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Problem 1 (10 points).

A model for the surface area of a human body is given by S(w,h) = 0.1091w%4?°h0725  where w is the
weight (in pounds), h is the height (in inches), and S is measured in square feet. If the errors in measurement
of w and h are at most 2%, use differentials to estimate the maximum percentage error in the calculated
surface area.

S(1.02wg, 1.02hg) ~ S(wo, ho) + S., (wo, ho) - (0.02hg) + S, (wo, ho) - (0.02h0)

AS 2 (0.425 - 0.1091w] "5~ AJT5) . (0.02wp) + (0.725 - 0.1091wd 2 h)™571) . (0.02h¢)

A
?S ~ 0.02 - (0.425 + 0.725) = 2.3%

Problem 2 (20 points).

Find the indicated partial derivatives
a) f(z,y) = 2'y* = 2%y; fowas Fyyy
fozz = 24zy® — 6y and Jaye = 2422y — 6z
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Problem 3 (20 points).

Verify that the given function is a solution to the specified differential equation
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Problem 4 (20 points).

Use the Chain Rule to find the indicated partial derivatives

4 2 2
a) z=a"+x°y, x = s+ 2t — u, y = stu®; e uwhens— ,t=2,u=1

0 _ 0208 L 20U _ (4t 4 2y)(1) + (o) (1)

9s 0z 0s 0y os

9z =4-7342-8-74+7%.2=1582
ds (s,tu)=(4,2,1)
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it —2(4-7%+2-8-7)+ (T2)(4) = 3164
ot (s,t,u)=(4,2,1)

90~ 9x0u  oyou ~ T2 (D) + (@) (2sty)
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= —(4-7+2-8-7) + (7%)(64) = 1652
(s,t,u)=(4,2,1)
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b) w=axy+yz+ zzx, x = rcos(f), y = rsin(d), z = ro; 3 50 when r =2, 0 = 5
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or _ Or or + 5= dy or + 5 9% or = (y+ 2)(cosf) + (x + 2)(sinb) + (z + y)(0)
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0
a%} =24 m)(=2)+ (0+7)(0)+ (0+2)(2) = —27
(r,0)=(2,7/2)

Problem 5 (20 points).

For the following function f evaluate the gradient of f at the given point P and compute the directional
derivative of f at P in the direction of the specified vector v. What is the maximum rate of change of f
at P in the direction in which it occurs?

a) f(z,y) = e"sin(y); P = (0,5), v={-6,8}

T T ™ \/g 1
Vi (w,y) = (" sin(y),” cos(y) = Vf(0.5) = {2,2}

_ 4 4 —
Take unit vector u = v _ {-6,8} = {—3, } — Vf (O, f) = 3v3
||| 36 + 64

b) f(ar,y) =2t — x2y3; P = (27 1)7 v = {173}

Vi(z,y) = (423 — 2293, —32%y?) = Vf(1,3) = {-50, —27}

: v {1,3} { 1 3 } 131
Take unit vector u = = = , = V.f(1,3) = ——=
Vi~ Vo \ Vo' vio f.3) = =75

) f(z,y,2) = xe? +ye* + ze"; P = (0,0,0), v ={5,1, -2}

Vi(z,y,z) = (e +ye* + ze®, xe¥ + e* + ze®, xe¥ + ye® + ) = Vf(0,0,0) = {1,1,1}

. v {5,1, -2} { 5 1 } 4
Take unit vector u = — = = — (0,0,0 —_—
vl ~ V25 +1+4 V30 V30 V30 Vvl )= V30
d) f(z,y,z) =In(3x + 6y +9z); P = (1,1,1), v = {4,12,6}
3 6 9 12 3
\Y , = Vf(1,1,1)=<~=, -, -
@y, 2) = <3x+6y+9z 3x + 6y + 92’ 3x+6y+9z) ul ) {6 6 6}

Take unit vector u =

v {4,12,6} _{2 6 3}

- - Ry R Vv 171’1 = —
VIl ~ V6t idd+36 \7 77 J(1,11)



Problem 6 (10 points).

Assume that f = f(x,y) has continuous second-order partial derivatives. If z = e® cos(t) and y = e®sin(¢),
show that

faw + Fyy = €2 (fos + fur)
fs = fas + fyys = far + fyy
Jos = fsa®s + fsy¥s = (fsx)x + (fsy)y = (froa® + fo + fyay + fy¥a)T + (foy® + foxy + [y + fy)y
fo = fazi + fyye = fyz — fay
fi = frete + fryye = (fyyx + fyxy — fayy — fo)T — (fya2 + fy — foxl — fo¥e)y
fss = Fea®® + fo + fyuty + fyye + foyty + oy + fyuy” + fyy
fit = Fyy®® + fyrwy — foyry — for — fyoty — fyy + feay® + fayay
cae=yys=zand 1 = —y,y =T = fos + fu = foa® + faxt” + Fu2® 4 oy = € (fos + f1r)

o et fyy = e 2 (fss + fir)



