude
but take the negative of the phase angle.
EX: Evaluate (2 + j3)*
ANS: 2-,3
SOL'N:  This is a direct application of the definition of complex conjugate.
B - : *
EX: Evaluate (Re" w) where R is real
ANS: Re /¥
SOL'N:  We retain the magnitude but invert the phase angle to find the conjugate of a
complex number in polar form.
W N jsso " ¥
Ex: B | 2 where x is real
(4 + j5)sin(x)

(4 - j5)sin(x)
Change each j to —j. Thus, —j becomes —(—j) =J.

64 12)e~13 "
250 [( + j2e ]

SOL'N:

ccee



[COMEPTUAL_TQOLS. | g uf 1. Dumey and Neil E. Cotter COMPLEX ANALYSIS
BASIC MATH
Re[]
ExXAMPLE |
EX: Find Re[7e/% "], (i.e., find the real part)

ANS: Tcos(25°) = 6.34

SOL'N:  The answer follows directly from Euler's formula (see tools for rectangular and
polar forms for complex numbers):

Ael® = Acosd+ jAsin

£

(

get

|COCEPTUAL _TOOLS | By: Carl H. Durney and Neil E. Cotter COMPLEX ANALYSIS
' _ BASIC MATH
Magnitude
EXAMPLE |
EX: Find |2ef 18 | (i.e., find the magnitude)
ANS: 2

SOL'N:  The magnitude of a product is the product of the magnitudes:
|28j182° e 12 | ,Iejtsz*’
The magnitude of a real number is the absolute value of that real number:
[2/=2
The magnitude of &/ for any real x is 1:

ej"|=1

Thus we have:
e’ 182°l =1
Putting our results together gives the answer:

2e/18%| =2
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By: Carl H. Durney and Neil E. Cotter COMPLEX ANALYSIS
BASIC MATH

Re[]

EXAMPLE 2

EX:

ANS:

SOL'N:

NOTE:

Find Re[

J3 ix
4e 1, (i.e., find the real part) where "x" is real
g

1.5 cos(x + 11/2)
We may take one of several different approaches to convert the quantity inside

the brackets into the form a + jb (where a is our final answer). We'll take the
approach of rationalizing the fraction.

Re [6+j3 M1 B [6+_}'32+].4ejx
2-j4 2-j42+ j4
12-12+ j(24 + 6)
=Re e/t
S WL :
—Rc[JSO -]

20

We now use Euler's formula to expand the complex exponential:
130 .
= Rc[jz—0 {cos(x) + jsin(x)}]

= Re[-1.5sin(x) + j1.5cos(x)]

Our final answer is the real part, which we may express in several ways.

Re [gJ'ji e ]=-1.5sin(x) or
Re [§+Ji e 1=1.5cos(x +m/2) =1.5cos(x +90°)
~J

A curious feature of this problem is that the fraction consisting of complex
numbers is purely imaginary. We now examine this symbolically.
a+ jb i(b-ja) .
patib L Jooad) s
b-ja b-ja
Whenever the numerator and denominator of a fraction have the above pattern,
we will find that the result is purely imaginary. Note the necessary minus sign.



I

I
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|COMCEPTUAL _TOOLS | By: Carl H. Durney and Neil E. Cotter COMPLEX ANALYSIS
BASIC MATH
Roots and Powers
NrHROOTS
example
EX:  Find the value (in polar form) of (6+ j5)'"°.
ANS: 1519 (approx)
SOL'N:  First, we convert the number being raised to a powci- to polar form:
)
6+ j5=6%+5% 6/ o 7.81e/P%
Now take the power inside the parentheses and use the identity
(ab)" =a"b"
giving the answer:
'(6 f jS)”S ~7.81115 0039815 _ 1 51,796°
[COEPTUAL_TOOLS |  py. Cad H. Dumey and Neil E. Cotter COMPLEX ANALYSIS
BASIC MATH
Roots and Powers
POWERS
example
! jao°\3
EX: Find the value (in polar form) of (36 ) /
ANs:  27¢/'%
SOL'N: We take the power inside the parentheses and use the identity

(ab)" =a"b"
giving the answer:

P 277! P
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By: Carl H. Durney and Neil E. Cotter COMPLEX ANALYSIS ]
RECTANG AND POLAR FORMS
Rect<->polar xform triangle
EXAMPLE 1
EX: Find the polar form of 2.5 - j3.2.

ANS:  4.06e %

SOL'N:  We express 2.5 — 3.2 in polar form Ae’®.
Use the pythagorean theorem to find magnitude A:

A=v252+3.22 ~4.06

Set the tangent of the phase angle equal to the side opposite (imaginary part)
over the side adjacent (real part):

Im[2.5-j3.2] -3.2
fano = = =
¢ Re[2.5-j3.2] 2.5

o= tan'l(%) =~ =52° or —=0.9076 radians

-1.28

Our final answer:
2.5-j3.2 = 4.06¢7%

NOTE: When calculating the inverse tangent, if we use -1.28 rather than both the
imaginary and real parts, we have two possible values for ¢ that differ by 180
degrees. The ratio of the imaginary and real parts is the same for 1 + j and
—1 -, for example. Thus, it is necessary to keep track of which quadrant the
complex number lies in if we wish to avoid confusion about the correct value of
phase angle §.

(I

T ' B e

bk

EX: Find the rectangular form of 6¢ /47
ANS: 4.09 - j4.39.

SOL'N:  We must express 674" in rectangular form a + jb.

We use Euler's formula for the complex exponential:
6e™/4T = 6cos(-47°) + j6sin(-47°)

Applying identities, cos(—A) = cos(A) and sin(-A) = —sin(A), we have
= 6c0s(47°) - j6sin(47°)

69" =4.09-4.39
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EX: Find the rectangular and polar forms of e j.2 .
4+ j5
ANS: E - jﬁ and 0.987¢/6%7%
41 41

6-j2 6-j2 (4+j5)* 6-2 (4-j5)
4+j5 4+j5 (4+j5)* 4+ 5 (4-5)
_24-10-j(30+8) 14 .38
G TR T

2 2
A= (ﬂ) + (ﬁ) =0.987
41 41

¢ =tan™" (ig) =-69.78°
41

SOL'N:

—p Re
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By: Carl H. Durney COMPLEX ANALYSIS
PHASORS
Tutorial

TUTOR: THE PHASOR TRANSFORM

All voltages and currents in linear circuits with sinusoidal sources are described
by constant-coefficient linear differential equations of the form

o d™f
(1) a, E""J’a““‘ W+...+a0f=C cos(wt + ¢)
where f is a function of time, the a, are constants, C is a constant, ® is the

radian frequency of the sinusoidal source, and ¢ is the phase of the sinusoidal
source. In (1), f represents any voltage or current in the circuit.

A particular solution to (1) can be found by an elegant procedure called the
phasor transform method. This supplementary material outlines the
mathematical basis of the method. The phasor transform is defined by

@) f(t) = Re[F(m)cj"" ]

where F(w) is a function of w called the phasor transform of f(t), and Re
means the real part of the quantity in the brackets. F(w) is complex; it has a
real and an imaginary part.

Two key mathematical relationships are used in finding a particular solution
to (1). The firstis

W+ WH*
A3) Re[W]=—-i—

where W is any complex number and W* is the complex conjugate of W.
Using (3) with (2) gives

Fel® 4 F*e 1ot

4 f=
4 )




[COnCEPTUAL _TOOLS | ‘By: Carl H. Durney COMPLEX ANALYSIS
PHASORS

Tutorial (cont.)

where f has been written for f(t) and F for F(w) for brevity. Note that F is not
a function of time. The second relationship is
el(@t+d) o —j(ot+p)

%) cos(wt + §) = 5

which is called Euler's formula.

Substituting (5) and (4) into (1), taking the derivatives with respect to time, and
collecting terms gives

(6) [an(jm)nF - an_1(_im)“"F ol Cejq’]ejmt "
[a“(_jw)nF *4a, (—jo)"'F*+. .. +a F* -Cc-j‘i’]e—jmt 46

Now because e/ and ¢ are linearly independent functions (see, for
example, C. R. Wylie, Advanced Engineering Mathematics, 3rd ed., New York:
McGraw-Hill, 1966, p. 444), (6) can be true for all time only if

@) [a“(jw)nF+an—1(j(ﬂ)n_lF+...+aOF-Cei¢]=0
and

®  [2n(-i0)"F* 4, (<jo)" " F*+...+a,F *-Ce™® | -0.

Equations (7) and (8) are identical because one is the complex conjugate of the
other, so only one is needed. An expression for F from (7) is

Ce]‘?
9 F= = === 3
a,(jo)" +a, ;(Jw) " +...+23g

A particular solution to (1) can now be obtained from (9) and (2):

: C 9, joot
) f= Re{FeJ"" ] =R . e .e — :
a,(jo)" +a, (jo)" +...+ag



[COZCEPTUAL _TOOLS |

By: Carl H. Durney COMPLEX ANALYSIS

PHASORS
Tutorial (cont.)

Symbolically, the notation for a phasor transformation is

an  Pf()]=F(w)

where the bold P means "phasor transform of". Thus, F is the phasor transform
of f. Taking the derivative of both sides of (2) gives

% - Re[ ij(w)ej“"]

which corresponds to

P[g] = joF.
dt

and

(13) P[cos(mt + ¢)] =el?

because

(14)  cos(wt+¢)=R ej"’cj"’t].

From the basic relation in (2) it can also be shown that

as) P[fi+f,]=F +F,

and
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' prasors (|44
Tutorial (cont.)

(16)  P[af]=aF

where

P[f;]|=F,

and

P[fz] =F,

and "a" is a constant. The relation in (15) means that the phasor transform of a
sum of functions can be found by taking the transform of each function and
adding the transforms.

Equations (11), (12), (13), (15), and (16) describe phasor transforms. An
inverse phasor transform relation is written as

(17 f(t) = P™'[F(0)].

Equations (11) and (17) are called a transform pair. Equation (11) states how
to get F when f is known; (17) how to get f when F is known. Equation (2) is
the inverse transform relation. The transform relation is derived as follows. f(t)
will always be a sinusoid, because it is a particular solution to (1). Thus f(t) can
be written as

(18) f(t) = f,, cos(wt + a).

Substituting (18) into (2), using Euler's formula and (3) gives

fel®ei® 4 f e el  Fe!™ +P* o

2 2

_ : : ) ; o
Collecting terms and using the linear independence of el and e, as

?

before, gives
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PHASORS
Tutorial (cont.)

()

EX:

19 F=fe*

so the phasor transform of f, cos(wt + ) is f e*. The transform pairs are

thus
200  F=P[f]=fe!
and

@)  f=P7'[F]=Re[Fe™ ]

With the phasor transform relations given in (12), (15, (16), (20), and (21), a
particular solution to (1) can be found without going through the detailed
derivation using (3) and linear independence. The phasor transform of (1) is
taken term-by-term using (12), (13), (15), and (16) to get (7), which is then
solved for F. Having found F, f is found by taking the inverse transform

according to (21).

Let's find a particular solution to

3 2
(22) L O 3d—~2f+50£—60f=500cos(10t+rn/3).
T S

Taking the phasor transform of this equation gives

(j10)°F + 3(jl0) F + 50(jl0)F - 60F = 500¢™".

Solving for F,

500e /3
—j100 - 300 + j500 — 60

Converting F to polar form gives
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PHASORS

Tutorial (cont.)

F =0.812e" #7142

and finding the inverse transform gives
f = Re[Fe!™ | = Re[0.812¢77'4¢11% | = 0.812cos(10t - 174.25°),

COMMENT: The phasor transform method is powerful because it transforms a differential
equation (1) into an algebraic equation (7), which can be solved for the phasor
F, and then f can be found by taking the inverse transform.

Phasor voltages and currents satisfy Kirchhoff's laws, because of (15).
Consequently, circuits can be transformed into the frequency domain,
eliminating the need to write differential equations in the time domain and
solve them by phasor transforms. The procedure for analyzing and designing
circuits by transforming them into the frequency domain is summarized in the
figure below. Note that impedance is defined as the ratio of a phasor voltage
to a phasor current. Impedance is not defined in the time domain.
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Tutorial (cont.)

TIME DOMAIN FREQUENCY DOMAIN

R

_ R
AN
1 —>
s ]) phasor transform Ve=vmel? C+) B'mL
Vg=Vcos(wt+d) L L —> g=Vm - J

Frequency-domain representation of
the circuit (transformed circuit)

y

Apply circuit laws to obtain
algebraic equations:

V,=RI+joLI

Y

Solve for the desired quantities:
Ve
[ Yoo (@t+9-y) 1= R+joL

VR +0’L

Inverse phasor transform

Y =t (0L/R) <

Time-domain expression
for the desired quantities
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PHASORS
Phasor<->inverse-phasor xform
ExAmPLE |
EX: If f(#) =2sin(wt + xt/3) find P[f(#)], (i.e., find the phasor)

Ans:  P[f()]=F=2¢""%=2/7/6
SOL'N:  If we have a cosine, we use the standard identity for phasors:
P[Acos(wt + ¢)] = Ae’® = AL

For a sine, we multiply the standard identity by -j (which is the phasor for a sine
of magnitude one and zero phase shift):

Plsin(w?)]=-j=14£-90°

Thus, we have
P[f(1)]=F = -2je’™"3,

The above is mathematically correct and works properly in solving problems, but
we will apply identities to express the answer in standard form:

=X eleO" = e-j180° 4 ej:lt 2 e'j“.
NOTE: (We use whichever of +180° or —180° is most convenient.)

jmel® w2,

Applying the identities:

F = —2je*-”’”r3 =2 e X273 26~ I516 g2/ — 7116
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PHASORS

Phasor<->inverse-phasor xform

EXAMPLE 2

EX:

ANS:
SOL'N:

NOTE:

If F =(2.5+ j3.2) find P"'[F], (i.e., find the inverse phasor)
P [F]=4.06cos(wt + 52°)
We convert to polar form:

32

P |
25+j32=25%+ 3,22(3Jtan (2.5) ~ 4.06¢5%

Now use the standard inverse phasor identity:
P ![Ae®]= Acos(wt + ¢)

NOTE: There is no math to do here—we just substitute the values of A and ¢
into the cos( ).

NOTE: We don't know the value of @ for this problem. Thus, we just use a
symbolic variable for ®. The value of ® is not part of a phasor. (The value of
 must be kept track of separately.)

Using the identity gives the answer:
p’! [F]=4.06cos(wt + 52°)

Mathematically, it is also correct to invert the given phasor in two pieces, with the
real part giving a cosine term having no phase shift and the imaginary part giving
a (negative) sine term having no phase shift:

P[2.5 + j3.2]=2.5cos(wt) - 3.2sin(w?).

Although this answer is correct, it is usually easier to visualize a single sinusoid
with a phase shift. The sum of the cos and sin terms is equal to the single cos
with a phase shift given above. This follows from the observation that the sum
of any number of sinusoids of the same frequency may be expressed as a single
sinusoid of that frequency. (The challenging part is determining the magnitude
and phase shift of the single sinusoid.)
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10 uH

Zb => 300 Q 2

100 Q K ;o

b
o

Given o = 10 M rad/s, find zgp.

20 Q
A%

D

1mH

Zab =

e

S5uH — 1 mH

b
o

Find a frequency, w, that causes zap to be real, (i.e., imaginary part equals zero).



is(f) = 2kQ 2 200 mH g 125nF ——
25c08(10k £) mA

a)  Find the phasor value for ig(t).

b)  Draw the frequency-domain circuit diagram, including the phasor value for
ig(t) and impedance values for components.

¢) Find the phasor value for iy (t).

RS: |
200Q 2
AN +
Rp= %
S Vo
2kQ
“® :
Coa=
Rs= g
200 ©Q 0.5 pF
A e I -0 0
G |+ D +
Vgs
Ve C’ Cgs= —— BmVes =< Cys= —— 1= Rp= % 5
=) 4R T InQv W ospr T 1k 1.5kQ
S | — S o
O *+ O 0

v

Vs(7) =2 cos(10kr) V

The above circuit diagrams show a common-source JFET amplifier and its
high-frequency equivalent circuit. Find v(t).
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EX:

on
b

- 10 uH
Zab = 30002

100 Q 3 £ . e

b
o

Given w = 10 M rad/s, find zap.

Soln: z, =jwl = j10Mr/s 100 =100
Ze = 1 ey - —__:,_Ja_:-)loo.m
we oM r/s-\InF 1Om

ocrzsue.nc)r Adomain (or 3-domain) model:

3005L

PC

We First consider the R and C in qulfet.

loo.rzn-jloo..ll = loos- In-—j =005, :J__
=i
Rationalizing this expression, we have

100 2||-j100 L = 1002 = . |+

| S O £
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or

wos. || <jlon = o2 1-) =won- .L-‘)
3 & %
Now we add 2, = jl0on

3
00 14
160 52 (2 _\31_)

To find 2 we use donductance % L8
L ab ) 9ab &

1002 ||-j1oR + jloR = 100 (L‘,j. +:|)
: i &

1

Jan = : - l
1o || -jbof + j 1600 30001

1
M

]
N
&
N
+

3
5
8
P
W |-

]
T—
w|F

{
L
~—

10001

Now we caleulate 1 = 2,4, .
Yab
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Fal £}

100 51 =

"l~--:'3

f

1001 B WS
$=~33 H4;3

100.5L 12+)9
|_r1.+32-

= oo 12+ )9
25

n

. -(!Z+j‘l)

2 = ‘-t-B-i—:,BB
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20

4mH

g
1
A

‘i

Given ®=1Kk rad/sec, find Zy,.
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EX:

a 20Q

o YAVA

1 mH
Zab =
5 pF LW 1mH
b
c I

Find a frequency, o, that causes Zab to be real, (i.e., imaginary part equals zero).

Soln: =q, = 20+ 2+ 2.2,
For 24, %o be real, we must have
2, + 2.2, = real
One siMPlt. soln 18 *o let w=0 <o
beth L's act Llike wires and ¢
acts LUike open Cireuit.
O+ther Po-l:en-{:n',al solns are w=eo, (g0 -
L's act Uke opens, resalting in Zah=w),
and w = freguency where 24=-%;, (so
C and L in parallel have egual but
oPPoSLfc EMPMQAGES).
The latter case, where 2. =-2, gives

the interesting result that 2 flz = HC =
o

This means R4, = n. In this cage, (unlike
W), Zyy oo along real azis as Zllg-ee.

— e w= 20K /3



1270

Sp 06 Homework #7 Examples uNIvERSITY
Dr. Neil Cotter ;

Ancther solh is +that 2.z  has a
value s minus 2, oF ‘the -\:op inductor.

In +that case, &, + 1‘!::“2-,_:.-.0 and Zq)y = O= wire,

%Lz 300].
E‘:“%L R “JUJL = “%-JUL = L/¢
wC
wh~ L
w
Thus , we want jwl - jL/¢C =0
whk- L1
wd
or wi.= L/
wb-1
wcC
or  wifwl=1 = Lo
( wc)

N

EN

i
N

2 L or
c &r

or w = E or w = 2
. V¢ | SuuF-ImH

or w = 1’&6 /5 = i‘-bDOM r/3
1)

or w= 20k r/3

r 3
or® w L =

I
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a 20Q

= _T_ W
1 nF

Zﬂ! = gsm
10H

b

O-

Find a frequency, ®, that causes Zy to be real (i.e. imaginary part equals zero).
@#0 or @#co.
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Vi )
is(?) = 2kQ 2 200 mH 125nF __
25cos(10k ) mA

a) Find the phasor value for ig(t).

b) Draw the frequency-domain circuit diagram, including the phasor value for
ig(t) and impedance values for components.

¢) Find the phasor value for if (t).

Soln: @) The phasor for Acos(wt+g) i3 Ae"¢.
30° :
s Xy = 25emAor 2540 mA
b) From ;"3('{‘1 we gee “that w= 0kmd/s.

ImFeal.ancc. B = :,wL =] \0k 200mH —.—.jZk..D_

Za = :.‘L- = =) = =30
wc lok 12.5nF 125 &

e = —.l‘ak-ﬂ.. = —':]Bk-ﬂ.
8K 125 u

,

o e
2%ka 12ka -8k -
25L0°mA
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¢) The value For I, is given by the
current dwider Formula:

R“%d‘\" EL_
g A
L+ 2
Rilze
= A N
"(& éc_)
= 2520 mA 1
l+jz&n(l +_1\ )
zks. —jBkn
= ZSZ_OomA x |
% 1+3 - L
[y
- 25 20 mA s
3+ ik

Il

2h co mA B B4
3+ =38

24 £0° mA  \2- .!”o

2K 2 o"mAs 26, ~B3.Y

!

I, = 20mA e

£ O e L



Vs(t) =5cos(2kt) C'D

Homework #7 Examples
20 2mH

AAA—e e o, NS Tt
i(t)

——50pF

S0

a. Find the phasor value for V().

b. Draw the frequency-domain circuit diagram, including the phasor value for V (t) and

impedance values for components.

b. Find the phasor value for i(t).
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EX:
. Be. :
200 Q {D

Cga=
gg’;a 0.5 pF
l I o O D
b v D +
v
gs
vs(+ Cgs= —— 8mVgs= Cgs= —— M= Z Rp= 2 Vo
= 4pF T 1 m/Qvgs 0.5pF T 1kQ 1.5k
S | - S i
o " o o)

vg(?) =2 cos(10kn) V

The above circuit diagrams show a common-source JFET amplifier and its
high-frequency equivalent circuit. Find v(1).

Boln: Tn his practical circeutt, we have cireuit
v;lucs +hat allow us 1o make slmP(I'fyi.ng
apfvroximntlons.

We First cdaleulate LMPeAa.nce values.

w= 10k r/8 From Vg(k)=2 cos (10kt) V
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i.’-ca’= g et = L QG I
Boq = -1 = =} = —j200M Q
wca,,. lOk._LZ.P
Y P o S = —j200Mn
wlyg lOk.\z_p

The phasor for ) is Vg=2<20° V.

Fres uency doman (or s~demain) model:
Rg=

—_

D RD-—-

1.5k
S

.
-

ol od +0

S

= -—3200»4“ nuz“ LSk

Sﬂr(:i.hﬂ with lki“l-Sk.D. we have

ke ) 15ke = Son- 2|3 =506

il
= O

Thus, 2y, = —) zooH“ 0L = \

1 - \
600 Jj2oM

Us'uﬁg ot 2 =) and m-’c.lonql.lzi.ng gwes
3
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‘ J
a \ PPl o~ |
it SO L EE U
00 M €00  200M
\ d
= &00 200 M .1
0 +( T
(Gao) 200M
‘ -
LS g T e G <
% e00 200M . Suce L &K 1
‘ 'z 600
by
—‘_
z-bs” 00 . no= 600N
\
v
In retrospect, we could have made

+he qppmximqtion that —jzooM“GMSleOO.D..

We may make +his approximation despite
the: 3 ohne of the guantities. In
qeneral, we may make the Following
qFPromeqﬁans of complex values:

a

n

a+3h =~

j when || <«<h|
a+)b % jb when la,«lhl

Im

4

S & q+jb with a<«<b
a+jb with b<4<q
a < Re
|, ik %
with thi<ial jbteatib with a<<b
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2009

We now analyze +the dependent sourte
so we can repladce it with an impedante, Zy,

i

 ; o
e

11}
I 23 2V
1{5 = ‘vaﬂﬁ 260051 .

Zeg = Vo using Ohm's law o
vaas wriute Egb = V/I

Now we HFind a way *o write V, in terms
of Vg3, We use a V-divider:

N - 'Vés 1‘!-.:& I Zpg

'Ec«b " 'EDS + Zg

Su\ostirtutti.nﬂ $or V, v our Zog egn, we have

i-'-e5= N "'-‘-J%t;
Vi

2egl 2pg + ¢
. ﬂm
=z z=
Eeﬁ = _L. 5.9 + 209

Im ZegZps  + ¢

Egﬁ + Eps
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zeg - H Zeg 2 g
Im  BegZpg+ Zo(Zeg* Fpg)

Dividing top and bottom by zey gives
the -Foﬁ.ow'i.hgz

gm  Zpgt Fat 2¢ Zpg
-
%

wey (‘bs*‘"‘-‘c*‘ . c*bs) = L o2

Zeg ("'—‘nﬁ"‘*ﬂ"’ Ze2ps = L 249
9m
Teg (‘Ebé*ic) ww *)ﬁ - 242p4
-EDS ﬂh“\
| o
Zegm 1.~ 2% = la --jwoha
3,“ Im
‘+ %-c-‘ I+ -':‘200”.9.
Ens oo

%ej' = |k + )200M o2
l-—-:} %M

The imaginary parts of the Aumerator
and Aenominator are much larger than
the real parts. Thus, we Ynore the

real  parts.

Teg ® 3zoomn/-j‘_5M ~ - 6o0f)
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Now we have a Problam-. i'-eﬁ“ ED‘.") = “‘_Ga;ﬁ..
That means *eanins‘""“"’--

Tt s a 3ood. tdea +o try 4 mere

exact caleulation +o be sure “that

Zeg ll 2py 15 much larger than 2z, =-j200Ma.

We use d¢spductande +o simplify caleulations.

2Za
o PTG B Rl e DA SR L T D
E‘eﬁ“ Zps Teg Zpg S A 24 'Z'Ds
Im
m L [Eps rRe & |
Zps | L - 24
Im
L%
=.. L [ZBpg e+ g,
Zpa | Lo—Be L - B
Im Im
g 3
= L %D§+ Im
Zps A~ &4
Im
2157
= 9Gm * Zps
l-—aM%d
ot
= Im + “coo /<

e im (-J 200 M)

l+'!7.ook S

Ve

K~ 6060

Zey | Zps
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teglapy = 143200k a = 2k (143200K)
3+ 5
K

2k4+)785Mu
8

We see +hat the value is smaller +than
Za = —)200MAa.
Our new, Simf,fr‘fﬂcd model -
2005 -jrooMn
11 3
-\ l+ e ﬁ;.
V..—_ e
so str‘-Ll_vea %vasm V,
220°v . — &

We use V-dividers +*o $und V.

fmall
Vﬁs = Vg- -—J‘ZSM.SL“ (—3200M+ %’{Lj 7SM£)

200 + -)25 M.n.“(—:,zoom +%r(+’3;‘5 M_Q_)
v

s = Vs (=25mal -3 rsMa)
200-j2sMs || -jrsMa

where —jzsmgl\Q'Jtzs Mo = -j25Ma- \||5

= -j25MR: 5
(A

n =3RS M

o
Vgs = VS.(-:]lgf_M_rL)e Vi

Small
200 =y rRSM.a
b
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Small
Va4 z((' +]75MR

3 mdl }
ZF+175Me-j200M0

V, « Vg3 j75Ma = 35(-%)
-] ML

Vo = zz_o"V(—g) = —b ¢oV= 6 LI’V
5 5 5

Note: a wminus sign is the same as 180" of
phase shift.

v, (t) = & cos (l0okt + 180°) V



V, =10cos(10°t)

Find V,y(t).

Homework #7 Examples

Wy




Homework #7 Example #2
al
30Q 9.6 mH 1
Zop => 3509
S5uF
_l_ 7 14Q
b O
w=5k rfs

Find zg,.

@
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L3kQ
a 0—A\N\—»p
2H
Zgp = §3.9kﬂ —_ Ip
C
b O & 4.

Find a value for C that causes zy, 1o be real, (i.e., imaginary part equals zero), for
@ = 1000 r/s.
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1.1kQ

Ji
vs() Ci) —— 330nF gm kQ

™5

V() =15 cos(3 kt)V

Find the phasor for vg(t).

Draw the frequency-domain circuit diagram, including the phasor value for
v¢(t) and impedance values for components.

Find the phasor value for ic(t).

Find ig(t).
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‘L 12k0 991

e
1 —
Ig =
Vy= lszao‘w@) 3.6kQ e %J‘ﬁﬂ Vo
o =10k /s

Find v (1).
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Give numerical answers to each of the following questions:
pts

a.  Rationalize . Express your answer in rectangular form.

3+
7-j24

1-2 4%
b. Find the rectangular form of B30 . Note the asterisk that means

"conjugate".

c.  Given ®=100k rad/s, find the following inverse phasor: p-! [ 30sin (_53° )]

d.  Find the magnitude of [251302 J)[E:.J_‘_z ;
cle'

1
e.  Find the real part of PO,

golh: )  34j%  7H2H - 21-4(z4) + 134 4T ~75 45100 3454
i 25 |

7-]1.'1 7-}'} 24 FEN g™ -2_5,‘0
; e 3 232° 3 1% 130°
< AR - l-{‘(lf,t,ﬂ & g
b) —Vz e 35 = \=v2 e _‘E:-a-.;z[ R
el e 4 #
~3%* 3%* "J“"' v _: 1B
“ e lel we i B

<) ?—tti?’o sin(-53%] = p" [j30 j-14-53 = ~304-53" =302 137°]

Eo co3 ( 100kt 41379 or 30 co3 (1ookt - 233°)

kauh
R
fed™| = ! |

LE3
<

un

I

d) (Z.e. _‘,‘.’-olj) 52

o

ﬂ) Re [‘E‘_—j?o'] - Re[cjaoo'] A [g-&,}%ltl
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Give numerical answers to each of the following questions:

23+ j7 _
a. Rationalize 15_35- . Express your answer in rectangular form.

b. Find the polar form of 2+ 3)3+ j2)+[3+j1 6]’. Note the asterisk that
means “conjugate”.

¢.  Find the following phasor: -p.[_s sin (1001 -30° )] .

: 1003 + )4+ 13)
d.  Find the magnitude of - °
(7+iX7-)

e.  Find the imaginary part of (1+j)e 4% (j2) .

10
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2.
vy (t)=12cos(100t—-90°)V( + :-....L.__:
g C_) 20kQ s : :
Jio
pts

a. Choose an R, an L, or a C to be placed in the dashed-line box to make
i(t)=1,cos (100t —45°) A

where I, is a real constant. State the value of the component you choose.

b. With your component from (a) in the circuit, calculate the resulting value of

b Gt
i
[ i
tln: @) Use conductance: L=TX,¢-454=7q (.mm_* jleo-u ‘;‘:

we have <X = LV'j + L Gyt From phaser sultipliction

~45% e ~9 4 Loy
cil e w8 or ' Rell ) In {6l

Gaot ™ SOA 4 jOM . 1
- L Fhox

we can choose -1 = S0u >

Zlox S
s e
bax -3 whe' Tt
Note: Eiier answer qcchL-gA = Zpox = 200 H er‘\

but 20k R js more sensible,

D A ‘Il"‘ \‘G\-|Gﬁ\ = 12+ V2 100uA 12 12mA for 20k R
or 12- (‘?.SOMH-{E'GM)»\A for 200H L
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+ V(1) -
VW
e é 0.2 uF
vg (1) = 6sin(lkt)V (i) v
£y

Choose an R, an L, or a C to be placed in the dashed-line box to make
v(1) =V, cos (Ikt —45°)V

where ¥, is a real constant. State the value of the component you choose.
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3.
40 f‘\
6275 s SO e
+ N
vy 20 mH
4v, vg(t) =12 cos(100t)V
5mF
i ob
pts

a. Draw a frequency-domain equivalent of the above circuit. Show a
numerical phasor value for vg(t), and show numerical impedance values for
R, L, and C. Label the dependent source appropriately.

b. Find the Thevenin equivalent (in the frequency domain) for the above
circuit. Give the numerical phasor value for Vp and the numerical

impedance value of zTy,.
slh: a) w=100 From vglt) jwl =310 20ma= ;22
p REORE L N ! o PPN
wC  105-5m S00m

les:»r ‘V e PLn us(!o&}]v = T2eA%Y

% v220°V q‘
-...12-11.
'S

w‘t'tl‘\ he lﬂdd,
T, +2,=0 36 OV aclrosy L3¢ together:

In) Vq‘ = vq,lo

we have
Algo, ho currest ¥ > ov aeress L.
Add  the -~V for v-srcts qet VTJ; = -1V

For 2y, shert a,b and Men;ure L oat of 4 terminal.

Cireurt  medel:
WV, rrelevart & §'n& 1220 !t vic

L4 = -TZI-' —‘-BA Y

am-zn--‘.@l’ = kR -2V §
Lst ~34 '
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o a

- g3 O

3mH

CD ig (1) = 0.4 in(20Mt + 45°)mA

i,¢ 15kQ jiy

5 ob

Find the Thevenin equivalent (in the frequency domain) for the above circuit.
Give the numerical phasor value for Vy, and the numerical impedance value of zyy.
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Give numerical answers to each of the following questions:

a)  Rationalize ;2'1} Express your answer in rectangular form.

D). Fiod the secompuiior fom of (RS BE ML e b nncoiit e
¢j30° e-jao"
means "conjugate”.)
¢}  Given o= 2 rad/s, find the following inverse phasor:
P! =[10(-0.866-0.5 /)]

(47 -4 1)1-1
B

d) Find the magnitude of

0_2

i

¢) Find the real part of
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Vgt = 28in(10¢ + 180°) V @) 5H

st
i(0)
Choose an R, an L, or a C to be placed in the dashed-line box to make
i(t) =1, cos(10t + 45°) A
where L, is a real constant. State the value of the component you choose.
With your component from Problem 2 in the circuit, calculate the resulting value
of Lo.



Homework #8 Example #2 @

Wiy e
WA
+
125 mF Vy
800 mH
ig() = 2cos(201) A C)

b
o

a) Draw a frequency-domain equivalent of the above circuit, Show a
numerical phasor value for ig(t), and show numerical impedance values for
R.L,and C. Label the dependent source appropriately.

b) Find the Thevenin equivalent (in the frequency domain) for the above
circuit. Give the numerical phasor value for Vp and the numerical

impedance value of zyy,
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Give numerical answers to each of the following questions:

4226
6+]5

a.  Rationalize . Express your answer in rectangular form.

I—ejgoo'l—j

&
b.  Find the rectangular form of 190" | (J45° } . Note the asterisk that means "conjugate”.

c. Given o =2nrad/s, find the following inverse phasor: e [(-1+])-30].

d.  Find the magnitude of [(—I ~ j)ejl35° % jﬁ]eﬂff’ :

e.  Find the real part of e > 180"
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Homework #8 Example #3

ig () = 4cos(20kt + 60°)mA 2kQ§ i__]___:
;10 mH
g
W ——
i(t)

Choose an R, an L, or a C to be placed in the dashed-line box to make
i(t) =1, cos (20kt)A
where I, is a real constant. State the value of the component you choose.

With your component from (a) in the circuit, calculate the resulting value of I,.



Homework #8 Example #3
5
3, ‘\N\( o a

vs(t) = 120
13 cos(100kt)A s
28R
=
34
ob

a. Draw a frequency-domain equivalent of the above circuit. Show a numerical phasor value for vg(t), and
show numerical impedance values for R, L, and C. Label the dependent source appropriately.
b. Find the Thevenin equivalent (in the frequency domain) for the above circuit. Give the numerical phasor

value for V1p and the numerical impedance value of zTy.
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Give numerical answers to each of the following questions:
s o 120=722 .
Rationalize TJtSO Express your answer in rectangular form.

= i

Find the polar form of j(1+ j)*e’ " (Note the asterisk that means "conjugate".)

Find the following phasor: P[-7cos(49t + 135°)].

Find the magnitude of [24 +_j 7I ,“1 QJ.
3—j4 \e/10

ej45°

Find the imaginary part of ;‘:ﬁﬁ‘g.



H k #8 E le #4
3 0-(1)IrJrFlewor xample \gg

o
I _..J._._ +
|

L V)

I
I
|
| |
|
L

vg(ty = 10cos(50ks - 135°) V C)
[
a) Choose an R, an L, or a C to be placed in the dashed-line box to make

v(f) = V, sin(50k?)
where V, is a positive real constant (with units of Volts). State the value of the component you choose.
b) With your component from (a) in the circuit, calculate the resulting value of V,




Homework #8 Example #4

oa [%9
) 3
30 mH
— P
vs(r) = 100cos(1MA) V i
240k0 2 Ot
o b
a) Draw a frequency-domain equivalent of the above circuit. Show a numerical phasor value for vg(t), and
show numerical impedance values for R, L, and C. Label the dependent source appropriately.
b) Find the Thevenin equivalent (in the frequency domain) for the above circuit. Give the numerical phasor

value for V1, and the numerical impedance value of zty.





