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In this experiment you will use a pair of high-strength 

magnets suspended by a thread.  The sketch on the right


      (         (
shows a top view of a suspended magnet, free to rotate




B
about an axis perpendicular to the page.











TOP VIEW

The magnet is represented by the short heavy arrow ( .

The magnetic field is the slender arrow B.

The magnet is suspended in the center of a large coil of radius r and nominally 200 turns. The magnetic field B is partly supplied by the Earth, and partly by the current in the coils carrying a current i : 

(1)
 B = Be + Bcoils =  Be + (oNi/(2r)  . 

The torque on the magnet in the external field is ( = ( x B. This torque acts to reduce the angle (, sending the magnet back toward B, and as a result, the magnet oscillates about the direction of B.

The rotational inertia of the coil about its CM through an axis perpendicular to the page is Irot. From torque = Irot ( we have   - Irot d2(/dt2  = (B sin ( .  At small angles this becomes   Irot d2(/dt2  = -(B (, which is of the same form as  m d2x/dt2 = -kx.  Since the mass-spring frequency is ( = ((k/m), we can write by analogy for the oscillating magnet

(2)
( = (((B/Irot).


One must calculate Irot for the magnets from 

their mass and shape, The magnetic field B is varied



            coil 

using the current in the coil. The magnets are suspended 

at the center of a large circular coil of known turns, as 

shown in the sketch at the right. This means that when 

one measures the current through the coil, one can




       SIDE VIEW

 calculate the magnetic field due to the coil.

At each of 5 magnetic field values (including just Be) one measures 

the period of oscillation, T (2 trials) for a given current. This gives a set of 

5 data points, where current i is measured and angular frequency ( 

is found from 2(/T.  Make sure to have the current create magnetic field to

oppose Be, so that the period of oscillation will get longer as you use more current, because the net magnetic field is smaller. If you increase the B field, the period gets shorter, and you run into measurement problems.

You will have a 12v DC supply going through a resistance box to control the current. In CL-117 today, I found that no more than 10 mA was needed, so your meter can be set for the 20 mA scale. Make sure you start with the maximum resistance in the box, so that the current will be least. From there you can gradually increase the current.  Try to make sure the apparatus is not close to iron in the room, as this will distort magnetic fields.

You are to determine the magnetic moment ( of the magnets, in A-m2, as precisely as possible. The other quantity you must determine is Beh, the horizontal component of the Earth's magnetic field, in tesla.

For a first estimate of Beh, use the coils to cancel it out. When you succeed, there will be no horizontal component of magnetic field at all, and the coil will not oscillate, it will just wander around. When you know how much coil current is needed, you can calculate Beh. But how good is this estimate?  It depends on the coil radius, the number of turns, and the current. 

From Eqs. (1) and (2) we can write

(3)
(2 = (2 (f )2 = (2(/T)2 = [ ((Beh + (oNi/(2r)]/Irot.      

Rewrite Eq. (3) so it is of the form  y = a x  + b.  Now you want to plot y vs. x and see if it is a straight line.  The directly measured quantities are period T of the magnet oscillation and the current i in the coils.  

In this equation, N = 200, 2r = mean coil diameter, (o is 4( x 10-7 N/A2, ( is the unknown magnetic moment and Irot is the rotational inertia of the suspended discs,


Irot = 1/4 M R2 + 1/12 ML2 ,

the moment of inertia of a solid disc of radius R and length L, about an axis passing through its cm and its diameter. R is either 3 mm or 9 mm (6 mm diameter or 12 mm diameter) and L is 6 mm (each magnet is 3 mm thick.

The mass of a pair of larger magnets is 11.33 g, and for a pair of the smaller ones it's 5.09 g.

The first gives a density of 7420 kg/m3, and the second gives 7501 kg/m3. This is smaller than the 7800 for iron, presumably due to the rare-earth elements present.

For the rotational inertia of the two magnet sizes you should calculate around 2.6 x 10-7 kg-m2 for the larger and 0.6 x 10-7 kg-m2 for the smaller.

Excel may only give one significant figure when it writes the equation of the trendline. If something like this happens, right-click on the trendline and do Format Data Labels, then go to the Number tab, and under Scientific select 3 decimal places. From the output of your graph, solve for the magnetic moment ( of your magnets ( the ( is for the pair of magnets).  The magnetization is the magnetic dipole moment per unit volume so you can divide by the volume of the magnets to determine the magnetization M in A/m. This should be some 800,000+ A/m.

Since the surface sheet current density Kb = Mx n^, M represents the magnitude of the circumferential surface bound sheet current density. And since each magnet is 3 mm thick, it effectively carries a circumferential total of 3 mm times M, in Amperes.

