Solutions to the “QUIZ” for Sept. 28, 2009

1. Find the directional derivative of the function f(z,y,z) = xy%2% at the point (2,1,1) in the
direction (2, —1,—1).

Solution: We first find the gradient v/ f.
Vf:<fxa fy7 fZ>
Since f, = y223, f, = 2zy23, f. = 3xy?z?, we have

V= (y?2?, 22y2®, 3wy?2?)

Next we plug-in the point (2,1,1), i.e. plug-in x =2,y =1,z = 1.
vf=(1%2-1%,2.2.1-13,3.2-12.12) = (1,4, 6)

Next we have to find the unit-vector in the given direction (2, —1, —1). Take the magnitude:
12,1, ~1)[| = V22 + (-1)> + (-1)2 = V6
To get the unit vector u you divide by the magnitude:
(2,—-1,-1)
V6

Finally, the directional derivative is v/ f - u, giving
(2,-1,-1) 1-2+4-(-1)+6-(-1) -8  8/6 46
V6 V6 V6 6 3

(1,4,6)

Ans.: —4—‘?{6.

2. Find the maximum rate of change of f(x,y) = 2% + y3 at the point (2,1) and the direction in
which it occurs.

Sol. We first find the gradient \/f = ( fs, fy ). Since f. = 2z, f, = 3y?, we have
Vf=(2z,3y*)
Now plug-in z = 2,y = 1 getting:
vf=1(2-2,3-1%)=(4,3)
The maximum rate of change is the magnitude
7 [l =11(4,3)]| = V42 +32 = V25 =5

The direction in which it occurs is the unit vector along the direction of the gradient:
vf o _(4,3) /43

Ivfl 5 (55
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Note: If you wrote that it occurs in the direction (4, 3) that’s correct too, but it is nice to give

Ans.: The maximum rate of change is 5 and it occurs in the direction (

the unit direction.



