Announcements:
1. Announcement #1

EECS 70A: Network Analysis
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Resistor:
Energy lost to heat...

Power

IxV, = power

Watts [W] = Volt Amp [V-A]

Note: MKSA unit system:
Meters Kilogram Second Amp

Inductor or capacitor:
Energy STORED and can be recovered...
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reless Communications

Broadcast Radio:

Telecom: I
/ é Y All use sine waves
Eﬂmﬂg _ (phasors) as way to
describe signals and
Internet: .
circuits.
3G data:
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Sine waves

V(t)=V, sin(wt)
sin (wt ),

V-
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V(t)y=V,sin(ot+¢) =10 wo-
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Acos(wt)+ Bsin(wt) = C cos(wt —0)
0 =tan”' (%) C-JA1+RB
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Complex algebra

_ 'y — ol _ y — g pl?
2y =X T =he Z, =Xt Y, =he”

Addition:
Zv+z, = (x5 +x,)+ j( +3,)

Subtraction: Ly >+ Y
_ — — ' _ é = ¢
2, =2, = (x5, = x,)+ j() — ) ¢
Multiplication:
_ I %\ _ o Jb J(g+d) _
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Complex conjuqgate: Z — x — ]y — re‘f
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Euler relationship

e’’ =cosd+ jsing

= cos ¢ = Re(e’”?)

Phasors:

V(t) @cos (ot +@) = Re (Vme‘j (@r+9)

- \l’m 'QQ Q’)Q’H"H)B
\J =Re (@’%W
=

“Phasor”
(Complex #)
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Phasors

G@)\:Vm cos (ot +@ Re (Vm /) )
Rl

“Voltage Phasor” V

(Complex #)

t(t) =1, cos(wt +@ Re([mej(””‘é))
) = Tocos (O — Re (@ew)

:\:YV\;:L.° Zl'f'jo \—Y—}
o

“Current Phasor” 1
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V=R ®) Circuits e L AW

()= < V&) 3
“HY)= ¢ AV (1)
< = —7\“’

2 V=IR L5 VTfjoC - ?VVJ(DLI

V= I =&

“Impedance”
Z=R Z=1/joC Z=joL

KCL, KVL hold for relationship
between V, 1.



Series/Parallel Impedances

7 -1 — 7 1-1 +7 2-1 +7 3-1



Example problem

Find Z,, for this circuit: (instructor)

=R+
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Example problem

Find Z,, for this circuit: (students)

R, ¢ R,

\
/R\‘\' Q\MC%/’EPt




Phasor to voltage conversion ©*
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Phasor to voltage conversion

Problem gives us:
[(t)=I,cos(mt)
Compare to definition of current phasor:

Find V(t), q(t)

Z =1 +¢)=Re(I, e”e"”)=Re(le’”

- N i(t)=1, cos(wt+¢) e( ee ) e( e )

To C :: V — I — IO

\S; - Find voltage phasor using generalized Ohm’s law:
V=1/joC

Find v(t) from voltage phasor:

v(t) = Re[Vej“’t] =Re K jaI)Cj ej“”} = ReKj;—OCj ej”’}

L[4 e st o

L oo . o _ Ly ot . _ 1y
_ERG[ jcos(wt)+(—j)jsin(et)] e Re|sin(wr)— j cos(wt)] pve sin(wt)
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Phase vs. impedance (Z)

In general:

Zrealie. Z=x+]jy i(t)’v(t)_*

r 1

0 =0

=>1(t), v(t) “in phase”

In general:

Z 1magi.e. Z=x+]y 1(2), (1),

:TO ;JO F /

=>1(t), v(t) “out of phase /
by 90 degrees”

HW problem: Find relationship between phase shift and impedance (2).



Example phasor problem

Find i(t) (students)

3 cos(10 t + 30°) Volts

v(t)

Find i(t) from current phasor:

i(t) =Re (I ) =..

Problem gives us:
v(t)=3 cos(10 t + 30°) Volts
Compare to definition of voltage phasor:

v(t) =V, cos(wt+¢) = Re(Vmej‘”ef“”) —Re [Vefa’f}
=>V=7
Find current phasor using generalized Ohm’s law:

Isj oC V=...
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Trick
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Example problem

Find i(t), V,(t), V,(t) for this circuit: (instructor)

:
3 C —
3

- @

2 :
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Example problem

Find i(t), V,(t), V,(t) for this circuit: (students)

+
= <V
S i
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