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Laboratory # 8 Capacitors and Inductors

EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

At the completion of this lab, the student will be able to:

1.  Determine the period, phase relationship, and magnitudes of current and voltage waveforms.

2.  Calculate the value of capacitance and inductance of physical devices.

3.  Run a transient simulation in Multisim and examine results on the oscilloscope.

Important Concepts

1. A capacitor is a device which consists of 2 conducting plates separated by a dielectric.

2. An inductor is a device which consists of a coiled wire.

Special Resources 

1. Aluminum foil, copier paper, plastic sheet holders

2. Meter stick

3. The following files must be available in the class folder.

a. How to run Multisim.ppt

b. lab08_cap.msm

4. RLC meter - Note that Activity #1 and Activity #2 use the RLC meter. To avoid waiting, half the class could start on Activity #3.

Activity #1 Build a Capacitor

In this activity, you are going to build a capacitor then measure the capacitance with the RLC meter. The capacitor will not be a practical device but will illustrate capacitor basics.

A capacitor is two conducting sheets separated by a dielectric. We will use 2 sheets of aluminum foil as the conducting sheets and copier paper as the dielectric. A plastic sheet holder will hold everything together.

1. Gather two sheets of aluminum foil (about 8” x 10.5”). You can fold over the edges if they are too large. Also obtain a sheet of copier paper and a plastic sheet holder. Assemble the capacitor by placing the sheet of paper between the two sheets of aluminum foil and putting everything in the plastic sheet holder.  The sheets of foil cannot be touching each other.

2. Now calculate the value of the capacitance, C. For a linear capacitor (which is what you have just built), the capacitance is the proportionality constant between the capacitor voltage, V, and the amount of charge on each conducting sheet, Q. The formula is

Q = C ·V
For a parallel plate capacitor (meaning the sheets of aluminum foil are parallel to each other, which is approximately true), the parameters which determine the capacitance are area (A), dielectric thickness (t) and dielectric permittivity (). The formula is


[image: image1.wmf]t

A

C

e

×

=


Thus, the parameters affect the capacitance in the following ways:

Capacitance ( as area (
Capacitance ( as thickness (
Capacitance ( as  (
Now calculate the capacitance of your capacitor in the space below.  The permittivity of paper is approximately 3 times the permittivity of free space.

C = 




	


3. You will also need to attach leads to the sheets of aluminum foil. This can be a bit tricky as the aluminum is rather delicate. Be creative.

4. Place your capacitor under a book to flatten it and use the RLC meter to measure the capacitance, C, and parallel resistance, RP. The parallel resistance models the imperfect dielectric material since there will be a tiny dc current that flows through the dielectric in a physical capacitor.

C = 




RP = 




5. Now compare your calculated and measured values.

	


6. Generally, practical capacitors are small, inexpensive, and durable. Comment on how this capacitor is not practical.

	


Activity #2 Build an Inductor

In this activity, you are going to build an inductor and then measure the inductance with the RLC meter. The capacitor will not be a practical device but will illustrate inductor basics.

An inductor is a coiled wire. We will use regular wire from the supply cabinet. Another important aspect of an inductor is the core, the material in the middle of the coil. 

1. Get a length of wire about 45 cm long from the supply cabinet. Note the length and the wire gauge.

Length = 



AWG = 



2. Strip about 1 cm of insulation from each end of the wire. Using a pen, wrap the wire in a tight coil around the pen as many times as possible. Leave about 5 cm of wire at each end.

3. Now calculate the value of the inductance, L. For a linear inductor (which is what you have just built), the inductance is the proportionality constant between the inductor current, I, and the magnetic flux, . The formula is

I = L · 
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For an inductor, the parameters which determine the inductance are coil diameter (d), coil length (l) and number of turns (n). Note how the measurements are made. Of the many formulas for inductance, one formula for inductance in microhenrys from http://www.qsl.net/in3otd/indcalc.html is


L = ( d2 ·n2 ) / ( l + 0.45·d )

Thus, the parameters affect the inductance in the following ways:

Inductance ( as coil diameter (
Inductance ( as coil length (
Inductance ( as number of turns (
Now calculate the inductance of your inductor in the space below:

L = 




	


4. Now calculate the series resistance of the wire. This depends on 3 parameters: the length of the wire (L), the area of the cross section (A) and the resistivity of the material (). The formula is

R =  ·L / A
Thus, the parameters affect the resistance in the following ways:

Resistance ( as length (
Resistance ( as area of the cross section (
Resistance ( as resistivity (
Calculate the series resistance of your inductor in the space below. 

RS = 




	


5. In analyzing circuits, we often use an ideal wire, which means the voltage is the same an every point on the wire.  Please answer the following.

a. Given a wire with some current flowing through it, what can you say about the resistance of the wire if the voltage drop is very close 0 V?

	


b. Does a good wire (meaning it is close to ideal) have high resistivity or low resistivity? Explain your answer.

	


6. Now use the RLC meter to measure the inductance, LS, and series resistance, RS. The series resistance models the imperfect conduction of the metal wire.

L = 




RS = 




7. Compare your calculated and measured values.

	


8. Generally, practical inductors are small, inexpensive, and durable. Comment on how this inductor is not practical.

	


Activity #3 Derivatives and Integrals of Waveforms

Derivatives and integrals of time-varying waveforms are an important part of working with capacitors and inductors, because the voltage and current are related by either an integral or differential of the other. This activity will give you a little practice in determining differentials and integrals graphically. 

1. Sketch the derivatives as functions of time of the following waveforms. The y-axis units for the first waveform are in volts.  Label the y-axis for the second waveform with units and values.
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2. Sketch the integrals as functions of time of the following waveforms, with initial conditions of 0 V, that is, y(0 s) = 0 V.  Label the y-axis of the second graph with both units and values.
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Activity #4 Capacitor Simulation

In this activity, you will use Multisim to simulate the voltage and current of a capacitor.

1. Copy the file lab08_cap.msm to your directory and open with Multisim.
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You will see two circuits. Each has a voltage source, a capacitor and a resistor. There is also an oscilloscope for measuring voltages. The nodes A and B are the voltages which will show up on the screen. Of course, a voltage always requires a reference node, which is the ground node in both cases. What is the difference between the two circuits?

	


3. Double-click each oscilloscope to open the display. Click back in the schematic window, then press the F5 button. Waveforms should start to appear on the oscilloscope screens. Press F5 again to stop the simulation.

4. You will likely need to make adjustments to the Scale for the Timebase, Channel A and Channel B so that the waveforms are nicely visible. The middle figure shows the waveform with the original settings and the bottom one shows the waveform with the Scales adjusted.

5. The red and blue lines are cursors that you can drag left and right to make time and voltage measurements. Notice the 3 boxes at the bottom – these contain the time and voltage values of the cursors.

6. We are investigating the relationship between voltage and current in the capacitor. The formula is
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which means that the current is the slope of the voltage waveform multiplied times the capacitance. 

Since we can only measure voltage with the oscilloscope, we put a small resistor in series with the capacitor having the same current. We then measure the voltage across the resistor (Channel B to ground), from which we easily calculate the current through both components using Ohm’s Law.

What is the peak value of the current in both circuits?

Circuit 1: ipeak = 





Circuit 2: ipeak = 




Why are they different?

	


7. In Circuit 2, measure the time difference between the peaks in the current and voltage waveforms and note which waveform is leading. “Leading” means the peak of that waveform occurs first in time. Of course there are many peaks – which to choose? Choose a peak of one waveform and find the peak of the other waveform that is closest.

Time difference = 



Leading waveform (circle one):            current         voltage
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Now measure the period of one of the waveforms using the cursors. The period is the amount of time between identical points (value and slope) of a waveform. See the longer arrow in the figure for an example. Time is plotted on the x-axis. If each grid is 0.5 s, the period is 1.0 s. What is the period of the voltage in your circuit? The typical symbol for period is T.

T, period = 




9. The frequency of a signal is the number of cycles completed per second. You can calculate the frequency, f, by inverting the period so 

f = 1 / T

The frequency of your signal is 

f = 




10. The phase shift is the shift between peaks in the waveforms, but expressed in degrees, °. The typical symbol for phase shift is . The phase shift is the shorter arrow in the figure. You can measure at the peak or any other convenient value. The phase shift is about 0.3 s in the figure. Now to calculate the phase shift in degrees.

Remember that one period is 360°. One way to imagine this is to think about turning in a complete circle, i.e., 360°, in 1.0 s. How far, in degrees, would you turn in 0.3 s? That is the phase shift between these two waveforms. The value is

, phase shift = ( 0.3 s ) · ( 360° ) / ( 1.0 s ) = 108°

What is the phase shift of between the voltage and current in your circuit?

 phase shift = 




11. There is a handy mnemonic used by EEs:   ELI the ICE man.

Note the middle letter: ELI is for the inductor (L) and ICE is for the capacitor (C).

The E stands for voltage (which used to be called electromotive force) and the I stands for current.

Now look at the ICE part. Notice that I comes before E. So in a capacitor, current leads voltage.

Now look at the ELI part. What can you say about the phase relationship between current and voltage in an inductor?

	


12. What can be done to increase the current into the capacitor? Using Circuit 2, determine 3 ways to double the current from the default case. List the 3 ways below and verify with simulation.

	


�





Oscilloscope symbol:       �





With original Scale values:


�





Scale values adjusted for better viewing:


�





�
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