 MAGNETISM

LABORATORY

Topic 08 – Magnetism

MATERIALS



Aluminum core
galvanometer



insulated connecting wire
small rectangular magnet



soft iron core
2 bar magnets



Wood core
Staples or small paper clips



5-meters #24 coated wire 
2 large paper clips




35.0-cm #20 coated wire
30-cm number 26 enameled wire



plastic tube
small magnet



Styrofoam cup
Iron filings



small compass
Plastic lid or small bowl



Magnetic materials kit



6 volt, 10 ampere Power source or 1.5 D cell battery Pack




1 D cell - battery 

Note:  If you wish to keep the motor you make, you must purchase your own rectangular magnet, 2 cm x 2.54 cm, They can be obtained from your local electronic or craft store.
PROCEDURE

Part A - Problem:  Which Materials are Magnetic?


1.
If you were to test all the known materials only certain ones would be attracted by a magnet. Obtain the set of Magnetic Materials.


2.
Test each one of the materials with a magnet. Identify and indicate, in the data sheet, all that you find that are magnetic. All known magnetic materials are included in the set of materials.

Note: All of the materials that were attracted to the magnet are classified as ferromagnetic materials. All the others are classified as diamagnetic or, in the case of the aluminum and tin, paramagnetic.

Part B – Problem: What is the Law of Magnetism?

1.
Obtain the reference magnet and two unmarked magnets.

2.
Set the reference magnet on the table with the red-S side up. Adjust one of the unmarked magnets so that it is attracted to the reference magnet; place a mark on the unmarked magnet indicating the attracted end. 

3.
Adjust the second unmarked magnet so that it is also attracted to the reference magnet; place a mark on the second unmarked magnet indicating the attracted end.

4.
You have now identified (and marked) the ends of each ‘unmarked’ magnet. The sides that are now marked both behave the same with respect to the reference magnet. This means that the marked sides are similar or like poles (i.e. they are alike in nature). Bring these two recently marked ends together. Describe what happens when two like poles are brought together.

5.
Bring one marked end and one unmarked (unlike) end together. Describe what happens when two unlike poles are brought together.

Note:  If things worked well we should have successfully developed the Law of Magnetism: Like Poles Repel, Unlike Poles Attract. Therefore, when magnetic materials are attracted to a magnet the magnetic material must have a pole “unlike” the pole in the magnet itself. Since we have said that the magnet “induces” a temporary magnetic field in the magnetic material, this means that we can associate a magnetic pole with this induced magnetic field. Also, it seems that this induced pole is always an “unlike pole” since the materials were always attracted. 

Part C - Problem:  Plotting magnetic fields: (Select only one Method – Section 1 or Section 2)
  Section 1 - Identifying the Magnetic Fields Using a Compass
Making a Drawing of the Magnetic Field of a Single Magnetic 
  1.
Placing a magnet on the diagram of the single magnet in C1 of the data sheet.
  2.   Determine which end of your compass is the North Pole. Hint: It is the end that points to geographic north.
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  3. 
Place your compass near the starting point shown in Figure 8 below. One end of the compass needle will point toward the magnet; the other end should point directly away from the magnet. Move the compass around until the North Pole of the needle points directly away from the magnet at one of the starting points.

  4. 
With a sharp pencil, make a dot just beyond the north pole of the compass needle as in Figure 8.

  5.
Move the compass again until the north pole of the compass needle points directly away from this dot.

  6. 
With a sharp pencil, make another dot just beyond the north pole of the compass needle.

  7. 
Continue in this manner, until the series of dots run off the paper, or returns to the bar magnet.

  8. 
Connect the dots by a smooth line. This line is called a magnetic line of force. In the middle of the line, place an arrowhead that points in the same direction as the North Pole of the compass needle (the north pole of the compass needle will point to the south pole of your test magnet as we just learned with the Law of Magnetism). This arrowhead indicates the direction of the line of force or the magnetic field line.

  9. 
Repeat steps 3 - 8 for each of the other positions indicated by a dash next to the magnet on the drawing above. Steps 3 – 8 can also be done for the same positions on the other side of the magnet in figure 8. This will show the symmetry of the magnetic field surrounding the magnet and should look very similar to the magnetic field diagram shown in Figure 1, which shows the magnetic field surrounding a simple bar magnet. 

Making A Drawing Of The Magnetic Field Of Two Unlike Magnets
 .
Make a drawing of the magnetic fields of two magnets with unlike poles facing one another as in C1 of the data sheet using the above procedure.
Making A Drawing Of The Magnetic Field Of Two Like Magnets
 
Make a drawing of the magnetic fields of two magnets with like poles facing one another as in C1 of the data sheet using the above procedure.   

Compare and Select:
       Compare each of your drawing to the standard set of drawings provided on the data sheet, in C2, and select the drawing that matches each of your drawings.

  Section 2 - Identifying the Magnetic Fields Using Iron Filings
1.
Place a magnet(s), as indicated, on the data sheet drawing C1. 

2.
Place a clear plastic lid on top of the magnet(s).

3.
Sprinkle iron filings on the plastic and tap the plastic with your finger. Compare the pattern produced by the iron filings to the standard set of drawings provided on the data sheet, in C2, and select the drawing that matches the pattern.

Please remove any iron filings that might have stuck to the magnet(s) and return all the iron filings to their original container.
Part D - Building Magnets - Applying The Magnetic Model To Coat Hanger Wire (Optional – You Supply Materials)

The model that we have developed attempts to explain the structure of magnetic materials. Let’s test our model by applying it to a piece of unmagnetized coat hanger wire (which is made up of ferromagnetic materials). 
1.
Obtain a length of coat hanger wire about 18 cm (7-in.) long and move a compass along the wire. Observe the direction the needle of the compass points as you move it to each of the positions indicated in figure 9. Record your observation by drawing an arrow in each of the circles below (as shown in the third circle from the left). 
Your arrow should point in the same direction as the compass needle when the compass is placed at the position of any given circle.
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2.
Magnetize the wire by stroking the wire in one direction with one pole of the bar magnet.  Stroke the wire at least 25 times and move the magnet all the way from one end of the wire to the other.

[image: image3.jpg]


3.
Move a compass along the wire and observe and record the direction the needle of the compass points as you move it to each of the positions indicated in figure 10.

4. 
Discuss any differences in the two observations (1 and 3). Why do the results differ?

5. 
Label the North (N) and South (S) poles of the wire in figure 10 and mark the North Pole on the wire itself.

6. 
Now cut the wire in half and check each piece of the wire with the compass. Is each piece of wire still a magnet? If so, then mark the North Poles on each piece of wire.

7.
Continue to cut the pieces of wire and, after each cut, check to see if each piece is still a magnet. Label the North Pole of the new pieces after each cut.

8. 
Experiment to find out how short you can cut the pieces of wire and still be able to find the magnetic poles. Describe your results.

9.
Using the results from these experiments describe the structure of a magnet.

Part E - Problem: What is the affect of electricity upon magnetic fields?

Section 1 – What is The Affect of Electricity on the Production of Magnetism?

1.

Attach the ends of the 35.0-cm #20 coated wire to the contacts of a 1.5-D cell power source.  (Make sure there is a battery in the power source.) 

2. 
Test for the presence of magnetism by aligning the wire with the needle of a compass. Close the switch and describe any movement of the needle.   Please note: It is important that the wire and compass needle are parallel to one another.
3.

Place the wire on a piece of scrap paper and sprinkle a small amount of iron filings onto the wire without turning on the electricity and then lift up the wire and describe what happens. 

4.

Return the wire to the paper and cover the wire with iron filings.  Close the switch (push the button) allowing the current to flow in the wire and then, carefully, lift the wire and describes what happens. 
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5.  What does your comparison suggest concerning a magnetic field near a Current Caring Wire?

Section 2 - Observing the magnetic field above and below a current carrying wire

[image: image5.jpg]


1.
  Remove the data sheet from the book; place the Electricity and Magnetism Device on the data sheet.  Align the positive end of the wire with the positive end (look at the battery) of the wire in the drawing, E2, on your data sheet.


2. 
Place the compass on the top shelf next to the wire.


3.
Push the power button and mark the end of the needle, in the drawing, that indicates the direction of the movement of the north end of the compass needle.


4. 
Move the compass around the wire. Each time record the direction of the movement of the compass needle on the drawing provided when current passes through the wire.


5.
Make a statement regarding the affect of electricity on the production of magnetic fields.
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 Part F - Problem:  The Earth's Magnetic Field
1. 
Using a directional compass and figure 14, orient a sheet of paper to point directly north. Then remove the compass.

2. 
Locate the clear plastic container and place it next to figure 14 on the table. Partially fill the plastic container with water.

3.
Float a magnet. Place a small magnet on the boat/Styrofoam and float them on the water as shown in figure 15.

4.
The magnet and boat/Styrofoam will turn and come to rest with the magnet pointing in a specific direction. Carefully twist the boat/ Styrofoam disk, causing the magnet to point in some other direction. Now release the boat/Styrofoam and observe what happens. Record your observations.

[image: image7.bmp]5.
Remove the plastic container, boat/Styrofoam, and magnet from the drawing and replace them with a compass. Make sure that the magnet is not near the compass. 

a. What direction did the north pole of the magnet point?  


b. In which direction does the needle of the compass point?
c. Does the needle point in the same direction when the compass is turned? 
d. Why are the poles of a magnet named North and South?  
e. How could the North pole, and South pole be identified if the markings were removed?
Part G - Problem: What is the affect of magnetism upon electricity?
1.
Attach a piece of coated wire (approximately 5.0-m.) to the terminals of a galvanometer.

A galvanometer is a very sensitive instrument used only to detect a very small current (amperage), such as those resulting from a bar magnet passing through a coil of wire. The galvanometer is to be connected to the ends of the wire.
2.

Wrap the wire five times around the plastic tube.

3.

Slide a bar magnet in and out of the tube, read and record the galvanometer.

4.

Take the wire and make wrappings of 10, 20, and 40 turns, being careful to read the galvanometer each time, and record your findings.  Remember to leave approximately 25 cm at the ends of the wire to attach to the galvanometer.

5.
Make a statement regarding the affect of magnetism upon the production of electricity.



Your results should indicate that an electric current can be generated only when there is relative motion between the wire and the magnet. No motion, no current. However, as long as the magnet or the coil was in motion relative to the other, we detected a flow of current in the wire (however slight that may have been). 



If you were watching carefully as you performed step 3, you would have noticed that the needle on the compass deflected in a different direction depending on whether the magnet was moving into the coil or out of the coil. This tells us that the direction of motion of the magnet (or coil) determines the direction of flow of current in the wire. By moving the magnet in and out rapidly, we can set up an alternating current in the wire. 



As we have just seen, moving a conductor in a magnetic field will generate an electric current in the conductor.  In fact, any device used to produce an electric current is called an electric generator. A simple electric generator would consist of a U-shaped magnet and a coil of wire that could be rotated in the magnetic field as shown in figure 7. If you rotate the coil of wire between the poles of the magnet, an electric current is induced (generated) in the coil.

Part H - Problem:  How can we determine the strength of an electromagnet?

1.
Obtain approximately 5.0 meters of coated wire.


2.
Place the soft iron core approximately 50 cm. from the end of the length of wire, hold the wire in place with a piece of tape, and wrap the rest of the wire tightly around the soft iron core a total of 25 turns.  Note: The iron core is the core that is attracted to a magnet.


3.
Connect the ends of the wire to the power source.


4.
Close (turn on) the switch and bring the compass near the end of the soft iron core. Does the compass indicate the presence of a magnetic field? Notice: Close the switch only long enough to make an observation as the wire begins to heat. If the wire does heat-up stop, and allow the wire and power source to cool.


5.
Pick up as many staples as you can with one end of the electromagnet, and record the number of staples that were picked up. Note: make sure to close the switch.


7.
Disconnect from the power source, and carefully remove the soft iron core from the coil. 


8.
Insert aluminum and wood cores respectively repeating the above.


9.
 Repeat the above for 50, 75, and 100 turns for each.


10.
Which core was the strongest?


11.
How does the number of turns of wire affect the strength of an electromagnet?


12.
Which combination of core and number of turns was the strongest?

Part I - Problem:  How can we make an electric motor?

1.
The armature supports are made out of two large paper clips. Unbend the paper clips by lifting and rotating one end to form a small loop in the center of the paper clip.
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2.  
Use the rubber band to hold the paper clips on the ends of the battery.  Adjust the loops so they are approximately 2 cm. above the battery. 



3.
To prevent the battery from moving, a piece (2.5-cm by 5.0-cm) of self-stick tile can be attached to the bottom of the battery.

4. The Armature is made by wrapping 30 cm. of number 26 insulated enameled copper wire 8 - 10 turns around your index finger. Wrap the ends of the wire around the coil tightly twice, leaving the ends sticking out like handles. Make sure that the coil is balanced and will rotate smoothly.

5. The wire you used to make the armature has a coating on it. This coating must be carefully scraped off to allow the electricity to flow. Scrape off all the coating, at one end, and the top surface only at the other end. Scrape off enough of the wire so that the scraped area can make contact with the armature supports placed on the battery. Remember: make sure that the coil is balanced and rotates smoothly.

6.
Place the armature in the paper clip supports. Make sure that the scraped area of the armature touches the paper clips. If not readjust or re-scrape the wire.


7.
Place the small magnet under the wire loop, and hold it in place with a piece of tape. 

    
8.
Rotate and/or adjust the loop until it begins to work.

9. Explain how the motor works, in terms of the concepts of magnetism and electricity.

 10.
Give the armature to your instructor. The armature will be a good indication of the quality of your motor.
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