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Experiment 5B:  Frequency Characteristics of Resistors, Inductors, and Capacitors 
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EE283 

November, 18 2010 
 
Abstract: 
 
 An experiment was conducted in order to determine the frequency response 
characteristics of singular resistors, capacitors and inductors in a single loop circuit.  The circuit 
components used were lab decade resistor, inductor, and capacitor boxes connected via banana 
clips.  The instruments in the lab were used to measure the outputs of the circuit.  As expected, 
the voltage dropped across the resistor was not dependent on frequency, the voltage dropped 
across the inductor increased with increasing frequency and the voltage dropped across the 
capacitor decreased with increasing frequency. 
 
Procedure: 
 
 The test circuit was constructed as shown in Figure 1.  RS was 100Ω.  The test resistance 
was 600Ω, the test inductance 70 mH, and the test capacitance .2µF.  Decade resistor, capacitor, 
and inductor boxes were used for the circuit components and were assumed to have actual values 
the same as the nominal values.  These circuit elements were swapped for each other once the 
voltage across them had been measured for each frequency.  A Tektronix AF6320 Arbitrary 
Function Generator was used to create a test sine wave at the desired frequencies.  An Agilent 
34401A 6 ½ digit DMM  was used to measure the voltage (RMS) across the current sensing 
resistor RS.  A Tektronix TDS 210 2 channel Digital Realtime Oscilloscope was used to measure 
the source voltage (RMS) as well as the voltage across the test impedance z (RMS).  The 
amplitude of the sine wave was adjusted to always be within 1% of 2.0 volts RMS for the source 
voltage as measured by the oscilloscope. 
 

 
 

Figure 1:  Circuit Diagram 
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Results: 
 
 The measured voltages, calculated currents, and calculated impedances for the resistor, 
inductor, and capacitor are shown in Tables 1, 2, and 3; respectively.   The current in the single 
loop circuit was found by Ohms Law: 
 

𝐼 = #$
%$

(1) 
 
 Since this circuit was a single loop circuit, the current through the resistor was the same 
current that flows through the entire circuit.  The impedance of the circuit element in question 
was also found via Ohms Law: 
 

𝑍 = #'
(

(2) 
 

 Frequency was converted to angular frequency using the following relation: 
 

𝜔 = 2𝜋𝑓(3) 
 
  
Table I:  Resistor Frequency Response 

 
 
 The theoretical resistance for the last column was calculated using the formula: 
 

𝑍 = 𝑅(4) 
 

 In this case R was found by reading the nominal value on the decade resistor box.  The 
values for the calculated and measured impedances are very close. 
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Table II:  Inductor Frequency Response 

 
 The inductive reactance was calculated using the formula: 
 

𝑋/ = 𝜔𝐿(5) 
 

 Where L was nominal inductance on the decade inductor box.  Again, the calculated and 
measured values for impedance are close to each other.   
 
Table II:  Capacitor Frequency Response 

 
 
 The capacitive reactance was calculated using: 
 

𝑋1 =
2
31

(5) 
 

 Where C was the nominal capacitance as read from the decade capacitor box.  Again, the 
measured and calculated impedances were very close to each other. 
 
 
 
 The impedance versus frequency response characteristics of the resistor, inductor, and 
capacitor are shown in Figures 2, 3, and 4; respectively.  Figure 5 shows the frequency response 
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of each component on one plot.  A log scale was used on the plots to better show the frequency 
response characteristics. 
 

 
 
 Figure 2 indicates that the impedance of a resistor does not depend on frequency.  This 
linear relation was expected and is consistent with theory. 

 
 

Figure 2 



 11 

 
 
 Figure 3 shows an increasing linear relationship between impedance of an inductor versus 
frequency.  Since the plot is a log plot, this linear trend indicates a directly proportional 
relationship between the impedance of an inductor and frequency.  This result was expected and 
is consistent with theory. 

 
 

Figure 3 



 12 

 
  

 
 Figure 4 shows a decreasing linear relationship between the impedance of a capacitor 
versus frequency.  This linear trend indicates there is an inversely proportional relationship 
between the impedance of a capacitor and the frequency.  This result was also expected and is 
consistent with theory. 

 
 

Figure 4 
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 Figure 5  demonstrates the differences in frequency response characteristics of  the circuit 
elements on one plot.  The impedance of a resistor does not vary with frequency and the 
frequency response of the inductor and capacitor are nearly opposite reciprocals of each other. 
 
Conclusions: 
 
 This experiment has demonstrated that the impedance of a resistor is not dependent on 
frequency, the reactance of an inductor is proportional to frequency, and the reactance of a 
capacitor is inversely proportional to frequency.  All of these results were consistent with theory 
which indicates the experiment was run well and that the theory is correct.  The slight deviations 
between the measured impedances and the theoretical impedances was due to resistance in the 
wires and the tolerances of the components themselves. 
 
Comments on the Laboratory Report: 
 While this is a generally good report by one of the best students we have had at Wilkes, 
there are numerous things that could have been done better: 

1.  The abstract needs to be of a different style that will set it off from the rest of the report.  
An abstract is not really part of the report proper.  Often the abstract is in bold type, it is 
not numbered, and the indentation may vary from the rest of the report. 

2. Furthermore, the author has no introduction (other than the abstract).  The abstract is 
written as if to serve as an introduction as well as being an abstract of the whole exercise.  
That leaves the first sentence of the body of the report as, “The test circuit was 
constructed as shown in Figure 1.”  The test circuit for what?  An introduction is needed 

Figure 5 
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to say what the exercise is about.  An abstract does not count!  It is not really part of the 
report proper.  If the laboratory exercise is an “experiment”, as in this case, where a 
laboratory result is to be compared to theory, then the hypothesis ought to be clearly 
stated before getting into the particulars about what was done in the laboratory. 

3. The figures and tables, with their titles, should be centered. 
4. Figures 2, 3, and 4 have titles above rather than below the figure.  The figure numbers 

and titles should be in the same size and font as the document text.  The figures also are 
grey rather than black, and make unnecessary use of color.  When there is only one set of 
data being plotted, a “legend” is unnecessary, and should be omitted, since the title will 
explain what is plotted in the graph.  A legend is appropriate for Figure 5, but could have 
been placed in an unused corner to avoid the large mostly blank area on the right.  That 
would allow the graph to be larger.  For these graphs, given that a straight line is 
expected, I’d think a line connecting the points would be appropriate.  In figures 2, 4, and 
5, the lowest decade of frequency, 1Hz to 10Hz, which contains no data, should have 
been omitted, both on the general principle of not wasting space and to be consistent with 
the other figure, number 3. 

5. I believe the laboratory exercise instructions explicitly called for the vertical axis of these 
graphs to be the logarithm of impedance, rather than impedance plotted on a log scale.  
The latter would normally be preferred, as is done for the frequency axis. 

6. The three tables seem to have been done by building a table in a spreadsheet program 
(perhaps Excel) then taking screen shots to produce some other sort of images (perhaps 
.jpg), that were then pasted into the report.  This doesn’t give as good visual resolution as 
directly building tables in Word or pasting in tables rather than images from another 
application.  (The effects are most noticeable if you try to re-size the graphic object.) 

7. The equation numbers should be flush against the right margin (right justified). 
8. The student uses the term “lab decade resistor, inductor, and capacitor boxes.”  The 

correct term is “substitution boxes”, for a selectable value component in a box of the sort 
used in the laboratories.  The word “laboratory” should normally be spelled out fully in a 
formal report. 

9. In several places a lot of blank space is left at the bottom of the page.  Generally this is 
undesirable, and things can be shifted to avoid this, with other material following filling 
in the gap until the next page.  Sometimes the sizes of figures and breaks can be modified 
to help make a good fit.  However, it is possible that the explicit formatting instructions 
demand that a figure or table immediately follow the callout paragraph, wasted space or 
not, leaving no choice.  The hanging two last words of the paragraph before Figure 2 look 
odd; I’d have omitted an earlier space so that the entire paragraph would be together. 

10. In the conclusions paragraph, the term “Reactance” rather than “Impedance” is used in 
discussing the characteristics of the capacitor and inductor.  Yet, throughout most of the 
report, the term “impedance” is used instead (for example, in Figure 5).  The author does 
not distinguish or make clear what the difference is, and treats them the two terms as 
synonymous.  That’s not quite correct. 

 


