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WARNING – In this unit the interaction of the metal tables might be a problem.  In the last unit we finally found a use for your textbook and this may work again.  If not, try the experiment on the floor.  Sorry about that.  Also, be sure to keep magnets and computers separated as much as possible.
[image: image35.png]com Vertical
Pass_ | wire

switch




Unit 11: MAGNETIC FIELDS
(Modified by JBB from Lillian C. McDermott, Peter S. Shaffer and the Physics Education Group, Tutorials in Introductory Physics (Homework), Prentice Hall, NJ, 1998)
Objectives
· to understand the nature of a magnetic field
· to be able to represent a magnetic field at a point with a vector
· to understand how to represent a magnetic field with field lines
· to understand that a current gives rise to a magnetic field
· to be able to determine the direction of the magnetic field due to a current-carrying wire
For Your Information: Permanent magnets have long been used in navigational compasses. As Figure 21.1 in the textbook illustrates, the compass needle is a permanent magnet supported so it can rotate freely in a plane. When the compass is placed on a horizontal surface, the needle rotates until one end points approximately to the north. We say approximately because some materials in the surroundings of the compass may affect how the compass orients itself. The end of the needle that points north is labeled the north magnetic pole; the opposite end is the south magnetic pole. What kind of a magnetic pole is the north geographic pole?  How do you know??
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1.0 Mini Experiment

Equipment:  


Small Compasses


Bar Magnet & Stand

(a) Using the small compasses, determine what the North Magnetic Pole direction is and indicate it by drawing an arrow.  Use more than one compass because some of the small (cheap!) compasses don’t always work properly.  Compare your results with other tables.  Be careful to keep away from other magnetic materials that may interfere with your results.
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(b) Set up the magnet and the stand on a flat (non-magnetic) surface (the table top may possibly work for this!). Keep this magnet away from the compasses because it will attract it.  Which way does the magnet point?  Does it agree with the compass (or close!) or not?  Remember that other magnetic materials can interfere with this part of the experiment.

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

Using the other bar magnet in the box, determine the effect of each pole (marked) on each of the other poles and fill in the table with “attract” or “repel”.
	
	Magnet 1 North
	Magnet 1 South

	Magnet 2 North
	
	

	Magnet 2 South
	
	


Does this remind you of anything you have seen before in this class?

____________________________________________

____________________________________________

____________________________________________

____________________________________________

How close does Magnet 1 have to be to Magnet 2 for you to see an effect?
____________________________________________

____________________________________________

Equipment:

1 permanent magnet

1 sheet of paper

DEMO PORTION:
1 container of iron filings

A few small compasses

10-12 stack magnets
1.1 Place a bar magnet on a non magnetic surface as in the diagram below.  The floor works as might a thick textbook. You can use the same bar magnet as above.
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a.  Place a compass at each point shown on the diagram.  Draw an arrow on the diagram indicating the direction that the north end of each compass points.
b. DEMO – The effect of iron filings spread around a magnet followed by a brief discussion.  http://www.youtube.com/watch?v=M9Gdm_OXKz4
The motion of the compasses and the alignment of the iron filings give us the idea that there is a quantity with a magnitude and a direction at each point in space that determines the motion of the compasses.  We will call this a magnetic field.  We will rigorously define a magnetic field later. We will define the direction that the north ends of each compass points as the direction of the magnetic field. Recall that we designated the electric field with the letter E and that it was a VECTOR.  Similarly, we designate the magnetic field with the letter B. As with the electric field B is a VECTOR as well.
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THE STACK MAGNETS ARE VERY STRONG AND CAN CHANGE THE DIRECTION OF THE MAGNETIC FIELD IN THE COMPASS IF IT GETS TOO CLOSE.  PLEASE BE CAREFUL WITH THIS EXPERIMENT.  ALSO, BE CAREFUL THAT YOU DON’T HURT YOURSELF BY PUTTING YOUR FINGER BETWEEN THE POLES OF A MAGNET MADE WITH THIS MATERIAL.  PLEASE OBSERVE THIS WARNING BECAUSE WE DO NOT HAVE ANY BAND-AIDS IN THE CLASSROOM.
c. On the diagram below draw a vector at each of the points that indicates the magnitude of the magnetic field at that point. How did you determine this?  If you draw the vectors to scale, the arrows that you drew represent the magnitude and the direction of the magnetic field. This is similar to what you did with the Electric Field.
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(Use one of the bar magnet for this part of the work.)
1.2 Obtain a stack of small magnets (referred to as “stack magnets” in these experiments) and place them as in the diagram below.
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a. Draw the magnetic field vectors at
 each of the points.  
b. Remove the left half of the stack 
as in the diagram below.
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Draw the magnetic field vectors at each
 of the points in the diagram above.
c. Replace the left half and remove the 
right half as in the diagram below.
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Draw the magnetic field vectors at each of the points in the diagram above.
d.  Compare the field vectors for the two halves to that of the whole.  Is your observation consistent with the idea that magnetic fields obey the principle of superposition? Explain.
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e. What is the direction of the magnetic field in the center of a magnet?  Explain.
[image: image8.png]



Equipment:

6 small compasses

Wires
[image: image38.jpg]



Power supply

In the following experiments we will be using the power supply shown on the right instead of batteries. The device can be used in the current or in the voltage mode.  For the next experiment we will use the current mode.  Move the switch between the current and voltage labels to the lower, current position. When wires are connected from the + to – terminals of the device and the circuit is completed, the device will deliver exactly the current indicated in the display window. Nominal attention to safety aspects of current and voltage should be attended to because the maximum current of 5 amperes is quite substantial.  With this “warning”, we continue our study of the magnetic field.

IMPORTANT: We will soon see that the magnetic field strength (whatever that is) of the earth in our area is approximately 40-60 MicroTesslas. It points to the Magnetic North Pole of the planet. We will be looking at magnetic fields from a wire that are about 100 microTeslas which is a field strength that is comparable to what will be generated one cm. from a wire carrying a current of 5 Amperes.  So you MUST keep in mind how to compensate for this field in the appropriate experiments.  Remember that both fields are VECTORS.
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2.1 Consider the set up of a circuit, consisting of a wire, switch, and battery, as in the diagram below.  The wire is oriented vertically. The photo to the left shows two “rigid” wires that are self-supporting and in the shapes required. Use clips to clip the top and bottom of the appropriate wire and connect the other ends to the power supply. A small compass should be held very close to but not touching the wire.   Keep the compasses close to the wire and increase the current until you see sufficient deflections. Which way do you predict the compass will point?  Use arrows and sketch the result to the left of the circuit diagram below.
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                     Schematic of Wire Shapes                     Poor Photo

As you pass current through the wires, examine the direction of the magnetic field with the small sensing compasses.  The circuit diagram is shown on the next page.
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Locate the direction of the NORTH POLE (again) before you do the following.
a. Predict (sketch?) what would happen to the compass, if the switch were closed. 
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b. What do you think would happen to the compass, if the switch is briefly closed. 
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c. What do you think would happen if the polarity was reversed by switching the leads on the power supply?  Do the experiment and see if your prediction is correct?  Results:
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d. Based on your knowledge of compasses, is there a magnetic field near the wire
(i) when the switch is closed?  _______________________________
(ii) when the switch is open?   _______________________________
Explain your reasoning. If there is a field, describe approximately its magnitude and its direction at different points around the wire.
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e. If you were to place iron filings around the wire, what do you guess would happen?
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Sketch what you would expect:
f. Check out the following link to test your prediction in part e. How did you do?
http://www.school-for-champions.com/science/magnetic_field_moving_charges.htm
2.2
a. If you were to bend the wire into a loop (second wire “structure”), and place iron filings in a plane through the center of the loop, what, if anything, would happen? Sketch:
b. If available, observe a demo of the experimental set up with a wire bent into a loop and test your predictions/results. 
[image: image14.png]



Sketch:

c. Draw the direction of the magnetic field in each of the four pictures below. Use the following convention:
· If the magnetic field is out of the page, symbolize it as 
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 ( a small circle with a small dot in the center.)
· If the magnetic field is into of the page, symbolize it as 
[image: image16.wmf]Ä

 (a small circle with an X at the center.)
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Check your drawings with an instructor.
A right hand rule is often used to indicate the direction of the field of a current-carrying wire. Put your thumb in the direction that positive charges would travel through the wire. Your fingers will curl in the direction of the magnetic field. Does this agree with your previous observations? Explain agreements or differences.
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The RIGHT HAND RULE:
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2.3 
a. Suppose you wrapped a current-carrying wire around a cylinder, as in the picture below. What would be the approximate magnitude and direction of the magnetic field at the points shown? Draw the magnetic field lines in the picture. (Use right hand rule.)
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This figure is called a solenoid. 
NOTE: Be sure to do the exercises at the end of this unit.

This portion of the experiment is optional.  Consult your instructor before proceeding.

b. Obtain a solenoid from your instructor and a magnetic field measuring device.  Ask your instructor to describe how the device works (this may be a mini-lecture).  You will need a PASCO control device and the power supply for this part of the experiment.  Using your measurements, describe the magnetic field of a solenoid and draw a diagram.  There is an appendix to this unit that you should follow at this point in the experimental observations. Then return to this point to continue:  
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Diagram:
Sketch a graph of the Magnetic Field inside and outside of the solenoid.  Describe the field in the inside … along the center and towards the edges. Ask for graph paper if you wish; or use EXCEL.
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How does the magnetic field vary with the current through the coil?  Do not exceed 5 Amperes.
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NOTE: Be sure to do the exercises at the end of this unit.
THIS SECTION OF THE EXPERIMENT IS OPTIONAL

Check with your instructor before requesting the equipment.

APPENDIX – Measuring the Magnetic Field in a Solenoid.

We will use a PASCO device to measure the Magnetic Field inside a long coil.  This device measures the magnetic field in units of GAUSS that is an older but still popular unit. We measure magnetic fields is TESLAs.  You don’t know what either unit represents at this time, but look up the conversions and use Teslas as the appropriate units in this unit.

We will make measurements on the following coil:
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This air core solenoid has an inner diameter of 5.5 cm and a length of 14.5 cm, allowing ample room to insert an experimental apparatus into its uniform magnetic field. The maximum current of 5 A produces a 125 Gauss magnetic field. The equipment that you need for this experiment includes:

1. The PASCO SE-7585 Air Core Solenoid

2. The GW Power Supply – Use in current mode.

3. The Science Workshop 750 Interface

a. Connect the transformer to the rear of the unit.

b. Connect the USB cable to the unit and to the computer.

c. Connect the Magnetic Field Sensor to input channel A.

d. Connect the coil to the power supply.

e. Start the Data Studio Program

This photo “suggests” how the experiment should be set up.  Note that the probe has a few settings on it.  Set the scale to 1X and you can probe both the longitudinal and the transverse fields with the switch closest to the probe.
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We are certain that you want to understand how this probe works … be patient, we will get there shortly!

Let’s go through the screens.  The manual for this device was previously posted on the class web site.
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Open the program and then hit Create Experiment
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 This picture of the device appears.  Click on input A.
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A selection box appears.  Scroll down to Magnetic Sensor and select it and hit OK.


The little magnet icon appears.  Next, double click on “Digits”
 The final screen appears.  When you put the probe into the magnetic field the results will appear in the box.

 The (+,-) direction will change with the polarity of the current.

You are now ready to do the experiment.  Design your own approach to the measurement; return now to page 13 and proceed with the experiment.

Don’t forget to complete the exercises at the end of this document.

SUMMARY
You should understand the nature of a magnetic field. You should be able to represent a magnetic field at a point with a vector. You should understand how to represent a magnetic field with field lines. You should understand that a current gives rise to a magnetic field. You should be able to determine the direction of the magnetic field due to a current-carrying wire.
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EXERCISES

1) Draw the magnetic field lines for the bar magnet shown in the diagram below. 
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2) Draw the magnetic field lines for the wire shown in the diagram below.
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3) (from Lillian C. McDermontt, Peter S. Shaffer and the Physics Education Group, Tutorials in Introductory Physics, Prentice Hall, NJ, 1998.)

The diagram below shows magnetic field lines near some magnets. Only a small region is shown.
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Rank the magnitude of the magnetic field at points A, B, and C. Explain your ranking. If you cannot rank the magnetic field at some of the points, explain why you cannot.

4) (from Lillian C. McDermontt, Peter S. Shaffer and the Physics Education Group, Tutorials in Introductory Physics, Prentice Hall, NJ, 1998.)

The diagram below shows magnetic field lines near amagnet. Only a small region is shown.
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Indicate the direction of the magnetic field at point M. Explain how you know the direction. If the direction cannot be determined, explain why not.

NOTES/CALCULATIONS
We have already introduced the concept of the magnetic field but we didn’t say much about it.  In this unit, we do.





In this unit we will find that the concepts that we learned for the ELECTRIC FIELD work for the MAGNETIC field as well but the force law is quite different.





It should be possible to complete this unit in the two hour period.  Please try!





There will be some demonstrations during this unit and they will be best understood if you are at the right point in the activities.
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