APPM 2350 Exam 2 Summer 2026

1. [2350/062226 (15 pts)] Write the word TRUE or FALSE as appropriate. No work need be shown. No partial credit given. Please write
your answers in a two-column table (letter - answer) completely separate from any work you do to arrive at the answer.
y —x?

(a) The domain of the function f(z,y) = 1
—x

is the set of points {(m, ) ‘ y > xQ}.

(b) The tangent plane to the surface z = 22 + 2zy + 2y* — 62 + 8y at the point (10, —7) is horizontal.

0
©) If f(z,y) = em2+3y, x = /2 cosusin 2v,y = v/2sin 4u cos v, then a—f = 10e whenu =v = %
U

(d) The curve in the xy-plane corresponding to all points on the surface f(z,y) = 2% — 2x + 4y + 4 that are 19 units above the
zy-plane is a hyperbola.

22%y

—_ 0,0
(e) There is no real value of k that makes the function f(z,y) = ¢ 23 + ¢3 (@,y) #(0,0) continuous on its domain.

k (z,y) = (0,0)
(f) The instantaneous rate of change of z with respect to y at the point (1,0, 1), where 22 + 3% In z + €% — cosy + 3xyz = 1,is 1.

SOLUTION:

(a) FALSE The domain is {(x,y) ’y > a2 x # :l:l}.
(o) TRUE 2z, =2x +2y —6 = 2,(10,—7)=20—-14—-6=0and 2z, =2z + 4y +8 = 2,(10,—7) =20—-284+8=0

(¢) FALSE The chain rule gives

0f _0f0x  0f0y _ s

) _ 24 4 _ : : 243y
5 = B2 5u + 9y Ou (2x)(—V/2sinusin 20) + e (3)(4)V/2 cos 4u cos v

Wh =v=—,
enu=1v

x =/2cos (%) sin <247T> =1 and y=+2sin <4;T> cos (%) =0

Of _ 124300 in ™ ain 27 ) L o124300) AT s T
5y = ¢ (2)(1) \/§s1n4s1n 1 +e (3)(4) [ V2cos 1 98

= e(—2V2) <‘f) +e(12)V2(-1) (*f) = —14e

2
-1 2
(d) FALSE 22 — 27 +4y® + 4 = 19 is equivalent to (z — 1)2 + 4y? = 16 which is equivalent to (9”4) n (g) — 1 which is
an ellipse, a level curve of f(z,y).
(e) TRUE The domain of the function is R?. For all of R? except (0, 0), the function is a rational function and therefore continuous.

£(0,0) = k so the function is defined at (0, 0). However, the limit at (0, 0) fails to exist. To see this, approach the origin along
the line y = ma, where m is a real number. Then

) 222y ) 222 (mx) 2m
lim ——— = lim —
(2,9)—=(0,0) T3 + Y3 (z,m2)—(0,0) 23 + (mx)3 1+ m3

which is a different number for each value of m, implying the limit does not exist. We thus cannot find a &k to make the function
continuous at the origin, rendering it not continuous on its domain.

F, 2ylnz +siny + 3xz
(f) FALSE z, = —Fy =— T
z 3z + - + 3xy

so that z,(1,0,1) = —1



2. [2350/062226 (22 pts)] The centripetal acceleration (m/s?) of a particle moving in a circle is a(r,v) = V2 /7, where v is the velocity (m/s)
and 7 is the radius (m) of the circle.

(a) (10 pts) Suppose you measure the radius to be roughly 2 m and the velocity to be about 4 m/s with the error in the velocity
measurement assumed to be no more than one-tenth m/s. Use differentials to approximate the maximum error in the measurement
of the radius if the error in the acceleration cannot exceed 1.2 m/s>.

(b) (12pts) Let T (r, v) be the first degree Taylor polynomial of a(r, v) centered at (r,v) = (2,4).
i. (6 pts) Approximate a(1.8,4.2) by evaluating 77 (1.8,4.2).

ii. (6 pts) Find an appropriate upper bound on the error in 77 (r, v) assuming |r — 2| < 1l and |[v — 4| < 2.

SOLUTION:
(a)

0 0 2 2
—adr+—adv:—v—dr+7vdv

da or ov r2

Using the given information we have

42 2)(4
da:—2—2dr+7( >2( >dv:—4dr+4dv

|da| = | — 4dr + 4dv| < 4|dr| + 4]dv|
We want |da| < 1.2 when |dv| < 0.1, requiring
4ldr| +4(0.1) < 1.2
4|dr|+04 < 1.2
|dr| < 0.2

The radius has to be measured to within 0.2 m.

(b) The first degree Taylor polynomial centered at (2, 4) is T (r,v) = a(2,4) + a,(2,4)(r — 2) + a,(2,4)(v — 4).

v? 2v
a(2,4) =8 ar =—— = a,(2,4) = —4 Ay = — = ay(2,4) =4
T r

Ti(r,0) =8 —4(r —2) +4(v —4) = T1(1.8,4.2) =8 — 4(1.8 — 2) + 4(4.2 — 4) = 8 — 4(—0.2) + 4(0.2) = 9.6

202 2 2v
Qa. = —
TT r3 r r2

A bound on the error in the approximation is given by

M 2
1Bz, y)l < 5y (Ir = 2| + v —2])

We have
20?2 2 2v
Ary = 7"3 Ayy = ; Ary = *ﬁ
M {| ‘ ‘ ] |} 202 2 2v 202 2
= max {|a a a = max — 1, =, |—=| = max { ——, -, —=
Ir—z(<a WD TR RO re2i<a || 3 |7 || 12 1<r<s | 3 T 2

lo—a]<2 lo—4|<2 2<v<6

2(6)2 2 2(6)
= max{ BT [ max {72,2,12} =72

72
IBa,y)] < = (142)° = 324



3. [2350/062226 (26 pts)] You and a friend are hiking in an area whose elevation is described by z(z,y) = 1000 + 2* — 3zy — y>. When
you arrive at the point P given by (x,y) = (1, —1) your friend begins experiencing altitude sickness.

(a) (2pts) What is the elevation at point P?
(b) (8 pts) What is the slope of the mountain at point P in the direction of v =41i+ 3j?

(c) 8pts) Your friend knows that to address the altitude sickness she must must get to a lower elevation as quickly as possible. Give
a unit vector in the zy-plane showing the direction in which she should begin walking from point P to make this happen.

(d) (8 pts) Prior to your friend getting sick, you were walking along the path through P whose projection in the zy-plane is
r(t) = cos(nt) i+ (t — 1) j. What was your instantaneous rate of change of elevation with respect to time at P on this path?

SOLUTION:

(@) 2(1,—1) = 1000 + 13 — 3(1)(—1) — (—1)® = 1005

(b) We need the gradient of z and a unit vector u in the direction of v.
Ze =322 =3y = 2,(1,-1)=6
zy = =3z — 3y = 2,(1,-1) = —6
Vz(1,-1) =6i—6]

v 4i+3]j 4. 3.
U= —=——"=—i+—-]j

vl ve 32 5 05

dz 4 3 6
Dyz(1,-1) = — = 1.-D)-u=6i=-61-(-i+23i) ==
wz(1,—1) Is Vz(1,-1)-u= (6i—6j) (51+5J> :
(la_l)
. —-Vz(1,-1)
(c) The vector we seekisu = —————.
| = Vz(1, -1

~Vz(1,-1) = —6i+ 6

I = Va(1,-1)]| = V(=6)2 + 62 = 6v2

—-Vz(1,-1) 1 i
RSV AR

(d) You are at the point P when ¢ = 0. We have r'(t) = —7 sin(nt) i+ 3(t — 1)2j.

dz

5| = V- 1'(0) = (61— 6j) - [~msin(r-0)i+3(0 —1)%j] = —18

=0

4. [2350/062226 (17 pts)] You have thirty dollars to spend on A pounds of almonds and P pounds of peanuts at Nick and Nancy’s Nut Nook.
Peanuts cost seventy-five cents a pound and almonds are a dollar and a half per pound. The energy, measured in calories, you get
from eating the nuts is given by the function f(A, P) = 3A'/2P3/2, Hint: Using fractions of dollars rather than decimals will help
simplify the algebra.

(a) (15 pts) Use Lagrange Multipliers to determine how many pounds of each type of nut you should buy in order to maximize the
energy you get from eating them.

(b) 2 pts) What is the maximum value of energy you can get from eating the nuts? You do not have to simplify your answer.

SOLUTION:



(a) The objective function to be maximized is f(A, P) = 3A'/2P3/2 and the constraint is determined by the amount of money we
can spend g(A4, P) = A+ 3P = 30. We have

3 3
— fA_1/2P3/2 _ 2
fa 2 ga 5
9 3
_ *A1/2P1/2 2
fr 2 ap 1
Lagrange equations
3 3
51471/2133/2 _ 5/\ — N = A1/2p3/2 )
9 1/2 pl/2 3 1/2 p1/2
§A P :ZA:)\ZGA P 2)
3 3
—A+-P=
2 +4 30 3)

Equating (1) and (2) and using the result in (3) gives
ATY2p32 — AV2PY2 — P =6A

3 3
§A+Z(6A):30 = 64=30 = A=5 = P=30
You should buy 5 pounds of almonds and 30 pounds of peanuts.

Based on the problem, A and P are nonnegative numbers so the constraint is a closed, bounded set (a line segment in the
first quadrant). Consequently, the maximum could occur at the boundary of the set, namely the endpoints of the line segment.
However, at these endpoints either A or P is zero giving a value of zero for the objective function, implying that the value at the
critical point found above is indeed a maximum.

() £(5,30) = 3v/5(303/2) = (3)30v/30/5 = (3)(30)(5)v/6 = 4501/6 calories

5. [2350/062226 (20 pts)] A gold coin covers the region 22 + y? < 25 in the 2y-plane where the electric charge is given by
qlz,y) = 2° + 29> — 2’y -3
(a) (15 pts) Are there any relative/local extreme values of charge on the coin? If so, find them. If not, explain why not.
(b) (5 pts) Without performing any calculations, could the charge on the boundary of the coin be higher and/or lower than any of the
values you found in part (a)? Explain briefly.
SOLUTION:
(a) We need to find the critical points of g(x, y) on the disk and apply the Second Derivatives Test to those points.
gz =20 —2zy=2x(l-y)=0 = 2=0,y=1 ()]
gy =4y — 1" =0 ®)

If x = 0in (4), then (5) requires y = 0 giving (0, 0) as a critical point. If y = 1 in (4), (5) yields x = £2 giving (2,1) and
(—2,1) as critical points.

Qee = 2 — 2y
Qyy =4
Quy = —2x

D(z,y) = QrxQyy — Qiy =4(2-2y) - 4a?

Applying the second derivatives test at the critical points gives
D(0,0) =4(2—-0) —0=8>0and ¢,,(0,0) >0 = ¢(0,0) = —3 is a relative minimum
D(£2,1) =4(0) — 16 < 0 = (+£2,1) are saddle points

The relative minimum charge on the disk is ¢(0,0) = —3. There is no relative maximum charge on the disk.



(b) Yes. q(z,y) is throughout the coin since it is a polynomial and the coin is a | closed, bounded set | The

‘ Extreme Value Theorem ‘ applies and guarantees that g(x, y) will attain a maximum and minimum on the coin, either at interior
critical points or on the boundary. The minimum charge could be less than —3, and the maximum charge will definitely occur
on the boundary since there is no relative maximum charge in the interior.




