PC10372, Mathematics 2
Example Sheet 4 Solutions

1) a) The product rule shows that
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and similarly for the partials w.r.ty andz. So
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By the quotient rule

and similarly for the partials w.r.ty andz. So
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b) fV is a vector operator where&5f is a the gradient of the field and is a vector field.
2)a)z =2 —x —y. Defineg(z,y,z) =2 —x —y — z = 0. The vectorVg is normal to any surface of
constanty. So

_ 09 dg.  0Og
Vg = Iz +0y +8k
= —-i—-j—-k

R —1
n = 31/2(—|—J—|—k)

(b) Defineg(x,y, z) = z — (1 — 2?)Y/2 = 0,
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This result can be seen by inspectign= 0 — z = (1 — 22)/? s022 + 2> = 1 which is a unit circle in the
(x, z) plane. The normal to this circle is a radial unit veatan the (z, z) plane,r = zi + k.

(c) Defineg(z,y, 2) = (22 +y*)Y2 — 2 =0
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(d) Defineg(z,y) =2 +y* — 2 =0
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3) The inverse rotation is just a rotation by anglé, so
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The chain rule gives
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showing that the operator transforms in the same waé %s) which demonstrates that f is indeed a
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vector quantity.



