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Object

The object of this experiment is to design, simulate, assemble, experimentally evaluate and document a
two-resistor voltage divider.

Theory

Shown in Fig. 1 is a two-resistor voltage divider.
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Two-resistor voltage divider.

There are two voltages associated with this circuit, viz. an input voltage and an output voltage. The input
voltage is V; and the output voltage is V,,. By properly selecting the resistor R; and Rs the output voltage
may be made a specified fraction of the input voltage. The complex transfer function is given by

Vo RQ
T(s)=-2=—"2_ 1

where s is the complex frequency variable. The complex input impedance is

V.
@@:ﬁ:m+& (2)
and the complex output impedance
Vo
Zo(s) = £ = R1[|R2 (3)
o |V;=0

Neither three of these network functions are frequency dependent. Indeed, they are purely real constants at
all frequencies.

Design

Design Specifications

Design a two-resistor voltage divider that has an input impedance of 10k{2 and an attenuation of 20dB at all
frequencies. There is no specification for the output impedance. Use standard values of resistors if possible.
Solution

An acceptable solution is to pick Ry = 9kQ and Ry = 1kQ. This will result in an gain of
Ry

20log Rt R

= —20dB

which is therefore an attenuation of 20dB. The 1k is a standard 5% resistor value and the 9k resistor
may be implemented using either two 18 k() resistors in parallel or three 3 k) resistors in series.

Simulation

The design was simulated with SPICE, viz. Multisim 12.0. Calculations were made with Mathcad 15. These
results are presented in Appendix A.



Procedure

The circuit was assembled in the laboratory and appropriate measurements were made. The circuit is shown
in Fig. 2.

Figure 2. Two-resistor voltage divider circuit.

The response at a frequency of 1kHz was obtained by connecting a function generator to the input and
plotting the input and output waveforms that appear on the oscilloscope as shown in Fig. 3.
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Figure 3. Sine wave response.

The frequency response was obtained with Agilent VEE and is presented in Appendix B.



Conclusions

The agreement between the design specifications, the simulation results, and the experimental results is
superb. Any difference between them may be attributed to the use of 5% resistors, instrument loading
caused by the finite input impedance of the oscilloscope (1 M resistor in parallel with a 13 pF capacitor),
and that the instruments used in instructional laboratories are rarely calibrated. These minor sources of
error did not cause a significant degradation of the results. The results obtained are independent of frequency
for the ranges for which measurements were made.

Thus the two-resistor voltage divider is an absolutely invaluable element in circuit design and fabrication.
It may be used by both tyros and experts to implement an almost endless list of tasks. This experiment was
an invaluable exercise in that it illustrated that this circuit is one of the foundations of society for now and
until the end of time.



Appendix A.

SPICE Simulations

Mathcad Calculations
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Two-Resistor Voltage Divider

Specified Attenuation 20dB

Specified Input Impedance 10kQ

-20
R2
=10 Ry + Ry = 10k
Rl + R2

Simultaneous solution yields

Ry = 9kQ2 R, = 1kQ2
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Appendix B.

Measured Frequency Response
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Guidelines for Formal Laboratory Reports

This is a technical paper and must meet the standards for such a document. It is both a report of the
results of the experiment and an exercise in technical writing. It will be graded for both content and style.

The communication of the results of an experiment is as important as the care taken in performing the
experimental work. No matter how important the findings of an engineer may be, they are useless unless
he/she can communicate them to others. Consequently, much of an engineer’s time is spent in writing reports
on his/her own work or the work of the technicians or junior engineers working under him/her. Therefore,
it is necessary to cultivate the ability to write a clear technical report.

The purpose of writing laboratory reports in instructional laboratories is twofold: first, to develop a
report-writing ability; second, to assemble the information gathered in the laboratory into a form in which
it can be easily remembered by the writer and presented to the reader. It should be emphasized to students
taking an instructional laboratory course that they are being evaluated on both their experimental techniques
and their ability to write acceptable technical reports.

There is no “best” way to write a laboratory report; rather, there are many good ways. A report should
reflect careful organization, proper English, neatness, and attention to detail. The 5 C’s of excellent technical
communication are the following:

1. Clarity
2. Conciseness
Correctness

Consistency

AN

Comprehensiveness

Indeed, excellent technical communication should be clear, concise, correct, consistent, and comprehen-
sive. A guiding principle to keep in mind throughout report writing is that any outsider with a technical
background similar to the report writer’s should be able to duplicate the entire experiment, data, and con-
clusions by reading the report. Do not trust memory to fill in details—after a few days the experiment may
be a mystery even to the report writer.

A good report should be carefully and concisely written and should be free from grammatical errors and
misspelled words. A suggested outline is as follows:

1. Each experiment must have a cover sheet or title page which contains the name of the course, the
section, the day of the week and the hours for the laboratory section, the name of the experimenter,
the semester, the date the experiment was performed, and the date the report was submitted. This
cover sheet or title page is the page in the report that appears first. The cover page is the attention
grabber that entices someone to actually read the report.

2. The Verification Sheet. It must have appropriate signatures for all sections.

3. The Pledge of Academic Honesty is placed immediately after the Verification page. It must be signed
with the student’s name or the report will not be graded.

4. The first part of the laboratory report is to be an overall Objective, and the final part is to be the
General Conclusions, Conclusions, or Summary. (Any appendixes follow the General Conclusions.
Each laboratory report has a least one appendix, which is the rough data sheet signed and dated by
the laboratory instructor.) This is so that a reader can tell what the experiment was about by a glance
at the Objective section of the laboratory report and what degree of success the experimenter achieved
by a glance at the General Conclusions section of the laboratory report. The Objective, Introduction,
Purpose of the Experiment, Abstract, or whatever name is chosen for this initial section should appear
as the first item on page 1 (it is not necessary to number page 1). The Conclusions or Summary should
appear on the last numbered pages prior to the appendices.



. The report should be a concise, intelligible, and readable account of what was done. It should never
contain a personal pronoun. It should never contain statements such as: “I did...,” “We did,” “Lee
Roy measured the voltage...,” or “Do”. Instead, the wording should be as follows: “The circuit was
connected as shown in Fig. 3, and the following data was taken,” etc. Anthropomorphisms such as
“the oscilloscope didn’t feel well” are not acceptable—don’t attribute emotions or feeling to inanimate
objects. The report should be prepared on a word processor. Microsoft Office is recommended. Curves
and diagrams must be drawn with a CAD system. Computer simulations such as SPICE should be
included as an appendix. Results from simulations should be placed in the main body of the report
when appropriate. The following are some common mistakes made when writing laboratory reports:

Cover page missing information. The cover page should contain all the information requested. This
is the first thing that a reader sees; thus, it should also be free of formatting errors and misspellings.
Make certain that it includes the “College of Engineering” and the “School of Electrical and Computer
Engineering”. Chose font sizes and spacing that make the cover attractive, impressive, and informative.

Pledge of Academic Honesty not included or not signed. The report will not be graded. The student
must resubmit the report and receive a penalty for a late report.

Circuit diagram not included with SPICE simulations.

Inadequate conclusions. Pertinent conclusions should appear at the end of each section of the report,
as well as those at the end of the report. The word “pertinent” means that some sections of the report
may not be important enough to require a conclusion.

Improper use of tenses. The Objective and Procedure sections are written in the past tense. The
experiment was performed in the past and, therefore, the description of the procedure used for the
accumulation of data, etc. should be in the past tense. The theory, data, simulation, and conclusion
sections are written in the present tense. Stating fundamental scientific and engineering principles in
the present tense does not constitute a tense change.

Improper use of pronouns. Personal pronouns are not acceptable in a laboratory report and are not
used. Besides, it is not necessary to say “I” or “we” performed anything; the names of the experimenter
is on the title page, which removes any ambiguity about who performed the steps in the procedure.
Correct usage is, “the function generator was connected to the oscilloscope” and not, “I connected the
function generator to the oscilloscope.”

Casual and Imprecise Language. “This Agilent meter worked pretty good,” or “I couldn’t get the
plots to print right, so I sketched them by hand,” or “It looked to me like,” or “the percent error was
reasonable,” are not acceptable. Be specific and exact.

No labels for tables, graphs, circuits, and/or calculations. All tables, graphs, circuit, calculations, and
other non-text figures should be clearly and logically labeled. The label should not only include a
sequential number, but also a description of what is being labeled. Examples Circuit 3, Nonelectronic
Voltmeter; Calculation 7, Example of Percent Error Calculation; Table 2, Theoretical and Measured
Voltage with Percentage Error; and Graph 6, Voltage vs. Frequency for RCL Circuit of Circuit 5.
Labeling something with the step in the procedure which uses it is not acceptable—Example: Step 6
would not be a appropriate title for a graph.

Improper table format. Tables must have lines clearly separating rows and columns. Furthermore,
decimal points should be aligned if the word processor being used is capable of this. All circuit
diagrams, tables, sample calculations, figures, etc. should appear in the body of the report with the
procedure step with which they are first associated.

Graph format incorrect or inadequate. All graphs and/or figures should be computer generated. Axes
should be properly labelled, as should multiple plots per graph. The graph should have a logical title
that describes what is being graphed, not just the procedure step with which the graph is associated.

Raw data just stapled to report. Raw data should be included as an “Appendix” to the report, not
just stapled on at the end without a title or page numbers. Each report should contain at least one



appendix (the raw data with the signature or initials of the laboratory instructor). The pages of an
appendix should be numbered with a letter prefix indicating the appendix. If there are multiple pages
in an appendix, they should be numbered with Arabic numerals following the appropriate letter prefix.

Number pages. All pages of the report should be numbered including any appendices except for the
first page in the main body of the report. The sections prior to the Objective, if any, should be
numbered with lower case Roman numerals. The Objective should begin a new page—although this is
page 1 of the report, no number appears on this page. It is not necessary to have a Table of Contents
or List of Figures in a short document.

Other examples of laboratory reports can be obtained by doing a web search on "electrical engineering
laboratory reports" which show similar formats.



