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Lab F2:
Inducing an Inductor

Purpose

How do you measure an impedance?  If you have an 
impedance meter, that’s an easy question.  For resistors, 
we have an ohmmeter.  An impedance meter, if we had 
one, would solve the problem.

But we don’t have one at the moment!  What’s next?  We 
certainly know that impedance Z = V/I, where both V 
and I are phasors with magnitude and phase.  The oscil-
loscope can determine magnitude and phase, so it looks 
like the scope is the way to go.

Objectives

Our primary objective is to measure the impedance of 
an inductor.  We’ll use the scope to collect the data and 
then some calculations to figure out the impedance of 
the inductor.  This lab has three objectives:

 • Determine the inductor’s current and voltage when 
there are grounding restrictions imposed by the 
scope

 • Determine the inductor’s current and voltage when 
there are no grounding restrictions

 • Calculate the inductor’s inductance and its inherent 
series resistance

Equipment

You’ll be using Mobile Studio Desktop and the Red Board 
with six clip leads attached.  The clip leads should be on 
AWG1 and its ground, A1+, A1–, A2+, and A2–.

You’ll need an inductor, which should be in the 10 to 50 
mH range, and a 2-kΩ resistor.

Procedure

Impedance—Method 1

Build the circuit of Fig. 1 on your breadboard.  Connect 
the Red Board clip leads as shown so that you can ob-
serve the signal from the Function Generator (AWG1) on 
Channel 1 of the scope and the voltage across the 2-kΩ 
resistor on Channel 2.

Be sure to measure the 2-kΩ resistor with your ohmmeter 
so you know the exact value.

Now collect the necessary data to be able to calculate 
the voltage V across the inductor, the current I through 
it, and the inductor’s impedance Z:

 1. Set the Function Generator, Channel 1, to 5.00 
kHz, sine wave, 2.0 V peak-to-peak.  Then hide 
its window.

 2. Set the Oscilloscope:
  a. Channel 1 to 500 mV/div, DC, AWG1
  b. Channel 2 to 250 mV/div, DC, A2DIF
  c. Trigger to Auto, Ch1, Rising
  d. Horizontal to 20 µs/div
  e. Start

 3. On the scope, measure
  a. Peak value of the input voltage Vs
  b. Peak value of the resistor voltage Vo
  c. Time by with Vo is delayed from Vs
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 4. Calculate the phase angle of Vo relative to Vs.

 5. Now you have enough information to calculate the 
impedance of the inductor and hence L and RL:

  a. VL = Vs – Vo (as phasors, being careful of peak 
and peak-to-peak)

  b. I = Vo / R2k
  c. ZL = RL + jXL = RL + jωL = VL / I  (Clue: Don’t 

miss the need for 2π!)
  d. Record RL and L

 6. Repeat your measurements and calculations at 10 
kHz.  Be sure to readjust the scope to give a “good” 
display, meaning the waveforms fill the screen in 
both directions.  [Note: Phase angles close to 90° 
can introduce large errors—your data could show, 
incorrectly, that the resistance is negative.]

 6. Do this all once more at 1 kHz.

Impedance—Method 2

The method for measuring impedances that you just 
followed will work for any oscilloscope.  A problem 
you will often encounter with scopes is that they have 
grounded inputs.  In other words, each of their inputs is 
referenced to a common ground.  In Fig. 1, this would 
be as if both AWG and A2 had a common ground. (i.e., 
A2– was grounded).

But the scope in Mobile Studio Desktop does not have 
this common ground.  You have been using A2 in dif-
ferential mode, which means the scope is observing 
the difference between A2+ and A2– without a ground 
reference.

This means we can measure VL and I directly.  Well, 
almost directly, because we have to calculate I from the 
voltage across the 2-kΩ resistor.

Connect the six clip leads of the Red Board as shown 
in Fig. 2.  Note that the only ground in the circuit is the 
ground of AWG1 at the bottom left.

 1. Set the Function Generator back to 5 kHz.

 2. Set the scope  to measure VL and Vo which means 
Channel 1 is A1DIF and Channel 2 is A2DIF and 
get a “good” scope picture again.

 3. Measure
  a. Peak magnitude of VL
  b. Peak magnitude of Vo
  c. Time by which Vo is delayed from VL

 4. As before, calculate RL and L.  You measured VL 
this time, so you don’t have to calculate it.

Results

You now have several measures of RL, the inherent series 
resistance of the inductor, and L, its inductance.  Tabulate 
these values, showing in your table the values and the 
frequencies at which they are measured.

Why do they vary?  Why especially does the resistance 
change so much with frequency?  A simple explanation 
is that the inductor model we are using is incomplete.  
There is also capacitance involved!  After all, two con-
ductors side by side exhibit capacitance just by being 
near one another.  As the frequency goes up, this capaci-
tance, which in the model would appear in parallel with 
both RL and L, becomes a more prominent factor in the 
inductor’s impedance.

There is also another thing to consider: How did we 
choose the value of the resistor across which we mea-
sured a voltage proportional to the current?  If you can, 
choose a resistance value that is in the same ballpark as 
the impedance being measured.

For example, the inductor is being tested at 5 kHz = 
31.4 krad/s.  A 30-mH inductor at this frequency has a 
reactance of about 950 ohms.  Hence the series resistor 
should have a value somewhere near that.  I chose 2-kΩ, 
but perhaps 1 kΩ would have been a better choice by 
this rule.  Why should one make this choice, considering 
the accuracy of the desired outcome?

When angles are close to 90° or 0°, large errors can 
develop in either the real part or the imaginary part of 
an impedance.  In general, best outcomes appear when 
the phase angle is near 45°.

The End

The primary record of your work in this lab is the tabula-
tion of inductance and resistance values.  Also, remember 
what it means to have common-ground inputs compared 
with totally


