Physics 106¢ — Problem Set 1 — Solutions

April 26, 2012

Problem 1
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With charge conservation and Maxwell equation, we can write down VxK = ad[;“" + 8Ky =0 and

VE =0 and introduce ¢ here.
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Plug K, and K, into the VE = V(pK) = 0 and one will get V¢2 = 0. The boundary condition
(as in the figure) can be obtained by I = foaK +dy. The problem is solved in last term HW2. After

some algebra, the ¢ can be solved as the following. For § <y <a
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So the voltage V.4 = fObEw dz is
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and the resistance R equals
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The figure below is the plot of R.d vs b/a. In the limit b/a — 00, Req — p2 22 > nodiz = P =
pb/a.
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Problem 2

To determine the boundary condition for ¢, one can start from the boundary condition of K. (i)
K,(0,y) = Ky(L,y) =0, for y # 0, y € [L/2,—L/2]. (ii) y(x,L/2) = Ky(x,—L/2) = 0, for
x € [0,L]. (iii) [ = fLﬁQ K,dy. With K, = ‘?—‘b and Ky, = d , one can set ¢ = 0 in upper plane
and ¢ = I in lower plane.
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Since there’s no time-varying B field, and F, = p. Ky, Ey = pyy Ky, one will get
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Here we can rescale the ¢/ = , /%y = ny. From Problem 1, we can immediate have the ¢ which
is.
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The potential differences Vop and R are
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When pz = 1, pyy = 0.2, Ry = 0.802658, In another case, p;, = 0.2, p,, = 1, Ry = 0.0340057.
So there is a difference between Ry/Rz, pl,/p2, and p;y / pzy. For the first case (the left figure),
since py, is larger than p,, current wants to flow to y direction more than in the second case( the
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right figure). So the current which entered in plate goes longer path, and as a result effectively it
feels more resistance. Therefore, considering such phenomena, R /R is bigger than pl,/p2, which
we just consider z-direction.




Problem 3
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G must vanish .



Problem 4

1 free spaw |, we have
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