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Problem Sheet 1

1. If A is a constant vector field, calculate the gradients of the following scalar fields:

(1) A- r,
(i) 7,
(i) r-V(z+y+2),

where r = zi + yj + zk and r = |r|.

2. If ¢ = 2%y + 2%z and P is the point (1,1,2), find the directional derivative of ¢ at P in the direction
(1,2,3).

3. If ¢ = ¢(r) with r = zi + yj + zk and = = z(t),y = y(¢), 2 = 2(¢), show that

dp _

Verify this relation for ¢ as given in Q2 and (z,y, z) = (cost,sint,t).
Further, if ¢ = ¢(g(t)) with g = g11 + g2j + gsk, show that

d¢ _

dr gl(t) : vg¢-

— s 0 s 0 9
Where Vg = 18791 +']87(]2 +k871]3

4. Find the equations of the tangent planes to the following surfaces at the points indicated

(i) a?+22—22—-8=0at(1,2,1),
(i) 2z = 32%ysin(rz/2) at z =1,y = 1.

5. If ¢ = xr?,r = i + yj + 2k and f(r) is an arbitrary function of r = |r| , evaluate:

(i) Vo,
(i) div (gr),
(i) curl (f(r)r).

6. If u = 22i,v = zi + yj + zk and ¢ = |v|*, verify the identities

(i) diviuxv)=v-curlu—u-curlv,
(i) div(¢u) = (V) - u+ ydivu.

7. Use tensor notation and the relation €;jr€im = 0;10km — djmdr to establish the following vector
identities:

(i) (axb)-(axb)=(a-a)(b-b)—(a-b)?

(ii)) (axb)-(exd)=(a-c)(b-d)—(b-c)(a-d),

(iii) (axb)x(cxd)=((axb)-d))c—((axb)-c)d,
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. Simplify the following expressions:

l) 5”'8331'/858]',

1) 5ij§ikle‘k7

l) 5@'82(1)/(91'7;81']',

iV) 6ij§jk6ki7

v sijm/@xi (6Ak/8xj) .

. Use tensor notation to prove the following identities:

(i)  curl (pA) = pcurlA + Vo x A,
(ii) div(AxB)=B-curl A — A -curl B,
(i) A x curlA = 1V(|A]) — (A - V)A.

Sheet 1 Answers

- (1) A; (i) nr 2y (iil) i+j + k.

. 20/+/14.

. dp/dt = cos®t — 2costsin®t + 2t cost — t?sint.

() v +4y—2=8; (ii) 62+ 3y — 2z = 6.

(1) (322 + 9% + 22)i + 2xyj + 222k; (i) 62r?; (iii) zero.

. (1) 3; (i) r%; (iil) 0%¢/02% + 02¢/0x3 + 0%¢/0x3; (iv) 3; (V) zero.



