Phasors — 4

using phasors;

variation with frequency



Phasor Review

e Extend sinusoidal U cos(wt 4+ &)=V = V.e/?
voltages/currents s cos( P) s€
to phasors (complex) I, cos(wt + p)=>1= e/

e Convert components ( R resistor
(R,L,C) to impedances ' inductor

capacitor

e Solve the problem using
Ohm’s Law, KVL/KCL, ...

* Convert back B26 = B cos(wt + 8)



Common Usgge

* Find the voltage v(t) /_\ .aﬁ‘ ot
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8.3 cos(1000t + 45°) V



Consider Variation with Frequency

/|

O
Consider voltage division: R L
Vs C 7
RV JwRC
V=" T =~ 1—w?LC +joRC '°
R +](1)L +ja)_C
Similarly
v —w?LC .
Y1 - w2LC + jwRC " °
1
Ve

= V
1 — w2LC + jwRC °
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Consider combined impedance variation

1 kQ

Question — at what frequency does this “appear” purely
resistive?



How might we graph impedance vs frequency?

Z =1000 +(— 107 kg
- T\100° Q) T
* Real/imag vs frequency? . o/(/ 1 3
o
* Real vsimag? w ©



Example: find Z;,, ifw = 2000 rad/sec

Y
wd g%
(’d
060 + —~—
120 ¢ ") Leov
Z;, A ) \ |6
. S o Looosy =
<k JuweT e 23
2SS
t)12e
|20 {2 fo = -940

)
e~
(@]
._\>
QQ
(>N
e
Y
ﬁ-
—



How does Z;, vary with frequency? Is it ever purely real?







How do these
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* Example: fin
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141 cos(2000t + 45°) mA



Example: find v (t) if i;(t) =
sl

200 cos 2000 t mA
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1.59 cos(2000t — 17.0°) V
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Example: find Z 46.4 O 0.397 uF
P
Z =
2 mH

o AN ® O

1000?

L/




Practice problem: find Z 11.2 +j35.3;
11.2Q 17.6 mH

Z 1082 20 mH

lc A — T
209§ —— 100 uF

o — 2000 rad/s.

o -k




Practice problem: at what frequency does this circuit
seem purely resistive? What is the resistance?

rad
5 H 400—:; 2 kQ
28 IYY Y. sec

4 k() 1 625 nF
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Practice problem: consider the parallel connection of
a 220 Q resistor, a 0.5 uF capacitor, and a 5 mH
inductor.

— What is the equivalent impedance of this circuit at
1000 Hz?

— At 5000 Hz?
— At what frequency is the impedance purely real?

11.6 +j49.2(0;1.42 — j17.6 Q; 1.59 kHz



Practice problem: Find the time expression for v (t).

Note that sin wt = cos(wt — 90°)

60 sin 200t V (2

30 €2

50 Q

17.1cos 200t V



