




















Analytic calculations for Problem 4 - 8

Using the hints that I handed out in class Wednesday Sept 25,

the interaction potential energy of the two magnets is
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The force on the upper magnet (M2) is Fz e� z where

Fz = – 	U
	�

 

= 1
2

 �0 M0 a
2dz1 �0

2 �
 d�1 cos�1  �

-L

0
 dz1

      { [ (z1 – L – �)2 +2a2(1–cos� 1) ]-1/2

          – [  (z1 – �)2 +2a2(1–cos�1) ]-1/2 }

Evaluation of the z integrals

The result is

Fz = – 1
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where q2 = 2 a2 (1–cos�1).

Now do the �1 integrations.

The force on the upper magnet (M2)  is

Fz(�) = – 1/2 �0 M0 a2  � 0
2 � d�1 cos�1 { 2*  Z(L+�) – Z(�) – Z(2L+�) }

where Z (�) = ArcTanh� �

q2+�2
� and q2 = 2 a2 (1 - cos(�1) ).

From now on set �0 M0 = 1.



In[1]:= F[�1_] = ArcTanh�� � Sqrt��2 + 2a^2 * (1 - Cos[�1])��;

temp = Integrate[Cos[�1] * F[�1], �1];

basicI = -(a^2 / 2) * ((temp /. {�1� 2Pi}) - (temp /. {�1 � 0}));

basicI = basicI // Expand // PowerExpand // FullSimplify
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In[5]:= G[�_] = basicI /. {� � �}

force[�_] = 2 * G[L + �] - G[�] - G[2L + �];

nforce[�_] = force[�] /. {a � 1, L � 2};

Plot[nforce[�], {�, 0, 4},

Frame � True, FrameLabel � {"�", "Fz(�) ; a=1, L=2"},

BaseStyle � {18}, AspectRatio � 1, ImageSize � Medium] // Rasterize
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