SECTION 14.6 DIRECTIONAL DERIVATIVES AND THE GRADIENT VECTOR

Exercises
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1. Level curves for barometric pressure (in millibars) are shown
for 6:00 AM on November 10, 1998. A deep low with pressure
972 mb is moving over northeast Iowa. The distance along the
red line from K (Kearney, Nebraska) to S (Sioux City, Iowa) is
300 km. Estimate the value of the directional derivative of the
pressure function at Kearney in the direction of Sioux City.
What are the units of the directional derivative?

2. The contour map shows the average maximum temperature for
November 2004 (in °C). Estimate the value of the directional
derivative of this temperature function at Dubbo, New South
Wales, in the direction of Sydney. What are the units?
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3. A table of values for the wind-chill index W = (T, v) is given
in Exercise 3 on page 911. Use the table to estimate the value
of Dy f(—20, 30), where u = (i + j)/+/2.

4-6 Find the directional derivative of S at the given point in the
direction indicated by the angle 6.

L fley) =x*+x%, (1, 1), 6= /6

5. f(x,y) = ye™, (0,4), 6=2m/3

6. f(x,y) = e*cosy, (0,0), 6= /4
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% Graphing calculator or computer required

7-10

(a) Find the gradient of f.

(b) Evaluate the gradient at the point P.

(c) Find the rate of change of f at P in the direction of the
vector u.

1 f(x,y) = sin(2x + 3y), P(=6,4), u= %(\/51 — j)
8 f(ey) =yx, P(1,2), u=1}(2i+ 5}
9 f(x,y,2) =x%z — xyz%, PQ2,-1,1), u= (0, - —§>

0. f(x,5,2) =y, P0,1,-1), u=(3,% 2)

11-17 Find the directional derivative of the function at the given
point in the direction of the vector v.

1. f(x,y) = e*siny, (0,7/3), v= (—6,8)

12, f(x,y) = ——=

X +y

= (1,2), v=(3,5)

1B.9(p.g) =p* - p¢’, (2,1), v=i+3j

. g(r,s) = tan”'(rs), (1,2), v=5i+ 10j

15. f(x,y,2) = xe’ + ye* + ze*, (0,0,0), v= (5,1, -2)
6. f(x,y,2) = Vayz, (3,2,6), v=(—1,-22)

17. h(r,s,8) =InGr + 65 + 99, (1,1,1), v=4i+ 12j + 6k

18. Use the figure to estimate D, f(2, 2).
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19. Find the directional derivative of f(x,y) = Vxy at P(2, 8) in
the direction of Q(3, 4).

20. Find the directional derivative of f(x, y, z) = xy + yz + zx at
P(1, —1, 3) in the direction of Q(2, 4, 5).

21-26 Find the maximum rate of change of f at the given point and

the direction in which it occurs.

2. f(x,y) =4yVx, @41

22, f(s, 1) = te”, (0,2)

23. f(x,y) = sin(xy), (1,0)

24 f(x,y,2) = (x + y)/z, (1,1,-1)

5. floy2) =VxT+y 427, (3,6,-2)

2. f(p, q, r) = arctan(pgr), (1,2,1)

1. Homework Hints available at stewartcalculus.com



