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Announcements
S

Use this email when asking questions to the staff:
eecs230-staff @umich.edu

Any email directed personally to me or a TA will
be forwarded to this list.

Lab 1 starts on Monday, Sept 16
Pre-Lab 1 is due Sunday, Sept 15, midnight


mailto:eecs230-staff@umich.edu

Announcements
B

Almost done grading homework 1.

Did pretty well.

From now on: answer without work = O pts
Please try to make things neat and readable

I'm guessing that some grades would have been
better if you had checked your work.



Announcements
B
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Qutline

-5 4
» Static Circuits (d /dt=0)

o Diagrams, Current, Voltage
o Sign conventions, Ground

o Open/Short circuit

- Power, sign convention

o Ohms Law, sign convention

- Nodes, Loops

o KVL, KCL

o Resistors in parallel and series
- Source Transformation



Qutline

o Transient Circuits
o Capacitors
o Inductors

. Time-Harmonic Circuits
- Phasors
- Impedance
- Parallel/Series
- Circuit solution procedure

This involves topics from chapters 1,2, 5, 7 of the
book: Circuit Analysis and Design by Ulaby, Maharbiz,

Furse, that is used in EECS 215.



Static Circuits: Diagrams
I
o A circuit diagram represents a mathematical model for
a circuit.
- Often, there is a correspondence between physical

circuit elements and elements in the diagram.

5 But there are times
R, V, R %

when this is not true. Wt WAA—¢ Node 2
oace
o All that matters is that o
. R (-
the mathematical LY = SR, 3 R,
model produces the
n n
correct answer . =~ &2

Voltage reference (ground)



Static Circuits: Diagrams
-~

o Over the years there have been very many problems
solved using circuits, and each one has a particular
mathematical model that is known to work.

- So, we use the existing circuit diagrams for these
problems.

- New applications may require new models and new
circuit diagrams in order to solve them and produce
the "correct answer".



Static Circuits: Diagrams
N

o Another aspect that really matters is the actual
physical layout of the circuit.

For Example:
5 If you have 2 wires "far" from each other, those 2
wires don't interact: can draw the circuit one way.
5 If you have 2 wires "close" to each other, those 2 wires
interact: must draw the circuit another way
o It is required to model that interaction on order to get
the "correct answer".



Static Circuits: Diagrams
B

0 For Example:
5 If you have 2 wires "far" from each other, those 2
wires don't interact: can draw the circuit one way.

2 wires, each 1m long, separated by 100 m, carrying
a current with frequency 1GHz:




Static Circuits: Diagrams
B

0 For Example:
5 If you have 2 wires "close" to each other, those 2 wires
interact: must draw the circuit another way

2 wires, each 1m long, separated by 1 mm, carrying o
current with frequency 1GHz:

R'Az L'Az R'Az L'Az R'Az LAz R'Az LAz
——— WAV— T WV—TTT

G'Az%jC'Az G'Az%_:l:C'Az G’Az% —{ B G'Az% — @

O O
I

Az

o
~

Az Az




Static Circuits: Diagrams
T

» Example of a model for a transmission line.
- Accounts for:
. resistance in conductors (current)
- inductance between conductors (magnetic field)
. resistance through the insulation (current)
. capacitance between the conductors (electric field)

A7




Static Circuits: Diagrams
B

o With more experience, can start creating new circuit
diagrams for our own applications.



Static Circuits: Current

- Flow of positive
charges

- Charge carriers are
typically electrons (-)

~ Current flow is opposite
electron flow:

Direction of

Wire Cros\s section electron flow

&
j4—0)
=-—0)

]
1
]
1
1
1
1
1
1

=
=0
C

'
L !

Electron

i
_>
Current direction



Static Circuits: Current

Current Units: ampere: A

The other electrical units
are all defined in terms of

the ampere:
1 A =1 Coloumb /sec
1 A =1 Watt/Volt




Static Circuits: Current Sign Convention

16|
The direction defined for a value I Q 5
b —

of current determines its sign:

] ] + V —
You choose the reference direction

Battery

We do not know the sign of the T I| I

defined current until we have
solved the circuit

You choose to work with /. or [ in the circuit (not both).
The solution will give the sign, which then gives you the
direction.



Static Circuits: Current Sign Convention
2
Lesson:

Draw the direction of all currents on a circuit diagram BEFORE
start building equations.



Static Circuits: Voltage
o

Voltage, potential difference between 2 points

Energy required to move charge through an element

Work done = Force x distance = Charge x Potential

A

1.5 volts

6 volts

Units: Volis

©2001 HowStuffWorks



Static Circuits: Voltage Sign Convention

B
- Signs Depend on ARBITRARY Choice of which terminal is

“+” and which is “-”

- All 3 Pictures (and 4 cases) below have the

SAME PHYSICAL MEANING

_Oa 0 d
V=+12V +

'1rcuit Circuit 12V
Circui Vi=—12V g

—0 } ———O)

Circuit

=12V

_Ob




Static Circuits: Ground
3

- Choose reference point for potential
- Assign potential at reference = 0V, called ground

-~ Now all potentials can be specified relative to
ground terminal

R, Vi R, v,
2 T3 VWA ® Node 2
Node 1
+
12V ke ER., §R4
&

Voltage reference (ground)



Static Circuits: Voltage Sign Convention
B

Lesson:
Choose one procedure:
1. Pick a node and label it ground.
Label all other voltages relative to that node.

OR

2. place + and - around each circuit element,
defining the polarity of each voltage variable.



Static Circuits: Open and Short

5 Open circuit: no path for current flow (R=)

- Short circuit: no voltage difference (R=0)

1,=0 Vi =0
Open circuit Short circuit

F oY

R,

o]

-

4

R,




Static Circuits: Power
3

Passive Sign Convention

()

I + .
— Device
p=uvi

p>0 power delivered to device
p <0 power supplied by device

Note that 7 direction is defined as entering
(+) side of v.



Example 1-5b: Conservation of Power

Determine the power for each

Device 1

3A

—

device, and if it is supplying or

consuming power. -

Solution:

+ 18V -

6V

e

Device 1 has a current going into the
positive voltage terminal.

So, the passive sign convention is followed.

So the equation for power is:

Device 2

p=iv=(3A)(18V) =54 W, consuming power since >0



Example 1-5b: Conservation of Power

. Device 1 3A
Determine the power for each —
device, and if it is supplying or ¥ 8V -
consuming power. + |

12V ____ 6V Device 2
. o p
Solution:

Device 2 has a current going into the
negative voltage terminal.

So, the passive sign convention is NOT followed.

So the equation for power is:
p=-iv=-(3A)6V)=-18 W, supplying power since <0



Example 1-5b: Conservation of Power

. Device 1 3A
Determine the power for each —
device, and if it is supplying or ¥ 8V -
consuming power. + |

12V ?__ 6V Device 2
. o p
Solution:

The power supply has a current going into
the negative voltage terminal.

So, the passive sign convention is NOT followed.

So the equation for power is:
p=-iv=-(3A)(12V)=-36 W, supplying power since <0



Example 1-5b: Conservation of Power

. Device 1 3A
Determine the power for each —
device, and if it is supplying or + 18V =
consuming power. + |

12V ?__ 6V Device 2
. +
Solution:
Check:
Is the law of Conservation of Power valid? )
. > pk=0,
require: I=

pwr(device1) + pwr(device2) +pwr(battery) = 0
get:
54W + -18W + -36W =0 74



Static Circuits: Ohm's Law
o

Voltage across resistor is proportional to current

I

=k 2 mA R=05kQ
R=0
‘1
R — v [ mA R=1kQ +
— . D a— R
I B
R=m

| v
ﬂ 0.5V 1V

Resistance: ability to resist flow of electric current



Static Circuits: Ohm's Law Sign Convention
I

] Resistors are not polarized
Can flip their direction and they work the same

1 But the polarities of current and voltage definitions
are important for V = /R to hold

Conductance
Uagbh = Ug — Up 1
S R — G = — i
0,0 W O Vp R (Y
l
—

Ug — Up
R

] =



Static Circuits: Nodes, Loops
N

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

0V 3 Ohms 2A

O Tz 3 O




Static Circuits: Nodes, Loops
S

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

node3 5 Ohms

nodel

0V




Static Circuits: Nodes, Loops
o

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

ROUD: I IO




Static Circuits: Nodes, Loops
S

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

5 Ohms

RORE -2

loop2



Static Circuits: Nodes, Loops
N

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

5 Ohms

O Tz 2O

loop3



Static Circuits: Nodes, Loops
N

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

¢ 9
0V 2 Ohms 3 Ohms 2A
+ g g T
< %

loop4



Static Circuits: Nodes, Loops
N

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

5 Ohms

—AW

0V 3 Ohms 2A

O Tz 3

loopb



Static Circuits: Nodes, Loops

Branch: single element, such as a resistor or source
Node: connection point between two or more branches

Loop: closed path in a circuit

5 Ohms

0V 3 Ohm 2A

O F O

loop b



Static Circuits: KCL

Sum of all currents into a node is zero
- This also holds for any closed boundary

Closed Surfa



Example 2-4: Applying KCL

Given: The circuit with : }vﬁ
V,=8V. h
: . 10 A 30
Find: 11 and 12
- Va +
Solution: . A e
Start with Ohms law: ‘40 5L
V=IR
true when passive sign convention
is followed.
Because 12 IS opposite to this convention, we
have:
V4=-12(4Q)=8V so:]2=—2A



Example 2-4: Applying KCL

Solution: : «1\/{3
Apply KCL at Node 2: b
sum of currents
flowing IN = O: e 3
Zlin =0 —lespt _
1, is flowing in . 4Q I

1

12 is flowing out: -]2 is flowing in

10 A is flowing out: -10 A'is flowing in

SO: 11 +-12+—10A=O = [1 +2A+-10A=0

Hence: ]1 =8A



Static Circuits: KVL

Sum of voltages around a closed path is zero

>V, =0

V1




Static Circuits: KVL
N

EVERY circuit component must have +- voltage

identified BEFORE you can apply this rule:
Sign of the voltage is the first sign you see when

traversing the loop: V1 +V2 +V3 +V4=0
R2 R3
MV AAA
. - . -




Example: Applying KVL

Given: The circuit with - V2 + }V\
specified voltages. 4 W,

RIEVI
+

Find: KVL equation

4v( T
Solution: C‘P V
Follow the arc starting Ve

from bottom left:

-4\ + V1 -V2 -6V +V3 -V4 =0



Static Circuits: Series
S

In series: current is the same

Equivalent resistance (series) is the sum of resistances
=>"R, =R, +R, +...+R,

—R + R,

‘© © . +




Static Circuits: Voltage Divider
N

Rl
V, = y
W\m V:’;z R1 +R2
O
R
2
v, y



Static Circuits: Parallel
e

In parallel: voltage is the same

Req (parallel) is inverted sum of resistances

1 sl 1] |
R R R, R, R,

¢q

v 1 r [ * r2 [+ B I B Rle
O % % Yo =7 R, +R,




Static Circuits: Current Divider
2

Current divided over resistors

V R,
[ =— =]
Rn Ri’l
. R
— 11 =— 1
v<+> r1 LY rR2 |+ R1+R2
- Rl

|
o=,



Example 2-12: Equivalent Circuits

Given: The circuit shown: A e
1 R 2“12 R; ‘13
Find: V2 ’ ]1 ’]2 ’ ]3 24V R3§6Q R4§6Q Rs 249
V2 IS defined wrt
ground .

Use equiv-resistance approach

Solution:

The equivalent-resistance approach
means to successively simplify the

circuit with combinations of series

and parallel resistors until you can solve it.




Example 2-12: Equivalent Circuits

. , I o
Solution: ANy Iy vy
Step 1: LR 2b12 Ry |55

replace R, and R, with their ,

parallel equivalent:

R =R,||R, .
R =1/ (1R, + 1IRy)
R_=1/(1/6Q + 1/6Q)
R_=1/(2/6Q)

R =6Q/2=3Q

Q)

Q)

Q)

Q)

Q)




Example 2-12: Equivalent Circuits

Solution: 199 A b A
Step 1: S R R &
replace R, and R, with their , Ra330 Rs 340

parallel equivalent:

R =R,||R, .
R =1/ (1R, + 1IRy)
R_=1/(1/6Q + 1/6Q)
R_=1/(2/6Q)

R =6Q/2=3Q

Q)

Q)

Q)

Q)

Q)




Example 2-12: Equivalent Circuits

Solution: AT o 2, . A
Step 2: LR 2 {2 R)
replace R2 and R5 with their , Rag30
series equivalent:

R =R, +R, . 1

Rb =2Q + 4Q i

R, = 6Q

b



Example 2-12: Equivalent Circuits

Solution: o 2

Step 2: I

replace R2 and R5 with their , Rag30

series equivalent:
R =R, +R

b "2 5 .

Rb=2Q+4Q

Rb=6Q



Example 2-12: Equivalent Circuits

Solution: o 2

Step 3: LRy 2|2

replace Ra and Rb with their
parallel equivalent:

Rc::Ra ||Rb

24V Ragg,g

R =1/ (1/R_+1/R)
C a b
RC =1/ (1/3Q + 1/6Q)
Rc= 1/ ( 3/6€2)
Rc= 6€2/3 =2Q)



Example 2-12: Equivalent Circuits
Solution: L e =
Step 3: B

replace Ra and Rb with their
parallel equivalent:

R =R_||R

C a b
RC =1/ ( 1/Ra + 1/Rb)
RC =1/ (1/3Q + 1/6Q)
Rc= 1/ ( 3/6€2)
Rc= 6€2/3 =2Q)

24V chzﬂ




Example 2-12: Equivalent Circuits

Solution: AR
Step 4: - ’

replace R1 and RC with their Re320

series equivalent:
Rd = R1 + RC

Rd=1OQ+ZQ

Rd=12Q




Example 2-12: Equivalent Circuits

Solution:
Step 4:

replace R1 and R_ with their _,
C
series equivalent:

R,=R, +R
d 1 C
Rd=1OQ+ZQ
R, =12Q

d

Vi

o—
1




Example 2-12: Equivalent Circuits

Solution: # L
Step 5: 1

solve for /

1 using Ohm's Law -

V=IR
(passive sign convention is ®
followed)

]1=V1/Rd

]1 =24V [ 12Q

[1 =2A



Example 2-12: Equivalent Circuits

Solution: A, L V2
Step 6: I R 2
Using a previous circuit:
Rc
solve for V,, using Ohm's Law Y 320
V=IR @

(passive sign convention is followed)

Vo =14 R

V,=(2A)(2Q)

V2=4V



Example 2-12: Equivalent Circuits

Solution: i loa o, v
Step 7: N 8 |5
Using a previous circuit:
_ 24V Rai 30 Rb§6 Q
solve for [2 and [3 using
Ohm's Law
. —n
V=IR -
(passive sign convention is followed)
]2=V2/Ra I3=V2/Rb
]2=4V/3Q ]3=4V/6£2
I,=133A I,=0.67TA

2 3



Example 2-12: Equivalent Circuits

Solution:
Summary:
V,=4V

[1 =2A

[2 =133 A

[3 =0.67A

24V

: ] ,

v, 10Q 1, 20

—/ \NN—— AAA

1 R 2[ b R, ‘13
R3§6Q R4§6Q RS%“Q




Static Circuits: Source Transformation

o 4
. Ry,

- Viewed from the output B
terminals a&b, the two

o . Y -+
circuits are equivalent ”“1(_)

- Replacement of a
circuit by an equivalent
can make some t
problems easier to
solve

Oa

ob

Oa

IN = OTh /RTh i C) R
RN = Rh

ob




Example 2-13: Source Transformation
N

Given: The circuit shown: 6Q 1 Q
AWAA MWAA
1=2%
Find: The current / I = 16A<D R,-2Q 380 30
using source
transformation

Solution: Could use the method
of equivalent resistances, going
right-to-left

Instead: use source transformation
by starting on the left.
Use equivalent resistances as needed.



Example 2-13: Source Transformation
N

Solution: 6Q 1Q
Step 1: i Nv]=?&
Convert Current source f, =16 ACD R, =2Q 8Q  3Q

S 1 to a Voltage source:

Vs1 - ]s1Rs1

VS1 = (16 A) (2 Q)
V ,= 32V
S1




Example 2-13: Source Transformation
N

Solution: 20  6Q 1Q
Step 1: A
Convert Current source vy, =32 VCD 30 30
S 1 to a Voltage source:

V..=1_,R

s1 s1 's1
VS1 = (16 A) (2 Q)

V ,= 32V
S1



Example 2-13: Source Transformation
N

Solution: 26 69 18
Step 2: Rs, I=7Y
Series resistance: Vs, =32 VC) 8Q  3Q
RSZ =20+6Q

RSZ =8 Q



Example 2-13: Source Transformation
N

Solution: 80 19
Step 2: Rs, 1=7Y
Series resistance: Vs, =32 VC) 8Q  3Q
RSZ =20+6Q

RSZ =8 Q



Example 2-13: Source Transformation
N

Solution: 80 19
Step 3: Rs, 1=7Y¥
Convert Voltage source 7, =32 VCD §Q 30

to Current source.

5= Vg4l Ry
,=32V/ 80
,=4A

Ig
Ig



Example 2-13: Source Transformation
N

Solution: 19
Step 3: I=7%

Convert Voltage source 1,=4A CD Ry, =8Q 8Q  3Q
to Current source.

5= Vg4l Ry
,=32V/ 80
,=4A

Ig
Ig



Example 2-13: Source Transformation
N

Solution: 19
Step 4: I=7%
Parallel resistors: I, =t CD R,=8Q 38Q  3Q

Rgq = 1/(1/8Q + 1/8Q)

R4 = 1/(218Q)

R83=8(2/2

RSB =40




Example 2-13: Source Transformation
N

Solution: | 1Q

Step 4: go= 7Y
Parallel resistors: I;,=4A CD R, =4Q 30

Rgq = 1/(1/8Q + 1/8Q)

R4 = 1/(218Q)

R83=8(2/2

RSB =40



Example 2-13: Source Transformation

]
Solution: | 1Q
Step 5: Wv1=?{
Convert Current source 4,=4A CD Ry, =4 Q 30

82 to a Voltage source:
Ve2 = 15ofs3

V., = (4A) (4 Q)

V82= 16V




Example 2-13: Source Transformation

Solution: jv% 10
Step 5:

Convert Current source 7, = 16 VCD 30

82 to a Voltage source:
Ve2 = 15ofs3

V., = (4A) (4 Q)

V82= 16V




Example 2-13: Source Transformation
N

Solution: jv% 18
Step 6: 1=7%
Series Resistors: Vs, = 16 VC"D 30

R=4Q+1Q+3Q
R=80Q



Example 2-13: Source Transformation
N

Solution:
Step 6: =
Series Resistors: Vs, = 16 VC"D 8 Q

R=4Q+1Q+3Q
R=80Q



Example 2-13: Source Transformation
N

Solution:
Step 7: =
Ohm's Law: Vs, =16 VCD 8 Q
I=V /R

S2

(passive sign convention followed)

I=16V/8Q
I=2A



Transient Circuits: Capacitors
I

*l’
ol [ . dv
T |/ ] = —

== 7t

Cin Farads 1F=1C/V

v must be continuous function of time .
Otherwise i 1s infinite (& power 1s infinite).

Voltage across a capacitor cannot change instantly !

At DC (nothing changing in time):
i=0— Capacitor looks like OPEN Circuit



Transient Circuits: Capacitors
— 1 S

Capacitors in Parallel: ‘il ‘iz
Both capacitors share same DSCtD Lo ——¢,
voltage:
KCL: iS:i]+i2:C] dvs/ dt + %

C2 Clvs/ dt

For the equivalent circuit: ,
is = Ceq dvs/ dt “
is — ( C] + C2 ) dVS/ dt Vg C":) Equivalent circuit == C¢,

So: CquC] +C, -

N ' o
i=l1




Transient Circuits: Capacitors

I is A
Capacitors in Series: ——0 +” +”
Since: i = C_ d (v, Fv,) / dt "SCJ:) - o
and: l = C CIV /df C dv /df o
2
then: IS— [/C+:/C]
1=C,_[1/C+1/C,] V"
1/C, /C + 1/ C,
e
. Equivalent __'_|'
So: N I)S<i> circuit - Ced

1 O
Ceq Z 2

=1 Ci




Transient Circuits: Inductors

L D D — L —
dt
L in Henries 1H= 1V-s/A

[ must be continuous function of time ¢.
Otherwise v 1s infinite (& power 1s infinite).

Current through an inductor cannot change instantly!
At DC (nothing changing in time):
v =0—Inductor looks like SHORT Circuit



Transient Circuits: Inductors

Applying KVL: Combining In-Series Inductors
vs=vl+uvy+us LN TR N T e
=~ F dlS I dls s dlg o Ly Ly L

N T ar T a o
= (L4 + B3 - Ln) = 2
and for the equiv ckt: i1




Transient Circuits: Inductors

Combining In-Parallel Inductors

7 d(iq + i9 + i3) i1

“a A dtd ] - ‘il ‘iz ‘:g

dll ig i3

Vg = Llﬁ = LZE =3 USC“_D L L e
I Vs LY Vs | ,
Ve = Loy | — + — + — 2
’ “|Ly Ly Ls -
R R
- YLy Ly Ls =

3 =
K
|
h’,_\
p—t
_|_
s
+
&
&
0o
—~ 00—
h
8
TN
o
+
L“l,_.
o
|-
|




Time-Harmonic Circuits: Phasors
R

Assume ALL voltages and currents in a circuit are
time-harmonic: no transients. For example:

v(t) = Vpcos(wt + @)

w: radian frequency: radians/sec
w=2nf: fis frequency: cycles/sec, or Hz
f=1/T: T is the period: sec

¢: phase offset: radians



Time-Harmonic Circuits: Phasors
B 1

Assume ALL voltages and currents in a circuit are
time-harmonic: no transients. For example:

v(t) = Vpcos(wt + @)
Recall from math:
X

e’* =cosx+ jsinz

So we can rewrite:

v(t) = Real—Part-of{Vbej (“’t+¢)}
v(t) = S)f{e{VOeﬂd’ej“’t}
v(t) = Re{ Vvt



Time-Harmonic Circuits: Phasors
B

v(t) = Vpcos(wt + ¢) v(t) = S)f{e{vejwt}

~

V' is called the "Phasor Representation of V"

It is a complex number, Voei¢
with an amplitude V  and a phase ¢

EECS 215 book uses V (bold-face) for notation of the
phasor for v(t)

Since students can't make bold handwritten letters,
the tilde is preferred for handwritten work.



Time-Harmonic Circuits: Phasors

Why do this¢ Look at an inductor in the time-domain:
di(t)
dt

Assuming that everything is time-harmonic, we must have:

v(t) =L

v(t) =V cos(wt + ¢,)
i(t) = I cos(wt + ¢;)



Time-Harmonic Circuits: Phasors

Rewrite di(t)
Do LJwt d b; Jwt
Re{VelPvel¥'} = Ld (Re{le??ielY))

D%e{Vej% ej“’t} = L%e{]wlewz e]“’t}

Now, work with the complex quantities, and remember to come
back at the end and apply the real-part operator.



Time-Harmonic Circuits: Phasors
5

Rewrite:
Vel elwt — ij[ej‘piej“’t
Veltr = ijIejqb"'
V = jwLI
where: ~ ~
Vi I

are the Phasor Representations of v(t) and i(#)



Time-Harmonic Circuits: Phasors
R

So now we can write the impedance of an inductor:

.V
I
similarly for a capacitor:
~ 1
= ——
JwC

So instead of using time-derivatives and forming a differential
equation to solve a circuit:

Use the phasor representation of the impedances and sources,
and form an algebraic equation to solve a circuit.



Time-Harmonic Circuits: Parallel /Series
I

Note that impedances can be combined in a circuit just like
resistances:

Impedances in series: add

N
Z=Y 7
=1

Impedances in parallel: add reciprocally:

-1

50

=1



Time-Harmonic Circuits: Solution Procedure

I .

I
#

Step 1
Adopt Cosine Reference Ct) vs(?) cC=
(Time Domain)

gm

vs(f) = 12 sin(wt — 45°)

¥ ' V)

Step 2 I R
Transfer to Phasor Domain == AN
i — 1
¥ Y O% meT
R — ZR =R
L — ZL =th)L o
C — Z¢ = 1/jwC Vs=12¢755 (V)

¥ ¥



Time-Harmonic Circuits: Solution Procedure
T

\{ \ 4

Step 3 1
Cast Equations in I (R iz R) = Vs
Phasor Form 4

\{ \{

Step 4 = V,
Solve for Unknown Variable R+ R
(Phasor Domain) JoC
\4 \4
Step 5 i() = Be[le/®1]
Transform Solution =6 cos(wt —105°)
Back to Time Domain (mA)




Time-Harmonic Circuits: Solution Procedure

oz
G R
Given: The circuit shown: =% A
vs(t) = 12sin(wt — 45°) V
R = /3 KO os()  C==
C' =1uF

w =1 x 10° rad/sec
Find: An expression for the current, i,
in the time-domain.



Time-Harmonic Circuits: Solution Procedure

923
; R
Solution: Apply the 5-step =% A
phasor-based process:
1. Adopt cosine reference: vs(7) & =
vs(t) = 12 sin(wt — 45°) V

= 12 cos(wt — 45° — 90°) V
= 12 cos(wt — 135°) V.

V., = 1277135 v



Time-Harmonic Circuits: Solution Procedure

Solution: Apply the 5-step —  MA—

phasor-based process: B ,
2. Transform circuit to phasor domain: <+>VS = = =

A~

V, = 1277135 v
i(t) = Re{Iel¥t)
Zr =R

1

70 = ——
¢ JwC




Time-Harmonic Circuits: Solution Procedure

/
Solution: Apply the 5-step — ‘/6\,_
phasor-based process: N l
3. Use KCL/KVL: Apply KVL: Ci)v‘(’ joC I
/|
—V,+IR+1— =0
jwC

oy 1 : o
I{ R = 12¢7913°" vy
{ jwc} ’



Time-Harmonic Circuits: Solution Procedure

I
Solution: Apply the 5-step — ‘/5\,_
phasor-based process: N |
3. Solve for the unknown(s): <+>Vs e —
N | | - joC
I{R , }: 127157 vV
JwC
~  12e7157 Y
I = —7
12 - jwC'

j12wCeI135° v
JwRC +1

I



Time-Harmonic Circuits: Solution Procedure

Solution: Apply the 5-step —  MA—
phasor-based process: B |
3. Solve for the unknown(s): <+> Vo — ==
o — joC
7 712wCe™I135" v
- jwRC +1
| R=v3Q
plug in given values: C =1 yuF

w =1 x 10° rad/sec
¥_ 712(1 x 103 rad/sec)(1 pF)e=713%" vV
(1 x 103 rad/sec)(v/3 kQ) (1 uF) + 1




Time-Harmonic Circuits: Solution Procedure

/
Solution: Apply the 5-step — ‘,5\,_
phasor-based process: N 1
3. Solve for the unknown(s): (i) Vs e —1
~  j12(1 x 10° rad/sec)(1 pF)e 135" v

[ =
7(1 x 103 rad/sec)(v/3 kQ)(1 uF) + 1
1

Check units: WC has units of (O
numerator units: A, denominator units: none

good
S. I.f . o
Impity ]126—3135

~

§ = mA
1+]\/_




Time-Harmonic Circuits: Solution Procedure

!
Solution: Apply the 5-step — ‘,\If\,_
phasor-based process: N |
3. Solve for the unknown(s): <+> Vs “oC T
]135O T JO™
1+ J\/_

division of complex numbers: use mag/phase:

1+ V3 = \/mejtan (v/3/1) (arctan ok: in region 1)
= 2¢760°
12€_j1350 6j90°

plug in: >
I = 57607 mA




Time-Harmonic Circuits: Solution Procedure

I
Solution: Apply the 5-step — ‘/6\,_
phasor-based process: N |
3. Solve for the unknown(s): <+>VS e —
- joC
» 126—j135o 6j900
I = 57607 mA

~~

= 6ej(—135°-|—90°—60°) mA

~

I =6e7"% mA



Time-Harmonic Circuits: Solution Procedure

I
Solution: Apply the 5-step — ‘/5\,_
phasor-based process: N |
4. Transform solution to time-domain: C’*’)VQ — =
- joC

i(t) = Re{Ie¥t)
i(t) = Re{6e 705" 7“1l mA
‘z(t) = 6 cos(wt — 105°) mA ‘

note: could fill in the value of W, or not. Either is fine.



Time-Harmonic Circuits: Traveling Waves
oy ...
What is the phasor representation of a travelling wave?
y(x,t) = Ae™** cos(wt — Bxr — ¢p)
— Re {Ae—awej(wt—ﬁx—cbo)}
= Re {Ae‘o‘xe_jﬁxejd’%jwt}
Hence:

~

Y — Ael%op—(atib)z



Time-Harmonic Circuits: Traveling Waves
N

Given: The phasor travelling-wave:

A~

o :
V — 106310 & (0.1 Np/m+753 rad/m)x mA
Find: The time-domain expression

Solution:
y(t) = Re{Y e}
y(t) _ §Re{1()ej100 6_(0'1 Np/m+53 rad/m):cejwt} mA

‘y(t) = 10e~ (-1 NPT 55wt — (3 rad/m)z 4+ 10°) mA ‘




Homework
Tlos [

Homework 2 is due tomorrow at midnight.

submit to gradescope via the canvas site.



Next Time

I
Sections 2-1 through 2-4:

What is a transmission line?
Why study transmission lines?
model

diffeq

solve diffeq

wave propagation eqns



