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PREFACE

Since the publication of the first edition of PSpice with Circuit Analysis, the change-
over from the DOS to the Windows format and the proliferation of relatively cheap
personal computers have created the need for this third edition of the text.

The impact of such programs as PSpice will be profound in the workplace of the
present and future electrical engineer. Also, they will increasingly affect the fashion in
which electrical engineering and electronics technology are taught in colleges and
technical schools. The analysis of electrical and electronic circuits even of modest size
involves both complex and lengthy calculations. By means of PSpice, circuit complexity
is far less a hindrance to a successful analysis of electrical circuit behavior. Relatively
few rules of program syntax together with a few click-and-drag operations allow the
electrical engineer and the student to solve complex circuits and produce circuit
schematics of professional quality.

The successful evaluation of a formula, when done by a calculator, gives the
relationship between circuit variables at a particular operating point. PSpice, by contrast,
allows for a global perspective of circuit behavior. The ease, compared to traditional
methods, by which a frequency or transient (time) analysis can be performed well
illustrates the point. Oscilloscope-like displays of circuit variables, their mathematical
relationships, and concepts such as the RMS value of a signal can all be accurately and
quickly displayed.

PSpice allows a shift of emphasis away from computation of circuit variables toward
their interpretations. It also allows a shift away from the analysis on the component level
of circuits to the analysis of systems consisting of many circuits. Traditionally, students
spend considerable time analyzing circuits containing a single bipolar transistor.
However, practical circuits such as multistage amplifiers, operational amplifiers, active
filters, and communication circuits all contain many transistors in addition to numerous
other solid-state devices. Circuits of such complexity can be analyzed with relative ease
by the PSpice program.

Educators are challenged to incorporate these PSpice capabilities into the existing
curriculum. With the pedagogical approach in this text, a particular circuit phenomenon is
observed by means of graphical and numerical output data generated by PSpice. Having
observed the phenomenon, the student is prompted to seek an explanation. At this point,
mathematical concepts and formulas are introduced. The student is asked to show the
correlation between data and calculation. A typical example of this approach is found in
Chapter 6 of this text. There, the response of a RC circuit to a sinusoidal voltage is
investigated by means of the PSpice program. Subsequent to that, the phasor method is
introduced to solve for the circuit response. Finally, the results of that method and the
PSpice data are compared. The structure of this book reflects this approach. Although its

11
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topical outline supports the traditional electrical engineering curriculum, a dual approach
is taken. Every new circuit concept is introduced with its relevant PSpice commands.
Subject matter and the PSpice program are used in a mutually supportive fashion.

This text is neither an electrical engineering textbook with the PSpice program
relegated to an appendix nor is it simply a reference manual for PSpice. The underlying
assumption of this book is that the combination of subject matter and the PSpice program
can foster conceptual understanding and competence to advance the learning process.
This text does not advocate the neglect of tradition teaching methods in favor of the use
of the PSpice program; rather, it uses them in conjunction with the program.

The material in this book is divided into ten chapters, which cover the topics usually
found in a one-year course in electrical circuit analysis. Chapter 1 is devoted to the
analysis of dc circuits containing single and multiple independent current and voltage
sources. The analysis of circuits containing dependent current and voltage sources is also
included in this chapter. These devices play an important role in the modeling of many
solid-state devices.

Chapter 2 introduces some fundamental network theorems as applied to dc circuits.
The Superposition theorem, Thevenin’s theorem, and Norton’s theorems are
demonstrated. Source conversions and the Maximum Power Transfer theorems conclude
the chapter.

Chapter 3 introduces the reader to the transient phenomena encountered in RC and
RL circuits. The continuity of a capacitor’s voltage and an inductor’s current are related
to the power flow and the energy content of these elements. The concept of the time
constant is introduced. The circuit response to a linear pulse train is introduced. The
model of a switch as used in PSpice is applied to circuits.

Chapter 4 has as its subject the application of sinusoidal currents and voltage to
resistive circuits. The latter are used so as not to introduce unnecessary complications at
this time. The effects of time and phase shifts, their relation, and their effect on circuit
behavior are studied. The sums of sinusoidal currents and voltages are obtained.

Chapter S investigates the steady-state sinusoidal response of series, parallel RC, RL,
and RLC circuits. The concept of impedance is demonstrated graphically by using
PROBE plots. These plots demonstrate that admittance and impedance are steady-state
concepts. The equivalency between various series and parallel circuits is demonstrated.

Chapter 6 investigates the total response of series and parallel RC, RL, and RLC
circuits. This response is shown to be the sum of the forced response due to the source
and the transient, or natural, response of a circuit. The subject of electrical resonance
investigated.

Chapter 7 extends the concepts of Chapter 2 to circuits containing resistors,
capacitors, and inductors. Superposition is applied to circuits containing both ac and dc
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current and voltage sources. The ability of students to analyze such circuits will become
increasingly important as they progress to electronic circuits containing solid state
devices. It is demonstrated that Norton and Thevenin impedances are generally complex
quantities. It is shown that maximum power from a source to a load will flow when the
source impedance is the complex conjugate of the load impedance.

Chapter 8 shows that power and energy flow in alternating current circuits. The
power and energy relations for resistors, capacitors, and inductors are investigated. The
concept of apparent, real, and reactive power is introduced and obtained by PSpice. It is
important to note that this chapter provides the theoretical basis upon which the electrical
utility industry is built.

Chapter 9 introduces the reader to the frequency response of RC, RL, and RLC
circuits. The necessary PSpice statements are introduced and applied. Both magnitude
and phase plots are obtained and the impedance of circuits is plotted as a function of
frequency. The concepts of the 3dB frequency are introduced and applied to the filters.
The RC circuit is used both in its high-pass and low-pass configurations. The effect of
multiple sections on roll-off is demonstrated. The characteristics of a band-pass filter are
examined. The concept of the Q factor is covered. The relationship between transient
analysis and AC (frequency) analysis is stressed.

Chapter 10 applies non-sinusoidal current and voltage sources to electrical circuits.
The ability of the PSpice program to perform a Fourier analysis is demonstrated. The
Fourier transforms of some standard waves are obtained. The PSpice program calculates
the total harmonic distortion (THD) of a wave. The RMS value of a wave train and the
power it delivers to a load are calculated. The effects of half-wave and full-wave
rectification on a Fourier spectrum are investigated. Wave symmetry and the effects of
time shift of a wave are explored. Finally, a square pulse is applied to a RC high-pass
filter and a band-pass filter. The effects of these circuits on the Fourier transform are
investigated.
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PSPICE ANALYSIS OF DC CIRCUITS
ANALYSIS OF A SERIES CIRCUIT

Kirchhoff’s Voltage Law for Series Circuits

A series circuit has only one current path. If a voltage or current source is
connected to a series circuit, the current is the same throughout the circuit. For such a
circuit, Kirchhoff’s voltage law states: “the algebraic sum of the voltages around the
closed path of the circuit is equal to zero volts.” It follows that the electrical power
delivered by the source(s) is equal to the power consumed by the resistor(s). This is a
demonstration of the law of the conservation of energy as applied to electrical circuits.

Ideal DC Current and Voltage Sources

An ideal dc voltage source maintains a constant voltage across its terminals
independent of time and any external circuit elements connected to it. An ideal dc current
source maintains a constant current between its terminals independent of time and any
external circuit elements connected to it.

The Resistor

We begin our analysis with purely resistive circuits. A resistor dissipates electrical
energy over time. The rate of energy dissipation is defined as the power to the resistor. The
ratio of the voltage across and the current through a resistor is defined as the resistance of
a resistor. Its units are most commonly ohms () or kilohms (k<2).

Preparing the Circuit Schematic

New file

In the analysis that follows, OrCad’s PSpice Evaluation Software Release 9.1 is
used. We start our analysis with the creation of the circuit schematic. Our circuit consists
of three resistors in series. Their resistances are 1 kQ, 4 kQ and 5 kQ. A 20 volt dc
voltage source is connected to the circuit. Do the following:

1. On the computer’s Desktop screen, click on Start, move cursor right to Program,
move right to OrCad Demo, move right to Capture CIS Demo and click on it. The
OrCad Capture screen opens.

2. Click on File, move to New, move to Project and click; the New Project dialog box
opens.

3. In the Name box, enter the name of circuit. The author used Figure 101.
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4. In the Location box, type information about where circuit file will reside.
5. Select Analog or Mixed-Signal Circuit Wizard by clicking on it.

6. Click on OK. The Analog Mixed-Mode Project Wizard dialog box opens.
7.

Select analog.olb. Click on Finish. The OrCad Capture [I-(Schematicl: Page 1)]
appears. If toolbar does not appear on right edge of the Schematic page, click
anywhere on the screen. The screen is shown next.
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Existing file
If an existing file is to be recalled for simulation:

1. From Desktop, click on Start, drag to OrCad Demo, drag to Capture CIS Demo, and
click on it. The OrCad Capture screen opens.

2. Click on File, drag to Open, drag to Project and release. The Open Project dialog box
opens.
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3. Click on the desired file and click on Open. The OrCad Capture screen opens.
4. Click on the plus sign [+] on the left side of selected file.
3

Click on the plus sign [+] on the left side of Schematies1 folder. The Pagel icon
opens.

6. Double click on the Pagel icon. The OrCad Capture-[(Schematics|:Pagel)] opens.
[t contains the desired circuit schematic.
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New File: Placement of Parts

Getting a resistor

1. Click on the icon with diode legend. It is the uppermost icon in the task bar on the right

edge of the Schematic Page. The legend Place Part will appear briefly.

Click on it. The Place Part dialog box will appear.

In Libraries box, click on ANALOG.

In Part box, type R for resistor or scroll to R; click on it to select it.

In Place Part box, click on OK. The symbol of a resistor will appear on the

Schematic Page.

Drag it to the desired location. Click to place it.

Drag to the next location to place the second resistor. Click to place it.

Repeat procedure for the third resistor.

Click the right mouse button. Select End Mode and click on it.

0 Deselect the third resistor by placing the pointer anywhere on the Schematic page and
click.

o W

o2 15 08 54

Getting a voltage source

1. Click on the Place Part icon. The Place Part dialog box will appear.

2. In the Libraries box, scroll to and select SOURCE.

3. In the Part box, scroll to and select VDC by clicking on it. Click on OK.

4. Drag VDC to the desired location. Click to place it.

S. Click the right mouse button. Select End Mode and click on it.

6. Deselect VDC by placing the pointer anywhere on Schematic page and click on it.

Wiring the Components

1. On the right side of screen, on the tool bar, point to the second icon from the top. The
legend Place Wire will appear briefly. Click on it.

2. Drag the cross-hair pointer to positive end of VDC source. Click on it

3. Move the cross-hair pointer to one terminal marker of first resistor. Click on it.

4. Move the cross-hair pointer to other terminal marker of resistor. Click on it.

5. Move onto the terminal marker of next resistor. Click on it.

6. Repeat the procedure till all components are connected.

7. Click the right mouse button. Select End Wire and click on it.

8. Deselect the last wire segment by clicking anywhere on Schematic page.

Labeling the nodes
A node is a connecting point between two or more circuit elements In our circuit, we
can think of the connecting wires as elongated nodes. To identify the nodes, we shall label
each of them.
1. Click on a wire to select it.
2. Point to the third icon from the top. It has the legend N1. Click on it.
3. The Place Net Alias dialog box appears.
4. In that box, type in the desired label. Click on OK.
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5. Drag the small rectangle to selected node (wire). Click on it. The selected label will
appear.

6. Click the right mouse button to select End Mode. Click to end labeling of the node.

7. Repeat for all other nodes.

8. Important: one node must be labeled zero! It is the ground node.

Setting the resistance values
All resistors placed on the Schematic page initially have a value of 1 kQ. To change
these values, if needed, proceed as follows:
1. Double click on the resistance value of a selected resistor. The Display Properties box
appears.
2. In the Value box, type in the desired resistance. Click on OK. Click to deselect.
3. Repeat for all resistors.

Renaming resistors
Should it be desired to rename the resistors, proceed as follows:

1. Double click on the label of resistor, for example, R1. The Display Properties box
will appear.

2. In the Value box, type the desired name. Click on OK. The desired name will appear
in place of the former name of the resistor.

3. Click anywhere on the screen to end process.

Setting the Voltage of VDC

We next set the voltage of V1 to the desired 20 volts.

1. Double click on the voltage of V1. The Display Properties dialog box appears.
2. In the Value box, type 20V. Click on OK.

3. In Schematic page, click to deselect V1. Its new voltage of 20 volts will appear.

Placing Text on the Schematic page

Click on the A icon. It is at the bottom of the task bar. The Place Text box opens.
In the box, type the desired text. Click on OK.

Drag the rectangle to the desired location on Schematic page. Click to place.
Click on the right mouse button and select End Mode. Click on it.

Click in Schematic page to deselect text.

s —

At the completion of this section the circuit schematic will appear as shown in Figure
1.01. We shall next prepare our circuit so that its voltages and its current can be obtained
and displayed both in numerical and in graphic format.

Figure 1.01
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Obtaining the Numerical Output Data

During simulation, PSpice generates an Qutput File which checks the correctness
of the simulations and generates an error message should there be an error in the syntax of
the circuit file. It prints out the value of specified circuit variables.

The circuit voltage: VPRINT1
To print the voltage of any node with respect to ground, we place VPRINTT at the
node of interest. It is desired to obtain the printed values of the voltages at nodes 2 and 3.

Click on the Place part icon.

In the Place Part, Libraries box. select SPECIAL.

Scroll to VRPINT1, click on it and click on OK.

Drag VPRINT1 to node 2 and click to place it.

Drag VPRINT1 to node 3 and click to place it.

6. Click Right, select End Mode and click on it.

7. Deselect VPRINT1 by clicking anywhere on the Schematic page.

W B W —

The circuit voltage: VPRINT2
To print the voltage between any two nodes in the circuit, place VPRINT2 at the nodes
of interest. It is desired to obtain the printed value of the voltage across R2.

1. Click on the Place Part icon.

2. In Place Part, Libraries box, select SPECIAL

3. Scroll to VPRINT2, click on it and click on OK. Note: VPRINT?2 has two leads that
must be wired into the circuit.

4. Drag VPRINT?2 to a place above R2. Click to place it and wire it into the circuit.

5. Click on Right, select End Mode and click on it.

6. Deselect VPRINT?2 by clicking anywhere on the Schematic page.

The circuit current: [PRINT
Since the current in this circuit is everywhere the same, the IPRINT device can be
placed at a convenient location. It is entered into a circuit like an ammeter.
Select the horizontal section of node 0 and press Del button.
Click on the Place part icon.
In the Place Part, Libraries box, select SPECIAL.
Scroll to IPRINT, click on it and click on OK.
Drag IPRINT to the deleted portion of node 0. Click to place it and rewire.
Click on Right, select End Mode and click on it.
Rewire node 0.

L BN bR e o B

Activating the IPRINT and VPRINT devices

The IPRINT and VPRINT devices need to be activated to obtain a printed output.
Proceed as follows: Double click on VPRINT1. The OrCad Capture- [Property Editor]
page opens.



