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AC SERIES CIRCUITS 
 
Learning Objectives 
 

a. Compute the total impedance for a series AC circuit.  
b. Apply Ohm’s Law, Kirchhoff’s Voltage Law and the voltage divider rule to AC series circuits.  
c. Graph impedances, voltages and current as a function of phase.  
d. Graph voltages and current as a function of time. 
 

 
The general approach to solving AC circuit problems is to convert sine waves (voltages and/or currents) 
to phasors, perform necessary operations in the phasor domain, and then convert the answers back to the 
time domain if necessary to answer the problem at hand. 
 

As always, peak values are only useful for time domain representations of signals, and RMS values are 
the standard when dealing with phasor domain representations.  If you need to represent something in 
the time domain, you will need to convert RMS->Peak voltage to obtain Em 
 
 
 

AC Series Circuits  For circuit elements in series the current is the same through each element, and the 
total impedance is sum of individual impedances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Special case.   Whenever a capacitor and inductor of equal reactances are placed 
in series, the equivalent circuit is a short circuit. 
 
If the total impedance has only a real component, the circuit is said to be 
resistive (X = 0 or θ = 0°). 

If, on the other hand, the phase angle of TZ  is such that  θ > 0°, the circuit is inductive.  This is because 
E I Z= , so if the angle of Z is > 0°, then the angle of E will be greater than the angle of I…i.e., E will 
lead I  which is what “looks” inductive (remember the name of your favorite ice man). 
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If the phase angle of Z is such that  θ < 0°, the circuit is capacitive. This is because E I Z= , so if the 
angle of Z is < 0°, then the angle of E will be less than the angle of I…i.e., I will lead E  which is what 
“looks” capacitive--remember what type of strange life form your friend Eli is.   

(Er… make that “the strange life form your friend Eli was.”  Remember, he melted and has long since 
been flushed into the Annapolis sewer system.) 
 

Kirchhoff’s Voltage Law (KVL)    The phasor sum of voltage drops and rises around a closed loop is 
equal to zero. 
 
 
 
 
 
 
 
 
 
Voltage Divider Rule (VDR)  
 
 
 
 
 
 
 
 
 
 
 
 
Impedance Diagram  A single plot showing the individual impedances and total impedance is termed a 
phasor diagram.   
 
 

Example (from text).  For the circuit below, determine the total impedance and sketch the impedance 
diagram. 
 

Solution: 
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Example  For the circuit shown: 
 

(a)  Determine the time domain voltage and current v(t) and i(t) 
(b)  Draw the sine waveforms for v and i 
(c)  Draw the phasor diagram showing the relationship between V and I 
 
Solution: 
 
 
 
 
 
 
 
 
 
 
 

Example  A network has a total impedance of ZT=24.0kΩ∠-30˚ at a frequency 
of 2 kHz.   If the network consists of two series elements, what types of 
components are these and what are their R/L/C values? 
 

Solution: 
 
 
 
 
 
 
 
 

Example (from text)  For the circuit below, determine the total impedance and sketch the impedance 
diagram. 
 

Solution: 
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Example  Consider the circuit shown below.  The value of ( )Se t  is   es(t)=170 sin (1000t + 0) V 
 

(a)  Determine ZTOT 
(b)  Determine total current ITOT 
(c)  Determine voltages VR, VC and VL 
(d)  Verify KVL 
(e)  Graph E, VL, VC, VR in the time domain 
 

Solution: 
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Example  In the circuit below,  es(t)=294 sin (377t + 0) V. 
 
(a)  Use the VDR to find VL 
(b)  Determine the value of the inductance 
 
Solution. 
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