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Preface

This laboratory manual is designed to be used with Electronics Fundamentals: Circuits,
Devices, and Applications, 4th Edition, and Electric Circuits Fundamentals, 4th edition, by
Thomas Floyd. This fourth edition of the lab manual retains the experiments that have made
the first three editions successful, including

® Close correlation to Floyd’s texts with exercises that build on those presented in the
text. This is done by providing a workbook format for the experiments and including
Related Experiments to augment the Application Assignment given in the text. In
addition, Checkup pages have additional exercises that are taken from material
presented in the text and the lab manual. ’

o Flexibility. A Further Investigation section, with less structure than the experiment, is
included with each experiment as an enhancement. This section can be assigned as
part of the experiment or used as an extra credit assignment depending on the
particular time allowed and instructor preference.

Features from previous editions have been retained. These include the For Further
Investigation section that provides a measure of flexibility, the Checkup page with questions
from the text and the laboratory, the Application Assignment and Related Experiment, and
the section entitled Reference Guide to Laboratory Instruments.

There are a total of 48 experiments covering the most important concepts in basic and
linear electronics. Each experiment contains the following parts:

Reading: Reading assignments, which are referenced to Floyd’s texts.

Objectives: Statement of what the student should be able to do after completing the
experiment.

Summary of Theory: The Summary of Theory is intended to reinforce the important
concepts in Floyd’s texts with a review of the main points prior to the laboratory
experience. In most cases, specific practical information needed in the experiment is
presented. ,

Materials Needed: A list of the components and small items required but not including
the equipment found at a typical lab station.

Procedure: This section contains a relatively structured set of steps for performing the
experiment. Needed tables, graphs, and figures are close to the first referenced
location to avoid confusion. Laboratory techniques, such as operation of the
oscilloscope, are given in detail.

Conclusion: A space provided for the student to summarize the key findings from the
experiment.

Evaluation and Review Questions: This section contains five questions that require the
student to draw conclusions from the laboratory work and check his or her
understanding of the concepts. Troubleshooting questions are frequently presented.
For Further Investigation: This section contains specific suggestions for additional
related laboratory work. A number of these lend themselves to a formal laboratory
report or they can be used as an enhancement.
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Following the experiments designed for a specific chapter of Floyd’s texts are the
Application Assignment and Checkup. These pages are designed to be removed from the
book for submission. The Application Assignment begins with an answer page for the student
to complete from the application problem given in each of Floyd’s chapters. Each Application
Assignment includes a Related Experiment, which adds a problem requiring a laboratory
solution. The Checkup begins with ten multiple choice questions and includes questions and
problems from the text and the laboratory work. These items are cross-indexed on page vii.

Each laboratory station should contain a dual variable regulated power supply, a
function generator, a multimeter, and a dual-channel oscilloscope. It is useful if the laboratory
is equipped to measure capacitors and inductors. In addition, a meter calibrator, a
commercial Wheatstone bridge, and a transistor curve tracer are useful but not required. A
list of all required components is given in Appendix A.

While this manual is specifically designed to follow the sequence of Floyd’s
Electronics Fundamentals and Electric Circuits Fundamentals texts, it can be used with other
texts by ignoring the references. The experiments work equally well for schools using
electron flow or conventional current flow as no specific reference to either is made in the
experiments.

I have enjoyed the close collaboration with Tom Floyd on this manual. I also would
like to thank reviewers who have given suggestions for improving the experiments at various
times. These include Carl F. Ervin from the Texas State Technical Institute, Waco, Texas,
and George Borchers, Ernest Arney, and David Terrell of ITT Technical Institute. I
appreciate the help of my colleagues at Yuba College, Phil Postel and Bill Frandrup. I would
also like to thank Carol Robison, Linda Ludewig, and Rex Davidson of Prentice Hall
Publishing Co. for their contributions and Colleen Brosnan for copyediting. Finally, I want to
acknowledge the support and encouragement of my wife, Lorraine.

David Buchla
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Introduction to the Student

Preparing for Laboratory Work

The purpose of experimental work is to help you gain a better understanding of the principles
of electronics and to give you experience with instruments and methods used by technicians
and electronic engineers. You should begin each experiment with a clear idea of the purpose
of the experiment and the theory behind the experiment. Each experiment requires you to use
electronic instruments to measure various quantities. The measured data are to be recorded,
and you need to interpret the measurements and draw conclusions about your work. The
ability to measure, interpret, and communicate results is basic to electronic work.

Preparation before coming to the laboratory is an important part of experimental work.
You should prepare in advance for every experiment by reading the Reading, Objectives, and
Summary of Theory sections before coming to class. The Summary of Theory is not intended
to replace the theory presented in the text—it is meant only as a short review to jog your
memory of key concepts and to provide some insight to the experiment. You should also look
over the Procedure for the experiment. This prelab preparation will enable you to work
efficiently in the laboratory and enhance the value of the laboratory time.

This laboratory manual is designed to help you measure and record data as efficiently
as possible. Techniques for using instruments are described in many experiments. Data tables
are prepared and properly labeled to facilitate recording. Plots are provided where necessary.
You will need to interpret and discuss the results in the section titled Conclusion and answer
the Evaluation and Review Questions. The Conclusion to an experiment is a concise
statement of your key findings from the experiment. Be careful of generalizations that are not
supported by the data. The conclusion should be a specific statement that includes important
findings with a brief discussion of problems, or revisions, or suggestions you may have for
improving the circuit. It should directly relate to the objectives of the experiment. For
example, if the objective of the experiment is to use the concept of equivalent circuits to
simplify series-parallel circuit analysis (as in Experiment 10), the conclusion can refer to the
simplified circuit drawings and indicate that these circuits were used to compute the actual
voltages and currents in the experiment. Then include a statement comparing the measured
and computed results as evidence that the equivalent circuits you developed in the
experiment were capable of simplifying the analysis.

The Laboratory Notebook
Your instructor may assign a formal laboratory report or a report may be assigned in the

section titled For Further Investigation. A suggested format for formal reports is as follows:
1. Title and date.

2. Purpose: Give a statement of what you intend to determine as a result of the
investigation.

3. Equipment and materials: Include a list of equipment model and serial numbers that
can allow retracing if a defective or uncalibrated piece of equipment was used.

4. Procedure: Give a description of what you did and what measurements you made.

S. Data: Tabulate raw (unprocessed) data; data may be presented in graph form.

6. Sample calculations: Give the formulas that you applied to the raw data to transform

them to processed data.



7. Conclusion: The conclusion is a specific statement supported by the experimental
data. It should relate to the objectives for the experiment as described earlier. For
example, if the purpose of the experiment is to determine the frequency response of a
filter, the conclusion should describe the frequency response or contain a reference to
an illustration of the response.

Graphing

A graph is a pictorial representation of data that enables you to see the effect of one variable

on another. Graphs are widely used in experimental work to present information because they

enable the reader to discern variations in magnitude, slope, and direction between two

quantities. In this manual, you will graph data in many experiments. You should be aware of

the following terms that are used with graphs:

abscissa: the horizontal or x-axis of a graph. Normally the independent variable is plotted

along the abscissa.

dependent variable: a quantity that is influenced by changes in another quantity (the

independent variable).

graph: a pictorial representation of a set of data constructed on a set of coordinates that are

drawn at right angles to each other. The graph illustrates one variable’s effect on another.

independent variable: the quantity that the experimenter can change.

ordinate: the vertical or y-axis of a graph. Normally the dependent variable is plotted along

the abscissa.

scale: the value of each division along the x- or y-axis. In a linear scale, each division has

equal weight. In a logarithmic scale, each division represents the same percentage change in

the variable.

The following steps will guide you in preparing a graph:

1. Determine the type of scale that will be used. A linear scale is the most frequently
used and will be discussed here. Choose a scale factor that enables all of the data to
be plotted on the graph without being cramped. The most common scales are 1, 2, S,
or 10 units per division. Start both axes from zero unless the data covers less than half
of the length of the coordinate.

2. Number the major divisions along each axis. Do not number each small division as it
will make the graph appear cluttered. Each division must have equal weight. Note:
The experimental data is not used to number the divisions.

3. Label each axis to indicate the quantity being measured and the measurement units.
Usually, the measurement units are given in parentheses.
4. Plot the data points with a small dot with a small circle around each point. If

additional sets of data are plotted, use other distinctive symbols (such as triangles) to
identify each set.

S. Draw a smooth line that represents the data trend. It is normal practice to consider
data points but to ignore minor variations due to experimental errors. (Exception:
calibration curves and other discontinuous data are connected ‘‘dot-to-dot.”’)

6. Title the graph, indicating with the title what the graph represents. The completed
graph should be self-explanatory.



Safety in the Laboratory

The experiments in this lab book are designed for low voltages to minimize electric shock

hazard; however, never assume that electric circuits are safe. A current of a few milliamps

through the body can be lethal. In addition, electronic laboratories often contain other

hazards such as chemicals and power tools. For your safety, you should review laboratory

safety rules before beginning a course in electronics. In particular, you should

1. Avoid contact with any voltage source. Turn off power before working on circuits.

2. Remove watches, jewelry, rings, and so forth before working on circuits—even those
circuits with low voltages—as burns can occur.

3. Know the location of the emergency power-off switch.

4, Never work alone in the laboratory.

S. Keep a neat work area and handle tools properly. Wear safety goggles or gloves when
required.

6. Ensure that line cords are in good condition and grounding pins are not missing or
bent. Do not defeat the three-wire ground system in order to make ‘‘floating”’
measurements.

7. Check that transformers and instruments that are plugged into utility lines are properly
fused and have no exposed wiring. If you are not certain about procedure, check with
your instructor first.

8. Report any unsafe condition to your instructor.

9. Be aware of and follow laboratory rules.



Reference Guide to Laboratory Instruments

This section is provided to help familiarize you with basic laboratory instruments and may be
used as a reference as the instruments are introduced in the experiments. It is not possible to
cover all possible variations between instruments, so only general features, common to a
class of instruments, are described. Consult the operator’s manual for detailed descriptions
and safe operating practice of the particular instruments in your laboratory.

The Power Supply

Most electronic circuits require a source of regulated direct current (dc) to operate properly.
A direct current regulated power supply is a circuit that provides the energy to allow
electronic circuits to function. They do this by transforming a source of input electrical power
(generally ac) into dc. Most regulated supplies are designed to maintain a fixed voltage that
will stay within certain limits of voltage for normal operation. Voltage adjustment and current
limits depend on the particular supply.

The power supply must provide the proper level of dc voltage for a given circuit.
Some integrated circuits, for example, can function properly only if the voltage is within a
very narrow range. You will normally have to set the voltage to the proper level before you
connect a power supply to the test circuit. The power supply at your bench may have more
than one output and normally will have a built-in meter to help you set the voltage. Some
power supplies have meters that monitor both voltage and current. There may be more than
one range or several supplies built into the same chassis, so the meter may have multiple or
complex scales. These points are discussed in more detail in Experiment 2.

It is important that the user make good connections to the power supply output
terminals with wire that is sufficient to carry the load current if the output were accidentally
shorted together. Clip-leads are not recommended as they can produce measurement error
due to high contact resistance. In situations where several circuits are operated from the
same supply, the best policy is to operate each circuit with an independent set of leads.

The Multimeter

The digital multimeter (DMM) and analog volt-ohm-milliammeter (VOM) are multipurpose
measuring instruments that combine the characteristics of a dc and ac voltmeter, dc and ac
ammeter, and an ohmmeter in one instrument. The DMM indicates the measured quantity as
a digital number, avoiding the necessity to interpret the scales as is required on analog
instruments. Although in most labs the DMM has replaced the VOM as the instrument of
choice, there are several advantages to the VOM. 1t is less susceptible to interference and has
a much higher frequency response.

Because the multimeter is a multipurpose instrument, it is necessary to determine
which controls select the desired function. In addition, current measurements (and often high-
range voltage measurements) usually require a separate set of lead connections to the meter.
After you have selected the function, you need to select the appropriate range to make the
measurement. It is important to select the function and range before connecting the meter to
the circuit you are testing. DMMs can be autoranging, meaning that the instrument
automatically selects the correct scale and sets the decimal place, or they can be manual
ranging, meaning that the user must select the correct scale. For manual ranging instruments,



when the approximate voltage or current is not known, always begin a measurement on the
highest possible range to avoid instrument overload and possible damage. Change to a lower
range as necessary to increase the precision. The life of range switches will be lengthened if
you change ranges only with the probes disconnected from the circuit. On analog instruments
the range selected should give a reading in the upper portion of the scale.

The voltmeter function of a DMM can measure either ac or dc volts. The dc voltage
function is useful to measure the dc voltage difference between two points. If the meter’s red
lead is touching a more positive point than the meter’s black lead, the reading on the meter
will be positive; if the black lead is on the more positive point, the reading will be negative.
Analog meters must be connected with the correct polarity, or the pointer will attempt to
move backward, possibly damaging the movement.

The ac voltage function is designed to measure low-frequency sinusoidal waveforms.
(Sinusoidal waveforms are discussed in Chapter 8 of the text and introduced in Experiment
15.) The reading on a meter is calibrated to read the rms (root mean square) value of a
sinusoidal waveform. Frequency is the number of cycles per second, measured in hertz, for a
waveform. All DMMs and VOMs are limited to some specified frequency range. The meter
reading will be inaccurate if you attempt to measure waveforms outside the meter’s specified
frequency range. A typical DMM is not accurate on the ac scale below about 45 Hz or above
about 1 kHz, although this range can be considerably better in some cases. A VOM can
measure ac waveforms over a much larger range—up to 100 kHz.

The ohms function (used for resistance measurements) is used only in circuits that are
not powered. An ohmmeter works by inserting a small test voltage into a circuit and
measuring the resulting current flow. Consequently, if any voltage is present, the reading will
be in error. The meter will show the resistance of all possible paths between the probes. If
you want to know the resistance of a single component, it is necessary to isolate that
component from the remainder of the circuit by disconnecting one end. In addition, body
resistance can affect the reading if you are holding the conducting portion of both probes in
your fingers. This procedure should be avoided, particularly with high resistances.

The Function Generator
The basic function generator is used to produce sine, square, and triangle waveforms and
may also have a pulse output for testing digital logic circuits. Function generators normally
have a knob or pushbuttons with a label or picture showing the various waveforms that you
can select and other controls to adjust the amplitude and dc level. The peak-to-peak voltage
is adjusted by the AMPLITUDE control. The dc level is adjusted by a control labeled DC
OFFSET; this enables you to add or subtract a dc component to the waveform. (Some
function generators have a disable switch on the dc offset control.) The AMPLITUDE and
DC OFFSET controls are frequently not calibrated, so amplitude and dc level settings need
to be verified with an oscilloscope or multimeter.

The frequency is selected with a combination of a range switch and vernier control.
The range is selected by a decade frequency switch or pushbuttons that enable you to select
the frequency in decade increments (factors of ten) up to about 1 MHz. The vernier control is
usually a multiplier dial for adjusting the precise frequency needed.

The output level of a function generator will drop from its open circuit voltage when it
is connected to a circuit. Depending on the conditions, you generally will need to readjust the
amplitude level of the generator after it is connected to the circuit. This is because there is



effectively an internal generator resistance (sometimes referred to as the output resistance)
that will affect the circuit under test. You can measure this resistance indirectly as described
in Experiment 12, For Further Investigation. Common values of the output resistance are

50 © and 600 ) .

Higher-priced instruments will add features such as trigger or sync outputs to use in
synchronizing an oscilloscope, modulation, increased frequency ranges, fixed attenuators on
the output, and so forth. Fixed attenuators are handy if you want to reduce the output by an
exact amount or you want to choose a very small, but known signal. Some function
generators have a SYMMETRY or DUTY CYCLE control that allows you to control the
pulse width of the rectangular pulse. Details of the particular features of your function
generator and the controls can be found in the operator’s manual.

The Oscilloscope

An oscilloscope is the most versatile general-purpose measuring instrument, letting you ‘‘see
a graph of the voltage as a function of time in a circuit. Many circuits have specific timing
requirements or phase relationships that can be readily measured with a two-channel
oscilloscope. The voltage to be measured is converted into a visible display by a cathode-ray
tube (CRT), a vacuum device similar to a television picture tube.

The oscilloscope contains four functional blocks as illustrated in Figure 15—1. The
input signal is connected to the vertical section, which can be set to attenuate or amplify the
input signal to provide the proper voltage level to the vertical deflection plates of the CRT.
The trigger section samples the input waveform and sends a synchronizing trigger signal at
the proper time to the horizontal section. The trigger occurs at the same relative time to
superimpose each succeeding trace on the previous trace. This action causes the signal to
appear to stop allowing you to examine the signal. The horizontal section contains the time-
base (or sweep) generator, which produces a linear ramp, or ‘‘sawtooth’> waveform, that
controls the rate the beam moves across the screen. The horizontal position of the beam is
proportional to the time that elapsed from the start of the sweep, allowing the horizontal axis
to be calibrated in units of time. For this reason, the horizontal section is often called the
time base. The output of the horizontal section is applied to the horizontal deflection plates of
the CRT. Finally, the display section contains the CRT and beam controls. It enables the user
to obtain a sharp presentation with the proper intensity. The display section frequently
contains other features. Sometimes, the user can lose the displayed waveform by accidentally
positioning it offscreen. One common feature in the display section is a beam-finder button,
which enables the user to quickly locate the position of the trace. Controls for each of the
functional blocks are usually grouped together. Frequently, there are color clues to help you
identify groups of controls. Details of these controls are explained in the operator’s manual
for the oscilloscope; however, a brief description of frequently used controls is given in the
following paragraphs.

1

Display Controls

The display system contains controls for adjusting the electron beam. FOCUS and
INTENSITY controls are adjusted for a comfortable viewing level with a sharp focus. The
display section may also contain the BEAM FINDER, a control which is used in combination
with the horizontal and vertical POSITION controls to bring the trace on the screen. Another
control over the beam intensity is the z-axis input. A control voltage on the z-axis input can



be used to turn on or off the beam or adjust the brightness. Some oscilloscopes also include
the TRACE ROTATION control in the display section. TRACE ROTATION is used to align
the sweep with a horizontal graticule line. This control is usually adjusted with a screwdriver
to avoid accidental adjustment.

Vertical Controls

The vertical controls include the VOLTS/DIV (vertical sensitivity) control and its vernier, the
input COUPLING switch, and the vertical POSITION control. Dual-trace and
multiple-channel oscilloscopes will have a duplicate set of these controls for each channel and
various switches for selecting channels or other vertical operating modes. The vertical input
is connected through a selectable attenuator to a high input impedance dc amplifier. The
VOLTS/DIV control selects a combination of attenuation and gain to determine the vertical
sensitivity of the scope. For example, a low-level signal will need more gain and less
attenuation than a higher level signal. The vertical sensitivity is adjusted in fixed VOLTS/DIV
increments to allow the user to make calibrated voltage measurements. In addition, a
concentric vernier control is usually provided to allow a continuous range of sensitivity. This
knob must be in the detent (calibrated) position to make voltage measurements. The detent
position can be felt by the user as the knob is turned because the knob tends to ‘‘lock’ in the
detent position. Some oscilloscopes have a warning light or message when the vernier is not
in its detent position.

The input coupling switch is a multiple-position switch that can be set for AC, GND,
or DC and sometimes includes a 50 ) position. The GND position of the switch internally
disconnects the signal from the scope and grounds the input amplifier. This position is useful
if you want to set a ground reference level on the screen for measuring the dc component of a
waveform. The AC and DC positions are high impedance inputs—typically 1 M shunted by
15 pF of capacitance. High impedance inputs are useful for general probing at frequencies
below about 1 MHz. At higher frequencies, the shunt capacitance can load the signal source
excessively, causing measurement error. Attenuating divider probes are good for
high-frequency probing because they have very high impedance (typically 10 MQ) with very
low shunt capacitance (as low as 2.5 pF).

The AC position of the coupling switch inserts a series capacitor before the input
attenuator, causing dc components of the signal to be blocked. This position is useful if you
want to measure a small ac signal riding on top of a large dc signal—for example, power
supply ripple. The DC position is used when you want to view both the ac and dc
components of a signal. This position is best when viewing digital signals as the input RC
circuit forms a differentiating network. The AC position can distort the digital waveform
because of this differentiating circuit. The 50 €) position places an accurate 50 ) load to
ground. This position provides the proper termination for probing in 50 ) systems and
reduces the effect of a variable load which can occur in high impedance termination. The
effect of source loading must be taken into account when using a 50 ) input. It is important
not to overload the 50 €} input as the resistor is normally rated for only 2 W— implying a
maximum of 10 V. of signal can be applied to the input.

The vertical POSITION control varies the dc voltage on the vertical deflection plates,
allowing you to position the trace anywhere on the screen. Each channel has its own vertical
POSITION control, enabling you to separate the two channels on the screen. You can use



vertical POSITION when the coupling switch is in the GND position to set an arbitrary level
on the screen as ground reference.

Some oscilloscopes also have a vertical magnifier. The magnifier increases the scope
sensitivity by providing more gain to the input signal but at the expense of the overall
bandwidth. The vertical magnifier is useful for measuring very low level signals that are not
bandwidth limited.

Horizontal Controls

The horizontal controls include the SEC/DIV control and its vernier, the horizontal magnifier,
and the horizontal POSITION control. In addition, the horizontal section may include
delayed sweep controls. The SEC/DIV control sets the sweep speed, which controls how fast
the electron beam is moved across the screen. The control has a number of calibrated
positions divided into steps of multiples of 1, 2, or 5, which allow you to set the exact time
interval that you view the input signal. For example, if the graticule has 10 horizontal
divisions and the SEC/DIV control is set to 1.0 ms/div, then the screen will show a total time
of 10 ms. The SEC/DIV control usually has a concentric vernier control that allows you to
adjust the sweep speed continuously between the calibrated steps. This control must be in the
detent position in order to make calibrated time measurements. Many scopes are also
equipped with a horizontal magnifier that affects the time base. The magnifier increases the
sweep time by the magnification factor, giving you increased resolution of signal details. Any
portion of the original sweep can be viewed using the horizontal POSITION control in
conjunction with the magnifier. This control actually speeds the sweep time by the
magnification factor and therefore affects the calibration of the time base set on the SEC/DIV
control. For example, if you are using a 10X magnifier, the SEC/DIV dial setting must be
divided by 10.

Trigger Controls

The trigger section is the source of most operator problems when using an oscilloscope.
These controls determine the proper time for the sweep to begin in order to produce a stable
display. The trigger controls include the MODE switch, SOURCE switch, trigger LEVEL,
SLOPE, COUPLING, and variable HOLDOFF controls. In addition, the trigger section
includes a connector for applying an EXTernal trigger to start the sweep. Trigger controls
may include HIGH or LOW FREQUENCY REJECT switches and BANDWIDTH
LIMITING.

The MODE switch is a multiple-position switch that selects either AUTO or
NORMAL (sometimes called TRIGGERED) and may have other positions such as TV or
SINGLE sweep. In the AUTO position, the trigger generator selects an internal oscillator that
will trigger the sweep generator as long as no other trigger is available. This mode ensures
that a sweep will occur even in the absence of a signal because the trigger circuits will ‘‘free-
run’’ in this mode. This allows you to obtain a baseline for adjusting ground reference level
or for adjusting the display controls. In the NORMAL or TRIGGERED mode, a trigger is
generated from one of three sources selected by the SOURCE switch—the INTERNAL
signal, an EXTERNAL trigger source, or the ac LINE. If you are using the internal signal to
obtain a trigger, the normal mode will only provide a trigger if a signal is present and other
trigger conditions (level, slope) are met. This mode is more versatile than AUTO as it can
provide stable triggering for very low to very high frequency signals. The TV position is used



for synchronizing either TV fields or lines and SINGLE is used primarily for photographing
the display.

The trigger LEVEL and SLOPE controls are used to select a specific point on either
the rising or falling edge of the input signal for generating a trigger. The trigger SLOPE
control determines which edge will generate a trigger, whereas the LEVEL control allows the
user to determine the voltage level on the input signal which will start the sweep circuits.

The SOURCE switch selects the trigger source—either the INTERNAL signal, an
EXTERNAL trigger source, or the ac LINE. In the INTERNAL position, a sample of the
signal being viewed is used to start the sweep. Some multiple-channel scopes allow you to
choose the triggering channel or use some combination of channels for triggering. In the
EXTERNAL position, a time-related external signal is used for triggering. Trigger attenuation
(divide by 10) is provided on many oscilloscopes. Attenuate large external triggers in order to
extend the range of the trigger level control. The external trigger can be coupled with either
ac or dc coupling. Couple the trigger signal with ac coupling if the trigger signal is riding on a
dc voltage. Use dc coupling if the triggers occur at a frequency of less than about 20 Hz. The
LINE position causes the trigger to be derived from the ac power source. This synchronizes
the sweep with signals that are related to the power line frequency.

The variable HOLDOFF control allows you to exclude otherwise valid triggers until
the holdoff time has elapsed. For some signals, particularly complex waveforms or digital
pulse trains, obtaining a stable trigger can be a problem. This can occur when one or more
valid trigger points occur before the signal repetition time. If every event that the trigger
circuits qualified as a trigger were allowed to start a sweep, the display could appear to be
unsynchronized. By adjusting the variable HOLDOFF control, the trigger point can be made
to coincide with the signal repetition point.

Occasionally, a trigger signal contains interfering high- or-low frequency components.
When this happens, the trace may flutter back and forth on the screen or produce the
appearance of unsynchronized sweeps. A high-frequency component can be removed using
HIGH FREQUENCY REJECT. Sometimes it is necessary to observe a high-frequency signal
in the presence of a low-frequency signal, such as might occur in measuring a low-level
transducer signal. In this case, LOW FREQUENCY REJECT can remove the low-level
interference from the trigger signal.

Dual-Channel Oscilloscopes

Most oscilloscopes have two (or in some cases more) separate channels and controls to view
more than one signal at a time. There are two types of dual-channel oscilloscope—dual beam
and dual trace. A dual-beam oscilloscope has two independent beams in the CRT and
independent vertical deflection systems allowing both signals to be viewed at the same time.
A dual-trace oscilloscope has only one beam and one deflection system; it uses electronic
switching to show the two signals. Dual-beam oscilloscopes are generally restricted to high-
performance research instruments and are much more expensive than dual-trace
oscilloscopes.

A dual-trace oscilloscope has user controls labeled CHOP or ALTERNATE to switch
the beam between the channels so that the signals appear to occur simultaneously. The
CHOP mode rapidly switches the beam between the two channels at a fixed high-speed rate
so that the two channels appear to be displayed at the same time. The ALTERNATE mode
first completes the sweep for one of the channels, then displays the other channel on the next



(or alternate) sweep. When viewing slow signals, the CHOP mode is best because it reduces
the flicker that would otherwise be observed. High-speed signals usually can be best observed
in ALTERNATE mode to avoid seeing the chop frequency.

Another feature on most dual-trace oscilloscopes is the ability to show the algebraic
sum and difference of the two channels. For most measurements, you should have the
vertical sensitivity (VOLTS/DIV) on the same setting for both channels. You can use the
algebraic sum if you want to compare the balance on push-pull amplifiers, for example. Each
amplifier should have identical out-of-phase signals. When they are added, the resulting
display should be a straight line indicating balance. You can use the algebraic difference when
you want to measure the waveform across an ungrounded component. The probes are
connected across the ungrounded component with probe ground connected to circuit ground.
Again, the vertical sensitivity (VOLTS/DIV) setting should be the same for each channel. The
display will show the algebraic difference in the two signals. The algebraic difference mode
also allows you to cancel any unwanted signal that is equal in amplitude and phase and is
common to both channels.

Dual-trace oscilloscopes usually have an X-Y mode, which causes one of the channels
to be graphed on the x-axis and the other channel to be graphed on the y-axis. This is
necessary if you want to change the oscilloscope baseline to represent a quantity other than
time. Applications include viewing a transfer characteristic (output voltage as a function of
input voltage), measuring swept frequencies, or showing Lissajous figures for phase
measurements. Lissajous figures are patterns formed when sinusoidal waves drive both
channels and are described in Experiment 25, For Further Investigation.

Probes
Signals should always be coupled into the oscilloscope through a probe. A probe is used to
pick off a signal and couple it to the oscilloscope. It reduces the loading effect on circuits.
Probes also have a short ground lead that should be connected to a nearby circuit ground
point to avoid oscillation and power line interference. The ground lead makes a mechanical
connection to the test circuit and passes the signal through a flexible, shielded cable to the
oscilloscope. The shielding helps protect the signal from external noise pickup. In addition,
the probe can extend the oscilloscope’s measuring ability by reducing the effects of circuit
loading and extending the amplitude capability of the scope. Oscilloscope probes are provided
with the instrument as part of the system. The wrong probe, or one that is not adjusted
properly, can affect the measurement to the point of making it worthless or misleading.
Begin any session with the oscilloscope by checking the probe compensation on each
channel. Adjust the probe for a flat-topped square wave while observing the scope’s
calibrator output. This is a good signal to check the focus and intensity and verify trace
alignment. Check the front panel controls for the type of measurement you are going to
make. Normally, the variable controls (VOLTS/DIV and SEC/DIV) should be in the
calibrated (detent) position. The vertical coupling switch is usually placed in the DC position
unless the waveform in which you are interested has a large dc offset. Trigger holdoff should
be in the minimum position unless it is necessary to delay the trigger to obtain a stable
sweep.
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Metric Prefixes, Scientific Name

0 ° Date
Notation, and Graphing cas
Reading:
Floyd Sections 1-1 through 1-5
Objectives:
After performing this experiment, you will be able to:
1. Convert standard form numbers to scientific and engineering notation.
2. Measure quantities using a metric prefix.
3. Prepare a linear graph and plot a family of curves on the graph.

Summary of Theory:

The basic electrical quantities encompass a very large range of numbers—from the very large
to the very small. For example, the frequency of an FM radio station can be over 100 million
hertz (Hz), and a capacitor can have a value of 10 billionths of a farad (F). To express very
large and very small numbers, scientific (powers of ten) notation and metric prefixes are used.
Metric prefixes are based on the decimal system and stand for powers of ten. They are widely
used to indicate a multiple or submultiple of a measuring unit.

Scientific notation is a means of writing any quantity as a number between 1 and 10
times a power of 10. The power of 10 is called the exponent. It simply shows how many
places the decimal place must be shifted to express the number in its standard form. If the
exponent is positive, the decimal place must be shifted to the right to write the number in
standard form. If the exponent is negative, the decimal place must be shifted to the left. Note
that 10° = 1, so an exponent of zero does not change the original number.

Exponents that are a multiple of 3 are much more widely used in electronics work
than exponents which are not multiples of 3. Numbers expressed with an exponent that is a
multiple of 3 are said to be expressed in engineering notation. Engineering notation is
particularly useful in electronics work because of its relationship to the most widely used
metric prefixes. Some examples of numbers written in standard form, scientific notation, and
engineering notation are shown in Table 1-1.

Table 1-1
Standard Scientific Engineering
Form Notation Notation
12,300 1.23 x 10* 12.3 x 103
506 5.06 x 10> | 0.506 x 10°
8.81 8.81 x 10° 8.81 x 10°
0.0326 326 1072 | 32.6 x 1073
0.000 155 | 1.55 x 107* | 155 x 107°

Numbers expressed in engineering notation can be simplified by using metric prefixes
to indicate the appropriate power of ten. In addition, prefixes can simplify calculations. You
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can perform arithmetic operations on the significant figures of a problem and determine the
answers prefix from those used in the problem. For example, 4.7 k) + 1.5 kQ = 6.2 k(). The
common metric prefixes used in electronics and their abbreviations are shown in Table 1-2.
The metric prefixes representing engineering notation are shown. Any number can be
converted from one prefix to another (or no prefix) using the table. Write the number to be
converted on the line with the decimal under the metric prefix that appears with the number.
The decimal place is then moved directly under any other line, and the metric prefix
immediately above the line is used. The number can also be read in engineering notation by
using the power of ten shown immediately above the line.

Table 1-2
Power of 10: 10° 10° 10° 10° 107 107¢ 107° 107%?
Metric symbol: G M k m m n p
Metric prefix: giga mega Kkilo milli micro nano pico
| 1 | ! | | |

T | T T ! T T 1
0 000 000000.000 000 000 00O O

Example 1:
Convert 12,300,000 to a number with a metric prefix:
Metric prefix: giga mega Kkilo milli micro nano pico
| 1 | 1 | | |
T T T 1 T | T
0 000 000 000.000 000 000 000 O
12 300 000.
=12.3M
Example 2:
Change 10,000 pF to a number with a u prefix:
Metric prefix: giga mega Kkilo milli micro nano pico
—T—1 I ; l i
0 000 000 000.000 000 000 000 O
10 000.pF
.010uF

The introduction in 1972 of the HP-35 scientific calculator by Hewlett-Packard
revolutionized scientific calculations. It had a number of scientific functions including the
ability to enter numbers written in scientific notation. On the HP-35, a key labeled EEX was
used to enter the exponent portion of a number written in scientific notation. A similar key is
used on all scientific calculators. In addition, scientific calculators can perform trig functions,
logarithms, roots, and other math functions. To enter numbers in a scientific calculator in
scientific notation, the base number (called the mantissa) is first entered. If the number is
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negative, the +/— key is pressed. Next the exponent is entered by pressing the EE (or

EXP) key followed by the power of ten." If the exponent is negative, the +/— key is pressed.
Arithmetic can be done on the calculator with numbers in scientific notation mixed with
numbers in standard form.

For any experimental work to be useful, it must be documented. Results should be
clearly presented. Frequently, the best way to present results from an experiment is to plot it
on a graph. This enables the reader to quickly see the relationship between the variables. In
this experiment, you will prepare graphs of data. Before proceeding, review the section in the
Introduction to the Student on graphing.

Materials Needed:
Scientific calculator
Metric ruler

Procedure:

1. Many of the dials and controls of laboratory instruments are labeled with metric
prefixes. Check the controls on instruments at your lab station for metric prefixes. For
example, check the SEC/DIV control on your oscilloscope. This control usually has
more than one metric prefix associated with the switch positions. Meters are also
frequently marked with metric prefixes. Look for others and list the instrument,
control, metric prefix and its meaning in Table 1-3. The first line of Table 1-3 has
been completed as an example.

Table 1-3
Instrument Control | Metric Unit | Meaning
Oscilloscope | SEC/DIV ms 1073s
2. The actual sizes of several electronic components are shown in Figure 1-1. Measure

the quantities shown with a bold letter using a metric ruler. Report in Table 1-4 the
length in millimeters of each lettered quantity. Then rewrite the measured length as
the equivalent length in meters and record your results in Table 1-4. The first line of
the table has been completed as an example.

"Note that when you are entering numbers in scientific notation, it is not necessary to enter the
base ten, only the exponent.
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Carbon Capacitors Transistors
resistors

Disc TO-92 TO-220
(0.01 uF) case case
1/4 W T 7 F G
i ¢ L -
_.l A |<_ X

Electrolytic (220 pF)

—B— |
e D -
Figure 1-1
Table 1-4
Length in Length in
Dimension | Millimeters Meters
A 64mm |64x103m
B
C
D
E
F
G
H

Rewrite the numbers in Table 1-5 of the report in scientific notation, engineering
notation, and using one of the engineering metric prefixes. The first line has been
completed as an example.

Convert the metric values listed in Table 1-6 to engineering notation. The first line
has been completed as an example.
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Table 1-5 Table 1-6
Scientific Engineering Metric Metric Engineering
Number Notation Notation Value Value Notation
0.0829 V 829 x 1072V | 829 x 107 V | 829 mV 100 pF | 100 x 10" F
48,000 Hz 12 kV
2,200,000 Q2 85.0 nA
0.000 015 A 50 GHz
7,500 W 33 kQ
0.000 000 033 F 250 mV
270,000 7.8 ns
0.000 010 H 2.0 MQ

Metric prefixes are useful for solving problems without having to key in the exponent
on your calculator. For example, when a milli prefix (10~?) is multiplied by a kilo
prefix (1073), the metric prefixes cancel and the result has only the measuring unit. As
you become proficient with these prefixes, math operations are simplified and fewer
keystrokes are required in solving the problem with a calculator. To practice this,
determine the metric prefix for the answer when each operation indicated in Table 1-7
is performed. The first line is shown as an example.

Table 1-7
Metric Unit | Mathematical | Metric Unit | Metric Unit
in Operand Operation in Operand in Result
milli multiplied by | milli micro
kilo multiplied by | micro
nano multiplied by | kilo
milli multiplied by | mega
micro divided by nano
micro divided by pico
pico divided by pico
milli divided by mega

This step is to provide you with practice in graphing and in presenting data. Table 1-8
lists inductance data for 16 different coils wound on identical iron cores. There are
three variables in this problem: the length of the coil (/) given in centimeters (cm), the
number of turns, N, and the inductance, L, given in millihenries (mH). Since there are
three variables, we will hold one constant and plot the data using the remaining two
variables. This procedure shows how one variable relates to the other. Start by
plotting the length (first column) as a function of inductance (last column) for coils that
have 400 turns. Use Plot 1-1. The steps in preparing a graph are given in the
Introduction to the Student.
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Table 1-8 Inductance, L, of coils
wound on identical iron cores (mH)

Length, Number of Turns, N
I(cm) | 100 | 200 | 300 | 400
2.5 39 | 16.1 | 35.8 | 64.0
5.5 1.7 | 75| 16.1 | 29.3
8.0 1.2 | 5.1{11.4/19.8
12.0 08| 33| 75131

7. On the same plot, graph the data for the 300 turn coils, then the 200 and 100 turn
coils. Use a different symbol for each set of data. The resulting graph is a family of
curves that give a quick visual indication of the relationship among the three variables.

Plot 1-1
Conclusion:
Evaluation and Review Questions:
1. For each metric prefix and unit shown, write the abbreviation of the metric prefix with
the unit symbol:
(@) kilowatt (d) nanosecond
(b) milliampere (e) megohm
©) picofarad ® microhenry
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Write the metric prefix and unit name for each of the abbreviations shown:

(a) MW (d) mV
(b) nA (e) kQ
© A ® GHz

Using your calculator, perform the following operations:
(a) (3.6 X 10%)(8.8 x 107%)

(b)  (—4.0 x 1079)(2.7 x 1071

() (=7.5 X 10%)(-2.5 X 107°)

(d) (56 x 10%)(9.0 x 1077)

Using your calculator, perform the following operations:

() (4.4 x 10% (©) (2.0 X 10%
(-7.0 X 10°) (—6.5 X 107%)

(b) (3.1 x 109 (d  (0.0033 x 1073
(41. x 107%) (=15 x 107?)

For each result in Question 4, write the answer as one with a metric prefix:
(a) (c)
(b) (d

Summarize the steps in preparing a linear graph:
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For Further Investigation:

In step 6, it is apparent that the data for the 100 turn coils is close to the x-coordinate,
making it difficult to read on the same graph as the 400 turn data. A solution to this problem
is to plot the data on a log-log plot. A logarithmic scale increases the resolution when data
encompasses a large range of values. To help you get started, the axes have ailready been
labeled and values assigned. Plot the data from Table 1-8 onto Plot 1-2. You should observe
that each data set will plot a straight line. This result indicates the form of the equation which
relates the variables is a power function.

100 -
80 ~

60

40 -7

Inductance (mH)

20

o
0.8 -

0.6 -

04

02

1.0 2.0 4.0 6.0 8.0 10 20
Length (cm)
Plot 1-2
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Laboratory Meters Name
ate

and Power Supply Class

Reading:
Floyd, Sections 1-1 through 1-5
Operator’s Manual for Laboratory Multimeter and Power Supply

Objectives:

After performing this experiment, you will be able to:

1. Read analog meter scales including multiple and complex scales.

2. Operate the power supply at your lab station.

3. Explain the functions of the controls for the multimeter at your lab station. Use it to
make a voltage reading.

Summary of Theory:

Electrical circuits contain a source of voltage and components connected in a manner to
provide a path for current to flow. Components which do not amplify are called passive
devices. Examples of passive devices are resistors, capacitors, inductors, and transformers.

Devices which have the ability to increase signal power are called active devices.
Examples are the transistor and the integrated circuit. These devices usually require a very
stable source of constant voltage. This voltage is called dc (for direct current) and is usually
supplied by a regulated dc power supply. Regulated power supplies are circuits which convert
ac line power into a constant output voltage in spite of changes to the input ac, the load
current, or temperature.

The measurement of various electrical quantities is basic to determining circuit
performance. These quantities include voltage, current, power, frequency, and many others.
Many electrical quantities are measured with meters. The schematic symbol for a meter is
shown in Figure 2—1. The meter function is shown on the schematic with a letter or symbol.
One type of meter is the multimeter, an instrument which combines three basic instruments to
measure either resistance, voltage, or current. Multimeters may be either analog or digital
and may contain either active or passive circuitry. Analog multimeters use a pointer to
indicate on a numbered scale the value of the measured quantity. One example of an analog
meter is the VOM (for Volt-Ohm-Millammeter). A digital multimeter (or DMM) shows the
measured quantity as a number. The digital multimeter is rapidly replacing analog multimeters
because of superior performance and ease of use. Examples of a portable VOM and DMM

are shown in Figure 2-2.
Letter or symbol to
: j indicate type of meter

Figure 2-1 Meter Symbol
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B TRIPLETT 2202

&

(a) VOM (b) DMM
(courtesy of Triplett Co.)

Figure 2-2

Electrical quantities extend from the very small to the very large. Resistance, for
example, can vary from less than 1 ) to over 1,000,000 ). Meters must have some means of
accommodating these numbers. The position of the decimal place is determined by the range
switch on the meter. The user selects an appropriate range to display the measured number.
Some meters have autoranging which means they can change ranges automatically. An
autoranging meter may also have an AUTO/HOLD switch which allows the meter to either
operate in the autoranging mode or to hold the last range setting. To operate an autoranging
meter, the meter will normally be used in the AUTO mode. The function to be measured is
selected, and the meter is connected to the circuit under test. The user must be careful to
connect the meter correctly for the measurement to be made. Examples of how to connect an
autoranging DMM for measurement of voltage and resistance are shown in Figure 2-3.

(a) DC voltage measurement (b) Resistance measurement

Figure 2-3
20



Current measurements require special care to avoid damage to the meter. A current
meter must never be connected across a voltage source. Current measurements are
accomplished by selecting current (either ac or dc) with the function select switch and moving
the probes to the AMPS socket. In this experiment, current will not be measured.

Many electronic measurements are made with analog meters. Analog meters can be
calibrated to read almost any physical quantity, including voltage, current, power, or even
nonelectrical quantities such as weight, speed, or light. The scales on analog meters may be
either linear or nonlinear. They may have several scales on the same meter face. Various
types of meters will be described in the Procedure section of this experiment.

Materials Needed:
None

Procedure:

1. A linear meter scale is marked in equally spaced divisions across the face of the
meter. Figure 2—4 shows a linear meter scale. The major divisions, called primary
divisions, are usually numbered. Between the primary divisions are smaller divisions
called secondary divisions. To read this scale, note the number of secondary divisions
between the numbered primary divisions and determine the value of each secondary
division. The scale shown has 10 subdivisions.

D.C. VYLTS
"rnuucrv KDL, 208

Figure 2-4

What is the value of each secondary division in Figure 2—4?
What is the meter reading?
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Frequently a meter is used for several ranges. The meter shown in Figure 2—-4 could,
for example, have a 2.5 V full-scale range, a 25 V full-scale range, and a 250 V full-
scale range. It is up to the user to then set the decimal place, depending on which
range has been selected. If the user selects the 250 V full-scale range, then there are
50 V between each primary division.

If the meter shown in Figure 2—4 is on the 250 V range, what is the value of each
secondary division? What is the meter reading?

Usually, meters with more than one range have several scales called multiple scales. A
meter with multiple scales is illustrated in Figure 2—5. Each scale can represent one or
more ranges. In this case, the user must choose the appropriate scale and set the
decimal place.

POWER SUPPLY

Figure 2-5

The top scale has a full-scale value of 10 V. This scale should be read if the 10 V
range is selected. It is also used for any range which is a multiple of 10. For example,
assume the meter shown has a 1.0 V range that has been selected. The user inserts a
decimal and reads the top scale as 1.0 V full scale. The primary divisions are 0.2 V,
and the secondary divisions are equal to 0.05 V. The reading on the meter is then
interpreted as 0.85 V.

What is the meter reading if the range selected is the 30 V range?

22



VOMs and some instruments contain meters that can be used for more than one
function. These scales are called complex scales. To read a complex scale the user
chooses the appropriate scale based on the function and the range selected. Figure
2-6 shows a complex scale from a VOM.

Figure 2-6

If the function selected is resistance, then the top scale is selected. This scale is
nonlinear. Notice that the secondary divisions change values across the scale. To
determine the reading, the primary divisions on each side of the pointer are noted. The
secondary divisions can then be assigned values by counting the number of secondary
divisions between the primary marks.

For the meter in Figure 2—6, assume the OHMS function is selected, and the range
selected is X 10 ohms. What does the meter indicate for a resistance?

Look at the meter on the power supply at your lab station. Some power supplies have
meters that monitor either voltage or current. There may be more than one range or
several supplies built into the same chassis, so the meter may have multiple or
complex scales.

Is the meter used for more than one function? If so, what
determines which function is monitored?

Does the meter have multiple scales? ____ complex scales?

What is the smallest primary voltage division? The smallest
secondary voltage division?
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10.

Review the controls for the power supply at your lab station. The operator’s manual is
a good resource if you are not sure of the purpose of a control. Describe the features
of your supply: (multiple outputs, current limiting, tracking, etc.)

In this step, you will set the power supply for a specific voltage and measure that
voltage with your laboratory meter. Review the operator’s manual for the DMM (or
VOM) to your lab station. Review each control on the meter. Then select +DC and
VOLTS on the DMM. If your DMM is not autoranging, select a range that will
measure +5.0 V dc. The best choice is a range which is the smallest range that is
larger than +5.0 V. Connect the test leads together and verify that the reading is zero.
(Note: A digital meter may have a small digit in the least significant place.)

Turn on the power supply at your station and use the meter on the supply to set the
output to +5.0 V. Then use the DMM to confirm that the setting is correct.

Reading on the power supply meter = Reading on the DMM =

Set the output to +12.0 V and measure the output.

Reading on the power supply meter = Reading on the DMM =
Set power supply to minimum setting and measure the output.

Reading on the power supply meter =

Reading on the DMM = ___

Conclusion:

Evaluation and Review Questions:

1.

Compare the precision of the power supply voltmeter with the DMM or VOM at your
lab station. Does one meter have an advantage for measuring 5.0 V? Explain your
answer.

24



2. What is meant by an autoranging meter? What type is at your lab station?

3. What is the difference between a multiple scale and a complex scale?

4. What is the difference between a linear scale and a nonlinear scale?

5. Assume a scale has four secondary marks between the primary marks numbered 3.0
and 4.0. If the pointer is on the first secondary mark, what is the reading on the
meter?

6. List the three basic measurements that can be made with a VOM or a DMM.

For Further Investigation:

The sensitivity of a panel meter is a number that describes how much current is required to
obtain full-scale deflection from the meter. Meter sensitivity is easily determined with a meter
calibrator. If you have a meter calibrator available, go over the operator’s manual and learn
how to measure the full-scale current in an inexpensive panel meter. Then obtain a small
panel meter and measure its sensitivity. Summarize your results.
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CheCkup 1 Class

Name

Date

Reference:
Floyd, Chap. 1, and Buchla, Experiments 1 and 2

1.

10.

11.

The unit of electric current is:
(a) the volt (b) the coulomb (c) the henry (d) the ampere

An excess of electrons in a material means that the material is:
(a) positively charged (b) negatively charged

A meter that can be used to measure resistance is called:
(a) an ohmmeter (b) a wattmeter (c) an ammeter (d) an oscilloscope

An ohmmeter can be damaged if:
(a) it is used in an energized circuit (c) leads are reversed

(b) it is used on the wrong range (d) it is used to measure a diode

When using a multimeter to read an unknown voltage, you should start on the:
(a) lowest range  (b) middle range (c) highest range

The quantity 0.01 uF is the same as:
(a) 10,000 mF (b) 10,000 nF  (c) 10,000 pF  (d) none of these

The number 505,000 can be expressed as:
(@ 0.505M (b) 505k (c) 505 x 10* (d) all of these

The metric prefix milli multiplied by the prefix mega produces:
(@) kilo (b) milli (c) giga (d) micro

One-fourth watt is the same as:
(@ 0.025W (b) 250 mW  (c) 250 uW  (d) 2.50 W

Engineering notation uses exponents that are multiples of:
(a) one (b) two (c) three (d) four

What measurements can be made with a VOM?
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Explain the difference between a primary division and a secondary division on an
analog meter.

Why is it a good idea to check a power supply voltage setting with a laboratory meter
rather than a panel meter on the supply?

List the unit of measurement for each:
(a) resistance (b) capacitance (c) frequency
(d) inductance (e) voltage (f) energy

Show the symbol for each of the following measurement units:
(a) ohm (b) farad (c) watt
(d) hertz (e) coulomb (f) ampere

Express the following numbers in scientific notation as a number between 1 and 10
times 10 to the appropriate power:

(a) 1050 (b) 0.0575 (c) 251 x 10?

(d) 89.0 x 107° (e) 0.000 004 91 (® 0.0135 x 1072
Express the following numbers in engineering notation:

(a) 0.00520 (b) 59 200 (c) 760 x 10°

(d) 19.0 x 107* (e) 1.22 x 10? (f) 0.0509 x 1071°
Change each quantity from scientific notation to a number with a metric prefix:
(@) 1.24 X 107° A (b) 7.5 x 10° Q

(c) 4.7 X 10* Hz (d)3.3x10%F

(€) 22X 107125 ® 9.5x 1072 H

Change each quantity as indicated:

(@) 70 uA to amps (b) 50 MHz to hertz
(c) 0.010 uF to farads (d) 5.0 W to milliwatts
(e) 22 mV to volts (f) 3300 pF to microfarads

Perform the following additions. Express answers with three significant digits:
(@) 5.25 X 10® + 4.97 x 10° (b) 9.02 x 10* + 1.66 x 10°

(c) 1.00 x 1072 + 2.25 x 1072 (d) 4.15x 1078 + 6.8 x 1077

(e) 9.60 X 1073 + 1.95 x 10~* (® 8.79 x 10° + 4.85 x 10’
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Measurement Name
Date

of Resistance Class

Reading:
Floyd, Sections 2-1 through 2-5

Objectives:

After performing this experiment, you will be able to:

1. Determine the listed value of a resistor using the resistor color code.

2. Use the DMM (or VOM) to measure the value of a resistor.

3. Determine the percent difference between the measured and listed values of a resistor.
4, Measure the resistance of a potentiometer and explain its operation.

Summary of Theory:

Resistance is the opposition a substance offers to current flow. The unit for resistance is the
ohm, symbolized with the Greek letter capital omega ({}). A resistor is a component designed
to have a specific resistance and wattage rating. Resistors limit current but, in doing so,
produce heat. The physical size of a resistor is related to its ability to dissipate heat, not to its
resistance. A physically large resistor can dissipate more heat than a small resistor, hence the
larger one would have a higher wattage rating than the smaller one.

Resistors are either fixed (constant resistance) or variable. Fixed resistors are usually
color coded with a four-band code that indicates the specific resistance and tolerance. Each
color stands for a number, as described in Floyd’s text and reprinted in Table 3-1 for
convenience. Figure 3—1 shows how to read the resistance and tolerance of a four-band
resistor.

Table 3-1 []:[ED

Digit Color
0 Black Ist digiléd Limolerance
1 Brown
2 Red Example:
3 Orange I I I
Resistance value, 4 Yellow
first three bands 5 Green / ‘ \\
6 Blue Red Black Orange  Silver
7 Violet 2 0 000 . £10%
8 Gray Resistor is 20,000 Q = 10%
9 White Note: In the multiplier band, Gold = X 0.1
Sitver = X 0.01
Tolerance, fourth band | 5%  Gold
10% Silver Figure 3-1
20% No band

The resistance of resistors is measured using a DMM or VOM, as described in Experiment 2.
If you are using a VOM, the zero reading should be checked whenever you change ranges on
the meter by touching the test leads together. If you are using a nonautoranging DMM, a
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suitable range needs to be selected. Resistance normally should not be measured in a circuit
as other resistors in the circuit will affect the reading. The resistor to be measured is removed
from the circuit, and the test leads are connected across the resistance. The resistor under
test should not be held between the fingers as body resistance can affect the reading,
particularly with high-value resistors. (It is okay to hold one end of the resistor under test.)

The most common form of variable resistor is the potentiometer. The potentiometer is
a three-terminal device with the outer terminals having a fixed resistance between them and
the center terminal connected to a moving wiper. The moving wiper is connected to a shaft
that is used to vary the resistance between it and the outer terminals. Potentiometers are
commonly found in applications such as volume controls.

Another type of variable resistor is the rheostat. A rheostat consists of two terminals.
The control varies the resistance between the two terminals. A potentiometer can be
connected as a rheostat by connecting the moving wiper and one of the outer terminals.

Materials Needed:
Resistors: Ten assorted values
One potentiometer (any value)

Procedure:

1. Obtain 10 four-band fixed resistors. Record the colors of each resistor in Table 3-2.
Use the resistor color code to determine the color-code resistance of each resistor.
Then measure the resistance of each resistor and record the measured value in Table
3-2. The first line has been completed as an example.

2. Compute the percent difference between the measured and color-coded values using
the equation:

| Rmeasured - Rcolor code |

% difference = X 100

R color code

The percent difference is shown as an absolute (positive) value for all resistors.
Complete Table 3-2.
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3.

Table 3-2

. Color of Band Color-Code | Measured %
Resistor 1st ond 3rd 4th Value Value Difference

0 brown | green red silver | 1.5kQ = 10% | 1.46 kQ 2.7%
1

2

3

4

5

6

7

8

9
10

Obtain a potentiometer. Number the terminals 1, 2, and 3 as illustrated in Figure 3-2.

Terminal 3

Terminal 2

Terminal 1

Schematic symbol
Figure 3-2

Measure and record the resistance between terminals 1 and 3 of the potentiometer (the
outside terminals). R, ; =

Vary the potentiometer’s shaft and monitor the resistance between terminals 1 and 3.
Does the resistance change? _ Explain:

Turn the potentiometer completely counterclockwise (CCW). Measure the resistance
between terminals 1 and 2. Then measure the resistance between terminals 2 and 3.
Record the measured resistance in Table 3-3. Compute the sum of the two readings
and enter it into Table 3-3.

Turn the shaft 1/3 turn clockwise (CW) and repeat the measurements in step 4.

Turn the shaft 2/3 turn CW and repeat the measurements in step 4. What did you find
about the sum of the resistance in steps 4, 5, and 6?
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Table 3-3

Shaft Resistance Measured Between Sum of Resistance
Step | Position | Terminals 1-2 | Terminals 23 Readings
4 CCw
5 15 CW
6 % CW

Conclusion:

Evaluation and Review Questions:

1.

(a) Are any of the resistors measured in Table 3-2 out of tolerance?

(b) You suspect that the percent difference between color-code and measured
values could be due to error in the meter. How could you find out if you are
correct?

Predict the resistance between terminals 1-2 and 2-3 for the potentiometer if the
shaft is rotated fully CW:

Determine the resistor color code for the following resistors. The tolerance is 10%.

(@) 12 O

(b) 6.8 kQ
(©) 910 O
(d) 4.7 MQ
(e) 1.0 O
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4. Determine the expected value for resistors with the following color codes:
(a) red-red-black-gold.
(b) violet-green-brown-silver.
(©) green-brown-brown-gold
(d) white-brown-gold-gold
(e) gray-red-yellow-silver.

S. A resistor is color coded: red-violet-orange-gold.
(a) What is the largest value the resistor can be and still be in tolerance?

(b) What is the smallest value?

6. What is the difference between a potentiometer and a rheostat?

For Further Investigation:

Obtain 20 resistors marked with the same color code on each resistor. Carefully measure each
resistor. Determine the average value of resistance. Then find the deviation of each resistor
from the average by computing the amount each value differs from the average. The average
deviation can then be found by computing the average of the deviations. Summarize your
findings. Are any resistors outside the marked tolerance? Is there any evidence that all
resistors are either higher or lower than their marked values? What do differing values of
resistors tell you about actual measurements as opposed to calculated or color-code values?
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Voltage Measurement Name

Date

and Circuit Ground Class

Reading:
Floyd, Sections 2—6 and 2—-7. (Optional: Additional information on circuit ground is found in
Section 4-9.)

Objectives:

After performing this experiment, you will be able to:

1. Connect a circuit from a schematic diagram.

2. Use voltages measured with respect to ground to compute the voltage drop across a
resistor.

3. Explain the meaning of circuit ground and subscripts used in voltage definitions.

Summary of Theory:

Energy is required to move a charge from a point of lower potential to one of higher
potential. Voltage is a measure of this energy per charge. Energy is given up when a charge
moves from a point of higher potential to one of lower potential.

Voltage is always measured with respect to some point in the circuit. For this reason,
only potential differences have meaning. We can refer to the voltage across a component, in
which case the reference is one side of the component. Alternatively, we can refer to the
voltage at some point in the circuit. In this case the reference point is assumed to be
‘*ground.”’ Circuit ground is usually called reference ground to differentiate it from the
potential of the earth, which is called earth ground. Circuit or earth grounds are shown with
the symbol used in Figure 4-1.

An analogy can clarify the meaning of reference ground. Assume a building has two
floors below ground level. The floors in the building could be numbered from the ground
floor, by numbering the lower floors with negative numbers. The reference for numbering the
floors could be made the lowest floor in the basement. Then all floors would have a positive
floor number. The choice of the numbering system does not change the height of the building,
but it does change each floor number. Likewise, the ground reference is used in circuits as a
point of reference for voltage measurements. The circuit is not changed by the ground
reference chosen.

Figure 4-1 illustrates the same circuit with two different ground reference points.

For both circuits: V=4V Vg=8V Vic=12V

V=4V
+12 V__| +12V_|
— V=0V —
C Vo=-8V
(a) (b)
Figure 4-1
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The circuit in Figure 4—1(a) has as its reference point B. Positive and negative voltages are
shown. If the reference point is moved to point C, the circuit voltages are all positive, as
shown in Figure 4—1(b). Voltage is always measured between two points. To define the two
points, subscripts are used. The voltage difference (or simply voltage) between points A and
B is written as V,5 where the second letter in the subscript identifies the reference point. If a
single subscripted letter is shown, the voltage is defined between the lettered point and the
circuit’s reference ground.

Materials Needed:
Resistors:
One 330 (2, one 680 (), and 1.0 k()

Procedure:

1. Measure three resistors with the listed values given in Table 4—1. Record the
measured values in Table 4—1. You should always use the measured value in
experimental work.

Table 4-1 Table 4-2 A\ R /B
|
Listed | Measured Measured YW
Component | Value Value Value V= 0Q
+10 V
R, 330 Q Vs = §§0 o
R, 680 O Vag R,
R, 1.0 kQ Vac i
1.0 kQ N
Veo D C
Figure 4-2
2. Construct the circuit shown in Figure 4-2. Set the power supply to +10 V. Measure

the voltage across each resistor in the circuit. Enter the measured values in Table 4-2.

3. Assign point D as the reference ground. Measure the voltage at points A, B, and C
with respect to point D. The voltage readings are made with the reference probe
connected to point D. Enter the measured values in Table 4—3. Then use the
measured voltages to compute the voltage differences Vg5, Vg, and Vp.

Table 4-3

Measured :
Voltage Voltage Difference

Calculation

Vap = Va— Vg =
Vec=Vg — V¢ =
Veo=Vc— Vp=

Vo | 0.0V (ref)
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Now measure the voltages in the circuit with respect to point C. The circuit is not
changed. Only the reference point changes. Move the reference probe of the voltmeter
to point C. This point will now represent ground. The voltage at point D now has a
negative value. Enter the measured voltages in Table 4—-4. Compute the voltage
differences as before and enter them in Table 4—4.

Table 4-4
Measured
Voltage Voltage Difference

Calculation
Va
B

Vae = Vo — Ve =

Ve | 0.0V (ref) f—2—F

Vb

Move the circuit reference point to point B. Again, there is no change to the circuit
other than the reference ground. Repeat the measurements of the voltages with respect
to circuit ground. Compute the voltage differences and enter the data in Table 4-5.

Table 4-5
Measured
Voltage Voltage Diff_erence
Calculation
Ya \% \% vV
Vg |00V (ref) 222 B
v Vec=Vp — Vg =
c

VD CD C D

Now make point A the reference point and repeat the measurements. Enter the data in
Table 4-6.

Table 4-6
Measured -
Voltage Voltage Difference
Calculation
Vi | 0.0V (ref)
1% VAB = VA - VB =
B
VBC = VB - VC =
Ye Vep = V. Vp =
VD CD C D
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Conclusion:

Evaluation and Review Questions:

L.

Compare the voltage difference calculation in Table 4-3 through Table 4—6. Does the
circuit’s reference point have any effect on the voltage differences across any of the
resistors? Explain your answer.

Define the term reference ground.

If you measured V5 as 12.0 V, what is the V5,?

Assume Vyy = —220 V and Viy = —150 V. What is Vi ?

If a test point in a circuit is marked +5.0 V and a second test point is marked —3.3 V,
what voltage reading would you expect on a voltmeter connected between the two test
points? Assume the reference lead on the meter is at the lowest potential.

For Further Investigation:
Warning: The power supplies used in this procedure must have floating output terminals. If
you are not sure, check with your instructor before proceeding with this investigation.

Replace the +10 V supply used in this experiment with two +5 V supplies in series.

Attach the +5 V output of one supply to the common of the second supply. Call this point
the reference ground for the circuit. Measure the voltages throughout the circuit. Summarize
your results.
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Name

. ° . Date
Application Assignment 2 Class
Reference:
Floyd, Chapter 2, Section 2—-8: Application Assignment
Step 1 Circuit choice and reason rejected circuits will not meet requirements:

Step 2 Wire list. (First item is given as an example.)

From To

All lamps (pin #2) | Battery (— side)

Step 3 Fuse size selectedis A

Reason:
Step 4 Required battery capacityis ___ A-hr
Step 5 Test procedure for troubleshooting:
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Possible faults:
Fault 1: All but one lamp can be turned on:

Fault 2: None of the lamps can be turned on:

Fault 3: Each lamp is too dim and cannot be brightened by adjusting the
rheostat:

Fault 4: Each lamp is too dim; however, the amount of light can be varied with
the rheostat but not to full brightness:

Related Experiment:

Materials Needed:

Six 330 Q resistors

Six small light-emitting diodes (LEDs)
One 1 k() potentiometer

One 5 V power supply

Discussion:

The lamps required by Application Assignment 2 use 110 V. It is unsafe to experiment with
this voltage level, so a low-voltage simulation can be used to verify your solution using a 5 V
dc power supply. The lights you will use are called light-emitted diodes (LEDs), which use a
small current to emit light. LEDs emit light only when the current flows in one direction. To
limit the current to a level that is safe for the LEDs, a 330 () resistor is placed in series with
each LED, as shown in Figure AA-2-1. The dimmer will consist of a 1 k() potentiometer.
Be sure to check the polarity of the diodes—if they are installed backward, they will not
light. A short jumper wire on your protoboard can serve as an open or closed switch to
complete the circuit. Construct a working model of the application problem described in
Floyd’s text.

3300
. @ LED
LEDN A o LE1 7=

Figure AA-2-1
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Checkup 2 Class

Name

Date

Reference:
Floyd, Chapter 2, and Buchla, Experiments 3 and 4

1.

10.

11.

A material that is characterized by four valence electrons in its atomic structure is

called:
(a) a conductor (b) an insulator (¢) a semiconductor

The basic particle of matter that carries a negative electrical charge is the:
(a) atom (b) electron (c¢) proton (d) neutron

The unit of electrical charge is the:
(a) ampere (b) coulomb (¢) joule (d) volt

One coulomb passing a point in one second is defined as one:
(a) ampere (b) watt (c) joule (d) volt

A joule per coulomb is a measure of:
(a) resistance  (b) power (¢) voltage (d) current

The unit of resistance is named in honor of:
(a) Joule (b) Watt (c) Ampere (d) Ohm

A resistor used to control current in a circuit is called a:
(a) circuit breaker  (b) rheostat (c) potentiometer (d) choke

The purpose of the third band of a four-band resistor is:
(a) multiplier  (b) tolerance (¢) reliability (d) temperature

An instrument used for measuring resistance is:
(a) an ohmmeter (b) a voltmeter (c) an oscilloscope  (d) an ammeter

In a circuit, a reference ground is always:
(a) the point with the lowest potential (b) a common point

(c) the same as earth ground (d) the negative side of the source

Assume a direct current of 2.0 A flows in a circuit due to electron flow.
What is the number of electrons that pass a fixed point in the wire in 1 s?
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12.

13.

14.

15.

16.

17.

18.

A 5.6 k() resistor has a fourth band that is gold. What are the largest and smallest
values of resistance that are within the tolerance rating for this resistor?

Calculate the minimum and maximum resistance for a 1000 € resistor with a tolerance
of:

(a) 20% (©) 5%

(b) 10% (d) 1%

Determine the color-code value of resistance and the tolerance for each resistor:
(a) white-brown-red-silver:

(b) green-blue-green-gold:

(c) brown-black-black-gold:

(d) yellow-violet-orange-silver:

(e) green-brown-gold-gold:

Determine the color code for each of the following resistors:
(a) 470 kQ = 10%

(b) 180 Q * 5%

(c) 4.3kQ = 5%

(d) 1.0 Q = 10%

(e) 2.7 MQ + 5%

Explain how both positive and negative voltages can exist at the same time in a circuit
but with only one voltage source.

Assume that a circuit contains three points labeled A, B, and C. Point A has a
potential with respect to ground of 10.2 V; point B has a potential of —12.4 V, and
point C has a potential of —8.7 V. What is the potential difference between:

(a) point A with respect to point B?

(b) point B with respect to point A?

(c) point A with respect to point C?

(d) point C with respect to point A?

(e) point B with respect to point C?

(f) point C with respect to point B?

What is another word for potential difference?
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Name

o D
S Ohm’s Law Clase

Reading:
Floyd, Sections 3—1 and 3-2

Objectives:

After performing this experiment, you will be able to:

1. Measure the current-voltage curve for a resistor.

2. Construct a graph of the data from objective 1.

3. Given a graph of current-voltage for a resistor, determine the resistance.

Summary of Theory:

The flow of electrical charge in a circuit is called current. Current is measured in units of
amperes, or amps for short. The ampere is defined as one coulomb of charge moving past a
point in one second. Current is symbolized by the letter I (for Intensity) and is frequently
shown with an arrow to indicate the direction of flow. Conventional current is defined as the
direction a positive charge would move under the influence of an electric field. When
electrons move, the direction is opposite to the direction defined for conventional current. To
clarify the difference, the term electron flow is frequently applied to current in the opposite
direction of conventional current flow. The experiments in this lab book work equally well
with either definition.

The relationship between current and voltage is an important characteristic that
defines various electronic devices. The relationship is frequently shown with a graph.
Usually, the voltage is controlled (the independent variable), and the current is observed (the
dependent variable). This is the basic method for this experiment, for which a series of
resistors will be tested. As discussed in the Introduction to the Student, the independent
variable is plotted along the x-axis and the dependent variable is plotted along the y-axis.

Fixed resistors have a straight-line or linear current-voltage curve. This linear
relationship illustrates the basic relationship of Ohm’s law—namely, that the current is
proportional to the voltage for constant resistance. Ohm’s law is the most important law of
electronics. It is written in equation form as:

<

where I represents current, V represents voltage, and R represents resistance.

Materials Needed:
Resistors:

One 1.0 kQ, one 1.5 kQ, one 2.2 kQ}
One dc ammeter, 0-10 mA

For Further Investigation:
One 5 V zener diode
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Procedure:

1.

2.

Measure three resistors with listed values of 1.0 k2, 1.5 k), and 2.2 k. Record the
measured values in Table 5-1.

Table 5-1
Listed | Measured
Component | Value Value
R, 1.0 kQ
R, 1.5 kQ
R, 2.2kQ

Power supply
+5.0V COM

Ammeter —»

(a) Schematic (b) Protoboard wiring
Figure 5-1
Connect the circuit shown in Figure 5—1(a). Notice that the ammeter is in series with

the resistor and forms a single ‘“‘loop’” as shown in the protoboard wiring diagram in
Figure 5-1(b). The voltmeter is then connected directly across the resistor.

Caution! Current meters can be easily damaged if they are incorrectly connected. Have
your instructor check your connections before applying power.

Adjust the power supply for a voltage of 2.0 V. Read the current that is flowing
through the resistor and record it in Table 5-2.

Adjust the power supply for 4.0 V and measure the current. Record the current in
Table 5-2. Continue taking current readings for each of the voltages listed in Table
5-2.

Table 5-2 (R,)

20V {40V |60V |80V 100V

~ =
Il
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S. Replace R, with R, and repeat steps 3 and 4. Record the data in Table 5-3.

Table 5-3 (R,)

V=120V |40V |60V |80V | 100V
I =

6. Replace R, with R; and repeat steps 3 and 4. Record the data in Table 5-4.

Table 5-4 (R,)

V=120V |40V |60V |80V | 100V
I=

7. On Plot 5-1, graph all three I-V curves using the data from Tables 5-2, 5-3, and
5-4. Plot the dependent variable (current) on the y-axis and the independent variable
(voltage) on the x-axis. Choose a scale for the graph that spreads the data over the
entire grid.

1%
Plot 5-1

Conclusion:
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Evaluation and Review Questions:

1. The slope of a line is the change in the y direction divided by the change in the x
direction. The definition for slope is illustrated in Figure 5-2. Find the slope for each
resistor on Plot 5-1.

v Change in y

| —)

Change in x

S| Change in y
ope = Change in x

2

3

Figure 5-2

2. What happens to the slope of the I-V curve for larger resistors?

3. (a) If the resistance is halved and the voltage is not changed, what will happen to
the current in a resistive circuit?

(b) If the voltage is doubled and the resistance is not changed, what will happen to
the current in a resistive circuit?

4, If the current in a resistive circuit is 24 mA and the applied voltage is 48 V, what is
the resistance?

S. What current will flow through a 10 Q resistor with a 5.0 V applied?
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For Further Investigation:

Not all devices have a linear current-voltage relationship. (This is what makes electronics
interesting!) Investigate a zener diode I-V curve. The circuit is shown in Figure 5-3. The

1 k() resistor is used to limit the total current in the circuit. Notice the polarity of the zener
diode. The cathode is placed toward the positive side of the battery. Measure the voltage
across the zener diode as the power supply is varied. The circuit is a series circuit so the
zener current is the same as the current read by the ammeter. Record the voltage drop across
the zener and the measured current in Table 5—5. Summarize your results with a graph of the
zener current as a function of the zener voltage. (Zener diodes will be covered in Chapter 18
of the text.)

R=1.0kQ
+® AN -
Vs 0-10mA Zener Cathode Zener diode
diode CVD | cathode side
Figure 5-3

Table 5-5 (Zener Diode)

V=120V |40V |60V |80V | 100V

1%
Plot 5-2
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Name

N [ ] [ ] [ ] D t
6 Power in DC Circuits Class

Reading:
Floyd, Sections 3—3 through 3-6

Objectives:

After performing this experiment, you will be able to:

1. Determine the power in a variable resistor at various settings of resistance.

2. Plot data for power as a function of resistance. From the plot, determine when
maximum power is delivered to the variable resistor.

Summary of Theory:

When current flows through a resistor, electrical energy is converted into heat. Heat is then
radiated from the resistor. The rate that heat is dissipated is called power. Power is measured
in units of joules per second (J/s), which defines the unit called the watt (W). The power
dissipated by a resistor is given by the power law equation:

P=1v

,_ By applying Ohm’s law to the power law equation, two more useful equations for power can
be found. These are:

P =1I°R
and
V2
P=—
R

The three power equations given above are also known as Watt’s law. In this
experiment, you will determine power using the last equation. Notice that if you measure the
voltage in volts (V) and the resistance in kilohms (k{2), the power will have units of milliwatts
(mW).

The physical size of a resistor is related to the amount of heat it can dissipate.
Therefore, larger resistors are rated for more power than smaller ones. Carbon composition
resistors are available with standard power ratings ranging from 1/8 W to 2 W. For most
typical low voltage applications (15 V or less and at least 1 k{) of resistance), a 1/4 W resistor
is satisfactory.

Materials Needed:

— One 2.7 k(Q resistor
One 10 k() potentiometer
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Procedure:

1.
2.

Measure the resistance of R,. The color-code value is 2.7 k). R, =
Construct the circuit shown in Figure 6—1. R, is a 10 k() potentiometer. Connect the
center (variable) terminal to one of the outside terminals. Use this and the remaining
terminal as a variable resistor. Adjust the potentiometer for 0.5 k(). (Always remove
power when measuring resistance and make certain you are measuring only the
potentiometer’s resistance.)

Ry
2.7kQ q
_ 0
+H2V_L 10 kQ potentiometer
=
Figure 6-1

Measure the voltage across R, and the voltage across R,. Enter the measured voltages
in Table 6-1. As a check, make sure that the sum of V, and V, is equal to 12.0 V.
Then compute the power in R, using the equation:

V2
P2 = —2
R,
Enter the computed power, in milliwatts, in Table 6-1.

Disconnect the power supply and set R, to the next value shown in Table 6—1.
Reconnect the power supply and repeat the measurements made in step 2. Continue in
this manner for each of the resistance settings shown in Table 6—1.

Table 6-1

Variable Power in R;:

2
Resistance Vi V, P, = \&
Setting (R,) | (measured) | (measured) R,

| 0.5kQ
1.0 kQ
2.0 kQ
3.0 kQ
4.0 kQ
5.0 kQ
7.5 kQ
10.0 kQ
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5. Using the data in Table 6—1, graph the relationship of the power, P,, as a function of
resistance R, on Plot 6—1. Since resistance is the independent variable, plot it along
the x-axis and plot power along the y-axis. An implied data point can be plotted at the
origin because there can be no power dissipated in R, without resistance. A smooth
curve can then be drawn to the origin.

Plot 6-1

Conclusion:

Evaluation and Review Questions:
1. Observe the graph of resistance versus power for your experiment. Compare the
resistance of R; and R, when power in R, is a maximum.

2. What was happening to the total current in the circuit as R, was increasing?
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3. What was happening to the power in R, as the resistance of R, was increasing?
Explain your answer.

4. A 1.5 kQ resistor is found to have 22.5 V across it.
(a) What is the current in the resistor?

) What is the power dissipated in the resistor?

© Could a 1/4 W resistor be used in this application? Explain your answer.
5. What physical characteristic determines the power rating of a resistor?
6. What happens to electrical energy in a resistor?

For Further Investigation:

Because it is a series circuit, the current was the same throughout for each setting of R,. Find
the current for each row in Table 6-1 by dividing the measured value of V, by the measured

value of R,. Plot this current as a function of R,. On the same graph, plot V, as a function of
R,. What is the shape of the product of these two lines?
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Name

° ° ° Date
Application Assignment 3 Class
Reference:
Floyd, Chapter 3, Section 3-8: Application Assignment
Step 1 Inspection
Step 2 Draw the schematic of the existing resistor box. Label the resistors (R, through
Ry).
Step 3 Modify the schematic for the resistor box to meet the new requirements. Label

the resistors (R, through Rg) and give their power rating.

Step 4 Modify the Circuit. State the modifications that must be made.
Step 5 Test procedure:
Step 6 Troubleshooting:

Fault 1 (infinite resistance in switch position 3):
Fault 2 (infinite resistance in all switch positions):
Fault 3 (incorrect resistance in switch position 6):
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Related Experiment:

Materials Needed:
One LED
One resistor to be determined

Discussion:

As in the application problem, it is frequently necessary to compute the value of a current-
limiting resistor. An LED must have a certain current to properly light but can be destroyed
if the current is too high. Assume a current of 8 mA is required in an LED. The LED drops
approximately 2 V, leaving 3 V across the dropping resistor. Determine resistance and power
rating of the dropping resistor needed. Construct the circuit and verify with measurements
that you have correctly calculated the dropping resistor.

Experimental Results:
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CheCkup 3 Class

Name

Date

Reference:
Floyd, Chap. 3, and Buchla, Experiments 5 and 6

1.

10.

11.

Ohm’s law states the relationship between voltage, current, and:
(a) power (b) energy (c) resistance (d) time

In a given dc circuit, if the voltage were doubled and the resistance halved, the new
current would be:
(a) one-fourth (b) one-half (c) unchanged (d) doubled (e) quadrupled

A fixed resistance is connected across a 10 V source. The current in the resistance is
found to be 21.3 uA. The value of the resistance is:
(@) 213l (b) 213Q () 470 Q2 (d) 0.470 MQ

A blue-gray-orange-gold resistor is connected across a 25 V source. The expected
current in the resistor is:
(@ 368 uA (b)) 368 mA (¢) 1.7uA (d) 1.7mA

A 20 mV source is connected to a 100 k() load. The current in the load is:
(a) 200nA (b) 200 kA (c) S0 A (d) 5.0 mA

The rate at which energy is used is called:
(a) voltage (b) frequency (c¢) conductance (d) power

A megawatt is the same as:
(@ 107°W () 103W (¢) 10°W () 10°W

Electric utility companies charge customers for:
(a) voltage (b) current (c) power (d) energy

The SI unit of energy is the:
(a) joule (b) watt (c) ampere (d) kilowatt-hour

A 1500 W resistance heater is connected to a 115 V source. The current in the heater
is:

(@ 77mA  (b)88A (c)13A (d) 196A

An ammeter with an internal resistance of 0.5 ) measures a current of 10 A. What is
the voltage dropped across the ammeter?
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12.

13.

14.

15.

In Experiment 6, a fixed resistor was in series with a variable resistor. You plotted the

resistance of the variable resistor as a function of the power dissipated in it.

(a) What would you expect the graph to look like if the fixed resistor were a lower
value?

(b) What would you expect to see if the resistance of the fixed resistor were zero?

A 100 € resistor is across a 20 V source.
(a) Determine the current in the resistor.

(b) Compute the power dissipated in the resistor.

An insulator in a high-voltage application has a leakage current of 150 wA when the
voltage is 12 kV. Determine the insulation resistance.

A 10 W bulb is designed for use in a 12 V circuit.
(a) What current is in the bulb when it is connected to a 12 V source?

(b) If the bulb were placed across a 6 V source, what power would it dissipate?
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Name

[ ] [ ] [ ] D t
7 Series Circuits Class

Reading:
Floyd, Sections 4-1 through 4-6

Objectives:

After performing this experiment, you will be able to:

1. Use Ohm’s law to find the current and voltages in a series circuit.
2. Apply Kirchhoff’s voltage law to a series circuit.

Summary of Theory

Consider the simple circuit illustrated in Figure 7—1. The source voltage is the total current
multiplied by the total resistance as given by Ohm’s law. This can be stated in equation form
as:

Figure 7-1 Figure 7-2
In a series circuit, the circuit elements are connected with only one path for current.
For this reason, the current is the same throughout a series circuit.
Whenever we connect resistors in series, the total resistance increases. The total

resistance of a series circuit is the sum of the individual resistors. Figure 7-2 illustrates a
series circuit with two resistors. The total resistance is:

Rr=R, + R,
Substituting this equation into Ohm’s law for the total circuit gives:
Vs =I:(R, + Ry)
Multiplying both terms by I, results in:
Vg =ItR, + I;R,

Since the identical current, I, must flow through each resistor, the voltage drops
across the resistors can be found:

Vs = Vl + V2
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This result illustrates that the source voltage is equal to the sum of the voltage drops
across the resistors. This relationship is called Kirchhoff’s voltage law, which is more
precisely stated:

The algebraic sum of all voltage rises and drops around any single closed loop in a circuit
is equal to zero.

It is important to pay attention to the polarity of the voltages. Current from the source
creates a voltage drop across the resistors. The voltage drop across the resistors will have an
opposite polarity to the source voltage as illustrated in Figure 7-2. We may apply
Kirchhoff’s voltage law by using the following rules:

1. Choose an arbitrary starting point. Go either clockwise or counterclockwise from the
starting point.

2. For each voltage source or load, write down the first sign you see and the magnitude
of the voltage.

3. When you arrive at the starting point, equate the algebraic sum of the voltages to zero.

Materials Needed:
Resistors:

One 330 (), one 1.0 k{2, one 1.5 k2, one 2.2 k)
One dc ammeter, 0-10 mA

Procedure:

1. Obtain the resistors listed in Table 7—1. Measure each resistor and record the
measured value in Table 7-1. Compute the total resistance for a series connection by
adding the measured values. Enter the computed total resistance in Table 7—1 in the
column for the listed value.

2. Connect the resistors in series as illustrated in Figure 7-3. Test various combinations
of series resistors. Can you conclude that the total resistance of series resistors is the
sum of the individual resistors? Then measure the total resistance of the series
connection and verify that it agrees with your computed value. Enter your measured
value in Table 7-1.

Table 7-1
Listed | Measured
Component | Value Value
R, 1.0 kQ
R, 1.5 kQ
R, 2.2 kQ
R, 330 O
R, =
330 Q
Figure 7-3
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Complete the circuit shown in Figure 7—-4. Be certain the ammeter is connected in
series, otherwise damage to the meter may result. Before applying power, have your
instructor check your circuit. Compute the current in the circuit by substituting the
source voltage and the total resistance into Ohm’s law. That is:

Vs

I =
TRT

Record the computed current in Table 7-2. Apply power, and confirm that your
computed current is within experimental uncertainty of the measured current.

Table 7-2
. Computed | Measured

Value Value

Iy

VAB

Vic

Vep

VDE

Figure 7-4

In a series circuit, the same current flows through all components. (Can you think of a
simple proof of this?) You can use the total current measured in step 3 and Ohm’s law
to compute the voltage drop across each resistor. Compute V5 by multiplying the
total current in the circuit by the resistance between A and B. Record the results as
the computed voltage in Table 7-2.

Repeat step 4 for the other voltages listed in Table 7-2.
Measure and record each of the voltages listed in Table 7-2.

Using the source voltage (+15 V) and the measured voltage drops listed in Table 7-2,
prove that the algebraic sum of the voltages is zero. Do this by applying the rules
listed in the Summary of Theory. The polarities of voltages are shown in Figure 7-4.

Repeat step 7 by starting at a different point in the circuit and traversing the circuit in
the opposite direction.

Open the circuit at point B. Measure the voltage across the open circuit. Call this
voltage V,,.,. Prove that Kirchhoff’s voltage law is still valid for the open circuit.
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Conclusion:

Evaluation and Review Questions:
1. Why doesn’t the starting point for summing the voltages around a closed loop make
any difference?

2. Kirchhoff’s voltage law applies to any closed path, even one without current. How
did the result of step 9 show that this is true?

3. Based on the result you observed in step 9, what voltage would you expect ina 110 V
circuit across an open (blown) fuse?

4, Use Kirchhoff’s voltage law to find Vy in Figure 7-5:

+2V -

9V +4V

Figure 7-5

S. A 10 € resistor is in series with a bulb and a 12 V source.
(a) If 8.0 V is across the bulb, what voltage is across the resistor?



(b) What is the current in the circuit?

(©) What is the resistance of the bulb?

For Further Investigation:

Resistors R;, R,, and R, used in this experiment have the same listed values as R, R,, and
R; from Experiment 5. Refer to your results of the current-voltage curve on Plot 1 of
Experiment 5. Using the measured voltage in Table 7-2, find the current in the resistor based
on Plot 5—-1 of Experiment 5.

What observation did you make from this about the current in a series circuit?
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Name

i 8 The Voltage Divider Class

Reading:
Floyd, Sections 4-7 through 4-10

Objectives:

After performing this experiment, you will be able to:

1. Apply the voltage divider rule to series resistive circuits.

2. Design a voltage divider to meet a specific voltage output.

3. Confirm experimentally the circuit designed in step 2.

4, Determine the range of voltages available when a variable resistor is used in a voltage
divider.

Summary of Theory:

A voltage divider consists of two or more resistors connected in series with a voltage source.
Voltage dividers are used to obtain a smaller voltage from a larger source voltage. As you
saw in Experiment 7, the voltage drops in a series circuit equal the source voltage. If you
have two equal resistors in series, the voltage across each will be one-half of the source
voltage. The voltage has thus been divided between the two resistors. The idea can be
extended to circuits with more than two resistors and with different values.

Consider the series circuit illustrated in Figure 8—1. If the resistors are equal, the
voltage across R, will be one-half the source voltage. But what happens if one of the resistors
is larger than the other? Since both resistors must have the same current, Ohm’s law tells us
that the larger resistor must drop a larger voltage. In fact, the voltage across any resistor in a
series circuit can be found by finding the fraction of the total resistance represented by the
resistor in question. For example, if a series resistor represents one-third of the total
resistance, the voltage across it will be one-third of the source voltage.

To find the voltage across R,, the ratio of R, to R, is multiplied by the source voltage.
That is:

Figure 8-1

The voltage divider formula can be extended to find the voltage in a series circuit between
any number of resistors. Call the resistance that is between the output terminals R,. Then the
voltage across this resistance can be written:
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Ry
Ve = Vs | =

where Ry represents the resistance between the output terminals.

This equation is a general form of the voltage divider equation. It can be stated as:
““The output voltage from a voltage divider is equal to the input voltage multiplied by the
ratio of the resistance between the output terminals to the total resistance.”” When several
resistors are used, the output is generally taken with respect to the ground reference for the
divider as shown in Figure 8-2. In this case the output voltage can be found by substituting
the value of R, and R, for Ry as shown.

Figure 8-2

Voltage dividers can be made to obtain variable voltages by using a potentiometer.
The full range of the input voltage is available at the output as illustrated in Figure 8-3(a). If
one desires to limit the output voltage, this can be done by using fixed resistors in series as
illustrated in Figure 8—3(b).

Vs

Reor Vx

(@ (b)
Figure 8-3

Materials Needed:
Resistors:

One 330 (), one 470 (), one 680 (), one 1.0 kQ)
One 1.0 k() potentiometer

Procedure:
1. Obtain the resistors listed in Table 8— 1. Measure each resistor and record the

measured value in Table 8—1, column 3. Compute the total resistance for a series
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connection by adding the measured values. Enter the computed total resistance in
Table 8-1.

Connect the resistors in the series circuit illustrated in Figure 8-4. With the power
off, measure the total resistance of the series connection and verify that it agrees with
your computed value.

Figure 8-4

Apply the voltage divider rule to each resistor, one at a time, to compute the expected
voltage across that resistor. Use the measured values of resistance and a source
voltage of +10 V. Record the computed voltages (V) in Table 8—1, column 4.

Turn on the power and measure the voltage across each resistor. Record the measured
voltage drops in Table 8—1, column 5. Your measured voltages should agree with your
computed values.

Observe the voltages measured in step 4. In the space provided, draw the voltage
divider, showing how you could obtain an output of 6.8 V.

Table 8—1
. Ry
Listed | Measured Vx = Vs (_)
Resistor | Value Value Ry Vx (measured)
330 )
470
680 Q2
1000
Total 100V

Circuit for step 5
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6. Using the 330 Q, 680 1, and 1.0 k() resistors, design a voltage divider with a +5.0 V
output from a source voltage of +10 V. Draw your design in the space provided
below.

7. Construct the circuit you designed and measure the actual output voltage. Indicate the
measured value on your drawing.

8. Use two of the resistors from this experiment to design a divider with a +10 V input
and a 7.5 V output. Draw your design in the space provided.

Circuit for step 6 Circuit for step 8

9. The circuit shown in Figure 8—3(b) uses a 1.0 kQ) potentiometer and R, and R, to limit
the range of voltages. Assume Vg is +10 V. Use the voltage divider formula to
compute the minimum and maximum voltages available from this circuit:

VMmin = VMax =
10. Construct the circuit computed in step 9. Measure the minimum and maximum output
voltages:
VMmN = VMax =
Conclusion:

Evaluation and Review Questions:

1.

(a) If all the resistors in Figure 8—4 were 10 times larger than the specified values,
what would happen to the output voltage?
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+10 V

(b) What would happen to the power dissipated in the voltage divider?

Refer to Figure 8—3(b). Assume Vg is 10.0 V.
(a) If R, is open, what is the output voltage?

(b) If R, is open, what is the output voltage?

If a student used a potentiometer in the circuit of Figure 8—3(b) that was 10 k{2
instead of 1.0 k{2, what would happen to the range of output voltages?

For the circuit in Figure 8-5, compute the output voltage for each position of the
switch:

Compute the minimum and maximum voltage available from the circuit shown in
Figure 8-6:

VMIN = VMAX =

Figure 8-5
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For Further Investigation

The voltage dividers in this experiment were unloaded—that is, they were not required to
furnish current to a load. If a load is put on the output, then current is supplied to the load
and the output voltage of the divider changes. Investigate this effect by placing some load
resistors on the voltage divider from this experiment (Figure 8—4). What size load resistor
causes a 10% or less effect? Does the size of the resistors in the divider string affect your
results? Why would you choose one set of resistors over another? Summarize your findings
in a short laboratory report.
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. Name

[y . ° Date
Application Assignment 4 Class
Reference:

Floyd, Chapter 4, Section 4-11: Application Assignment
Step 1 Draw the schematic of the circuit:
Step 2 Determine the voltages:
Specified (5%) | Computed
Pin 1: o0V
Pin 2: 27V
Pin 3: 120V
Pin 4: 104V
Pin §: 8.0V
Pin 6: 73V
Pin 7: 60V
Step 3 Modify the existing circuit. Draw the schematic showing the changes necessary

to meet the specifications.
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Determine the life of the 6.5 Ahr battery for your circuit:

Step 4
Step 5 Step-by-step test procedure:
Step 6 Troubleshooting:

Fault 1 (no voltage at any pin):
Fault 2 (12 V at pins 3 and 4; all others have 0 V):
Fault 3 (12 V at all pins except 0 V at pin 1):
Fault 4 (12 V at pin 6 and 0 V at pin 7):

Fault 5 (3.3 V at pin 2):
Related Experiment:

Materials Needed:
Resistors:

One 3.3 k(}, one 6.8 kQ}, two 10 kQ}

Discussion:

Voltage dividers are commonly used to set up reference voltages. For example, a logic
voltage can be compared to a specified threshold level to see if it is above or below the
threshold. The voltage divider circuit shown in Figure AA—-4-1 provides both positive and
negative reference voltages. TTL (transistor-transistor logic) uses positive voltages, whereas
ECL (emitter-coupled logic) uses negative voltages. The voltages required are shown and can
be obtained from a single adjustable power supply. Use the resistors listed in the materials list
to design a voltage divider that produces the voltages shown. Each voltage should be within
5% of the required voltage. Set up your circuit, and measure the voltages with respect to

ground. Summarize your results in a short laboratory report.

TTL
thresholds

O VIH =+20V }
Vyp=+38V
Ground (0 V)

ECL
thresholds

Vi = -1.105 V}
oV, =-1475V

Figure AA-4-1
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Checkup 4 Class

Name

Date

Reference:
Floyd, Chapter 4, and Buchla, Experiments 7 and 8

1.

10.

In a series circuit, all components have the same:
(a) voltage drop (b) power (c) resistance (d) current

A 50 V power supply is connected to five 1.0 k() resistors connected in series. The
current in each resistor is:
(@) 0.1mA (b) I0mA (c) SOmA (d) 250 mA

Three equal value resistors are connected in series. If the total resistance is 10 kQ},
what is the value of each resistor?
@ 33kQ (b)) 10k () 20k (d) 30kQ

The sum of the IR drops in a series circuit is:
(a) smaller than the applied voltage (c) greater than the applied voltage
(b) equal to the largest of the IR drops (d) equal to the applied voltage

A voltage source of 10 V is connected to two series resistors. The voltage across the
first resistor is found to be 8.0 V. The voltage across the second resistor is:
@20V ®»)8OV (c)l0V () 18V

A 10 V supply is available to operate a dc motor that requires 6.0 V at 0.25 A. A
series dropping resistor is needed to drop the voltage to the required level for the
motor. The resistance should be:

@150 @M 16OQ ()24Q (d) 400

Two resistors are connected in series. The first resistor is found to have 5.0 V across
it, and the second resistor is found to have 10 V across it. Which resistor has the
greatest resistance?

(a) the first (b) the second (c) neither (d) cannot be determined

Two resistors are connected in series. The first resistor has 5.0 V across it, and the
second resistor has 10 V across it. Which resistor dissipates the greatest power?
(a) the first (b) the second (c) neither (d) cannot be determined

A 75 W bulb is designed to operate from a 115 V source. If two 75 W bulbs are

connected in series with a 115 V source, the total power dissipated by both bulbs is:
@ 37.5W (b)) 75W () 1IS0W  (d) 300 W

A 75 W bulb is designed to operate from a 115 V source. If two 75 W bulbs are
connected in series with a 230 V source, the total power dissipated by both bulbs is:
@ 375W O 75W () 150W (d) 300 W
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11.

12.

13.

14.

15.

16.

17.

Find the total resistance of the series combination of a 1.20 M(} resistor, a 620 k()
resistor, and a 150 k{2 resistor.

Assume you need a 36 V source but have only three 12 V batteries available. Draw
the connection of the batteries to provide the required voltage.

Assume a faulty series circuit has no current due to an open circuit. How would you
use a voltmeter to locate the open circuit?

A series circuit consists of three 50 () resistors, each rated for 250 mW.
(a) What is the largest voltage that can be applied before exceeding the power
rating of any resistor?

(b) What current flows in the circuit at this voltage?

The total resistance of a series circuit is 2.2 k(). What fraction of the input voltage will
appear across a 100 () resistor?

An 8 () series limiting resistor is used to limit the current in a bulb to 0.375 A with
12 V applied.
(a) Determine the resistance of the bulb.

(b) If the voltage source is increased to 15 V, what additional series resistance will

limit the current to the same 0.375 A?

In Experiment 7 (Series Circuits), you used resistors that ranged in value from 1.0 kQ)

to 3.3 k2. How would your results have changed if all of the resistors were 20% larger
than called for?

72



Name

9 Parallel Circuits Cinss

Reading:
Floyd, Sections 5-1 through 5-9

Objectives:

After performing this experiment, you will be able to:

1. Demonstrate that the total resistance in a parallel circuit decreases as resistors are
added.

2. Compute and measure resistance and currents in parallel circuits.

3. Explain how to troubleshoot parallel circuits.

Summary of Theory:

A parallel circuit is one in which there is more than one path for current to flow. Parallel
circuits can be thought of as two parallel lines, representing conductors, with a voltage source
and components connected between the lines. This idea is illustrated in Figure 9-1. The
source voltage appears across each component. Each path for current is called a branch. The
current in any branch is dependent only on the resistance of that branch and the source
voltage.

7

Figure 9-1

As more branches are added to a parallel circuit, the total resistance decreases. This is
easy to see if you consider each added path in terms of conductance. Recall that conductance
is the reciprocal of resistance. As parallel branches are added, new paths are provided for
current, increasing the conductance. More total current flows in the circuit. If the total
current in a circuit increases, with no change in source voltage, the total resistance must
decrease according to Ohm’s law. The total conductance of a parallel circuit is the sum of the
individual conductances. This can be written:

Gr=G,+Gy,+ G+ ...+ G,

By substituting the definition for resistance into the formula for conductance, the
reciprocal formula for resistance in parallel circuits is obtained. It is:
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Figure 9-2

In parallel circuits, there are junctions where two or more components are connected.
Figure 9-2 shows a circuit junction labeled A. Since electrical charge cannot accumulate at a
point, the current flowing into the junction must be equal to the current flowing from the
junction. This idea is Kirchhoff’s current law, which is stated:

The sum of the currents entering a circuit junction is equal to the sum of the currents
leaving the junction.

One important idea can be seen by applying Kirchhoff’s current law to a point next to
the source voltage. The current leaving the source must be equal to the sum of the individual
branch currents. While Kirchhoff’s voltage law is developed in the study of series circuits,
and the current law is developed in the study of parallel circuits, both laws are applicable to
any circuit.

In Experiment 8, you observed how a series circuit causes voltage to be divided
between the various resistances. In parallel circuits, it is the current that is divided between
the resistances. Keep in mind that the larger the resistance, the smaller the current. The
general current divider rule can be written:

Notice that the fraction R;/Ry is always less than 1.0 and represents the fraction of
the total current in Ry. This equation can be simplified for the special case of exactly two
resistors. The special two-resistor current divider is written:

Materials Needed:

L= ) L=
'"\R + Ry T 2" \R +Ry) T
Resistors:

One 3.3 k€2, one 4.7 k(}, one 6.8 k(}, one 10 kQ}
One dc ammeter, 0—10 mA

Procedure:
1. Obtain the resistors listed in Table 9—1. Measure and record the value of each
resistor.
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Table 9-1

Listed | Measured
Component | Value Value

Ohmmeter
R, 3.3kQ ? /
R, 4.7 kQ) R, Ry
3.3kQ 47kQ
R, 6.8 kQ)
Ok
Ry 100 k Figure 9-3

In Table 9-2 you will tabulate the total resistance as resistors are added in parallel.
(Parallel connections are indicated with two parallel lines shown between the
resistors.) Enter the measured value of R, in the table. Then connect R, in parallel
with R, and measure the total resistance as shown in Figure 9-3. Enter the measured
resistance of R, in parallel with R, in Table 9-2.

Table 9-2
R, Ri[R, RilIR;IR; | RillR;[IRs|R,

R, (measured)

Iy (measured)

Add R, in parallel with R, and R,. Measure the parallel resistance of all three
resistors. Then add R, in parallel with the other three resistors and repeat the
measurement. Record your results in Table 9-2.

Complete the parallel circuit by adding the voltage source and the ammeter as shown
in Figure 9-4. Be certain that the ammeter is connected in series with the voltage
source as shown. If you are not sure, have your instructor check your circuit.
Measure the total current in the circuit and record it in Table 9-2.

()
Vs = u
+12 'V,
= R, R, R, Ry
T 3.3kQ 4.7 k2 6.8 kQ 10.0 kQ
Figure 9-4

Measure the voltage across each resistor. How does the voltage across each resistor
compare to the source voltage?

Use Ohm’s law to compute the branch current in each resistor. Use the source voltage
and the measured resistances. Tabulate the computed currents in Table 9-3.
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Table 9-3

Vs 1% 1% 1%
Il=— 12=—s I3=—s I4=_s
- R R, R R,
I (computed)
7. Use the general current divider rule to compute the current in each branch. Use the

total current and total resistance that you recorded in Table 9-2. Compare the
calculation using the current divider rule with the results using Ohm’s law. Show your
results in Table 9-4.

Table 9-4
Rt Rt Rt Rt
L=—1I L=—1I L=—1I Iy=—1I
1= g I 2=, 1 3 R ‘SR
I (computed)
8. Prove Kirchhoff’s current law for the circuit by showing that the total current is equal
to the sum of the branch currents:
9, Simulate a burned-out resistor by removing R, from the circuit. What is the new total
current?
IT =
Conclusion:

Evaluation and Review Questions:

1. In step 9, you simulated an open resistor by removing it from the circuit, and you
observed that the total current dropped. Explain how the open resistor could be found
in this experiment from the observed change in current and the source voltage.
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2. If one of the resistors in this experiment were shorted, what would you expect to see
happen? (Do not simulate this!)

3. Three resistors are connected in parallel across a 40 V source. The values of the

resistors are 620 ), 750 1, and 820 ().
(a) What should the total source current be?

(b) If the measured current was 118 mA, what fault could account for this?

4, The known currents for a circuit junction are shown in Figure 9-5. What is the value

and direction of the unknown current, 1,?

1,= 170 mA
1,=105 mA 1= 300 mA
1,=?
Figure 9-5
S. Could a shorted component in a parallel circuit cause an open to occur elsewhere?

Explain.
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For Further Investigation:

Kirchhoff’s current law can be applied to any junction in a circuit. The currents in this circuit
were I,, I,, I, I,, and I;. Apply Kirchhoff’s current law to these currents by writing the
numeric value of the current entering and leaving each junction circled in Figure 9-6. Then
verify that you computed the correct currents by measuring them with the ammeter. The
circuit must be broken, and the ammeter is inserted in series with the path you are
measuring. (See Figure 5—17 of Floyd’s text.) Summarize your results in a laboratory report.
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Name

. ® ® Date

Application Assignment S Class

Reference:

Floyd, Chapter 5, Section 5-10: Application Assignment

Step 1 Examine the circuit:

Step 2 Compare the meter circuit to the schematic. Specify if there is a problem, and
if there is, how to fix it.

- Step 3 Check for additional problems.

Step 4 Analyze the circuit. Calculate the required precision resistors to correct the

problem.
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Related Experiment:

Materials Needed:
Resistors:
Two 1 kQ, one 1.5 kQ, one 1.8 k{}, one 2.2 k(2

Discussion:

There are several ways of finding an open resistor for the application problem; presented here
is a different method that you can investigate. The method is based on the voltage divider
principle. A series 1 k{) resistor is added to the parallel resistors, as shown in Figure AA-5-
1. The parallel group represents an equivalent resistance in series with the 1 k() resistor. The
voltage dropped across the parallel resistors will change if any resistor is open. Investigate
this by connecting the circuit and measuring the voltage across the parallel group. Then, open
one of the parallel resistors and measure the new voltage across the remaining group.
Continue like this for each of the parallel resistors. Can you use your results to determine
which resistor is open?

Rtest
NN—e * . -
1k
Ve=+10 V_: R, R, R, R,
e 1k 1.5k 1.8 k) 22Kk
Figure AA-5-1

Experimental Results:
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ChCCkup 5 Class

Name

Date

Reference:
Floyd, Chap. 5, and Buchla, Experiment 9

1.

10.

In a parallel circuit, all components have the same:
(a) voltage drop (b) current (c) power (d) resistance

A 50 V power supply is connected to five 1 k() resistors connected in parallel. The
total current from the source is:
(@ 0.1mA () I0mA (c) SOmA (d) 250 mA

Three equal value resistors are connected in parallel. If the total resistance is 10 k{2,
what is the value of each resistor?
@ 3.3kOQ (b)) 10kQ (¢c) 20kQ (d) 30kQ

When a resistance path is added to a parallel circuit, the total resistance:
(a) decreases (b) remains the same (c) increases

Assume a voltage of 27 V is connected across two equal parallel resistors. The current
in the first resistor is 10 mA. The total resistance is:
@ 2700 (b) 741 Q (c) 1.35kQ  (d) 2.7kQ

If one resistive branch of a parallel circuit is opened, the total current will:
(a) decrease (b) remain the same (c) increase

Three resistors are connected in parallel. The first is 1 M), the second is 2 M}, and
the third is 10 k(). The total resistance is approximately:
@S5kQ b)10kQ () 1MQ @ 3MQ

Three 75 W bulbs are connected in parallel across a 115 V line. The total power
dissipated by the bulbs is:
@25W Gb)7T5W () 115W () 225W

Assume an unknown resistor is in parallel with a 68 () resistor. The total resistance of
the combination is 40.5 (). The resistance of the unknown resistor is:
@250 )34 @750 () 1000

An ammeter with an internal resistance of 40 () and a full-scale deflection of 10 mA is
needed to measure a full-scale current of 100 mA. The shunt resistor that will
accomplish this has a value of:

(@ 40Q (b)444Q (c)400Q (d) 4440
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11.

12.

13.

14.

15.

16.

In Experiment 9 (Parallel Circuits), you were asked to find the parallel resistance of a
group of resistors as new ones were placed in the circuit. What was happening to the
total conductance of the circuit as more resistors were placed in parallel? Why?

Explain why electrical house wiring is done with parallel circuits.

A 115 V source provides 30 A into a four-branch parallel circuit. The first three branch
currents are 10 A, 8 A, and 5 A.
(a) What is the current in the fourth branch?

(b) What is the resistance of the fourth branch?

(c) What is the total resistance of the circuit?

Assume a current of 350 uA flows into a parallel combination of two resistors, R, and
R,. The resistance of R, is 5.6 k{1, and the resistance of R, is 8.2 k(). Compute the
current in each resistor.

Four 1 k() resistors are connected in parallel. The total power dissipated is 200 mW.
(a) What power is dissipated in each resistor?

(b) What is the source voltage?

R
[
+12V R,

_,_ 10k 15kQ 22 k02

For the parallel circuit shown in Figure C—5-1, assume the ammeter reads 1.75 mA.
What is the likely cause of trouble? Justify your answer.

Figure C-5-1
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1 0 Series-Parallel Name
° ° ° ° ate
Combination Circuits Cuass

Reading:
Floyd, Sections 6-1 through 6-4

Objectives:

After performing this experiment, you will be able to:

1. Use the concept of equivalent circuits to simplify series-parallel circuit analysis.

2. Compute the currents and voltages in a series-parallel combination circuit and verify
your computation with circuit measurements.

Summary of Theory: A

Most electronic circuits are not just series or just parallel circuits. Instead they may contain
combinations of components. Many circuits can be analyzed by applying the ideas developed
for series and parallel circuits to them. Remember that in a series circuit the same current
flows through all components, and that the total resistance of series resistors is the sum of the
individual resistors. By contrast, in parallel circuits, the applied voltage is the same across all
branches and the total resistance is given by the reciprocals formula.

In this experiment, the circuit elements are connected in composite circuits containing
both series and parallel combinations. The key to solving these circuits is to form equivalent
circuits from the series or parallel elements. You need to recognize when circuit elements are
connected in series or parallel in order to form the equivalent circuit. For example, in Figure
10-1(a) we see that the identical current must flow through both R, and R;. We conclude that
these resistors are in series and could be replaced by an equivalent resistor equal to their
sum. Figure 10-1(b) illustrates this idea. The circuit has been simplified to an equivalent
parallel circuit. After finding the currents in the equivalent circuit, the results can be applied
to the original circuit to complete the solution.

R,
o AM o

(@) ®
Figure 10-1

The answer to two questions will help you identify a series or parallel connection: (1)
Will the identical current flow through both components? If the answer is yes, the
components are in series. (2) Are both ends of the component connected directly to both ends
of another component? If yes, the components are in parallel. The components that are in
series or parallel may be replaced with an equivalent component. This process continues until
the circuit is reduced to a simple series or parallel circuit. After solving the equivalent circuit,
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the process is reversed in order to apply the solution to the original circuit. This idea is
studied in this experiment.

Materials Needed:
Resistors:
One 2.2 k), one 4.7 kQ, one 5.6 k(}, one 10 k()

Procedure:
1. Measure and record the actual values of the four resistors listed in Table 10-1.
Table 10-1 R,
A Py
Listed | Measured Vs = ;ﬁlkvg
Component | Value Value H2V_L_ R, ,
il . 6 kQ
3 2k ", 47kQ 56kQ
R, 4.7 kQ W ¢
100 kQ
Rs 3.6 kQ) Figure 10-2
R, 10.0 k)
2. Connect the circuit shown in Figure 10-2. Then answer the following questions:

(@) Are there any resistors for which the identical current will flow through the
resistors? Answer yes or no for each resistor:

R, R, R, R,

(b) Does any resistor have both ends connected directly to both ends of another

resistor? Answer yes or no for each resistor:

The answer to these questions should clarify in your mind which resistors are in series

and which resistors are in parallel. You can begin solving for the currents and voltages

in the circuit by replacing resistors that are either in series or in parallel with an
equivalent resistor. In this case, begin by replacing R, and R, with an equivalent
resistor labeled R, ;. Draw the equivalent circuit in the space provided. Show the
value of all components including R, 3.
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Table 10-2

Computed
Voltage | Ohm’s Measured
Divider | Law

Vre | 120V [ 120V

The equivalent circuit you drew in step 3 is a simple series circuit. Compute the total
resistance of this equivalent circuit and enter it in the first two columns of Table 10-2.
Then disconnect the power supply and measure the total resistance to confirm your
calculation.

The voltage divider rule can be applied directly to the series equivalent circuit to find
the voltages across Ry, R, 3, and R,. Find V,, V; 3, and V, using the voltage divider
rule. Tabulate the results in Table 10-2 in the Voltage Divider column.

Find the total current, I, in the circuit by substituting the total voltage and the total
resistance into Ohm’s law. Enter the computed total current in Table 10-2 in the
Ohm’s Law column.

In the equivalent series circuit, the total current flows through R;, R, ;, and R,. The
voltage drop across each of these resistors can be found by applying Ohm’s law to
each resistor. Compute V,, V, ;, and V, using this method. Enter the voltages in Table
10-2 in the Ohm’s Law column.

Use V, ; and Ohm’s law to compute the current in R, and R; of the original circuit.
Enter the computed current in Table 10-2. As a check, verify that the computed sum
of I, and I, is equal to the computed total current.

Measure the voltages V,, V, 3, and V,. Enter the measured values in Table 10-2.
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10. Change the circuit to the circuit shown in Figure 10-3. In the space provided below,
draw an equivalent circuit by combining the resistors that are in series. Enter the
values of the equivalent resistors on your schematic and in Table 10-3.

11. Compute the total resistance, R, of the equivalent circuit. Then apply Ohm’s law to
find the total current I;. Enter the computed resistance and current in Table 10-3.

12. Complete the calculations of the circuit by solving for the remaining currents and
voltages listed in Table 10—3. Then measure the voltages across each resistor to
confirm your computation.

Table 10-3 Ry
Py MA
Computed | Measured 56 kQ
R
R, Vs= 22kQ
412V
— R
R34 . 10.0 ké §
Ry R,
I 47kQ
L o
Figure 10-3
L,
Vi
V2
V3
Vs
Conclusion:

Evaluation and Review Questions:

1. The voltage divider rule was developed for a series circuit, yet it was applied to the
circuit in Figure 10-2.
(a) Explain:
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(b) Could the voltage divider rule be applied to the circuit in Figure 10-3? Explain
your answer.

As a check on your solution of the circuit in Figure 10-3, apply Kirchhoff’s voltage
law to each of two separate paths around the circuit. Show the application of the law.

Show the application of Kirchhoff’s current law to the junction of R, and R, of the
circuit in Figure 10-3.

In the circuit of Figure 10-3, assume you found that I; was the same as the current in
R; and R,.
(a) What are the possible problems?

(b) How would you isolate the specific problem using only a voltmeter?

The circuit in Figure 10-4 has three equal resistors. If the voltmeter reads +8.0 V,
find V.

Ry

MA Py

VS= 71
= R, R, g <V>

Figure 10-4
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For Further Investigation:

Figure 10-5 illustrates another series-parallel circuit using the same resistors. Develop a
procedure for solving the currents and voltages throughout the circuit. Summarize your

procedure in a laboratory report. Confirm your method by computing and measuring the
voltages in the circuit.

R,

Py MA
s= 4.7 kQ
+12V R R

— 1 3 R4 é
-" 22 kQ 56 kQ 10.0 kQ <

Figure 10-5
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The Superposition Name

Date

Theorem Class

Reading:
Floyd, Section 6-6

Objectives:

After performing this experiment, you will be able to:

1. Apply the superposition theorem to linear circuits with more than one voltage source.

2. Construct a circuit with two voltage sources, solve for the currents and voltages
throughout the circuit, and verify your computation by measurement.

Summary of Theory:

To superimpose something means to lay one thing on top of another. The superposition
theorem is a means by which we can solve circuits that have more than one independent
voltage source. Each source is taken, one at a time, as if it were the only source in the
circuit. All other sources are replaced with their internal resistance. (The internal resistance
of a dc power supply or battery can be considered to be zero.) The currents and voltages for
the first source are computed. The results are marked on the schematic, and the process is
repeated for each source in the circuit. When all sources have been taken, the overall circuit
can be solved. The algebraic sum of the superimposed currents and voltages is computed.
Currents that are in the same direction are added; those that are in opposing directions are
subtracted with the sign of the larger applied to the result. Voltages are treated in a like
manner.

The superposition theorem will work for any number of sources as long as you are
consistent in accounting for the direction of currents and the polarity of voltages. One way to
keep the accounting straightforward is to assign a polarity, right or wrong, to each
component. Tabulate any current which is in the same direction as the assignment as a
positive current and any current which opposes the assigned direction as a negative current.
When the final algebraic sum is completed, positive currents are in the assigned direction;
negative currents are in the opposite direction of the assignment. In the process of replacing a
voltage source with its zero internal resistance, you may completely short out a resistor in the
circuit. If this occurs, there will be no current in that resistor for this part of the calculation.
The final sum will still have the correct current.

Materials Needed:
Resistors:
One 4.7 k{1, one 6.8 k), one 10.0 k(}

Procedure:

1. Obtain the resistors listed in Table 11-1. Measure each resistor and record the
measured value in Table 11-1.
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2. Construct the circuit shown in Figure 11-1. This circuit has two voltage sources
connected to a common reference ground.

Table 11-1 A R, R, c
Listed | Measured Vsi= Ao Vi, =
Value Value .0V R, +10 V
10.0 kQ
4.7 kQ 5 ) ]‘
6.8 kQ ;;
e
A R, R, c
X?;v 6.8 kQ
B Jumper
L
Figure 11-2
4, Compute the total resistance, Ry, seen by the +5.0 V source. Then remove the

+5.0 V source and measure the resistance between points A and B to confirm your
calculation. Record the computed and measured values in Table 11-2.

5. Use the source voltage, Vy,, and the total resistance to compute the total current, I,
from the +5.0 V source. This current flows through R, so record it as I, in Table
11-2. Use the current divider rule to determine the currents in R, and R;. The current
divider rule for I, and I; is:

R3 RZ
L = I| —— L=I|——
R, + R; Ry, + Ry

Record all three currents as positive values in Table 11-2. This will be the assigned
direction of current flow. Mark the magnitude and direction of the current in Figure

11-2.

6. Use the currents computed in step 5 and the measured resistances to calculate the
expected voltage across each resistor of Figure 11-2. Then connect the +5.0 V power
supply and measure the actual voltages present in this circuit. Record the computed
and measured voltages in Table 11-2. Since all currents in step 5 were considered
positive, all voltages in this step are also positive.




Remove the +5.0 V source from the circuit and move the jumper from between points
C and D to between points A and B. Compute the total resistance between points C
and D. Measure the resistance to confirm your calculation. Record the computed and
measured resistance in Table 11-2.

Table 11-2
Computed Computed Measured
Computed | Measured Current Voltage Voltage
Resistance | Resistance
L | L | L |v, | v Vv|Vv| V|V

Step 4
Step §
Step 6
Step 7
Step 8
Step 9
Step 10 Total—»>
8. Compute the current through each resistor in Figure 11-3. Note that the total current

10.

flows through R, and divides between R, and R;. Mark the magnitude and direction of
the current on Figure 11-3. Important: Record the current as a positive current if it is
in the same direction as recorded in step 5 and as a negative current if it is in the
opposite direction as in step 4.

Use the currents computed in step 8 and the measured resistances to compute the
voltage drops across each resistor. If the current through a resistor was a positive
current, record the resistor’s voltage as a positive voltage. If a current was a negative
current, record the voltage as a negative voltage. Then connect the +10 V source as
illustrated in Figure 11-3 and measure the voltages. The measured voltages should
confirm your calculation.

Compute the algebraic sum of the currents and voltages listed in Table 11-2. Enter
the computed sums in Table 11-2. Then replace the jumper between A and B with the
+5.0 V source, as shown in the original circuit in Figure 11-1. Measure the voltage
across each resistor in this circuit. The measured voltages should agree with the
algebraic sums. Record the measured results in Table 11-2.
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Conclusions:

Evaluation and Review Questions:

1.

(a) Prove that Kirchhoff’s voltage law is valid for the circuit in Figure 11-1. Do
this by substituting the measured algebraic sums from Table 11-2 into a loop
equation written around the outside loop of the current.

(b) Prove Kirchhoff’s current law is valid for the circuit of Figure 11—1 by writing
an equation showing the currents entering a junction are equal to the currents
leaving the junction. Keep the assigned direction of current from step 5 and use
the signed currents computed in step 10.

If an algebraic sum in Table 11-2 is negative, what does this indicate?

What would be the effect on the final result if you had been directed to record all
currents in step 5 as negative currents instead of positive currents?

In your own words, list the steps required to apply the superposition theorem.
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S. Use the superposition theorem to find the current in R, in Figure 11-4.

Ry
AV .
100 Q
Ve = R,
S\ 200 Q
+20V_ ] R,
- Vs = 300 Q
+40 V.
Figure 11-4

For Further Investigation:

Compute the power dissipated in each resistor in the circuits shown in Figures 11-1, 11-2,
and 11-3. Using the computed results, find out if the superposition theorem is valid for
power. Summarize your computations and conclusion.
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Name

° Dat
12 Thevenin’s Theorem  cCiass

Reading:
Floyd, Section 6—7

Objectives:

After performing this experiment, you will be able to:

1. Change a linear network containing several resistors into an equivalent Thevenin
circuit.

2. Prove the equivalency of the network in objective 1 with the Thevenin circuit by
comparing the effects of various load resistors.

Summary of Theory:

In Experiment 10, you solved series-parallel circuits by developing equivalent circuits.
Equivalent circuits simplify the task of solving for current and voltage in a network. The
concept of equivalent circuits is basic to solving many problems in electronics.

Thevenin’s theorem provides a means of reducing a complicated, linear network into
an equivalent circuit when there are two terminals of special interest (usually the output). The
equivalent Thevenin circuit is composed of a voltage source and a series resistor. (In ac
circuits, the resistor may be represented by opposition to ac called impedance.) Imagine a
complicated network containing multiple voltage sources, current sources, and resistors, such
as that shown in Figure 12-1(a). Thevenin’s theorem can reduce this to the equivalent circuit
shown in Figure 12—1(b). The circuit in Figure 12—-1(b) is called a Thevenin circuit. A device
connected to the output is a load for the Thevenin circuit. The two circuits have identical
responses to any load.

Ry
— Vm

(@) (b)
Figure 12-1

Two steps are required in order to simplify a circuit to its equivalent Thevenin circuit.
The first step is to measure or compute the voltage at the output terminals with any load
resistors removed. This open-circuit voltage is the Thevenin voltage. The second step is to
compute the resistance seen at the same open terminals if sources are replaced with their
internal resistance. For voltage sources, the internal resistance is usually taken as zero, and
for current sources, the internal resistance is infinite (open circuit). An example of this
process is illustrated in Figure 12-2.
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Ry
’E Look in from the output terminals. —"NW—0
R, _ Vu 1]
Vs = Vs (R, F Ryt R3) = =
Ry =Ry II(R, + R3)

Important: The equations developed in this example are given to illustrate a procedure and are valid only for the
example; they cannot be applied to other circuits, including the circuit in this experiment.

Figure 12-2

Materials Needed:
Resistors:

One 150 (), one 270 (), one 470 £, one 560 (), one 680 (1, one 820 ()
One 1 k() potentiometer

Procedure:

1. Measure and record the resistance of the 6 resistors listed in Table 12—1. The last
three resistors will be used as load resistors and connected, one at a time, to the
output terminals.

Table 12-1 R, R, A
Listed | Measured Vo= 2% ! smz
Component | Value Value +10 V_J;__ R, R, §

R, 270 O 680 Q 150 Q
R, 560 Q0 T .
R; 680 ) Figure 12-3
Ry, 160 Q
R, 470 O
Ry 820 O

2. Construct the circuit shown in Figure 12-3. Points A and B represent the output

terminals. Calculate an equivalent circuit seen by the voltage source. Figure 12-4
illustrates the procedure. Use the equivalent circuit to compute the expected voltage
across the load resistor, V, ;. Do not use Thevenin’s theorem at this time. Show your
computation of the load voltage in the space provided. For the first load resistor, your
computed result should be approximately 1.19 V.
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3.

Ve= 270 Q Vo= 270 Q
+10v_| R +10V_|
= 680 O §Ru + R, —T— Ry, + RYIIR,
(a) b
Figure 12-4

Measure the load voltage to verify your calculation. Enter the computed and measured
load voltage in Table 12-2.

Table 12-2
Computed | Measured
Vi
Via
Vis
Vru
Ry

Replace R;, with R;,. Using a new equivalent circuit, compute the expected voltage,
V12, across the load resistor. Then measure the actual load voltage. Enter the
computed and measured voltage in Table 12-2.

Repeat step 4 using R, ; for the load resistor.

Remove the load resistor from the circuit. Calculate the open circuit voltage at the
A-B terminals. This open circuit voltage is the Thevenin voltage for this circuit.
Record the open circuit voltage in Table 12-2 as V.

Mentally replace the voltage source with a short (zero ohms). Compute the resistance
between the A-B terminals. This is the computed Thevenin resistance for this circuit.
Then disconnect the voltage source and replace it with a jumper. Measure the actual
Thevenin resistance of the circuit. Record your computed and measured Thevenin
resistance in Table 12-2.

In the space provided, draw the Thevenin equivalent circuit. Show on your drawing
the measured Thevenin voltage and resistance.
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Table 12-3

Computed | Measured

9. For the circuit you drew in step 8, compute the voltage you expect across each of the
three load resistors. Since the circuit is a series circuit, the voltage divider rule will
simplify the calculation. Enter the computed voltages in Table 12-3.

10. Construct the Thevenin circuit you drew in step 8. Use a 1 k() potentiometer to
represent the Thevenin resistance. Set it for the resistance shown on your drawing.
Set the voltage source for the Thevenin voltage. Place each load resistor, one at a
time, on the Thevenin circuit and measure the load voltage. Enter the measured
voltages in Table 12-3.

11. Remove the load resistor from the Thevenin circuit. Find the open circuit voltage with
no load. Enter this voltage as the computed and measured V4 in Table 12-3. Enter
the measured setting of the potentiometer as Ry in Table 12-3.

Conclusion:

Evaluation and Review Questions:
1. Compare the measured voltages in Tables 12—-2 and 12-3. What conclusion can you
draw about the two circuits?

2. Compute the load current you would expect to measure if the load resistor in Figure
12-3 were replaced with a short. Then repeat the computation for the Thevenin circuit
you drew in step 8.
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3. What advantage does Thevenin’s theorem offer for computing the load voltage across
each of the load resistors tested in this experiment?

4, Figure 12-5(a) shows a circuit, and Figure 12—-5(b) shows its equivalent Thevenin
circuit. Explain why R, has no effect on the Thevenin circuit.

Ry=R,
Vip=Vs |
@ (b)
Figure 12-5
5. Draw the Thevenin circuit for the circuits shown in Figure 12-6.
Vg=
+20 V
I —o
R, R,
1.0 kQ 1.0 kQ

(b)

Figure 12-6

For Further Investigation:

Sometimes it is useful to compute a Thevenin equivalent circuit when it is not possible to
measure the Thevenin resistance directly. The Thevenin resistance can still be determined for
a source by placing a known load resistor on the output terminals and observing the loaded
and unloaded output voltage. A simple method is to use a variable resistor as a load resistor
and adjust it until the load voltage has dropped to one-half of the open circuit voltage. The
variable load resistor and the internal Thevenin resistance of the source will then be equal.
Use this method to measure the Thevenin resistance of your signal generator. Report your
results and explain why this is a valid method for determining the Thevenin resistance.







The Wheatstone Name

Date

Bl‘idge Class

Reading:
Floyd, Sections 6-5 through 6-7

Objectives:

After performing this experiment, you will be able to:

1. Calculate the equivalent Thevenin circuit for a Wheatstone bridge circuit.

2. Verify that the Thevenin circuit determined in objective 1 enables you to compute the
response to a load for the original circuit.

3. Balance a Wheatstone bridge and draw the Thevenin circuit for the balanced bridge.

Summary of Theory:

The Wheatstone bridge is a circuit with wide application in measurement systems. It can be
used to accurately compare an unknown resistance with known precision resistors and is very
sensitive to changes in the unknown resistance. The unknown resistance is frequently a
transducer such as a strain gauge, in which very small changes in resistance are related to
mechanical stress. The basic Wheatstone bridge is shown in Figure 13-1(a).

Thevenin’s theorem is very useful for analysis of the Wheatstone bridge, which is not
a simple series-parallel combination circuit. From the perspective of the current in the load
resistor, the method shown in Floyd’s text is the most straightforward analysis technique.
The following alternate method is very similar but preserves the ground reference point of the
voltage source. This simplifies finding all of the currents in the bridge and finding the voltage
at point A or B with respect to ground.

Begin by splitting the bridge into two independent voltage dividers as shown in Figure
13—-1(b). Thevenin’s theorem is applied between point A and ground for the left divider and
between point B and ground for the right divider. V, is the Thevenin voltage for the left
divider, and Vg is the Thevenin voltage for the right divider. To find the Thevenin resistance,
the source is replaced with a short, and the resistors on each side are seen to be in parallel.
Two Thevenin circuits are then drawn as shown in Figure 13-1(c).

Ry A B R

Vs Vs
R, Ry V. %
A B TH L TH L
R, R,
(a) (b) ()
Figure 13-1
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The load resistor can be added to the equivalent circuit as shown in Figure 13-2.
Load current can be quickly found by the superposition theorem. The equations for the
procedure are given for reference in Figure 13-2.

Ru o R g

Materials Needed:
Resistors:

Ry
Ry =R, IR
V'TH TH 1 2
Ry =Rl Ry
Figure 13-2

One 100 (), one 150 (2, one 330 (), one 470 Q)

One 1 k) potentiometer

For Further Investigation:
Wheatstone bridge sensitive to 0.1 {)

Procedure:

1. Measure and record the resistance of each of the four resistors listed in Table 13-1.
R, is a 1 k() potentiometer. Set it for its maximum resistance and record this value.

Table 13-1
Listed Measured
Component Value Value

R, 100 O
R, 150 Q
R; 330 O
R, 470 O
R, 1 kQ pot.
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Construct the Wheatstone bridge circuit shown in Figure 13-3. R, should be set to its
maximum resistance. Use the voltage divider rule to compute the voltage at point A
with respect to ground and the voltage at B with respect to ground. Enter the
computed V, and Vg in Table 13-2.

Measure V, and V. Because these voltages are measured with no load, they are the
Thevenin voltages for the bridge using the method illustrated in Figure 13—1. Enter
the measured voltages in Table 13-2 and show them on Figure 13-4.

Compute the Thevenin resistance on the left side of the bridge in Figure 13-3 by
mentally replacing V¢ with a short. Notice that this causes R, to be in parallel with
R,. Repeat the process for the right side of the bridge. Enter the computed Thevenin
resistances, Rty and R'py, in Table 13-2 and on Figure 13-4. Then replace V¢ with a
short and measure Ryy and R'1q.

Table 13-2 Ry = Ry =

Computed | Measured

T ]

Figure 13-4

Draw in the load resistor between the A and B terminals in the circuit of Figure 13-4.
Show the value of the measured resistance of R, . Use the superposition theorem to
compute the expected voltage drop, V,, across the load resistor. Enter the computed
voltage drop in Table 13-2.

Place the load resistor across the A and B terminals of the bridge circuit (Figure 13-3)
and measure the load voltage, V. If the measured value does not agree with the
computed value, recheck your work. Enter the measured V, in Table 13-2.

Monitor the voltage across the load resistor and carefuly adjust R, until the bridge is
balanced. When balance is achieved, remove the load resistor. Measure the voltage
from A to ground and the voltage from B to ground. Since the load resistor has been
removed, these measurements represent the Thevenin voltages of the balanced bridge.
Enter the measured voltages on Figure 13-5.

Replace the voltage source with a short. With the short in place, measure the
resistance from point A to ground and from point B to ground. Enter the measured
resistances on Figure 13-5.

Use the superposition theorem to combine the two Thevenin sources into one
equivalent circuit. Show the values of the single equivalent circuit on Figure 13-6.
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Figure 13-5 Thevenin Circuit for Balanced

Conclusion:

Figure 13—6 Net
Thevenin Circuit for
Balanced Bridge

Bridge

Evaluation and Review Questions:
1. If you doubled the load resistor in a Wheatstone bridge, the load current would not be
half as much. Why not?

2 (@)
(b)
3. (a)
(b)

Does a change in the load resistor change the currents in the arms of an
unbalanced bridge?

Does a change in the load resistor change the currents in the arms of a
balanced bridge? Explain.

What would happen to the load current of an unbalanced bridge if all the
bridge resistors were doubled in size?

What would happen to the load current of a balanced bridge if all the bridge
resistors were doubled in size?
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4, (a) What would happen to the load current of an unbalanced bridge if the source
voltage were doubled?

(b) What would happen to the load current of a balanced bridge if the source
voltage were doubled?

5. How can you determine if a Wheatstone bridge is balanced?

For Further Investigation:

To do this investigation, you will need a calibrated Wheatstone bridge, capable of making
resistance measurements within 0.1 () or better. A Wheatstone bridge can determine the
location of a short to ground in a multiple conductor cable. The bridge is connected to make
a ratio measurement. Simulate a multiple conductor cable with two small diameter wires (#24
gauge or higher) at least 150 ft long. You will need an accurate total resistance of the wire,
which you can obtain from the Wheatstone bridge or a sensitive ohmmeter. Place a short to
ground at some arbitrary location along the wire. See Figure 13—-7 for a diagram. The wire
forms two legs of a Wheatstone bridge as illustrated.

Call the total resistance of the wire r (down and back) and the resistance of the wire to
the fault a. The bridge is balanced, and the resistance a is determined by the equation shown
in Figure 13-7. The fractional distance to the fault is the ratio of a to (1/2) r. If you know the
total length of the wire, you can find the distance to the fault by setting up a proportion.
Investigate this and report on your results.

r = resistance of wire (down and back)
a = resistance of wire to fault

ﬁ_ a ye Ry
R, r-a R +R,

\|||-4»

Short to ground

Figure 13-7
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Name

° ° . Date
Application Assignment 6 Class
Reference:
Floyd, Chapter 6, Section 6-9: Application Assignment
Step 1 Draw the schematic:
Step 2 Specify how to connect the power supply so that all resistors are in series and

pin 2 has the highest voltage:

Steps 3—-6 Complete Table AA-6-~1. Determine the unloaded output voltages, the loaded
output voltages, the percent deviation between the loaded and unloaded
voltages, and the load currents.

Table AA-6-1

10 MQ Load Vout@ | Your@) | Vout @) | % deviation | fioaq 2) | Jioad 3) | foad @)

None
Pin 2
Pin 3
Pin 4

Pins 2 and 3

Pins 2 and 4

Pins 3 and 4

Pins 2, 3, and 4

AW N AE W] AN W(N
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Step 7 Specify the minimum value for the fuse:

Step 8 Troubleshooting:
Case 1:
Case 2:
Case 3:

Case 4:
Case 5:
Case 6:
Case 7:

Case 8:

Related Experiment:

Materials Needed:
Resistors:
One 68 1, one 100 €, one 560 ()

Discussion:

The application assignment involved determining the effects of a load on a voltage divider.
Similar effects occur with a resistive matching network. A circuit is designed to match the
resistance of a source and load. A circuit that performs this function is called an attenuator
pad. The L-section shown in Figure AA-6-1 is a loaded voltage divider designed to match a
higher resistance to a lower resistance. The load resistance is taken into account in the design
of the divider network. The total resistance looking into the L-pad is very close to 600 (), the
same as the source resistance.

Construct the circuit, and connect a 600 () source. The source can be a signal
generator with an internal 600 () resistance set for a 1.0 kHz sine wave or a dc power supply
with a series 600 () resistor. Set the source voltage to 5.0 V with a source open. Then
connect the L-pad and load and observe V;, and V.. What happens to V,, when the L-pad
and load are connected? Compute and measure the attentuation (ratio of V,, to V;,). Is there
a whole-number ratio between the output voltage and the input voltage? Write a short report
on your results.

Source

R

source

600 ©

Figure AA-6-1
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ChCCkup 6 Class

Name

Date

Reference:
Floyd, Chap. 6, and Buchla, Experiments 10, 11, 12, and 13

1.

The term that best describes the analysis of a series-parallel circuit is:
(a) one current (b) same voltage (c) equivalent circuits  (d) multiple sources

If two resistors in a series-parallel circuit are connected in series, the voltage across
each will be:

(a) the same (c) inversely proportional to the resistance

(b) proportional to the resistance (d) equal to the source voltage

To minimize loading effects on a voltage divider, the load should be:
(a) much smaller than the divider resistors (c) equal to the largest divider resistor
(b) equal to the smallest divider resistor (d) much larger than the divider resistors

When a load resistor is connected to a voltage divider, the current from the source:
(a) increases (b) decreases (c) stays the same

Assume a voltmeter has a sensitivity factor of 10,000 2/V. On the 10 V scale, the
meter will have an internal resistance of:
(@) 1000 2 (b) 10,000 Q2 (c) 100kQ (d) 1.0 MQ

For the circuit shown in Figure C-6-1, the two resistors that are in series are:
(@ Ry,and R, () R,andR; (c) R,andR, (d) R;andR,

For the circuit shown in Figure C-6-1, the equivalent Thevenin voltage is:
@10V ®30V (@©40V (@ 12V

For the circuit shown in Figure C-6-1, the equivalent Thevenin resistance is:
(@ 6.67kQ2 (b) 10k (c) 16.7kQ)  (d) 30 kQ

R, R,
VMA—e
10kQ 10kQ
RI
10kQ
R
10k Ry
Vo= +12V
Figure C-6-1
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10.

11.

12.

13.

14.

To apply the superposition theorem, each source is taken one at a time, as if it were
the only source in the circuit. The remaining sources are replaced with:

(a) their internal resistance (c) a high resistance

(b) a low resistance (d) an open circuit

To find the Thevenin voltage of a source, you could measure:
(a) the voltage across the load (c) the load resistance
(b) the current in the load (d) the open-circuit output voltage

Assume a 15 k() load resistor is connected to the output terminals of the circuit shown
in Figure C-6-1. Compute the voltage and current in the load.

Determine the total resistance between the terminals for Figure C-6-2.

R,
100 )
R, R, R,
680 Q) 1.0kQ 4700
Rg
[e,
3300
Figure C-6-2

The circuit shown in Figure C-6-3 contains two voltage sources. Find the current in
R, due to both sources.

Figure C-6-3

Consider the Wheatstone bridge shown in Figure C—6—4. Apply Thevenin’s theorem
to the bridge and draw the equivalent Thevenin circuit. From the Thevenin circuit,
determine the current in R; .

Figure C-6-4
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1 4 Name
/ [ [ J D t
Magnetic Devices Class

Reading:
Floyd, Sections 7—1 through 7-4

Objectives:

After performing this experiment, you will be able to:

1. Determine the pull-in voltage and release voltage for a relay.
2. Connect relay circuits including a relay latching circuit.

3. Explain the meaning of common relay terminology.

Summary of Theory:

Magnetism plays an important role in a number of electronic components and devices
including inductors, transformers, relays, solenoids, and transducers. Magnetic fields are
associated with the movement of electric charges. By forming a coil, the magnetic field lines
are concentrated, a fact that is used in most magnetic devices. Wrapping the coil on a core
material such as iron, silicon steel, or permalloy provides two additional advantages. First,
the magnetic flux is increased because the permeability of these materials is much higher than
air. Permeability is a measure of how easily magnetic field lines pass through a material.
Permeability is not a constant for a material but depends on the amount of flux in the
material. The second advantage of using a magnetic core material is that the flux is more
concentrated.

A common magnetic device is the relay. The relay is an electromagnetic switch with
one or more sets of contacts used for controlling large currents or voltages. The switch
contacts are controlled by an electromagnet, called the coil. Contacts are specified as either
normally open (NO) or normally closed (NC) when no voltage is applied to the coil. Relays
are energized by applying the rated voltage to the coil. This causes the contacts to either
close or open. ,

Relays, like mechanical switches, are specified in terms of the number of independent
switches (called poles) and the number of contacts (called throws). Thus, a single-pole
doubled-throw (SPDT) relay has a single switch with two contacts— one normally open and
one normally closed. An example of such a relay in a circuit is shown in Figure 14-1. With
S, open, the motor is off and the light is on. When S, is closed, coil CR, is energized, causing
the NO contacts to close and the NC contacts to open. This applies line voltage to the motor
at the same time removes line voltage from the light. Figure 14—1(a) is drawn in a manner
similar to many industrial schematics, sometimes referred to as a ladder schematic. The NC
contacts are indicated on this schematic with a diagonal line drawn through them. An
alternative way of drawing the schematic is shown in Figure 14—1(b). In this drawing, the
relay contacts are drawn as a switch.

111



Control voltage Line voltage Control voltage

i Q —

é N 1 Relay
Sy { Relay NO Motor coil

coil contacts

Motor

b | | < :: >_ 4 Line voltage i
[ p I
l . ]
NC Light W NC O

contacts

(a) ()
Figure 14-1

Manufacturers specify relays in terms of the ratings for the coil voltage and current,
maximum contact current, operating time, and so forth. The specification sheet shows the
location of contacts and coil. If these are not available, a technician can determine the
electrical wiring of contacts and coil by inspection and ohmmeter tests.

Materials Needed:

One DPDT relay with a low-voltage dc coil
Two LEDs: one red, one green

One SPST switch

Two 330 () resistors

Procedure:

1. Obtain a double-pole double-throw (DPDT) relay with a low-voltage dc coil. The
terminals should be numbered. Inspect the relay to determine which terminals are
connected to the coil and which are connected to the contacts. The connection
diagram is frequently drawn on the relay. Check the coil with an ohmmeter. It should
indicate the coil resistance. Check contacts with the ohmmeter. NC contacts should
read near zero ohms, and NO contacts should read infinite resistance. You may have
difficulty determining which contact is movable until the coil is energized. In the space
provided, draw a diagram of your relay, showing the coil, all contacts, and terminal
numbers. Record the coil resistance on your drawing.

LED
Ve, Ve, =50V _ +
_/M{ I + 7
I L
NO LED /
contact 1 A, R
o Movable ontacts Red 4 |

S, (/ am ~_| | | K »
11 YW—
™~ -t 3300
Relay NC
coil contacts LEDz //f, R,
m\ X Green H
. I
Relay diagram for step 1 CR, A -t 3300

Figure 14-2
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2. Connect the circuit shown in Figure 14-2. In this circuit, only one pole of the relay is
used. The movable arm is connected to the negative side of V,. Note carefully the
direction of the light-emitting diodes (LEDs). LEDs are polarized and must be
connected in the correct direction. Vg, is the control voltage and should be set to the
specified coil voltage for the relay. Vg, represents a line voltage which is being
controlled. For safety, a low voltage is used. Set Vg, for 5.0 V. If the circuit is
correctly connected, the green LED should be on with S, open. Close S, and verify
that the red LED turns on and the green LED goes off.

3. In this step, you will determine the pull-in voltage of the relay. The pull-in voltage is
the minimum value of coil voltage which will cause the relay to switch. Turn Vg, to its
lowest setting. With S, closed, gradually raise the voltage until the relay trips as
indicated with the LEDs. Record the pull-in voltage in Table 14-1.

4, The release voltage is the value of the coil voltage at which the contacts return to the
unenergized position. Gradually lower the voltage until the relay resets to the
unenergized position as indicated by the LEDs. Record the release voltage in Table

14-1.
5. Repeat steps 3 and 4 for three trials, entering the results of each trial in Table 14-1.
6. Compute the average pull-in voltage and the average release voltage. Enter the

averages in Table 14—1.

7. In this step you will learn how to construct a latching relay. Connect the unused NO
contacts from the other pole on the relay in parallel with S, as illustrated in Figure
14-3. Set Vg, for the rated coil voltage. Close and open S,. Describe your
observations.

Vs, Vs, =50V
( 1

NO NO
contact
i contact lli::(li)l o4 R,
|
s, / — | 14 YW
330 Q

4

A

Relay NC
coil contact LED, A R,
| Green |<
L) A € —W—
CR, 330 Q
Figure 14-3
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Table 14-1

Pull-in | Release
Voltage | Voltage
Trial 1
Trial 2
Trial 3
Average

8. Remove the NO contact from around S,. Connect the NC contact in series with S, as
shown in Figure 14—4. Explain what happens.
Ve, Vs, =50V
i
;4 |
NO
contact I]iscli)l e R,
NC —i} }4+ M—e
contact - 330Q
Relay NC
Coil contact Iél;:;)el%l 4 R,
g
CR, 330Q
Figure 14-4
Conclusion:

Evaluation and Review Questions:

1.

Using the average pull-in voltage and the measured resistance of your relay coil,
compute the average pull-in current. The pull-in current is defined as the minimum
value of coil current at which the switching function is completed.

Repeat Question 1 for the release current using the average of the measured release
voltage and the measured resistance of the coil.

Hysteresis can be defined as the difference in response due to an increasing or
decreasing signal. For a relay, it is the difference between the pull-in and the release
voltage. Compute the hysteresis of your relay.
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4. (a) Explain the difference between (a) SPDT and (b) DPST.

(b) Explain the meaning of NO and NC, as it applies to a relay.

5. For the circuit of Figure 14-1, assume that when S, is closed, the light stays on and
the motor remains off.
(a) Name two possible faults that could account for this.

(b) What procedure would you suggest to isolate the fault?

For Further Investigation:

A DPDT relay can be used to reverse a voltage—such as causing a dc motor to turn in the
opposite direction. Consider the problem of reversing a 5.0 V power supply with a single-pole
single-throw switch and a relay, as illustrated in the partial schematic in Figure 14—5. When
the switch is closed, the red LED should be ON, but when it is opened, the voltage should
reverse, causing the green LED to turn on. Complete the schematic that will accomplish the
problem; then build and test your circuit.

Relay contacts

Switch ! ! 3300

CR
' ep, Y.L /7 LED, /

1
1
i
1
H Red / Green /
‘
[
:
]

Figure 14-5
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Name
Date

Application Assignment 7 Class

Reference:
Floyd, Chapter 7, Section 7—7: Application Assignment

Step 1 Complete the diagram of the system and provide a wire list:

\

=

>~
S T é

Siren

To room
lighting circuit

M N 0 P Q R Wall switch

Ol oL o

Magnetic switches

Uu v

System ON/OFF
toggle switch

Relay terminal board Battery

Figure AA-7-1
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Wire list. (First line is given as an example.)

From - To From - To
Relay board-A Relay board—E | Relay board- A Mag. SW-R
Step 2 Develop a test procedure for the alarm system:

Related Experiment:

Materials Needed:
One CdS photocell (Radio Shack 276-116 or equivalent)
One DPDT relay with a low-voltage dc coil

Discussion:

Sometimes burglar alarms, such as the one you figured out in the application assignment, are
constructed with a light sensor acting as a switch. Detection is accomplished by breaking a
beam of light that is sensed by a photocell. A cadmium sulfide (CdS) photocell is a device
that changes its resistance when light strikes it. This change in resistance can be used to
energize a relay. Test this idea and devise a circuit in which a CdS cell controls the
energizing of a relay. Show the schematic, the measurements you made, and conclusions
about your circuit in a short report.
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Checkup 7 Class

Name

Date

Reference:
Floyd, Chap. 7, and Buchla, Experiment 14

1.

10.

The magnetic field lines that surround a current-carrying wire are:
(a) parallel to the current (c) perpendicular away from the wire
(b) perpendicular toward the wire (d) concentric circles surrounding the wire

The magnetic field strength of an electromagnet depends on:
(a) current in the coil (c) number of turns of wire
(b) type of core material (d) all of these

The magnetic unit most like resistance in an electrical circuit is:
(a) reluctance  (b) magnetic flux (c¢) permeability (d) magnetomotive force

The magnetic unit most like current in an electrical circuit is:
(a) reluctance (c) permeability
(b) magnetic flux (d) magnetomotive force

The tesla is the unit of:
(a) magnetizing force (b) flux (c) flux density  (d) reluctance

An electromagnetic device that normally is used to control contact closure in another
circuit is a:
(a) solenoid (b) relay (c) switch (d) transistor

The effect that occurs when an increase in field intensity (H) produces little change in
flux density (B) is called:
(a) hysteresis (b) saturation (c) demagnetization (d) permeability

The relative permeability of a substance is the ratio of absolute permeability to the
permeability of:
(a) a vacuum (b) softiron  (c) nickel (d) glass

The flux density in an iron core depends on the field intensity and the:
(a) area  (b) length  (c) permeability (d) retentivity

Assume a coil with an mmf of 500 ampere-turns (A-t) has a flux of 100 wuWb. The
reluctance is:

(@) 5 x 10° A-t/Wb (b) 0.5 A-t/Wb
(b) 0.2 x 107¢ A-t/Wb (d) 5 X 107® A-t/Wb
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11.

12.

13.

14.

15.

Show how to use one set of contacts on a DPDT relay to form a latching relay.

Explain why you observed that the release voltage of a relay is less than the pull-in
voltage.

(@) Compare the magnetic field strength of a 1000-turn coil that contains 100 mA of
current with a 2000-turn coil that contains 50 mA of current:

(b) Compare the field intensity of the two coils, assuming they are both the same
length:

Explain how Faraday’s law accounts for the voltage from a basic dc generator.

Assume a flux of 500 uWb is distributed evenly across a rectangular area that is 10 cm
X 10 cm.
(a) What is the flux density?

(b) How much of the flux in (a) will pass through a 1 cm X 1 cm square?
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Name
15 The Oscilloscope Class

Reading:
Floyd, Section 8-9
Reference Guide to Laboratory Instruments, pages 4 through 10 of this manual

Objectives:

After performing this experiment, you will be able to:

1. Explain the four functional blocks on an oscilloscope and describe the major controls
within each block.

2. Use an oscilloscope to measure ac and dc voltages.

Summary of Theory:

The oscilloscope is an extremely versatile instrument that lets you see a picture of the voltage
in a circuit as a function of time. The voltage is converted to a visible display by a cathode-
ray tube (CRT), a vacuum device similar to a television picture tube. The oscilloscope can be
broken into four functional blocks, as illustrated in Figure 15-1. The input signal is coupled
through a vertical section to a display section, causing the beam to move up and down as the
input voltage moves up or down. A trigger section sends a signal to the horizontal section,
causing the beam to move (or sweep) across the screen. This horizontal movement must be
synchronized with the vertical signal to present a stable display.

/\/ Vertical Vertical signal /\/ Display

: .
Input signal —— section section

N Trigger l Horizontal /‘—

Synchronizing section Trigger section Sweep signal
signal

Figure 15-1

Controls for each of the functional blocks are usually grouped together. Frequently,
there are color clues to help you identify groups of controls. Look for the controls for each
functional group on your oscilloscope. The display controls include INTENSITY, FOCUS,
and BEAM FINDER. The vertical controls include input COUPLING, VOLTS/DIV, vertical
POSITION, and channel selection (CH1, CH2, DUAL, ALT, CHOP). The triggering controls
include MODE, SOURCE, trigger COUPLING, trigger LEVEL, and others. The horizontal
controls include the SEC/DIV, MAGNIFIER, and horizontal POSITION control. Details of
these controls are explained in the Reference Guide, the text, and the operator’s manual for
the oscilloscope.

With all the controls to learn, you may experience difficulty obtaining a trace. If you
do not see a trace, start by setting the SEC/DIV control to 1 ms/div, select AUTO triggering,
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select CH1, and press the BEAM FINDER. Keep the BEAM FINDER button depressed and
use the vertical and horizontal POSITION controls to center the trace. If you still have
trouble, check the INTENSITY control.

Because the oscilloscope can show a voltage versus time presentation, it is easy to
make ac voltage measurements with a scope. However, care must be taken to equate these
measurements with meter readings. Typical multimeters show the rms value of an ac
waveform. This value represents the effective value of an ac waveform when compared to a
dc voltage when both produce the same heat in a given load. Usually the peak-to-peak value
is easiest to read on an oscilloscope. The relationship between the ac waveform as viewed on
the oscilloscope and the equivalent rms reading that a DMM will give is illustrated in Figure
15-2.

/ N\ Vi = 0.354V

Vv
/ \ rms Example:
v |

ak-to-peak = ¥
peak-to-peak PP Vpp =28V
Vs = 0.354 x 2.8

=10V

Figure 15-2

Materials Needed:
None

Procedure:

1. Review the front panel controls in each of the major groups. Then turn on the
oscilloscope, select CHI, set the SEC/DIV to 0.5 ms/div, select AUTO triggering, and
obtain a straight line on the CRT.

2. Turn on your power supply and use the DMM to set the output for 1.0 V. Now use
the oscilloscope to measure this dc voltage from the power supply. The following
steps will guide you:

(a) Place the input COUPLING (AC-GND-DC) in the GND position. This
disconnects the input to the oscilloscope. Use the vertical POSITION control
to set the ground reference level on a convenient gradicule line near the bottom
of the screen.

(b) Set the CH1 VOLTS/DIV control to 0.2 V/div. Check that the red vernier
control is in the CAL position or your measurement will not be accurate.

(©) Place the oscilloscope probe on the positive side of the power supply. Place the
oscilloscope ground clip on the power supply common. Move the vertical
coupling to the DC position. The line should jump up on the screen by 5
divisions. Note that 5 divisions times 0.2 V per division is equal to 1.0 V (the
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supply voltage). Multiplication of the number of divisions of deflection times
volts per division is equal to the voltage measurement.

Set the power supply to each voltage listed in Table 15-1. Measure each voltage using
the preceding steps as a guide. The first line of the table has been completed as an
example. To obtain accurate readings with the oscilloscope, it is necessary to select
the VOLTS/DIV that gives several divisions of change between the ground reference
and the voltage to be measured. The readings on the oscilloscope and meter should
agree with each other within approximately 3%. When you finish this step, leave the
CH1 probe connected to the power supply for the remaining part of the experiment.

Table 15-1
Power Number of | Oscilloscope DMM
Supply | VOLTS/DIV | Divisions of [ (measured | (measured
Setting Setting Deflection voltage) voltage)
1.0V 0.2 V/DIV 5.0 DIV 1.0V 1.0V
25V
45V
83V

The trigger MODE switch allows you to select either AUTO triggering, NORMAL
triggering, or TV (used to simplify looking at video signals). Compare the effect of
AUTO triggering with NORMAL triggering while observing a dc level from the power
supply. Notice that in NORMAL triggering, the sweep disappears. This is because
there is no trigger point with a dc input signal. The oscilloscope’s trigger circuits will
not start the sweep generator in NORMAL mode in the absence of a trigger; however,
using AUTO triggering, a sweep will occur even without a trigger. This is why you
should set up the oscilloscope in the AUTO triggering mode and switch to NORMAL
mode only if it is necessary to obtain a stable display.

In this step, you will observe an ac waveform on the other channel of your
oscilloscope. Set the function generator for an ac waveform with a frequency of 500
Hz. If the function generator has a dc offset control, set it for zero offset. Adjust the
amplitude for 1.0 V. as read on your DMM. Keep the SEC/DIV control at 0.5
ms/div and set the VOLTS/DIV to 0.5 V/div. Select CH2 and connect a second
oscilloscope probe and its ground to the signal generator. The CH2 input COUPLING
control should be in the DC position. Locate the trigger SOURCE control and select
CH2 as the trigger channel. Adjust the CH2 vertical POSITION control and the trigger
LEVEL control for a stable display near the center of the screen. You should observe
approximately 2.5 cycles of an ac waveform with a peak-to-peak amplitude of 2.8 V.
This represents 1.0 V. as shown in Figure 15-2.

Use the DMM to set the signal generator amplitude to each value listed in Table 15-2.
Repeat the ac voltage measurement as outlined in step 5. The first line of the table has
been completed as an example. Remember, to obtain accurate readings with the
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oscilloscope, you should select a VOLTS/DIV setting that gives several divisions of

deflection on the screen.

Table 15-2
Signal Number of Oscilloscope | Oscilloscope

Generator | VOLTS/DIV Divisions Measured Measured
Amplitude Setting (peak-to-peak) | (peak-to-peak) (rms)

1.0 V..o 0.5 V/IDIV 5.6 DIV 28V, 1.0V,

22V,

3.7 Vi

4.8V .o

In this step, you will observe the effect of the AC-GND-DC input coupling switch.
Keep the input coupling switch in the DC position and add some dc offset from your
function generator to the ac signal. You should observe that the signal can be
displaced from its original position using dc offset because you are adding or
subtracting a dc component to the signal. While you are observing the waveform,
change the input coupling switch to the AC position. Describe how this control affects
the input signal.

In this step you will investigate the trigger LEVEL and SLLOPE controls. Use the
horizontal POSITION control to move the trace so you can observe the start of the
sweep. While observing the beginning of the sweep, adjust the trigger LEVEL control
and notice how it controls the point on the waveform that starts to draw the
waveform. If it is set too high or too low, the waveform will not be stable. Now try
NORMAL triggering again and observe the effect of the trigger LEVEL control. Can
you obtain a stable sweep? What happens when the level adjust is outside the range of
the signal? Remember to check trigger LEVEL if you are having trouble obtaining a
stable sweep. Next try changing the trigger SLOPE control switch and observe what
happens. This control allows you to choose either the rising or falling edge of a signal
as the trigger point.

In this last step, you can observe both the power supply and the function generator at
the same time. Select both channels (marked DUAL on some scopes). Each channel
can be displayed with its own ground reference point. You will need to leave the
trigger SOURCE on channel 2 because the ac waveform is connected to that channel.
You can select either ALTernate or CHOP mode to view the waveforms. To really see
the effects of this control, slow the function generator to 10 Hz and change the
horizontal SEC/DIV control to 20 ms/div. Compare the display using ALTernate and
CHOP. At this slow frequency, it is easier to see the waveforms using the CHOP
mode; at high frequencies the ALTernate mode is generally preferred.
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Conclusion:

Evaluation and Review Questions:
1. (a) Compute the percent difference between the DMM measurement and the

oscilloscope measurement for each dc voltage measurement summarized in
Table 15-1.

(b) Which do you think is most accurate? Why?

2. Describe the four major groups of controls on the oscilloscope and the purpose of
each group.
3. If you are having difficulty obtaining a stable display, which group of controls should

you adjust?

4. (a) If an ac waveform has 3.4 divisions from peak to peak and the VOLTS/DIV
control is set to 5.0 V/div, what is the peak-to-peak voltage?

(b) What is the rms voltage?
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5. If you wanted to view an ac waveform that was 20.0 V.., what setting of the
VOLTS/DIV control would be best?

6. Explain when to select ALTernate and when to choose CHOP for viewing two
waveforms:

For Further Investigation:

An important part of any oscilloscope measurement is the oscilloscope probe. There are a
number of different types of probes for various applications. Probes must be properly
compensated for frequency response. Most oscilloscopes have a square wave signal furnished
for the purpose of compensating the probe. Using the operator’s manual for the oscilloscope
at your station and the information furnished for your probe, find out how to compensate
your oscilloscope probe. Summarize the method:
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Sine Wave Name

Date

Measurements Class

Reading:
Floyd, Sections 8—1 through 8-7

Objectives:

After performing this experiment, you will be able to:

1. Measure the period and frequency of a sine wave using an oscilloscope.

2. Measure across ungrounded components using the difference function of an
oscilloscope.

Summary of Theory:

Imagine a weight suspended from a spring. If you stretch the spring and then release it, it will
bob up and down with a regular motion. The distance from the rest point to the highest (or
lowest) point is called the amplitude of the motion. As the weight moves up and down, the
time for one complete cycle is called a period, and the number of cycles it moves in a second
is called the frequency. This cyclic motion is called simple harmonic motion. A graph of
simple harmonic motion as a function of time produces a sine wave, the most fundamental
waveform in nature. It is generated as the natural waveform from an ac generator. Figure
16—1 illustrates these definitions.

N

Period =
time required for
L one complete cycle

Amplitude

- Rest level Frequency =
number of cycles
per second

One cycle
Figure 16-1

Sine waves can also be generated from uniform circular motion. Imagine a circle
turning at a constant rate. The projection of the endpoint of the radius vector moves with
simple harmonic motion. If the end point is plotted along the x-axis, the resulting curve is a
sine wave, as illustrated in Floyd’s text. This method is frequently used to show the phase
relationship between two sine waves of the same frequency.

The sine wave has another interesting property. Different sine waves can be added
together to give new waveforms. In fact, any repeating waveform such as a ramp or square
wave can be made up of a group of sine waves. This property is useful in the study of the
response of circuits to various waveforms.

The oscilloscope is a powerful tool for viewing any waveform in a circuit. In this
experiment, you will make timing measurements on sine waves. To measure time, the
oscilloscope generates an internal sawtooth waveform that is applied to the horizontal
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deflection plates. This signal is the sweep or time base of the oscilloscope and is controlled by
the SEC/DIV control on the front panel of the oscilloscope. The control generally has a
vernier and a magnifier associated with it. It is important that these controls are in the
calibrated positions whenever a time measurement is made.

Materials Needed:
Resistors:

One 2.7 k€1, one 6.8 k()

Procedure:

1.

Set the signal generator for a 1.0 V, sine wave at a frequency of 1.25 kHz. Then set
the oscilloscope SEC/DIV control to 0.1 ms/div in order to show one complete cycle
on the screen. The expected time for one cycle (the period) is the reciprocal of 1.25
kHz, which is 0.8 ms. With the SEC/DIV control at 0.1 ms/div, one cycle requires 8.0
divisions across the screen. This is presented as an example in line 1 of Table 16—1.

Change the signal generator to each frequency listed in Table 16—1. Complete the
table by computing the expected period and then measuring the period with the
oscilloscope. Adjust the SEC/DIV control to show between one and two cycles across
the screen for each frequency.

Table 16-1
Signal Generator | Computed Oscilloscopej Number of | Measured
Dial Frequency Period SEC/DIV Divisions Period
1.25 kHz 0.8 ms 0.1 ms/div 8.0 div 0.8 ms
1.90 kHz
24.5 kHz
83.0 kHz
600.0 kHz

In this step you will need to use a two-channel oscilloscope with two probes, one
connected to each channel. Frequently, a voltage measurement is needed across an
ungrounded component. If the oscilloscope ground is at the same potential as the
circuit ground, then the process of connecting the probe will put an undesired ground
path in the circuit. Figure 16-2 illustrates this.

—

INCORRECT!
Signal

generator Probe shorts ! i l
out R,! CHI|CH?2

P ®

=

Figure 16-2
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The correct way to measure the voltage across the ungrounded component is to
use two channels and select the subtract mode—sometimes called the difference
function—as illustrated in Figure 16—3. The difference function subtracts the voltage
measured on channel 2 from the voltage measured on channel 1. It is important that
both channels have the same vertical sensitivity— that is, that the VOLTS/DIV setting
is the same on both channels and they are both calibrated.

CORRECT!

R
i 1
Signal Y Measure voltage | 6 6 ‘
generator across R | using
B CH 1 |CH?2
CH | minus CH 2 @ @
I

I

Figure 16-3

Connect the circuit shown in Figure 16—3. Use a 2.7 k() resistor for R, and a
6.8 k() resistor for R,. Set the signal generator for a 1.0 V,, sine wave at 10 kHz. .
Channel 1 will show the voltage from the signal generator. Channel 2 will show the
voltage across R,. The difference function (CH1 subtract CH2) will show the voltage
across R,. Some oscilloscopes require that you ADD the channels and INVERT
channel 2 in order to measure the difference in the signals.! Complete Table 162 for
the voltage measurements. Use the voltage divider rule to check that your measured
voltages are reasonable.

Table 16-2
Signal Gen. | Voltage Voltage
Voltage across R, | across R,

Measured

Computed 1.0V,

Conclusion:

'If you do not have difference channel capability, then temporarily reverse the components to
put R, at circuit ground. This can be easily accomplished with a lab breadboard but is usually not
practical in a manufactured circuit. While it is possible to isolate the oscilloscope ground and then use
one channel to make the measurement, the procedure is not recommended.
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Evaluation and Review Questions:
1. () Compare the computed and measured periods for the sine waves in Table
16—1. Calculate the percent difference for each row of the table.

(b) What measurement errors account for the percent differences?

2. Using the measured voltages in Table 16—2, show that Kirchhoff’s voltage law is
satisfied.
3. An oscilloscope display shows one complete cycle of a sine wave in 6.3 divisions. The

SEC/DIV control is set to 20 ms/div.
(a) What is the period?

(b) What is the frequency?

4, You wish to display a 10 kHz sine wave on the oscilloscope. What setting of the
SEC/DIV control will show one complete cycle in 10 divisions?

SEC/DIV =

S. Explain how to measure the voltage across an ungrounded component.

For Further Investigation:

It is relatively easy to obtain a stable display on the oscilloscope at higher frequencies. It is
more difficult to obtain a stable display with slower signals, especially those with very small
amplitude. Set the signal generator on a frequency of 5.0 Hz. Try to obtain a stable display.
You will probably have to use NORMAL triggering and carefully adjust the trigger LEVEL
control. After you obtain a stable display, try turning the amplitude of the signal generator to
its lowest setting. Can you still obtain a stable display?
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Name

| Dat
17 Pulse Measurements  Ciass

Reading:
Floyd, Sections 8-8 and 8-9

Objectives:

After performing this experiment, you will be able to:

1. Measure rise time, fall time, pulse repetition time, pulse width, and duty cycle for a
pulse waveform.

2. Explain the limitations of instrumentation in making pulse measurements.

3. Compute the oscilloscope bandwidth necessary to make a rise time measurement with

an accuracy of 3%.

Summary of Theory:

A pulse is a signal that rises from one level to another, remains at the second level for some
time, and then returns to the original level. Definitions for pulses are illustrated in Figure
17-1. The time from one pulse to the next is the period, T. This is often referred to as the
pulse repetition time. The reciprocal of period is the frequency. The time required for a pulse
to rise from 10% to 90% of its maximum level is called the rise time, and the time to return
from 90% to 10% of the maximum level is called the fall time. Pulse width, abbreviated ¢, is
measured at the 50% level, as illustrated. The duty cycle is the ratio of the pulse width to the
period and is usually expressed as a percentage:

Ly
Percent duty cycle = 7 x 100%

Actual pulses differ from the idealized model shown in Figure 17-1(a). They may have
sag, overshoot, or undershoot, as illustrated in Figure 17—1(b). In addition, if cables are
mismatched in the system, ringing may be observed. Ringing is the appearance of a short
oscillatory transient that appears at the top and bottom of a pulse, as illustrated in Figure

17-1(c).

— Undershoot

|«—1—|

Figure 17-1

All measurements involve some error due to the limitations of the measurement
instrument. Oscilloscopes can distort a pulse waveform, including the distortions illustrated in
Figure 17-1. In addition, if the rise time of the oscilloscope amplifier is too slow, rise time
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distortion may occur. The oscilloscope rise time should be at least four times faster than the
pulse to be measured if the observed rise time is to have less than 3% error. If the
oscilloscope rise time is only twice as fact as the measured rise time, the measurement error
rises to over 12%! The oscilloscope rise time is related to the range of useful frequencies it
can pass. This range of frequencies is called the bandwidth. To find the rise time of an
oscilloscope when the bandwidth is known, the following approximate relationship is useful:

0.35
{(rscope = W

where f,)s.ope 18 the oscilloscope rise time in microseconds and BW is the bandwidth in
megahertz. For example, an oscilloscope with a 60 MHz bandwidth has a rise time of
approximately 6 ns. Measurements of pulses with rise times faster than about 24 ns on this
oscilloscope will have measurable error. A correction to the measured value can be applied to
obtain the actual rise time of a pulse. The correction formula is:

__ Y
tntrue = \/t%r)displayed t(r)scope

where £, is the actual rise time of the pulse, #(,gispiayea 1S the observed rise time, and
Larscope 18 the rise time of oscilloscope. This formula can be applied to correct observed rise
times by 10% or less.

Measurement of pulses normally should be done with the input signal coupled to the
scope using DC coupling. This directly couples the signal to the oscilloscope and avoids
causing pulse sag which can cause measurement error. Probe compensation should be
checked before making pulse measurements. It is particularly important in rise time
measurements to check probe compensation. This check is described in this experiment. It is
also important in time and voltage measurements to be sure that the appropriate VARIABLE
(VAR) controls (usually red) are in their calibrate position. Most oscilloscopes have a detent,
or notched, position for these controls so the user is aware when they are calibrated.

Materials Needed:
One 1000 pF capacitor

Procedure:

1. From the manufacturer’s specifications, find the bandwidth of the oscilloscope you are
using. Normally the bandwidth is specified with a 10X probe connected to the input.
You should make oscilloscope measurements with the 10X probe connected to avoid
bandwidth reduction. Use the specific bandwidth to compute the rise time of the
oscilloscope as explained in the Summary of Theory. This will give you an idea of the
limitations of the oscilloscope you are using to make accurate rise time measurements.
Enter the bandwidth and rise time of the slope in Table 17-1.

2. Look on your oscilloscope for a probe compensation output. This output provides an
internally generated square wave, usually at a frequency of 1.0 kHz. It is a good idea
to check this signal when starting with an instrument to be sure that the probe is
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properly compensated. To compensate the probe, set the VOLTS/DIV control to view
the square wave over several divisions of the display. An adjustment screw on the
probe is used to obtain a good square wave with a flat top. An improperly
compensated oscilloscope will produce inaccurate measurements. If directed by your
instructor, adjust the probe compensation.

Set the signal generator for a square wave at a frequency of 100 kHz and an amplitude
of 4.0 V. A square wave cannot be measured accurately with your meter—you will
need to measure the voltage with an oscilloscope. Check the zero volt level on the
oscilloscope and adjust the generator to go from zero volts to 4.0 V. Most signal
generators have a separate control to adjust the dc level of the signal.

Measure the parameters listed in Table 17-2 for the square wave from the signal
generator. Be sure the oscilloscope’s SEC/DIV is in its calibrated position. If your
oscilloscope has percent markers etched on the front gradicule, you may want to
uncalibrate the VOLTS/DIV when making rise and fall time measurements. Use the
vertical POSITION control and VOLTS/DIV vernier to position the waveform
between 0% and 100% markers on the oscilloscope display. Then measure the time
between the 10% and 90% markers.

Table 17-1 Table 17-2 Table 17-3
Oscilloscope Signal Generator Signal Generator
BW (square wave output) (with 1000 pF capacitor

)

across output)

Rise time, ¢,

Rise time, 7,

Fall time, #.,
Period, T Fall time, 7,

Pulse width, ¢,

Percent duty cycle

To obtain practice measuring rise time, place a 1000 pF capacitor across the generator
output. Measure the new rise and fall times. Record your results in Table 17-3.

If you have a separate pulse output from your signal generator, measure the pulse
characteristics listed in Table 17-4. To obtain good results with fast signals, the
generator should be terminated in its characteristic impedance (typically 50 Q). You
will need to use the fastest sweep time available on your oscilloscope. Record your
results in Table 17-4.
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Table 17-4
Signal Generator
(pulse output)

Rise time, 7,

Fall time,
Period, T
Pulse width, 7,

Percent duty cycle

Conclusion:

Evaluation and Review Questions:
1. Were any of the measurements limited by the bandwidth of the oscilloscope? If so,
which ones?

2. If you need to measure a pulse with a predicted rise time of 10 ns, what bandwidth
should the oscilloscope have to measure the time within 3%?

3. The SEC/DIV control on many oscilloscopes has a X 10 magnifier. When the magnifier
is ON, the time scale must be divided by 10. Explain.

4, An oscilloscope presentation has the SEC/DIV control set to 2.0 ms/DIV and the x10
magnifier is OFF. Determine the rise time of the pulse shown in Figure 17-2.
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100% —

50%

0%

Figure 17-2

5. Repeat Question 4 for the X 10 magnifier ON.

For Further Investigation:

In many applications, it is important to measure time differences. One important technique
for doing this is to use delayed sweep measurements. If your scope is equipped with delayed
sweep, you can trigger from a signal and view a magnified portion of the signal at a later
time. With dual time base oscilloscopes, delayed sweep offers increased timing accuracy. If
you have a calibrated DELLAY TIME POSITION dial, you can make differential delay time
measurements between two different signals. Most delayed sweep oscilloscopes will have a
HORIZONTAL MODE switch which allows you to view either the A sweep, the B sweep, or
A intensified by B. The sweep speeds for A and B can be separately controlled, often by
concentric rings on the SEC/DIV control. Consult the operator’s manual for your oscilloscope
to determine the exact procedure.! Then practice by measuring the rise time of the pulse
generator using delayed sweep. Summarize your procedure and results.

'An excellent source of information is The XYZs of Using an Oscilloscope, Tektronix, Inc.,
P.O. Box 500, Beaverton, OR 97077.
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Name

. . . Date
Application Assignment 8 Class
Reference:

Floyd, Chapter 8, Section 8—10: Application Assignment
Step 1 Review the operation and controls of the function generator.
Step 2 Review the operation and controls of the oscilloscope.
Step 3 Measure the sinusoidal output of the function generator.
From Figure 8—-65(a)
minimum amplitude: peak: rms:
minimum frequency
Comparison of frequency with generator setting:
From Figure 8-65(b)
maximum amplitude: peak: rms:
maximum frequency
Comparison of frequency with generator setting:
Step 4 Measure the DC offset of the function generator.
From Figure 8-66(a)
maximum positive dc offset:
From Figure 8-66(b)
maximum negative dc offset:
Step 5 Measure the triangular output of the function generator.
From Figure 8—-67(a)
minimum amplitude: _____ minimum frequency
From Figure 8-67(b)
maximum amplitude: ___ maximum frequency
Step 6 Measure the pulse output of the function generator.
From Figure 8-68(a)
minimum amplitude: ___ minimum frequency
duty cycle:
From Figure 8-68(b)
maximum amplitude: _ maximum frequency
duty cycle:
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Related Experiment:
This application requires you to set up the oscilloscope for optimum settings to measure the
period and amplitude of different waveforms. When you measure the period of a signal,
choose the lowest SEC/DIV setting that shows at least one full cycle on the display. When
measuring amplitude, use the lowest VOLT/DIV setting that shows the entire vertical portion
of the waveform. Table AA-8-1 lists waveforms to measure. Before making the

measurement, consider the best settings of the controls, and enter the settings in the

predicted columns. Set up each signal, measure it, and enter the measured values in the table.
Then sketch each waveform on the plots shown, showing the oscilloscope display.

Experimental Results:

Table AA-8-1

Function VOLTS/DIV | SEC/DIV Measured Values of Signal:
Generator | Required | Required Setting Setting Horizontal | Vertical Plot
Waveform | Amplitude | Frequency | (predicted) | (predicted) || Divisions | Divisions Numbe
Sine wave | 1.0 V. 30 Hz Sece Plot AA
Sine wave | 5.0V, 30 kHz See Plot AA
Pulse 40V 2.5 kHz See Plot AA
Pulse 05V 75 kHz See Plot AA
Sawtooth 20V, 400 Hz See Plot AA
Sawtooth 9.0V, 10 kHz See Plot AA

Plot AA-8-1 Plot AA-8-2 Plot AA-8-3

Plot AA-8-4 Plot AA-8-5 Plot AA-8-6
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Checkup 8 Class

Name

Date

Reference:
Floyd, Chap. 8, and Buchla, Experiments 15, 16, and 17

1.

10.

A sine wave has a peak-to-peak voltage of 25 V. The rms voltage is:
(a) 883V (b) 125V () 177V () 354V

The number of radians in one-fourth cycle is:
@ 573 w2 @©n 2w

Assume a sine wave has 100 complete cycles in 10 s. The period is:
@ 0.1s M) 1s (c)10s (d) 100s

Assume a series resistive circuit contains three equal resistors. The source voltage is a
sinusoidal waveform of 30 V,,. What is the rms voltage drop across each resistor?
(@ 354V ®S50V (@©10V @212V

Pulse width is normally measured at the:
(@) 10% level (b) 50% level (c) 90% level (d) baseline

A waveform characterized by positive and negative ramps of equal slope is called a:
(a) triangle (b) sawtooth (c) sweep (d) step

A repetitive pulse train has a pulse width of 2.5 us and a frequency of 100 kHz. The
duty cycle is:
@ 2.5% (b) 10% (c) 25% (d) 40%

The oscilloscope section that determines when it begins to trace a waveform is:
(a) horizontal (b) vertical (c) trigger (d) display

The oscilloscope control that determines how fast the electron beam moves along the
x-axis is:
(@) SLOPE (b) HOLDOFF (c¢) VOLTS/DIV (d) SEC/DIV

The oscilloscope control that determines if a rising or falling edge is used to trigger the
sweep is:
(@) MODE (b) SLOPE (c¢) LEVEL (d) COUPLING
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11.

12.

13.

14.

15.

16.

A standard utility voltage is 115 V at a frequency of 60 Hz.
(a) What is the peak-to-peak voltage?

(b) What is the period?

How many cycles of a 40 MHz sine wave occur in 0.2 ms?

A sinusoidal waveform is represented by the equation v = 40 sin(6 — 35°).
(a) What is the peak voltage?

(b) What is the phase shift?

Figure C-8-1 illustrates an oscilloscope display showing the time relationship
between two sine waves. Assume the VOLTS/DIV control is set to 1.0 V/div. Draw a
phasor diagram showing the relationship between the two waves.

7

N
it

Figure C-8-1

Assume the oscilloscope display shown in Figure C—-8-1 has the SEC/DIV control set
to 5.0 ws/div. Determine the frequency of the waveforms.

An oscilloscope with a bandwidth of 60 MHz is used to measure a pulse with a rise
time of 8 ns.
(a) What is the equivalent rise time of the scope?

(b) What is the approximate displayed rise time?
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18
. Dat
Capacitors Class

Reading:
Floyd, Sections 9—1 through 9-5, Section 9-8

Objectives:

After performing this experiment, you will be able to:

1. Compare total capacitance, charge, and voltage drop for capacitors connected in series
and in parallel.

2. Test capacitors with an ohmmeter and a voltmeter.

Summary of Theory:

A capacitor is formed whenever two conductors are separated by an insulating material.
When a voltage exists between the conductors, there will be an electric charge between the
conductors. The ability to store an electric charge is a fundamental property of capacitors and
affects both dc and ac circuits. Capacitors are made with large flat conductors called plates.
The plates are separated with an insulating material called a dielectric. The ability to store
charge increases with larger plate size and closer separation.

When a voltage is connected across a capacitor, charge will flow in the external circuit
until the voltage across the capacitor is equal to the applied voltage. The charge that flows is
proportional to the size of the capacitor and the applied voltage. This is a fundamental
concept for capacitors and is given by the equation

Q0=CV
where Q is the charge in coulombs, C is the capacitance in farads, and V is the applied
voltage. An analogous situation is that of putting compressed air into a bottle. The quantity of

air is directly proportional to the capacity of the bottle and the applied pressure.
Recall that current is defined as charge per time. That is,

where I is the current in amperes, Q is the charge in coulombs, and ¢ is the time in seconds.
This equation can be rearranged as

0=1I

If we connect two capacitors in series with a voltage source, the same charging current flows
through both capacitors. Since this current flows for the same amount of time, the total
charge, Qr, must be the same as the charge on each capacitor. That is,
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0r=01=0Q,

Charging capacitors in series causes the same charge to be across each capacitor;
however, as shown in Floyd’s text, the total capacitance decreases. In a series circuit, the
total capacitance is given by the formula:

Now consider capacitors in parallel. In a parallel circuit, the total current is equal to
the sum of the currents in each branch as stated by Kirchhoff’s current law. If this current
flows for the same amount of time, the total charge leaving the voltage source will equal the
sum of the charges which flow in each branch. Mathematically:

Or=01+Q+ ... +Q;

Capacitors connected in parallel will raise the total capacitance because more charge is
stored at the same voltage. The equation for the total capacitance of parallel capacitors is:

Cr=Ci+Cy+ ...+ C

There are two quick tests you can make to check capacitors. The first is an ohmmeter
test, useful for capacitors larger than 0.01 wF. This test is best done with an analog ohmmeter
rather than a digital meter. The test will sometimes indicate a faulty capacitor is good;
however, you can be sure that if a capacitor fails the test, it is bad. The test is done as
follows:

(@) Remove one end of the capacitor from the circuit and discharge it by placing a

short across its terminals.

(b) Set the ohmmeter on a high-resistance scale and place the negative lead from
an ohmmeter on the negative terminal of the capacitor. You must connect the
ohmmeter with the proper polarity. Do not assume the common lead from the
ohmmeter is the negative side!

©) Touch the other lead of the ohmmeter onto the remaining terminal of the
capacitor. The meter should indicate very low resistance and then gradually
increase resistance. If you put the meter in a higher range, the ohmmeter
charges the capacitor slower and the capacitance ‘‘kick’ will be emphasized.
For small capacitors (under 0.01 uF), this charge may not be seen. Large
electrolytic capacitors require more time to charge, so use a lower range on
your ohmmeter. Capacitors should never remain near zero resistance, as this
indicates a short. An immediate high resistance reading indicates an open for
larger capacitors.

A capacitor that passes the ohmmeter test may fail when working voltage is applied. A
voltmeter can be used to check a capacitor with voltage applied. The voltmeter is connected
in series with the capacitor, as indicated in Figure 18—1. When voltage is first applied, the
capacitor charges making it appear shorted. As it charges, voltage will appear across it, and
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the voltmeter indication should be a very small voltage. Large electrolytic capacitors may
have leakage current that makes them appear bad, especially with a very high impedance
voltmeter. In this case, use the test as a relative test, comparing the reading with a similar
capacitor that you know is good.

Materials Needed:
Two LEDs
Resistors:
Two 1.0 k()
Capacitors:
One of each : 100 uF, 47 uF, 1.0 uF, 0.1 uF, 0.01 uF (35 WV or greater)

Procedure:

1. Obtain five capacitors as listed in Table 18—1. Check each capacitor using the
ohmmeter test described in the Summary of Theory. Record the results of the test in
Table 18-1.

2. Test each capacitor using the voltmeter test as illustrated in Figure 18—1. Large

electrolytic capacitors may appear to fail this test. Check the voltage rating on the
capacitor to be sure it is not exceeded. The working voltage is the maximum voltage
that can safely be applied to the capacitor. Record your results in Table 18-1.

Table 18-1
Listed Ohmmeter Test | Voltmeter Test
Capacitor Value Pass/Fail Pass/Fail

c, 100 uF

C, 47 uF

C; 1.0 uF

C, 0.1 uF

Cs 0.01 uF

3. Connect the circuit shown in Figure 18—2. The switches can be made from wire.

Leave both switches open. The light-emitting diodes (LEDs) and the capacitor are
both polarized components—they must be connected in the correct direction in order
to work properly.

+35V

Figure 18-1
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Sy R, ,4 /
—/
1kQ + -
Sy
+12 Vé c, + R,
— 100 uF 1'kQ
g
/
Figure 18-2

Close S, and observe the LEDs. Describe your observation.

Open S, and close S,. What happens?

Now connect C, in series with C,. Open S,. Make certain the capacitors are fully
discharged by shorting them with a piece of wire; then close S,. Measure the voltage
across each capacitor. Do this quickly to prevent the meter from causing the
capacitors to discharge. Record the voltages and describe your observations.

V,= V, =

Observations:

Using the measured voltage, compute the charge on each capacitor.

O = 0, =
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Then open S, and close S,. Observe the result.

8. Change the capacitors from series to parallel. Ensure that the capacitors are fully
discharged. Open S, and close S,. Repeat steps 4 and 5 for the parallel connection.

Vl = V2 =
Observations:
0, = 0, =
9. Replace the 12 V dc source with a signal generator. Close both S, and S,. Set the

signal generator to a square wave and set the amplitude to 12 V.. Set the frequency
to 10 Hz. Notice the difference in the LED pulses. This demonstrates one of the
principal applications of large capacitors-—that of filtering. Explain your observations.

Conclusion:

Evaluation and Review Questions:
1. Why did the LEDs flash for a shorter time in step 6 than in steps 4 and 5?

2. What would happen if you added more series capacitance in step 6?
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3. (a) What is the total capacitance when a 1.0 uF capacitor is connected in parallel
with a 2.0 uF capacitor?

(b) If the capacitors are connected in series, what is the total capacitance?

(©) In the previous series connection, which capacitor has the greater voltage
across it?

4. A 3.0 uF capacitor is charged to 100 V. If it is then connected in parallel with a 10 uF
capacitor, what voltage will be across the capacitors?

5. Two capacitors, labeled A and B, have the same charge, but A has twice the voltage
across it than B. Which capacitor has the greater capacitance? Prove your answer.

For Further Investigation:

Use the oscilloscope to measure the waveforms across the capacitors and the LEDs in step 9.
Try speeding up the signal generator and observe the waveforms. Use the two-channel
difference measurement explained in Experiment 16 to see the waveform across the
ungrounded LED. Draw and label the waveforms.

Capacitor waveform: LED waveform:

Plot 18-1 Plot 18-2
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Name

7 ® ® D t
1 9 Capacitive Reactance cuss

Reading:
Floyd, Sections 9—-6 through 9-7

Objectives:

After performing this experiment, you will be able to:

1. Measure the capacitive reactance of a capacitor at a specified frequency.
2. Compare the reactance of capacitors connected in series and parallel.

Summary of Theory:

If a resistor is connected across a sine wave generator, a current flows that is in phase with
the applied voltage. If, instead of a resistor, we connect a capacitor across the generator, the
current is not in phase with the voltage. This is illustrated in Figure 19—1. Note that the
current and voltage have exactly the same frequency, but the current is leading the voltage
by 1/4 cycle.

Maximum current ‘

c ; Voltage
urrent ———/

Voltage change
is maximum

Figure 19-1

Current flow in the capacitor is directly proportional to the capacitance and the rate of
change of voltage. The largest current flows when the voltage change is a maximum. If the
capacitance is increased or the frequency is increased, more current will flow. This is why a
capacitor is sometimes thought of as a high-frequency short.

Reactance is the opposition to ac current flow and is measured in ohms, like
resistance. Capacitive reactance is written with the symbol X. It can be defined as:

1
Xe = —
¢ 2ufC

where f is the generator frequency in hertz and C is the capacitance in farads.

Ohm’s law can be generalized to ac circuits. For a capacitor, we can find the voltage
across the capacitor using the current and the capacitive reactance. Ohm’s law for the voltage
across a capacitor is written

VC = IXC
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Materials Needed:
Capacitors:

One of each: 0.1 uF, 0.047 uF, 1.0 uF

Resistors:

One of each: 1.0 k€2, 4.7 k), 10 k)

For Further Investigation:

Two 100 uF capacitors, two LEDs, one 100 k{2 resistor

Procedure:

1.

Obtain two capacitors with the values shown in Table 19—-1. If you have a capacitance
bridge available, measure their capacitance and record in Table 19-1; otherwise,
record the listed value of the capacitors. Measure and record the value of resistor R;.

Set up the circuit shown in Figure 19-2. Set the generator for a 1.0 kHz sine wave
with a 1.0 V rms output. Measure the rms voltage with your DMM while it is
connected to the circuit.! Check the frequency and voltage with the oscilloscope.
Note: 1.0 V., = 2.828 V..

Table 19-1 R,

Listed Measured 1.0kQ

Component Value Value Sine-wave C) c+
¢y 0.1 uF f=10kHz

generator

C, 0.047 uF

V=10V

R, 1.0 kQ Figure 19-2

The circuit is a series circuit, so the current in the resistor is the identical current seen
by the capacitor. You can find this current easily by applying Ohm’s law to the
resistor. Measure the voltage across the resistor, V5, using the DMM. Record the
measured voltage in Table 19-2 in the column labeled Capacitor C,. Compute the
current in the circuit by dividing the measured voltage by the resistance of R, and
enter in Table 19-2.

Measure the rms voltage across the capacitor, V. Record this voltage in Table 19-2.
Then use this voltage to compute the capacitive reactance using Ohm’s law:

Xp = —
CT

Enter this value as the capacitive reactance in Table 19-2,

'DMMs have a relatively low bandwidth, although most can measure 1.0 kHz. Verify that the

DMM you are using has at least a 1.0 kHz bandwidth; if it does not, use the oscilloscope for all voltage

measurements.
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Table 19-2

Capacitor C; | Capacitor C,

Voltage across R;, Vi

Total current,

Voltage across C, V-

Capacitive reactance, X,

Computed capacitance, C

Using the capacitive reactance found in step 4, compute the capacitance using the
equation

B 1
- 2mfXc

C

Enter the computed capacitance in Table 19-2. This value should agree with the value
marked on the capacitor and measured in step 1 within experimental tolerances.

Repeat steps 3, 4, and 5 using capacitor C,. Enter the data in Table 19-2 in the
column labeled Capacitor C,.

Now connect C, in series with C,. The equivalent capacitive reactance and
capacitance can be found for the series connection by measuring across both
capacitors as if they were one capacitor. Enter the data in Table 19-3 in the column
labeled Series Capacitors. The following steps will guide you:

(a) Check that the generator is set to 1.0 V rms. Find the current in the circuit by
measuring the voltage across the resistor as before and dividing by the
resistance. Enter the measured voltage and the current you found in Table
19-3.

(b) Measure the voltage across both capacitors. Enter this voltage in Table 19-3.

(©) Use Ohm’s law to find the capacitive reactance of both capacitors. Use the
voltage measured in step (b) and the current measured in step (a).

(d) Compute the total capacitance by using the equation

1
- 2ufXcr

Cr

Connect the capacitors in parallel and repeat step 7. Assume the parallel capacitors
are one equivalent capacitor for the measurements. Enter the data in Table 19-3 in
the column labeled Parallel Capacitors.
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Table 19-3

Series Parallel
Step Capacitors | Capacitors

Voltage across R,, Vg

Total current, /

(a)

(b) | Voltage across capacitors, V.

(c) | Capacitive reactance, Xcr

(d) | Computed capacitance, Cy

Conclusion:

Evaluation and Review Questions:
1. Compare the capacitive reactance of the series capacitors with the capacitive
reactance of the parallel capacitors. Use your data in Table 19-3.

2. Compare the total capacitance of the series capacitors with the total capacitance of the
parallel capacitors.

3. If someone had mistakenly used too small a capacitor in a circuit, what would happen
to the capacitive reactance?

4. How could you apply the method used in this experiment to find the value of the
unknown capacitor?
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5. Compute the capacitive reactance for an 800 pF capacitor at a frequency of 250 kHz.

For Further Investigation:

A voltage multiplier is a circuit that uses diodes and capacitors to increase the peak value of
a sine wave. Voltage multipliers can produce high voltages without requiring a high-voltage
transformer. The circuit illustrated in Figure 19-3 is a full-wave voltage doubler. The circuit
is drawn as a bridge with diodes in two arms and capacitors in two arms. The diodes allow
current to flow in only one direction, charging the capacitors to near the peak voltage of the
sine wave. Generally, voltage doublers are used with 60 Hz power line frequencies and with
ordinary diodes, but in order to clarify the operation of this circuit, you can use the LEDs
that were used in this experiment. (Note that this causes the output voltage to be reduced
slightly.) Connect the circuit, setting the function generator to 20 V,, sine wave at a
frequency of 1.0 Hz. (If you cannot obtain a 20 V,, signal, use the largest signal you can
obtain from your generator.) Observe the operation of the circuit, then try speeding up the
generator. Look at the waveform across the load resistor with your oscilloscope using the
two-channel difference method. What is the dc voltage across the load resistor? What
happens to the output as the generator is speeded up? Try a smaller load resistor. Can you
explain your observations?

Figure 19-3
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Name

Date

Application Assignment 9 Class

Reference:

Floyd, Chapter 9, Section 9-9: Application Assignment

Step 1 Compare the PC board with the schematic. Do they agree?

Step 2 Test the input to amplifier board 1. If incorrect, specify the likely fault:
Step 3 Test the input to amplifier board 2. If incorrect, specify the likely fault:
Step 4 Test the input to amplifier board 3. If incorrect, specify the likely fault:

Related Experiment:

Materials Needed:
Resistors:

One 1.0 kQ, two 10 k)
Capacitors:

One 0.1 uF, 1.0 uF

Discussion: :
The capacitor tests described in Experiment 18 can be conducted only on a capacitor that has
been removed from the circuit under test. Usually there are other components that could
account for a circuit failure; you need to have an idea of the reason for the failure before you
randomly check parts. If a capacitor fails because it is open, it has no effect on the dc
voltages but will not pass ac. If it fails because it is shorted, both dc and ac paths are
affected. Other failures (such as the wrong size component) may produce a partial failure.
The circuit shown in Figure AA-9-1 is similar to the problem presented in the text.
Capacitor C, represents a coupling capacitor and R, and R, set up the bias conditions needed
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for an amplifier. R; represents additional source resistance. Start by investigating the circuit
when it is operating normally. Find the ac and dc voltage drops across each component. Then
open C, and check circuit operation. Are there any changes to the dc voltages with the open
capacitor? Then test the circuit with a short across C,; (use a jumper). Finally, assume a
capacitor that is too small was accidentally put in the circuit. Replace C, with a 0.1 uF
capacitor and test the circuit. Table AA-9-1 is set up to record your data. Write a
conclusion for your observations.

+15.0V
R
R, 10k}
1+
1kQ
Sine-wave 1.0 uF
generator R, Output
1.0 kHz 10k{) terminals
1oV,

ms

— O

Figure AA-9-1

Table AA-9-1
Measured Voltages
Condition Vi1 Vro Vis Ve
dc ac dc ac dc ac dc ac

Normal

C, Open
C, Shorted

C, Wrong value

Experimental Results:
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CheCkup 9 Class

Name
Date

Reference:
Floyd, Chap. 9, and Buchla, Experiments 18 and 19

1.

Assume two capacitors have the same voltage across them but capacitor A has twice
the charge of capacitor B. From this we can conclude that:

(@) A is larger. (c) B is larger.

(b) They are equal. (d) No conclusion can be made.

Assume two capacitors have equal capacitances, but capacitor A has twice the voltage
of capacitor B. From this we can conclude that:

(a) A has larger plates. (c) A has a greater charge.

(b) A has smaller plates. (d) A has less charge.

Assume capacitor A is larger than capacitor B. If they are connected in series, the
total capacitance will be:

(a) larger than A (c) larger than B

(b) smaller than B (d) between A and B

Compared to any one capacitor, the total capacitance of three equal parallel capacitors
is:
(a) one-third (b) the same (c) double (d) three times

Assume a 100 uF capacitor is charged to 10 V. The stored charge is:
@ 10uC (b)) 100uC (c) 110 uC (d) 1000 uC

In a series RC circuit, the time required for a capacitor to go from no charge to full
charge (99%) is:

(a) one time constant (c) five time constants

(b) three time constants (d) 100 ms

A sinusoidal voltage waveform is applied to a capacitor. The amount of current is
inversely proportional to the:
(a) reactance (b) capacitance (c) frequency (d) resistance

A sinusoidal voltage waveform is applied to a capacitor. If the frequency of the
waveform is increased, the capacitance:
(a) increases (b) does not change (c) decreases

The unit of measurement for capacitive reactance is the:
(@) volt (b) ohm (c) farad (d) coulomb
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10. The power that is stored or returned to the circuit from a capacitor is called:

(a) stored power (c) true power
(b) apparent power (d) reactive power
11. The time constant of an RC circuit is measured with an oscilloscope and found to

require 7.6 divisions to change from 0 to 63% of the final value. The SEC/DIV control
is set to 20 ws/div.
(a) If the resistance is 4.7 k{2, what is the measured value of the capacitance?

(b) How long after charging begins does it take the capacitor to reach full charge?

12. Assume you want to check a 100 uF capacitor to see if it is capable of storing a
charge. What simple test would you perform?

13. Consider the circuit shown in Figure C-9-1.
(a) Compute the capacitive reactance of each capacitor.

Sine-wave
generator G
I 0.047 pF
10V, . G
SKHz 0.1 nF
Figure C-9-1

(b) Determine the voltage across each capacitor.

14. Consider the circuit shown in Figure C-9-2. C; is known to be 0.047 uF, but the
value of C, is unknown. Assume you measure 6.8 V.. across C,. What is its

capacitance?
Sine-wave
enerator ¢
& I 0.047 uF
10 Vo G
1 kHz Unknown
Figure C-9-2
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2 0 Name
Dat
Inductors Class

Reading:
Floyd, Sections 10—-1 through 10-5

Objectives:

After performing this experiment, you will be able to:

1. Describe the effect of Lenz’s law in a circuit.

2. Measure the time constant of an LR circuit and test the effects of series and parallel
inductances on the time constant.

Summary of Theory:

When a current flows through a coil of wire, a magnetic field is created around the wire. This
electromagnetic field accompanies any moving electric charge and is proportional to the
magnitude of the current. If the current changes, the electromagnetic field causes a voltage to
be induced across the coil, which opposes the change. This property, which causes a voltage
to oppose a change in current, is called inductance.

Inductance is the electrical equivalent of inertia in a mechanical system. It opposes a
change in current in a manner similar to the way capacitance opposed a change in voltage.
This property of inductance is described by Lenz’s law. According to Lenz’s law, an inductor
develops a voltage across it that counters the effect of a change in current in the circuit. The
induced voltage is equal to the inductance times the rate of change of current. Inductance is
measured in henries. One henry is defined as the quantity of inductance present when one
volt is generated as a result of a current changing at the rate of one ampere per second.
Coils that are made to provide a specific amount of inductance are called inductors.

When inductors are connected in series, the total inductance is the sum of the
individual inductors. This is similar to resistors connected in series. Likewise, the formula for
parallel inductors is similar to the formula for parallel resistors. Unlike resistors, an additional
effect can appear in inductive circuits. This effect is called mutual inductance and is caused
by interaction of the magnetic fields. The total inductance can be either increased or
decreased due to mutual inductance.

Inductive circuits have a time constant associated with them, just as capacitive circuits
do, except the rising exponential curve is a picture of the current in the circuit rather than the
voltage as in the case of the capacitive circuit. Unlike the capacitive circuit, if the resistance
is greater, the time constant is shorter. The time constant is found from the equation

L
T==
R

where 7 represents the time constant in seconds when L is in henries and R is in ohms.
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Materials Needed:
Two 7 H inductors (approximate value)
(second inductor may be shared from another experiment)
One neon bulb (NE-2 or equivalent)
One 33 k() resistor
For Further Investigation:
One unknown inductor

Procedure:

1. In this step, you can observe the effect of Lenz’s law. Connect the circuit shown in
Figure 20—1 with a neon bulb in parallel with a large inductor. Neon bulbs contain two
insulated electrodes in a glass envelope containing neon gas. The gas will not conduct
unless the voltage reaches approximately 70 V. When the gas conducts, the bulb will
glow. When the switch is closed, dc current in the inductor is determined by the
inductor’s winding resistance. Close and open S, several times and observe the
results.

Observations:

2. Find out if the neon bulb will fire if the voltage is lowered. How low can you reduce
the voltage source and still observe the bulb to glow?

S, R
L 33kQ
Square-wave L
generator ]
VL Neon “L, f=300Hz )I?H
-_r' bulb 7H Ve=10 Vpp
p
Figure 20-2
Figure 20-1
3. Connect the circuit shown in Figure 20-2. This circuit will be used to view the

waveforms from a square wave generator. Set the generator, Vy, for a 1.0 V,, square
wave at a frequency of 300 Hz. This frequency is chosen to allow sufficient time to
see the effects of the time constant. View the generator voltage on CH1 of a
two-channel oscilloscope and the inductor waveform on CH2. If both channels are
calibrated and have the VOLTS/DIV controls set to the same setting, you will be able
to see the voltage across the resistor using the difference channel. Set the oscilloscope
SEC/DIV control to 0.5 ms/div. Sketch the waveforms you see on Plot 20-1.
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' Table 20-1

Computed | Measured
Time Time

Time constant, 7

________

___1__
1
t
|
4
|
1
|

[ |}
|
|
1
-
]
1
1
+
]
]
1

———q-—-
]
'
|
+
1
1
|
-
|
|
1

Plot 20-1

Compute the time constant for the circuit. Enter the computed value in Table 20-1.
Now measure the time constant by viewing the waveform across the resistor. The
resistor voltage has the same shape as the current in the circuit, so you can measure
the time constant by finding the time required for the resistor voltage to change from 0
to 63% of its final value. Stretch the waveform across the oscilloscope screen to make
an accurate time measurement. Enter the measured time constant in Table 20-1.

When inductors are connected in series, the total inductance increases. When they are
connected in parallel, the total inductance decreases. You can see the effect of
decreasing the inductance by connecting a second 7 H inductor in parallel with the
first. Note what happens to the voltage waveforms across the resistor and the
inductor. Then connect the inductors in series and compare the effect on the
waveforms. Describe your observations.

Conclusion:

Evaluation and Review Questions:

1.

The ionizing voltage for a neon bulb is approximately 70 V. Explain how a 12 V
source was able to cause the neon bulb to conduct.
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2. When a circuit containing an inductor is opened suddenly, an arc may occur across
the switch. How does Lenz’s law explain this?

3. What is the total inductance when two 100 mH inductors are connected in series?

in parallel?

4, What would happen to the time constant in Figure 20-2 if a 3.3 k(} resistor were used
instead of the 33 k() resistor?

5. What effect does an increase in the frequency of the square wave generator have on
the waveforms observed in Figure 20-2?

For Further Investigation:

Suggest a method in which you could use a square wave generator and a known resistor to
determine the inductance of an unknown inductor. Then obtain an unknown inductor from
your instructor and measure its inductance. Report on your method, results, and how your
result compares to the accepted value for the inductor.
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Name

[ ] D t
2 1 Inductive Reactance  Ciass

Reading:
Floyd, Sections 10-6 through 10-8

Objectives:

After performing this experiment, you will be able to:

1. Measure the inductive reactance of an inductor at a specified frequency.
2. Compare the reactance of inductors connected in series and parallel.

Summary of Theory:

When a sine wave is applied to an inductor, a voltage is induced across the inductor as given
by Lenz’s law. When the change in current is a maximum, the largest induced voltage
appears across the inductor. This is illustrated in Figure 21-1. Notice that when the current
is not changing (at the peaks), the induced voltage is zero. For this reason, the voltage that
appears across an inductor leads the current in the inductor by 1/4 cycle.

Maximum induced voltage |

Current change
is maximum. 4

Figure 21-1

If we raise the frequency of the sine wave, the rate of change of current in increased
and the value of the opposing voltage is increased. This results in a net decrease in the
amount of current that flows. Thus, the inductive reactance is increased by an increase in
frequency. The inductive reactance is given by the equation

X; = 2nfL

This equation reveals that a linear relationship exists between the inductance and the
reactance at a constant frequency. Recall that in series, the total inductance is the sum of
individual inductors (ignoring mutual inductance). The reactance of a series inductors is,
therefore, also the sum of the individual reactances. Likewise, in parallel, the reciprocal
formula which applies to parallel resistors can be applied to both the inductance and the
inductive reactance.

Ohm’s law can be applied to inductive circuits. The reactance of an inductor can be
found by dividing the voltage across the inductor by the current in it. That is,

VL

X; =
L IL
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Materials Needed:
Two 100 mH inductors
One 1 k() resistor
For Further Investigation:
One 12.6 V center-tapped transformer

Procedure:

1. Measure the inductance of each of two 100 mH inductors and record their measured
values in Table 21-1. Measure and record the value of a 1.0 k() resistor. Use the
listed values if you cannot measure the inductors.

2. Connect the circuit shown in Figure 21-2. Set the generator for a 1.0 kHz sine wave
with a 1.0 V.. Measure the generator voltage with your DMM while it is connected
to the circuit.! Check the frequency and voltage with the oscilloscope. Remember to
convert the oscilloscope voltage reading to rms voltage to compare it to the DMM.

Table 21-1 R,
. Sine-wave
Listed | Measured generator
Component Value Value L
L, 100 mH 1.0 kHz 100 mH
1.0V
L, 100 mH
R, 1.0 k) Figure 21-2
3. The circuit is a series circuit, so the current in the resistor is the identical current that

flows through the inductor. First, find the voltage across the resistor with the DMM.
Then apply Ohm’s law to the resistor to find the current in the circuit. Record the
measured voltage and the computed current in Table 21-2 in the column labeled
Inductor L,.

4. Measure the voltage across the inductor with the DMM. Then find the inductive
reactance by Ohm’s law. Enter the values in Table 21-2.

5. Now compute the inductance based on the equation
X
L=—=
2nf

Enter the computed inductance in Table 21-2.

'DMMs have a relatively low bandwidth, although most can measure 1.0 kHz. Verify that the
DMM you are using has at least a 1.0 kHz bandwidth; if it does not, use the oscilloscope for all voltage
measurements.
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Table 21-2

Inductor L, | Inductor L,

Voltage across R, Vg

Total current,

Voltage across L, V;

Inductive reactance, X;

Computed inductance, L

Replace L, with L, and repeat steps 3, 4, and 5. Enter the data in Table 21-2 in the
column labeled Inductor L,.

Place L, in series with L,. Then find the inductive reactance for the series combination

of the inductors as if they were one inductor. Enter the data in Table 21-3 in the

column labeled Series Inductors. The following steps will guide you:

(a) Check that the generator is set to 1.0 V rms. Find the current in the circuit by
measuring the voltage across the resistor as before and dividing by the
resistance.

(b) Measure the voltage across both inductors.

(c) Use Ohm’s law to find the inductive reactance of both inductors. Use the
voltage measured in step (b) and the current found in step (a).

(d) Compute the total inductance by using the equation

X
L==
2uf
Table 21-3
Step Series Inductors | Parallel Inductors

Voltage across R;, Vg
Total current, I

(a)

(b) | Voltage across inductors, V.

(c) | Inductive reactance, X,

(d) | Computed inductance, L
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8. Connect the inductors in parallel and repeat step 7. Assume the parallel inductors are
one equivalent inductor for the measurements. Enter the data in Table 21~3 in the
column labeled Parallel Inductors.

Conclusion:

Evaluation and Review Questions:
1. (a) Using the data in Table 21-2, compute the sum of the inductive reactances of
the two inductors:

X+ Xy =

(b) Using the data in Table 21-2, compute the product-over-sum of the inductive
reactances of the two inductors:

X)X
X+ X

(c) Compare the results from (a) and (b) with the reactances for the series and
parallel connections listed in Table 21-3. What conclusion can you draw from
these data?

2. Repeat Question 1 using the data for the inductance, L. Compare the inductance of
series and parallel inductors.
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3. What effect would an error in the frequency of the generator have on the data for this
experiment?

4. How could you apply the method used in this experiment to find the value of an
unknown inductor?

5. Compute the inductive reactance of a 50 uH inductor at a frequency of 50 MHz.

For Further Investigation:

A transformer consists of two or more coils wound on a common iron core. Frequently, one
or more windings has a center tap, which splits a winding into two equal inductors. Because
the windings are on the same core, mutual inductance exists between the windings. Obtain a
small power transformer that has a low-voltage center-tapped secondary winding. Determine
the inductance of each half of the winding using the method in this experiment. Then
investigate what happens if the windings are connected in series. Keep the output of the
signal generator constant for the measurements. Summarize your results.
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Application Assignment 10 Class

Name

Date

Reference:

Floyd, Chapter 10, Section 10—-9: Application Assignment

Step 1

Step 2

Step 3

Step 4

Measure the coil resistance and select a series resistor.

Determine the time constant and the approximate inductance of coil 1.

Determine the time constant and the approximate inductance of coil 2.

Discuss how you could find the approximate inductance of the coils using a
sinusoidal input instead of a square wave.

Related Experiment:

Materials Needed:

Two decade boxes

One 0.1 uF capacitor (for a standard)

One 1.0 k() resistor

One 100 mH indicator (or other value from about 1 mH to 100 mH)
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Discussion:

A Maxwell bridge is commonly used to measure inductors that do not have a very high Q. It
employs a fixed capacitor and two resistors as standards. The circuit for a Maxwell bridge is
shown in Figure AA-10-1. Construct the bridge using two decade resistance boxes for R,
and R, and a measured capacitor of 0.1 uF for C,. A 100 mH inductor from Experiment 21
(or any unknown from about 1 mH to 100 mH) can be used for the unknown. R, is a fixed
1.0 k€ resistor. Measure the output voltage between terminals A and B with your DMM.
Adjust both decade boxes for the minimum voltage observed on the DMM.

Ve=50V, .. Decade
f=1.00kHz boxes

Figure AA-10-1
After you have adjusted the decade boxes for minimum voltage across the A and B
terminals, the circuit is a balanced ac bridge. The bridge is balanced when the product of the

impedance of the diagonal elements is equal. The equations for the Maxwell bridge, given
without proof, are

Lynknown = RoR3Cy
Q = 21TfC1R1

Measure the unknown inductor with your Maxwell bridge. Compare your
measurement with a laboratory bridge. What measurement errors account for the differences
in the two measurements?

Experimental Results:
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CheCkup 10 Class

Name
Date

Reference:
Floyd, Chap. 10, and Buchla, Experiments 20 and 21

1.

The voltage induced across an inductor by a changing magnetic field tends to:
(a) oppose the current in the inductor (c) oppose the voltage across the inductor
(b) oppose a change in the current (d) oppose a change in the voltage

Assume a neon bulb is in parallel with a large inductor. When current is interrupted by
opening a switch, the neon bulb glows for a short time. This is due to:

(a) the rapid change in resistance (c) collapsing electric field

(b) the time constant of the circuit (d) induced voltage across the inductor

The total inductance of parallel inductors is always:
(a) less than the smallest inductor (c) greater than the smallest inductor
(b) less than the largest inductor  (d) greater than the largest inductor

Assume two inductors have the same physical size and core material but inductor A
has twice the number of windings of inductor B. From this we can conclude that the:
(a) inductance of A is one-fourth that of B (c) inductance of A is twice that of B

(b) inductances are equal (d) inductance of A is four times that of B

The time constant for a series RL circuit consisting of a 10 k() resistor and a 30 mH
inductor is:
@3pus M 15us () 30us (d) 300 us

The instant after the switch is closed in a series RL circuit, the voltage across the
inductor is:

(a) zero (b) equal to the voltage across the resistor
(c) 63% of the source voltage (d) equal and opposite to the source voltage

The instant after the switch is closed in a series RL circuit, the voltage across the
resistor is:

(a) zero (b) equal to the voltage across the inductor
(c) 63% of the source voltage (d) equal and opposite to the source voltage

One time constant after a switch is closed in a series RL circuit, the current will be:
(a) 37% of its final value (c) 63% of its final value
(b) 50% of its final value (d) 100% of its final value

The unit of inductive reactance is the:
(a) farad (b) henry (c) ohm (d) second
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10.

11.

12.

13.

14.

15.

16.

An inductor is connected across a sinusoidal generator. If the generator frequency is
increased, the inductance:
(a) decreases (b) stays the same (c) increases

Name four factors that affect the inductance of a coil.

Compare the waveforms you observed for the pulse response of an RC circuit with the
waveforms observed in an RL circuit.

For a sinusoidal input, compare the phase difference between voltage and current for
an RC circuit with that of an RL circuit.

The total inductance of two series inductors is 900 pH.
(a) If one of the inductors is 350 wH, what is the inductance of the other?

(b) Assume a 10 V sinusoidal waveform is applied to the two series inductors. What is
the voltage across the 350 uH inductor?

In Experiment 20 (Figure 20-2), the frequency of the generator was set to 300 Hz.
Could a higher frequency have been specified for this experiment? Why or why not?

For the circuit in Figure C-10-1, assume the voltage across the resistor is 2.1 V, and
the voltage across the inductor is 4.0 V. If the source frequency is 100 kHz, determine
the inductive reactance and the inductance of the unknown.

R,
Sine-wave
generator
= L

ot
100 KHz (unknown)

Figure C-10-1
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Dat
Transformers Class

Reading:
Floyd, Sections 11—-1 through 11-11

Objectives:

After performing this experiment, you will be able to:

1. Determine the turns ratio for a transformer.

2. Show the phase relationships between the primary and secondary of a center-tapped
transformer.

3. Compute the turns ratio required for matching a signal generator to a speaker.

4. Demonstrate how an impedance matching transformer can increase the power

transferred to a load.

Summary of Theory:

A transformer consists of two (or more) closely coupled coils that share a common magnetic
field. When an ac voltage is applied to the first coil, called the primary, a voltage is induced
in the second coil, called the secondary. The voltage that appears across the secondary is
proportional to the transformer turns ratio. The turns ratio if found by dividing the number of
turns in the secondary winding by the number of turns in the primary winding. The turns
ratio, n, is directly proportional to the primary and secondary voltages. That is,

Ns Vs
n=—=_>

Np Vp

For most work, we can assume that a transformer has no internal power dissipation

and that all the magnetic flux lines in the primary also cut through the secondary—that is, we
can assume the transformer is ideal. The ideal transformer delivers to the load 100% of the
applied power. Actual transformers have losses due to magnetizing current, eddy currents,
coil resistance, and so forth. In typical power applications, transformers are used to change
the ac line voltage from one voltage to another or to isolate ac grounds. For the ideal
transformer, the secondary voltage is found by multiplying the turns ratio by the applied
primary voltage. That is,

Vg =nVp

Since the ideal transformer has no internal losses, we can equate the power delivered
to the primary to the power delivered by the secondary. Since P = IV, we can write:

Power = IpVp = IV
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This equation shows that if the transformer causes the secondary voltage to be higher
than the primary voltage, the secondary current must be less than the primary current. Also,
if the transformer has no load, then no primary or secondary current will flow in the ideal
transformer.

In addition to their ability to change voltages and isolate grounds, transformers are
useful to change the resistance (or impedance) of a load as viewed from the primary side.
(Impedance is a more generalized word meaning opposition to ac current.) The load
resistance appears to increase by the turns ratio squared (n?) when viewed from the primary
side. Transformers used to change impedance are designed differently from power
transformers. They need to transform voltages over a band of frequencies with low distortion.
Special transformers called audio, or wideband, transformers are designed for this. To find
the correct turns ratio needed to match a load impedance to a source impedance, use the
following equation:

In this experiment, you will examine both a power transformer and an impedance
matching transformer and calculate parameters for each.

Materials Needed:

One 12.6 V center-tapped transformer

One small impedance matching transformer (approximately 600 ) to 800 )
One small speaker (4 or 8 )

For Further Investigation:
One 100 () resistor

Procedure:

1. Obtain a low-voltage power transformer with a center-tapped secondary (12.6 V
secondary). Using an ohmmeter, measure the primary and secondary resistance.
Record in Table 22-1.

2. Compute the turns ratio based on the normal line voltage (V) of 115 V and the
specified secondary voltage of 12.6 V. Record this as the computed turns ratio, », in
Table 22-1.

3. For safety, we will use an audio generator in place of ac line voltages. Connect the

circuit illustrated in Figure 22—1. Power transformers are designed to operate at a
specific frequency (generally 60 Hz). Set the generator to a 60 Hz sine wave at

5.0 V. on the primary. Measure the secondary voltage. From the measured voltages,
compute the turns ratio for the transformer. Enter this value as the measured turns
ratio in Table 22-1.

4. Compute the percent difference between the computed and measured turns ratio and
enter the result in Table 22—1. The percent difference is found from the equation:
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Sediff = n(meas.) — n(comp.)  100%
n(comp.)

Transformer Table 22-1

Sine- . . .
gg,],ir\;i‘;e Primary winding resistance, Rp
f 60 Hz - :

=50V, Secondary winding resistance, R

Turns ratio, n (computed)

Figure 22-1
Turns, ratio, n (measured)
% difference
b Connect a two-channel oscilloscope to the secondary, as illustrated in Figure 22-2(a).

Trigger the oscilloscope from channel 1. Do not use compromise triggering. Compare
the phase of the primary side viewed on channel 1 with the phase of the secondary
side viewed on channel 2. Then reverse the leads on the secondary side. Describe
your observations.

6. Connect the oscilloscope ground to the center tap of the transformer and view the
signals on each side at the center tap at the same time as illustrated in Figure 22-2(b).
Sketch the waveforms beside the figures showing measured voltages.

6 6 |
CH1 CH?2

P @
(a) \)

6 6]
CH1 CH2

PP

Transformer
Sine-wave
generator
f=60Hz
Ve=50V

Transformer

Sine-wave

generator

f=60Hz
VS =50 Vrmh

(b)
Figure 22-2
7. In this step, a transformer will be used to match a source impedance to a load
impedance. A small speaker represents a low impedance (typically 4 or 8 ), whereas

a signal generator is typically 600 Q of Thevenin impedance. An impedance matching
transformer can make the load appear to have the same impedance as the source. This
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allows maximum power to be transferred to the load. Connect a small speaker directly
to your signal generator and set the frequency to approximately 2 kHz. Note the
volume of the sound from the speaker. Measure the voltage across the speaker.

Vspkr =

Using the specified Thevenin impedance of the generator and the specified speaker
impedance, compute the turns ratio required to match the speaker with your signal
generator.

n=

Connect a small impedance matching transformer into the circuit. It is not necessary
to obtain the precise turns ratio required to note the improvement in the power
delivered to the speaker. You can find the correct leads to the primary and secondary
of the impedance matching transformer using an ohmmeter. Since the required
transformer is a step down type, the primary resistance will be higher than the
secondary resistance. Often, the primary winding will have a center tap for push-pull
amplifiers. Again measure the voltage across the speaker.

Vspkr =

Conclusion:

Evaluation and Review Questions:

1.

(a) Using the data from step 1, compute a resistance ratio between the secondary
and primary coils by dividing the measured secondary resistance by the
measured primary resistance.

Resistance ratio =

(b) What factors could cause the computed resistance ratio to differ from the turns
ratio?

What factors might cause a difference between the measured and computed turns ratio
in steps 2 and 3?
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3. Compare the voltage across the speaker as measured in step 7 and in step 9. Explain
why there is a difference.

4, The power supplied to an ideal transformer should be zero if there is no load. Why?

5. (a) If an ideal transformer has 115 V across the primary and draws 200 mA of
current, what power is dissipated in the load?

(b) If the secondary voltage in the transformer of part (a) is 24 V, what is the
secondary current?

(©) What is the turns ratio?

For Further Investigation:

The ideal transformer model neglects a small current that flows in the primary independent of
secondary load current. This current, called the magnetizing current, is required to produce
the magnetic flux and is added to the current that is present due to the load. The magnetizing
current appears to be flowing through an equivalent inductor parallel to the ideal transformer.
Investigate this current by connecting the circuit in Figure 22-3 using the impedance
matching transformer. Calculate the magnetizing current, I,,, in the primary by measuring the
voltage across a series resistor with no load and applying Ohm’s law:

Vr
IM=72_

Find out if the magnetizing current changes as frequency is changed. Be sure to keep the
generator at a constant 5.0 V

rms*

IOOQ

Sine-wave
generator
f=10kHz
Ve=50V .

Figure 22-3
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Name

Date

Application Assignment 11

Class

Reference:
Floyd, Chapter 11, Section 11-12: Application Assignment

Step 1 Familiarization with the power supply.

Step 2 Measure voltages on power supply unit 1. Determine from the readings
whether or not the unit is working properly. If not, isolate the problem to one

of the items in Table AA-11-1.

Table AA-11-1

Unit 1 is:

A) working properly
B) has the following problem:
a) rectifier, filter, or regulator
b) transformer
¢) fuse
d) power source

Step 3 Measure voltages on power supply units 2, 3, 4. Determine from the readings
whether or not the unit is working properly. If not, isolate the problem to one

of the items in Table AA—-11-2,

Table AA-11-2

Unit 2 is:

Unit 3 is:

Unit 4 is:

A) working properly

a) rectifier, filter, or
regulator

b) transformer

¢) fuse

d) power source

B) has the following problem:

A) working properly
B) has the following problem:
a) rectifier, filter, or
regulator
b) transformer
¢) fuse
d) power source

A) working properly
B) has the following problem:
a) rectifier, filter, or
regulator
b) transformer
¢) fuse
d) power source

Related Experiment:
Materials Needed:
One small speaker (4 or 8 (1)

One 20 () variable resistor

Discussion:

To match the impedance of a speaker to an amplifier, you need to know the impedance of the

speaker. You can measure the impedance of a speaker by the circuit shown in Figure
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AA-11-1. Set the scope controls as follows: CH 1, 0.1 V/div; CH 2, 50 mV/div (this is a 2:1
ratio); and SEC/DIV, 0.5 ms/div. The variable controls should be in the calibrated position.
Adjust the peak-to-peak amplitude of the function generator to about 300 mV ,, (actual value
is not critical) and center both traces. Then adjust the potentiometer until the two signals
appear as one—they should appear superimposed on each other. At this point, the impedance
of the speaker is the same as the impedance of the potentiometer. (Why?) Remove the
potentiometer and measure its resistance.

R=200

Signal
generator

400 Hz

Speaker

Figure AA-11-1

A variation of the method is to observe the waveform using the XY mode. Switch to
XY mode but do not change the vertical sensitivity of the channels. At 400 Hz, the speaker
impedance is primarily resistive, and a straight line at a 45° slope should be observed. Note
how changing the potentiometer affects the line. Now try raising the frequency. Does the
impedance of the speaker change? Try 20 kHz and see what happens. Summarize your
findings.

Experimental Results:
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Checkup 11 Class

Name

Date

Reference:
Floyd, Chap. 11, and Buchla, Experiment 22

1.

10.

Transformers work by the principle of:
(a) self-inductance (c) hysteresis
(b) mutual inductance (d) coupled electric fields

The efficiency of an ideal transformer is:
(@ 9% (b) 95% (c) 100% (d) dependent on the transformer

Air core transformers are primarily used for:
(a) impedance matching (c) power
(b) isolation (d) radio frequencies

The impedance seen on the primary side of an impedance matching transformer is
called:

(a) load resistance (c) reflected resistance

(b) primary resistance (d) winding resistance

A transformer with a single winding that can be adjusted with a sliding mechanism is
known as a(n):
(a) variac  (b) rheostat (c) isolation transformer (d) tapped transformer

If a transformer has a much lower secondary voltage than primary voltage, which of
the following is true?
@ Ps>Pp (b) Ng>Np (c) Ig>1, (d) efficiency is very poor

A transformer with a turns ratio of 2 has a primary voltage of 110 V. The secondary
voltage is:
@355V G110V (c)220V (d) 440V

An ideal transformer with a turns ratio of 5 has a primary voltage of 110 V and a
secondary load consisting of a 100 ) resistor. The primary current is:
(@ 022A ®)1.1A ()S5A 275A

An impedance matching transformer is needed to match an 8 () load to a 600 ()
source. The ideal reflected resistance is:
@8 ®)I6Q (c)600Q (d) 1200 Q

The turns ratio for the transformer in Question 9 is:
(@ 0.0133 (b) 0.115 (c) 8.66 (d) 75
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11.

12.

13.

14.

15.

16.

In Experiment 22, you tested an impedance matching transformer and a power
transformer. Which transformer do you think is closest to the ideal transformer? Why?

A power transformer with a primary voltage of 110 V has a secondary voltage of 28 V
connected to a 47 ) load resistor. If the primary power is 18 W, calculate:
(a) the efficiency

(b) the primary current

(c) the turns ratio

Explain the difference between a tapped transformer and a multiple-winding
transformer.

What is the purpose of an isolation transformer?

Assume you need to replace a missing fuse that is in series with the primary winding
of a power transformer. The primary is designed for a 120 V, and the secondary is
rated for 12.6 V at 1.0 A. What size fuse should you use?

An amplifier with a 50 ) Thevenin impedance is used to drive a speaker with an 8 ()

impedance. Assume the amplifier has an unloaded output voltage of 10 V.

(a) Compute the power delivered to the speaker with no impedance matching
transformer.

(b) Calculate the turns ratio of the impedance matching transformer needed to
maximize the power transfer.
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[ ] [ ] [ ] D t
Series RC Circuits Class

Reading:
Floyd, Sections 12—-1 through 12-3

Objectives:

After performing this experiment, you will be able to:

1. Compute the capacitive reactance of a capacitor from voltage measurements in a
series RC circuit.

2. Draw the impedance and voltage phasor diagrams for a series RC circuit.

3. Explain how frequency affects the impedance and voltage phasors in a series RC
circuit,

Summary of Theory:
When a sine wave at some frequency drives a circuit that contains only linear elements
(resistors, capacitors, and inductors), the waveforms throughout the circuit are also sine
waves at that same frequency. To understand the relationship between the sinusoidal voltages
and currents, we can represent ac waveforms as phasor quantities. A phasor is a complex
number used to represent a sine wave’s amplitude and phase. A graphical representation of
the phasors in a circuit is a useful tool for visualizing the amplitude and phase relationship of
the various waveforms. The algebra of complex numbers can then be used to perform
arithmetic operations on sine waves.

Figure 23—-1(a) shows an RC circuit with its impedance phasor diagram plotted in
Figure 23-1(b). The total impedance is 5 k), producing a current in this example of 1.0 mA.
In any series circuit, the same current flows throughout the circuit. By multiplying each of
the phasors in the impedance diagram by the current in the circuit, we arrive at the voltage
phasor diagram illustrated in Figure 23-1(c). It is convenient to use current as the reference
for comparing voltage phasors because the current is the same throughout. Notice the
direction of current. The voltage and the current are in the same direction across the resistor
because they are in phase, but the voltage across the capacitor lags the current by 90°. The
generator voltage is the phasor sum of the voltage across the resistor and the voltage across
the capacitor.

R=3kQ R=3kQ V=3V Direction of
Ve=3V -4 current phasor
AAA | (reference)
Z=— \
Sine-wave Xo= Xc= \5 kQ Ve= \ V.=50V
generator V] 4KQ >~ 4kQ \ 4V \ L
Ve=50V Ve=4V N N
(a) Circuit (b) Impedance (c) Voltage
phasors phasors

Figure 23-1
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The phasor diagram illustrated by Figure 23-1 is correct only at one frequency. This
is because the reactance of a capacitor is frequency dependent as given by the equation:

1
Xe=——
© " 2mfC
As the frequency is raised, the reactance (X)) of the capacitor decreases. This changes the
phase angle and voltages across the components. These changes are investigated in this
experiment.

Materials Needed:
One 6.8 k() resistor
One 0.01 uF capacitor

Procedure:

1. Measure the actual capacitance of a 0.01 uF capacitor and a 6.8 k() resistor. Enter the
measured values in Table 23-1. If you cannot measure the capacitor, use the listed
value.

2. Connect the series RC circuit shown in Figure 23-2. Set the signal generator for a

500 Hz sine wave at 3.0 V. The voltage should be measured with the circuit
connected. Set the voltage with a voltmeter, and check both voltage and frequency
with the oscilloscope. Record all voltages and currents throughout this experiment as
peak-to-peak values.

Table 23-1 R,
A
Listed | Measured . 6_;/\:‘;2
Component | Value Value Sine-wave
generator 6 Cl
C, 0.01 uF Vf= 20(%!2 “T> 001 yF
5520 Vpp
R, 6.8 kQ
Figure 23-2
3. Using the two-channel-difference technique described in Experiment 16, measure the

peak-to-peak voltage across the resistor (Vz). Then measure the peak-to-peak voltage
across the capacitor (V). Record the voltage readings on the first line of Table 23-2.

4. Compute the peak-to-peak current in the circuit by applying Ohm’s law to the
measured value of the resistor:
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Since the current is the same throughout a series circuit, this is a simple method for
finding the current in both the resistor and the capacitor. Enter this computed current
in Table 23-2.

Compute the capacitive reactance, X, by applying Ohm’s law to the capacitor. The
reactance is found by dividing the voltage across the capacitor (step 3) by the current
in the circuit (step 4). Enter the capacitive reactance in Table 23-2.

Compute the total impedance of the circuit by applying Ohm’s law to the entire
circuit. Use the generator voltage set in step 2 and the current determined in step 4.
Enter the computed impedance in Table 23-2.

Table 23-2

Frequency Ve Ve I Xc V/
500 Hz
1000 Hz
1500 Hz
2000 Hz
4000 Hz
8000 Hz

Change the frequency of the generator to 1000 Hz. Check the generator voltage and
reset it to 3.0 V,, if necessary. Repeat steps 3 through 6, entering the data in Table
23-2. Continue in this manner for each frequency listed in Table 23-2.

From the data in Table 23-2 and the measured value of R,, draw the impedance
phasors for the circuit at a frequency of 1000 Hz on Plot 23—1(a) and the voltage
phasors on Plot 23-1(b).

@ 0
Plot 23-1
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9. Repeat step 8 for a frequency of 4000 Hz. Draw the impedance phasors on Plot
23-2(a) and the voltage phasors on Plot 23-2(b).

(a) ®
Plot 23-2

10. The phasor drawings reveal how the impedance and voltage phasors change with
frequency. Investigate the frequency effect further by graphing both the voltage across
the capacitor and the voltage across the resistor as a function of frequency. Label
each curve. Use Plot 23-3 for your graph.

3.0

2.0

Voltage (V)

0.0

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Frequency (kHz)

Plot 23-3

Conclusion:

Evaluation and Review Questions:

1. The Pythagorean theorem can be applied to the phasors drawn in Plots 23—1 and
23-2. Show that the data in both plots satisfy the equations

Z="VR+ X¢

Vs=VV:i+ V%
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Assume you needed to pass high frequencies through an RC filter but block low
frequencies. From the data in Plot 23-3, should you connect the output across the
capacitor or across the resistor? Explain your answer.

(a) What happens to the total impedance of a series RC circuit as the frequency is
increased?

(b) Explain why the phase angle between the generator voltage and the resistor
voltage decreases as the frequency is increased.

A student accidentally used a capacitor that was ten times larger than required in the
experiment. Predict what happens to the frequency response shown in Plot 23-3 with
the larger capacitor.

Assume no current flowed in the series RC circuit because of an open circuit. How
could you quickly determine if the resistor or the capacitor were open?
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For Further Investigation:

This experiment showed that the voltage phasor diagram can be obtained by multiplying each
quantity on the impedance phasor diagram by the current in the circuit. In turn, if each of the
voltage phasors is multiplied by the current, the resulting diagram is the power phasor
diagram. Using the data from Table 23-2, convert the current and source voltage to an rms
value. Then determine the true power, the reactive power, and the apparent power in the RC
circuit at a frequency of 1000 Hz and a frequency of 4000 Hz. On Plot 23-4, draw the power
phasor diagrams. (See Section 12-7 of Floyd’s text for further discussion of the power
phasors.)

f=1000 Hz f=4000 Hz

Plot 23-4
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Name

24 Parallel RC Circuits  cis

Reading:
Floyd, Sections 12—4 through 12-9

Objectives:

After performing this experiment, you will be able to:

1. Measure the current phasors for a parallel RC circuit.

2. Explain how the current phasors and phase angle are affected by a change in
frequency for parallel RC circuits.

Summary of Theory:

In a series circuit, the same current is in all components. For this reason, current is generally
used as the reference. By contrast, in parallel, the same voltage is across all components.
The voltage is therefore the reference. Current in each branch is compared to the circuit
voltage. In parallel circuits, Kirchhoff’s current law applies to any junction but care must be
taken to add the currents as phasors. The current entering a junction is always equal to the
current leaving the junction.

Figure 241 illustrates a parallel RC circuit. If the impedance of each branch is
known, the current in that branch can be determined directly from Ohm’s law. The current
phasor diagram can then be constructed. The total current can be found as the phasor sum of
the currents in each branch. The current in the capacitor is shown at +90° from the voltage
reference because the current leads the voltage in a capacitor. The current in the resistor is
along the x-axis because current and voltage are in phase in a resistor. The Pythagorean
theorem can be applied to the current phasors, resulting in the equation

Ir=VEh+ I~

I;=50mA _
= X-.= = 4
. C 1.=
Sine-wave C
generator @ 3'3311((:2 2'511((:2 —~ 4.0 mA // Ip=50 mA
V=100V R ¢ y. 1
s 3.0 mA 4.0 mA —
Direction of
. - yoltage phasor
Ig=30mA (reference)
(a) Circuit (b) Current
phasors
Figure 24-1

187



In this experiment, two extra 1.0 k() resistors are added to ‘‘sense’’ current and
provide a small voltage drop that can be measured. These resistors are much smaller than the
parallel branch impedance, so their resistance can be ignored in the computation of circuit
impedance.

Materials Needed:
Resistors:

One 100 kQ, two 1.0 k2
Capacitors:

One 1000 pF

Procedure:

1. Measure a resistor with a color-code value of 100 k() and each of two current-sense
resistors (Rg; and Rg,) with color-code values of 1.0 k). Measure the capacitance of a
1000 pF capacitor. Use the listed value if a measurement cannot be made. Record the
measured values in Table 24—1.

Table 24-1 (f = 1.0 kHz) Ry
_ Sine-wave AR $ _I_
Listed | Measured | Voltage | Computed generator LOKQ of
Value Value Drop | Current R, 1000 pF
R, | 100 kQ f=1.0kHz 100k L0%a
V=30V,
R, | 1.0kQ
Rs, | 1.0kQ Figure 24-2
2. Construct the circuit shown in Figure 24—2. Set the generator to a voltage of 3.0 V.
at 1.0 kHz. Check the voltage and frequency with your oscilloscope.
3. Using a voltmeter, measure the voltage drop across each resistor. The voltage drops

are small, so measure as accurately as possible. You should keep three significant
figures in your measurement. Record the voltage drops in Table 24-1.

4, Compute the current in each resistor using Ohm’s law. Record the computed current
in Table 24-1.

5. Draw the current phasors I, I, and the total current I; on Plot 24—1. The total
current flows through sense resistor Rg,. The current I, flows through sense resistor
Rg,. Ignore the small effect of the sense resistors on the phasor diagram. Note
carefully the direction of the phasors. Label each of the current phasors.
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Plot 24-1

Compute X, for the 1.0 kHz frequency. Then, using this value and the measured
resistance of R, find the total impedance, Z, of the circuit using the product-over-
sum rule. The sense resistors can be ignored for this calculation.

VR + X2

Xey=—— Zr
Using Z, from step 6 and the applied voltage, V¢, compute the total current, I;. The
total current should basically agree with the value determined in step 4.
I =
Change the frequency of the generator to 2.0 kHz. Check that generator voltage is still

3.0 V. Repeat steps 1-5 for the 2.0 kHz frequency. Enter the data in Table 24—-2 and
draw the current phasors on Plot 24-2.

Table 24-2 (f = 2.0 kHz)

. Listed | Measured | Voltage | Computed
Value Value Drop Current
R, | 100 kQ
Rg, | 1.0kQ
Ry, | 1.0kQ

Plot 24-2
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Conclusion:

Evaluation and Review Questions:

1.

Explain how increasing the frequency affects:
(a) the total impedance of the circuit

(b) the phase angle between the generator voltage and the generator current

Assume the frequency had been set to 5.0 kHz in this experiment. Compute:
(a) the current in the resistor

(b) the current in the capacitor
©) the total current

If a smaller capacitor had been substituted in the experiment, what would happen to
the current phasor diagrams?

(a) The high-frequency response of a transistor amplifier is limited by stray
capacitance, as illustrated in Figure 24—-3. The upper cutoff frequency is
defined as the frequency at which the resistance Ry is equal to the capacitive
reactance X of the stray capacitance. An equivalent parallel RC circuit can
simplify the problem. Compute the cutoff frequency for the circuit shown by
setting R;y = X and solving for f

Cstray Rin

I tray I40pF 5k ST ——

Figure 24-3
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(b) How do the branch currents compare at the cutoff frequency?

© Explain what happens above this frequency to the current in the equivalent
parallel RC circuit.

S. If the stray capacitance in Figure 24-3 is increased, what happens to the cutoff
frequency?

For Further Investigation:

In a series RC circuit, the impedance phasor is the sum of the resistance and reactance
phasors as shown in Experiment 23. In a parallel circuit, the admittance phasor is the sum of
the conductance and the susceptance phasors. On Plot 24-3, draw the admittance,
conductance, and susceptance phasors for the experiment at a frequency of 1.0 kHz. Hint:
The admittance phasor diagram can be obtained directly from the current phasor diagram by
dividing the current phasors by the applied voltage.

Plot 24-3
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Application Name

Assignment 12 Class

Reference:
Floyd, Chapter 12, Section 12—10: Application Assignment

Step 1 Evaluate the amplifier input circuit. Determine the equivalent resistance:
Equivalent resistance =

Step 2 Measure the response at frequency f;. Sketch the waveform for channel 2 on
Plot AA-12-1.

Step 3 Measure the response at frequency f,. Sketch the waveform for channel 2 on

Plot AA-12-2. Explain why the response is different than in step 2:

Step 4 Measure the response at frequency f;5. Sketch the waveform for channel 2 on
Plot AA-12-3. Explain why the response is different from that in steps 2
and 3:
Step 5 Plot a response curve for the amplifier input circuit on Plot AA-12-4
f i INTENSITY 3 INTENSITY
¥ 4] r £ 4]
\ i \ ES
5 FOCUS FOCUS
D D
POiVER POWER
ON 8 OFF 3 ON (@ OFF
° | °
Plot AA-12-1 Plot AA-12-2
i INTENSITY
AN @
£ FOCUS

AU ITRRE REURE FRTT] AT
HHHHHHHHH

POWER
ON (g OFF

Plot AA-12-3 Plot AA-12-4
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Related Experiment

Materials Needed:
One 100 kQ resistor
One capacitor (value to be determined by student)

Discussion:

The application assignment requires you to consider the frequency response of a coupling
capacitor. A circuit using a coupling capacitor was introduced in Application Assignment 9.
The capacitor should look nearly like a short to the ac signal but appear open to the dc
voltage. A simplified coupling circuit, with the dc portion removed, is illustrated in Figure
AA-12-1. Ry, represents the input resistance of an amplifier and C_,ypjing is the coupling
capacitor.

Ccoupling
. \ . o
Sine-wave )| T
generator
Rinput Amplifier
100 Hz 100k}  input
1.0 Vo ‘ o

Figure AA-12-1

In this application, you need to find a capacitor that will allow a minimum of 90% of
the generator signal to appear across Ry, at a frequency of 100 Hz. Compute the value of a
capacitor that will meet this requirement. Construct your circuit and test it by measuring the
generator voltage, the voltage drop across the capacitor, and the voltage drop across the
resistor using a 100 Hz signal from the generator. Summarize your calculations and
measurements.

Experimental Results:
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Checkllp 12 Class

Name
Date

Reference:
Floyd, Chap. 12, and Buchla, Experiments 23 and 24

L.

10.

If a sinusoidal voltage wave is applied to a capacitor, the current in the capacitor:
(a) leads the voltage by 45° (c) lags the voltage by 45°
(b) leads the voltage by 90° (d) lags the voltage by 90°

If a 0.1 wF capacitor is connected across a 50 V., 1 kHz source, the current in the
capacitor will be:
(a) 200nA (b) 3.14 A (c) 0.795 mA (d) 31.4 mA

In a series RC circuit in which X = R, the generator current:
(a) leads the generator voltage by 45° (c) lags the generator voltage by 45°
(b) leads the generator voltage by 90° (d) lags the generator voltage by 90°

In a parallel RC circuit in which X = R, the generator current:
(a) leads the generator voltage by 45° (c) lags the generator voltage by 45°
(b) leads the generator voltage by 90° (d) lags the generator voltage by 90°

If the frequency is raised in a series RC circuit and nothing else changes, the current
in the circuit will:
(a) increase (b) stay the same (c) decrease

If the frequency is raised in a parallel RC circuit and nothing else changes, the current
in the circuit will:
(a) increase  (b) stay the same (c) decrease

The reciprocal of reactance is:
(@) conductance (b) susceptance (c) admittance (d) impedance

If the phase angle between the voltage and current in a series RC circuit is 30°, what is
the power factor?
@ 05 (b)0.707 (c) 0.866 (d) 1.0

In a purely capacitive circuit, the power factor is:
@00 )OS (0707 (1.0

To use a series RC circuit as a high-pass filter, the output should be taken from:
(a) the resistor  (b) the capacitor (c) the generator

195



11.

12.

13.

14.

In a series circuit, the generator current is frequently used as the reference (see
Experiment 23), but in a parallel circuit, the generator voltage is almost always used
as the reference (see Experiment 24). Explain.

An RC circuit uses a 10 k() resistor in series with a 0.047 uF capacitor and is
connected to a generator set to 10 V...
(a) Determine the frequency at which X = R.

(b) At this frequency, what is the current in the circuit?

(c) At this frequency, what is the voltage across the resistor?

In a certain parallel RC circuit, the generator current leads the generator voltage by
60°. Assume the generator is set to 10 V. and the resistor has a value of 12.5 k).
Sketch the current phasor diagram on the Plot C-12-1. Label the values of currents
on your diagram.

Plot C-12-1

In Experiment 24, two 1 k() sense resistors were used to determine quickly the total
current and the current in the capacitor. Would it be reasonable to use these same
sense resistors for the problem circuit described in Question 13? Justify your answer.
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[ ] ] [ ] [ ] D t
Series RL Circuits Class

Reading:
Floyd, Sections 13—1 through 13-3

Objectives:

After performing this experiment, you will be able to:

1. Compute the inductive reactance of an inductor from voltage measurements in a series
RL circuit.

2. Draw the impedance and voltage phasor diagram for the series RL circuit.

3. Measure the phase angle in a series circuit using either of two methods.

Summary of Theory:

When a sine wave drives a linear series circuit, the phase relationships between the current
and the voltage are determined by the components in the circuit. The current and voltage are
always in phase across resistors. In capacitors, the current is always leading the voltage by
90°, but for inductors, the voltage always leads the current by 90°. (A simple memory aid for
this is ELI the ICE man, where E stands for voltage, I for current, and L and C for
inductance and capacitance.)

Figure 25-1(a) illustrates a series RL circuit. The graphical representation of the
phasors for this circuit is shown in Figure 25-1(b) and (c). As in the series RC circuit, the
total impedance is obtained by adding the resistance and inductive reactance using the algebra
for complex numbers. In this example, the current is 1.0 mA, and the total impedance is
5 kQ. The current is the same in all components of a series circuit, so the current is drawn as
a reference in the direction of the x-axis. If the current is multiplied by the impedance
phasors, the voltage phasors are obtained as shown in Figure 25-1(c).

X, =4kQ
vV, =4V
Unn XL = /, VL = /,
. 4 kQ Zr=5kQ 4V Ve=5V
Sine-wave R=3kQ // T / s
generator {1\ Vo3V
Ve=5V R= VS Direction of
A" current phasor
R=3kQ Ve=3V (reference)
(a) Circuit (b) Impedance (c) Voltage
phasors phasors
Figure 25-1

In this experiment, you learn how to make measurements of the phase angle. Actual
inductors may have enough resistance to affect the phase angle in the circuit. You will use a
series resistor that is large compared to the inductor’s resistance to avoid this error.
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Materials Needed:
One 10 kQ resistor
One 100 mH inductor

Procedure:

1.

Measure the actual resistance of a 10 k() resistor and the inductance of a 100 mH
inductor. If the inductor cannot be measured, record the listed value. Record the
measured values in Table 25-1.

Connect the circuit shown in Figure 25-2. Set the generator voltage with the circuit
connected to 3.0 V; at a frequency of 25 kHz. The generator should have no dc
offset. Measure the generator voltage and frequency with the oscilloscope as most
meters cannot respond to the 25 kHz frequency. Use peak-to-peak readings for all
voltage and current measurements in this experiment.

Table 25-1 L

00

Listed | Measured 100 mH

Sine-wave
Component | Value Value aenerator @ R, $

L, 100 mH f=25kHz 10kQ <

R, 10 kQ

Vg=30V,,

Figure 25-2

Using a two-channel oscilloscope, measure the peak-to-peak voltage across the
resistor (V) and the peak-to-peak voltage across the inductor (V;). (See Figure 25-3
for the setup.) Measure the voltage across the inductor using the difference technique
described in Experiment 16. Record the voltage readings in Table 25-2.

Compute the peak-to-peak current in the circuit by applying Ohm’s law to the resistor.
That is,

Enter the computed current in Table 25-2.

Compute the inductive reactance, X;, by applying Ohm’s law to the inductor. The
reactance is

X =— Table 25-2 (f = 25 kHz)

Ve | V. 1 X, | Zr

Enter the computed reactance in Table 25-2.
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Calculate the total impedance (Z;) by applying Ohm’s law to the entire circuit. Use
the generator voltage set in step 2 (Vy), and the current determined in step 4. Enter
the computed impedance in Table 25-2.

Using the values listed in Tables 25-1 and 25-2, draw the impedance phasors on
Plot 25— 1(a) and the voltage phasors on Plot 25— 1(b) for the circuit at a frequency of
25 kHz.

(a) (b)
Plot 25-1

Compute the phase angle between Vy and V using the trigonometric relation

Vi
0 =tan"'|—
an (VR)

Enter the computed phase angle in Table 25-3.

Two methods for measuring phase angle will be explained. Measure the phase angle
between V; and Vg using each method. The measured phase angle will be recorded in
Table 25-3.

Phase Angle Measurement— Method 1

(a) Connect the oscilloscope so that channel 1 is across the generator and channel
2 is across the resistor. (See Figure 25-3.) Obtain a stable display showing
between one and two cycles while viewing channel 1 (V). The scope should
not be triggered using composite (vertical mode) triggering.

L
100 mH | 6le |
Sine-wave CH |CH2
generator R, \ @ @ |
f=125KHz 10 kQ
Ve=30V,,

1=

Figure 25-3
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(b) Measure the period, T, of the generator. Record it in Table 25-3. You will use
this time in step (e).

©) Set the oscilloscope to view both channels. (Do not have channel 2 inverted.)
Adjust the amplitudes of the signals using the VOLTS/DIV, VERT POSITION,
and the red vernier controls until both channels appear to have the same
amplitude as seen on the scope face.

(d) Spread the signal horizontally using the SEC/DIV control until both signals are
just visible across the screen. The SEC/DIV control must remain calibrated.
Measure the time between the two signals, At, by counting the number of
divisions along a horizontal graticule of the oscilloscope and multiplying by the
SEC/DIV setting. (See Figure 25-4.) Record the measured Az in Table 25-3.

1]
L e
| 1
>
A1 |
/%
/ &
fa— At —]
Figure 25-4

(e) The phase angle may now be computed from the equation

0 A 360
= —_ X ©
T

Enter the measured phase angle in Table 25-3 under Phase Angle— Method 1.

Phase Angle Measurement— Method 2

(a) In this method the oscilloscope face will represent degrees, and the phase angle
can be measured directly. The probes are connected as before. View channel 1
and obtain a stable display. Then adjust the SEC/DIV control and its vernier
until you have exactly one cycle across the scope face. This is equivalent to
360° in 10 divisions, so each division is worth 36°.!

For even better resolution, you can set one-half cycle across the screen, making each division
worth 18°. Care must be taken to center the waveform.
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(b)

©

Now switch the scope to view both channels. As before, adjust the amplitudes
of the signals using the VOLTS/DIV, VERT POSITION, and the red vernier
controls until both channels appear to have the same amplitude.

Measure the number of divisions between the signals and multiply by 36° per
division. Record the measured phase angle in Table 25-3 under Phase Angle—
Method 2.

Table 25-3

Computed Measured Time
Phase Angle Period Difference Method 1 Method 2

Phase Angle

T At 0 ]

Conclusion:

Evaluation and Review Questions:

1. (a)
(b)
2 (a)

What will happen to the impedance in this experiment if the frequency
increases?

What would happen to the impedance if the inductance were larger?

What will happen to the phase angle in this experiment if the frequency
increases?
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(b)

(@)

(b)

(c)

What would happen to the phase angle if the inductance were larger?

Compute the percent difference between the computed phase angle and the
method 1 phase angle measurement.

Compute the percent difference between the computed phase angle and the
method 2 measurement.

Which method was most accurate?

The critical frequency for an RL circuit occurs at the frequency at which the
resistance is equal to the inductive reactance. That is, R = X, . Since X, = 2=nfL for
an inductor, it can easily be shown that the circuit frequency for an RL circuit is

fcm=m

Compute the critical frequency for this experiment. What is the phase angle between
Vx and Vg at the critical frequency?

fcrit = 6 =
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S. A series RL circuit contains a 100 €} resistor and a 1.0 H inductor and is operating at a
frequency of 60 Hz. If 3.0 V are across the resistor, compute:

(@
(b)
(©)
(d

(e

the current in the inductor

the inductive reactance X,

the voltage across the inductor, V;,
the source voltage, Vg

the phase angle between V and Vg

For Further Investigation:

An older method for measuring phase angles involved interpreting Lissajous figures. A
Lissajous figure is the pattern formed by the application of a sinusoidal waveform to both the
x- and y-axes of an oscilloscope. Two signals of equal amplitude and exactly in phase will
produce a 45° line on the scope face. If the signals are the same amplitude and exactly 90°
apart, the waveform will appear as a circle. Other phase angles can be determined by
applying the formula

. 0A
0 = arcsin —
OB
B = -| -------.———\
A )
/
/
Example: //
OA = 2.3 divisions
OB = 3.5 divisions o+’ //
0 = arcsin 23 V4
- 35 ( /
=410 N
Figure 25-5

Figure 25-5 illustrates a Lissajous figure phase measurement. The measurement of OA
and OB is along the y-axis. Try measuring the phase angle in this experiment using a
Lissajous figure. You will have to have the signals the same amplitude and centered on the
oscilloscope face. Then switch the time base of the oscilloscope to the XY mode.
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Name

26 Parallel RL Circuits  cis

Reading:
Floyd, Sections 13-4 through 13-9

Objectives:

After performing this experiment, you will be able to:

1. Determine the current phasor diagram for a parallel RL circuit.

2. Measure the phase angle between the current and voltage for a parallel RL circuit.
3. Explain how an actual circuit differs from the ideal model of a circuit.

Summary of Theory:

The parallel RC circuit was investigated in Experiment 24. Recall that the circuit phasor
diagram was drawn with current phasors and the voltage phasor was used as a reference,
since voltage is the same across parallel components. In a parallel RL circuit, the current
phasors will again be drawn with reference to the voltage phasor. The direction of the current
phasor in a resistor is always in the direction of the voltage. Since current lags the voltage in
an inductor, the current phasor is drawn at an angle of —90° from the voltage reference. A
parallel RL circuit and the associated phasors are shown in Figure 26-1.

I.=50 mA I,=30mA
r=50m _ R m . Direction of
voltage phasor
= X = N (reference)
Sine-wave
33kQ 2.5kQ I, =
generator @ 3 331 _ | = L \ I;=50mA
Ve=100V R= L= 4.0 mA \\
§ 3.0 mA 4.0 mA
(a) Circuit (b) Current
phasors
Figure 26-1

Practical inductors contain resistance that frequently is large enough to affect the
purely reactive inductor phasor drawn in Figure 26— 1. The resistance of an inductor can be
thought of as a resistor in series with a pure inductor. The effect on the phasor diagram is to
reduce an angle between I, and I;. In a practical circuit this angle will be slightly less than
the 90° shown in Figure 26—1. This experiment illustrates the difference between the
approximations of circuit performance based on ideal components and the actual measured
values.

Recall that in Experiment 25, the phase angle between the source voltage, Vg, and the
resistor voltage, Vp, in a series circuit were measured. The oscilloscope is a voltage-sensitive
device, so comparing these voltages is straightforward. In parallel circuits, the phase angle of
interest is usually between the total current, I,, and one of the branch currents. To use the
oscilloscope to measure the phase angle in a parallel circuit, we must convert the current to a
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voltage. This was done by inserting a small resistor in the branch where the current is to be
measured. The resistor must be small enough not to have a major effect on the circuit.

Materials Needed:
Resistors:

One 3.3 k(), two 47 Q)
One 100 mH inductor

Procedure:
1.

Measure the actual resistance of a resistor with a color-code value of 3.3 k() and the
resistance of two current-sensing resistors of 47 {} each. Measure the inductance of a
100 mH inductor. Use the listed value if you cannot measure the inductor. Record the
measured values in Table 26—1.

2. Measure the coil resistance of the inductor with an ohmmeter. Record the resistance
in Table 26-1.

3. Construct the circuit shown in Figure 26-2. Notice that the reference ground
connection is at the low side of the generator. This connection will enable you to use a
generator that does not have a ‘‘floating”” common connection. Using your
oscilloscope, set the generator to a voltage of 6.0 V,, at 5.0 kHz. Check both the
voltage and frequency with your oscilloscope. Record all voltages and currents in this
experiment as peak-to-peak values.

Table 26-1
Listed | Measured | Voltage | Computed penerator 00 le_;
Value Value Drop Current R
|
R, 3.3 kQ 33kQ
R S1 47 Q RSZ
470
Ry, | 470
L, | 100 mH Figure 26-2
L; | Resistance

4. Using the oscilloscope, measure the peak-to-peak voltages across R;, Ry, and Ryg,.
Use the two-channel difference method (described in Experiment 16) to measure the
voltage across the ungrounded resistors. Apply Ohm’s law to compute the current in
each branch. Record the measured voltage drops and the computed currents in Table
26-1. Since L, is in series with Rg,, enter the same current for both.

5. The currents measured indirectly in step 4 are phasors because the current in the

inductor is lagging the current in R, by 90°. The current in the inductor is the same as

the current in Rg,, and the total current flows through Rg,. Using the computed peak-

to-peak currents from Table 26—1, draw the current phasors for the circuit on Plot 26—
1. (Ignore the effects of the sense resistors.)
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Iz = Table 26-2

Phase Angle
Between: Computed | Measured
Iy and I
Ip and I, 90°
Irand I,

Plot 26-1

The phasor diagram illustrates the relationship between the total current and the
current in each branch. Using the measured currents, compute the phase angle
between the total current (I7) and the current in R, (Ig). Then compute the phase
angle between the total current (/;), and the current in L, (I;). Enter the computed
phase angles in Table 26—2. (Note that the computed angles should add up to 90°, the
angle between I and I,.)

In this step, you will measure the phase angle between the generator voltage and
current. This angle is approximately equal to the angle between /; and I as shown in
Figure 26-1. (Why?) Connect the oscilloscope probes as shown in Figure 26-3.
Measure the phase angle using one of the methods in Experiment 25. The signal
amplitudes in each channel are quite different, so the vertical sensitivity controls
should be adjusted to make each signal appear to have the same amplitude on the
scope. Record the measured angle between I, and I in Table 26-2.

Sine-wave
generator

V=60V,
f=50kHz

Figure 26-3

Replace Ry, with a jumper. This procedure enables you to reference the low side of
R, and Rg,. Measure the angle between I; and I by connecting the probes as shown
in Figure 26-4. Ideally, this measurement should be 90°, but because of the coil
resistance, you will likely find a smaller value. Adjust both channels for the same
apparent amplitude on the scope face. Record your measured result in the second line
in Table 26-2.
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Sine-wave L, ]

t
generator (7 100 mH 6 6 l
V=60V,

f=50kHz R, CH1|CH?2
_l_—o 3.3 kQ @ @ |
) m
47Q
Figure 26-4
9. By subtracting the angle measured in step 7 from the angle measured step 8, you can

find the phase angle between the I and I,. Record this as the measured value on the
third line of Table 26-2.

Conclusions:

Evaluation and Review Questions:

1. If we assume that the currents determined in step 4 are 90° apart, the magnitude of the
total current can be computed by applying the Pythagorean theorem to the current
phasors. That is

Ir = Vg + Iti?

(a) Compare the total current measured in R, (Table 26—1) with the current found
by applying the Pythagorean theorem to the current phasors.

(b) What factors account for differences between the two currents?

2. How does the coil resistance measured in step 2 affect the angle between the current
in the resistor and the current in the inductor?
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In Experiment 24, a 1 k() resistor was used as a current-sensing resistor. Why would
this value be unsatisfactory in this experiment?

If the inductor were open, what would happen to each?
(a) the total current in the circuit

(b) the phase angle between the generator voltage and current

©) the generator voltage

If the frequency were increased, what would happen to each?
(a) the total current in the circuit

(b) the phase angle between the generator voltage and current

(c) the generator voltage
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For Further Investigation:

We could find the magnitude of the total current by observing the loading effect of the circuit
on a signal generator. Consider the signal generator as a Thevenin circuit consisting of a zero
impedance signal generator driving an internal series resistor consisting of the Thevenin
source impedance. (See Figure 26—5.) When current flows to the external circuit, there is a
voltage drop across the Thevenin resistance. The voltage drop across the Thevenin resistor,
when divided by the Thevenin resistance, represents the total current in the circuit. To find
the voltage drop across the Thevenin resistance, simply measure the difference in the
generator voltage with the generator connected and disconnected from the circuit.

&o—.

Thevenin source
impedance

‘
1
|
'
Sine-wave i
generator
i "Zero” impedance
!

1

generator

Figure 26-5

In addition to loading effects, the generator impedance also changes the phase angles
in the circuit connected to it. If the impedance is smaller, the effect is greater. Investigate the
loading effects for this experiment. Try finding the total current by the difference in loaded
and unloaded voltage from the generator. What effect does the generator’s impedance have
on the phase angle?
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Discussion:
A circuit will transfer maximum power to a load when the power factor is equal to 1.
Maximum power factor is useful in certain impedance matching networks.

You can easily detect when the power factor is not maximum by observing a Lissajous
figure on an oscilloscope. (See Experiment 25— For Further Investigation.) The phase angle
is zero (power factor of 1) when the Lissajous figure shows a straight line on the oscilloscope
display.

Construct the circuit shown in Figure AA-13-1. The oscilloscope is connected as
shown. Adjust the VOLTS/DIV, VERT POSITION, and the red vernier controls until both
channels appear to have the same amplitude. Then, switch the oscilloscope to the XY mode.
Measure and record the phase shift using the Lissajous figure as described in Experiment 25.

The results of the preceding measurement clearly show that the power factor is not 1.
Add a variable capacitor of approximately 12-100 pF in series with the inductor, as shown in
Figure AA-13-2. Observe the Lissajous figure and adjust the capacitor until the power factor
is 1. Then, remove the capacitor and measure its value. Compare the reactance of the
capacitor with the reactance of the inductor when the power factor is 1. What conclusion can
you draw from this?

o 6|
(N [T
PP

Sine-wave
generator

Figure AA-13-1

L
12-100pF 160 mu

66|
Sine-wave CH 1|

generator

® P

Figure AA-13-2

Experimental Results:
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Checkup 13 Class

Name

Date

Reference:
Floyd, Chap. 13, and Buchla, Experiments 25 and 26

1.

If a sinusoidal voltage wave is applied to an inductor, the current in the inductor:
(a) leads the voltage by 45° (c) lags the voltage by 45°
(b) leads the voltage by 90° (d) lags the voltage by 90°

A 191 pH inductor is connected across a 20 V., 50 MHz source. The current in the
inductor will be approximately:
(@ 333 uA () 33mA (c)33mA (d) 333 mA

In a series RL circuit in which X; = R, the generator current:
(a) leads the generator voltage by 45° (c) lags the generator voltage by 45°
(b) leads the generator voltage by 90° (d) lags the generator voltage by 90°

In a parallel RL circuit in which X; = R, the generator current:
(a) leads the generator voltage by 45° (c) lags the generator voltage by 45°
(b) leads the generator voltage by 90° (d) lags the generator voltage by 90°

If the frequency is raised in a series RL circuit and nothing else changes, the current
in the circuit:
(a) increases (b) stays the same (c) decreases

If the frequency is raised in a parallel RL circuit and nothing else changes, the current
in the circuit:
(a) increases (b) stays the same (c) decreases

The admittance of a parallel RL circuit is 200 uS. If the total current is 400 A, the
applied voltage is:
@05 ®2WV @60V (80V

A series RL circuit contains a 300 () resistor and an inductor with a reactance of
400 . The total impedance of the circuit is:
(@ 171Q G)3500 () 5000 () 700 Q

A parallel RL circuit is connected to a 500 kHz voltage source of 16 V. The current in
the inductor is 0.5 mA. The inductance is approximately:
@64uH (b)640uH (c) 1.0mH (d) 10 mH
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10.

11.

12.

13.

14.

In a certain series RL circuit, the phase angle is measured at 60° between the
generator current and voltage. If the voltage across the inductor is 10 V, the voltage
across the resistor is:

@SV (®»)5S58V (c)866V (d) 173V

In Experiment 25 (step 9a), you were directed not to trigger the oscilloscope using
composite triggering. Why was this important?

In Experiment 26 (step 7), the statement is made that the phase angle between the
generator voltage and current is approximately equal to the angle between I, and I.
Explain.

A parallel RL circuit is connected to a 10 V source. The current in the inductor has
twice the magnitude of the current in the resistor. The total current is 7.0 mA.
(a) What is the phase angle between the generator current and voltage?

(b) Draw the current phasor diagram on Plot C-13-1.

Plot C-13-1

For the circuit shown in Figure C-13-1, compute:

(a) the impedance seen by the generator

(b) total current from the generator

(c) voltage across L,

(d) phase angle between generator voltage and voltage across L,

R,
Sine-wave VWV *
generator 160 ©2
R, L
100 Q 1.8 mH
f=10kHz
Vg=10V

Figure C-13-1
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. PDat
Series Resonance Class

Reading:
Floyd, Sections 14-1 through 14-4

Objectives:

After performing this experiment, you will be able to:

1. Compute the resonant frequency, Q, and bandwidth of a series resonant circuit.
2. Measure the parameters listed in objective 1.

3. Explain the factors affecting the selectivity of a series resonant circuit.

Summary of Theory:
The reactance of inductors increases with frequency according to the equation

XL = 21TfL

On the other hand, the reactance of capacitors decreases with frequency according to the
equation

1
Xe=——
© " afc
In any LC circuit, there is a frequency at which the inductive reactance is equal to the
capacitive reactance. The point at which there is equal and opposite reactance is called
resonance. By setting X; = X, substituting the relations given above, and solving for f, it is
easy to show that the resonant frequency of an LC circuit is:

where f, is the resonant frequency. Recall that reactance phasors for inductors and capacitors
are drawn in opposite directions because of the opposite phase shift that occurs between
inductors and capacitors. At series resonance these two phasors are added and cancel each
other. This is illustrated in Figure 27—-1(b). The current in the circuit is limited only by the
total resistance of the circuit. The current in this example is 5.0 mA. If each of the impedance
phasors is multiplied by this current, the result is the voltage phasor diagram as shown in
Figure 27-1(c). Notice that the voltage across the inductor and the capacitor can be greater
than the applied voltage!
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X = vV, =

30kQ 15V
Sine-wave R= V= Dlrccllo}r: of
generator = 1.0 kQ et 50V -4+ current phasor
Ve=50V (reference)
Xc= Ves=
3.0 kQ 15V
(a) (b) (c)
Figure 27-1

At the resonant frequency, the cancellation of the inductive and capacitive phasors
leaves only the resistive phasor to limit the current in the circuit. Therefore, at resonance, the
impedance of the circuit is a minimum and the current is a maximum and equal to Vi/R. The
phase angle between the source voltage and current is zero. If the frequency is lowered, the
inductive reactance will be smaller and the capacitive reactance will be larger. The circuit is
said to be capacitive because the source current leads the source voltage. If the frequency is
raised, the inductive reactance increases, and the capacitive reactance decreases. The circuit
is said to be inductive.

The selectivity of a resonant circuit describes how the circuit responds to a group of
frequencies. A highly selective circuit responds to a narrow group of frequencies and rejects
other frequencies. The bandwidth of a resonant circuit is the frequency range at which the
current is 70.7% of the maximum current. A highly selective circuit thus has a narrow
bandwidth. The sharpness of the response to the frequencies is determined by the circuit Q.
The Q for a series resonant circuit is the reactive power in either the coil or capacitor divided
by the true power, which is dissipated in the total resistance of the circuit. The bandwidth
and resonant frequency can be shown to be related to the circuit Q by the equation

Jr
BW

0=

100% —

70.7%

Current

/

BW-1 —» J—

Figure 27-2

Figure 27-2 illustrates how the bandwidth can change with Q. Responses 1 and 2 have
the same resonant frequency but different bandwidths. The bandwidth for curve 1 is shown.
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Response curve 2 has a higher Q and a smaller BW. A useful equation that relates the circuit
resistance, capacitance, and inductance to Q is

1 |L

R \C

The value of R in this equation is the total equivalent series resistance in the circuit.
Using this equation, the circuit response can be tailored to the application. For a highly
selective circuit, the circuit resistance is held to a minimum and the L/C ratio is made high.
The Q of a resonant circuit can also be computed from the equation

Xy
C= %

where X, is the inductive reactance and R is again the total equivalent series resistance of the
circuit. The result is the same if X is used in the equation, since the values are the same at
resonance, but usually X, is shown because the resistance of the inductor is frequently the
dominant resistance of the circuit.

Materials Needed:
Resistors:
One 100 (2, one 47 )
One 0.01 uF capacitor
One 100 mH inductor

Procedure:
1. Measure the value of a 100 mH inductor, a 0.01 wF capacitor, a 100 ) resistor, and a
47 € resistor. Enter the measured values in Table 27-1. If it is not possible to
measure the inductor or capacitor, use the listed values.

2. Measure the winding resistance of the inductor, Ry,. Enter the measured inductor
resistance in Table 27-1.

3. Construct the circuit shown in Figure 27-3. The purpose of the parallel 100 Q resistor
is to reduce the Thevenin driving impedance of the generator and, therefore, the total
equivalent series resistance of the circuit.! Compute the total resistance of the
equivalent series circuit. Note that looking back to the generator, Ry is in parallel
with R,. In equation form, the equivalent series resistance, Ry, is

Rr = Ry || R) + Ry + Ry,

Enter the computed total resistance in Table 27-2.

1Some high-quality generators have a Thevenin resistance of 50 . If you are using a 50 Q
generator, it is not necessary to include R;.
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generator  —

0.01 uF
' Ry =
 Thevenin source
Sine-wave i impedance R
generator ! 47 B
Ve=10 Vpp E Zero" impedance
i

Figure 27-3

Using the measured values from Table 27-1, compute the resonant frequency of the
circuit from the equation

1

fr= 2nVLC

Record the computed resonant frequency in Table 27-2.

Use the total resistance computed in step 3 and the measured values of L and C to
compute the approximate Q of the circuit from the equation:

1 L

Q= r \c
Enter the computed Q in Table 27-2.

Compute the bandwidth from the equation

Enter this as the computed BW in Table 27-2.

Using your oscilloscope, tune for resonance by observing the voltage across the sense
" resistor, Rg;. As explained in Floyd’s text, the current in the circuit rises to a
maximum at resonance. The sense resistor will have the highest voltage across it at
resonance. Measure the resonant frequency with the oscilloscope. Record the
measured resonant frequency in Table 27-2.
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Listed Measured Computed
Value Value R
T

Table 27-1 Table 27-2

Measured

L, 100 mH f
C, 0.01 uF 0
R, 100 Q
Rg, 47 Q

Ry (L, resistance)

10.

11.

12.

Check that the voltage across R, is 1.0 V,,. Measure the peak-to-peak voltage across

the sense resistor at resonance. The voltage across Ry, is directly proportional to the

current in the series LC branch, so it is not necessary to compute the current. Record
in Table 27-2 the measured peak-to-peak voltage across Rg; (Vgs1)-

Raise the frequency of the generator until the voltage across Ry, falls to 70.7% of the
value read in step 7. Do not readjust the generator’s amplitude in this step; this means
that the Thevenin resistance of the generator is included in the measurement of the
bandwidth. Measure and record this frequency as f, in Table 27-2.

Lower the frequency to below resonance until the voltage across Ry, falls to 70.7% of
the value read in step 6. Again, do not adjust the generator amplitude. Measure and
record this frequency as f; in Table 27-2.

Compute the bandwidth by subtracting f; from f,. Enter this result in Table 27-2 as
the measured bandwidth.

At resonance, the current in the circuit, the voltage across the capacitor, and the
voltage across the inductor are all at a maximum value. Tune across resonance by
observing the voltage across the capacitor, then try it on the inductor. Use the
oscilloscope difference function technique described in Experiment 16. What is the
maximum voltage observed on the capacitor? Is it the same or different than the
maximum voltage across the inductor?

Ve (max) =

V. (max) =
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Conclusion:

Evaluation and Review Questions:
1. (a) Compute the percent difference between the computed and measured
bandwidth.

(b) What factors account for the difference between the computed and measured
values?

2. (a) What is the total impedance of the experimental circuit at resonance?

(b) What is the phase shift between the total current and voltage?

3. (a) In step 12, you measured the maximum voltage across the capacitor and the
inductor. The maximum voltage across either one should have been larger than
the source voltage. How do you account for this?

(b) Is this a valid technique for finding the resonant frequency?
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4. (a)

(b)

(b)

What happens to the resonant frequency, if the inductor is twice as large and
the capacitor is half as large?

What happens to the bandwidth?

Compute the resonant frequency for a circuit consisting of a 50 uH inductor in
series with a 1000 pF capacitor.

If the total resistance of the above circuit is 10 (), what are Q and the
bandwidth?

For Further Investigation:
In this experiment, you measured three points on the response curve similar to Figure 27-1.

Using the technique of measuring the voltage across Rg,, find several more points on the
response curve. Graph your results on Plot 27-1.

Current

1

Frequency

Plot 27-1

221






) 2 8 Name
Dat
Parallel Resonance Class

Reading:
Floyd, Sections 14-5 through 14-8

Objectives:

After performing this experiment, you will be able to:

1. Compute the resonant frequency, Q, and bandwidth of a parallel resonant circuit.

2. Measure the frequency response of a parallel resonant circuit.

3. Use the frequency response to determine the bandwidth of a parallel resonant circuit.

Summary of Theory:

In an RLC parallel circuit, the current in each branch is determined by the applied voltage
and the impedance of that branch. For an ‘‘ideal’”’ inductor (no resistance), the branch
impedance is X, and for a capacitor the branch impedance is X.. Since X; and X are
functions of frequency, it is apparent that the currents in each branch are also dependent on
the frequency. For any given L and C, there is a frequency at which the currents in each are
equal and of opposite phase. This frequency is the resonant frequency and is found using the
same equation as was used for series resonance:

The circuit and phasor diagram for an ideal parallel RLC circuit at resonance is
illustrated in Figure 28-1. Some interesting points to observe are: The total source current at
resonance is equal to the current in the resistor. The total current is actually less than the
current in either the inductor or the capacitor. This is because of the opposite phase shift
which occurs between inductors and capacitors, causing the addition of the currents to
cancel. Also, the impedance of the circuit is solely determined by R, as the inductor and
capacitor appear to be open. In a two-branch circuit consisting of only L and C, the source
current would be zero, causing the impedance to be infinite! Of course, this does not happen
with actual components that do have resistance and other effects.

- o=
3.0 mA
- Directi
senermor R = X, = xe= L L 1= L voltnge phacor
V=10V 10 Q 3.33 kQ 3.33 kQ 1 1.0 mA (reference)
1 =
L ® 3.0 mA
(a) (b)
Figure 28-1
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In a practical two-branch parallel circuit consisting of an inductor and a capacitor, the
only significant resistance is the winding resistance of the inductor. Figure 28-2(a) illustrates
a practical parallel LC circuit containing winding resistance. By network theorems, the
practical LC circuit can be converted to an equivalent parallel RLC circuit, as shown in
Figure 28-2(b). The equivalent circuit is easier to analyze. The phasor diagram for the ideal
parallel RLC circuit can then be applied to the equivalent circuit as was illustrated in Figure
28-1. The equations to convert the inductance and its winding resistance to an equivalent
parallel circuit are

2+ 1
Q ) Rp(eq) = Rw (Q2 + 1)

et

where R,,.q, represents the parallel equivalent resistance, Q represents the Q of the inductor,
and Ry, represents the winding resistance of the inductor.

| - -~
Sine-wave L ! ] L= Cl
generator | / . «

! i peg) Q*+1

Ry : ! Ry(Q°+ 1) & L o7

[l
V=10V ; |

_____ ] — &

(2) ()
Figure 28-2

The Q used in the conversion equation is the Q for the inductor:

0=

Z&

The selectivity of series circuits was discussed in Experiment 27. Parallel resonant
circuits also respond to a group of frequencies. In parallel resonant circuits, the impedance as
a function of frequency has the same shape as the current versus frequency curve for series
resonant circuits. The bandwidth of a parallel resonant circuit is the frequency range at which
the circuit impedance is 70.7% of the maximum impedance. The sharpness of the response to
frequencies is again measured by the circuit Q. The circuit Q will be different from the Q of
the inductor if there is additional resistance in the circuit. If there is no additional resistance
in parallel with L and C, then the Q for a parallel resonant circuit is equal to the Q of the
inductor.

Materials Needed:

One 100 mH inductor
One 0.047 uF capacitor
One 1.0 k€ resistor
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Procedure:

1.

Measure the value of a 100 mH inductor, a 0.047 wF capacitor, and a 1.0 k() resistor.
Enter the measured values in Table 28-1. If it is not possible to measure the inductor
or capacitor, use the listed values.

Measure the resistance of the inductor. Enter the measured inductor resistance in
Table 28-1.

Construct the circuit shown in Figure 28—3. The purpose of R, is to develop a
voltage that can be used to sense the total current in the circuit. Compute the resonant
frequency of the circuit using the equation

Enter the computed resonant frequency in Table 28-2. Set the generator to the f, at
1.0 V,, output, as measured with your oscilloscope. Use peak-to-peak values for all
voltage measurements in this experiment.

Table 28-1
Listed Measured
Value Value )
Sine-wave
Ll 100 mH generator
V=10 V>
C, 0.047 uF
Rg, 1.0 kQ
Ry, (L, resistance)

Figure 28-3

The Q of a parallel LC circuit with no resistance other than the inductor winding
resistance is equal to the Q of the inductor. Compute the approximate Q of the parallel
LC circuit from

Q—RW

Enter the computed Q in Table 28-2.

Compute the bandwidth from the equation
BW = Ji
Q
Enter this as the computed BW in Table 28-2.
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Connect your oscilloscope across Rg; and tune for resonance by observing the voltage
across the sense resistor, Rg,. Resonance occurs when the voltage across Ry, is a
minimum, since the impedance of the parallel LC circuit is highest. Measure the
resonant frequency (f,) and record the measured result in Table 28-2.

Compute a frequency increment (f;) by dividing the computed bandwidth by 4. That is,

BW
i= _4_
Enter the computed f; in Table 28-2.
Use the measured resonant frequency (f,) and the frequency increment (f;) from Table

28-2 to compute 11 frequencies according to the Computed Frequency column of
Table 28-3. Enter the 11 frequencies in column 1 of Table 28-3.

Table 28—2 | Table 28—3

| Computed | Measured Computed Frequency | Vgg; 1 Z

£~ 5=

f,- 4=

f,- 3=

Lr-%=

- ifi=

10.

11.

f, =

L=
f+2f=
Lt 3=

f,+ 4=

frt 5=

Tune the generator to each of the computed frequencies listed in Table 28—3. At each
frequency, check that the generator voltage is still at 1.0 V,,; then measure the peak-
to-peak voltage across Rg,. Record the voltage in column 2 of Table 28-3.

Compute the total peak-to-peak current, I, at each frequency by applying Ohm’s law
to the sense resistor Rg,. (That is, I = Vgg,/Rg,.) Record the current in column 3 of
Table 28-3.

Use Ohm’s law with the measured source voltage (1.0 V,p) and source current at each
frequency to compute the impedance at each frequency. Complete Table 28—-3 by
listing the computed impedances.
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12. On Plot 28-1, draw the impedance versus frequency curve. From your curve
determine the bandwidth. Complete Table 28-2 with the measured bandwidth.

k-

2

£

f.- 5, I fo+ 5,
Plot 28-1

Conclusion:
Evaluation and Review Questions:
1. (a) Compare the impedance as a function of frequency for series and parallel

resonance.

(b) Compare the current as a function of frequency for series and parallel

resonance.
2. What was the phase shift between the total current and voltage at resonance?
3. At resonance the total current was a minimum, but the branch currents were not. How

could you find the value of the current in each branch?
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4. What factors affect the Q of a parallel resonant circuit?

5. In the circuit of Figure 28-2(a), assume the inductor is 100 mH with 120 Q of winding
resistance and the capacitor is 0.01 uF. Compute:
(a) the resonant frequency

b) the reactance, X, of the inductor at resonance

©) the Q of the circuit

(d) the bandwidth, BW

For Further Investigation:

The oscilloscope can be used to display the resonant dip in current by connecting a sweep
generator to the circuit. This converts the time base on the oscilloscope to a frequency base.
The sweep generator produces an FM (frequency modulated) signal, which is connected in
place of the signal generator. In addition, the sweep generator has a synchronous sweep
output that should be connected to the oscilloscope on the X channel input. The Y channel
input is connected across the 1.0 k) sense resistor. The oscilloscope is placed in the XY
mode. A diagram of the setup is shown in Figure 28—-4. Build the circuit shown, determine a
method to calibrate the frequency base, and summarize your procedure in a report.

Sweep generator I Cy L.
' ! 0.047 pF 7T | ‘
Sweep freq. out 100 mH W 6 6 '
Sweep out O—im

Common O ‘ @ @l

Figure 28-4
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29 Name
® [ ] D t
Passive Filters Class

Reading:
Floyd, Sections 14—4 through 14-7

Objectives:

After performing this experiment, you will be able to:

1. Compare the characteristics and responses of low-pass, high-pass, bandpass, and
notch filters.

2. Construct a T filter, a pi filter, and a resonant filter circuit and measure their
frequency responses.

Summary of Theory:

In many circuits, different frequencies are present. If some frequencies are not desired, they
can be rejected with special circuits called filters. Filters can be designed to pass either low
or high frequencies. For example, in communication circuits, an audio frequency (AF) signal
may be present with a radio frequency (RF) signal. The AF signal could be retained and the
RF signal rejected with a low-pass filter. A high-pass filter will do the opposite: it will pass
the RF signal and reject the AF signal. Sometimes the frequencies of interest are between
other frequencies that are not desired. This is the case for a radio or television receiver, for
example. The desired frequencies are present along with many other frequencies coming into
the receiver. A resonant circuit is used to select the desired frequencies from the band of
frequencies present. A circuit that passes only selected frequencies from a band is called a
bandpass filter. The opposite of a bandpass filter is a band reject or notch filter. A typical
application of a notch filter is to eliminate a specific interfering frequency from a band of
desired frequencies. Figure 29-1 illustrates representative circuits and the frequency
responses of various types of filters.

A UL S
O———e—0 —O

/l

Low-pass High-pass Bandpass Notch
(a) (b) ©) (d)

Filter 29-1 Frequency Response of Filters

The simplest filters are RC and RL series circuits studied in Experiments 23 and 25.
These circuits can be used as either high-pass or low-pass filters, depending on where the
input and output voltages are applied and removed. A problem with simple RC and RL filters
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is that they change gradually from the passband to the stop band. You illustrated this
characteristic on Plot 23-3 of Experiment 23.

Improved filter characteristics can be obtained by combining several filter sections.
Unfortunately, you cannot simply stack identical sections together to improve the response as
there are loading effects that must be taken into account. Two common improved filters are
the T and the pi filters, so named because of the placement of the components in the circuit.
Example of T and pi filters are shown in Figure 29-2. Notice that the low-pass filters have an
inductor in series with the load and a capacitor in parallel with the load. The high-pass filter
is the opposite.

R, Ry
o~ s 2
(a) High-pass (c) High-pass
T~ R, T~ ZF R,
o— o
(b) Low-pass (d) Low-pass
T filters Pi filters

Figure 29-2

The choice of using a T or pi filter is determined by the load resistor and source
impedance. If the load resistor is much larger than the source impedance, then the T-type
filter is best. If the load resistor is much lower than the source impedance, then the pi filter is
best.

Materials Needed:
Resistors:

One 680 (), one 1.6 k()
Capacitors:

One 0.033 uF, two 0.1 uF
One 100 mH inductor

Procedure:

1. Obtain the components listed in Table 29-1. For this experiment, it is important to
have values that are close to the listed ones. Measure all components and record the
measured values in Table 29-1. Use listed values for those components that you
cannot measure.

2. Construct the pi filter circuit illustrated in Figure 29-3. Set the signal generator for a
500 Hz sine wave at 3.0 V.. The voltage should be measured at the generator with
the circuit connected. Set the voltage with a voltmeter and check both voltage and
frequency with the oscilloscope.
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L

Table 29-1
. Sine-wave
Listed Measured generator 100 mH
Value Value @ C C, § Ry,
£=500Hz

L 100 mH 0.1 pF 0.l uF 680 Q
1 Ve=3.0V, .

C, 0.1 uF o—e .

C, 0.1 uF Figure 29-3

Cs 0.033 uF

Ry, 630

R;, 1.6 kQ

Table 29-2

Measure and record the rms voltage across the load resistor (V, ;) at 500 Hz. Record
the measured voltage in Table 29-2.

Change the frequencies of the generator to 1000 Hz. Readjust the generator’s
amplitude to 3.0 V.. Measure Vj, ;, entering the data in Table 29-2. Continue in
this manner for each frequency listed in Table 29-2. (Note: You may be unable to
obtain 3.0 V from the generator at 8.0 kHz.)

w
=

Frequency | Vg

500 Hz

g
=

1000 Hz

—
<o

1500 Hz

Voltage across load, Vg

2000 Hz

o
=)

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

15
=)

3000 Hz

Frequency (kHz)

4000 Hz Plot 29—1

8000 Hz

Graph the voltage across the load resistor (Vg ,) as a function of frequency on Plot
29-1.

Construct the T filter circuit illustrated in Figure 29-4. Set the signal generator for a
500 Hz sine wave at 3.0 V.. The voltage should be measured with the circuit
connected. Set the voltage with a voltmeter and check both voltage and frequency
with the oscilloscope as before.
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G G
Sine-wave
generator 0.033 uF 0.1 uF
L, Rp,
100 mH .
f=500Hz 16k
Vg=30V,
Figure 29-4

Measure and record the voltage across the load resistor (Vg;,) for each frequency
listed in Table 29-3. Keep the generator voltage at 3.0 V.. Graph the voltage across
the load resistor (Vg;,) as a function of frequency on Plot 29-2.

7.
Table 29-3
Frequency | Vg;»
500 Hz
1000 Hz
1500 Hz
2000 Hz
3000 Hz
4000 Hz
8000 Hz
8.
for 3.0 V. at 500 Hz.
Sine-wave
generator
f=500Hz
V=30V
9.

Voltage across load, Vg;,

3.0
2.0
1.0
0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Frequency (kHz)
Plot 29-2

Ll Cl
5 |1
— (0 ]
100 mH 0.1 uF
Figure 29-5

Measure and record the voltage across the load resistor (V) for each frequency

listed in Table 29-4. Graph the voltage across the load resistor as a function of

frequency on Plot 29-3.
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Construct the series resonant filter circuit illustrated in Figure 29-5. Set the generator



Table 29-4

Frequency

VRL 1

500 Hz

1000 Hz

1500 Hz

2000 Hz

3000 Hz

4000 Hz

8000 Hz

Conclusion:

Evaluation and Review Questions:

1. The cutoff frequency for each filter in this experiment is that frequency at which the

Voltage across load, Vg,

3.0

2.0

0.0

0.0

1.0

2.0

3.0 4.0 5.0 6.0 7.0

Frequency (kHz)

Plot 29-3

output is 70.7% of its maximum value. From the frequency response curves in Plots
29-1 and 29-2, estimate the cutoff frequency for the high- and low-pass filters.

Pi filter cutoff frequency =
T filter cutoff frequency =

Compare the response curve of the high and low filters in thﬁs experiment with the

response curve from the simple RC filter in Experiment 23.

(@)
()

©

Plot 29-2 (T filter):

Plot 29-3 (resonant filter):

For each filter constructed in this experiment, identify it as a low-pass, high-pass,
bandpass, or notch filter:
Plot 29-1 (pi filter):

output were taken across the inductor and capacitor instead of the load resistor.
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Explain what would happen to the response curve from the series resonant filter if the



S. (a) Sketch the circuit for a parallel resonant filter used as a bandpass filter.

(b) Sketch the circuit for a parallel resonant filter used as a notch filter.

For Further Investigation:
Using the components from this experiment, construct a parallel resonant notch filter.
Measure the frequency response with a sufficient number of points to determine the
bandwidth accurately. The bandwidth (BW) of a resonant filter is the difference in the two
frequencies at which the response is 70.7% of the maximum output. From your data,
determine the BW of the parallel notch resonant filter.

Summarize your results, including the notch frequency, BW, and response curve in a
lab report.
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Name

° ° ° Date
Application Assignment 14 Class
Reference:
Floyd, Chapter 14, Section 14—-9: Application Assignment
Step 1 From the oscilloscope displays shown in Floyd’s text, plot the frequency
response of the filter.
Plot AA-14-1
Step 2 Specify the type of filter and determine the resonant frequency and the
bandwidth.
Type of filter is
Resonant frequency = Bandwidth =
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Related Experiment:

Materials Needed:
Resistors:

Two 10 kQ), one 5.1 k)
Four 1000 pF capacitors

Discussion:

A bandstop, or notch, filter, as described in the text, is capable of removing certain undesired
frequencies from a signal. Another application of a notch filter is the twin-T oscillator shown
in Figure AA-14-1(a). It oscillates at the notch frequency, which is given by the equation

1
" 2mRC

fr

Test the filter portion of the oscillator by constructing the circuit shown in Figure AA-
14— 1(b). Use two 1000 pF capacitors in parallel for 2C. Connect a signal generator to the
input and set it for a sine wave at 3.0 V,, near the computed notch frequency. Vary the
frequency of the generator and observe the output. Graph the response by plotting the
voltage out as a function of the frequency for several points around the notch frequency.

C C c c
R - Vi 1000 pF 1000 pF
2 4 —— Y | § SIkQ | Vou
— +
A R, A - A R. A ’7 @ Rlamp R = R
%R

2C

<

10kQ2 10kQ

2C === 2000 pF

| <

(a) (b)
Figure AA-14-1

Experimental Results:
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Name
Date

Checkup 14 Class

Reference:
Floyd, Chap. 14, and Buchla, Experiments 27, 28, and 29
1. In a series resonant circuit at resonance:
(a) current is a maximum (c) inductive reactance is larger than capacitive reac
(b) total impedance is zero (d) capacitive reactance is larger than inductive reac
2. In a series RLC circuit, the phase angle between the capacitor voltage and inductor
voltage is:

(@ 0° (b) 90° (c) 180° (d) dependent on the frequency

3. In a resonant circuit, if L is halved and C is doubled, the resonant frequency will:
(a) remain the same (b) double (c) quadruple (d) be halved

4, In a resonant circuit, if L is halved and C is doubled, Q will:
(a) remain the same (b) double (c) be halved (d) be one-fourth

5. In a parallel resonant circuit, if the frequency is higher than resonance, the circuit is
said to be:
(a) purely resistive  (b) inductive (c) capacitive  (d) cutoff

6. At the cutoff frequency of a filter, the output voltage is approximately:

(a) 10% of the input voltage (c) 71% of the input voltage
(b) 50% of the input voltage (d) 100% of the input voltage
7. A bandstop filter can be made with a series resonant circuit and a resistor. The output

is taken across:
(a) the capacitor and the inductor (c) the inductor and resistor
(b) the capacitor and resistor (d) the resistor

8. If the inductor in a resonant circuit is replaced with an identical inductor but the
replacement inductor has higher coil resistance, the new bandwidth will be:
(a) unchanged (b) larger (c) smaller

9. If a load is connected to a parallel resonant circuit, the selectivity will:
(a) decrease (b) remain the same  (c) increase

10. Assume a series RLC circuit is connected across a dc source. The dc voltage will be
across:
(a) the inductor (c) the resistor

(b) the capacitor
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I1.

12.

13.

14.

A series RLC circuit has a 200 pF capacitor and a 100 uH inductor. If the inductor has
a winding resistance of 20 (), calculate:
(a) the resonant frequency

(b) the impedance of the circuit at resonance
(c) the Q of the coil

The series resonant circuit in Experiment 27 used a 100 () resistor in parallel with the
source. Explain how this resistor affected the Q of the circuit.

A tank circuit is constructed using a 200 uH inductor and a variable capacitor. The

circuit is required to tune the frequency range from 535 to 1605 kHz (AM radio band).

(a) Compute the range of capacitance required to cause resonance over the range of
frequencies.

(b) Assuming the inductor has a resistance of 10 ), compute the Q of the circuit at
each end of the tuning range.

(c) Using the Q value found in (b), determine the bandwidth at each end of the tuning
range.

Observe the parallel resonant circuit shown in Figure C~14—1. Assume the inductor
has a winding resistance of 25 (). At resonance, calculate:
(a) the inductive reactance

(b) the Q of the coil

L C, l R,

1
100 mH 0.33 pF 220Q

Figure C-14-1
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Integrating and

Differentiating Name

Cil‘CllitS Class

Reading:
Floyd, Sections 15-1 through 15-9

Objectives:

After performing this experiment, you will be able to:

1 Explain how an RC or RL series circuit can integrate or differentiate a signal.

2. Compare the waveforms for RC and RL circuits driven by a square wave generator.
3. Determine the effect of a frequency change for pulsed RC and RL circuits.

Summary of Theory:

In mathematics, the word integrate means to sum. If we kept a running sum of the area under
a horizontal straight line, the area would increase linearly. An example is the speed of a car.
Let’s say the car is traveling a constant 40 miles per hour. In 1/2 hour the car has traveled 20
miles. In 1 hour the car has traveled 40 miles, and so forth. The car’s rate is illustrated in
Figure 30-1(a). Each of the three areas shown under the rate curve represents 20 miles. The
area increases linearly with time and is shown in Figure 30-1(b). This graph represents the
integral of the rate curve.

60

50
40
30

Miles
A¥S)
=]

I
}
|

20

Miles per hour

. N
0 0.5 1.0 1.5 0 0.5 1.0 1.5
Time (h) Time (h)

(a) (b)
Figure 30-1

A similar situation exists when a capacitor starts to charge. If the applied voltage is a
constant, the voltage on the capacitor rises exponentially. However, if we examine the
beginning of this exponential rise, it appears to rise in a linear fashion. As long as the voltage
change across the capacitor is small compared to the final voltage, the output will represent
integration. An integrator is any circuit in which the output is proportional to the integral of
the input signal. If the RC time constant of the circuit is long compared to the period of the
input waveform, then the waveform across the capacitor is integrated.

The opposite of integration is differentiation. Differentiation means rate of change. If
the RC time constant of the circuit is short compared to the period of the input waveform,
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then the waveform across the resistor is differentiated. A pulse waveform that is
differentiated produces spikes at the leading and trailing edge as shown in Figure 30-2.
Differentiator circuits can be used to detect the leading or trailing edge of a pulse. Diodes can
be used to remove either the positive or negative spike.

Input
pulse

Oulpul , ( ’

Figure 30-2

An RL circuit can also be used as an integrator or differentiator. As in the RC circuit,
the time constant for the RL integrating circuit must be long compared to the period of the
input waveform, and the time constant for the differentiator circuit must be short compared
to the input waveform. The RL circuit will have similar waveforms to the RC circuit except
that the output signal is taken across the inductor for the differentiating circuit and across the
resistor for the integrating circuit.

Materials Needed:
One 10 k) resistor
Capacitors:
One 0.01 uF, one 1000 pF
One 100 mH inductor

Procedure:

1. Measure the value of a 100 mH inductor, a 0.01 uF and a 1000 pF capacitor, and a
10 kQ resistor. Record their values in Table 30-1. If it is not possible to measure the
inductor or capacitors, use the listed values.

Table 30-1 Table 30-2
. Listed | Measured Computed | Measured
Value Value RC time
L, | 100 mH constant
C, | 0.01 uF
C, | 1000 pF
R, | 10kQ
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Construct the circuit shown in Figure 30-3. The 10 k() resistor is large compared to
the Thevenin impedance of the generator. Set the generator for a 1.0 V,, square wave
with no load at a frequency of 1.0 kHz. You should observe that the capacitor fully
charges and discharges at this frequency because the RC time constant is short
compared to the period. On Plot 30-1, sketch the waveforms for the generator, the
capacitor, and the resistor. Label voltage and time on your sketch. To look at the
voltage across the resistor, use the difference function technique described in
Experiment 16. The scope should be dc coupled for those measurements.

R,
YW Vs
10 kQ
Square-wave
generator I —L_C
Vg=1.0 vpp<> “T 001 pF
f=10kHz Ve
Figure 30-3
Ve
Plot 30-1

Compute the RC time constant for the circuit. Include the generator’s Thevenin
impedance as part of the resistance in the computation. Enter the computed time
constant in Table 30-2.

Measure the RC time constant using the following procedure:
(a) With the generator disconnected from the circuit, set the output square wave
on the oscilloscope to cover 5 vertical divisions (0 to 100%).

(b) Connect the generator to the circuit. Adjust the SEC/DIV and trigger controls
to stretch the capacitor-charging waveform across the scope face to obtain best
resolution.

() Count the number of horizontal divisions from the start of the rise to the point
where the waveform crosses 3.15 vertical divisions (63% of the final level).
Multiply the number of horizontal divisions that you counted by the setting of
the SEC/DIV control.

Enter the measured RC time constant in Table 30-2.

Observe the capacitor waveform while you increase the generator frequency to
10 kHz. On Plot 30-2, sketch the waveforms for the generator, the capacitor, and the
resistor at 10 kHz. Label the voltage and time on your sketch.
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6. Temporarily, change the generator from a square wave to a triangle waveform.
Describe the waveform across the capacitor.

7. Change back to a square wave at 10 kHz. Replace the capacitor with a 1000 pF
capacitor. Using the difference channel, observe the waveform across the resistor. If
the output were taken across the resistor, what would this circuit be called?

8. Replace the 1000 pF capacitor with a 100 mH inductor. Using the 10 kHz square
wave, look at the signal across the generator, the inductor, and the resistor. On Plot
30-3, sketch the waveforms for each. Label the voltage and time on your sketch.

Vs Vs
Vi Vr
Ve Ve
Plot 30-2 Plot 30-3
Conclusion:

Evaluation and Review Questions
1. (a) Explain why the Thevenin impedance of the generator was included in the
calculated RC time constant measurement in step 3.
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(b) Suggest how you might find the value of an unknown capacitor using the RC
time constant.

(a) Compute the percent difference between the measured and computed RC time
constant.

(b) List some factors that affect the accuracy of the measured result.

What accounts for the change in the capacitor voltage waveform as the frequency was
raised in step 5?

(a) Draw an RC integrating circuit and an RC differentiating circuit.

(b) Draw an RL integrating circuit and an RL differentiating circuit.

Assume you had connected a square wave to an oscilloscope but saw a signal that was
differentiated as illustrated in Figure 30-2. What could account for this effect?
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For Further Investigation:

The rate at which a capacitor charges is determined by the RC time constant of the
equivalent series resistance and capacitance. The RC time constant for the circuit illustrated
in Figure 30-4 can be determined by applying Thevenin’s theorem to the left of points A-A.
The Thevenin resistance of the generator is part of the charging path and should be included.
The capacitor is not charging to the generator voltage but to a voltage determined by the
voltage divider consisting of R, and R,. Predict the time constant and the waveforms across
each resistor. Investigate carefully the waveforms across each of the components.

R, A
10 kQ H
Square wave ,
generator R, N O
Vg=20V, 0kQ 1 “T>001 pF
f=10kHz E
A
Figure 30-4
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Application Assignment 15 Class

Name

Date

Reference:

Floyd, Chapter 15, Section 15—-10: Application Assignment

Step 1

Step 2

Step 3

Step 4

From the list of standard capacitors, specify the five capacitors for the
integrator delay circuit.

C, = C, = C, =
C4 = C5 =
Complete the wire list for the breadboard using the circled numbers.
From To From To From To
1

Specify the amplitude, frequency, and duty cycle settings for the function

generator in order to test the delay times. Amplitude =
Frequencies for each delay time:

fH = f=

= Ja= fs =

Develop a test procedure.

Explain how you will verify that each switch setting produces the proper
output delay time.
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Related Experiment:

Materials Needed:

One 7414 hex inverter (Schmitt trigger)
One 10 k() potentiometer

One 0.01 wF capacitor

Discussion:

An interesting variation of the application assignment uses a Schmitt trigger as a switching
device. A Schmitt trigger is a circuit with two thresholds for change. The switching level is
dependent on whether the input signal is rising or falling. Consider the circuit shown in
Figure AA-15-1. The charging and discharging of the capacitor is determined by the
switching points of the Schmitt trigger. The input voltage is initially low and the output
voltage is high (near 5.0 V). The capacitor begins to charge toward the higher output voltage.
As the capacitor charges, the input voltage passes a trip point, causing the input voltage to go
high and the output voltage to go low. The capacitor begins to discharge toward the lower
voltage until it passes the lower trip point causing the process to repeat.

Construct the circuit and measure the output waveform and the waveform across the
capacitor. Try varying R as you observe the capacitor voltage. What is the output waveshape
and frequency? Can you determine the threshold voltages of the Schmitt trigger by observing
the output?

Experimental Results:

Pin To ground To +5.0 V

numbering
y Notch

Schmitt trigger

NN BRI —

0.01 pF cap —

7414 hex inverter
(Schmitt trigger)

(a) Schematic (b) Protoboard wiring

Figure AA-15-1
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Checkllp 15 Class

Name
Date

Reference:
Floyd, Chap. 15, and Buchla, Experiment 30

1.

A circuit that can be used to change a square wave into a triangle wave is:
(a) a tuned circuit (b) a ladder circuit  (c) an integrator  (d) a differentiator

For an RC circuit driven by a pulse, the capacitor will fully charge in:
(a) one time constant (c) five time constants
(b) 1s (d) a time depending on the amplitude of the pulse

An RC integrator circuit is driven by a square wave that goes from 0 V to 10 V. The
time constant is very short compared to the input square wave. The output will be:
(a) a5V dclevel (c) an exponentially rising and falling waveform
(b) a triangle waveform (d) a series of positive and negative spikes

Assume an RC differentiator circuit is driven by a square wave. The output is a square
wave with a slight droop and overshoot. The time constant of the circuit (7) is:

(a) much longer than the pulse width (c) equal to the pulse width

(b) much shorter than the pulse width

A 4.7 kQ resistor is connected in series with a 0.1 uF capacitor. The time constant is:
(@) 047 us (b) 0.47ms (c) 21.3ns (d) 21.3 us

A 4.7 kQ resistor is connected in series with a 10 mH inductor. The time constant is:
(@ 047 us (b)47ms (c) 47s (d) 2.13 us

Assume that a switch is closed in a series RC circuit that has a time constant of
10 ms. The current in the circuit will be 37% of its initial value in:
(@ 1.0ms (b)3.7ms (c)63ms (d) 10ms

When a single pulse is applied to a series RL circuit, the greatest change in current
occurs:

(a) at the beginning (b) at the 50% point  (c) after one time constant

(d) at the end

A 1.0 kHz square wave is applied to an RL differentiator circuit. The current in the
circuit will reach steady-state conditions if the time constant is equal to:
(@ 100 us () 1.0ms (c) 6.3 ms (d) 10 ms
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10.

11.

12.

13.

14.

If you need to couple a square wave into a circuit through a capacitor, for best fidelity
you should have an RC time constant that is:
(a) very short (c) equal to the pulse width of the square wave
(b) equal to the rise time of the (d) very long

square wave

Explain how you could use a known resistor, a square wave generator, and an
oscilloscope to find the value of an unknown inductor.

Assume you need an integrator circuit that has a time constant of 330 us.
(a) Draw an RC integrator circuit using a 10 k() resistor.

(b) Draw an RL integrator circuit using a 10 k() resistor.

(a) Compute the time constant for the circuit shown in Figure C-15-1.

(b) What is the maximum frequency for the pulse generator in order to allow the
capacitor time to charge and discharge fully?

(c) Assume the generator is set to the frequency determined in (b); sketch the
waveform across the capacitor. Show the voltage and time on your sketch.

R, Ry R,
NMA—9
600 (1 1.0kQ2 68 k(2
10 Vpp Ry LG 10 Vpp Ry L,
300 Q0 T 0.047 uF 47xQ 250 uH
Figure C-15-1 Figure C-15-2

(a) Compute the time constant for the circuit shown in Figure C-15-2.

(b) What is the maximum frequency for the pulse generator in order to allow the
inductor’s magnetic field to be at steady-state conditions?

(c) Assume the generator is set to the frequency determined in (b); sketch the
waveform across the inductor. Show the voltage and time on your sketch.
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Name

| 3 1 Diode Characteristics cia

Reading:
Floyd, Sections 16—1 through 16-7

Objectives:

After performing this experiment, you will be able to:

1. Measure and plot the forward- and reverse-biased IV characteristics for a diode.
2. Test the effect of heat on a diode’s response.

3. Measure the ac resistance of a diode.

Summary of Theory:

Semiconductors are certain crystalline materials that can be altered with impurities to
radically change their electrical characteristics. The impurity can be an electron donor or an
electron acceptor. Donor impurities provide an ‘‘extra’’ electron that is free to move through
the crystal at normal temperatures. The total crystal is electrically neutral, but the availability
of free electrons in the material causes the material to be classified as an N-type (for
negative) semiconductor. Acceptor impurities leave a ‘‘hole’’ (the absence of an electron) in
the crystal structure. These materials are called P-type (for positive) semiconductors. They
conduct by the motion of shared valence bond electrons moving between the atoms of the
crystal. This motion is referred to as hole motion because the absence of an electron from the
crystal structure can be thought of as a hole.

When a P-type and an N-type material are effectively made on the same crystal base,
a diode is formed. The PN junction has unique electrical characteristics. Electrons and holes
diffuse across the junction, creating a barrier potential, which prevents further current
without an external voltage source. If a dc voltage source is connected to the diode, the
direction it is connected has the effect of either increasing or decreasing the barrier potential.
The effect is to allow the diode to either conduct readily or to become a poor conductor. If
the negative terminal of the source is connected to the N-type material and the positive
terminal is connected to P-type material, the diode is said to be forward-biased, and it
conducts. If the positive terminal of the source is connected to the N-type material and the
negative terminal is connected to P-type material, the diode is said to be reverse-biased, and
the diode is a poor conductor.

While the actual processes that occur in a diode are rather complex, diode operation
can be simplified with three approximations. The first approximation is to consider the diode
as a switch. If it is forward-biased, the switch is closed. If it is reverse-biased, the switch is
open. The second approximation is the same as the first except it takes into account the
barrier potential. For a silicon diode, this is approximately 0.7 V. A forward-biased silicon
diode will drop approximately 0.7 V across the diode. The third approximation includes the
first and second approximations and adds the small forward (bulk) resistance that is present
when the diode is forward-biased.
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Materials Needed:

Resistors:

One 330 (), one 1.0 MQ)

One signal diode (1N914 or equivalent)

Procedure:

1. Measure and record the resistance of the resistors listed in Table 31-1. Then check
your diode with the ohmmeter. Select a low ohm range and measure the forward and
reverse resistance by reversing the diode. The diode is good on this test if the
resistance is significantly different between the forward and the reverse directions. If
you are using an autoranging meter, the meter may not produce enough voltage to
overcome the barrier potential. You should select a low ohm range and hold that
range. Consult the operator’s manual for specific instructions. Record the data in
Table 31-1.

Table 31-1

Component

o]
Listed
Value

Measured
Value

R,

330 0

R,

1.0 MQ

D, forward resistance

D, reverse resistance

2. Construct the forward-biased circuit shown in Figure 31-1. The line on the diode
indicates the cathode side of the diode. Set the power supply for zero volts.

Table 31-2 R,
a2%Y%
Vror Vi Iror 3300 )
(measured) | (measured) | (computed) Vs Dy | Anode side Q
- Line indicates

045V Cathode side cathode side
0.50 V

ﬁo. 55V Figure 31-1
0.60V
065V
0.70 V
075V

3. Monitor the forward voltage drop, Vg, across the diode. Slowly increase Vg to

establish 0.45 V across the diode. Measure the voltage across the resistor, Vg,, and
record it in Table 31-2.
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The diode forward current, Igog, can be found by applying Ohm’s law to R;. Compute
Izor and enter the computed current in Table 31-2.

Repeat steps 3 and 4 for each voltage listed in Table 31-2.

With the power supply set to the voltage that causes 0.75 V to drop across the diode,
bring a hot soldering iron near the diode. Do not touch the diode with the iron.
Observe the effect of heat on the voltage and current in a forward-biased diode. If you
have freeze spray available, test the effect of freeze spray on the diode’s operation.
Describe your observations.

The data in this step will be accurate only if your voltmeter has a very high input
impedance. You can find out if your meter is high impedance by measuring the power
supply voltage through a series 1.0 MQ resistor. If the meter reads the supply voltage
accurately, it has high input impedance. Connect the reverse-biased circuit shown in
Figure 31-2. Set the power supply to each voltage listed in Table 31-3. Apply Ohm’s
law to the resistor and compute the reverse current in each case. Enter the computed
current in Table 31-3.

Table 31-3 R,
NV
Vg2 Vrev Irgv 1L.oMQ
(measured) | (measured) | (computed) Vs _Zf D,
50V B
100V
150V Figure 31-2

Graph the forward- and reverse-biased diode curves on Plot 31-1. The different
voltage scale factors for the forward and reverse curves are chosen to allow the data
to cover more of the graph. You need to choose an appropriate current scale factor
that will put the largest current recorded near the top of the graph.

251



Current (mA)

| | Note scale
changes

-15 —-10 -5 0 01 02 03 04 05 06 07 08

Voltage (V)
Plot 31-1
9. With the power supply set to 15 V, bring a hot soldering iron near the diode. Do not
touch the diode with the iron. Observe the effect of heat on the voltage and current in
the reverse-biased diode. If you have freeze spray available, test the effect of freeze
spray on the diode’s operation. Describe your observations.
Conclusion:

Evaluation and Review Questions:

1.

Compute the diode’s forward resistance at three points on the forward-biased curve.
Apply Ohm’s law to the curve in Plot 31-1 at 0.5 V, 0.6 V, and 0.7 V by dividing a
small change in voltage by a small change in current, as illustrated in Figure 31-3.
This result is called the ac resistance (r,.) of the diode.

roe (0.5V) =

Foe (0.6 V) =

Tac (0.7 V) =
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To find the ac resistance:

/]

LA _}AI

- -

-

T T
04 05

[N—'

AV=0.1V
AV
Tac = E

Figure 31-3

Does the diode’s reverse resistance stay constant? Explain your answer.

From the data in Table 31-2, compute the maximum power dissipated in the diode.

Based on your observations of the heating and cooling of a diode, what does heat do
to the forward and reverse resistance of a diode?

Explain how you could use an ohmmeter to identify the cathode of an unmarked
diode. Why is it necessary to know the actual polarity of the ohmmeter leads?

A student measures the resistance of an unmarked diode with an ohmmeter. When the
(+) lead of the ohmmeter is connected to lead 1 of the diode and the (—) lead of the
ohmmeter is connected to lead 2 of the diode, the reading is 400 ). When the
ohmmeter leads are reversed, the reading is . Which lead on the diode is the anode?

253



For Further Investigation

The theoretical equation for a diode’s I-V curve shows that the current is an exponential
function of the bias voltage.! This means that the theoretical forward diode curve will plot as
a straight line on semilog paper. Semilog paper contains a logarithmic scale on one axis and a
linear scale on the other axis. Graph your data from this experiment (Table 31-2) onto Plot
31-2. What conclusion can you make from the data you recorded?

10
4
3
2
<
g
s 1.0
E 08
=
© 06
0.4
0.3
0.2
0.1
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
Voltage (V)
Plot 31-2

A complete discussion of the diode equation can be found in Bogart, Electronic Devices and
Circuits, 3d edition, 1993, Merrill/Macmillan Publishing Co., Columbus, Ohio.
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Name

° . ° Date
Application Assignment 16 Class
Reference:
Floyd, Chapter 16, Section 16—8: Application Assignment
Step 1 Identify the fuse, transformer, and diodes. For each diode, determine the

anode and the cathode end.

Step 2 Basic Information. Review the measurements of the diode and transformer.
Step 3 Troubleshooting. From the measurements shown, determine the likely problem

with each power supply and complete Table AA-16—1. (Hint: If a diode is
open, the resistance reading across the open diode is determined by other paths
in the circuit. For example, if diode 4 is open, the meter can forward bias
diode 1 through the secondary winding of the transformer.)

Table AA-16-1

Power Supply Likely Fault
PS #1
PS #2
PS #3
PS #4

Related Experiment:

Materials Needed:

One 12.6 V. transformer

Four 1N4001 rectifier diodes (or equivalent)

One 100 uF capacitor, one 10 uF capacitor

One 7809 or 78L.09 regulator. (Small regulators are preferred for protoboards. For this
application assignment, any three-terminal regulator can be substituted.)

Discussion:

The faults in the power supplies described in the application assignment can be simulated in
the laboratory. Construct the circuit shown in Figure AA-16—1. Do not apply power to the
circuit. Simulate each fault you found in Table AA-16-1, then measure the resistance
between the test points listed in Table AA-16-2. Resistance readings are relative; you will
likely measure different values from those shown in the text due to differences in meters.
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10:1

IC,

Diodes are 1N4001
(or equivalent)

¢
\ 1000 uF \{
TP-4

Figure AA-16-1

Table AA-16-2

7809 or 78L09

Voltage +9V
regulator
+

Gy
10 uF

Ohmmeter Readings for Simulated Faults

Test Points

PS #1 PS #2 PS #3 PS #4

1 2

—_— W B N W =N
AlW| S| =m]WwW |-
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Name

Date

Checkllp 16 Class

Reference:
Floyd, Chap. 16, and Buchla, Experiment 31
1. A P-type material is a semiconductor containing:
(a) only pure material (b) extra electrons
(c) donor impurities (d) acceptor impurities
2. The number of valence electrons in the outer shell of a donor impurity is:

@1 ®M3 ©4 @5

3. An example of an acceptor impurity is:
(a) aluminum (b) germanium  (c) arsenic  (d) phosphorus

4. The ac resistance of a silicon diode is highest:
(a) in the reverse direction () at 0.5V
(c) at0.6V (d) at 0.7V
5. When a PN junction is formed in silicon, carriers move across the junction, forming a

potential barrier of approximately:
@01V B 03V 07V @15V

6. When a forward-bias voltage is applied to a PN junction, the barrier voltage is
(a) reduced (b) unchanged (c) increased

7. When a diode is forward-biased, its internal resistance is typically:
(a) less than 100 0  (b) between 100 ) and 1000 Q&  (c) greater than 1000 )

8. A germanium diode and 100 () series resistor are connected to a source of voltage. If
the voltage measured across the resistor is 3 V, you know that:
(a) the diode is reverse-biased (b) the diode is shorted
(c) the diode is open (d) the current in the diode is 30 mA

9. The voltage for the source in Question 8 is approximately:

@227V ®»30V (c)33V 37V

10. The power dissipated in the diode in Question 8 is:
@ zero GB)IMW (¢)21mW () 3W
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11.

12.

13.

14.

15.

_ - — 1L

A crystal set was one of the first radio receivers because it did not require power. It
used a crystal, which was basically a diode detector. If you were choosing a modern
diode to use in a crystal set, would you select a silicon or germanium diode? Why?

If you check the forward resistance of a diode with an ohmmeter, it will change
depending on the range setting of the meter. Explain.

Compare the I-V curve between germanium and silicon.
(a) How does the barrier potential difference show up in the two curves?

(b) How does the I-V curve change as the temperature is increased?

Assume you are measuring the voltage across a forward-biased diode that is at room
temperature. How can you determine if the diode is a silicon or germanium diode?

For the circuit shown in Figure C-16—-1, determine if there is a fault for each of the
following conditions. If so, state what the most likely problem is.
(a) The voltmeter reads zero; the ammeter reads 3.0 mA.

(b) The voltmeter reads +10 V; the ammeter reads zero.
(¢c) The voltmeter reads 0.7 V; the ammeter reads 2.8 mA.

(d) Both the voltmeter and the ammeter read zero.

R=133k)

RE

Figure C-16-1
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3 2 Name
[ ] ] D t
Rectifier Circuits Class

Reading:
Floyd, Sections 17—1 through 17-3

Objectives:

After performing this experiment, you will be able to:

1. Construct half-wave, full-wave, and bridge rectifier circuits, and compare the input
and output voltage for each.

2. Connect a filter capacitor to each circuit in objective 1 and measure the ripple voltage
and ripple frequency.

Summary of Theory:

Rectifiers are diodes used to change ac to dc. They work like a one-way valve, allowing
current to flow in only one direction, as illustrated in Figure 32—~1. The diode is
forward-biased for one-half cycle of the applied voltage and reverse-biased for the other half-
cycle. The output waveforms is a pulsating dc wave. This waveform can then be filtered to
remove the unwanted variations.

Input—ac Diode Output—pulsating dc
/\ /\ + _ % /\ /\
| |
Figure 32-1

Rectifiers are widely used in power supplies that provide the dc voltage necessary for
almost all active devices to work. The three basic rectifier circuits are the half-wave, the
center-tapped full-wave, and the full-wave bridge rectifier circuits. The most important
parameters for choosing diodes for these circuits are the maximum forward current, I, and
the peak inverse voltage rating (PIV) of the diode. The peak inverse voltage is the maximum
voltage the diode can withstand when it is reverse-biased. The amount of reverse voltage that
appears across a diode depends on the type of circuit in which it is connected. Some
characteristics of the three rectifier circuits are investigated in this experiment.

Rectifier circuits are generally connected through a transformer, as shown in Figure
32-2. Notice the ground on the primary side of the transformer is not the same as the ground
on the secondary side of the transformer. This is because transformers isolate the ground
connection of the 3-wire service connection. The oscilloscope chassis is normally connected
to earth ground through the 3-prong service cord, causing the ground to be common;
however, you cannot be certain of this. If there is no connection between the grounds, the
reference ground is said to be a floating ground. You can determine if the ground is floating
by testing the voltage difference between the grounds.

259



— _ 1

Materials Needed:
One 12.6 V,,,, center-tapped transformer with fused line cord
Four diodes 1N4001 (or equivalent)
Two 2.2 k() resistors
One 100 uF capacitor
For Further Investigation:
One 0.01 uF capacitor
One 7812 or 781.12 regulator

Procedure:
Do this experiment only under supervision.

Caution! In this experiment, you are instructed to connect a low-voltage (12.6 V ac)
transformer to the ac line. Be certain that you are using a properly fused and grounded
transformer that has no exposed primary leads. Do not touch any connection in the circuit.
At no time will you make a measurement on the primary side of the transformer. Have
your connections checked by your instructor before applying power to the circuit.

1. Connect the half-wave rectifier circuit shown in Figure 32-2. Notice the polarity of
the diode. Connect the oscilloscope so that channel 1 is across the transformer
secondary and channel 2 is across the load resistor. The oscilloscope should be set for
LINE triggering since all waveforms are synchronized with the ac line voltage. View
the secondary voltage, Vg and load voltage, Vi g4p, for this circuit and sketch them
on Plot 32—1. Label voltages on your sketch.

T 1 T L T LI | T T 1 T T T 1 T T T T

1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 t 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1
F--r--r--r--r--r--r--r--r--r-- F=-r--r==-r--r--r--r--r--r--r--

1 1 1 1 1 1 1 1 1 Vo ' ) 1 1 i ' 1

F ] 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 1 1 1

Vsec r-~r--r--reoreTreer--oreor Vioap r=-r--r--r-er-°reTre-reer

[ t 1 1 1 I 1 1 ] I L] 1 1 ( 1 1 1 1

1 1 1 1 1 1 ] ] 1 1 1 1 1 ]
Fe-r--r--r--r--r--r~-r--r-or-- F=-r--r--r=-r--r--r--r--r--r--

1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 i 1 1 1 ] 1 1 1 1 t 1 1 ] 1 1

Plot 32-1

Measure the rms input voltage to the diode, Vg, and the output peak voltage,

Vioap.- Remember to convert the oscilloscope reading of Vg to rms. Record the
data in Table 32-1.

’G (o] |
CHIIJ
PP

Figure 32-2
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The output isn’t very useful as a dc source because of the variations in the output
waveform. Connect a 100 wF capacitor (C,) in parallel with the load resistor (R;).
Note the polarity of the capacitor. Measure the dc load voltage, V| gap, and the peak-
to-peak ripple voltage, VrippLE, in the output. To measure the ripple voltage, switch
the oscilloscope vertical input to AC COUPLING. This allows you to magnify the
small ac ripple voltage without including the much larger dc level. Measure the peak-
to-peak ripple voltage and the ripple frequency. The ripple frequency is the frequency
at which the waveform repeats. Record all data in Table 32—-1.

Table 32-1 Half-Wave Rectifier Circuit

Without Filter Capacitor With Filter Capacitor

Computed | Measured Computed Measured Measured Ripple
Frequency

Vin (rms) | Vgge (rms) | Vipap (peak) | Vipap (peak) | Vipap (dC) | VrippLe

12.6 V ac

Disconnect power and change the circuit to the full-wave rectifier circuit shown in
Figure 32-3. Notice that the ground for the circuit has changed. The oscilloscope
ground needs to be connected as shown. Check your circuit carefully before applying
power. Compute the expected peak output voltage. Then apply power and view the
Vsec and Vy oap Waveforms. Sketch the observed waveforms on Plot 32-2.

T T T
} [l |
1 | I
F-"r-"r-r-r-- -~ r——r=——r~-r-~--
1 }
I 1 | 1
-~ -~ r=-——r=—r~—r-—-
I | ] 1
| | 1 1
-~ r-—r——r~—r~--
t t 1 I
] ] i |

1
Fr——r=—r="r=--r
| j 1 I
} 1 1 |
- r-TreTrTTro -
] 1 | 1
| 1 | ]

Vsec Vioap

T T
1 |
1 |
[
1 I
1 |
| i
| 1
| 1
r--r=--
I 1
1 |

T T T T T
1 | 1 i |
I | 1 | '
cTTroTroTrTTrT T
i 1 1 | 1
] 1 | | 1
r-TrTTrTTreTr T o
1 [l | 1 1
1 1 | 1 |
r-TrTTrTTrTTr T
1 | 1 1 I
[} | 1 1 |

Plot 32-2

Measure Vg (rms) and the peak output voltage (V oap) Without a filter capacitor.
Record the data in Table 32-2.

Note ground
position

Figure 32-3

Connect the 100 uF capacitor in paraliel with the load resistor. Measure V| o5p, the
peak-to-peak ripple voltage, and the ripple frequency as before. Record the data in
Table 32-2. »
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7.

Table 32-2 Full-Wave Rectifier Circuit

Without Filter Capacitor With Filter Capacitor
Computed | Measured Computed Measured Measured Ripple
Frequency
Vsgc (tms) | Vgge (rms) | Vipap (Peak) | Vipap (peak) | Vipap (dC) | VirippLe
6.3V ac

Investigate the effect of the load resistor on the ripple voltage by connecting a second
2.2 kS load resistor in parallel with R, and C, in the full-wave circuit in Figure 32-3.
Measure the ripple voltage. What can you conclude about the effect of additional load

current on the ripple voltage?

Disconnect power and change the circuit to the bridge rectifier circuit shown in Figure
32—-4. Notice that no terminal of the transformer secondary is at ground potential. The
input voltage to the bridge, Vg, is not referenced to ground. The oscilloscope cannot

be used to view both the input voltage and the load voltage at the same time. Check
your circuit carefully before applying power. Compute the expected peak output
voltage. Then apply power and use a voltmeter to measure Vg (rms). Use the
oscilloscope to measure the peak output voltage (V| o.p) Without a filter capacitor.
Record the data in Table 32-3.

Fuse

77y
\\/
1
3t %'

VLOAD

2.2k{)

Figure 32-4

Bs_

@m

Connect the 100 uF capacitor in parallel with the load resistor. Measure V; g.p, the

peak-to-peak ripple voltage, and the ripple frequency as before. Record the data in
Table 32-3.
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Table 32—3 Bridge Rectifier Circuit

Without Filter Capacitor With Filter Capacitor
Computed | Measured Computed Measured Measured Ripple
Frequency

Vsec (tms) | Vgge (rms) | Vigap (P€aK) | Vioap (P€aK) | Vioap (dC) | VrippLE

12.6 V ac

8. Simulate an open diode in the bridge by removing one diode from the circuit. What
happens to the output voltage? The ripple voltage? The ripple frequency?

Conclusion:

Evaluation and Review Questions:

1. What advantage does a full-wave rectifier circuit have over a half-wave rectifier
circuit?
2. Compare a bridge rectifier circuit with a full-wave rectifier circuit. Which has the

higher output voltage? Which has the greater current in the diodes?

3. Explain how you could measure the ripple frequency to determine if a diode were
open in a bridge rectifier circuit.
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Fuse Vsec
i 6|6
cT R, CH2
L 1 22kQ ®|®,
Figure 32-5
4, In step 3, you moved the ground reference to the center-tap of the transformer. If you

wanted to look at the voltage across the entire secondary, you would need to connect
the oscilloscope as shown in Figure 32-5 and subtract channel 2 from channel 1.
(Some oscilloscopes do not have this capability.) Why is it necessary to use two
channels to view the entire secondary voltage?

5. (a) What is the maximum dc voltage you could expect to obtain from a
transformer with an 18 V. secondary using a bridge circuit with a filter
capacitor?

(b) What is the maximum dc voltage you could expect to obtain from the same
transformer connected in a full-wave rectifier circuit with a filter capacitor?

For Further Investigation:

The bridge rectifier circuit shown in Figure 32—4 can be changed to a +12 V regulated power
supply with the addition of a 7812 or 7812 three-terminal regulator. The 7812 can deliver
over 1.0 A of current, whereas the 7812 can deliver over 100 mA. Add one of the regulators
to your bridge rectifier circuit as shown in Figure 32—6. Measure the output ripple from the
circuit with the regulator. Compare your results with the unregulated circuit in step 7.

From bridge 7812 78L12
rectifier circuit 7812 (TO-220 case) (TO-92 case)
or
78112
R,
Input Output
G d Ground
1 roun Input

Output

Figure 32-6
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Diode Limiting Name
and Clamping Circuits cus

Reading:
Floyd, Sections 17-4 through 17-8

Objectives:

After performing this experiment, you will be able to:

1. Explain the difference between clipping and clamping circuits.

2. Calculate and measure the voltage limits of both biased and unbiased clipping circuits.
3. Predict and measure the effect of a dc bias voltage on a clamping circuit.

Summary of Theory:

In addition to the use of diodes as rectifiers, there are a number of other interesting
applications. For example, diodes are frequently used in applications such as waveshaping,
mixers, detectors, protection circuits, and switching circuits. In this experiment, you will
investigate two widely used applications of diode circuits, diode limiter circuits (also called
clippers) and diode clamping circuits. Diode clipping circuits are used to prevent a waveform
from exceeding some particular limit, either negative or positive. For example, assume it is
desired to remove the portion of sine wave that exceeds +5.0 V. The bias voltage, V5, is set
to a voltage 0.7 V less than the desired clipping level. The circuit in Figure 33-1 will limit the
waveform because the diode will be forward-biased whenever the signal exceeds +5.0 V.
This places Vj in parallel with R, and prevents the input voltage from going above +5.0 V.
When the signal is less than +5.0 V, the diode is reverse-biased and appears to be an open
circuit. If, instead, it was desired to clip the waveform below some specified level, the diode
can be reversed and Vj is set to 0.7 V greater than the desired clipping level.

R
Y
M —o
50V 50V
ov Vs oV
Vp=+43V R,
VS

O

Vi

Figure 33-1

Diode clamping circuits are used to shift the dc level of a waveform. When a signal is
passed through a capacitor, the dc component is blocked. A clamping circuit can restore the
dc level. For this reason these circuits are sometimes called dc restorers. Diode clamping
action is illustrated in Figure 33-2 for both positive and negative clamping circuits. The diode
causes the series capacitor to have a low-resistance charging path and a high resistance
discharge path through R;. As long as the RC time constant is long compared to the period of
the waveform, the capacitor will be charged to the peak value of the input waveform. This
action requires several cycles of the input signal to charge the capacitor. The output load
resistor sees the sum of the dc level on the capacitor and the input voltage.
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Capacitor \Y s -
charges to Vp A
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R, i
i *——0 ov
Positive clamp 73
ov
C ov
+ —
Vs Vs —Vp
Ry
o -2V,
Negative clamp Vi
Figure 33-2

Materials Needed:
Resistors:

Two 10 kQ, one 47 kQ

Two signal diodes (1N914 or equivalent)
One 47 uF capacitor
For Further Investigation:

One 10 k) potentiometer
One 1.0 kQ resistor

Procedure:

1.

Connect the circuit shown in Figure 33-3. Connect the signal generator to the circuit
and set it for a 6.0 V,, sine wave at a frequency of 1.0 kHz with no dc offset. Observe
the input and output waveforms on the oscilloscope by connecting it as shown. Notice
that R, and R, form a voltage divider, causing the load voltage to be less than the
source voltage. R, will provide a dc return path in case the signal generator is
capacitively coupled.

6|6l
6.i)vpp = [CH 1]|[CH2
1.0 kHz 47k9% @ @I

Figure 33-3

Now add the diode to the circuit as shown in Figure 33—-4. Look carefully at the
output waveform. Note the zero volt level. Sketch the input and output waveforms in
the space provided. Then use the difference function technique (described in
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Experiment 16) to measure the waveform across R,. Sketch the observed waveforms

on Plot 33-1.

Figure 33-4

PR

e

———p—————-——

Femt——A==—f =A== ——t——

R

—— g ——

—_———bkm—d -

F=—t-=—a———f-——d-———F-—4—-~d———f——q~--—

Vi

Plot 33-1

Remove the cathode of the diode from ground and connect it to the power supply as
shown in Figure 33-5. Vary the voltage from the supply and describe the results:

3.

Figure 33-5
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Reverse the diode in the circuit of Figure 33—5. Vary the dc voltage and describe the
results:

Replace the positive power supply with a negative supply. Again, vary the dc voltage
and describe the results:

If you have freeze spray available, test the effect on the clipping level when the diode
is cooled.
Observations:

Connect the clamp circuit shown in Figure 33-6. Couple the oscilloscope with dc
coupling and observe the output voltage. Vary the input voltage and observe the
result.

Observations:
Y
-\ |+
/| N,
Vo= 47 uwF / |
6.0V, D, §RL Voo 47 pF D,
1.0 kHz IN914 47kQ e @ IN914 §RL
’ pp
1.0kHz —— v, = +20v 3 VK
Figure 33-6 I ©
Figure 33-7
8. Add a dc voltage to the diode by connecting the power supply as shown in Figure
33-7. Sketch the output waveform on Plot 33-2 below. Show the dc level on your
sketch:
Plot 33-2
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9. Find out what happens if the positive dc voltage is replaced with a negative dc source.
Observations:

Conclusion:

Evaluation and Review Questions:

1. In step 2, you observed the voltage waveform across the series resistor, R,. The
waveform observed across R, could have been predicted by applying Kirchhoff’s
voltage law to Vg and V. Explain.

2. For the circuit of Figure 33-6, describe what would happen to the output voltage if
the capacitor were shorted.

3. For the circuit of Figure 33-7, what change would you expect in the output if the
diode were reversed?

4. Explain the difference between a limiting and a clamping circuit:
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5. Predict the maximum and minimum output voltage for the clipping circuit shown in

Figure 33-8.
Vmin =
Vmax =
R,
M * *
10 k(2
Vo=
60V, @ R, D, & D, §RL
1.0 kHz 10k 47k}
Figure 33-8

For Further Investigation:
A variable clipping level is possible from a fixed power supply by setting the reference
voltage with a voltage divider as shown in Figure 33-9. Connect the circuit and determine the
maximum and minimum clipping levels by measuring the output voltage as the potentiometer
is varied.

Minimum clipping level =
Maximum clipping level =

Ry
M -0
10 k)
Ve=
6.0V, R D, Ry
1.0 kH 10 k2 ¥+ IN914 47kQ)
Ry R, =
10kQ) 1.0k ]__ Vp=+20V
1 . I
|+ =
/1
47 uF
Figure 33-9
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Application Name
Assignment 17 Class

Date

Reference:

Floyd, Chapter 17, Section 17-10: Application Assignment

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Identify the components.
Relate the PC boards to the schematics

Analyze the power supply/IR emitter board. Determine the voltages that are at
points 1, 2, and 3. Assume the boards are operating correctly.

V= V,=__ V,=

Analyze the IR detector board. Determine the voltage at point 4 with no light.
(Neglect the small dark current and current into the digital circuit.)

V,=____ (with no incident light)

Determine the voltage at point 4 with incident light. Assume a reverse current
of 10 uA flows through the photodiode.

V,=__ (with incident light)

Troubleshoot the system. Give the probable cause of each fault listed in the
text. Complete Table AA-17-1.

Table AA-17-1

Fault Probable Cause

X || ||| W[
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Related Experiment:

Materials Needed:
One opto-coupler (4N35 or equivalent)
One 10 uF capacitor
Resistors:
One 220 (), one 1.0 k2, one 2.0 kQ)

Discussion:

The test circuit shows an infrared LED and photodiode combination used to count objects.
This combination of light source and receiver are also used when it is necessary to achieve a
high degree of electrical isolation. (An electrocardiogram machine is an example.) Devices are
available in packages called an opto-coupler (or opto-isolator) containing an LED light source
and a sensor (a phototransistor or photodiode) in an opaque enclosure. In this application
assignment, an audio signal will be transmitted by light in an optical isolator to a
phototransistor connected as a photodiode. Normally, an opto-coupler is used to isolate two
circuits, but in order to simplify the test circuit, common grounds and supply voltages are
used here. Set up the test circuit shown in Figure AA-17—-1. Set the function generator for a
1.0 V,,, sine wave at 1.0 kHz. This causes the LED to vary in brightness at a rate determined
by the function generator. Compare the input and output signals on a two-channel
oscilloscope. Compare the phase of the input and output signal and note the amplitude of the
received signal. Summarize your observations.

Ry
Sine wave 1.0k}
generator
1.0 kHz
1.0 Vpp

Figure AA-17-1

272



CheCkup 17 Class

Name

Date

Reference:
Floyd, Chap. 17, and Buchla, Experiments 32 and 33

1.

An advantage of a full-wave bridge rectifier is:
(a) it uses four diodes (b) two diodes are in series with the load
(c) diodes carry a smaller current (d) a center-tapped transformer is not needed

A half-wave rectified sine wave has an average voltage of 25 V. The peak voltage is
approximately:
a8V )16V (©39V M9V

A full-wave rectifier supply contains a capacitor input filter. The amount of the ripple
voltage is dependent on the size of:

(a) the capacitor (b) the load resistor

(c) the capacitor and load resistor (d) neither the capacitor nor load resistor

If one diode in a full-wave rectifier is open, the output:

(a) ripple voltage and frequency will both increase

(b) ripple voltage will increase, but frequency will decrease
(¢) ripple voltage and frequency will both decrease

(d) ripple voltage will decrease, but frequency will increase

A half-wave rectifier is connected to a 60 Hz source. The ripple frequency of the
output should be:
(@) 30Hz (b) 60Hz (c) 120Hz (d) 240 Hz

A full-wave bridge rectifier is across the 12.6 V. secondary of a transformer. The
output is filtered with a capacitor input filter. The dc voltage is about:
@9V b 12V (@©17vVvd 25V

Each diode in a certain bridge rectifier circuit is rated for 1 A dc current. This means
that the dc output current can have a maximum value of:
@ 05A (B)Y10A ()20A (d)4.0A

A circuit that uses a series capacitor charged to the peak value of a waveform is a:
(a) clipping circuit  (b) regulator (c) filter (d) dc restorer

In order to hold a load voltage constant, a zener diode needs to operate:
(a) with zero bias (b) with forward bias
(c) before the breakdown region  (d) in the breakdown region
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10.

11.

12.

13.

14.

A diode that can be used to vary the frequency in a resonant circuit is a:
(a) varactor (b) zener (c) rectifier (d) photodiode

(a) Explain how a measurement of the ripple frequency can help determine if all
diodes are working in a bridge circuit.

(b) Assume that you discovered from the ripple measurement that a diode was open,
how would you locate which diode was bad?

A transformer with a 12.6 V__ . secondary supplies the ac voltage for a full-wave
bridge circuit. The output is connected to a 1000 wF capacitor in parallel with a 4.7 k()
resistive load.

(a) Compute the dc voltage on the load.

(b) Compute the dc load current.

For the circuit in Figure C-17-1, assume the zener current is 5 mA.
(a) What is the resistance of R,?

(b) If R; were open, what current would flow in the zener diode?

R,

VYW *
VS=+15V_l_ D

— R

-’— 10V 1kQ

Figure C-17-1

A power supply, rated for 1 A of output current, changes from 5.00 V with no load to
4.92 V with a 5 Q resistive load. Calculate the percent load regulation.
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Name
' . . Dat
34 Bipolar Transistors  cuss

Reading:
Floyd, Sections 18-1 through 18-5

Objectives:

After performing this experiment, you will be able to:

1. Measure and graph the collector characteristic curves for a bipolar junction transistor.
2. Use the characteristic curves to determine the By of the transistor at a given point.

Summary of Theory:

A bipolar junction transistor (BJT) is a three-terminal device capable of amplifying an ac
signal. The three terminals are called the base, emitter, and the collector. BJTs consist of a
very thin base material sandwiched in between two of the opposite type materials. They are
available in two forms, either NPN or PNP. The middle letter indicates the type of material
used for the base, while the outer letters indicate the emitter and collector material. Two PN
junctions are formed when a transistor is made, the junction between the base and emitter
and the junction between the base and collector. These two junctions form two diodes, the
emitter-base diode and the base-collector diode.

BJTs are current amplifiers. A small base current is amplified to a larger current in the

- collector-emitter circuit. An important characteristic is the dc current gain, which is the ratio
of collector current to base current. This is called the dc beta (B,4.) of the transistor. Another
useful characteristic is the dc alpha (ay.). The dc alpha is the ratio of the collector current to
the emitter current and is always less than 1.

For a transistor to amplify, power is required from dc sources. The dc voltages
required for proper operation are referred to as bias voltages. The purpose of bias is to
establish and maintain the required operating conditions despite variations between transistors
or circuit parameters. For normal operation, the base-emitter junction is forward-biased and
the base-collector junction is reverse-biased. Since the base-emitter junction is
forward-biased, it has characteristics of a forward-biased diode. A silicon bipolar transistor
requires approximately 0.7 V of voltage across the base-emitter junction to cause base current
to flow.

Materials Needed:
Resistors:
One 100 Q, one 33 k()
One 2N3904 NPN transistor (or equivalent)
For Further Investigation:
Transistor curve tracer
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Procedure:

Measure and record the resistance of the resistors listed in Table 34-1.

Table 34-1 -
Listed | Measured 11%0 0
Value Value Vee _ IN3904
33 k0 T e S
AA'AY 2N3904
100 @ 33KQ N Base
Vag Collector

Figure 34-1

Connect the common emitter configuration illustrated in Figure 34—1. Start with both
power supplies set to 0 V. The purpose of R, is to limit base current and allow
determination of the base current. Slowly increase Vgg until Vg, is 1.65 V. This sets
up a base current of 50 uA, which can be shown by applying Ohm’s law to R,.

Without disturbing the setting of Vyg, slowly increase V. until 2.0 V is measured
between the transistor’s collector and emitter. This voitage is called V. Then
measure and record Vg, for this setting. Record Vg, in Table 34-2 under the columns
labeled Base Current = 50 pA.

Table 34-2

Base Current = 50 uA Base Current = 100 uA | Base Current = 150 pA

Vce Vi2 Ic Vra Ic Vi2 Ic
(measured) | (measured) | (computed) | (measured) | (computed) | (measured) | (computed)

20V

40V

6.0V

80V

Compute the collector current, I, by applying Ohm’s law to R,. Use the measured
voltage, V., and the measured resistance, R,, to determine the current. Note that the
current in R, is the same as I for the transistor. Enter the computed collector current
in Table 34-2 under the columns labeled Base Current = 50 uA.

Without disturbing the setting of Vgg, increase V. until 4.0 V is measured across the
transistor’s collector to emitter. Measure and record Vpg, for this setting. Compute the
collector current by applying Ohm’s law as in step 4. Continue in this manner for each
of the values of Vg listed in Table 34-2.

Reset V¢ for 0 V and adjust Vgg until Vg, is 3.3 V. The base current is now 100 pA.
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10.

11.

Without disturbing the setting of Vgg, slowly increase V¢ until Vg is 2.0 V. Then
measure and record Vi, for this setting in Table 34-2 under columns labeled Base
Current = 100 nA. Compute I for this setting by applying Ohm’s law to R,. Enter
the computed collector current in Table 34-2.

Increase V- until Vg is equal to 4.0 V. Measure and record Vp, for this setting.

Compute I as before. Continue in this manner for each value of Vg listed in Table
34-2.

Reset V¢ for 0 V and adjust Vg until Vg, is 4.95 V. The base current is now
150 pA.

Complete Table 34-2 by repeating steps 7 and 8 for 150 A of base current.

Plot three collector characteristic curves using the data tabulated in Table 34—2. The
collector characteristic curve is a graph of Vg versus I for a constant base current.
Choose a scale for I that allows the largest current observed to fit on the graph.
Label each curve with the base current it represents. Graph the data on Plot 34-1.

(mA)

Veg (V)
Plot 34-1
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12. Use the characteristic curve you plotted to determine the By for the transistor at a
Vcg of 3.0 V and a base current of 50, 100, and 150 wA. Then repeat the procedure
for a B4 at a Vg of 5.0 V. Tabulate your results in Table 34-3.

Table 34-3

- Current Gain, By,

Conclusion:

Evaluation and Review Questions:
1. Do the experimental data indicate that B4 is a constant at all points? Does this have
any effect on the linearity of the transistor?

2. What effect would a higher By, have on the characteristic curves you measured?

3. What is the maximum power dissipated in the transistor for the data taken in the
experiment?

4. (a) The dc alpha of a bipolar transistor is the collector current I, divided by the

emitter current, I. Using this definition and I = I + I, show that dc alpha
can be written

o = Bdc
ae Bdc +1
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(b) Compute the dc alpha for your transistor at Vg = 4.0 V and Iz = 100 pA.

3. What value of V¢ would you expect if the base terminal of a transistor were open?
Explain your answer.

For Further Investigation:

If you have a transistor curve tracer available, use it to check the data taken in this
experiment. A transistor curve tracer has a step generator that generates a staircase set of
current or voltage steps. Set the step generator to 50 pA per step. Select positive steps to
apply to the base with the emitter grounded. Select a positive sweep voltage of approximately
+20 V with a series limiting resistance of several hundred ohms. Select a horizontal display
of 1 V/div and a vertical display of about 10 mA/div. (If your transistor has a very high or low
B4c> YOu may need to change these settings.) The curve tracer will show the collector
characteristic curves. Test the effect of heating or cooling the transistor on By..
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Field'EffeCt Name

o Date
Transistors Class
Reading:
Floyd, Sections 18—6 through 18-9
Objectives:
After performing this experiment, you will be able to:
1. Measure and graph the drain characteristic curves for a junction field-effect transistor
JFET).
2. Use the characteristic drain curves to determine the transconductance of the JFET.
3. Explain how a JFET can be used as a two-terminal constant current source.

Summary of Theory:

The field-effect transistor (FET) is a voltage-controlled transistor that uses an electrostatic
field to control current flow rather than a base current. Instead of a sandwich of materials as
in the bipolar transistor, the FET begins with a doped piece of silicon called a channel. On
one end of the channel is a terminal called the source and on the other end of the channel is a
terminal called the drain. Current flow in the channel is controlled by a voltage applied to a
third terminal called the gate. Field-effect transistors are classified as either junction-gate
(JFET) or insulated-gate (IGFET) devices. Insulated gate devices are also called MOSFETs
(for Metal Oxide Semiconductor FETs). The major difference between bipolar and field-effect
transistors is that bipolar transistors use a small base current to control a larger current, but
the FET uses a gate voltage to control the current. Since the input of an FET draws virtually
no current, the input impedance is extremely high; however, the sensitivity to input voltage
change is much greater in the bipolar transistor than in the FET. Both the JFET and
MOSFET have similar ac characteristics; however, in this experiment, we will concentrate on
the JFET to simplify the discussion.

The gate of a JFET is made of the opposite type of material from that of the channel,
forming a PN diode between the gate and channel. Application of a reverse bias on this
junction decreases the conductivity of the channel, reducing the source-drain current. The
gate diode is never forward-biased and hence draws almost no current. The JFET comes in
two forms, N-channel and P-channel. The N-channel is distinguished on drawings by an
inward drawn arrow on the gate connection, while the P-channel has an outward pointing
arrow on the gate.

The characteristic drain curves for a JFET exhibit several important differences from
the BJT. Besides being a voltage-controlled device, the JFET is a normally ON device. In
other words, a reverse-bias voltage must be applied to the gate-source diode in order to close
off the channel and stop drain-source current. When the gate is shorted to the source,
maximum allowable drain-source current flows. This current is called Ij,gg for Drain-Source
current with gate Shorted. The JFET exhibits a region on its characteristic curve where drain
current is proportional to the drain-source voltage. This region, called the ohmic region, has
important applications as a voltage-controlled resistance.
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A useful specification for estimating the gain of a JFET is called the transconductance,
which is abbreviated g,,. Recall that conductance is the reciprocal of resistance. Since the
output current is controlled by an input voltage, it is useful to think of FETSs as
transconductance amplifiers. The transconductance can be found by dividing a small change
in the output current by a small change in the input voltage; that is,

_ Al
 AVgs

8m

Materials Needed:
Resistors:
One 100 €, one 33 kO
One 2N5458 N-channel JFET transistor (or equivalent)

Procedure:
1. Measure and record the resistance of the resistors listed in Table 35-1.
2. Construct the circuit shown in Figure 35-1. Start with V55 and Vpp, at zero volts.

Connect a voltmeter between the drain and source of the transistor. Keep V¢ at 0 V
and slowly increase V, until Vg is 1.0 V. (Vpg is the voltage between the
transistor’s drain and source.)

Table 35-1
Measured Ry

100 Q
v Value Voo _ 2N5458
" T o
Tain
AAA% > 2N5458
R, | 100 (9] J_ 33 k0 Source
Ves ~

Gate
+ . 4 -
Figure 35-1
3. With Vg at 1.0 V, measure the voltage across R, (Vg,). Compute the drain current,

I, by applying Ohm’s law to R,. Note that the current in R, is the same as I, for the
transistor. Enter the computed I, in Table 35-2 under the columns labeled Gate
Voltage = 0 V.

4. Without disturbing the setting of Vg, slowly increase Vp, until Vg is 2.0 V. Then
measure and record Vg, for this setting. Compute I, as before and enter the computed
current in Table 35—2 under the columns labeled Gate Voltage = 0 V.
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Table 35-2

_ Gate Voltage = 0V Gate Voltage = —1.0 V | Gate Voltage = —2.0V
\4 VR2 ID VR2 ID VRZ

I
DS D
(measured) | (measured) | (computed) | (measured) | (computed) | (measured) | (computed)

10V
20V
3oV
40V
6.0V
80V

5. Repeat step 4 for each value of Vg listed in Table 35-2.

6. Adjust Vg for —1.0 V. This applies —1.0 V between the gate and source because
there is almost no gate current into the JFET and almost no voltage drop across R;.
Reset Vpp until Vg = 1.0 V. Measure Vg, and enter it in Table 35-2. Compute I,
and enter the computed current in Table 35-2 under the columns labeled Gate
Voltage = —1.0 V,

7. Without changing the setting of Vg, adjust Vpp, for each value of Vg listed in Table
35-2 as before. Compute the drain current at each setting and enter it in Table 35-2
under the columns labeled Gate Voltage = —1.0 V.

8. Adjust Vg for —2.0 V.! Repeat steps 6 and 7, entering the data under the columns
labeled Gate Voltage = —2.0 V.

9. The data in Table 35-2 represent three drain characteristic curves for your JFET. The
drain characteristic curve is a graph of Vg versus I, for a constant gate voltage. Plot
the three drain characteristic curves on Plot 35—1. Choose a scale for I, that allows
the largest current observed to fit on the graph. Label each curve with the gate voltage
it represents.

'The gate-source cutoff voltage for the 2N5458 can vary from —1.0 V to —7.0 V. You may find

that —2.0 V turns off the transistor. If the transistor is turned off, try testing it with a gate voltage of
-0.5V.
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ID
(mA)

0 1 2 3 4 5 6 7 8

Vis (V)
Plot 35-1

10. Determine the approximate transconductance (g,,) of your JFET at Vg = 6 V. Do
this by observing the change in drain current between two of the characteristic curves
at Vpg = 6 V and dividing it by a change in the gate-source voltage. Note that the
change in the gate-source voltage is 1.0 V between each plotted curve. You should be
able to find a transconductance that agrees with the specified range for the JFET you
are using, typically 1000 uS to several thousand uS.

Em =

Conclusion:

Evaluation and Review Questions:
1. @) Explain how to find I g5 from the characteristic curves of a JFET.
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(b) From your data, what is the Igg for your JFET?

2. Using the data when the gate voltage is 0, explain how you could use your JFET as a
two-terminal current source that gives a current of Ingg.

3. (a) Does the experimental data indicate that the transconductance is a constant at
all points?

(b) From your experimental data, what evidence indicates that a JFET is a
nonlinear device?

4. Look up the meaning of pinch-off voltage when Vg = 0. Note that the magnitude
of Vg is equal to the magnitude of V,, so we can use the characteristic curve for
Vgs = 0 to determine V. Using the data from this experiment, determine the pinch-
off voltage for your JFET.

5. Why should a JFET be operated with only reverse bias on the gate source?

For Further Investigation:

Using the test circuit shown in Figure 35-1, test the effect of varying V5g with Vpp held at a
constant +10 V. Tabulate a set of data of I, as a function of V5q. Start with Vgg = 0.0 V
and take data every —5.0 V until there is no appreciable drain current. Then graph the data

285



on Plot 35-2. This curve is the transconductance curve for your JFET. The data you obtain
are nonlinear because the gate-source voltage is proportional to the square root of the drain
current. To illustrate this, compute the square root of I, and plot the square root of the drain
current as a function of the gate-source voltage on Plot 35-3.

Table 35-3

Vs I, Vip

(measured) | (measured) | (computed)

00V

-05V L

Z10V

15V Ip

(mA)
=20V

25V

-3.0V i

-35V

—40V

45V

=50V -5 -4 -3 -2 -1

Vas (V)
Plot 35-2

Vip

Vas (V)

Plot 35-3
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: Name
36 The SCR e

Reading:
Floyd, Sections 18—10 through 18-12

Objectives:

After performing this experiment, you will be able to:

1. Measure the gate trigger voltage and holding current for an SCR.

2. Compare a transistor latch circuit with an SCR.

3. Explain the effect of varying the gate control on the voltage waveforms in an ac SCR
circuit.

Summary of Theory:

Thyristors are a class of semiconductor devices consisting of multiple layers of alternating P
and N material. They are bistable devices that use either two, three, or four terminals to
control either ac or dc. Thyristors are primarily used in power-control and switching
applications. A variety of geometry and gate arrangements are available, leading to various
types of thyristors such as the diac, triac, and silicon-controlled rectifier (SCR). In this
experiment, you will investigate an SCR. It is one of the oldest and most popular thyristor. It
is a four-layer device and can be represented as equivalent PNP and NPN transistors, as
shown in Figure 36-1.

Anode Anode

e — 7

Gate

Cathode Cathode Cathode
(a) (b) (©

Figure 36-1

The SCR is a thyristor that operates as a latching switch controlled by a sensitive
gate. If the anode is negative with respect to the cathode, the SCR is reverse-biased and will
be off. When the anode is made more positive than the cathode, the SCR is forward-biased,
but without a gate signal, it remains off. The application of a small positive gate pulse causes
the SCR to go rapidly into conduction. Once it begins conduction, control is lost by the gate.
Conduction ceases only when the anode current is brought below a value called the holding
current.

SCRs have specific requirements for proper triggering. A number of special thyristors
and other solid-state devices, such as the unijunction transistor (UJT), are used for trigger
circuits. The primary requirement of any triggering circuit is to provide adequate gate current
and voltage at a precise time. The triggering device provides a precise control signal to a
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thyristor power device. Applications include dc switching, motor control, electronic ignition,

battery chargers, and lamp drivers.

Materials Needed:
Resistors:

One 160 1, two 1.0 kQ, one 10 kQ
One 10 k) potentiometer
One 0.1 uF capacitor
One LED
One 2N3904 NPN transistor (or equivalent)
One 2N3906 PNP transistor (or equivalent)
One SK3950 SCR (or equivalent)
One 12.6 V power transformer
For Further Investigation:

One photocell (Radio Shack 276-116 or equivalent)

Procedure:

1. Measure and record the resistance of the resistors listed in Table 36—1. R, is a 10 k()

variable resistor, so it is not listed.

Table 36-1 Table 36-2
Listed | Measured Transistor
Resistor | Value Value Latch SCR

R, 1.0 k2 V sk (off state)

R, 160 Vak (on state)

R, 1.0 kQ VGate Trigger

Rs 10 kQ Vi
IHoIding (min)

2. Construct the transistor latch shown in Figure 36-2. The purpose of C, is to prevent

noise from triggering the latch. The switch can be made from a piece of wire. Set R,
for the maximum resistance and close S,. The LED should be off. Measure the
voltage across the latch shown as Vi, ofr state)- (Vax refers to the voltage from the
anode to cathode.) Enter the measured voltage in Table 36—2 under Transistor Latch.
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@ LED
+ _

2N3904 and
2N3906

Emitter
Base
Collector

Figure 36-2

Slowly decrease the resistance of R, until the LED comes on. Measure V,x with the
LED on (latch closed). Record this value as Vak (on state) i Table 36—-2. Measure the
voltage across R;. Record this as the gate trigger voltage in Table 36-2.

Open S,. The LED should stay on because of latching action. Connect a voltmeter
across R,. Monitor the voltage while slowly decreasing V. Record the smallest
voltage you can obtain across R, with the LED on. Then apply Ohm’s law using the
measured Vg, and the measured resistance of R, to compute the current through R,.
This current is the minimum holding current for the latch. Record this as Iyygging (min)
in Table 36-2.

Replace the transistor latch with an SCR as shown in Figure 36-3. Repeat steps 2, 3,
and 4 for the SCR. Enter the data in Table 36—2 under SCR.

Vee = +15V

/

/

R,

1k Y
SK3950

SCR (TO-92 Case)

SK3950

Cathode
Cathode
Gate
Anode
Figure 36-3

As you have seen, the only way to turn off an SCR is to drop the conduction to a
value below the holding current. A circuit that can do this for dc operation is shown in
Figure 36-4. In this circuit, the capacitor is charged to approximately V.. When S,
is momentarily pressed, the capacitor is connected in reverse across the SCR, causing
the SCR to drop out of conduction. This is called capacitor commutation. Add the
commutation circuit to the SCR circuit.
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Figure 36-4
7. Test the commutation circuit by momentarily closing S, and then momentarily closing
S,. Describe your observations.
8. Do this procedure only under supervision.

Caution! In this procedure, you are instructed to connect a low-voltage (12.6 V ac)
transformer to the ac line. Be certain that you are using a properly fused and grounded
transformer that has no exposed primary leads. Do not touch any connection in the circuit.
At no time will you make a measurement on the primary side of the transformer. Have
your connections checked by your instructor before applying power to the circuit.

A typical application of SCRs is in ac circuits such as motor speed controls. The ac
voltage is rectified by the SCR and applied to a dc motor. Control is obtained by
triggering the gate during the positive alteration of the ac voltage. The SCR drops out
of conduction on each negative half-cycle; therefore, a commutation circuit is
unnecessary. Remove the commutation circuit and replace V. with a 12.6 V¢
voltage from a low-voltage power transformer.! Observe the voltage waveform across
R, by connecting one channel of your oscilloscope on each side of R, and using the
difference function as illustrated in Experiment 16. Compare this waveform with the
voltage waveform across the SCR anode to cathode. Vary R, and observe the effect
on the waveforms. On Plot 36—1, sketch representative waveforms across R, and
across the SCR. Show the measured voltage on your sketch.

'A signal generator can be used instead. Set the generator for a 15 V peak signal at 60 Hz.
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Conclusion:
Evaluation and Review Questions:
1. Explain how to turn off a conducting SCR in a dc circuit.
2. To what does commutation in an SCR circuit refer?

3. Explain why a short from V¢ to the anode of the SCR in Figure 36—3 could cause
the SCR to burn out.

4, What symptom would you expect to see if the SCR in the circuit of Figure 36—4 had
an anode-to-cathode short?
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5. For the circuit of Figure 36—4, what effect on the voltage waveform measured across
R, would you expect if the holding current for the SCR were higher?

For Further Investigation:

The trigger control circuit of an SCR can be controlled by a light-sensitive detector such as a
photocell. Operate the circuit shown in Figure 36-3 from a sine wave source. Replace R,
with a photocell (Radio Shack 276-116 or equivalent). Then put R, back and replace R, with
the photocell. Summarize your findings in a laboratory report. There are various resistive
sensors on the market for temperature, moisture, and so forth. Can you think of other
potential applications for this circuit?
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Name
37 The UJT Class

Reading:
Floyd, Sections 18-10 and 18-11

Objectives:

After performing this experiment, you will be able to:

1. Connect a UJT as a relaxation oscillator.

2. Determine the effect of varying resistance on the waveshape and the output frequency.
3. Show how to trigger an SCR with a UJT.

Summary of Theory:

The unijunction transistor, or UJT, is a 3-terminal device, so named because it contains a
single PN junction joined to a silicon bar. The bar of silicon has connections at each end for
base leads (base 1 and base 2). The remaining lead, on the other side of the PN junction, is
called the emitter. The symbol for a UJT is shown in Figure 37—1(a). The emitter terminal is
shown with an arrow drawn at a slant. It points inward to indicate a P-type of emitter and
N-type of base material.

The operating principle for a UJT is quite different from that for bipolar or field effect
transistors. The base leads can be thought of as connected to the ends of a voltage divider
consisting of the two base resistances as shown in Figure 37-1(b). When a dc voltage is
applied between the bases, a portion of the voltage appears across the base 1 resistance, as
given by the voltage divider rule. This voltage can be written

Vi =nVgs

where V, = voltage at point & in the equivalent circuit, 1 = Rg,/(Rg; + Rp,), the intrinsic
standoff ratio, and Vg = voltage between the bases.

If the emitter is brought to a voltage that is approximately one diode drop higher than
V,, emitter current will flow. This occurs at a peak voltage point, illustrated in the emitter
characteristic curve shown in Figure 37-2. As a result of this emitter current, the base 1
resistance drops dramatically and the emitter current increases rapidly. This implies a region
of negative resistance—that is, once emitter current begins, current will increase even though
the input emitter voltage decreases! This negative resistance region is unstable, and the
device quickly reaches saturation. Current between the bases is limited only by the external
resistors and the interbase resistance.
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Figure 37-2

Devices that have a negative resistance characteristic are frequently used as relaxation
oscillators, an application that will be investigated in this experiment. In addition to its
application as an oscillator, the negative resistance characteristic makes a UJT useful as a
trigger device for thyristors such as SCRs.

The basic circuit for this experiment is shown in Figure 37-3. When power is applied,
the capacitor is uncharged, and the emitter current is approximately zero. The current in
between the bases is determined by the interbase resistance and the supply voltage. As the
capacitor charges, the junction becomes forward-biased and the emitter—base 1 conductivity
increases, turning on the UJT rapidly. The capacitor supplies the current to maintain
conduction. Eventually, the capacitor discharges through the PN junction, and the emitter
voltage is insufficient to maintain forward bias. The cycle then repeats. The concept is
extended in the section For Further Investigation by using the oscillator to drive an SCR.

Materials Needed:
One 2N2646 UIJT (or equivalent)
Resistors:
One 47 1, one 220 Q, one 1.0 kQ, one 15 k()
One 100 k() potentiometer
One 0.1 uF capacitor
For Further Investigation:
One transformer with 12.6 V ac output, one 5 V zener, one SK3950 SCR, one #44

bulb
Procedure:
1. Measure and record the resistance of the resistors listed in Table 37-1.
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Table 37-1 +15V

Listed | Measured
Resistor | Value Value
R, 47 Q
R, 220 Q
R, 15 kQ

Figure 37-3

Construct the circuit shown in Figure 37-3. Set R, for zero resistance. Observe the
waveforms at the emitter, base 1 and base 2. Sketch the observed waveforms in the
proper time relationship on Plot 37—1. Label the scales with the time and amplitude.

VE
Va1
Va2
Plot 37-1
3. Set the potentiometer for each resistance listed in Table 37—2. You will need to

remove power from the circuit and disconnect one end of the potentiometer to do this.
Add the measured value of R, to determine the total resistance at each setting. Then
measure the frequency at each resistance setting and record it in Table 37-2.
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Table 37-2

Resistance
Setting of R,

Total
Resistance

Measured
Frequency

5k

25 k€

45 kQ)

65 k)

85 k)

conclusion can you draw from these data?

Frequency

Does this affect the frequency? The amplitude?

4.
5.
varied.
6.
Conclusion:
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Total resistance

Plot 37-2

Graph the frequency as a function of the total resistance in Plot 37-2. What

Describe the effect on the waveform at the emitter terminal as the potentiometer is

Try reducing the power supply voltage while you observe the waveform at the emitter.



Evaluation and Review Questions:

L.

Use one (or more) of your measured values from the experiment to determine the
intrinsic standoff ratio (discussed in the text). It is given by the equation

n= 1 — e—T/RC

where n = intrinsic standoff ratio, ¢ = the base of natural logarithms which is 2.718,
T = period of the signal(s), R = total resistance between V. and the emitter ({2), and

C = capacitance of C,(F).

Intrinsic standoff ratio =

Compute the percent difference between your answer and the manufacturer’s specified
typical value. For the 2N2646, the typical value is 0.69.

Explain what conditions must be satisfied before the UJT can turn on.

Assume a UJT has an intrinsic standoff ratio of 0.6 and Vgg is 10 V. What value of V.
will just turn on the UJT?

In the circuit in Figure 37-3, what would you expect if:
(a) R, were shorted?

(b) The capacitor were ten times larger?

©) The UJT were to have a higher intrinsic standoff ratio than the one used?
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For Further Investigation:

Caution! In this investigation, you are instructed to connect a low voltage (12.6 V ac)
transformer to the ac line. Be certain that you are using a properly fused and grounded
transformer that has no exposed primary leads. Do not touch any connection in the circuit.
At no time will you make a measurement on the primary side of the transformer. Have
your connections checked by your instructor before applying power to the circuit.

One of the important applications of UJTs is as a trigger device for an SCR. Unlike
the trigger circuit you investigated in the last experiment, a UJT will enable you to trigger an
SCR along either the front or back of the positive half-cycle of the sine wave. The UJT
oscillator constructed in this experiment can be used to trigger an SCR, as shown in Figure
37-4. The purpose of the zener diode is to provide a relatively constant charging voltage
during the positive half cycle. The oscillator then triggers the SCR at a time determined by
the RC time constant.

Construct the circuit and observe the waveform across the bulb as you vary the
potentiometer. (Use the two-channel difference technique described in Experiment 16 to
observe the waveform across any ungrounded component.) Also observe the waveforms
across the zener diode and at the emitter terminal of the UJT. Can you explain your
observations? Summarize your findings in a short laboratory report.

By #44 bulb
15kQ R Osasbo
2
R 220Q
12.6V 100kQ
By gnaeas LAR0de] | sor
E
5V ,R/ B, m /! SK3950
G 1 Cathode
01puF—T— A
Ry
47Q

Figure 37-4
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Application Name

Assignment 18 Class

Reference:

Floyd, Chapter 18, Section 18-14: Application Assignment

Step 1 Develop a schematic of the circuit from the PC board layout and identify the

type of biasing. Draw the schematic in the space provided.

Step 2 Analyze the circuit in the controlled range. With V- = +15 V, determine the
output for each temperature listed in Table AA-18-1.

Table AA-18-1

Thermistor
Temperature | Resistance | V, (computed)
50° C 2.75 kQ
49° C 3.10 kQ
51°C 2.50 kQ
Step 3 Analyze the circuit in the range from 30°C to 110°C. With Vo = +15 V,

determine the output for each temperature listed in Table AA-18-2. You will
need to determine the thermister resistance from the graph.

Table AA-18~2

Thermistor
Temperature | Resistance | V_, (computed)
30°C
50°C 2.75 kQ
70° C
90° C
110° C
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Step 4 Troubleshoot the circuit. Give the likely problem(s) for each symptom.
Describe how you will isolate the problem.
1. Vg is approximately 0.1V and V. is 3.8V.

2. Collector of Q, remains at approximately +15 V.

Related Experiment:

Materials Needed:
One small-signal NPN transistor: 2N3904 (or equivalent)
Resistors:
One 330 Q, one 1.0 k{), one 22.0 k)
One 10 k) potentiometer

Discussion:

Assume you needed to test the circuit given in the text application assignment. Temperature
changes can be simulated by replacing the thermistor with a 10 k{) potentiometer. Connect
the circuit on a breadboard and set the potentiometer to each resistance listed in Tables
AA-18-1 and AA-18-2. Add a column to each table for the measured output voltage and
record your data. Write a conclusion summarizing your observations.
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CheCkup 18 Class

Name

Date

Reference:
Floyd, Chap. 18, and Buchla, Experiments 34 through 37

1.

To bias a PNP transistor, the polarity of the bias voltage with respect to the emitter is:
(a) negative on both the base and collector

(b) negative on the base, positive on the collector

(c) positive on both the base and collector

(d) positive on the base, negative on the collector

When a bipolar transistor is in saturation, the voltage between the collector and
emitter is closest to:
(@ 0.1V (b)0.7V (¢c) 15V (d) equal to the supply voltage

In order to saturate a bipolar transistor, the base current must be:
(@ 0 (b) 0.1 mA (c) greater than I  (d) greater than /. divided by B

The B4 of a bipolar transistor is found by dividing the collector current by the:
(a) emitter current (b) collector voltage
(c) base current (d) emitter voltage

A common-collector amplifier does not have:
(a) voitage gain  (b) current gain  (c) power gain  (d) an emitter resistor

The transconductance of a JFET is found by dividing a change in drain current by a:
(a) change in source voltage (b) change in gate voltage
(c) change in drain voltage (d) change in gate current

Assume an N-channel JFET is operated above pinch-off with V54 equal to zero volts.
The drain current is:

(a) zero (b) equal to the supply voltage divided by R,

(¢) Ipss (d) not able to be determined

A device that can be operated with either a negative or positive gate-source voltage is:
(a) an N-channel JFET (b) a P-channel JFET
(¢) an E MOSFET (d) a DE MOSFET

A device that has a negative resistance characteristic is:
(a) a zener diode (b) aUIJT
(c) an SCR (d) a diac

301



10.

11.

12.

13.

14.

An SCR is normally triggered:
(a) when a positive gate voltage (b) when a negative gate voltage

is applied is applied
(c) by exceeding the breakover (d) whenever the anode is positive
voltage

Assume the ac collector voltage of a common-emitter amplifier shows a sinusoidal
waveform that is clipped on top. Is this saturation clipping or cutoff clipping? Explain
your answer.

For the circuit shown in Figure C-18-1, determine the dc voltage at the:
(a) base (b) emitter (c) collector

Assume that the symptoms of troubles listed below are present in the circuit in Figure
C-18-1. What are the possible problems with the circuit?

Symptom Possible Problems
+5.7 V, collector = +5.8 V:

(a) emitter

(b) emitter

0V, collector = +15 V:

For the circuit shown in Figure C-18-2, assume that Vg = +1.4 V.,
(a) What is the drain voltage? (b) What is the drain-source voltage?
(c) What type of bias is this?

Vee= +15V Vpp = +15V

Re 1.8kQ
10kQ

&

Ry Rg 1MQ 3300
33k 6.2k

Figure C-18-2

Figure C-18-1

302




| 38 The Common- Name
Emitter Amplifier Class

Reading:
Floyd, Section 19-1

Objectives:

After performing this experiment, you will be able to:

1. Compute the dc parameters, r,, and the voltage gain of a common-emitter amplifier
with voltage divider bias.

2. Build a common-emitter amplifier and measure the dc and ac parameters.

3. Predict the result of faults in a common-emitter amplifier.

Summary of Theory:

In a common-emitter (CE) amplifier, the input signal is applied between the base and emitter,
and the output signal is developed between the collector and emitter. The transistor’s emitter
is common to both the input and output circuit; hence, the term common emitter. Do not
confuse the term common emitter with grounded emitter. The emitter terminal of a CE
amplifier may or may not be at circuit ground.

To make any transistor circuit amplify ac signals, the base-emitter junction must be
forward-biased, and the base-collector junction must be reverse-biased. The purpose of bias
circuits is to establish and maintain the proper dc operating conditions for the transistor. The
bias circuit must provide these conditions for wide variations between transistors that may
occur as a result of mass production.

There are several ways to apply dc bias. The simplest method, called base bias or
fixed bias, is frequently unsatisfactory due to manufacturing variations between transistors
and sensitivity to temperature changes. Base bias is recognized by a single resistor connected
from V¢ to the transistor base. A much more widely used bias circuit is called voltage
divider bias. Voltage divider bias is not as sensitive to transistor variations and temperature
changes. Voltage divider bias is shown in Figure 38-1(a).

There are many variations in transistor amplifiers. The purpose of the example shown
is to develop a method for analysis rather than a set of equations. The equations for each
configuration of amplifier are necessarily different, depending on the circuit. You should not
attempt to memorize a set of equations for analysis, but rather observe the application of
analysis methods.
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Figure 38—1 Steps in solving the dc parameters in CE amplifier with voltage divider bias. Note
that the equation given in (b) assumes a *‘stiff>” divider—that is, it ignores the small loading effect
of the base current on the divider. As long as the base current is small compared to the divider
current, this is satisfactory; otherwise use equation 18-7 in the text.

To analyze any amplifier, start with the dc parameters. The steps to solve for the dc

parameters for the CE amplifier with voltage divider bias illustrated in Figure 38— 1(a) are:

1.

Mentally remove capacitors from the circuit since they appear open to dc. This causes
the load resistor, R;, to be removed. Solve for the base voltage, V, by applying the
voltage divider to rule R; and R,, as illustrated in Figure 38-1(b).

Subtract the 0.7 V forward-bias drop across the base-emitter diode from V4 to obtain
the emitter voltage, Vg, as illustrated in Figure 38-1(c).

The dc current in the emitter circuit is found by applying Ohm’s law to Rg. The
emitter current, I, is approximately equal to the collector current, /.. The transistor
appears to be a current source of approximately I into the collector circuit, as shown
in Figure 38-1(d).

The ac parameters for the amplifier can now be analyzed. The circuit and the ac equivalent
circuit are shown in Figure 38-2. The capacitors appear to be an ac short. For this reason,
the ac equivalent circuit does not contain Rz. Using the superposition theorem, V- is
replaced with a short, placing it at ac ground. The analysis steps are:

1.

Replace all capacitors with a short and place V. at ac ground. Compute the ac
resistance of the emitter, r,, from the equation:

25 mV
e =
Ig

Compute the amplifier’s voltage gain. Voltage gain is the ratio of the output voltage
divided by the input voltage. The input voltage is across the ac emitter resistance to
ground which, in this case, is r,. The output voltage is taken across the ac resistance
from collector to ground. Looking from the transistor’s collector, R; appears to be in
parallel with R. For the circuit in Figure 38-2(b), the output voltage divided by the
input voltage can be written:
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Vout _ Ic (RC ” RL) . RC n RL
Vi Lr, B r,

v

3. Compute the total input resistance seen by the ac signal:

Rin(T) =R, “ R, ” Bac 7e

R Note: Multiply e by
beta when “looking”

Vout from the base circuit
RL Vin
i I

5k

I

ve—)

(a) Circuit (b) ac equivalent
Figure 38-2
Materials Needed:
Resistors:
One 100 Q, one 2.2 k{}, one 6.8 k(}, three 10 k(2, one 47 k{)
Capacitors:

Two 1 uF, one 100 uF
One 10 k) potentiometer
One 2N3904 NPN transistor (or equivalent)

Procedure:
1. Measure and record the resistance of the resistors listed in Table 38-1.
Table 38-1 Table 38-2
Listed | Measured DC Computed | Measured
Resistor | Value Value Parameter Value Value
R, 47 kQ Vs
R, 10 k) Ve
R, 10 kQ I
R, 100 Q Ve
Ry | 22KkQ Vee
Rc 6.8 k()
R, 10 kQ
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Using measured resistances, compute the dc parameters listed in Table 38-2 for the
CE amplifier shown in Figure 38-3. This circuit, like most voltage divider bias
circuits, uses a ‘‘stiff > divider; therefore, the equation shown in the box in Figure
38-1 is satisfactory for finding the base voltage. Compute the base voltage, Vg,
emitter voltage, V, and emitter current, I, as described in the Summary of Theory.
The emitter current is assumed to be the same as the collector current. Use this idea
and Ohm’s law to find the voltage drop across the collector resistor. V- can then be
found by subtracting this voltage drop from V. Vg is the difference between V.
and V.

Vg=

18
10V, (MU Vim

1.0kHz

Figure 38-3

Construct the amplifier shown in Figure 38-3. The signal generator should be turned
off. Measure and record the dc voltages listed in Table 38-2. Your measured and
computed values should agree within 10%.

Compute the ac parameters listed in Table 38-3 using the method given in the
Summary of Theory. The ac base voltage, V,, represents the signal input to the
amplifier, V. It is listed as 10 mV ,, based on the input voltage divider consisting of
R; and R,. Multiply the input signal by the computed voltage gain to obtain the output
signal. The ac collector voltage, V_, represents the output signal, V. If you do not
know B, for the input resistance calculation, assume a value of 100.

Turn on the signal generator and adjust V¢ for a 1.0 V, signal at 1.0 kHz. The ac
input at the base, V,,, is already listed in Table 38-3 as 10 mV .. Measure the ac
collector signal, V_, and record it in Table 38-3. Use the ac base voltage and
measured collector voltage to obtain the measured voltage gain. Record the measured
voltage gain in Table 38-3.
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Table 38-3

AC Computed | Measured
Parameter Value Value

Vb=

Vi 10 mV,, | 10 mV*,,

V.=

V.

out

Rinn

*Based on setting Vg to 1.0V, Figure 38—-4 Measurement of R,

6.

The measurement of R;,, must be done indirectly since it represents an ac resistance.
The output signal (V,,,) is monitored and noted. A variable test resistor (R, is then
inserted in series with the source, as shown in Figure 38—4. The resistance of R, is
increased until V_,, drops to one-half the value noted prior to inserting R, This
means the voltage drop across R, is equal to the voltage drop across R;,7; hence,
the resistances are equal. R, can then be removed and measured with an ohmmeter.
Using this method, measure Ry, and record the result in Table 38-3.

Restore the circuit to that of Figure 38—3. With a two-channel oscilloscope, compare
the input and output waveforms. What is the phase relationship between V,, and V

9
out*

Remove C, from the circuit. Measure the ac signal voltage at the transistor’s base,
emitter, and collector. Measure the voltage gain of the amplifier. What conclusion can
you make about the amplifier’s performance with C, open?

Replace C, and remove R,. Again measure the ac signal voltage at the transistor’s
base, emitter, and collector. Measure the voltage gain of the amplifier. What
conclusion can you make about the amplifier’s performance with R, open?
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10. Replace R; and open Rg. Measure the dc voltages at the base, emitter, and collector.
Is the transistor cut off or saturated? (Saturation is maximum current flow in the
transistor; cutoff is no current flow in the transistor.) Explain your answer.

11. Replace Ry and open R,. Measure the dc voltages at the base, emitter, and collector.
Is the transistor cut off or saturated? Explain your answer.

Conclusion:

Evaluation and Review Questions:

1.

When C, is open, you found that the gain is affected. Explain.

In step 6, you were instructed to measure the input resistance while monitoring the
output voltage. Why is the procedure better than monitoring the base voltage?

Assume the amplifier shown in Figure 38-3 has +1.8 V dc measured on the base,
1.1 V dc measured on the emitter, and +1.1 V dc measured on the collector.
(a) Is this normal?

(b) If not, what is the most likely cause of the problem?
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4. If C, were shorted:
(a) What dc base voltage would you expect?

(b) What dc collector voltage would you expect?

S. Explain a simple test to determine if a transistor is saturated or cut off.

6. What is meant by a ‘‘stiff”’ voltage divider?

For Further Investigation:

The low frequency response of the CE amplifier in this experiment is determined by the
coupling and bypass capacitors. The upper frequency response is determined by the unseen
interelectrode and stray circuit capacitances. Using the oscilloscope to view the output
waveform, set the generator for a midband frequency of 1 kHz. Use a sine wave with a
convenient level (not clipped) across the load resistor. Raise the generator frequency until the
output voltage falls to 70.7% of the midband level. This is the upper cutoff frequency. Then
lower the generator frequency until the output voltage falls to 70.7% of the midband level.
This is the lower cutoff frequency. Try switching C, and C,. What effect does this have on
the lower cutoff frequency? Does it have an effect on the upper cutoff frequency? Summarize
your investigation in a short report.
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39 The Common- Name
o ate

Collector Amplifier Class

Reading:

Floyd, Section 19-2

Objectives:

After performing this experiment, you will be able to:

1. Compute the dc and ac parameters for a common-collector amplifier with voltage
divider bias.

2. Build a common-collector amplifier and measure the dc and ac parameters.

3. Predict the effect of faults in a common-collector amplifier.

Summary of Theory:

The common-collector (CC) amplifier (also called the emitter-follower) has the input signal
applied to the base and the output signal is taken from the emitter as shown in Figure
39-1(a). The ac output voltage almost perfectly duplicates the input voltage waveform.
Although this means the voltage gain is approximately 1, the current gain is not; hence, the
emitter-follower can deliver increased signal power to a load. The CC amplifier is
characterized by a high input impedance and a low output impedance. This is the most
important characteristic of the emitter-follower.

Vee Vee

(@ b
Figure 39-1

Voltage divider bias can be used as illustrated in Figure 39—-1(a). Frequently, however,
a CC amplifier is used immediately following a voltage amplifier, and bias may be obtained
through a dc path connected to the previous stage, as illustrated in Figure 39-1(b). This
technique is common in power amplifiers with push-pull output stages (Experiment 41) but
cannot be used if the emitter-follower is capacitively coupled.
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The procedure for finding the dc parameters with voltage divider bias is similar to the

procedure described in Experiment 38 for the common-emitter amplifier. The steps for the
circuit illustrated in Figure 39-1(a) are:

1.

Mentally remove capacitors from the circuit since they appear open to dc. This causes
the load resistor, R, , to be removed. Solve for the base voltage, V5, by applying the
voltage divider rule to R, and R,."

Subtract the 0.7 V forward-bias drop across the base-emitter diode from Vj to obtain
the emitter voltage, V.

The dc current in the emitter circuit is found by applying Ohm’s law to Rg. The
collector current is nearly equal to the emitter current, and the collector voltage is
equal to V.

The ac parameters for the amplifier can now be analyzed. The equivalent ac circuit is

illustrated in Figure 39-2. The analysis steps are:

1.

Mentally replace all capacitors with a short. Compute the ac resistance of the emitter,
r., from the equation:

Compute the amplifier’s voltage gain. Voltage gain is the ratio of the output voltage
divided by the input voltage. The input voltage is applied across r, and the ac emitter
resistance, whereas the output voltage is taken only across the ac emitter resistance.
Thus, the voltage gain is based on the voltage divider equation:

Vout _ Ie RE ” RL _ RE ” RL
Vi Ie (l‘e + RE “ RL) re + RE ” RL

14

Compute the total input resistance seen by the ac signal:

Rivn = Ry | Ry | {Boc(r. + Re || R}

Compute the amplifier’s power gain. In this case, we are interested only in the power
delivered to the load resistor. The output power is V,,>/R;. The input power is
Vinz/Rinm. Since the voltage gain is approximately 1, the power gain can be expressed
as a ratio of R, to R;:

!This procedure is satisfactory for ‘‘stiff”> dividers such as the one in this experiment. (See

discussion with Figure 38-1.)
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Rinn

_A2 Rin(T) _ i
"\ R Ry

It is emphasized that the previous equations were developed for a particular

configuration of the emitter-follower circuit; that is, one with *‘stiff”’

voltage divider bias and

a separate load resistor. The formulas are valid only for the circuits for which they were
derived. You should not assume that these equations are valid for other configurations.

RIIR,

T‘m ]

(a) Circuit
Figure 39-2
Materials Needed:
Resistors:
Two 1.0 k€), one 10 k), one 33 kQ)
Capacitors:

One 1.0 uF, one 10 uF
One 10 k() variable resistor
One 2N3904 NPN transistor (or equivalent)
For Further Investigation:

Materials from Experiment 38

Procedure:

1. Measure and record the resistance of the resistors listed in Table 39-1.
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Table 39-1 Vee = +10V
Listed | Measured
Resistor | Value Value
R, 10 k) f l|
vl 2N3904
R, 33 kQlq Lo c,
Ry 1.0 kQ V=
LOV,, 10 uF
RL 1.0 kQ 1.0kHz n R,
1.0kQ
Figure 39-3
2. Compute the dc parameters listed in Table 39-2 for the emitter-follower amplifier
shown in Figure 39-3. Compute Vg by subtracting V, from V.. Enter your
computed values in Table 39-2.
Table 39-2 Table 39-3
DC Computed | Measured AC Computed | Measured
Parameter Value Value Parameter Value Value
Vs Vs 1.0 V,,
Vi £
IE re
VCE Av
Rincny
Ap

Construct the amplifier shown in Figure 39-3. The signal generator should be turned
off. Measure and record the dc voltages listed in Table 39-2. Your measured and
computed values should agree within 10%.

Compute the ac parameters listed in Table 39-3. Assume V, is the same as the source
voltage, V. Use the procedure outlined in the Summary of Theory to compute the
remaining values.

Turn on the signal generator and set Vg for 1.0 V, at 1.0 kHz. Use the oscilloscope
to set the proper voltage and check the frequency. Measure the ac signal voltage at
the transistor’s emitter, V., and determine the voltage gain, A,. Measure R, 1, using
the method employed for the CE amplifier. (See Experiment 38, step 6.) Use the
measured R;, 1, and R; to determine the measured power gain as described in the
Summary of Theory.
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Use a two-channel oscilloscope, compare the input and output waveforms. What is the
phase relationship between V,, and V,?

Table 39-4 lists some possible troubles with the CC amplifier. For each trouble listed,
predict the effect on the dc voltages. Then insert the trouble into the circuit and test
your prediction. Insert the open collector and open emitter troubles by removing the
transistor lead and measuring the voltages at the circuit. For each fault, describe the
effect on the ac output waveform (clipped, no output, etc.).

Table 39-4

DC Predictions DC Measurements Effect of Trouble

Trouble
Vg Ve | Veg | Vs Ve | Vee on Vi

R, open

R, open

R, shorted

Rg open

Open collector

Open emitter

Replace R; with a 10 k() variable resistor set to 1.0 k). Connect an oscilloscope
probe to the emitter. Raise the signal amplitude until you just begin to observe
clipping. If the negative peaks are clipped, this is called cutoff clipping because the
transistor is turned off. If the positive peaks are clipped, this is called saturation
clipping because the transistor is fully conducting. What types of clipping is first
observed?

Vary R; while observing the output waveform. Describe your observations.
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10. Test the effect of V- on the clipping level by varying the power supply voltage.
Describe your observations.

Conclusion:

Evaluation and Review Questions:

1. Compare the input resistance of the common-collector amplifier in this experiment
with the common-emitter amplifier in Experiment 38. What is the major factor
contributing to their differences?

2. Compare the phase you observed between the input and output voltage for the
common-collector and common-emitter configurations.

3. In step 9, you observed the effect of clipping as R, was varied. What type of clipping
occurs when R, is made very small?

4. What effect does an increase in V¢ have on:
(@ saturation clipping
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(b) cutoff clipping

S. The emitter-follower can be used to drive a low-impedance load such as a
loudspeaker. What characteristic of the emitter-follower makes this effective?

6. Assume that the circuit in Figure 39-3 had a shorted capacitor, C,. What effect would
this have on the dc emitter voltage, V?

For Further Investigation:

The common-collector circuit can be biased from the collector of a common-emitter circuit as
illustrated in Figure 39-1(b). Construct the circuit shown using the common-emitter amplifier
from Experiment 38 by removing the load resistor and the coupling capacitor. Compute and
measure the dc and ac parameters for the circuit. How does the addition of the common-
collector amplifier affect the overall gain? Summarize your results in a laboratory report.
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Name

O FET Amplifiers Class

Reading:
Floyd, Sections 19-4 and 19-5

Objectives:

After performing this experiment, you will be able to:

1. Construct a two-stage bifet amplifier consisting of a JFET and a bipolar amplifier.

2. Predict and measure performance characteristics of the amplifier constructed in
objective 1.

Summary of Theory:
Field-effect transistors are used in common-source, common-gate, and common-drain (source-
follower) configurations similar to bipolar common-emitter, common-base, and emitter-
follower amplifiers. The major advantage of FETs over bipolar transistors is their extremely
high input impedance.

FETs are available as either JFETs or MOSFETSs (see discussion in Experiment 35).
Bias circuits depend on the type of FET and the application. One common bias circuit that is
tested in this experiment is self-bias. Self-bias is used for JFET and DE MOSFETSs but is
sensitive to parameter changes between FETSs, a common manufacturing problem. Figure
40-1(a) illustrates a self-biased N-channel JFET. The extremely high input resistance of the
JFET causes virtually no current to be drawn by the gate circuit. This allows a very high gate
resistor to be used and still maintains V; near ground. The required negative bias is
developed across the source resistor, Rj.

+Vpp

Rp
Cc

(a) (d) (©
Figure 40-1

The most common circuit configurations, which take advantage of the FETs extremely
high input impedance, are shown in Figure 40—1(b) and (c). The circuit in Figure 40-1(b) is a
common-source with self-bias. The circuit in Figure 40— 1(c) illustrates a common-drain
configuration using a combination of self-bias and voltage divider bias, resulting in very stable
bias.
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JFETSs have a nonlinear transfer characteristic, as you found in Experiment 35. A
change in gate voltage does not produce a linear change in drain current unless the change is
small. The analysis of a JFET amplifier is further complicated by parameter variations
between transistors as well as temperature sensitivity. The accurate computation of gain, for
example, is dependent on knowing the transconductance, g,,, of the transistor. This value can
have a spread of a factor of 5 between transistors of the same type. Bipolar transistors, which
are more predictable and have higher gain, are often used in combination with FETs. The
result, called a bifet amplifier, contains the most desirable characteristics of each type of
transistor.

Materials Needed:

Resistors:

One of each: 220 Q, 1.0 kQ, 2.7 kQ, 4.7 kQ, 10 kQ, 22 kQ, 100 k2, 1.0 MQ
Capacitors:

One of each: 0.1 uF, 10 uF, 100 uF
Transistors:

One 2N 5458 N-channel JFET, one 2N3906 PNP (or equivalent)
For Further Investigation:
One 2N3904 NPN transistor (or equivalent)

Procedure:

1. Measure and record the resistance of the resistors listed in Table 40-1.

2. Construct the common-source amplifier shown in Figure 40—2. Set the signal generator
for a 300 mV, sine wave at 1.0 kHz. Measure the amplitude and frequency with your
oscilloscope.

Table 40-1 2N5458
Listed | Measured
Resistor | Value Value Yop = +12V
Ry | 2.7kQ .
Drain

R, | 4.7kQ Source

Gate
R¢ 1 MQ
R, 10 kQ
R, | 2k0 .
R, 100 k) 1.0kHz
REI 1.0 kQ r—
R, 220 Q Figure 40-2

3. Measure the dc voltage at the drain, source, and gate. Use the source voltage and

source resistance to compute I,,. Enter the data in Table 40-2 in the row labeled
Common-Source Amplifier. Compare the input and output ac voltage by viewing V

320



and V. simultaneously on a two-channel oscilloscope. Measure the voltage gain and
compare the phase of the input and output signal.

Table 40-2

DC Parameters AC Parameters

Vo Vg Vb Iy A, | Phase Reversal?

Common-Source Amplifier

Common-Drain Amplifier

Remove C; and R/, from the circuit and move C, and R;, from the drain to the
source, as shown in Figure 40-3. Connect the drain directly to +12 V. Measure the
dc voltage at the drain, source, and gate and compute /,,. Observe the output voltage
from the source with the oscilloscope. Measure the voltage gain and note the phase.
Enter the data in Table 40-2 in the row labeled Common-Drain Amplifier.

Vpp = +12V
CI
2N5458 & v
0.1 uF | (- o
Vs
R
300 mV,, % < 10uF R.,
1.0kHz 257 «Q 10 k)
Figure 40-3

Remove R, from the CD circuit and add a bipolar CE amplifier, as shown in Figure

40-4. Use the 4.7 k() drain resistor for R, . Note the polarity of C, and C5. Before

connecting power, compute the dc parameters listed in Table 40—3 for the bipolar

stage. The steps are as follows:

(a) Solve for the base voltage, Vg, by applying the voltage divider rule to R, and
R,.

(b) Add the 0.7 V forward-bias drop across the base-emitter diode to V5 to obtain
the emitter voltage, V.. (The 0.7 is added because the transistor is a PNP
type.)

(c) The dc current in the emitter circuit is found by applying Ohm’s law to R,
and Rg,. The voltage drop across the emitter resistors is Vo — V. The

emitter current, I, is approximately equal to the collector current, I.

(d) Find the dc collector voltage by applying Ohm’s law to the load resistor, R, ,.
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-4 .
Ry _J_“L Cs
100 pF
R,
c 2k R,
! 2200
2N5458 G 0,
[+

2N3906

Figure 40-4

Compute the ac parameters listed in Table 40—4. The steps are as follows:
(a) Compute the ac base voltage, V,, into the CE amplifier by multiplying A, for
the CD stage (Table 40-2) by the input voltage (300 mV).

b) Compute the ac resistance of the emitter, r,, from the equation

25 mV
re =
Ig
© Compute the voltage gain of Q,. The input voltage is across the ac emitter

resistance to ground which, in this case, is r, + Rg,. The output voltage is
taken across the ac resistance from collector to ground, which is just R, ,. The
voltage gain is therefore written:

IR,  Rp
Ie (re + RE2) (re + RE2)

Avoy =

(d) Compute the overall gain of both stages. For A, o), use the measured value
found in step 4 (common-drain). The input impedance of the bipolar transistor
has only a small loading effect on the JFET and can be ignored. The overall
gain of the bifet amplifier is then:

Av(TOTAL) = Av(Ql) Av(QZ)
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Table 40-3 Table 40-4
DC Computed | Measured AC Computed | Measured
Parameter Value Value Parameter Value Value
Vg Vi
Ve e
VCE Av(TOTAL)
7. Connect power to the bifet amplifier and measure the dc and ac parameters listed in

Tables 40-3 and 40-4. Record your data in the tables. To measure A, ), divide V,
by V,. The overall gain can be found by dividing V, by the voltage from the signal

generator, V.

Conclusion:

Evaluation and Review Questions:
1. How did the gain of the common-source amplifier (Figure 40—2) compare with the
similar common-emitter amplifier tested in Experiment 38?

2. For the common-source amplifier (Figure 40—2), what would you expect to happen to

the dc and ac parameters if C; were open?

3. Compare a common-collector amplifier with a common-drain amplifier. Which can
have the higher input impedance? How do the voltage gains compare?
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4. Assume the bifet amplifier in Figure 40—4 has no output signal. In testing the dc
conditions, you find that the emitter of O, is at +12 V. What could account for this?

S. What are the advantages of the bifet amplifier tested in this experiment?

For Further Investigation:

The bifet amplifier in this experiment was connected in cascade, which means that stages
were connected in series. An interesting variation of the bifet amplifier is to connect it in
cascode. In this configuration, the drain of the FET supplies ac signal current to the emitter
of the next stage. The second stage is a common-base amplifier. While the overall gain is not
high, the advantage of the cascode connection is that it has a higher frequency response than
the cascade connection. Construct the cascode amplifier shown in Figure 40-5. Set the signal
generator for a 1.0 V,,, input signal. Test the dc and ac parameters and submit a laboratory
report describing your findings.

Vee = +12V

Figure 40-5
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4 1 The Push-Pull Name
Amplifier Class

Reading:
Floyd, Sections 19-6 and 19-7

Objectives:

After performing this experiment, you will be able to:

1. Construct a push-pull amplifier driven by a common-emitter voltage amplifier.

2. Predict and measure performance characteristics of the circuit constructed in
objective 1.

Summary of Theory:

The amplifiers studied so far have all been small-signal amplifiers that are biased on
continuously. This operation is called class A operation and is not particularly efficient. For
small signals, this doesn’t matter, but when a significant amount of power must be delivered,
class B operation offers major advantages. In class B operation, there are two transistors,
which alternately conduct on positive and negative half-cycles of the input waveform. This
type of amplifier is given the picturesque name of push-pull to describe its operation. Figure
41-1(a) illustrates a basic push-pull amplifier.

+Vee
+Vee

—Vee

(@) (b)
Figure 41-1

The circuit illustrated in Figure 41-1(a) has a problem. The base-emitter diode for
each transistor requires approximately 0.7 V before it will conduct. The output signal follows
the input except for the 0.7 V diode drop on both the positive and negative excursion. This
causes distortion on the output called crossover distortion. Crossover distortion can be
eliminated by using diodes to bias the transistors into slight conduction as illustrated in Figure
41-1(b). This type of bias is called diode mirror bias because if the diode is matched to the
transistor’s base-emitter diode, the current in the collector circuit is equal to the current in
the diode.
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The current mirror offers another advantage. If the temperature increases, the output
current will tend to increase. If the diodes are identical to the base-emitter junction, any
thermal change will tend to be compensated by the diodes, thus maintaining stable bias.

Materials Needed:
Resistors:
One 330 ), one 2.7 k€, two 10 k(}, one 68 k()
Capacitors:
One 1.0 uF
Transistors:
One 2N3906 PNP, two 2N3904 NPN (or equivalent)
Two 1N914 diodes (or equivalent)
One 5 k() potentiometer
For Further Investigation: (Note: Further Investigation can be done as analysis only.)
Resistors:
Two 10 €, one 100 ), one 200 €, one 2.7 k()
Transistors:
Two PNP 2N3906 (or equivalent)
Transformers:
Input: Kelvin 155-08 (or equivalent)
Output: Kelvin type 175-45 (or equivalent)

Procedure:
1. Measure and record the resistance of the resistors listed in Table 41-1.
2. Construct the push-pull amplifier shown in Figure 41-2. The amplifier uses the input

signal from the generator to bias the transistors on. Set the generator for a 10 V,, sine
wave at 1.0 kHz. Be sure there is no dc offset from the generator. The dual positive
and negative power supplies offer the advantage of not requiring large coupling

capacitors.
Table 41-1
Listed | Measured
Resistor | Value Value
R, 330 Q
R, 10 kQ
R, 10 kQ V=
R, 2.7kQ
= ~Vee= -9V
Figure 41-2
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3. Sketch the input and output waveforms you observe on Plot 41-1. Show the
amplitude difference between the peak input waveform and the output waveform and
note the crossover distortion on your plot.

T T T T T T T T T
1 t ] 1 ] 1 1 1 1
1 | ] 1 | 1 1 ] 1
1 1 ] 1 | ] 1 ] 1
L __dl__A_______L 1 1 | !
7 1 | I rTTTTYTTAT T T T Tr T
1 1 | 1 i I 1 1 ]
] 1 | 1 1 t 1 1 '

] 1 1 ] 1 | ] i |
I U S Y (S ) W
] 1 1 1 1 I ] 1 I
| 1 1 ] 1 i | 1 |
| 1 1 1 1 1 t 1 |
| ] 1 ] 1 1 I 1 i
I i el el e TP PU I
| ] 1 | 1 1 I 1 1
| ] 1 ] 1 1 | 1 I
| 1 1 ] 1 1 I 1 |
] 1 1 ] 1 1 ] 1 I
F=—t-—=4—~A~——F——F——t—-—q4-=-——-=--F - -
] 1 i ] 1 | 1 1 |

] 1 | ] 1 | 1 ] |
] 1 1 1 1 I ] 1 |
] 1 1 ] 1 ] 1 1 |
- T~ -1~ "" "~~~ r-—"r——T~-"—"°a1~—="1~——~—r-~—-
] 1 1 1 1 i ] 1 |
] 1 1 ] 1 1 ] 1 |
I 1 1 ] 1 1 I 1 I
| ] (] ] (] [l | ] i
Plot 41-1
4. Remove power from the circuit and add the diode mirror bias shown in Figure 41-3.

Compute the dc parameters listed in Table 41-2 for the circuit. The dc emitter voltage
will be zero volts as shown, if each half of the circuit is identical. Assume that the

0.7 V base-emitter drop is the same as each diode. The current in R, can be found by
applying Ohm’s law. This current is identical to I because of current mirror action if
the diodes match the base-emitter characteristic of the transistors.

Table 41-2
DC Computed | Measured
Parameter Value Value
Ve ov
Va1
Ve2
Table 41-3
AC Computed | Measured “Vee= 79V
Parameter Value Value Figure 41-3
Vptoun
Ip(out)
Pouy
5. Compute the ac parameters listed in Table 41-3. Assume V is set for maximum

undistorted output voltage. Compute the maximum output voltage and current. Unlike
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the single power supply case, the output can swing nearly to positive and negative
Vce. Then compute the peak output current based on the load resistance. The ac
power is found by P, = 0.5 1,540V 50ury- BY substituting for I,, the ac power out can
also be expressed as

szJ(out)

P.. =
out 2 R,

With the signal generator off, apply power and measure to dc parameters listed in
Table 41-2.

Turn on the signal generator and ensure there is no dc offset. While viewing V,,,
adjust the generator for the maximum unclipped output. Enter V., in Table 41-3.

One common method for applying a signal to a push-pull amplifier is shown in Figure
41-4. The signal is amplified by Q5, a common-emitter amplifier. The quiescent
current in the collector circuit is designed to produce the same dc conditions as in the
circuit of Figure 41-3. The bias adjust allows the dc output voltage to be set to zero
to compensate for tolerance variations in the components. Compute the dc parameters
listed in Table 41-4. Assume the bias potentiometer is set to 3 k() and apply the
voltage divider rule to find Vg,;. Note that the voltage across the divider string is the
difference between + V. and — V.

~Vee=-9V

Figure 41-4
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Table 41-4 Table 41-5
DC Computed | Measured AC Computed | Measured
Parameter Value Value Parameter Value Value
Vs Ayom)
Ves

10.

Compute the voltage gain of Q5 by taking into account the load presented to the
collector circuit by Q4 by the push-pull amplifier and by dividing by the resistance of
the Q5 emitter circuit. The voltage gain of the push-pull amplifier is nearly 1.0, so the
total voltage gain of the amplifier is approximately equal to the gain of Q5. That is,

Ry | {Boi(RL + re o)}
(regs + Ry)

Aytor) = Ay3) =

Connect the circuit shown in Figure 41-4. Measure the dc voltage across the load
resistor and vary the bias adjust potentiometer for 0 V. Measure the parameters listed
in Table 41-4. Set the signal generator for a voltage that produces the maximum
unclipped output voltage across the load resistor. Then measure the total voltage gain
of the circuit. Enter the computed and measured gains in Table 41-5.

Conclusion:

Evaluation and Review Questions:

1.

With no signal applied, what power is provided by the power supplies in Figure 41-3?
(Remember the current in the diodes is equal to the current in the transistors.)

Assume the circuit in Figure 41-3 has a positive half-wave rectified output. What

failure(s) could account for this?

If one of the diodes in Figure 41-3 shorts, what symptoms will it produce?
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4. In step 10, you found that the total voltage gain was fairly low for the circuit of Figure
41-4. What change to the circuit would you suggest to increase the voltage gain?

5. The bias-adjust resistor in Figure 41-4 was chosen to allow a range of bias voltage to
Q5 in order to compensate for variations in components. Compute the minimum and
maximum bias voltage based on setting Rs to its smallest and largest values.

V(bias)min = V(bias)max =

For Further Investigation:

The circuits in this experiment used complementary symmetry, useful when NPN and PNP
devices with similar characteristics are available. An older, but still widely used, technique
uses the same type of transistor for each half of the push-pull amplifier. The signal is
connected to an input transformer that splits it into two phases. Each half is amplified by one
of the push-pull amplifiers and recombined in the output transformer. Collector voltage is
applied through the center-tap of the transformer. The dc bias voltage for the transistors
appears at point A and is just a voltage divider formed by R, and R,. The circuit is generally
used as a power amplifier but is shown in Figure 41-5 using small-signal transistors. Analyze
the circuit and submit a laboratory report describing your analysis. You should include the
predicted dc conditions throughout the circuit. Predict the ac waveforms at each point in the
circuit. If directed by your instructor, build the circuit and test your predictions.

_VCC = '_9V

Figure 41-5
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4 2 Name
° Dat
Oscillators Class :

Reading:
Floyd, Sections 19-8 and 19-9

Objectives:

After performing this experiment, you will be able to:

1. Connect a class A amplifier; calculate and measure the dc and ac parameters.

2. Modify the amplifier with a feedback circuit that forms two versions of LC
oscillators—the Colpitts and the Hartley.

3. Compare the computed and measured performance of the oscillators.

Summary of Theory:

In electronic systems, there is almost always a requirement for one or more circuits that
generate a continuous waveform. The output voltage can be a square wave, sine wave,
sawtooth, or other periodic waveform. A free-running oscillator is basically an amplifier that
generates a continuous alternating voltage by feeding a portion of the output signal back to
the input. You have already constructed and tested a relaxation oscillator in Experiment 37, a
circuit that operated on the principle of charging and discharging a capacitor. Relaxation
oscillators are useful for generating sawtooth, triangle, and square waves.

Sine wave oscillators are classified by the networks used to provide feedback. To
sustain oscillations, the amplifier must have sufficient gain to overcome the losses in the
feedback network. In addition, the feedback must be of the proper phase to ensure that the
signal is reinforced at the output—in other words, there must be positive feedback. Feedback
networks can be classified as LC, RC, or by a crystal, a special piezoelectric resonant
network.

LC circuits have a parallel resonant circuit, commonly referred to as the tank circuit,
that determines the frequency of oscillation. A portion of the output is returned to the input
causing the amplifier to conduct only during a very small part of the total period. This means
that the amplifier is actually run in class C mode. LC circuits are generally preferred for
frequencies above 1 MHz, whereas RC oscillators are usually limited to frequencies below
10 MHz, where stability is not as critical. In applications where frequency stability is
important, crystal oscillators have the advantage. In this experiment, you will test two LC
oscillators, and in the For Further Investigation section, you will test a crystal oscillator.
Later, in Experiment 47, you will test a low-frequency RC oscillator, the Wien bridge
oscillator.

Materials Needed:
2N3904 NPN transistor (or equivalent)
One 100 () potentiometer
Resistors:
One 1.0 kQ, one 2.7 kQ, 3.3 kQ, one 10 kQ
Capacitors:
Two 1000 pF, one 0.01 uF, three 0.1 uF
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Inductors:
One 2 uH (can be wound quickly from #22 wire), one 25 uH
For Further Investigation:
One 1 MHz crystal, one 2N5458 N-channel JFET, one 10 M() resistor

Procedure:
1. Measure and record the value of the resistors listed in Table 42—1.
2. Observe the class A amplifier shown in Figure 42—1. Using your measured resistor

values, compute the dc parameters for the amplifier listed in Table 42-2. Ry, is a
100 Q potentiometer that you should set to 50 ). Then construct the circuit and verify
that your computed dc parameters are as expected.

Vee= +12V Table 42-1
| Listed | Measured

Resistor | Value Value
¢ R, 10 kQ
R, 3.3k
VS: 0.1 “‘F REI 50 Q*

100mV,, :
1.0 MHz Rg, 1.0 k)
= c, Re 2.7 kQ
M3
I Olw *Set potentiometer for 50 ()
Figure 42-1
3. Compute the ac parameters listed in Table 42-3. After you find r,, find the gain by

dividing the collector resistance by the sum of the unbypassed emitter resistance and
r,.. (Assume that the potentiometer remains set to 50 €).) Find the ac voltage at the
collector by multiplying the gain by the ac base voltage. Set the generator for a 100
mV _ sine wave at 1.0 MHz and measure the peak-to-peak collector voltage. Your
computed quantities should agree with the measured values within experimental
uncertainty. Record the measured ac parameters in Table 42-3.

Table 42-2 Table 42-3
DC Computed | Measured AC Computed Measﬁred
Parameter Value Value Parameter Value Value
Vg V, 100 mV,
v, e
Ig A,
Ve V.
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4, Remove the generator and add the feedback network for a Colpitts oscillator, as
shown in Figure 42-2. Adjust Ry, for the best output sine wave. Compute the
frequency of the Colpitts oscillator and record the computed frequency in Table 42-4.
Then, measure the frequency and the peak-to-peak voltage at the output and record
them in Table 42-4.

Vee = +12V Table 42-4
Colpitts Computed | Measured
Oscillator Value Value
VOI.II
. Frequency
Amplitude
&
™ 0.1 uF
Feedback
| network
Figure 42-2
5. Observe what happens to the frequency and amplitude of the output signal when

another 1000 pF capacitor is placed in parallel with C,.

6. Observe the effect of freeze spray on the stability of the oscillator.

7. Replace the feedback network with the one shown in Figure 42-3. (L, can be wound
by wrapping about 40 turns of #22 wire on a pencil.) Adjust R, for a good sine wave
output. This configuration is that of a Hartley oscillator. Compute the frequency of the
Hartley oscillator, and record the computed frequency in Table 42—-2. Then, measure
the frequency and the peak-to-peak voltage at the output and record them in Table
42-5.
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Table 42-5

Oscillator Value Value

L L
W m Frequency
’——_
! 2pH = 25uH | Amplitude i

Figure 42-3

—I I E Hartley | Computed | Measured

Conclusion:

Evaluation and Review Questions:

1. In step 5, you observed a change in the amplitude of the output signal when a
capacitor was placed in parallel with C,. Since the gain of the class A amplifier
remained the same, what conclusion can you draw about the effect of the change on
the amount of feedback?

2. What are the two conditions required for oscillation to occur in an LC oscillator?
3. Give a reason that an oscillator might drift from its normal frequency.
4. Summarize the difference between a Colpitts and a Hartley oscillator.
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5. For the circuit in Figure 42-2, predict the outcome in each case.

(a) Rg, is shorted.

(b) C, and C; are reversed.

(©) C, is open.

(d) The power supply voltage is 6 V.

For Further Investigation:

When it is necessary to have high stability in an oscillator, the crystal oscillator is superior.
For high-frequency crystal oscillators, FETs have advantages over bipolar transistors because
of their high input impedance. This allows the tank circuit to be unloaded, resulting in a high
Q. The circuit shown in Figure 42—-4 has the advantage of being simple, yet very stable.
Construct the circuit and observe the waveform at the drain. Compare the frequency with
that stamped on the crystal case (to do this requires a frequency counter). Test the effect of

freeze spray on the frequency and amplitude. Summarize your results.

2N5458

Drain
Source
Gate

+12V

2N5458

Crystal
1 MHz

I

Figure 42-4
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Name

. ° ® Date
Application Assignment 19 Class
Reference:
Floyd, Chapter 19, Section 19-11: Application Assignment
Step 1 Relate the PC board to the schematic. The PC board and the schematic are

shown in Figure AA-19-1. Label the components in the spaces provided.

Vee

Input |

Output ,

Input 0—
Output

2N3947

Ryo
1200

Figure AA-19-1
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Step 2 Analyze the amplifier.

1. Compute the dc voltages and the input resistance as shown in the first
four lines of Table AA-19-1. (Note: The voltage divider in this case is
not stiff. Use equation 18-7 to compute Vj for each transistor.)

2. Compute the voltage gain of each stage and the overall voltage gain.
You need to take into account loading effects for the overall gain.
Record your computed values in Table AA-19-1.

3. Explain what happens if the input frequency is reduced to a very low
value:
4. Compute the voltage gain for the case of a 15 k() load resistor: A, = __

Table AA-19-1

Computed | Computed
Parameter for Q, for Q,
Vs
VE
VC
Riny
A,
Av(overall) =
Step 3 Troubleshoot the circuit. State the probable cause of each problem listed.
1. No output signal with verified input:
2. Proper ac and dc on base of Q,; collector signal low:
3. Proper signal at collector of Q,; no signal at 0, base:
4. Output signal amplitude much too low:
S. Q, collector at +12 V, no output signal with verified input:

Related Experiment:

Materials Needed:
Two small-signal NPN transistors (2N3947, 2N3904, or equivalent)
Resistors:

Two of each: 120 Q, 1.0 kQ, 4.7 kQ, 22 kQ, 100 kQ)
Capacitors:

Two of each: 1.0 uF, 100 uF
One 50 k) potentiometer

Discussion:
Construct the two-stage amplifier shown in Figure AA-19-1 and measure the parameters you

computed in Table AA-19-1. Extend the table to indicate the measured data. Summarize
your results in a written conclusion.

338



CheCkup 19 Class

Name

Date

Reference:
Floyd, Chap. 19, and Buchla, Experiments 38 through 42

1.

An effective way to increase the gain in a common-emitter amplifier is:
(a) bypass the emitter resistor (b) increase the bias resistors
with a capacitor
(c) bypass the collector resistor (d) increase V¢
with a capacitor

An amplifier that inverts the phase between the input and output is a:
(a) common base (b) common emitter
(c) common gate (d) common collector

An amplifier that has approximately the same current gain and power gain is:
(a) common base (b) common emitter
(c) common gate (d) common collector

A common-collector amplifier supplies:
(a) only voltage gain (b) only current gain
(c) both voltage and current gain  (d) neither voltage gain nor current gain

Assume an emitter bypass capacitor is open in a common-emitter amplifier. This
would cause:

(a) a change in the gain (b) a change in r,
(c) decrease in the input (d) all of these
impedance

Compared to a common-emitter amplifier, an advantage of a common-source FET
amplifier is greater:
(a) voltage gain  (b) current gain  (c) linearity  (d) input impedance

Compared to a class A amplifier, an advantage of a class B push-pull amplifier is
greater:
(a) efficiency (b) voltage gain (c) linearity (d) input impedance

An LC oscillator circuit must have:

(a) a crystal (b) current gain
(c) a bipolar transistor (d) positive feedback
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10.

11.

12.

13.

14.

15.

The frequency of an LC oscillator can be changed by varying:

(a) the bias (b) the emitter bypass capacitor
(c) components in the feedback (d) the emitter resistance
path

Another name for a parallel LC circuit used in an oscillator is a:
(a) feedback loop (b) tank circuit
(c) bridge circuit (d) phase-shift network

Explain how to measure the input resistance of a CE amplifier.
For the circuit in Figure C-19-1, assume the emitter and collector currents are the

same. Compute the following dc parameters:
(a) emitter current  (b) Vg

For the circuit in Figure C-19-1(a), compute the following ac parameters:
(@ r, (b) A, (loaded)

For the circuits shown in Figure C-19-1, compare the input resistance of the bipolar
transistor amplifier with the JFET amplifier.

For the JFET amplifier in Figure C-19-1(b), assume that g,, is 4000 uS. Compute the
gain,

Vec = +16V
Vop = +16V

(@ ®)
Figure C-19-1



| 4 3 The Differential Nane
Amplifier Class

Reading:
Floyd, Sections 20—-1 and 20-2

Objectives:

After performing this experiment, you will be able to:

1. Compute dc and ac parameters of a differential amplifier with emitter bias.

2. Build a differential amplifier circuit, test it, and measure differential and
common-mode gain.

Summary of Theory:

The differential amplifier (diff amp) is used to amplify the difference in two signals. The
output is related only to the difference between the two inputs. If the input signals are
identical, the operation is said to be common-mode. The output of the ideal difference
amplifier will be zero for common-mode signals. When the inputs are different, the operation
is said to be normal-mode. The normal-mode signal is amplified by the differential amplifier.
The difference amplifier is important in applications in which a weak signal is in the presence
of unwanted noise as illustrated in Figure 43—1. The desired transducer signal drives the diff
amp in normal mode. The noise source will tend to induce equal voltages into the twisted pair
wires, driving the diff amp in common-mode. The signal at the output will represent the
original transducer signal without the induced noise voltage.

110 VAC

“—] Noise Diff
source amp.

L Shielded twisted pair |

Figure 43-1
The diff amp’s ability to reject unwanted common-mode signals while favoring the

desired normal mode signals is called the amplifier’s common-mode rejection ratio (CMRR).
CMRR is often exposed in decibels (dB) and can be defined as:

Ay

CMRR = 20 log

cm

In this equation, A, represents the differential voltage gain and A, represents the
common-mode voltage gain. The CMRR is a dimensionless number.
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Materials Needed:
Resistors:
Two 47 1, two 10 kQ, two 47 k)
Two 1 uF capacitors
Two 2N3904 NPN transistors (or equivalent)
For Further Investigation:
Two 10 kQ resistors, one 4.7 k() resistor, one 2N3904 transistor

Procedure:
1. Measure and record the resistance of the resistors listed in Table 43-1.
Table 43-1 Table 43-2
Parameter Value o, 0,
Rs | 47kQ
IE
Rg: | 47kQ
Ig
Ry | 470 v
R 47 Q v
Ry 10 kQ v,
R 10 kQ)
< Ve
2. The circuit shown in Figure 43-2 is a differential amplifier with single-ended output

and emitter bias. Except for V, the dc parameters should be identical for Q, and Q,.
The transistors are forward biased by the negative supply connected to the common
tail resistor, R,. Notice that R, has two emitter currents in it, one from each
transistor. To solve for the dc parameters in the circuit, the first step is to write
Kirchhoff’s voltage equation for the closed path indicated by the dotted line on Figure
43-2. The first sign of each voltage drop is used in writing the equation. (Note that
Kirchhoff’s voltage law can be written in either direction and obtain the same result.)

The base current can be expressed in terms of the emitter current by using the

approximation:
I
I=—"—
Bdc
By substitution, and solving for I:
Vee — 0.7V
IE =
Rp;
— + REl + 2RT
Bdc
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Compute I for the circuit shown in Figure 43-2. If you do not know the B4, for your
transistor, assume a value of 100. Enter your computed I in Table 43-2.

Figure 43-2

Compute the remaining dc parameters listed in Table 43-2. The base voltage for either
transistor, Vg, can be found by subtracting IR, from zero (ground). The emitter
voltage for either transistor is 0.7 V less than V. The voltage at point A can be
computed by subtracting IzRg, from V. Vo, is found by subtracting IzR . from

VCC-

Construct the diff amp shown in Figure 43—-2. The signal generator should be turned
off. Measure and record the dc voltages listed in Table 43—2. Your measured and
computed values should agree within 10%.

Using the computed I, calculate r, for the transistors. Enter the computed r, in Table
43-3.

Compute the differential gain, A, 4, for the circuit. The diff amp can be thought of as
a common-collector amplifier (Q,) driving a common base amplifier (Q,). Point A
represents the output of the CC amplifier and the input of the CB amplifier. The Q,
base voltage, V), is shown as equal to V. The gain to point A is approximately Y2,
80 Vaqaco) is shown as a computed 50 mV .. The differential gain is the product of the
gain of the CC amplifier and the CB amplifier.

s (3 ) -
wdy = Acc ACB = | T =
2 REZ + re(Qz) 2 (REZ + re(Qz))
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Table 43-3

AC Computed | Measured
Parameter Value Value
rf.’
Vb(Ql) 100 mVpp
Vo 50 mV,
VV(d)
Vo
Acm
7. Compute the common-mode gain from the formula
Rc
Aem =
2Ry

Enter the computed A_,, in Table 43-3.

8. Turn on the signal generator and set Vg for 100 mV, at 1.0 kHz. Use the oscilloscope
to set the proper voltage and check the frequency. (It may be necessary to attenuate
the generator input to obtain a 100 mV signal.) Measure the ac signal voltage at Q,’s
base (V,o1)), point A, and at Q,’s collector (Vy,)). Determine the differential gain,
A, (The overall voltage gain is the ratio of the output to the input voltage.) Using
two channels, observe the phase relationship between these waveforms. Enter your
measured results in Table 43-3.

9. To measure the common-mode gain, it is necessary to put an identical signal into both
Q, and Q,. Do this by removing point B from ground and connecting point B to the
signal generator. Increase Vg to 1.0 V,, and measure V. Enter the measured A, in
Table 43-3.

Conclusion:

Evaluation and Review Questions:
1. Using the measured differential gain and the measured common-mode gain, compute
the CMRR for the differential amplifier. Express your answer in decibels.
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2. In step 2, Kirchhoff’s law was used to develop the equation for the emitter current.
The second term of the equation contains 2/ in it. Explain.

3. In step 6, it is stated that the voltage gain to point A is approximately one-half.
Explain.

4. Predict the dc voltage at point A if the base of Q, is open.

5. Name at least three malfunctions that could account for a dc voltage of +12 V on Q,’s
collector.

For Further Investigation:

Because current sources have a high internal resistance, the CMRR can be improved by
substituting the current source shown in Figure 43-3 for R,. Measure the differential and
common-mode gains and compute the CMRR for the diff amp tested in this experiment.
Summarize your measurements including the differential- and common-mode gains.

Figure 43-3
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Op-Amp Name

Date

Characteristics Class

Reading:
Floyd, Section 20-3

Objectives:

After performing this experiment, you will be able to:

1. Explain the meaning of common op-amp specifications.

2. Use IC op-amp specification sheets to determine op-amp characteristics.

3. Measure the input offset voltage, bias current, input offset current, and CMRR for a
741C op-amp.

Summary of Theory:

An operational amplifier (op-amp) is a linear integrated circuit that incorporates a dc-coupled,
high-gain differential amplifier and other circuitry that give it specific characteristics. The
ideal op-amp has certain unattainable specifications, but hundreds of types of operational
amplifiers are available, which vary in specific ways from the ideal op-amp. Important
specifications include open-loop gain, input impedance, output impedance, input offset
voltage and current, bias current, and slew rate. Other characteristics that are important in
certain applications include CMRR, current and voltage noise level, maximum output current,
rolloff characteristics, and voltage and power requirements. The data sheet for a specific op-
amp contains these specifications, a description of the op-amp, the device pin-out, internal
schematic, maximum ratings, suggested applications, and performance curves.

Because the input stage of all op-amps is a differential amplifier, there are two inputs
marked with the symbols (+) and (—). These symbols refer to the phase of the output signal
compared to the input signal and should be read as noninverting (+) and inverting (—) rather
than “‘plus’’ or ‘“‘minus.”’ If the noninverting input is more positive than the inverting input,
the output will be positive. If the inverting input is more positive, then the output will be
negative. Two commonly used symbols for op-amps are shown in Figure 44—1. The power
supplies are frequently not shown.

+Vee +Vee

l Noninverting inplﬂ

—Vee —Vee

Figure 44-1

Materials Needed:
Resistors:
Two 100 Q, two 10 kQ, two 100 k2, one 1.0 MQ
Two 1.0 uF capacitors
One 741C op-amp
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Procedure:

1. Examine the specification sheet for the 741C op-amp (Appendix B). From the

specification sheet, determine the typical and maximum values for each quantity listed
in Table 44—1. Record the specified values for T, = 25°C. Note the measurement
units listed on the right side of the specification sheet.

Table 44-1
Specified Value Measured

Step Parameter — - -

Minimum | Typical | Maximum Value
2d Input offset voltage, Vo
3d Input bias current, Ig;as
3e Input offset current, Iog
4b Differential gain, A,
4c Common-mode gain, A,
4d CMRR

2. In this step, you will measure the input offset voltage, V;,, of a 741C op-amp. The

input offset voltage is the amount of voltage that must be applied between the input

terminals of an op-amp to give zero output voltage.
Measure and record the resistors listed in Table 44-2.

(a)
(b)

©)

(d)

Connect the circuit shown in Figure 44-2. Install 1 uF bypass capacitors on

the power supply leads as shown. Note the polarities of the capacitors.

Measure the output voltage, Vg. The input offset voltage is found by dividing
the output voltage by the closed-loop gain. The circuit will be considered as a

noninverting amplifier for the purpose of the offset calculation.
Record the measured input offset voltage in Table 44—1.

Table 44-2

Resistor

Listed
Value

Measured
Value

1.0 MQ

10 kQ

10 kQ

3. In this step, you will measure the bias current, Iz, and the input offset current, /g,
of a 741C op-amp. The input bias current is the average of the input currents required

Figure 44-2

at each input terminal of the op-amp. The input offset current is a measure of
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how well these two currents match. The input offset current is the difference in the

two bias currents when the output voltage is 0 V.

(a) Measure and record the resistors listed in Table 44-3.

(b) Connect the circuit shown in Figure 44-3.

(c) Measure the voltage across R, and R, of Figure 44-3. Use Ohm’s law to
calculate the current in each resistor.

) Record the average of these two currents in Table 44—-1 as in the input bias
current, Igias-

(e) Record the difference in these two currents in Table 44—1 as in the input offset
current, Ig.

Table 44-3
Listed | Measured
Resistor | Value Value
R, 100 k2
R, 100 kQ

-5V

Figure 44-3

In this step, you will measure the common-mode rejection ratio, CMRR, of a 741C
op-amp. The CMRR is the ratio of the op-amp’s differential gain divided by the
common-mode gain. It is frequently expressed in decibels according to the definition

A v(d)

CMRR = 20 log

cm

(a) Measure and record the resistors listed in Table 44—4. For an accurate
measurement, resistors R, and Rz should be closely matched as should R and
Rp.

(b) It is more accurate to compute the differential gain, A, , based on the
resistance ratio than to measure it directly. Determine the differential gain by
dividing the measured value of R. by R,. Enter the differential gain, A, ), in
Table 44-1.

(c) Connect the circuit shown in Figure 44—4. Set the signal generator for 1.0 V
at 1 kHz. Measure the output voltage, V ,ycm).- Determine the common-mode
gain, A, by dividing V ,icm) PY Vineem)-

) Determine the CMRR, in decibels, for your 741C op-amp. Record the result in
Table 44-1.
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Table 44-4 Rc
MW
Listed | Measured 100 kO
Resistor | Value Value
+15V
R, 100 O
Ry 100 O +
Ry=1000Q
Rc 100 k€ 4 2N 1pF =
Vin(cm) W\’ 6 Voul(cm)
R, 100 kQ b Ry = 1000 741C
=%
Vs=1.0V,, +
1 kHz Rp
100 k(1 1w =
-15V
Figure 44-4

Conclusion:
Evaluation and Review Questions:
1. What is the meaning of the (+) and (—) terminal on the op-amp symbol?
2. Explain the meaning of input offset voltage.
3. What is the difference between the input bias current and the input offset current?
4. What is the difference between differential gain and common-mode gain?
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S. (a) Explain how you measured the CMRR of the 741C.

(b) What is the advantage of a high CMRR?

For Further Investigation:
Another important op-amp specification is the slew rate, which is defined as the maximum
rate of change of the output voltage under large-signal conditions. Slew rate imposes a limit
on how fast the output can change and affects the frequency response of the op-amp. It is
measured in units of volts/microsecond. It is usually measured using a unity gain amplifier
(voltage follower) with a fast-rising pulse.

Connect the unity gain circuit shown in Figure 44—5. Set the signal generator for a
10 V,,, square wave at 10 kHz. The output voltage will be slew-rate limited. It does not
respond instantaneously to the change in the input voltage. Measure the rate of rise (slope) of
the output waveform, as shown in Figure 44—6. Compare your measured slew rate with the
typical value for a unity-gain 741C op-amp of 0.5 V/us.

+15V
10—
3 7 —
h 1pfF =

6 Vout
) 741C
Vs=10V,, —
10 kHz n
1pF —
= -5V Slew rate = AA—‘:
. Figure 44-6
Figure 44-5
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| 4 5 Linear Op-Amp Name
Circuits Class

Reading:
Floyd, Sections 20—-4 and 20-5

Objectives:

After performing this experiment, you will be able to:

1. Construct and test inverting and noninverting amplifiers using op-amps.

2. Specify components for inverting and noninverting amplifiers using op-amps.

Summary of Theory:

One of the most important ideas in electronics incorporates the idea of feedback, where a
portion of the output is returned to the input. If the return signal tends to decrease the input
amplitude, it is called negative feedback. Negative feedback produces a number of desirable
qualities in an amplifier, increasing its stability and frequency response. It also allows the gain
to be controlled independently of the device parameters or changes in temperature and other
variables.

Operational amplifiers are almost always used with external feedback. The external
feedback network determines the specific characteristics of the amplifier. By itself, an op-amp
has an extremely high gain called the open-loop gain. When negative feedback is added, the
overall gain of the amplifier decreases to an amount determined by the feedback. The overall
gain of the amplifier, including the feedback network, is called the closed-loop gain, A_,. The
closed-loop gain is nearly equal to the reciprocal of the feedback fraction. Figure 45-1
illustrates a noninverting amplifier with negative feedback. The voltage divider samples a
fraction of the output voltage and returns it to the inverting input. The closed-loop gain of
this noninverting amplifier is given as A,y It is found by taking the reciprocal of the
feedback fraction.

. R;
Feedback fraction = B = m;
I R;+R; R,
Aaen =5~ "R T TR

Figure 45-1

Materials Needed:
Resistors:
Two 1.0 k€2, one 10 k{2, one 470 k{2, one 1.0 MQ
Two 1.0 uF capacitors
One 741C op-amp
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For Further Investigation:
One 1.0 k() potentiometer, one 100 k() resistor, assorted resistors to test

Procedure:
1. The circuit to be tested in this step is the noninverting amplifier illustrated in Figure
45-2. The closed-loop gain equation is given in Figure 45-1.
(a) Measure a 10 k() resistor for R, and a 1.0 kQ resistor for R;. Record the
measured value of resistance in Table 45-1.
(b) Using the measured resistance, compute the closed-loop gain of the
noninverting amplifier.
(c) Calculate V_,, by multiplying the closed-loop gain by V;,.
(d Connect the circuit shown in Figure 45-2. Set the signal generator for a
500 mV,, sine wave at 1 kHz. The generator should have no dc offset.
(e) Measure the output voltage, V.. Record the measured value.
® Measure the feedback voltage at pin 2. Record the measured value.
(®) Place a 1.0 M(Q resistor in series with the generator. Compute the input
impedance of the op-amp based on the voltage drop across the resistor.

Table 45-1

R f R i Vi Acl(l) Vout V( -) R in

Measure | Measured | Measured | Computed | Computed | Measured | Measured | Measured

Value | Value (in6) | (pin?2) -

500 mV,,,
+15V Ry
MWV
h 10k
3 — +15V
planl
Vs = 2 R
500 mi/pp ’VW 2N IpF =
1 kHz ’ 1kQ - 6 Vou
= 10k} V= 3 I€ T
500 mV,, 7
1 kHz A1 +
R, N 1pf =
1k ~15V
= Figure 45-3
Figure 45-2
2. In this step you will test an inverting amplifier. Record all data in Table 45-2. The

circuit is illustrated in Figure 45-3. The closed-loop gain is

Ry
Agp = — El
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(@)

Use the same resistors for Ry and R; as in step 1. Record the measured value of
resistance in Table 45-2.

(b) Using the measured resistance, compute and record the closed-loop gain of the
inverting amplifier.
(c) Calculate V_,, by multiplying the closed-loop gain by V,,.
(d) Connect the circuit shown in Figure 45-3. Set the signal generator for a
500 mV,, sine wave at 1 kHz. The generator should have no dc offset.
(e) Measure and record the output voltage, V.
® Measure and record the voltage at pin 2. This point is called a virtual ground
because of the feedback.
(8) Place a 1.0 k() resistor in series with the generator and R;. Compute the input
impedance of the op-amp based on the voltage drop across the resistor.
Table 45-2
Ry R; Vi Aaw Vout Vo R;,
Measure | Measured | Measured | Computed | Computed | Measured | Measured | Measured
Value Value (pin 6) (pin 2)
500 mV,,,
3. In this step you will specify the components for an inverting amplifier using a 741C

op-amp. The amplifier is required to have an input impedance of 10 kQ) and a closed-
loop gain of —47. The input test signal is a 1 kHz, 100 mV ,;, sine wave. (You may
need to attenuate your signal generator to obtain this input.) Draw the amplifier. Then
build and test your circuit. Find the maximum voltage the input signal can have before
clipping occurs. Try increasing the frequency and note the frequency at which the
output is distorted. Does the upper frequency response depend on the amplitude of the
waveform? Summarize your results in the space provided.

Conclusion:
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Evaluation and Review Questions:

1.

Express the gain of the amplifiers tested in steps 1 and 2 in decibels.

It was not necessary to use any coupling capacitors for the circuits in this experiment.
Explain why not.

If R, = R; = 10 k), what gain would you expect for:
(a) a noninverting amplifier?

(b) an inverting amplifier?

(a) For the noninverting amplifier in Figure 45-2, if R, = 0 and R, is infinite, what
is the gain?

(b) What is the type of amplifier called?

What output would you expect in an inverting amplifier of Figure 45-3 if R; were
open?
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For Further Investigation:
An interesting application of an inverting amplifier is to use it as the basis of an ohmmeter for
high-value resistors. The circuit is shown in Figure 45-4. The unknown resistor, labeled R,,
is placed between the terminals. The output voltage is proportional to the unknown
resistance. Calibrate the meter by placing a known 10 k() resistor in place of R, and adjusting
the potentiometer for exactly 100 mV output. The output then represents 10 mV/1000 ). By
reading the output voltage and moving the decimal point, you can directly read resistors from
several thousand ohms to over 1 M().

Construct the circuit and test it using different resistors. Calibrate output voltage
against resistance and compare with theory. Find the percent error for a 1 M(QQ resistor using
a lab meter as a standard. Summarize your results in a short report.

+15V — 0 R, o——
. +15V
00 k .
1 uF ]—_
1 kO 2\ =
1%
741C 6 o
31+
. +
1 uF —
-15V -
Figure 45-4
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Name

Date

Application Assignment 20 Class

Reference:
Floyd, Chapter 20, Section 20-7: Application Assignment

Step 1 Relate the PC board to a schematic. Draw the schematic in the space provided
below:
Step 2 Analyze the circuit.
1. Determine the resistance value to which the feedback rheostat must be
adjusted for a voltage gain of 10. Rheostat setting = ___
2. Determine the voltage gain required and the setting of the feedback
rheostat for maximum linear output for the specifications given in
the text.
A,=__ Rheostatsetting=____
3. With the gain set as determined in the previous step, on Plot AA-20-1

show the response characteristic of the circuit indicating the output
voltage as a function of wavelength between 400 and 700 nm.

Plot AA-20-1

359



Step 3 Troubleshoot the circuit. State the probable cause of each of the following

problems:

1. No voltage at the output of the op-amp (list three possible causes).
2. Output of op-amp stays at approximately -8 V.

3. A small voltage appears on the output with no light conditions.

Related Experiment:

Materials Needed:

Two 10 k() resistors
Two 1 uF capacitors
One 10 kQ) potentiometer
One 741C op-amp

Discussion:

As you have seen, the gain of an op-amp can be easily adjusted over a wide range, depending
on the requirements. The circuit shown in Figure AA-20-1 is another example of the
versatility of op-amps. Can you figure out what the range of gain is? Construct the circuit and
test the gain as you vary the potentiometer. Can you classify the amplifier as an inverting
type or a noninverting type?

Figure AA-20-1
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CheCkup 20 Class

Name
Date

Reference:
Floyd, Chap. 20, and Buchla, Experiments 43 through 45

1.

10.

A differential amplifier is important in instrumentation systems because it
preferentially amplifies:

(a) both normal- and common-mode signals (b) normal-mode signals only
(c) common-mode signals only (d) neither

Input offset voltage is the voltage applied to the input of an op-amp that will:
(a) cause the dc output voltage to be zero  (b) cause the input current to be zero
(c) increase the CMRR (d) reduce noise in the output

A high CMRR is an advantage for applications requiring:
(a) high frequency response (b) high gain
(c) noise rejection (d) input protection

The input bias current of an op-amp is:
(a) the difference in two input currents (b) the average of two input currents
(c) the current required to produce no output  (d) dependent on the gain of the circuit

When a portion of output is returned out of phase to the input, it is called:
(a) regenerative feedback (b) negative feedback
(c) common-mode feedback (d) closed-loop feedback

An ideal op-amp has an open-loop gain of:
(@) zero (b) 1 (c) 100,000 (d) infinity

An ideal op-amp has an input impedance of:
(@) zero (b) 1Q (c) 100,000 2 (d) infinity

An op-amp connected as an inverting amplifier has a 4.7 k() input resistor and a
100 kQ feedback resistor. The input impedance of the amplifier is closest to:
(@) 4.7k () 22kQ  (c) 100k (d) 10 MQ

The amplifier in Question 8 has a voltage gain of approximately:
@35 @10 (21 (@ 100

To measure the input offset current of an op-amp, you could:

(a) compare the output and input currents in an inverting amplifier

(b) compare the output and input currents in a noninverting amplifier

(c) determine the input current both with and without a signal on a diff amp
(d) use Ohm’s law to determine the current in each of two large input resistors
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11.

12.

13.

14.

Explain what is meant by a virtual ground.

Compare the difference between open-loop and closed-loop gain.

Assume you need a noninverting amplifier with a gain of 14.
(a) What ratio is required between the feedback resistor and the input resistor?

(b) Choose two standard-value resistors that will give the feedback fraction you
determined in (a). Draw the circuit and label the resistors.

An op-amp can be operated from a single positive power supply, as shown in Figure
C-20-1. (The noninverting input has a dc level applied to it to change the reference.)
Assume V.. is set for a +6.0 V level. Use the superposition theorem and the ideal
op-amp model to answer the following questions.

(a) What is the dc level at the inverting input?

(b) What is the dc voltage across R;?

(c) What is the input current?

(d) What is the current in R;?

(e) Whatis V_,.?

out*

Ry
NN
47kQ
+10V
+15V
27
v,
741C 6 —
3+
4
R, L
8.2 k{2 -
+5V

Figure C-20-1
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Nonlinear Op-Amp Name

Date

C iI‘CllitS Class

Reading:
Floyd, Sections 21-1 through 21-3

Objectives:

After performing this experiment, you will be able to:

1. Construct and test an op-amp comparator, an integrator, and a differentiator circuit.
2. Determine the response of the circuits listed in objective 1 to various waveforms.

3. Troubleshoot faults in op-amp circuits.

Summary of Theory:

The basic op-amp is a linear device; however, many applications exist in which the op-amp is
used in a nonlinear circuit. One of the most common nonlinear applications is the
comparator. A comparator is used to detect which of two voltages is larger and drive the
output into either positive or negative saturation. Comparators can be made from ordinary
op-amps (and frequently are), but there are special ICs designed as comparators. They are
designed with very high slew rates and frequently have open-collector outputs to allow
interfacing to logic or bus systems.

Other uses of op-amps include a variety of signal processing applications. Op-amps are
ideally suited to make precise integrators. Integration is the process of finding the area under
a curve, as shown in the Summary of Theory for Experiment 30. An integrator produces an
output voltage that is proportional to the integral of the input voltage waveform. The opposite
of integration is differentiation. Differentiation circuits produce an output that is proportional
to the derivative of the input voltage waveform. The basic op-amp comparator, integrator,
and differentiator circuits with representative waveforms are illustrated in Figure 46—1.

C

[ Y
V., Via I Vin VW
/\/ Voul J_l'J ,\/I\e/\r Vout J_l'J |C| Vout
— > NV 1 >
— ———
Vet |- + +
L L L
(a) Comparator (b) Basic integrator (c) Basic differentiator
Figure 46-1
Materials Needed:
Resistors:
One 1.0 kQ, four 10 kQ, three 22 kQ, one 330 Q, one 330 kQ
Capacitors:

One 2200 pF, one 0.01 uF, two 1.0 uF
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Three 741C op-amps
One 1 k() potentiometer
Two LEDs (one red, one green)

Procedure:

1.

In this step you will construct and test an op-amp circuit connected as a comparator.
Construct the circuit shown in Figure 46-2. Vary the potentiometer. Measure the
output voltage when the red LED is on and then when the green LED is on. The 741C
has current-limiting circuitry that prevents excessive current from destroying the
LEDs. Record the output voltages, Vo, in Table 46— 1. Notice that the LEDs
prevent the output from going into positive and negative saturation. Then set the
potentiometer to the threshold point. Measure and record V. at the threshold.

Table 46-1 R, +15V

VOUT V
ref
Red On | Green On | Threshold
R
lk(; .
LED |+ LED |- A
R
lOk(% Red / Green /
- +
—* = L =
—15V = -
Figure 46-2

In this step, you will test the effects of the comparator on a sine wave input and add
an integrating circuit to the output of the comparator. Connect the circuit shown in
Figure 46-3 and add a sine wave generator to the comparator as illustrated. Set the
output for a 1.0 V,, at 1 kHz with no dc offset. Observe the waveforms from the
comparator (point A) and from the integrator (point B). Adjust R; so that the
waveform at B is centered about zero volts. Sketch the observed waveforms in the
correct time relationship on Plot 46—1. Show the voltages and time on your plot.

C, = 0.0 pF

R, +i5V ||

R, = 330 kQ
——"VWA——

+15V

—-15Vv

; L

Figure 46-3
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Plot 46-1

Vary R; while observing the output of the comparator and the integrator.
Observations:

For each of the troubles listed in Table 46-2, see if you can predict the effect on the
circuit. Then insert the trouble and check your prediction. At the end of this step,
restore the circuit to normal operation.

Table 46-2

Trouble Symptoms

No negative power supply
Red LED open
C, open

R, open
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5. In this step, you will add a differentiating circuit to the previous circuit. The
differentiator circuit is shown in Figure 46—4. Connect the input of the differentiator
to the output of the integrator (point B). Observe the input and output waveforms of
the differentiator. Sketch the observed waveforms on Plot 46—2. Label your plot and
show voltage and time.

Rq Sl
YWV R S T R B B
10kQ R s e et S EEE RN R
LK sp0pe -
" RERREREE
10k O an Rnn REE R ETE EEE LR S
1 EEEE R
Figure 46-4
Plot 46-2
6. Remove the input from the differentiator and connect it to the output from the
comparator (point A). Observe the new input and output waveforms of the
differentiator. Sketch the observed waveforms on Plot 46—3. Label your plot.
A
i i e et et il Rt Rl Rl
T
i
Plot 46-3
Conclusion:
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Evaluation and Review Questions:

1.

Compute the minimum and maximum V, for the comparator in Figure 46-2.
V

ref(min) = Vref(max) =

The comparator output did not go near the power supply voltages. Explain why not.

(a) For the integrator circuit in Figure 46—3, what is the purpose of R,?

(b) What happened when it was removed?

What type of circuit will produce leading- and trailing-edge triggers from a square
wave input?

What effect would you expect on the output of the integrator in Figure 46-3 if the
frequency used were 100 Hz instead of 1 kHz?
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For Further Investigation:

A useful variation of the comparator is the Schmitt trigger circuit shown in Figure 46—5. This
circuit is basically a comparator that uses positive feedback to change the threshold voltage
when the output switches. The trip point is dependent on whether the output is already
saturated high or low. This effect is called hysteresis. Construct the circuit, test its operation,
and summarize your findings in a short report.

+15V

2 7 1pf =
741C 6 —
Vg = 3 +
10 Voo 4
100 Hz +
w1k
1w =
—_— -15V
22k
42%%
Figure 46-5
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Date

47 The Wien Bridge Name
Oscillator Class

Reading:
Floyd, Section 21-4

Objectives:

After performing this experiment, you will be able to:

1. Explain the requirements for a Wien bridge to oscillate, predict the feedback voltages
and phases, and compute the frequency of oscillation.

2. Construct and test a Wien bridge oscillator with automatic gain control.

Summary of Theory:

The Wien bridge is a bridge-type circuit that is widely used as a sine wave oscillator for
frequencies below about 1 MHz. Oscillation occurs when a portion of the output is returned
to the input in the proper amplitude and phase to reinforce the input signal. This type of
feedback is called regenerative or positive feedback. Regenerative oscillators require
amplification to overcome the loss in the feedback network. For the Wien bridge, the signal
returned to the noninverting input is one-third of the output signal. For this reason, the
amplifier must provide a minimum gain of 3 to prevent oscillations from dying out.

-

R Vou R 1%

out

RS ¢ % Rii RS ¢ % T)Bub
(@) (b)
Figure 47-1

The basic Wien bridge circuit, is shown in Figure 47-1(a). The frequency of
oscillation is determined by the lead-lag network connected to the noninverting input of the
op-amp. The gain is controlled by Rrand R;. The frequency of oscillation is found from the
equation

1
~ 2mRC

fr

The gain must be at least 3 to maintain oscillations, but too much gain causes the
output to saturate. Too little gain causes oscillations to cease. Various circuits have been
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designed to stabilize loop gain at exactly 3. The basic requirement is to provide automatic
gain control, or AGC for short. One common technique is to use a light bulb for AGC as
illustrated in Figure 47—1(b). As the bulb’s filament warms, the resistance increases and
reduces the gain. Other more sophisticated techniques use the variable resistance region of an
FET to control gain. An FET automatic gain control circuit will be investigated in this
experiment.

Materials Needed:
Resistors:

One 1.0 kQ, three 10 kQ)
Capacitors:

Two 0.01 uF, three 1 uF
Two 1N914 signal diodes (or equivalent)
One 741C op-amp
One 2N5458 N-channel JFET transistor (or equivalent)
One 10 kQ potentiometer
For Further Investigation:

Type 1869 or type 327 bulb

Procedure:

1. Measure R, R,, C,, and C,. These components determine the frequency of the Wien
bridge. Record the measured values in Table 47—-1. If you cannot measure the
capacitors, record the listed value.

2. Construct the basic Wien bridge illustrated in Figure 47-2. Adjust R so that the
circuit just oscillates. You will see that it is nearly impossible to obtain a clean sine
wave, as the control is too sensitive. With the bridge oscillating, try spraying some
freeze spray on the components and observe the result. Observations:

Table 47-1
c _L +15V
Listed | Measured !
Component | Value Value

R, 10 kQ v
R, 10 kQ —=
C, 0.01 uF
C, 0.01 uF

Figure 47-2
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The basic Wien bridge in step 2 has unstable gain and requires some form of automatic
gain control to work properly. Field-effect transistors are frequently used for AGC
circuits because they can be used as voltage-controlled resistors for small applied
voltages. The circuit illustrated in Figure 47-3 is an FET-stabilized Wien bridge.
Compute the expected frequency of oscillation from the equation

1
~ 2mRC

fr

Use the average measured value of the resistance and capacitance listed in Table 47-1
to calculate f,. Record the computed f, in Table 47-2.

Table 47-2 o
+15V
1 C J— R, .
0.01 pF 10 kQ
Computed | Measured
(pin 6) N 2N THE =
10kQ 1C 6 Vout
w 3 +
+
;/4*% i____l_ %D,
{uF == IN914
—15V -
g X
R, € 2N5458
2N5458 10k 0.01 pF T
R, ~ir C3
10 kQ
Drain I + LOWF
Source

Gate = =g = = =

Figure 47-3

Construct the FET-stabilized Wien bridge shown in Figure 47-3. The diode causes
negative peaks to charge C, and bias the FET. C; has a long time-constant discharge
path, so the bias does not change rapidly. Note the polarity of C;. Adjust R, for a
good sine wave output. Measure the frequency and record it in Table 47-2.

Measure the peak-to-peak output voltage, V.- Then measure the peak-to-peak
positive and negative feedback voltages, V(,),p) and V_,,, and the dc voltage on the
gate of the FET. Use two channels and observe the phase relationship of the
waveforms. Record the voltages in Table 47-3.

Table 47-3

Measured Voltages

Voutwon | Vorxop | Vormm [VGATE
(pin 6) | (pin 3) | (pin 2)
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What is the phase shift from the output voltage to the positive feedback voltage?

6. Try freeze spray on the various components while observing the output. Observations:

A Asa \www a e e s

B p—

the voltages as before and record in Tﬁbie 47—:1.

~

Table 47-4
Vour Measured Voltages— Extra Diode
D, Vouron | Virrem | Vo b VOATE
(pin 6) | (pin 3) | (pin 2)
Dy
2IN5458 E

Figure 47-4

Conclusion:

Evaluation and Review Questions:
1. In step 5, you measured the positive feedback voltage. What fraction of the output
voltage did you find? Is this what you expected from theory?

2. Explain why adding a second diode in series with the first caused the output voltage to
increase.
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3. For the circuit in Figure 47-3, what is the positive side of C; shown at ground?

4. At what frequency would the Wien bridge of Figure 47-3 oscillate if R, and R, were
doubled?
b How could you make a Wien bridge tune to different frequencies?

For Further Investigation:

Investigate the light-bulb-stabilized Wien bridge shown in Figure 47—1(b). A good bulb to try
is a type 1869 or type 327. Other bulbs will work, but low-resistance filaments are not good.
You can use the same components as in Figure 47-2 except replace R, with the bulb.
Summarize your results in a short lab report.
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Name
[ ] [ ] D t
48 Active Filters Class

Reading:
Floyd, Section 21-5

Objectives:

After performing this experiment, you will be able to:

1. Specify the components required for a Butterworth low- or high-pass filter.

2. Build and test a Butterworth low- or high-pass active filter for a specific frequency.

Summary of Theory:

A filter is a circuit that produces a prescribed frequency response as described in Experiment
29. Passive filters are combination circuits containing only resistors, inductors, and capacitors
(RLC). Active filters contain resistance and capacitance plus circuit elements that provide
gain, such as transistors or operational amplifiers. The major advantage of active filters is that
they can achieve frequency response characteristics that are nearly ideal and for reasonable
cost for frequencies up to about 100 kHz. Above this, active filters are limited by bandwidth.

Active filters can be designed to optimize any of several characteristics. These include
flatness of the response in the passband, steepness of the transition region, or minimum phase
shift. The Butterworth form of filter has the flattest passband characteristic, but is not as
steep as other filters and has poor phase characteristics. Since a flat passband is generally the
most important characteristic, it will be used in this experiment.

The order of a filter, also called the number of poles, governs the steepness of the
transition outside the frequencies of interest. In general, the higher the order, the steeper the
response. The roll-off rate for active filters depends on the type of filter but is approximately
—20 dB/decade for each pole. (A decade is a factor of 10 in frequency.) A four-pole filter, for
example, has a roll-off of approximately —80 dB/decade. A quick way to determine the
number of poles is to count the number of capacitors that are used in the frequency-
determining part of the filter.

Figure 48-1 illustrates a two-pole active low-pass and a two-pole active high-pass
filter. Each of these circuits is a section. To make a filter with more poles, simply cascade
these sections, but change the gains of each section according to the values listed in Table
48-1. The cutoff frequency will be given by the equation

1
" 2mRC

f
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out

(a) Low-pass filter (b) High-pass filter
Figure 48-1

You can design your own Butterworth low-pass or high-pass active filter by using the
following guidelines:

(a) Determine the number of poles necessary based on the required roll-off rate. For
example, if the required roll-off is —40 dB/decade, specify a two-pole filter.

(b) Choose R and C values for the desired cutoff frequency. These components are
labeled R and C on Figure 48—1. The resistors should be between 1 k{) and 100 k(.
The values chosen should satisfy the cutoff frequency as given by the equation

1
" 2mRC

f

(c) Choose resistors Rrand R; that give the gains for each section according to the values
listed in Table 48—1. The gain is controlled only by Rrand R;. Solving the closed-loop
gain of a noninverting amplifier gives the equation for R, in terms of R;:

R,= (A, — DR;
Table 48-1
Gain Required
Poles
Section 1 | Section 2 | Section 3
1.586
4 1.152
6 1.068

Example:
A low-pass Butterworth filter with a roli-off of approximately —80 dB/decade and a cutoff
frequency of 2.0 kHz is required. Specify the components.
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Step 1 Determine the number of poles required. Since the design requirement is for
approximately —80 dB/decade, a four-pole (two-section) filter is required.

Step 2 Choose R and C. Try C as 0.01 uF and compute R. Computed R = 7.96 k().
Since the nearest standard value is 8.2 k{), choose C = 0.01 uF and R =
8.2 k().

Step 3 Determine the gain required for each section and specify Rrand R;. From

Table 48-1, the gain of section 1 is required to be 1.152, and the gain of
section 2 is required to be 2.235. Choose resistors that will give these gains for
a noninverting amplifier. The choices are determined by considering standard
values and are shown on the completed schematic, Figure 48-2.

Vin Ry
8.2kQ Ry
! 8.2k
Rfl %
15 kQ
Ris Rz %
10kQ 22kQ
Figure 48-2
Materials Needed:
Resistors:
One 1.5 kQ, four 8.2 k), one 10 k(), one 22 k), one 27 k()
Capacitors:

Four 0.01 uF, two 1 uF
Two 741C op-amps
For Further Investigation:
One additional 741C op-amp and components to be specified by student

Procedure:
1. Measure and record the components listed in Table 48—2. If you cannot measure the
capacitors, use the listed value.
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Table 48-2

Listed Measured Values

Component Values " 5 3 2

R,toR, | 8.2kQ
C,t0C, |0.01uF

R, 10 kQ
R, 1.5 kQ
R, 22 kO
R, 27 kQ

Construct the four-pole low-pass active filter shown in Figure 48-2. Install a 10 k()
load resistor. Connect a generator to the input and set it for a 500 Hz sine wave at 1.0
V.ms- The voltage should be measured at the generator with the circuit connected. Set
the voltage with a voltmeter and check both voltage and frequency with the
oscilloscope. Measure Vg, at a frequency of 500 Hz, and record it in Table 48-3.

Change the frequency of the generator to 1000 Hz. Readjust the generator’s amplitude
to 1.0 V,, .. Measure Vy,, entering the data in Table 48—3. Continue in this manner
for each frequency listed in Table 48-3.

Graph the voltage across the load resistor (Vg,) as a function of frequency on Plot 48—1.

Table 48-3

w
o

Frequency Vo

500 Hz

g
o

1000 Hz

oy
<

1500 Hz

2000 Hz

Voltage across load, Vg,

o
=)

3000 Hz

o]

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

4000 Hz

Frequency (kHz)
Plot 48-1

8000 Hz

A Bode plot is a log-log plot of voltage versus frequency. You can examine the data
over a larger range than with linear plots. Plot the data from the filter onto the log-log
Plot 48-2. The theoretical roll-off of —80 dB/decade is plotted for reference.

Conclusion:

378



Voltage across load, Vg,

3.0

2.0 T

0.8

0.6

04

03

Theoretical roll-off \
0.2 of four-pole filter —»‘\
= —80 dB/decade !

\

0.10

0.08

0.06 .

0.04

0.03

0.02

0.01
0.1 0.2 0.3 04 0.6 08 1.0 2.0 3.0 4.0 6.0 8.0 10.0

Frequency in kHz

Plot 48-2
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Evaluation and Review Questions:
1. (a) From the frequency response curves, determine the cutoff frequency for the
filter in this experiment.

(b) Compute the average R and C for your active filter (Table 48—1). Use the
average values of each to compute the cutoff frequency.

2. The cutoff frequency of the active filter in this experiment is about the same as that of
Experiments 23 and 29. Compare the frequency response curves you obtained in those
experiments with the response of the active filter.

3. Using the Bode plot, predict V,, at a frequency of 10 kHz.

4. The reference line on the Bode plot represents the theoretical roll-off rate of —80
dB/decade. How does your actual filter compare to this theoretical roll-off rate?

5. (@) Using the measured values of R;; and Ry, compute the actual gain of the first
section. Compare this with the required gain in Table 48-1.

(b) Repeat for the second section using R, and Rp,.

For Further Investigation:

Design a six-pole high-pass Butterworth active filter with a cutoff frequency of 400 Hz. The
procedures are outlined in the Summary of Theory. Construct the filter, measure its response,
and submit a laboratory report. Show the response in your report.
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Name

. 0 ° Date
Application Assignment 21 Class
Reference:
Floyd, Chapter 21, Section 21-7: Application Assignment
Step 1 Relate the PC board to a schematic. Draw the schematic in the space provided
below:
Step 2 Analyze the power supply circuit.
1. Determine the voltage with respect to ground at each of the four
““corners’’ of the bridge. State if the voltage is ac or dc. Complete Table
AA-21-1.
Table AA-21-1
Corner: Voltage and Description
Dy-Ds
D,-D;
D,-D,
D,-D,
2. Compute the PIV for the diodes. PIV=___
3. Show the waveform across D, for a full cycle of the ac input.

— T
| I
|

R s et e S
\
|

Plot AA-21-1
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Step 3 Troubleshoot the power supply for the following problems. State the probable

cause.

1. Both positive and negative outputs are zero:

2. Positive output is zero; negative output is —12 V
3. Negative output is zero; positive output is +12 V
4. Radical fluctuations on output of positive regulator:

Indicate the voltage you would measure for each of the following faults:
5. Diode D, open

6. Capacitor C, open

Related Experiment:

Materials Needed:
One 741C op-amp
Four 1.0 kQ resistors; additional resistors as determined by student

Discussion:

A scaling adder can be used to convert a binary number into an analog voltage level. Binary
numbers employ only the digits 0 and 1 (called bits) to form numbers. Each bit can be
represented as either a closed or open switch (0 or 1), as illustrated in Figure AA-21-1. As
in any weighted counting system, the digits to the left take on higher ‘‘weights’’ based on
their position—in the binary system, the weight of each column is a factor of two larger than
the column on the immediate right.

For this related experiment, devise a scaling adder circuit that will convert a 4-bit
binary number into analog voltage that is proportional to the input binary number. You may
choose any gain you like, but the gain should not be so high as to drive the op-amp into
saturation for the largest binary number (1111). The least significant bit will have a weight of
1 and the most significant bit will have a weight of 8. Draw your circuit and include measured
values for the sixteen combinations of inputs.

+50V

R's
1.0kQ

Binary number
to scaling adder

MSB

o—eo
"
o
%]
o]

5

Figure AA-21-1

I||—\o——¢
I|I—\F -
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CheCkup 21 Class

Name

Date

Reference:
Floyd, Chap. 21, and Buchla, Experiments 46, 47, and 48

1.

10.

To connect an op-amp as a comparator, it is not necessary to have:
(a) power supplies (b) a reference
(c) feedback resistors (d) an input voltage

When the input voltage crosses the reference voltage of a comparator, the output:
(a) changes state  (b) becomes zero (c) oscillates (d) goes to +5.0 V

When a square wave is the input signal of an integrating circuit, the output is a:
(a) triangle waveform (b) sinusoidal waveform
(c) step waveform (d) series of positive and negative pulses

When a square wave is the input signal of differentiating circuit, the output is a
(a) triangle waveform (b) sinusoidal waveform
(c) step waveform (d) series of positive and negative pulses

A circuit that can be used to generate a sinusoidal waveform is:
(a) an integrator (b) a differentiator
(c) a Wien bridge (d) a comparator

The gain for a Wien bridge oscillator must be at least:
@3 M 15 ()29 (d) depends on the op-amp used

The critical frequency of a low-pass filter is the frequency at which the output signal,
when compared to the midband level, is attenuated by:
(@ 0dB (b) -3dB (c) —6dB (d) depends on the number of poles

A four-pole Butterworth filter has a roll-off rate of approximately:

(a) —20 dB per decade (b) —40 dB per decade

(c) —60 dB per decade (d) —80 dB per decade

If the resistors and capacitors are interchanged on a low-pass filter, the result is:
(a) another low-pass filter (b) a high-pass filter

(c) a bandpass filter (d) a notch filter

In a series regulator, if the output voltage decreases because the input voltage drops,
the voltage on the base of the pass transistor
(a) increases (b) decreases (c) remains the same
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11. Assume that a zero-crossing detector has a 10 V,, sine wave on the inverting terminal
and ground on the noninverting terminal, as shown in Figure C-21-1. Sketch the
input and output waveforms.

+15V

15V
Figure C-21-1

12. Determine the reference voltage for the comparator shown in Figure C-21-2.

13. Assume two input signals from different microphones are connected to the summing
network shown in Figure C-21-3.
(a) What is the gain of the summing amplifier to each input?

(b) Write an expression for the output signal in terms of the two inputs.

FW—<D Vinty =MW\
5.0k 10kQ2 2.7kQ) 100 kQ

Via . Ving —AW—
b 5.6kQ

-15Vv =
Figure C-21-2 Figure C-21-3

14, (a) Compare the basic operation of an integrating circuit with a differentiating circuit.

(b) Could an integrating or differentiating circuit be constructed using a resistor and
inductor? Why do you think that inductors are not used?
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Appendix A:

List of Materials for the Experiments

Note: Equivalent components may be substituted
for diodes, transistors, etc.

Resistors:

Most resistors are preferred values for 10%
tolerance and can be 1/4 W, Sizes (not quantities)
are listed:

One 25 uH

Two 100 mH

One 7 H (second inductor optional)
Miscellaneous:

Crystal, 1.0 MHz

LEDs (one red, one green)

Meter: dc ammeter 0—10 mA

47 Q 2.7 kQ Metric ruler

68 O 3.3kQ Neon bulb (NE-2 or equivalent)
100 4.7 kQ Relay: DPDT, 6 Vdc or 12 V d¢c
120 Q 5.1kQ Small speaker (4 or 8 )

150 Q 5.6 kQ Switch: SPST

160 O 6.8 kQ 2N2646 UJT
220 Q 8.2 kQ Opto-coupler (4N35 or equivalent)
270 10 kQ Operational amplifiers:
330 Q 15 kQ Three 741C op-amps
470 O 22 kQ) Materials for Further Investigations: (one of each)
560 Q 27 kQ Analog ohmmeter
680 33 kQ Bulb: type 1869 or 327, one #44
820 0 47 k) CdS photocell:

1.0 kQ 68 kQ Radio Shack 276-116

1.5 kQ) 100 kQ Decade Resistance Boxes (two)
1.6 kQ) 470 kQ Inductor, 100 uH

1.8 kQ 1.0 MQ Meter calibrator
2.0 kQ 10.0 M) Regulators: 7812 or 7812, 7809 or 7809
2.2 k() Transformers:
Variable resistors: Input: Kelvin 155-08 (or
1.0 kQ, 5.0 kQ, 10 kQ, 50 kQ, and 100 kQ equivalent)
20 ) (optional) Output: Kelvin 175-45 (or

Capacitors: equivalent)

All capacitors are preferred values for 20%
tolerance, 35 WV. Sizes (not quantities) are listed:

1000 pF

2200 pF

0.01 uF

0.033 uF

0.047 uF

0.1 uF

1.0 uF

10 uF

47 uF

100 uF

1000 uF
Diodes:

Two 1N914 signal diodes

Four 1N4001 rectifier diodes

Six small light-emitting diodes (LEDs)
Inductors:

One 2 uH (can be ‘“homemade’)

Transistor curve tracer
Variable capacitor 12—100 pF
(Mouser ME242-3610-100)
Wheatstone bridge
Zener diode: 5 V (1N4733 or equivalent)
7414 Schmitt trigger hex inverter
Thyristors:
One SK3950 SCR
Transformers: (one of each)
12.6 V., center-tapped
Small impedance matching:
(approximately 600 Q or 800 )
Transistors:
Three 2N3904 2N3947 NPN small-signal
(or equivalent)
Two 2N3906 PNP small-signal
One 2N5458 JFET small-signal
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Appendix B:
Manufacturers’ Data Sheets
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@ MOTOROLA

SEMICONDUCTORS

PO BOX 20912 ¢« PHOENIX, ARIZONA 85036

2N3903
2N3904

NPN SILICON ANNULAR TRANSISTORS

.. .designed for general purpose switching and amplifier appli-
cations and for compiementary circuitry with types 2N3905 and
2N3906.

® High Voltage Ratings — V(BRJCEQ = 40 Volts (Min)
® Current Gain Specified from 100 pA to 100 mA

® Complete Switching and Amplifier Specifications

® Low Capacitance — Cgp = 4.0 pF (Max)

NPN SILICON
SWITCHING & AMPLIFIER
TRANSISTORS

MAXIMUM RATINGS

/

Rating Symbol Value Unit
*Collector-Emitter Voltage VCEO 40 Vdc
*Collector-Base Voltage VcBO 60 Vdc
*Emitter-Base Voltage VEBO 6.0 Vdc
*Collector Current — Continuous Ic 200 mAdc
**Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mW/C
Total Power Dissipation @ Tp = 60°C Pp 450 mw
**Total Device Dissipation @ T¢ = 25°C PD 1.5 Watts
Derate above 25°C 12 mw/°C
**QOperating and Storage Junction Ta Tstg | —5510150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case ReJC 83.3 °C/W
Thermal Resistance, Junction to Ambient RgJA 200 °C/W

*Indicates JEDEC Registered Data.
**Motorola guarantees this data in addition to the JEDEC Registered Data.

EQUIVALENT SWITCHING TIME TEST CIRCUITS

FIGURE 1 — TURN-ON TIME ., v

300 ns—| (-
Duty Cycle = 2.0% — +109V

i
| Cs < 4.0 pF*

FIGURE 2 — TURN-OFF TIME

10 <ty <500 us—| U |
Duty Cycle = 2.0%

-9 V—I-
—«] [«—<1.0ns

*Total shunt capacitance of test jig and connectors
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NOTES

t CONTOUR OF PACKAGE BEYOND ZONE P~
IS UNCONTROLLED.

2 0IM “F" APPLIES BETWEEN "H" AND
“L" DIM "0" & "S” APPLIES BETWEEN
“L"&12.70mm (0 8”) FROM SEATING
PLANE. LEAD DIM IS UNCONTROLLED
IN "H" & BEYONO 12.70 mm {0.5"}
FAOM SEATING PLANE

MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX
A_| 432 | 533]0170( 0.210
8 44 | 521 ]0.175] 0.205
C 18 | 419 | 0125 | 0.165 |
0 .41 | 056 1 22

41 04 .01 019
G 14 1 .04 .05
H ~ 2.54 - .100
J 4 | 2 0.095 | D.105
K |1270 - [ 0.500 -
L 3% 1 - 10250
N .03 | 267 [ 0080 | 0.105
P .92 0.115 -
R .43 - 10138 -

S 036 | 0.41 {0014 0016
All JEDEC dimensigns and notes apply
CASE 29-02
(TO-226AA)

(Courtesy of Motorola Inc.)
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MAXIMUM RATINGS

2N5457
2N5458
2N5459

CASE 29-04, STYLE 5
TO-92 (TO-226AA)

2 Source
Rating Symbol Value Unit 3
Drain-Source Voitage Vps 25 Vdc Gate
Drain-Gate Voltage VbG 25 vdc 12 )
1 Drain
Reverse Gate-Source Voltage VGSR -25 Vdc 3
Gate Current G 10 mAdc
Total Device Dissipation @ Tp = 25°C Pp 310 mw JFET
Derate above 25°C 2.82 mwW/r°C GENERAL PURPOSE
Junction Temperature Range Ty 125 °C N-CHANNEL — DEPLETION
Storage Channel Temperature Range Tstg —65to +150 °C
Refer to 2N4220 for graphs.
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage V(BR)GSS -25 - — Vdc
(g = —10 wAdc, Vps = 0)
Gate Reverse Current Igss nAdc
{Vgs = —15 Vdc, Vps = 0) _ _ 10
(Vgs = —15Vdc, Vpg = 0, T = 100°C) _ _ _ 200
Gate Source Cutoff Voltage VGS(off) Vde
(Vps = 15 Vdc, ip = 10 nAdc) 2N5457 -0.5 — -6.0
2N5458 -1.0 - -7.0
2N5459 -2.0 —_ -8.0
Gate Source Voltage vGs Vdc
(Vps = 15 Vdc, Ip = 100 wAdc) 2N5457 — ~25 —
(Vps = 15 Vdc, Ip = 200 wAdc) 2N5458 — ~35 —
(Vps = 15 Vdc, Ip = 400 pAdc) 2N5459 — -4.5 —
ON CHARACTERISTICS
Zero-Gate-Voltage Drain Current* Ipss mAdc
(Vps = 15 Vdc, Vgg = 0) 2N5457 1.0 3.0 5.0
2N5458 20 6.0 9.0
2N5459 4.0 9.0 16
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admittance Common Source* s umhos
(Vpg = 15 Vdc, Vgg = 0, f = 1.0 kHz) 2N5457 1000 — 5000
2N5458 1500 — 5500
2N5459 2000 — 6000
Output Admittance Common Source* lyosl —_ 10 50 umhos
(Vpg = 15 Vdc, Vgs = 0, f = 1.0 kHz)
Input Capacitance Ciss —_ 45 7.0 pF
(Vps = 15 Vdc, Vgg = 0, f = 1.0 MHz)
Reverse Transfer Capacitance Crss — 1.5 3.0 pF
(Vps = 15Vdc, Vs = 0, f = 1.0 MHz)

*Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%.
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