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Abstract

This experiment investigated how a parallel RLC circuit responds to different frequencies
using both simulation software and real laboratory components. The circuit contained a
resistor, capacitor and inductor connected to an AC signal generator set to 2 V peak-to-
peak. The frequency was changed from 100 Hz to 20 kHz while the voltage across the
inductor and capacitor was measured. The results were used to calculate the attenuation
of the circuit and produce a graph of attenuation against frequency. From the graph, the
resonant frequencyand Q factor of the circuit were found and compared with theoretical
values. The experiment showed that the circuit produced a maximum output voltage at
resonance, which occurred close to the theoretical resonant frequency.

Introduction

RLC circuits are electrical circuits that contain a resistor (R), inductor (L), and capacitor
(C), also known as a resonance circuit [1]. These circuits are commonly used in
electronic systems because they can respond differently to different signal frequencies
[2]. One important behaviour of an RLC circuit is resonance, which occurs when the
inductive reactance and capacitive reactance become equal. At this point, the circuit
produces its maximum amplitude at a particular frequency known as the resonant
frequency [3].

Parallel resonance circuits are widely used in applications such as radio tuning circuits,
filters, oscillators, and communication systems [4]. The behaviour of a resonant circuit
can be analysed by measuring how the output voltage changes as the input frequency
changes.

The test circuit forms a parallel resonance circuit as the capacitor and inductor are
connected in parallel, as shown in figure 1. Resonance occurs when the inductive
reactance (X;) and capacitive reactance (X.) are equal in magnitude. At this point, the
inductive current (I;) and capacitive current (I;) are equal and opposite, causing them to
cancel each other out. As a result, the overall current in the circuit is in phase with the
supply voltage (V), and the parallel RLC circuit behaves as though it has a very high
impedance. This causes the circuit to produce its maximum voltage response at the
resonant frequency [3] [2] [5].




Figure 1 - Resonate Circuit
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Due to this behaviour, a parallel resonant circuit is often known as a rejector circuit
because it opposes the flow of current from the source at the resonant frequency. The
voltage response of the circuit follows a similar shape to the impedance curve, reaching
a peak at resonance and decreasing as the operating frequency moves away from the
resonant frequency [5].

The resonant frequency of a parallel RLC circuit can be calculated using the equation:

1
~ 2nVIC

f:

Another important property of resonant circuits is the quality factor, or Q factor. The Q
factor describes how sharp or selective the resonance is. A high Q factor means the
circuit has a narrow bandwidth and stronger resonance peak, while a low Q factor means

the response is broader, as defined by BW = Af = % or BW = f, — f; [5].

Simulation Setups

The circuit used in this experiment was a parallel RLC resonant circuit consisting of a
resistor, inductor, and capacitor connected to an AC signal source, built using Proteus
simulation software. The circuit contained a 1 kQ resistor connected in series with a
parallel LC branch made up of a 1 mHinductor and a 1 pF capacitor. An AC sine wave of
2 V peak-to-peak was supplied by a signal generator, while the frequency was varied
between 100 Hz and 20 kHz to investigate the frequency response of the circuit. As seen
in Figure 1.




Figure 2 - Resonate Circuit
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Voltage measurements were taken across the inductor and capacitor branch at different
frequencies in order to observe the resonant behaviour of the circuit. Near the resonant
frequency, additional measurements were recorded to accurately determine the peak
voltage and half-power frequencies required for calculating the bandwidth and Q factor.
The circuit was first analysed using Proteus simulation software, using the below
parameters in table 1, before constructing a breadboard and testing using physical
laboratory components for comparison with theoretical and simulated results.

Table 1 - Simulation Parameters

Parameter Value

Input Voltage 2V peak to peak
Frequency Range 100Hz -20 kHz
Resistor 1kQ

Inductor 1T mH
Capacitor 1uF

Simulation Results

The theoretical resonant frequency of the parallel RLC circuit was calculated using the
standard resonance equation:

1
2mvilC

where Lis the inductance and Cis the capacitance of the circuit. The component values
used in the experiment were substituted into the equation to determine the expected
resonant frequency before measurements were taken. Using the component values of
L =1mHand C = 1 uF, the theoretical resonant frequency of the circuit was calculated
to be approximately 5.03 kHz. This value represents the frequency at which the inductive
and capacitive reactances are equal, causing resonance to occurin the circuit.

fr=

3




The simulation circuit was tested once the signal generator was set to 2 VVpk-pk at 100Hz.
The results from this simulation can been seen below in Table 2.

Table 2 - Simulation Results

Frequency Vin Vout Gain db
100
500
1000 2 0.015 42.49877473:
2000 2 0.03 36.47817482-
3000 2 0.06 30.45757491-
3500 2 0.09 26.935?4972-
4000 2 0.145 22.79323987-'
4500 2 0.32 15.91760035-
4800 2 0.825 7.691520942-
4900 2 1.45 2.793239869-
5000 2 1.6 | -1.93820026
5100 2 0.95 6.466127808-
5200 2 0.65 | -9.76233278
5300 2 0.45 12.95634962-;
5400 2 0.37 14.65656543:
6000 2 0.165 21.67092103:
7000 2 0.09 26.93574972-
10000 2 0.042 33.5556141i
20000 2 0.0165 41.67092103:

The attenuation of the circuitwas calculated from the measured voltage values using the
following equation:

A =201 (VL)
= 08 10 V.

m




where Arepresents the attenuation in decibels (dB), V,is the measured peak-to-peak
voltage across the inductor branch, and V},,is the input peak-to-peak voltage supplied by
the signal generator. These calculated values were then used to plot the frequency
response of the circuit, as seen infigure 2.

Attenuation

Frequency (Hz)

/

Gain (dB)

From the graph and measured results, the maximum output voltage occurred at
approximately 5000 Hz, where the output voltage reached 1.6 V and the gain was closest
to 0 dB. This indicates that the resonant frequency of the circuit was:

fr = 5.0kHz

The theoretical resonant frequency was found to be:

fr = 5.03kHz
This is very close to the measured resonant frequency of 5000 Hz, giving a difference of

approximately, 33Hz. The percentage erroris therefore:

33 100 ~ 0.66%
5033 D

This shows that the experimental results closely matched the theoretical prediction.




The Q factor was determined from the bandwidth of the resonance curve using:

0= fr
BW
The maximum output voltage was:
Vinax = 1.6V
Half of the maximum voltage is:
1.6 0.8V
2 - .

From the results table, the lower half-amplitude frequency occurred at approximately
4800 Hz (V,,: = 0.825V) and the upper half-amplitude frequency occurred at
approximately 5150 Hz (estimated between 5100 Hz and 5200 Hz)

Therefore, the bandwidth was approximately:

BW = 5150 — 4800
BW =~ 350 Hz

The experimental Q factor was therefore:

5000
Q= 350
Q ~14.3

The theoretical Q factor for the circuit can be estimated using:

C=RIT

Next, substituting the component values into the equation as shown below,

1x10-6

Q = 1000 =557

Q ~316

The simulated Q factor obtained from the graph was lower than the theoretical value
predicted by basic circuit theory.




Discussion

The results obtained from the simulation showed the expected behaviour of a parallel
RLC resonant circuit. As the input frequency increased from 100 Hz, the output voltage
across the LC branch gradually increased until a maximum value was reached at
approximately 5 kHz. Beyond this point, the output voltage decreased again as the
frequency continued to rise. This produced the characteristic resonant response curve
expected from a parallel resonant circuit.

The resonant frequency determined from the graph was approximately 5000 Hz, which
was very close to the theoretical resonant frequency of 5033 Hz calculated using:

1
fr= 2mVIC

The small difference between the theoretical and simulated values resulted in a
percentage error of approximately 0.66%, showing strong agreementbetween theoryand
simulation. This close agreement indicates that the circuit behaved largely as expected

under resonant conditions.

One noticeable feature of the results was the sharp increase in output voltage near the
resonant frequency. At lower and higher frequencies, the gain remained significantly
negative, indicating low output voltage across the LC branch. However, near resonance
the gain rapidly increased, reaching a maximum value of approximately-1.94 dB at 5 kHz.
This occurred because the inductive reactance and capacitive reactance became equal
in magnitude at resonance, causing the reactive currents to cancel each other out. As a
result, the circuit exhibited maximum impedance and produced the largest voltage
response.

The graph also showed that the response curve became narrower around resonance,
which is characteristic of a resonant circuit with a relatively high Q factor. Using the half-
power frequencies obtained from the graph, the bandwidth was estimated using the
following equation:

BW =f,—fi
BW = 5150 — 4800
BW =~ 350Hz

Which was then used to calculate a Q factor of approximately 14.3. Although this
demonstrated a clear resonant peak, the value was lower than the theoretical Q factor.
This difference may have been caused by the limited number of measurement points
taken around the resonant region and the estimation of the half-power frequencies
directly from the graph. In addition, simulation software may include small non-ideal




characteristics within component models, preventing the circuit from behaving as a
perfectly ideal resonant circuit [6].

Another noticeable trend was the symmetry of the response around the resonant
frequency. The output voltage increased rapidly as the circuit approached resonance and
decreased in a similar manner once the frequency moved abowve resonance. This
behaviour is typical of parallel resonant circuits and demonstrates how the circuit
selectively responds to frequencies close to resonance while rejecting frequencies
further away.

Overall, the results closely followed theoretical expectations and successfully
demonstrated the resonant behaviour, bandwidth characteristics, and frequency
selectivity of a parallel RLC circuit.

Breadboard

Following the completion of the simulation, the circuit was intended to be constructed
on a breadboard using physical components in order to investigate the behaviour of the
parallel RLC circuit under real operating conditions. However, due to time limitations
during the experiment process, the practical stage was not completed.

If the practical experiment had been carried out successfully, it would be expected that
the overall shape of the frequency response curve would remain similar to the simulated
results, with a clear resonant peak occurring close to the theoretical resonant frequency
of approximately 5 kHz. The output voltage across the LC branch would still be expected
to increase near resonance before decreasing at frequencies above and below the
resonant point.

However, some differences between the simulated and practical results would likely
have been observed. In a real circuit, components are non-ideal and contain parasitic
properties such as internal resistance within the inductor, stray capacitance, and
additional resistance from breadboard connections and wiring. These components have
a high impact on performance and efficiency and will likely behave very differently when
operating at higher and lower frequencies [7]. These factors would likely reduce the
sharpness of the resonant peak, resulting in a lower Q factor and a slightly wider
bandwidth compared to the simulation. Small shifts in the resonant frequency may also
occur due to component tolerances, as real inductors and capacitors rarely match their
stated values exactly [3]. In practical circuits, energy losses caused by resistive effects
and imperfect component behaviour can dampen the resonant response and reduce the
maximum output voltage observed at resonance [8]. Breadboard layouts and connecting
wires may also introduce additional parasitic inductance and capacitance, which can
slightly alter the measured frequency response of the circuit [9].




Despite these expected differences, the practical experiment would still be expected to
demonstrate the same overall resonant behaviour observed in the simulation, confirming
the theoretical principles of parallel resonance.

Conclusion

In this experiment, the resonant behaviour of a parallel RLC circuit was successfully
investigated using circuit simulation software. The frequency response of the circuit was
analysed by varying the input frequency from 100 Hz to 20 kHz while measuring the
output voltage across the LC branch. From these measurements, the attenuation,
resonant frequency, bandwidth, and Q factor of the circuit were determined and
compared with theoretical predictions.

The results demonstrated the expected characteristics of a parallel resonant circuit. As
the input frequency approached resonance, the output voltage increased significantly
and reached a maximum value atapproximately 5 kHz. Beyond this frequency, the output
voltage decreased again, producing the characteristic resonant response curve. The
resonant frequency obtained from the simulation was found to be approximately 5000
Hz, which closely matched the theoretical value of 5033 Hz calculated using the standard
resonance equation. The small percentage error of approximately 0.66% indicated strong
agreement between theoretical and simulated results.

The bandwidth of the circuit was determined from the half-power frequencies and used
to calculate a Q factor of approximately 14.3. The response curve showed a relatively
sharp resonance peak, demonstrating the frequency selectivity of the circuit. Although
the calculated Q factor was lower than the theoretical value, the simulation still
accurately demonstrated the overall resonant behaviour expected from a parallel RLC
circuit.

The experiment also highlighted the relationship between resonance, impedance, and
voltage response in parallel resonant circuits. At resonance, the inductive and capacitive
reactance’s became equal, causing the reactive currents to cancel each other and
resulting in maximum impedance and minimum supply current. This behaviour
confirmed the theory discussed within the report and demonstrated why parallel
resonant circuits are often referred to as rejector circuits.

Although the practical breadboard construction was not completed during the
experiment process, the expected practical results were considered and compared with
the simulation. It was concluded that a real circuit would likely produce a similar
resonant response but with a slightly lower Q factor and small shifts in resonant
frequency due to component tolerances, parasitic effects, and additional resistance
within physical components and wiring.




Overall, the experiment successfully achieved its aim of investigating resonance within a
parallel RLC circuit and demonstrated close agreement between simulation results and
theoretical circuit analysis.
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