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Electronic Principals Assignment

ABSTRACT

This experiment was designed to build an LCR circuit in a simulation package and then build the same
circuit in an electronics lab. Measurements were taken to show how the two circuits compared to one

rand where the resonant frequency was. The resonant frequency was ~5 kHz and all circuits
compared very well. The bandwidth and ‘Q’ factor did not compare well. The lab built circuit was not
aligned with that of the simulated circuit. The simulation gave a bandwidth was 525 Hz and ‘Q’ factor
of 9. Whereas the measured circuit had a ‘Q’ factor of 0.5 and a bandwidth of 9.5 kHz. Possible reasons
behind this are discussed later in this report.

Objective

The objective of this of this report was to build and test an RLC (resister, inductor, capacitor) circuit in
a suitable simulation package. Following this the same circuit was built in a lab condition.
Measurements were taken at various frequencies looking for where the circuit is at resonance. A
comparison of the two circuits is then made to establish the relationship between ‘real world’ circuits
and those created using a simulation package.

Introduction

“A resonant circuit can be used to ‘block’ (i.e. present high impedance toward) a frequency or range
of frequencies, thus acting as a sort of frequency filter’ to strain certain frequencies out of a mix of
others” [1]

“In essence, this is how analogue radio receiver tuner circuits work to filter, or select, one station
frequency out of a mix of different radio station frequency signals intercepted by the antenna” [1]

In the defence industry this is used for communication signals using radio frequency such as troops in
the field using analogue radio. Complex weapon systems can also use the same type of circuit to block
signals as to ensure that they are not ‘functioned’ accidentally by use of radio communications. A
much more complicated use of a resonant circuit can be used to focus a RADAR signal that guides a
guided missile system towards a target that is being tracked. For this application a frequency with a
very high ‘Q’ factor and a very low bandwidth would be used. This type of circuit is o_qgﬁhg_r_e_mjlnf
this report; however, the design can be traced back to the basic circuit being looked considered.

Resonant circuits can even be found in the most complex of theoretical ideas such as those put
forward by Antonov in his journal report on Multiverse time travel [2],\

The purpose of this report is to show the relationship between frequency and voltage on a resistor,
inductor, and capacitor (RLC) circuit. A comparison is made using basic theory, computer simulation
and real time laboratory measurements of the built circuit.

The information gathered from these made circuits allows the resonant frequency and ‘Q’ factor to
be worked out and measured, then compared through each of the circuits and calculated responses.
The ‘Q’ factor of the RLC means the quality of the circuit. It determines how well the circuit can
respond or discriminate between signals at different frequencies. A circuit with a low Q" cannot
discriminate very well between signals, thus has a high bandwidth where signal is not selective and
can pick up interference from many other signals. A circuit with a high ‘Q’ factor means the circuit can
be very selective, the higher the ‘Q’ the better the quality and the more selective the circuit with a
very low bandwidth. [1]
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Apparatus

The list below shows the equipment that was used to conduct the experiment

* Proteus 8, electronics lab simulation package
e Function generator

« Digital oscilloscope

« Resistor (3.30)

¢ Inductor (1mH)

e (Capacitor (1uF)

e Connecting wires

e Oscilloscope probe

Method

The experiment began by using the electronic simulation package ‘Proteus 8’ to build the circuit. The
simulation was run through a range of frequencies to establish the how the voltage across the
capacitor and inductor would change at the different frequencies and thus establish the resonant
frequency of the circuit

The requirement was to set up the RLC circuit using a 3.3 Q resistor, a 1 mH inductor and a 1 pF
capacitor. A function generator was used to create a 12 V peak to peak ac signal input and an
oscilloscope is used to measure the signal across the inductor + capacitor and across the capacitor.
[Fig 1 and 2]

Y AN |
% i
Fig. 1, circuit layout in Proteus Fig. 2, Hardware simulation in Proteus

A wide range of frequencies were measured from 100 Hz to 20 kHz with a narrower selection of
frequencies around the calculated area where resonance was expected to occur. The results that were
measured through the range of frequencies have been tabulated in the results section along with
graphical representation.

Following the simulation package results. Time was spent in the electronics lab to recreate the circuit
using real components. The purpose of this was to establish whether the predictions made using the
simulation package would be recreated in a real laboratory situation. In order to recreate the circuit,
‘breadboard’ was used. Breadboard is a simple deck made up of copper rails inside a plastic housing.
The rails copper rails run in one direction with a break through the centre. They have sprung openings
which allow components to be attached and removed easily without the use of solder or any
permanent connection. Two further rails run along the side of the board at 90° to the component rails
to allow a power source and earth to be connected.
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To connect the components to the breadboard the legs of the resistor were bent at a suitable distance
so that they would fit into the board. All the components (resistor, inductor and capacitor) were then
inserted into the board ensuring that they were in far enough so that a good connection would be
made (Fig 3). In this circuit the capacitor was not electrolytic, therefore it could be inserted either way
around. Extra wires were cut to size so that the circuit could be connected to the function generator
to complete the circuit. A probe was connected to the resister leg between the resister and the
inductor allowing the voltage V. + Vi to be measured. The probe was connected to the oscilloscope
with the negative of the probe to Earth (Fig 4).

-__:'.!.'
Fig 3, circuit attached to breadboard Fig 4, lab set up

Due to the way high current can be drawn through an RLC circuit it was recommended that in the lab
experiment 4 V peak to peak should be used. As the components were ideally the same as those used
in the simulation package, when the measurements were taken point of resonance would not change.

Measurements were taken with the same frequencies used for the simulation and the results Iong\
with graphical representation are tabulated in the results section.
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Results

The results set out in table 1 show the the measurement of V| + V. taken using the simulation package
using a 12 V peak to peak input.

Frequency | VL+VC
(Hz) (v)
100 12
200 12
500 12 V0L+VC (Simulated Values 12V)
1000 12 14
2000 12 i
4500 10.5 .
4600 0.8 =
4700 8.5 v 8
4800 6.26 £ 6
4900 2.76 =
5000 1.7 ,
5100 5.46 )
5200 7.84 L

0 5000 10000 15000 20000
5300 9.26

Frequency (Hz)

5400 10.06
5500 10.6
10000 12
20000 12
Table 1

Looking at the graph it can be seen that the resonant frequency is ~5 kHz
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The results set out in table 2 show the measurments taken in the lab using breadboard and real
components with the input set at 4V peak to peak

Freq VL+VC
uency (V)
Hz
100 3.96
200 3.92 VL+VC (Real values 4V)
500 3.88
45

1000 3.68
2000 2.96 %2
4500 0.504 "3
4600 0.424 s

o 2.5
4700 0.352 ¥
4800 0.336 s -
4900 0312 ' .
5000 0.32 05
5100 0.32 8
5200 0.344 0 5000 10000 15000 20000
5300 0.36 Frequency (Hz)
5400 0.424
5500 0.488
10000 256
20000 352
Table 2

The graph in table 2 shows a different shape, however it can be seen that the resonant frequency is
around 5 kHz
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As the initial requirement was to run the simulation package at 12 V peak to peak, comparing it to the
real circuit at 4 V peak to peak. It was decided that for a fair comparrison the simulation should be
analysed again at 4 V so that the two circuits would be a direct representation of one another.

Table 3 shows the measurements taken when the simulation was run a second time, using 4 V peak
to peak

Frequency | VL+VC

(Hz) (V)

100 4

200 4

500 4

1000 4

5000 2 VL+VC (Simulated Values 4V)

3000 3.96 45

4000 3.9 4

4500 3.5 35

4600 3.26 < 3

4700 2.86 @ 25

4800 1.05 £ 2

4900 0.92 > 15

5000 0.58 1

5100 1.8 0.5

5200 2.62 g

5300 3.08 0 5000 10000 15000 20000
Frequency (Hz)

5400 3.36

5500 3.54

6000 3.86

7000 3.96

10000 4

20000 4

Table 3

Looking at the graph in table 3 it can be seen that the resonant frequency is around 5 kHz

The measurments taken during the lab experimant did not give a response that was expected (barring
that of the resonant frequency). The bandwidth was seen to be much higher than simulated. Therefor
it it was decided that the circuit would be built and run a second time in the electrical workshop at the
authers workplace. Components to the values required for the circuit were not available therefor a
series of decade boxes were used. A decade box allows allows many different values of a componant
to be switched without the need to change the companent.

On this occasion a larger selection of frequencies were used so that a more concise frequency graph
could be drawn
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Table 4 shows the voltage measured across V| and V. using decade boxes to the value of the
components required for the circuit.

Frequency | VL+ VC

(Hz) (v)

100 4

200 4

500 3.95

1000 38

2000 3.1

3000 2.05

4000 1.44

4400 1.05

4500 1

4600 0.445 VL + VC (2nd lab real values 4V)

4700 0.35 4.5

4300 0.299 4

4900 0.232 35

5000 0.185 < 3

5100 0.209 @ 25

5200 0.268 £ 2

5300 0.341 > 1s

5400 0.412 4

5500 0.488 05

5600 0.56 0

5700 0.638 0 5000 10000 15000 20000
Frequency (Hz)

5800 0.71

5900 0.787

6000 0.856

6500 1.198

7000 1.494

8000 1.97

9000 2.35

10000 2.63

12000 3

15000 3.35

18000 3.54

Table 4

Looking at the graph in table 4 it can be seen that the resonant frequency is around 5 kHz and the
frequency response matches that of the measuements taken in the first lab experiment.

Four different sets of results have been compiled so that an accurate comparrison of the circuit can
be made.
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In table 5 all of the results have been overlaid onto a graph.

Frequnecny | 2" lab based 1% lab based Simuated VL+VC | Simuated VL+VC
(Hz) measurement measurment (4V) [4V)\
VL + VC (4V) VLHVC (4V)
100 4 3.96 4 12
200 4 3.92 4 12
500 3.95 3.88 4 12
1000 3.8 3.68 4 12
2000 3.1 2.96 4 12
4500 1 0.504 35 10.5
4600 0.445 0.424 3.26 9.8
4700 0.35 0.352 2.86 8.5
4800 0.299 0.336 1.05 6.26
4900 0.232 0.312 0.92 2,76
5000 0.185 0.32 0.58 1.7
5100 0.209 0.32 1.8 5.46
5200 0.268 0.344 2.62 7.84
5300 0.341 0.36 3.08 9.26
5400 0.412 0.424 3.36 10.06
5500 0.488 0.488 3.54 10.6
10000 2.63 2.56 4 12
20000 3.54 3.52 4 12
Overlay of all VL + VC against frequency
14 ——2ndreal VL + VC (4V)
- real VL+VC
simuated 4V VL+VC
10 12v simulated
N
&
i
S 6
a
2
0
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency (Hz)
Table 5
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Quick interpretation shows that the resonate frequency, when V. + Vi is at the lowest value, is ~5 kHz.
It should be noted that some of the measured values have had to be removed in order to allow the
spreadsheet program to overlay the graphs on top of one another.

If all of the results obtained are relayed over one another, it shows that the lowest voltage measured
is at the same frequency.

Zooming into the graph [Graph 1] makes it possible to look closer at where the resonant frequency
has been measured. As the 12 V simulation enlarges the graph, it has not been drawn on the ‘zoomed’
representation.

Voltages around resonant frequency (4V only)

3.5

25

Voltage (V)
M

1.5

0.5

4200 4400 4600 4800 5000 5200 5400 5600

Frequency Hz

2nd lab results 1st lab results Simulated results

Graph 1.

Looking at the results obtained from both simulation and measurement we can say that the resonant

frequencies are as follows. (the graph drawn by Excel doesn’t necessarily represent the figures
inputted to obtain the graph)

4V simulation 1% lab measurment 2™ |ab measurement
5 kHz 4.9 kHz 5 Hz
Table 6.
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From the results measured in both simulation and electronics lab it can be suggested that the resonant
frequency is approximatly 5 kHz.

Analysis and Discussion

Two circuits were required for the purpose of the experiment, simulated 12 V and a real 4 V circuit.
Following the measurements taken it was decided to create a second simulation at 4 V to better
contrast the real circuit against the simulation circuit. A further real circuit at 4 V was built and tested
to in order to check/clarify the measurements taken during the lab exercise.

The analysis and discussion here is based around the simulated 4V circuit and the first lab builds 4 V
circuit.

The From basic electronic theory it is known that in a simple resistive circuit Ohms law states [1]

[ = V

"R
This can be transposed as
R = %4

T

In such a resistive circuit the current and the voltage are known as ‘in phase’.

Due to an AC circuit having the ability to have phase shift (current leading/lagging the voltage)
depending on the type of the circuit. The resistance may include the angel of phase sp,lff, therefore
resistance in the AC circuit is known as impedance, (2Z)

In a purely capacitive circuit the current will lead the voltage by 90°
In a purely inductive circuit the voltage leads the current by 90°

Capacitors and inductors have an opposition to current flow, this what is known as reactance (X).
Reactance in a capacitor is known as X. and reaction in the inductor is known as X,. The total reactance
of a circuit is known as X:. An all cases reactance is measured in Ohms, however the use of (X) shows
that the circuit is not purely resistive. [3]

The reactance is calculated based on the frequency of the circuit at the time. Therefore through
varying the frequency, the reactance from the components will change. At resonance the reactance
(X#) is 0 Q and the circuit is purely resistive. The reason reactance is 0 Q is that as X, and X oppose
each other, when they are of equal value the cancel out, leaving only resistance in the circuit. [1] [5]

1 1

The calculation for Capacitive reactance X, = e
T )

The calculation for Inductive reactance X; = 2mnfL = wL
When Xi>Xc, the circuit is inductive
When Xc>X,, the circuit is capacitive

The point at which X, = X. the current and the voltage of the RLC circuit are in phase, this is known as
the resonant frequency

Total circuit reactance = X¢ = X, — Xoor X — X,

Steven James— 1810370
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This information was used to create the following graph of Capacitive and Inductive reactance.

Xl vs Xc

1800
1600
1400
1200
1000

800

Reactance

600
400
200

0 5000 10000 15000 20000

Frequency

X

—_—XC

When this graph was zoomed in it was easier to where the resonant frequency is

Xl vs Xc at resonance

335
33
325
32
315
31

Reactance

305

30
4750 4800 4850 4900 4950 5000 5050 5100 5150 5200 5250

Frequency (Hz)

— X X

From the graph it could be seen that using the results from the simulation package to find where X, =
X the resonant frequency was around 5030 Hz.

This matches with the results from the simulation package.
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The ‘Q’ factor of the simulated circuit can be calculated using the formula: [4]

Q factor = %\E =£ %’: =9.58266

The resonant frequency can be calculated using the formula [3]

1 1
2myIC  2myImxiu

Resonant frequency = =5032.921Hz

Using basic theory it can be determined that the circuit will be at resonance when the frequency of
the input voltage is 5032.921 Hz (5.032921 kHz). The ‘Q’ factor has been calculated as 9.58266.

With these calculations the bandwidth of the circuit can be calculated using the formula [3]

_ resonant frequency
- bandwidth

Therefore

resonant frequency _ 5032.921

bandwidth = =
Q 9.58266

=525.233 Hz

The components used in the lab practical had values stated to match those used in the simulation.
However, these were not the actual values.

The actual values were measured as: resistor = 2.89 Q, inductor = 0.977 mH and capacitor 1.013 uF

Using this information the Q factor can be calculate as

1 (I 1 0.977m
Q factor = ;J;—ﬁ Sois. = 10.7459

The resonant frequency can be calculated as

1 1
Resonant frequency = ondic - anloermaione - 5059.04 Hz
The bandwidth can then be calculated as

bande:dth _ resonant frequency — 5059.04 = 47079 HZ

Q 10.7459

From the calculations made. It is not clear how they correspond to the results that were measured.
The calculated ‘Q’ factor of the simulated circuit is 9.58, the calculated ‘Q’ factor of the lab built circuit
is 10.75. This means that the lab built circuit should have been a ‘better’ or ‘more selective’ circuit
with a narrower bandwidth. However when the results were analysed it was quite clear on the graph
that the bandwidth was much larger.

Steven James— 1810370
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A further consideration for the difference on an electronic basis is the internal resistance of the
inductor itself. When measuring the real system the internal resistance of the inductor should be
added to the series resistance of the circuit.

In LCR circuits both internal (inductor) resistance, and external resistance are present in the complete
circuit. Therefore, it will be easier to consider that the voltage Vr is the voltage across the TOTAL
circuit resistance, which comprises the internal resistance of L, added to any separate fixed resistor.
Where Vs is mentioned, this is the applied supply voltage. [4]

The resister used in the real circuit was measured at 2.89 Q, however, the internal resistance of the
inductor was also measured at 2.89 Q. Using the above statement this is very important to consider
as the total resistance of the circuit was effectively doubled,

Rtotal = R + Rinductor
Now the total resistance of the circuit is 5.78 Q.

The Q factor will now be

1 |1 1 0.977m
Q factor = ~\F=— =537
ra/c 5784 1.013u

This shows that the Q factor of the real circuit was actually half the calculated Q where no
consideration was given to the internal resistance of the inductor.

The much lower Q factor will have a major effect on the bandwidth of the circuit

bandwtdth = resonaﬂcérequency = 5055:;04 =942.09 Hz

This was only the calculation though. The bandwidth was measured from the graph below [graph 2]
by finding 70.7% (half power) of the total voltage, 4V. This was worked out as 2.82V. By measuring
where the 2.82 V line intersects with frequency the bandwidth can be worked. The bandwidth from
the graph created is approximately 9500 Hz.
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Ap0 B0 1200 1600 2000 F400 B00 3300 3600 4000 4400 4800 5300 S600 6000 6400 G800 7200 600 SO00 8400 HI00 9200 S600 10000 10400 10800 11200 11600 13000 13400 178

Frequency (Hz)

Using the bandwidth measured from the graph, the Q factor can then be worked out to be

Q= resonant frequency _ 5059.04 _ o o
- Bandwidth 9500 :

This is a very low Q, meaning that the circuit is a very ‘bad’ circuit and is susceptible to interference
from all the frequencies within the bandwidth

Transposing the formula for working out the Q the paossible full resistance in the circuit can be
predicted.

F=2 —== R=5860Q

The capacitor may also have resistances similar to that of the inductor, this is known as ESR

The ESR is the ohmic part of an equivalent series circuit. Its value assumes all losses to be represented
by a single resistance in series with the idealized capacitor. The ESR is the ohmic part of an equivalent
series circuit. Its value assumes all losses to be represented by a single resistance in series with the
idealized capacitor. [6]

This basically takes into account all the resistances internal to the capacitor through the dielectric,
lead terminations and any other minor resistance pathways.

For the components values given in the lab experiment the ESR values for the capacitor were quoted
as

Steven James— 1810370
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ESR @ 1 kHz - 5.09189 x 10-5
And

ESR @ 10 kHz - 7.63784 x 10-4

When put into the equation to work out the impedance (Z) of the circuit the results are [6]

ESR? + (ZHﬂ _ (zﬂlﬁ))z

2
_&52 B (N S
Therefore, at 1 kHz z= (5'09 189210 — 5% + (2n1k0.977m (21!1!(1.[]1311)) )

=150.9738088 O

2
(7.63784x10 —42 4 (2n10k0.977m - (;)) )

Also at, at 10 kHz zZ= 2m10k1.013u

=45.67547237 Q

Unaffected impedance of the circuit is calculated as [3]
z= [r2+X?

z= J2.892 +150.97380882

At 1kHz

Z=151.001467 Q

At 10 kHz

z= JZ.BQZ + 45.67547237*%

Z=45,76680977

These calculations show the impedance solely and inclusive of ERS have very little difference. Although
there is a difference, in the circuit we have tested, the ESR plays a negligible effect.
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There could be several reasons why the results obtained during this exercise did not follow the
predictions from the simulation package. The simulation package works on a “perfect world” system
with accurate component values and no losses across the circuit. In reality this would not be possible.

Resonant circuit components can be easily effected by external factors introducing noise onto the
system. This could include the frequencies created by fluorescent lighting systems. Other circuits of
the same type being tested nearby. Mobile phones can cause interference with a circuit if it is not
shielded, although due to the tuning of the system the call could not be ‘intercepted’.

There are internal reasons why the results were different. The simulation does not take into account
the extra resistance and circuit disturbances caused by using breadboard. Although breadboard is a
useful tool to have in the lab, the more connections are made to it using wires the larger the chance
of introducing breaks and poor connections. Small interferences in the circuit could add up to make a

noticeable difference.
|
The function generator has an output impedance of 50 Q, if this is taken into consideration along with

the series resistance of the circuit and any other small resistances, this would make a big difference
to the voltages measured and why the frequency bandwidth is so wide. Using the ‘Q’ factor worked
out from the bandwidth, the calculated series resistance of the circuit is 58.6 Q which is very close to
the impedance of the function generator + the circuit resistance of 5.78 Q totalling 55.78 Q

Conclusion

If the idea of the experiment was just to measure and compare the resonant frequency of a simulated
circuit and a real circuit. It could be quite well suggested that, although the resonant frequencies are
slightly different, the inaccuracies of the real components show that the two circuits represent each
other well.

The objective was not just to compare the resonant frequencies, it was to consider the differences of
the LCR circuit and the resonance. In a perfect world situation the results taken and graphs drawn
would have matched perfectly with that of the simulation. This was not the case. The resonant
frequency matched, however the bandwidth and thus, the ‘Q’" factor did not match the simulation
package at all.

After considering all the options as to why they may not have matched, such as internal resistances,
inaccuracy of the components, the use of breadboard and the impedance of the function generator
(non-extensive list). It could be reasonable to say that if you know all these component intricacies then
they could be planned into the simulation. If they are all considered in the simulation then the result
should be as expected.

What the experiment does show however, is that when using a simulation package to predict the
output of an experiment. It is a much faster and easier way to set up the circuit then to build it
properly. If the simulation successfully gives the output that is planned, then confidence can be taken
that the prototype real circuit will be accurate which can aide the movement forward toward full
implementation of the circuit.
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