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Experiment 5: RLC Series / Parallel A/C Circuits 

1. Objectives 

• To study and analyze combination AC circuits that integrate 

both series and parallel connections of Resistors (R), 

Inductors (L), and Capacitors (C). 

• To understand and determine the phasor and directional 

relationships between frequency, total impedance (Z), 

voltages, and currents within the circuit. 

• To practice drawing and analyzing phasor diagrams 

geometrically to connect theoretical concepts with practical 

lab measurements. 

2. Theory 

In combination AC circuits, the network is analyzed and simplified 

in stages. First, the equivalent impedance of the parallel branches 

is calculated, and then it is vectorially added (Phasor Addition) to 

the elements connected in series. Based on the circuit topology, 

three fundamental cases are analyzed: 

Case 1: Parallel RC >> Series with L 

In this configuration, the resistor Rand the capacitor C are 

connected in parallel, and the entire group is connected in 

series with the inductor 

• Parallel Branch Analysis (R parallel C): The voltage is 

common and identical across both parallel branches, serving 

as the horizontal phase reference: 
 



• Currents: The resistor current IR is in phase with the voltage 

V1 (aligned horizontally), while the capacitor current IC leads 

the voltage by 90 Degree (directed vertically upward). 

• Total Circuit Current (IT): This is equal to the inductor 

current IL and represents the orthogonal geometric resultant 

of the two parallel currents according to the Pythagorean 

theorem: 
 

• Total Impedance and Voltage: The equivalent 
impedance of the parallel section Zp is calculated first, 
then added to the inductive reactance: 

 

 
Where the inductor voltage VL leads the total current IT by 90 

degree and the total source voltage Vin is obtained from the 

phasor sum of VL and V1. 



 

 
 

 

 

 
Case 2: Parallel RL >> Series with C 

 
 

 



In this configuration, the resistor R and the inductor L are 

connected in parallel, and the entire group is connected in series 

with the capacitor C. 

• Parallel Branch Analysis (R parallel L): The voltage is common 

and constant across both parallel branches: 

 

 

• Currents: The resistor current IR is in phase with the voltage 

horizontally, while the inductor current IL lags the voltage by 90 

(directed vertically downward) 

•  Total Circuit Current (IT): This is equal to the capacitor current 

IC and represents the geometric resultant of the parallel branch 

currents: 

• Total Impedance and Voltage: 

• Where the capacitor voltage VC lags the total current ITby 90 
and the total source voltage Vin is the phasor resultant of the 

capacitor voltage and the parallel branch voltage. 
 



Case 3: Parallel LC >> Series with R 

In this configuration, the inductor L and the capacitor C are 

connected in parallel, and the entire parallel network is connected 

in series with the resistor R. 

• Parallel Branch Analysis (L parallel C): The voltage across the 

parallel branches is common and taken as the horizontal reference 

line: 

 

 

• Currents: IC points upward 90and IL points downward 90 

• Under the condition XL > XC, IC is larger than IL. Thus, the net 

total current IT points vertically upward by direct subtraction: 

• Series Resistor Voltage (VR): The total current IT flows 

through the resistor R. Since they are in phase, the 

resistor voltage VR is geometrically forced to point 

vertically upward. 
 
 
 
 

 



• Impedance & Source Voltage 

 

 

 



Simulation : 

Question 1: RL-Parallel with C-Series circuit. 
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Conclusion 

• Voltage and Current Relations: The resistor and inductor are 

in parallel, sharing the same voltage. The capacitor is in 

series, carrying the total circuit current. 

• Zero Resistor Current: At low frequencies, the resistor 

current is zero because the inductor acts as a short circuit, 

pulling all the current through itself and leaving nothing for 

the resistor. 

• Resonance Point: At 1500 Hz, the circuit reaches resonance. 

Total impedance drops to its minimum, causing the total 

current and component voltages to peak sharply. 

• Impedance Curve: The curve is U-shaped. It is high at low 

frequencies due to the capacitor, drops at resonance, and 

rises again at high frequencies due to the inductor. 

• Simulation Difference: The voltage difference at resonance 

happens because the manual uses a simplified formula 

assuming a fixed ninety-degree angle, while the simulation 

calculates the real shifting angles 



Question 2 Parallel RC >> Series with L 
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Conclusion 

o Voltage and Current: VR and VC are equal because they are 

in parallel. IL and IS are also equal because the inductor is in 

series with the source. 

o Resonance Point: At 1500 Hz, the circuit reaches resonance. 

The total impedance drops to the lowest point, making the 

total current reach its highest value, and the parallel voltage 

magnifies. 

o  Impedance Curve: The curve looks like a U-shape. It is high 

at first because of the capacitor, goes to the lowest point at 

resonance, and then goes up again because of the inductor 

o  Simulation Error: The difference between our calculations 

and the simulation is very small, which proves our results 

are correct. 



Question 3 LC-Parallel with R-Series circuit 
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Conclusions 

• Resonance Frequency Constancy: The resonance frequency 

is completely constant because it depends solely on the 

inductor (L) and capacitor (C) values, regardless of any 

changes in resistance or voltage. 

• Internal Current Amplification: At resonance, the inductor 

and capacitor exchange energy rapidly, forcing their internal 

branch currents (IL and IC) to reach their maximum peak 

values. 

• Practical vs. Ideal Discrepancy: The slight difference 

between theoretical calculations and simulation results 

occurs because the software includes the internal parasitic 

resistance of the inductor's copper wire. 



 

• Maximum Impedance: At the resonance frequency, the 

parallel LC network reaches its maximum possible 

impedance, acting as a major bottleneck for the current. 

• Open-Circuit Behavior: Physically, the parallel resonance 

combination behaves like an open circuit, blocking the 

current coming from the source and forcing the total current 

to drop to its lowest value. 

• Source Role: At this specific point, the source does not 

supply large currents to the components; it only delivers a 

minimal current to cover the small thermal losses in the 

circuit. 
 
 
 
 

 

THE END 

Why Total Current (IS) is Minimum at Resonance? 


