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Prablesa 5.33 Show that the magnetic field of a dipole can be written in coondinare-free form:

Byp(r) = -1[31- P — ). ‘ (58M

i

(r.0.9) is |
Age(D) = ——y"' 74 (589)’
‘and hence

lq,[r}mVxA———;llmwi‘é-smaéj (5.86)
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] ~Problem have occurred to you that since paralicl currents attract, the current within
1 singje wire should contract into & tiny concentrated stream along the axis. Yet in practice the
curront typically distributes itself quite uniformiy over the wire, How do you account for this?
Eﬂnpﬂdﬁwchrgu(&nnlyﬁ)mamandthewwmemnyp_)mat
speed v (and none of these depends on the distance from the axis), show that p.. = —p4y2,
where y = I/Jl-(u/c)zmdcz 1/ugeg. I the wire as 2 whole is neutral, where is
the compensating charge located?!6 {Notice that for typical velocitics (sce Prob. 5.19) the
—¥ two charge densities are cssentially unchanged by the cusrent (since y = 1). In plasmas,
however, where the positive charges are aiso froe to move, this so-called pinch offect can be
very significant ] '

!

C@AF\ @XW& chon vt Qasry s 208 (o o okl M Coin .,

= _Fies + WPt wear QAer Previds aa

Afrnckive £ Aeid Jre vt
Y rTutr  Cow e o at Cesnie .. .

?Zw cmvle ﬁ fuf Mm& qz@f

a',_

z/f& S

- k-

——— F)-
g Cbriwee T3 oFo.

s B5 it p 3 Bt gy I

| + L— /—i 4—r - ——r‘—# Zl,ﬂ p;.pq/p L W fm@(‘ ; O ek



Problem 5.39 A current / flows to the right through a rectangular bar of conducting material,
in the presence of a uniform magnetic field B pointing out of the page (Fig. 5.56).

(a) If the moving charges are positive, in which direction are they deflected by the magnetic
field? This deflection results in an accumulation of charge on the upper and lower surfaces of |
the bar, which in tum produces an electric force to counteract the magnetic one. Equilibrium ‘
occurs when the two exactly cancel. {This phenomenon is known as the Hall effect.) J

(b} Find the resulting potential difference (the Hall voltage) between the top and bottom of
the bar, in terms of B, v (the speed of the charges}, and the relévant dimensions of the bar.17

(c) How would your analysis change if the moving charges were negative? [The Hall effect is
the classic way of determining the sign of the mobile charge carriers in a material.]
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