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PART I – INTRODUCTORY CONCEPTS

In the last unit we discussed induction (Faraday’s Law) and Lentz’s Law. We also recognized the importance of Magnetic Flux in these studies.  The next step is to study the last electric element that we will encounter in this course: the Inductor.  The inductor has a property associated with it that is called “inductance” and in this unit we will study its properties.

The inductance of an inductor is referred to by the letter L which is added to our lexicon that already contains R and C.  In this unit we will study the RL circuit (similar to the RC circuit) and then we will plunge into AC circuits and the combination of all three elements.

The symbol for the inductor is:



We begin with some review questions:

1) Consider a U-shaped metal rod with a metal rod touching it, which is free to slide (shown below). A magnetic field is into the page everywhere, as in the diagram. 
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If the rod is moving to the right at a velocity v,

(i) Would there be a current? Explain. If so, determine the direction of the current.
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(ii) Would there be an emf? Explain. If so, calculate the emf in terms of the magnetic field, B, the velocity of the rod, v, and the length l.  (i.e. 
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2) Two solenoids 1 and 2 are sufficiently close together that the magnetic field formed in solenoid 1, in the presence of electric current, also penetrates into solenoid 2.
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a) If the switch is closed so that a steady current is present in solenoid 1, what is the direction of the magnetic field in solenoid 2? Show its direction by means of an arrow in the diagram. Explain your result. If the B-field is zero, say so explicitly and explain your reasoning.
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b) If the switch is now opened, and the current in solenoid 1 drops to zero, describe what, if anything, happens in solenoid 2, showing the direction of any current induced in solenoid 2. Explain your reasoning. Is there a current in solenoid 2 after the current in solenoid 1 has dropped to zero? Explain your reasoning.
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3) The diagram shows a circuit with a variable resistor on the right and a closed wire loop on the left. 


[image: image9.png]



Suppose the lead is slid to the right, increasing the resistance. Will there be a current induced in the wire loop on the left? If so, in what direction? If not, why not? Explain your reasoning.
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We just discussed the subject of inductors in class so let’s do some thinking about how they work.  Consider the coil shown below:
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All coils have some built in resistance so assume that this coil has some as well.  The resistance can be taken as R ohms and the current is I.  If the current is steady, what is the voltage drop across the coil?
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NOTE: We will be using the coil on the RLC experimental board; the value of its resistance R is listed under the photograph.
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The specifications for the coil are:

Inductor: 

· 8.2 mH @ 1 kHz, 6.5 Ω maximum DC resistance, 0.8 A current rating RMS, 3/4" I.D. x 1-3/4" O.D.

The current through the coil produces a magnetic field in the coil given by 
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where n is the number of turns per unit length. Is there a magnetic field in the coil (steady current) and if so, which way does it go? (Sketch your assumed coil winding directions). If not, why not? [Remember to refer to the diagram as you answer these questions.]
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Suppose now that the current begins to increase.  As it does so, the flux through all of the coils is increased.  The increasing flux causes an induced current in the windings.  What is the direction of the magnetic field that this increased flux induces?
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Remembering that there is an electric field associated with the induced current (in the wire), how does the direction of this emf compare with the emf driving the current itself (from a battery or power supply)?
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What is the electrical effect of this induced voltage on the total voltage on the coil?
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The total “back emf” can be expressed as
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where we have omitted the sign. L is the inductance of the coil and is measured in Henrys (H).  Consider the following question:

The current through a 3.8 mH inductor varies with time according to the graph 
shown in the drawing. What is the average induced emf during the time intervals? 

[image: image20.png]50

1ms)

5%




Region I: __________  Region II: __________ Region III: __________

Compare your answers with other groups and resolve any discrepancies. 

Consider the following series LR circuit:
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With the switch open, no current flows.  As the switch closes, the potential across the inductor suddenly increases so the back emf is a maximum.  The current therefore starts at zero and will build.

What is the MAXIMUM current that the circuit will carry when the t (time) gets very large?

ANS: _____________

We therefore expect that this circuit will increase its current until the current reaches its maximum value.  How long do you think this will this take?

ANS: _____________seconds

If we look at the circuit we see that we can write Kirchoff’s loop law as:
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This is called a differential equation and it requires some calculus to obtain a solution.  Skipping this step, we can write the solution as:


[image: image23.wmf](

)

(

)

(

)

(

)

constant

time

1

1

Solution

/

/

R

L

e

R

i

e

R

i

t

t

L

R

=

-

=

-

=

-

-

t

e

e

t


Notice that the first factor ε/R is the maximum current that the circuit will achieve, we can normalize this equation so that the maximum current is unity:
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where is the time constant. There are three resistors on the board but only one inductor. What is the time constant for each resistor that we can place in the RL circuit?
10 _______________  33_________________  100
Using your calculator, plot the normalized current vs. time for a time span of 4 time constants.  Do it for the 33 as well as 100 resistors. 
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Compare your results.  After how many time constants is the current effectively at a maximum value?
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After how many time constants is the current essentially constant?
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Estimate is the time constant for the following graph?
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ANSWER =_______ seconds

Hint: What is the value of the function when t=?

Now consider the following circuit:
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Following the same process as before, when the second switch is closed, the current will begin to drop off but the induced current will slow the process.  The actual solution (normalized) is then found to be:
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On the graph paper above, plot the decay of the same RL circuits that has the same time constants as the previous graph that you plotted.  If this were experimental data, how would you extract the time constant from the graph? 
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Next we will actually measure the time constant for an LR circuit and compare the results to calculations.  We will do this by “driving the circuit” with a “square wave” voltage which is shown in the following graph:
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The circuit is basically switching on, off, on, off, etc.  The time of each cycle is set to equal many time constants so we can observe the build up and the discharge of the circuit as a function of time of we observe the results on an oscilloscope.  Sketch below what you think the results would look like on a screen that plotted the current as a function of time. This is an important step so be sure that you understand it.  You may want to look up the basics of how an oscilloscope works because you we will be using a computer based one.
SKETCH:
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PART II – THE EXPERIMENT
In this portion of the unit we will measure the time constant of an LR circuit and compare it with the value that we calculate from the values of L and R.  In particular, we will use a 10.0 ohm resistor and the 8.2 mH inductor, both of which are on the LRC experiment board.  We will also utilize the Science Workshop program that is loaded on your computers and the interface module that was shown (but possibly not used) in Unit 11. Instructions on how to use the program were at the end of the unit.  Also see the website where a copy of the manual resides.  The unit is shown here again:

The steps are relatively simple.  Notice that we will be using the two terminals (OUTPUT) on the right end of the module.  We will connect these two terminals across the LR combination mentioned above.  We will also set the output to 2 volts.  The voltage measurement probe will be connected across the resistor.  Since the resistor is linear, the voltage measured across the resistor is also proportional to the current in the LR circuit.
EXPLAIN THE LAST STATEMENT SO THAT YOU UNDERSTAND IT!
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Setting up the experiment:
Follow the following steps.  Ask your instructor to explain any steps that you do not understand.

1. Open the “Data Studio” on your computer.
2. Hit “Create Experiment”

3. Turn on the 750 Interface.  You need to connect the  power through the small transformer and then to the interface.  Connect the USB cable from the interface to the computer as well.

4. Turn on the interface.

5. Click the triangle with the “!” inside it.  That will effectively turn on the interface functions.  If you energize the interface first, you may not have to do this.

6. Next we connect the components. (See diagram on next page.)

7. In the software, click under the sensor and then from the bottom of the list, select the Voltage Sensor and for channel A.  Use the special cable.

8. Connect the voltage sensor across the resistor.  You may not be sure of the polarity but you can always change it later.

9. Click on the OUTPUT picture (on the software).  Try to keep track of the available windows.  If you have a problem, ask your instructor.

10. Select SQUARE WAVE, 2 volts and a frequency of 100 Hz.

11. Look in the display for the “score” and drag it to the center of the screen. (You can enlarge the window that appears if you wish.)

12. [image: image35.png] DataStudio

[0 Fie. Ed Eopermene Widow Dy b

—ex
07T Summary @ Setup | » Start
o Data ] del =~ ] &) x| -]
W Voltage, ChA (V)
@ Qutput Yaoltage () — Voltage, Ch#
1 A ok
i ¥ oneet§
— ouputvatiage
1A 04l

vidv W Offsat ¥|

Displays
Digits
J FFT
7 Graph
il Histogram
% Mster
= %% Scope

% Scope 1
& Sound Analyzer
- Sound Creator
[ Table
Workbook

2
« msidiv 4

> P




13. The screen will look like the above without the scans yet.  In the upper left there is a Voltage ChA (v) text.  Drag it to the center of the screen.
Here is the promised setup (sorry about the B&W):
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14. Note the scale on the bottom that can be adjusted.  Find a good choice.  If you hit START at the top of the screen, things will start to move.  Adjust the scale and the sensitivities on each sensor (upper right of the screen).
15. Right click on OUTPUT and check “TRIGGER”.  The display should look better.  Do you know what this did??

16. Select a time scale of 2 ms/div to begin.  Try to make your display look like the diagram.

From YOUR diagram, calculate the time constant for the RC combination.  Then change resistors (and possibly the scales) and measure the other time constants. As you do so, fill in the following table:

	Resistor (Ohms)
	Measured Time Constant
	Calculated time constant

	10
	
	

	33
	
	

	100
	
	


Discuss your results:
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This experiment involves looking at inductors, coils and inductor time constants.
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