AMPERE’s LAW
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Fig. 16-42. Elementary path to evaluate
Ampere’s law in differential form.

Since we know that Ampere’s law can be applied to a path of any shape, let us
apply it to a very small or infinitesimal rectangular path PQRS in the X Y-plane,
having sides dz and dy and an area dx dy (Fig. 16-42). The sense of circulation
around PQRS is as indicated by the arrows. The circulation Ag consists of four
terms, one for each side; that 1s,

A(B - %PQRS S [PQ T fQR + ./RS + _/‘SP. (1672)

Now along the path QR, which is oriented parallel to the +Y-direction, dl =
u, dy and
®-dl = ® - u,dy = By dy.

QR
Similarly, for side SP, which is oriented in the — Y-direction, dl = —uy dy, and
thus
®-dl = —® -u,dy = —®ydy,
SP
so that

/QR + .[SP = (@ — Gy dy.

But, since PQ = dz, B, — &, = d& = (0®,/0x) dz. Therefore

o®
- / = ——Ydx dy.
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