
Phasors – 4

using phasors; 
variation with frequency



Phasor Review
• Extend sinusoidal 

voltages/currents 
     to phasors (complex)

• Convert components 
    (R,L,C) to impedances

• Solve the problem using 
     Ohm’s Law, KVL/KCL, …

• Convert back 

𝑉! cos 𝜔𝑡 + 𝜙 ⇒𝐕 = 𝑉!𝑒"#

𝐼! cos 𝜔𝑡 + 𝜙 ⇒𝐈 = 𝐼!𝑒"#

𝑍 =

𝑅 resistor	
𝑗𝜔𝐿 inductor

1
𝑗𝜔𝐶 = −𝑗

1
𝜔𝐶 capacitor

𝐵∠𝜃	⇒𝐵 cos 𝜔𝑡 + 𝜃



Common Usage 
• Find the voltage v(t) 



28.3 cos 1000𝑡 + 45° 	𝑉



Consider Variation with Frequency 

Consider voltage division:

𝑽4 =
𝑅𝑽!

𝑅 + 𝑗𝜔𝐿 + 1
𝑗𝜔𝐶

	=
𝑗𝜔𝑅𝐶

1 −𝜔5𝐿𝐶 + 𝑗𝜔𝑅𝐶	𝑽!

Similarly 

𝑽6 =
−𝜔5𝐿𝐶

1 −𝜔5𝐿𝐶 + 𝑗𝜔𝑅𝐶	𝑽!

𝑽7 =
1

1 −𝜔5𝐿𝐶 + 𝑗𝜔𝑅𝐶	𝑽!



• Comparison of the 
component voltages 
for different 
frequencies (𝑉! = 1)
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Consider combined impedance variation

𝑍 = 𝑅 + 𝑗𝜔𝐿 +
1
𝑗𝜔𝐶 = 𝑅 + 𝑗 𝜔𝐿 −

1
𝜔𝐶

= 1000 + 𝑗
𝜔
100 −

108

𝜔

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



How might we graph impedance vs frequency? 

𝑍 = 1000 + 𝑗
𝜔
100 −

10"

𝜔

• Real/imag vs frequency?
• Real vs imag?



Example:  find 𝑍#$  if𝜔 = 2000	rad/sec
80 + 𝑗40	Ω



How does 𝑍!" vary with frequency? Is it ever purely real?



How do these vary with frequency?



• Example: find 𝑖(𝑡)



141 cos(2000𝑡 + 45°) 	𝑚𝐴



Example: find vo(t) if ig(t) = 500 cos 2000 t mA 



1.59	 cos 2000𝑡 − 17.0°  V



Example: find Z 
46.4 − 𝑗50.4;

46.4	Ω	 0.397	𝜇𝐹



Practice problem: find 𝑍

	

11.2 + 𝑗35.3;
11.2	Ω	 17.6	𝑚𝐻



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

400
𝑟𝑎𝑑
𝑠𝑒𝑐

; 2	𝑘Ω



• Practice problem: consider the parallel connection of 
a 220 Ω resistor, a 0.5 μF 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	Ω; 1.42 − 𝑗17.6	Ω; 1.59	𝑘𝐻𝑧



Practice problem: Find the time expression for vo(t). 
Note that  sin𝜔𝑡 = cos 𝜔𝑡 − 90°

17.1 cos 200𝑡 	𝑉


