11.6, Directional Derivatives and the Gradient Vector « =+ « «

1. First we draw a line passing through Raleigh and the eye of the hurricane. We can approximate the directional
derivative at Raleigh in the direction of the eye of the hurricane by the average rate of change of pressure between
the points where this line intersects the contour lines closest to Raleigh, In the direction of the eye of the hurricane,
the pressure changes from 996 millibars to 092 millibars. We estimate the distance between these two points to be
approximately 40 miles, so the rate of change of pressure in the direction given is approximately

992 2998 == 0.1 millibar/mi.
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16. Do f(2,2) = V£(2,2) - u, the scalar projection of ¥V f(2,2) onto u, so we draw a perpendicular from the tip of
V£(2,2) to the line containing u. We can use the point (2, 2} to determine the scale of the axes, and we estimate
the length of the projection to be approximately 3.0 units. Since the angle between V f(2, 2) and u is greater than
90°, the scalar projection is negative, Thus Dy, f(2,2) = ~3.
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" 44 Since V f(20, 0, 20) = {20, 40, 620) and (3, —1, 3) are both normal vectors to the SUrtace at (o, Yo, 20), W

need (220, 4y0,620) = ¢ (3,—1,3) or (2a, 20, 320) = k(3,~1,3). Thus zo = 3k, yo = ~3k and zo = k. But
i+ +38 =1or (941 +3)k* =150k = +2 and there are two such points: (:{:2_\5&2‘3 Fia :t—‘?).
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47. Let (20, o, z0) be a point on the surface. Then an equation of the tangent plane at the point is
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4 L 4 ~Ee = /0. The z-; y-, and z-intercepts are /czo, /o and \/Czo vespectively. The z-intercept
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is found by setting y = z = 0 and solving the resulting equation for z, and the y- and z-intercepts are found
similarly.) So the sum of the intercepts is Ve(v/ao + Yo + Vo ) = ¢, a constant.

88. Let (20,30, 20) be a point on the sphere. Then the normal line is given py Lo 20 YW 272 Forthe
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center (0,0,0) to be on the line, we need %% 2yo 220



