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To receive full credit you must show all your work. If you run out of room for
an answer, continue on the back of the page.

This exam has 5 questions, for a total of 50 points.
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1. (a) (10 points) Find the intersection point P of the line r(t) = (1 + 2¢,1 — ¢, ¢) and the
plane II given by the equation x + 2y — z = 1.

At the point of intersection, we have:
(1+26)+2(1—t)—t=1 = t=2.

Therefore the intersection point is (5, —1,2).

(b) Is the line r perpendicular to the plane 117 Why?

No. Because the normal vector to the plane (1,2, —1) is not parallel to the vector
(2,—1,1) which is paralle to the line r.

(¢) Find the equation of the line passing through the intersection point P above that
is perpendicular to the plane II.

1(t) = (5,—1,2) +t(1,2,—1).
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2. (a) (10 points) Find the equation of the tangent line to the parametric curve
r(t) = (e"?, cos(mt), t — 1)
at the point (1,1,1).
Ifr(t) =(1,1,1) then t = 2.
r'(t) = (e'?, —msin(nt), 1)

r'(2) = (1,0,1)
Therefore, the equation of the tangent line at the point (1,1, 1) is:

(1,1,1) + ¢ (1,0,1)

(b) Find the equation of the tangent plane to the graph of the function

flz,y) = (zy +2°)?

at the point (1,0, 1).

fo = 2(zy +2*)(y + 2) = fu(1,0) = 4.
fy = 2(zy + 2°)(x) —  f,(1,0)=2.

The equation of the tangent plane is:
z—1=4(x—1)+2(y —0).

or
dor + 2y — 2z = 3.

Page 3 of 6 Please go on to the next page. ..



Math 210Q University of Connecticut Fall 2006
Yy

3. (15 points) Car A is traveling north on Highway 16 and car B is traveling west on
Highway 83. Each car is approaching the intersection of these Highways. Car A is
0.3 km from the intersection and is moving at QOkTm while car B is 0.4 km from the
intersection and is moving 80%”. How fast is the distance between the cars changing at
that moment?

Let 16

d be the distance between car A and car B 83 B

x be the distance from car B to the intersection
y be the distance from car A to the intersection

We have )
d= /72t o Distance
A
The chain rule states:
0d _ od ox  9d oy
ot Ox ot Oy ot
We also know:
ox ox
x =04, y = 0.3, 5 80, BT 90
od B 2x B A 4
or 2 /22+ty? V16+9 5
@ B 2y B 3 3
dy 222 +y2 V16+.9 5
Therefore
od 4

3
= (= Z(—90) = —118.
o = (=80) + =(=90) 8
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4. (a) (15 points) Find and classify all the critical points of the function
fl@,y) =2* +y* - 3uy.

First we find the critical points:

fo=30"-3y=0 = a*=y (1)
fu=3Y-32=0 = ¢y’ =2

From equations (1) and (2) we get
t=r = z(@*-1)=0 = 2=0 or =1

If z = 0 then y = 0 therefore (0,0) is a critical point.
If x =1 then y = 1 therefore (1, 1) is a critical point.

To classify the type of these critical points, note that:

fmc:6x> fyy:6ya fxy:_3 and A:fxxfyy_(fxy)2:36xy_9'

At the critical point (1,1) A=27>0 foo =6>0

(1,1) is a local mimimum.

At the critical point (0,0) A=-9<0
(0,0) is a saddle point.

(b) Based on your answers above, which of the following could be the graph of the
function f? Why?

)
9

il
Wil

X

It is the only one with one local minimum and one saddle point.
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5. Extra Credit: Find the maximum and the minimum of
fla,y) =a® =y,
over the region D = {(x,y) | 2* +y*> < 1}.
First we find the inside the domain D.
fe=2r=0 — x=0.

fy="2y=0 = y=0.
The point (0,0) is the only critical point.
Let g(x,y) = 2* + y*. The maximum on the boundary is at a point where V f = kVg.

Vf= {2z, -2y, Vg = (2x,2y)

2x = 2kx
Vf=kVg = 2y = —2ky

From 2z = 2kx we deduce that either z =0 or £ = 1.

Ifzx=0 then 0*+¢y?=1 = y==£1.

Ifk=1 then 2y=-2y — y=0 — x==l1.

Therefore, we have to check the point (1—,0), (1,0), (0,—1) and (0,1) in the boundary

f£(0,0) =0
f(=1,0)=1

f(1,0) =1
f(0,-1)= -1

f(0,1) =—1

The global maximum is 1 which occurs at points (—1,0) and (1, 0).

The global maximum is —1 which occurs at points (0, —1) and (0, 1).
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