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Battery, 6-V or 9-V Neodymism magnet
Bottle preform Paper clips, steel, 10
Compass Plastic jar, 60-mL
Connector cords with alligator clips, 22", 2 Sandpaper
Foam cup Scissors
Index card, 3" x 5" Stirring rod or pencil
Iron nail Tape, transparent
Magnet wire, 4.5 m total ‘Wire cuters (optional)
Meter stick

Safety Precautions

While 9-volt batteries are not harmful, small shocks are possible. Do not complete the circuit with the battery for more than
ten-second intervals. Since there is very little resistance in the wires, the battery can discharge quickly and become very hot if it is
connected for a longer duration. Care should be taken when wrapping and wmwrapping the wire. The pointed ends of the wire are
hazardous to eyes. Wear safety glasses. Please follow normal laboratory safery guidelines.

Procedure

Part I. Magnetism produced by a current-carrying wire
5

%
13,
14.

. Use the sandpaper to completely sand off about 2 cm of red enamel 2t

. Use scissors to cut a 3" x 3” opening in the side of the foam cup as

. Place the foam cup upside down on the tabletop and slide the magnet

Exposed copper end
Magnet wire

Obtain a foam cup, compass, two connector cords with alligator clips.
index card, 6-volt or 9-volt battery, neodymium magnet, 25 cm of mag-
net wire, piece of sandpaper, pair of scissors, and some transparent tape.

i

both ends of the magnet wire to expose the shiny copper underneath.

shown in Figure 2.

. Carefully poke a tiny hole through the center of the bottom of the foam . £ o A
" . ransparent:
cup with the magnet wire. tape to secure
cup and wire

wire through the hole so that it is vertical. Figure 2.

. Bend the magnet wire at the base of the cup as shown in Figure 2 so that the wire is supported by the tabletop and extends

out of the side opening in the cup. Leave approximately 9 cm of magnet wire extending vertically above the inverted cup.

. Use a small amount of transparent tape to secure the wire to the tabletop (see Figure 2).
. Adjust the position of the foam cup so that the magnet wire is vertical. Then, use a small amount of transparent tape to

secure the cup to the tabletop.

. Use the pointed end of a pair of scissors or a sharp pencil point to poke a hole through the center of the index card.
10.
11.

Slide the index card over the magnet wire and allow it to rest on the bottom of the cup (see Figure 2).

Clip the connector cords to the exposed copper ends of the magnet wire. It may be necessary to bend the end of the magnet
wire taped to the tabletop upwards in order to clip it with the alligator clip as shown in Figure 3. Make sure the magnet
wire that extends vertically above the cup does not bend and remains vertical and rigid. Also, make sure the connector cord
does not interfere with the index card. The index card should remain flat and horizontal. Note: Do not connect the connec-
tor cords to the battery until it is time to do the experiment.

Place the compass on the index card adjacent to the vertical wire (see Figure 3 on the next page).
Observe the orientation of the compass needle. Record the initial direction of the red tip of the needle on the worksheet.

Bring the neodymium magnet near the compass. Observe the effect on the compass needle by the magnetic field of the
magnet. Remove the magnet from the experiment setup. Record your @bservations on the worksheet. e
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[image: image2.jpg]15. Connect the free ends of the comnector cur;is to the bamery.

16. Observe the direction the compass needle points afier con-
necting the battery. Quickly move the compass around the
wire and observe the direction of the needle. Does the red
tip of the needle point clockwise or counter-clockwise as the
compass is moved? Discommect the battery and then record
the direction of the red tip of the compass needle oa the
worksheet. Caution: Do sot allow the battery to be comnected
for intervals more than 10 seconds.

17. Repeat steps 15 and 16 bat reverse the connecting leads on
the battery so that the cerrent travels in the opposite direction.

18. Disconnect the alligator clips from the magnet wire and care-
fully remove the tzpe from the foam cup and tabletop (save
the cup for future use). Remove the magnet wire from the cap
and straighten it.

19. Lay the compass on the tzbletop. Then place the straight magnet wire over the compass so that the wire and compass nee-
dle are parallel to cach other.

20. Connect the connector cords to the ends of the magnet wire.

21. Connect the free ends of the connector cords to the battery and observe the compass needle. Which direction does the rec
tip of the compass needle point? Record your observations on the worksheet.

22. Repeat steps 20 and 21, but reverse the leads connected to the battery so the current travels in the opposite direction.

23. Disconnect the battery.

Part II. Building an Electromagnet

24. Obtain 50 cm of magnet wire, 2n iron nail, piece of sandpaper, compass, connector cords, 9-V battery, and about 10 steel
paper clips.

25. Use the sandpaper to completely sand off about 2 cm of red enamel at both ends of the magnet wire to expose the shiny
copper underneath.

26. Tightly and neatly wrap the magnet wire around the nail starting at the head (flat end) of the nail. Leave about 3 cm of
wire free at each end so that the alligator clips can be easily attached (see Figure 4). Make sure the wire is always twisting
in the same direction. If the end of the nail is reached before all the magnet wire is wrapped, do not begin wrapping down
the nail “backwards” Instead, bend the magnet wire back down the length of the nail to the original starting position, anc
then wrap the wire in the same direction as before. Wrapping this way keeps the current flowing in the same direction
around the nail and produces a stronger electromagnet.

27. Place about 10 steel paper clips on the tabletop.

28. Connect the connector cords to the ends of the magnet wire.

29. Connect the free ends of the connector cords to the 9-volt battery.

30. How many paper clips can be picked up with the electromagnet?
Disconnect the battery and record the ngnber of paper clips on el
the worksheet. Nail head

31. Position the pointed end of the nail elecn-ohmgnet about 3 to 4 cm Figure 4.
from the compass.

32. Connect the electromagnet to the battery.

33. Observe the deflection of the compass needle. Which end of the compass needle points at the electromagnet? How far
away can the electromagnet be from the compass and still deflect the compass needle? Disconnect the battery and record
your observations on the worksheet.

34. Carefully slide the coiled magnet wire off the iron nail. It may be necessary to loosen it up slightly.
35. Repeat steps 27-33 with only the coil of wire.

To battery
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36.

37.

45.

46.
47.

48.

49.
50.

51

. Use a small amount of transparent tape to secure one end of one of the 1.8-m magnet wire pieces

. Tightly and neatly wrap the magnet wire around the bottle preform as shown in Figure 5.

. Leave about 3 cm of magnet wire at the end and use a small amount of tape to secure the loose

. Repeat steps 3840 with the 60-mL plastic jar. Remove the lid to the jar and begin wrapping just

Obtain two 1.8-m lengths of magnet wire, bottle preform, 60-mL plastic jar, piece of sandpaper, neodymium magnet, two
connector cords, some transparent tape, and compass.

Use the sandpaper to completely sand off about 2 cm of red enamel at both ends of each piece of magnet wire to expose
the shiny copper underneath.

to the outside of the bottle preform below the neck. Leave about 3 cm of magnet wire free to be
connected to the alligator clips.

end of the magnet wire to the bottle. Make sure the free ends of the magnet wire are accessible

and can be connected with the alligator clips. fcihBou

preform

below the lip of the jar so the magnet wire stays in place (see Figure 6). 2
Figure 5.

. Connect the magnet wire wrapped around both containers together with the connector

cords according to Figure 7. Make sure the connector cords are fully extended so that the
two plastic containers are about 40 cm apart.

. Lay the 60-mL plastic jar on its side and place the compass inside the jar so that the nee-

dle moves freely. —— 60-mL jar

. Rotate the jar so that the compass needle points towards the wall of the container (per-

pendicular to the length of the tube) (see Figure 7). Make sure the compass lies flat so the Figure 6.
compass needle can turn freely. ? iy o Comionis
magnet with alligator clips

Once everything is connected, the compass needle
is turning freely, and the connector cords are fully
extended, secure the connector cords to the table-
top with transparent tape. Tape the connector cords
down a few f:endmemrs from th_e 60-mL plastic jar Compass with needle
so that the jar and compass will not wiggle when pointing towards the
the connector cords move. wall of the jar.

Obtain the neodymium magnet. Figure 7.

Drop the magnet into the bottle preform and observe the compass needle in the plastic jar. Does the compass needle move?
Record your observations on the worksheet. Note: Keep the bottle preform about 40 cm away from the compass so the
neodymium magnet’s magnetic field does not deflect the compass needle.

Carefully twist and tilt the bottle preform to slide the magnet up and down the tube (and into and out of the coiled magnet
wire). Observe the deflection of the compass needle as the magnet moves into and out of the coils. Does the compass nee-
dle deflect more when the magnet travels faster? Is the compass needle affected more when the magnet quickly changes
direction? Does the compass needle deflect wiien the magnet is at rest? Allow the magnet to rest inside the coils for a
moment, and then quickly tip the container so, the magnet slides away from the coils. Record your observations on the
worksheet.

Obtain a stirring rod or long pencil and tape the neodymium magnet to the end.

Carefully move the magnet up and down inside the plastic tube using the rod. Observe the movement of the compass nee-
dle. Increase the speed of the oscillations. Is there any change in the magnitude of the deflection of the compass needle?

Disconnect all the wires. Save the magnet wire according your teacher’s directions.
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Introduction to Eléctromagnetism Worksheet

Observations

Part I. Magnetism produced by a current-carrying wire
Initial direction of the red tip of the compass needle.

Effectofthcm:gnat-lhmnwdle.

Direction of the red tip of the compass needle with electric current traveling through the wire. What happens when the curren
is reversed?

Effect on the compass needle by the horizontal current-carrying wire. What happens when the current is reversed?

Part II. Building an Electromagnet
Number of paper clips picked up by the electromagnet (with iron core):

Effect on the compass needle.

4
Number of paper clips picked up by the coil of wire{without iron core):
Effect on the compass needle.
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Part III. Electromagnetic Induction
Observed deflection of the compass needle. What movement produces the strongest deflection?

Post-Lab Questions

1. Since the compass needle is deflected by a magnetic field (the neodymium magnet), what does it mean when an electric
current deflects a compass needle?

2. When the electric current is traveling through the vertical wire, does the compass needle ever point towards the wire?
3. Based on your observations, what is the general shape of the magnetic field surrounding a current-carrying wire?

4. What direction does the compass needle deflect when a horizontal current passes over the compass? What direction does
the needle point when the current is reversed?

5. Compare the strength of the electromagnet with the iron nail core to the one without. Why would an iron core have this
effect?

6. The 60-mL jar with the coiled wire and compass inside is a simple galvanometer, or a device that detects very small cur-
rents. What property of electric current does this gmple galvanometer detect?

7. The bottle preform with coiled wire and moving magnet is a simple solenoid. When the magnet moves through the sole-
noid, a current is produced in the coiled wire which is then detected by the galvanometer. Based on your observations,
what type of magnet motion produced the most current (the largest deflection of the compass needle)?
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