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Lab07: Transient Response of First-order RC and RL Circuit

Introduction:


This experiment is about the transient response of first-order RC and RL subject. Firstly, the response to an applied voltage pulse can be observed on the oscilloscope. Secondly, the charging and discharging cycle of the circuit is studied. By comparing experimental and theoretical results, it should be very similar to each other.

Procedure and Data:

Experiment 1: To study the transient response of RC circuits

a. Procedure


At the beginning, a circuit should be connected as Figure 1 using resistor and capacitor. The input
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V

and output
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would be connected to oscilloscope and can be observed. 1kHz frequency square wave is applied on the circuit and record the response of the input and output. Then, frequency is changed from 1kHz to
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. The setting of oscilloscope should be adjusted to show a cycle of the response, and record the output under 1RC, 2RC, 3RC, 4RC and 5RC times. A comparison can be concluded between the experimental results and theoretical values.

b. Data and Result

	Nominal value
	Measured value

	1 kΩ
	0.974 kHz

	0.01μF
	10.57 nF

	10 mH
	10.15 mH


Table 1  Measured values of components used in circuit

Time constant (τ) = RC = 0.974k × 10.57 nF = 10.295μ

Charging time = 5RC = 5 × 10.295μ = 51.475μs

Maximum square-wave frequency (
[image: image4.wmf]max

f

) =
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= 9.713 kHz

Frequency = 1 kHz, amplitude = 1V

Timebase = 20μs, Volt/Div = 0.5V


Frequency =
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=9.713 kHz, amplitude = 1V

Timebase = 20μs, Volt/Div = 0.5V
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= 48.567 kHz, amplitude = 1V

Timebase = 10μs, Volt/Div = 0.5V


Pulse width input = 9μs, Pulse width output = 9.5μs

＝> Pulse width ≈ Time constant

Frequency = 200 kHz, amplitude = 1V

Timebase = 2μs, Volt/Div = 0.2V


f↑=> output changed to saw tooth-form

	Time
	Calculated values
	Measured values

	
	Charging
	Discharging
	Charging
	Discharging

	
	Vout (V)

	1RC
	0.632
	0.558
	0.5
	0.4

	2RC
	0.865
	0.205
	0.6
	0.15

	3RC
	0.950
	0.075
	0.8
	0.04

	4RC
	0.982
	0.028
	0.9
	0.02

	5RC
	0.993
	0.010
	0.95
	≈ 0


Table 2  Data of output at different time constants

Frequency =
[image: image10.wmf]max
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=9.713 kHz, amplitude = 1V

Timebase = 10μs, Volt/Div = 0.5V



Experiment 2: To study the transient response of RL circuits

a. Procedure


At the beginning, a circuit should be connected as Figure 12 using resistor and inductor. The input
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and output
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would be connected to oscilloscope and can be observed. 1kHz frequency square wave is applied on the circuit and record the response of the input and output. Then, frequency is changed from 1kHz to
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. The setting of oscilloscope should be adjusted to show a cycle of the response, and record the output under 1RC, 2RC, 3RC, 4RC and 5RC times. A comparison can be concluded between the experimental results and theoretical values.

b. Data and Result

Time constant (τ) =
[image: image14.wmf]R
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= 10.718μ

Charging time = 5
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= 5 × 10.718μ = 53.59μs

Maximum square-wave frequency (
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) =
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=
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= 9.33 kHz

Frequency = 1 kHz, amplitude = 1V

Timebase = 0.2μs, Volt/Div = 0.5V


Frequency =
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= 9.33 kHz, amplitude = 1V

Timebase = 5μs, Volt/Div = 0.5V

Frequency =
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= 46.65 kHz, amplitude = 1V

Timebase = 0.2μs, Volt/Div = 0.5V


Pulse width input = 8μs, Pulse width output = 8.5μs

Frequency = 200 kHz, amplitude = 1V

Timebase = 1μs, Volt/Div = 0.5V


	Time
	Calculated values
	Measured values

	
	Charging
	Discharging
	Charging
	Discharging

	
	Vout (V)

	1RC
	0.3679
	-0.408
	0.34
	-0.36

	2RC
	0.1353
	-0.15
	0.1
	-0.14

	3RC
	0.0498
	-0.026
	0.04
	-0.06

	4RC
	0.0183
	-0.0203
	≈ 0
	-0.04


	5RC
	0.0067
	-0.007
	≈ 0
	-0.02


Table 3  Data of output at different time constants

Frequency =
[image: image23.wmf]max

f

=9.33 kHz, amplitude = 1V

Timebase = 20μs, Volt/Div = 0.5V


Discussion:

1. It is because oscilloscope can’t show exact value of voltage output. However, it would be similar to each other. Another reason is that the resistance of oscilloscope does not include in the calculation, so the value also would be affected.

2. The problem is also found in the experiment 2, because the design of the circuit is basically same, except the capacitor replaced by inductor.

3. If resistor interchanges the position of capacitor, the waveform of resistance will be different.

In charging time,
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In discharging time,
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Therefore, the waveform should be like this,


4. If resistance interchanges the position of inductor, the waveform of resistance will be different.

In charging time,
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In discharging time,
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Therefore, the waveform should be like this,
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Figure 2 Waveform of input





Figure 3 Waveform of output
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Figure 4 Waveform of input





Figure 5 Waveform of output





Figure 6 Waveform of input
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Figure 7 Waveform of output





Figure 8 Waveform of input
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Figure 9 Waveform of output





Figure 11 Outputs at different time constant
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Figure 13 Waveform of input





Figure 14 Waveform of output





Figure 15 Waveform of input
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Figure 16 Waveform of output
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Figure 20 Waveform of output
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Figure 18 Waveform of output





Figure 17 Waveform of input
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Figure 19 Waveform of input
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Figure 21 Outputs at different time constant





Figure 23 Waveform of output





Figure 22 Waveform of input
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Figure 24 Waveform of input
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Figure 25 Waveform of output





output








_1256046191.unknown

_1256051528.unknown

_1256060898.unknown

_1256062154.unknown

_1256062302.unknown

_1256062412.unknown

_1256062453.unknown

_1256062360.unknown

_1256062186.unknown

_1256061283.unknown

_1256062144.unknown

_1256060925.unknown

_1256060639.unknown

_1256060847.unknown

_1256060889.unknown

_1256060817.unknown

_1256060483.unknown

_1256060573.unknown

_1256060454.unknown

_1256050915.unknown

_1256050977.unknown

_1256051003.unknown

_1256050940.unknown

_1256047917.unknown

_1256047281.unknown

_1256047887.unknown

_1256047263.unknown

_1256044778.unknown

_1256044940.unknown

_1256046161.unknown

_1256044752.unknown

