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Abstract

The aim of the report is to discuss the results of analyzing and testing the time response on the
RL, RC and RLC circuits and to observe the effect of the initial state on the circuits.

It also aims to check the practical values with the theoretical one.
Components used in the experiment:

Signal generator

Oscilloscope

Digital multimeter

22kohm and 2.2kohm resistors
100nF capacitor

Resistance Decade Box
Inductance Decade Box
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Theory
In this part of the report, the theory behind the circuits connected in the experiment is going to be
explained.

The circuits are categorized in 2 types, which are:

1. First order circuits
For a circuit to be categorized as first order circuit, it has to have only one storage element,
either a capacitor or an inductor connected with a resistor.

The 2 circuits in the experiment are:

e RC circuits

Switch R
. o
charging q
Vs sl s
- ‘=@

Figure 1. 1 RC circuit

The capacitor in the circuit gets charged until its voltage equals the source’s
voltage.

To analyze such circuit the time for the capacitor voltage to reach full charge has
to be found.

To find the time for full charge, graph of V¢ vs t while charging and discharging
needs to be analyzed.
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Figure 1. 2 V¢ vs time while charging and discharging

From the graph, it can be seen that the time for the capacitor voltage to reach 63%
of the sources voltage is the fastest then it slows down to be exponential. So a
time constant (1) is defined, which is the time for the capacitor to reach 63% of
the source’s voltage.

It’s also seen that the time for the capacitor voltage to reach 99% is 5t.
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Figure 1. 3 RL circuit

The inductor is a device that stores current. The time for it to reach the maximum
current from the source needs to be analyzed.
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Figure 1. 4 IL vs time for LC circuits
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The time for the current of the inductor to reach 63% Is called t
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The current in IL:
Vs
I(t) = ?(1 — e‘Rt/L)

It’s also seen that the time for the inductor to reach maximum current is 57.

2. Second order circuits
For a circuit to be categorized as second order circuit it has to have a capacitor, an
inductor and a resistor

series RLC circuits:
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Figure 1. 5 RLC circuit

In such circuit the capacitor and inductor are storing so the voltage and the current
is harder to find

For such circuit the damping factor and the resonant frequency need to be found

Damping factor: a = :;L

. -1
Resonant frequency: wo = e
It can be known from those 2 values if the output is:

e overdamped, o >® leads to the sum of two decaying exponentials



e critically damped, o= leads to t times decaying exponential
e underdamped, a<w leads to a decaying sine



Procedure and data analysis
In this part of the report, the experiment is going to be done and analyzed to compare the actual
values with the theoretical ones.

Three circuits are going to be connected, those circuits are:

A. RC Circuit
R3
Square
q Vi 22k
wave C1
5Vpp 100nF ——
50Hz
Figure 2. 1 RC circuit in the experiment
1. The circuit should be connected as shown in figure 2.1
2. The resistance decade box should be set to 22kQ
3. The capacitor should be checked on the RLC meter to make sure its 100nF
4. The signal generator should be set to generate a square wave of 5Vp-p and 50Hz

with DC offset= 2.5V (5V high, 0V low)

The oscilloscope should be connected to the terminals of the capacitor

The value of the system time constant should be measured from the V¢ on the
oscilloscope
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Figure 2. 2 RC circuit value of the measured time constant

Tpractical = 2.4ms
Ttheoritical = RC
Ttheoritical = 2.2MS
The values of the time constant are close which confirms that the experiment was
successful
The value of the steady state voltage should be measured from the oscilloscope
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Figure 2. 3 RC circuit value of the measured steady state voltage

steady state voltage = 4.72V
The value of the capacitance should be calculated from the measured time

constant

C_T
"R

C =109nF
The value of the calculated capacitance is close to the actual capacitance



B. RL Circuit

2.2k

10Vp-p L
f=500Hz
500mH

Figure 2. 4 RL circuit from the experiment

1. The circuit should be connected as shown in figure 2.4

2. The signal generator should be set to provide a square wave with 10Vp-p,
frequency 500Hz and DC offset=5V

3. The oscilloscope should be connected to the terminals of the inductor

4. The time constant and the steady state voltage and current should be measured

i | T Bl Trio’d M Pos: 0.000s CURSOR
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Figure 2. 5 RL circuit value of the measured steady state voltage

V steady stateyrqcticar = 9-6

V steady stateieoriticar = 10
The steady state theoretical voltage is very close to the practical one.
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Figure 2. 6 RL circuit value of the measured time constant

Tpractical = 220us

Ttheoritical = 227US

The values of the time constant are close which confirms that the experiment was
successful

5. The behavior of the voltage and current responses should be determined in
relation to the element characteristic equation
The behavior is charging and discharging of the current in the circuit
4.36mA=>1 = 91uA

6. The period of the square wave should be changed to 2t and displayed
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Figure 2. 7 RL circuit inductor voltage when T=21

The waveform shown in figure 2.7 shows that when T=2r, the inductor is not able
to charge for to the maximum I and it can’t also discharge to the minimum I (0)

C. RLC Circuit

I.  Response type

Square | y1
wave 22 k 500 mH

5Vpp . .
30Hz 100 nF == C1

Figure 2. 8 RLC circuit from the experiment

1. The circuit in figure 2.8 should be connected

2. The oscilloscope should be connected to measure the voltage on the
capacitor

3. The signal generator should be set to provide a square wave with +-2.5V,
f=30Hz and DC offset= 2.5

4. The response type should be determined
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Figure 2. 9 RLC circuit in an over-damped state

The system is over-damped

R3 should be replaced with a resistance value that provides a critically
damped system

For a system to be critically-damped alpha should equal omega o.

a=w
R 1
2L IC
R = 44720

CHT 200V~ TH2 Baov M T00ms T
29-Nov-2110:28  29.5083Hz

Figure 2. 10 11 RLC circuit in a critically-damped state
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6.

R3 should be replaced with a resistance value that provides an under-
damped system

=
5
i) A | ” | MPos: 0000s MEASURE

]

: Fall Time
?

SRR 7 400V
29-Nov~21 1029 29,5020Hz

Figure 2. 12 13 RLC circuit in an under-damped state

The variable resistance should be changed in steps to observe the change
from one damping condition to another, and then it should be refined to
detect the transition point

The type of response should be determined in each case

Parts 7 and 8 where observed by the team but it was not captured

1. Response parameters

1.

a bk own

The circuit should be kept as its connected but some values need to be
changed

R should be set to 750Q2

The value of the capacitor should be doubled

The value of the inductor should be halfed

The coefficients a, o and T can be measured as shown in figure 12.10
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Figure 2. 15 the under-damped response used to measure damping coefficients

_ tb—ta
Tusaes
~ 1.44
T= I LA — 464
N5z =764
7=1.15
1
a=-=
T

13



a = 0.87

wd — 21
tb—ta
wd = 4.363
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Conclusion
The experiment showed how first order an second order responses look like and how to calculate
the time for each to reach the full or 63% of the maximum.

It also showed how to calculate certain parameters from the graph of the voltage of current vs
time.
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