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Introduction

The advancement in technology has enabled the use of computers to simulate real world events. The operations of different electrical components can also be done using the available simulation tools (Tuinenga, 2001). This ensures that results are obtained without having to carry out the experiments with the physical equipment. One of the softwares used to achieve this is PSpice. The aim of this exercise is to be able to visualize the theoretical work that has been conducted in the classroom. Of interest is the transient analysis. Through the exercise an introduction on how to use PSpice and the simulations RC, LC and RLC will be plotted. Analysis of these circuits will also be done. 
Exercise 1: Using Pspice

Capacitor voltage as a function of time
Applying Kirchhoff’s current law to the circuit, the capacitor voltage can be determined. This is because this voltage is time dependent. The current flowing through the resistor is equal to the current flowing through the capacitor (Theraja, 2006). This is illustrated below in equation (i).
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Solving the above equation we have:
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Substituting the component values we have:
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The graphs obtained are shown below:
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The shape of the curves is according to expectations. The capacitor voltage increases with time as the capacitor charges. This is until the maximum value of 1V, which is the source supply, is reached. The current through the resistor starts at a maximum and reduces as the capacitor charges.
The graph of the frequency response is shown in figure 2 below:
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A 3dB value of the source voltage is equal to 0.707V. From figure 2, the value of frequency at which the capacitor voltage is reduced to a value below this is about 300Hz.

Derivation of the capacitor voltage as a function of frequency is shown below.
The total series voltage is given by:
[image: image12.png]Veerioe = Ve + V2




This implies that:
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When f = 100Hz, [image: image16.png]w = 2 X7 X 100 = 628.4 radians




Substituting this value into equation (a) at t = 1 we get:

[image: image17.png]V. = 0.785




Exercise 2: LC Circuit
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The capacitor voltage can exceed the 1V supply. This is because of the presence of the inductor in the circuit. The inductor stores energy. This results in the total supply to the capacitor (inductor and source) being higher than the 1V supply. Hence, the charge on the capacitor  can be more than 1V. The two graphs show that the frequency of the capacitor voltage and the current in the circuit are the same.

Table 1: Frequency response data

	Inductor value, L.
	Peak capacitor voltage (V)
	Frequency of oscillation (KHz)

	0.5mH
	
	7.1000

	1.0mH
	0.998
	5.0501

	1.5mH
	0.998
	4.1000

	2.0mH
	0.998
	3.5499


A graph of log10(f) vs. log10(L) is shown below in figure 4.
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Figure 4: A graph of log10(f) vs. log10(L)

Assuming a relationship of the form f = ALn. Taking the logarithm of both sides we get:
[image: image20.png]logf = logA +nloglL





The vertical intercept of the graph has a value of 0.7033. This means that:

[image: image21.png]logA = 0.7033
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The gradient of the graph is equal to the value of n. It is calculated as shown below:

[image: image23.png]0.7033 - 0.6128
n=——— = 0514
0—0176




Substituting these values in equation (iii), the equation relating f and L is obtained to be:
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Exercise 3: LCR Circuit
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Table 2: Capacitor voltage and settling time for different values of resistance
	Resistor value (Ω)
	Peak Capacitor Voltage (V)
	Settling time, ts (μs)

	10
	1.7202
	978.58

	20
	1.5393
	553.57

	30
	1.4169
	410.71

	40
	1.3306
	271.43

	50
	1.2675
	267.86

	60
	1.2206
	260.71

	70
	1.1846
	260.71

	80
	1.1566
	260.71

	90
	1.1351
	260.71

	100
	1.1163
	260.71
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Figure 6.1: Peak capacitor voltage as a function of resistor value
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Figure 6.2: Settling time as a function of resistor value

The peak capacitor voltage reduces as the resistor value is increased. The settling time also reduces until it reaches a constant value. This means that the peak capacitor voltage and the settling time are inversely related to the resistor value. This may be attributed to the fact that the damping value increases as the value of the resistor increases.

The ac sweep responses for different values of R are shown below in figure 7.

[image: image37.png]22KHZ

20KHZ

18KHZ

16KHZ

14KHZ

12KHz

10KHZ

8KHz

6KHZ

4KHZ

2KHz
:2)

X Aok U(et

z





The overshoot when the value of the resistance is 10Ω is high. The value of the overshoot reduces as the resistance value is increased. This may be attributed to the fact that the damping is increased (Theraja, 2006). The graph with the least overshoot is obtained when the value of resistance is highest.
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