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Introduction

This lab introduces the idea of magnetic multipoles and how they can be used to bend and focus a beam of charged particles, as happens at particle accelerators. You will investigate the magnetic field and force patterns of a dipole and two kinds of quadrupole. A dipole usually consists of a North pole (N) and South pole (S). A quadrupole consists of two N’s and two S’s. A combination of any number of N’s and S’s is in general called a multipole.

Apparatus 

Peg-board, steel pegs (bolts), 4 neodymium magnets, paper, mini-compass, pencil, pen.
Preliminaries
Decide which end of the compass needle points toward a magnetic S pole by comparison to geographic north (Earth’s geographic north is a magnetic S pole).

Decide which direction magnetic field lines point relative to the compass needle.

The neodymium magnets will provide the poles for the experiments. (The magnets are very strong – separate them from one another or from other metal by sliding). 

Each magnet has a N pole on one long side and a S pole on the opposite long side. 

Before you use each magnet, use the force relative to a peg or other magnets to find these sides - the magnet will try to rotate if a long side which is neither N nor S is brought near to a pole or peg. Use the compass to distinguish N from S. 

Now you are ready to make multipole configurations and plot the magnetic fields.

You will need to know the force F direction relative to magnetic field B direction for a positively charged particle moving perpendicular and into the page. Use a right-hand-rule, F = v x B , or the following diagram to help you: 

[image: image5.bmp]
Dipoles (NS)
Screw two pegs into the back of the peg board so that the end of the peg is approximately level with the front of the board – they do not need to be tight. The pegs should be located at the ends of a diameter of a circle that fits onto a letter-sized piece of paper and the board. Make the circle as big as possible.
Place a clean sheet of paper on top of the front of the peg board and a magnet on top of the paper at the location of each peg to create the configuration drawn below (not to scale). Check the polarity of each magnet before you place it (see preliminaries) and make sure the N and S fields of each magnet are pointing parallel to the board and not perpendicular (the magnet should try to rotate as you place it).

            
[image: image2]
Note: the magnets will hold the paper in place but it’s a good idea to line the edge of the peg board up with the edge of the table, to avoid board rotation during the experiments.

The dipole configuration you will investigate is formed by the N and S poles drawn above and the shaded area between them – ignore the poles labeled (N) and (S) on the outside of each magnet.

Using the mini-compass, plot the magnetic field lines in pencil in roughly the shaded region on your paper. Start by placing the compass near a pole and mark each end of the compass needle on the paper. Join the marks with an arrow in the magnetic field direction. Place the needle on the arrow tip and repeat, so you get a continuous sequence of arrows indicating the path and direction of a magnetic field line. Repeat with a different starting position until you have covered the shaded region with enough lines to determine the magnetic field direction and strength approximately at any point.

For every arrowed step you constructed with the compass, now add in pen the direction of the force on a positively charged particle moving at that location perpendicular and into the page. 
Label your plot with the pole configuration, an arrow key, and direction of charged particle motion.
Answer the following questions based on your field and force plots in the shaded region:

In which region did you find the strongest magnetic field? Explain how you decide.
In which region did you find the weakest magnetic field? Explain how you decide.

Was there anywhere that the field seemed to be zero? If so, mark it on your plot.  Explain how you decide.

Did your plot of magnetic field lines have any lines of symmetry? Explain how you decide.

If not, why do you think that is?(Assume the magnets are identical)

Imagine the shaded region as the cross-section of a beam of positively charged particles entering the page perpendicularly.

Do your force plots suggest that the beam’s direction could be bent with this multipole configuration?

Explain how you decide.

Do your force plots suggest that the beam could be focused (reduced cross-sectional area) with this multipole configuration? Explain how you decide.

Quadrupoles (NNSS)
Screw four pegs into the back of the peg board so that the end of the peg is approximately level with the front of the board – they do not need to be tight. Each pair of pegs should be located at the ends of perpendicular diameters of a circle that fits onto a letter-sized piece of paper and the board. Make the circle as large a possible.
Place a clean sheet of paper on top of the front of the peg board and a magnet on top of the paper at the location of each peg to create the configuration drawn below (not to scale). Check the polarity of each magnet before you place it (see preliminaries) and make sure the N and S fields of each magnet are pointing parallel to the board and not perpendicular (the magnet should try to rotate as you place it).
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Note: the magnets will hold the paper in place but it’s a good idea to line the edge of the peg board up with the edge of the table, to avoid board rotation during the experiments.

The quadrupole configuration you will investigate is formed by the inside  N and S poles drawn above and the shaded area between them – ignore the poles labeled (N) and (S) on the outside of each magnet.

Using the mini-compass, plot the magnetic field lines in pencil in roughly the shaded region on your paper. Start by placing the compass near a pole and mark each end of the compass needle on the paper. Join the marks with an arrow in the magnetic field direction. Place the needle on the arrow tip and repeat, so you get a continuous sequence of arrows indicating the path and direction of a magnetic field line. Repeat with a different starting position until you have covered the shaded region with enough lines to determine the magnetic field direction and strength approximately at any point.

For every arrowed step you constructed with the compass, now add in pen the direction of the force on a positively charged particle moving at that location perpendicular and into the page. 
Label your plot with the pole configuration, an arrow key, and direction of charged particle motion.
Answer the following questions based on your field and force plots in the shaded region:

In which region did you find the strongest magnetic field? Explain how you decide.
In which region did you find the weakest magnetic field? Explain how you decide.

Was there anywhere that the field seemed to be zero? If so, mark it on your plot.  Explain how you decide.

Did your plot of magnetic field lines have any lines of symmetry? Explain how you decide.

If not, why do you think that is?(Assume the magnets are identical)

Imagine the shaded region as the cross-section of a beam of positively charged particles entering the page perpendicularly.

Do your force plots suggest that the beam’s direction could be bent with this multipole configuration?

Explain how you decide.

Do your force plots suggest that the beam could be focused (reduced cross-sectional area) with this multipole configuration? Explain how you decide.

Quadrupoles (NSNS)
Screw four pegs into the back of the peg board so that the end of the peg is approximately level with the front of the board – they do not need to be tight. Each pair of pegs should be located at the ends of perpendicular diameters of a circle that fits onto a letter-sized piece of paper and the board. Make the circle as large a possible.
Place a clean sheet of paper on top of the front of the peg board and a magnet on top of the paper at the location of each peg to create the configuration drawn below (not to scale). Check the polarity of each magnet before you place it (see preliminaries) and make sure the N and S fields of each magnet are pointing parallel to the board and not perpendicular (the magnet should try to rotate as you place it).
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Note: the magnets will hold the paper in place but it’s a good idea to line the edge of the peg board up with the edge of the table, to avoid board rotation during the experiments.

The quadrupole configuration you will investigate is formed by the inside N and S poles drawn above and the shaded area between them – ignore the poles labeled (N) and (S) on the outside of each magnet.

Using the mini-compass, plot the magnetic field lines in pencil in roughly the shaded region on your paper. Start by placing the compass near a pole and mark each end of the compass needle on the paper. Join the marks with an arrow in the magnetic field direction. Place the needle on the arrow tip and repeat, so you get a continuous sequence of arrows indicating the path and direction of a magnetic field line. Repeat with a different starting position until you have covered the shaded region with enough lines to determine the magnetic field direction and strength approximately at any point.

For every arrowed step you constructed with the compass, now add in pen the direction of the force on a positively charged particle moving at that location perpendicular and into the page. 
Label your plot with the pole configuration, an arrow key, and direction of charged particle motion.

Answer the following questions based on your field and force plots in the shaded region:

In which region did you find the strongest magnetic field? Explain how you decide.
In which region did you find the weakest magnetic field? Explain how you decide.

Was there anywhere that the field seemed to be zero? If so, mark it on your plot.  Explain how you decide.

Did your plot of magnetic field lines have any lines of symmetry? Explain how you decide.

If not, why do you think that is?(Assume the magnets are identical)

Imagine the shaded region as the cross-section of a beam of positively charged particles entering the page perpendicularly.

Do your force plots suggest that the beam’s direction could be bent with this multipole configuration?

Explain how you decide.

Do your force plots suggest that the beam could be focused (reduced cross-sectional area) with this multipole configuration? Explain how you decide.
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