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4. Let F(x,y,z) = xycos(yz) be a function. It is clear that F' is defined and
differentiable everywhere with:

% = ycos(yz)
B—ch = zcos(yz) — xyzsin(yz),
% = —zy*sin(yz).

Hence the gradient of F is given by

VE(x,y,2) =ycos(yz)i + (zcos(yz) — zyzsin(yz))j — vy*sin(y2)k.

8. Let F(x,y,2) = In(z* + y* + 2?) be a function. F is defined and differen-
tiable except at (0,0,0) with:

of _ 2z
O~ x?4y?+22
of 2y
8:!/ - a:2+y2+22’
of __ 2z
0z~ x2+4y?4z2C
Hence we get for all (z,y,z) # (0,0,0)

2x . 2y ) 2z
= i+ j+ k.
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VFE(x,y,z)

and in particular

8. 6. 10 4 3. 1
F(—4.35) = —— i+ i+ ke ——i+ i+ k.
VI(=4,3,5) = =i+ =5 + 5 55 T30 T 5



10. Let f(z,y) = 3z—y? be a function. We would like to find D, f(z, y)-using
Definition 9.5-, where u is the unit vector

u = cos(m/4)i + sin(m/4)j = £ + g

D.f(z,y) = o JE PRy 12 — [ y)

h—0 h
o 3@ E) = (P - Bty
h—0 h
. —hyv2 -1
= lim
h—0 h

V2 ho V2
hli% 2 y\/_ 2 2 y\/_

14. Let f(z,y) = ;7 be a function. We would like to find D, f(z,y), where
u is the vector u = 61 4 8j. Since u is not a unit vector we have

Duf(z,y) =V f(z,y). 7 H T

Now
2 2
v 2
Vf 1+ ]
.y = T T
Vf(2,-1)=1i+4j
1 1 3. 4
61+ 8j) = 2i+ —j.
ul] \/36+64( i) =it
Hence
3. 4 19
Duf(2,—1) = (i+4j).(2i+ =j) = —.
f( )=(i+ J)(51+5J) i



22. Let f(z,y) = 2* — 52y + y* be a function and let IT be the plane that
passes through the points P(1,1) and Q(—1,6) and is perpendicular to the
xy—plane. The slope of the tangent line at the point (1,1, —3) to the curve
C' obtained as the intersection of the plane IT and the graph z = f(z,y) of
the function f in the direction of 67)3 is given by the directional derivative
D, f(1,1), where u is the vector u = @5 = 2i — bj. Since u is not a unit
vector we have

Duf(x,y) =V f(2,y). || T

Now

1 1 (2 - 53) 2 . 5
i = —l—- —
|| V4 +25 . 29 29"

Hence the slope

Dy f(1,1) = (=2i = 3j).(

30. The function F(z,y,z) = ln( > decreases most rapidly at the point

(%, é, —) in the direction of the vector —VF(Q, 6 5).
Now
1 1 1
VF(I,y,Z):—i+—j——k
x Yy oz
111
VF(=,=-,-)=2i+6j — 3k.
(3:53) =2+0

F' decreases most rapidly at (%, %, %

3k. The minimum rate is given by

= —ViT3679= v =-7

) in the direction of the vector —2i — 6j+
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