
Phy 1033 Discovering Physics

Laboratory #6

Magnetic Fields

Objective

This experiment has 2 parts: (1) you will map the magnetic fields around a bar magnet and
a current-carrying coil, and (2) you will measure induced currents using a bar magnet and a
galvinometer.

Introduction

All magnetic fields arise from the motion of electric charges. Steady magnetic fields like those
we will study in this experiment are created by steady currents of charged particles. DC
electrical circuits, charged particle beams, and even the electrons circulating around a nucleus
create steady magnetic fields. Magnetic fields, like electric fields, are vector fields. They have
a direction and strength that can vary at different points in space. The SI unit of magnetic
field strength is the tesla (T). The units of gauss are also often used: 1T = 104 gauss.

A long, straight, current-carrying wire creates a magnetic field like that shown in Fig. 1.
The lines are called field lines or lines of flux. Here, they are circles. Their direction of
circulation is given by right-hand rule #2. That is, with the thumb pointing in the direction
of the current the field lines circulate in the direction of the curled fingers. The direction of
the field lines at any point gives the direction of the field. The field is strongest near the wire
and decreases as one moves further away. The strength of the field is normally demonstrated
by the density of the lines.

In stronger field regions the lines are more closely packed together. In an accurate field-
line illustration the strength of the field is proportional to the number of lines crossing a unit
area oriented perpendicularly to the lines.

If one could isolate a short segment of current-carrying wire, the field would appear as
shown in Fig. 2. Of course, since currents must always flow in a complete circuit, such a
segment could not exist in isolation. However, any real current can be made by stringing a
large number of such segments end-to-end, and the magnetic field at any point would be the
sum of the fields due to each segment. The direction of the field from each segment may be
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Figure 1: The field lines for a long, straight, current-carrying wire (thick line). Viewed from
above, the field lines (thin) circulate in a counterclockwise direction. Only a few of the
arrows are shown.



different, and of course the sum must be performed vectorially. The precise mathematical
description of such calculations is given by the law of Biot and Savart. For this experiment,
we will be concerned only with approximate determinations of the field. Note that the
field lines don’t start anywhere; they circulate around their source—current elements. This
behavior is different from that of electric field lines which originate and terminate on their
source—charged particles.

Another important example is the current-carrying wire loop shown in Fig. 3. The field
at a point very near the wire has a strength and direction like that of the long straight wire
since the dominant contributions are from the current in the wire segments near that point
(contributions from segments further away are smaller). As you move away from the wire,
the field contributions from different segments of the loop become comparable in strength.
They may add together if they are all in the same direction (as near the center of the loop)
or partially cancel if they are in different directions. The direction of the field in the center
of the loop is given by another right-hand rule (which is a direct result of the previous rule).
Curling your fingers in the direction of the current, your thumb will point in the direction
of the field.

When a current-carrying wire is wound around a cylinder to make a solenoid, the effect is
as if one put together many wire loops. Note how the field lines shown in Fig. ref fig:solenoid
a emerge from one end and enter at the other. The word solenoid is usually reserved for
configurations where the cylinder is long compared to its radius and the turns of the wire
are close together. Inside the cylinder the field is then quite uniform. Short solenoids are
usually called coils. The field of a coil is then more like that of a single loop of wire.

Permanent magnets are made from ferromagnetic materials in which the electrons cir-
culating around the nuclei behave much like current-carrying wire loops. The field from a
single atom is extremely small, but when a large number are put together, the magnetic
field can get quite large. To make a ferromagnetic material into a permanent magnet, the
individual atoms or “current-loops” must be preferentially aligned in one direction. This
magnetizing process is usually done by putting the material in strong magnetic field.

The field lines of a permanent bar magnet appear as shown in Fig. 4b. The field lines
continue inside the magnet but appear to emerge from one end and re-enter at the other
end. The end from which they originate is traditionally called the north end of the magnet
and the other is called the south end. For a solenoid or coil, the end from which the field
lines appear to originate is also called the north end and the end toward which they point is
called the south end.

Figure 2: The field lines for a segment of a current-carrying wire (darkened section in the
middle). Viewed from above, with the current direction upward, the field lines again point
in counter-clockwise direction. The field increases strongly near the segment and decreases
to zero on the axis of the segment.
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Figure 3: The field lines for a current-carrying wire loop. Only the field lines in one plane
are shown.5A full set of lines would wrap around the loop like doughnuts.
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Figure 4: (a) The field lines for a tightly wound current-carrying solenoid. The field lines
emerge from the “north” end and enter at the “south” end. (b) The field lines for a bar
magnet. The field lines emerge from the “north” end and enter at the “south” end.

This north-south naming convention arises from the behavior of such magnets in the
earth’s magnetic field. In playing with magnets you have probably noticed that when iden-
tical magnets are placed near each other they may be attracted or repelled depending on
their relative orientation. The north end of one magnet will attract the south end of the
other. Similarly two north ends (or south ends) placed close together will repel each other.
A compass needle is simply a small permanent magnet mounted so that it is free to turn.
When a magnet such as a compass needle is placed in a field of constant strength, there is
no net force; each end experiences an equal but opposite force that tends to turn the magnet
so that the north end points in the direction of the field. In the earth’s field the north end
of the magnet points towards the earth’s north pole. (See prelab question 3.)

Procedure

In this experiment you will use a compass to map the field lines around a bar magnet and
a current-carrying coil. The compass is sensitive to all magnetic fields. Nearby magnets,
even the iron in a reinforced concrete wall, can have a noticeable effect. You should do your
plotting on the end of the table and keep all equipment not needed for plotting as far away
as possible. Nonetheless, the field you will plot will still be the vector sum of the field due
to the bar magnet or coil and the earth’s field. Close to the magnet or coil, its field will
dominate, but further away the earth’s field will have a distorting effect.

The colored end of the compass needle should be its north end. It should point toward
geographic north and should be attracted to the south end of the bar magnet. Notify me if
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Figure 5: The procedure for tracing a field line. The compass is kept next to the bar magnet
and moved so that the compass needle points in the desired initial direction (90◦ from north
in the figure—solid outline). The points marked (a) are then drawn. The compass is then
repositioned (dashed outline) and the point marked (b) is drawn.

it is reversed. It can easily become reversed even during the experiment by rapidly moving
the bar magnet past the compass. This reversal can be quite confusing, so during the course
of the experiment keep this possibility in mind and notify me if the needle becomes reversed.

Field of a bar magnet

1. Center a double sheet of computer paper, lined side up, on the plotting board,
fastening it with pins at the corners.

2. Now move the bar magnet far away and align the plotting board to the earth’s field
as follows. Use the compass to determine north, and then rotate the plotting board
until the lines of the paper are along this north-south direction. Label the four edges
of the paper north, south, east, and west accordingly. Try not to move the board, so
that relative to the paper the earth’s field will point in the same direction throughout
the experiment.

3. Center the bar magnet on the board parallel to the lines on the paper, making the
north end of the magnet point south. Draw an outline around the magnet and
label the ends N and S accordingly. If the magnet moves during the experiment,
reposition it on your outline.

4. Set the compass next to the north end of the magnet. Keeping it nearly touching the
magnet, move the compass around the magnet until it points south, i.e., parallel to
the lines.

5. Place marks on the paper at both ends of the needle.

6. Move the compass so that the south end of the compass needle points to the mark
that was at the north end of the compass needle in the previous step. Then, mark the
north end of the compass needle. Figure 5 shows this procedure (but for the field line
that leaves at 90◦ from north).

7. Continue in this fashion until the marks run off the paper or come back to the magnet.
(This step is not really needed for the first field line which runs off the paper almost
immediately.)

8. Connect the marks with a smoothly drawn line, and the place arrowheads on the line
showing the field direction. This is a field line.
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Figure 6: Wiring diagram to produce current in the coil.

9. Place the compass back against the north end of the magnet. Move the compass around
the magnet until it points at a 30◦ angle to the lines on the paper. Repeat steps 5-8.

10. Place the compass back at the north end of the magnet. Move it around the magnet (in
the same direction as for the 30◦ line) until it points at a 60◦ angle. Repeat steps 5-8.

11. Repeat these steps for two more field lines emerging from the north end of the magnet,
one that starts out at 90◦ (perpendicular to the lines on the paper) and one that starts
out 30◦ greater than the 90◦ line (120◦).

12. Make one more line by starting the procedure at the south end of the magnet for
the field line that enters this end in the north-south direction. (An obvious, slight
modification to step 6 is necessary. Can you see what it is?) Also, if the 30◦ line from
the north end of the magnet ran off the paper, start and trace one out that enters from
the south end at 30◦.

13. Examine your field lines. They should show the general shape of Fig. 4b and all but
the 0 (and perhaps the 30◦) line should return to the magnet. If not, check that the
magnet was properly positioned as per steps 2 and 3, i.e., the magnet’s north pole is
pointing south. Check with me if there is a problem.

14. In the interest of time, you are expected to plot only those field lines above the magnet.
Nonetheless, use the compass to check the direction of the field and place a small arrow
at a few places below the magnet showing the direction of the field at those points.

Field of a current-carrying coil

1. Remove the paper and move the bar magnet far away from the plotting board so it
will not interfere with the following measurements made with the coil

2. Using another double sheet, fold it along the perforation, and tear a small rectangular
section at the middle of the perforation just large enough so that after you unfold the
paper and pin it to the plotting board, the coil will fit in the hole.

3. Turn off the power supply and turn down (fully counterclockwise) both dials on the
front. Open the knife switch and then wire the power supply, \DASI \box ammeter
(labeled CURRENT THRU), and coil as show in Fig. 6@. Observe the polarities in
the diagram, + (red) and − (black). Use the red and black terminals on the right side



of the power supply (labeled +1.5 - 15V, 1 AMP). Use long leads to the coil so that
you can keep the rest of the electrical equipment as far away from the plotting board
as possible. Don’t forget to add a wire from the negative side of the power supply to
the green grounding terminal on the \DASI \box.

4. Turn on the power supply. Make sure the compass is well away from the coil, and then
close the switch. Adjust the power supply dial (labeled POSITIVE ) as you watch
the ammeter display a coil current of 0.4 amperes. (More current would cause the coil
to overheat.) If the current drifts during the experiment, readjust the current back to
0.4 amperes.

5. With current in the coil, use the compass to determine which end of the coil is the
north end. Mark your paper to show the coil’s north and south end. Align the plotting
board so that this north end faces approximately south.

6. Move the compass well away from the coil and then open the switch. Now use the com-
pass to more accurately determine north and fine-adjust the direction of the plotting
board so that the lines on the paper point east-west and the coil face corresponding to
the north end now points accurately south. Label the edges of the paper to show the
geographic north, south, east, and west.

7. Move the compass well away from the coil and then close the switch. Using the same
techniques used for the bar magnet, plot out the field lines starting from either end
of the coil at the following angles: 0◦ (north-south direction), 30◦, 60◦, 90◦ (east-west
direction). Also plot the 0◦ field line from the other end of the coil. Lastly, if the 30◦

line ran off the paper, also plot the 30◦ line from the other side.

8. Again place a few small arrows showing the direction of the field at various places on
the side opposite your field lines.

9. Move the compass well away from the coil and then open the switch.

Analysis

1. Make a freehand drawing of the corresponding field lines in the other halves of the
figures as you would have expected them to appear.

2. Make sure that all lines show the direction of the field, that the north and south ends
of the bar magnet and coil are labeled, and that the geographic directions are labeled
on the edges of the paper.

3. For the bar magnet, connect the lines inside the magnet to show their complete circu-
lation.

4. Write the name of all partners on both figures; 1 set of figures can be turned in for all
reports.



Comprehension Questions

1. Explain where in each of your two drawings the field is strongest. How do your figures
support that conclusion?

S N S N

2. In the figure below, two bar magnets are placed so that the north end of one magnet
is nearly touching the south end of the other. Draw the expected field lines including
those inside the magnet.

S N S N

3. In the figure below, two bar magnets are placed so that their north ends are nearly
touching. Draw the expected field lines including those inside the magnet.

S N N S



Name:

Prelab Questions

Answer the following questions based on the write-up and turn this answer sheet in to me
at the beginning of the lab.

1. From which end (N or S) of a bar magnet do the field lines emerge? Do they really
start there? Do magnetic field lines ever start or end anywhere?

2. A freely pivoting bar magnet is placed in a magnetic field created by other sources.
Will the north or south end of the bar magnet point in the direction of the magnetic
field?

3. The earth’s field appears as it were produced by a strong permanent magnet embedded
in its core and aligned in the north-south direction. But which end is which? Which
way do you think the north end of the earth’s permanent magnet points? Why?



Objective

In this part of the experiment you will investigate currents induced to flow in a closed circuit
by a changing magnetic flux passing through the circuit.

Theory

It wasn’t until 1831 that Michael Faraday discovered when he threw the switch to create a
current in one magnet coil, an adjacent coil connected in series to a galvanometer (a very
sensitive ammeter used to determine the direction and magnitude of small electric currents)
showed a momentary current. He also noticed that the relative orientation between the coils
affected the induced current, and concluded that a changing magnetic flux through a closed
circuit loop induces a current to flow in that circuit.

Recall that flux lines or field lines give the direction of the field at any point in space
by their direction at that point. They give the strength of the field by their density. The
definition of magnetic flux, given the symbol Φ, is such that the strength of the B-field at
any point is given by

B =
Φ

A
(1)

where A is a small area at that point oriented perpendicular to the field, and Φ is the flux
passing through it. See Fig. 7. The unit of flux is called the weber, and a magnetic field of
strength 1 tesla is equivalent to 1 weber/m2.

The magnetic flux through a circuit is also given the symbol Φ, but there are several
important differences in meaning between the flux through a circuit and the flux appearing
in Eq. 1. One meaning can be understood quantitatively from Fig. 8. A loop of wire enclosing
an area A is shown in a uniform magnetic field B, for which the flux lines are uniformly
spaced, straight lines in the direction of the field. The amount of flux passing through the
loop is obviously proportional to the area A of the loop and the field strength B. But, it
should also be evident that the flux through the loop will be zero if the loop is oriented with
its normal perpendicular to the field; the loop surface would then be parallel to the field and
the flux lines would pass by the surface without passing through the loop. Alternately, if
the loop normal is parallel to the field, the flux will be a maximum, Φ = BA. In general, if
the normal to the loop makes an angle θ with the direction of the field, the flux through the
loop is given by Φ = BA cos θ.

Another difference is that while flux has a direction, flux through a circuit has only a
sign. The sign can be either positive or negative, depending on whether it passes through
the circuit loop from one side or from the other. You are free to choose which direction will
have which sign, but if flux passing in one direction is taken as positive, flux passing in the
other direction must be negative so that flux from two sources of magnetic field will add the
way the magnetic fields add.

Figure 7: The flux, represented by the parallel lines, is defined so that B = Φ/A.
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Figure 8: The flux Φ through a single loop of area A is BA cos θ when the loop normal makes
an angle θ with the field.
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Figure 9: The north pole of a magnet approaching a coil induces a current (shown) which
repels the oncoming magnet.

Finally, flux lines can actually pass through a circuit more than once, as in a multiturn
coil. If the same amount of flux passes through each of N loops of a coil, the flux through
the coil would be N times as large as that through a single loop.

Faraday actually determined that it is a voltage, not a current, that is generated by a
changing flux. Of course, if the circuit is complete, the voltage would cause a current to flow,
but the size of the current depends on factors other than the flux, such as the resistance of
the circuit. Specifically, Faraday’s law states that the voltage V induced in a circuit by a
changing flux is equal in magnitude but opposite in direction to the rate of change of the
magnetic flux through the circuit.

Lenz’s law can be stated as:

An induced current would flow in a direction that opposes the change in the
primary flux.

It’s as if the induced current is “trying” to keep the net flux from changing. If the primary
flux were increasing, the induced secondary flux would point opposite the primary flux to
help prevent some of the increase. If the primary flux were decreasing, the secondary flux
would point in the same direction as the primary flux to help prevent some of the decrease.

As an example, consider the situation depicted in Fig. 9. Because the field lines are
denser nearer the north pole of the magnet, as the magnet is brought closer to the coil, the
primary flux through the coil will increase. According to Lenz’s law, the secondary flux
resulting from the induced coil current will then be opposite the direction of the primary
flux. The primary flux is to the right and thus the secondary flux will be to the left. A right
hand rule then predicts that the direction of the induced current will be as shown in the
figure.

As another example, suppose the north pole of the magnet were moving away from the
coil as in Fig. 10. The primary flux through the coil would now be decreasing and Lenz’s
law predicts that the secondary flux resulting from the induced coil current will be in the
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Figure 10: The north pole of a magnet moving away from a coil induces a current (shown)
which attracts the receding magnet.

same direction. The primary flux is to the right and thus the secondary flux will also be to
the right. A right hand rule then predicts that the direction of the induced current will be
as shown in the figure.

In both cases, the induced coil current turns the coil into a (weak) electromagnet. When
the north pole of the bar magnet approaches, the electromagnet has its north pole pointing
toward the approaching north pole of the bar magnet. When the north pole of the bar
magnet is moving away from the coil, the electromagnet has its south pole pointing toward
the retreating north pole of the bar magnet.

Of course, like magnetic poles will repel one another and unlike poles will attract and
so in both cases the induced pole of the electromagnet causes a force which opposes the
motion—attraction when they are moving apart, repulsion when they are moving toward
one another. Lenz’s law can be restated as:

An induced current would flow in a direction opposing any motion responsible for
the changing primary flux.

The creation of an opposing (rather than attracting) force ensures that Lenz’s law is not
inconsistent with the law of conservation of energy. When an induced current I flows in
a coil of resistance R, energy is dissipated as electrical (I2R) heating. That energy must
come from somewhere. If the magnet and coil were moving freely, the opposing force would
result in a decrease in their kinetic energy as they slow down. Or, if an external agent was
pushing them together or pulling them apart, the opposing force ensures that the agent is
doing work—putting energy into the coil/magnet system. The loss of kinetic energy or the
work done by the external agent supplies the energy for the heat dissipated in the coil.

In the experiment, you will connect a test coil in series with a galvanometer to demon-
strate the existence and direction of an induced current by observing the deflection of the
galvanometer needle. You will observe the induced currents as you change the primary flux
through the test coil by moving a bar magnet near the test coil.

Procedure

Since this experiment is about observing currents and their direction, it is important to
match your circuit connections to the polarities in the circuit diagrams and the accompanying
instructions.

The first circuit you will build is shown in Fig. 6. (Look at it, but don’t try to make it
yet.)

In the particular senses to be described, red terminals will be positive relative to the black
terminals and in this lab you may label red terminals with a plus sign and black terminals
with a minus sign. For example, the ammeter in Fig. 6 will indicate a positive value when



the current flows into its red (+) terminal (and out its black terminal). If the current flows
in the opposite direction, the ammeter will indicate a negative value.

The same convention will be used for the coil. The current in the coil will be said
to be positive when it is flowing into the red terminal. This does not mean current
will always flow into the coil’s red terminal. It only means that it will be called positive
when it does so and negative when it flows in the opposite direction. For example, in the
circuit of Fig. 6, the coil current is guaranteed to be positive because of the way it is wired
to the supply.

The galvanometer can record currents in either direction. Wired as in Fig. ??, current
flowing into the red terminal of the galvanometer must likewise be flowing into the red
terminal of the test coil. The galvanometer is designed to show a positive (right) deflection
when current flows into its red terminal and a negative (left) deflection when the current flows
in the opposite direction. Thus, a positive (or negative) galvanometer deflection indicates a
positive (or negative) coil.

1. Holding the test coil in one hand, quickly move the north pole of the bar magnet toward
the flat face. Observe and record the galvanometer deflection as + (right) or − (left).

2. Holding the north pole of the magnet against the flat face, quickly pull it away from
the coil. Observe and record the galvanometer deflection.

3. Repeat the two previous steps using the south pole of the magnet.

4. Draw a picture of the apparatus, showing the direction of the current in the coil, for
the bar magnet’s north end moving toward and away from the coil.

5. Draw in secondary flux (showing its direction) that would oppose this change.

6. Label the polarity of the flat face (N or S) according to the direction of the secondary
flux.

7. Use a right-hand rule to determine the current direction from the direction of the
secondary flux. This is the predicted direction of the current based on Lenz’s law.


