Figure 7-17. Conducting sheet
carrying a current density of A
amperes per meter. Since

V-B = 0, the normal component
of B is the same on both sides
of the sheet. According to the
circuital law, however, the
tangential component is not
conserved and a line of B is
deflected in the direction shown.
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Figure 7-18. A short solenoid.

arerefracted in passing through the sheet by proceeding as in Section
4.1.2. Since the divergence of B is zero, the normal component of B
is conserved:

B, = By, (7-90)

Also, if we apply Ampere’s circuital law to a path of length L that
is perpendicular to the sheet as in Figure 4-2,

ByL — Bu,L = pohL, (7-91)

By, = le - IJ'0>\- (7'92)

The line of force is therefore rotated in the clockwise direction for
an observer looking in the direction of the vector A.

We could have arrived at this result in another way. The mag-
netic induction B is due to the current sheet itself and the other cur-
rents flowing elsewhere in the system. According to Ampere’s cir-
cuital law, the current sheet produces just below itself in Figure
7-17a B that is directed to the left and whose magnitude is HoN/2.
Similarly, the B just above the sheet is directed to the right and has
the same magnitude. If we add this field to that of the other currents,
we see that the tangential components of B must differ as above.

THE SHORT SOLENOID

We can calculate B on the axis of a short solenoid by summing the
contributions of the individual turns, using Eq. 7-19. If the length
of the solenoid is / and if its radius is @, the magnetic induction at

the center is
) T2 NI dn
~ 2 —12 (@ + 9%
ueN'I sin O, (7-94)

as in Figure 7-18. We have assumed that the solenoid is close wound.
For a long solenoid 6§, — /2, and B — uN'I, as in the example
on page 315. :

(7-93)




Figure 7-19. Lines of B for a solenoid whose length is equal to twice
its diameter.

At one end, again on the axis,

sin 0,
2

The magnetic induction thus decreases at both ends of the
solenoid, and this is of course due to the fact that the lines of B flare
out as in Figure 7-19.

Upon crossing the current sheet, the radial component of B
remains unchanged, but the axial component changes both its mag-
nitude and its sign. For example, the axial component in the upper
left-hand side of the solenoid in Figure 7-19 changes from, say,
—0.9 NI to +0.1 ueN'I, since the surface current density A is N'I.

B = uN'I (7-95)
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