Multiple Choice

1.(6 pts) Let a= (1,2,0 ), b= (3,1, —1), and let ¢ = proj,b be the vector projection of
b onto a. Which one of the following vectors is orthogonal to b — ¢?

(a) <O71> 1) (b) <27 17—1> (C) <1’2’O>
(d) (2,1,0) (e) (1,0,1)

2.(6 pts) Find the radius of the sphere given by the equation
2>+ 4+ 22— 6+ 424+ 7=10.

(a) 3 (b) 9 (c) —4 (d) 2 (e) 4

3.(6 pts) A particle moves with the position function r(t) = (¢, —t,2). Find the normal
component of acceleration.

2
\/ﬁ (b) anN = 4t (C) anN = 2

4t
— () ay=VIT®

(a)

(d) an
4.(6 pts) Find the volume of the parallelepiped determined by the vectors a = (1,2, 2),
b =(3,2,2), and ¢ = (7,3, 1).

(a) —4 (b) 8 (c) 3 (d) -8 (e) 4

5.(6 pts) Where does the line with parametric equations

r=—1+3t y=2-—2t z=3+t
intersect the plane 3z +y — 42 = —47

(a)  they do not intersect (b) (—3,—3,-2) (c) (8,—4,6)
(d) (-10,8,0) (e) (0,0,1)



6.(6 pts) Find symmetric equations for the line through the point (1, —2,

orthogonal to the plane 2x — y + 32 = 18.

r+1 -2 z—-4 r—1 —-—y—2 2z44

@) = :yl B (b) ——= y_1 -

() x—1:y~|—2:z+4 (d) x—lz—y—2:z+4
2 ] 3 Vi V14 V14
142z —y—2 —-4+43z

(e) = =
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—4) which is

7.(6 pts) Find the position r(1) of a particle at time y = 1 if it has acceleration
a(t) = e'i — 6tk, the initial position of the particle is r(0) = (1,0, —1) and the initial

velocity is v(0) = (1,1, 0).

(a) (1) =(1,0,1) (b) r(1) = (e, 0,0) () r(l)=(e1,

(d)  r(1)={(e1,-2) (e) r(1)=1(0,1,2)

8.(6 pts) Which of these is an equation of the tangent line to the curve

r(t) = (t* + 2t + 3, 4t cos(t), 2¢*)

at the point where ¢t = 07

_1>

(a) (z,y,2) = (3,4,2¢) + (2,0, 6e) (b)  (z,y,2) =(3,0,2) +¢(1,2,3)

(c) (x,y,2) =(3,0,2) +¢(1,—2,3) (d)  (x,y,z) =(3,4,2) +t(1,2,3)

(e) (x,y,2z) =(3,0,2¢) +t(2,4,6)

9.(6 pts) Which of the following expressions gives the length of the curve defined by

r(t) = t*i — j + Int k between the points (1,—1,0) and (e?,—1,1)?



b) [iVit2+1+In’tdt
d) [{V2t+1Intdt

(a) [ AP+ 1/ dt
(c) fol V2t +1Int dt
(e) [ VA2 +1/t2dt

—~ o~

10.(6 pts) Which one of the following functions has level curves drawn below?

(a) flr,y)=y*+a (b)  f(z,y) =y+a? () flz,y)=y—a?
(d) f<x7y) = y2 - (e) f(l",y) = y2 — 1’2

y

A

Partial C@Tﬁ\[
You must show your work on the partial credit problems to receive credit!

11.(12 pts.) Find an equation for the line of intersection of the planes 3z —y + 2 = 0
and 2x — 3y + 2 = 0.

12.(12 pts.) The position function of a moving object is r(t) = t%i — j + Int k.
(a) Find the unit tangent vector T, the principal normal vector N, and the bi-normal
vector B at t = 1.
(b) Find an equation of the normal plane at ¢ = 1.
(c¢) Find an equation of the osculating plane at ¢ = 1.

13.(12 pts.) Find the distance from the point (—4, 1, 4) to the plane containing the points
P(0,0, ), Q(1,1,3), and R(1,0,—1).
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11.Clearly the origin (0,0,0) is on both planes and hence on the intersection line. To
get an equation of the line we also need a direction. The line is perpendicular to the
normals to both the planes. The normals are (3,—1,1) and (2, —3,1) respectively. So
the direction of the line is given by their cross product:

i j k
3 -1 1|=(2,—1,-7)
2 -3 1
So the equation of the line is:
x Y z
2 -1 -7

12.At t = 1 the position vector is r(1) = (1, —1,0).
We will need first two derivative at ¢t = 1.

1
r'(t) =2ti + zk and r'(1) =2i+ k

1
r’(t) = 2i — t_2k and r'(1) =2i — k

r 1
a) We have T = — = — (21 + k).
(2 o= R
/ /!
Recall that B = rxr )
’rIXr//|
Since
i j k
r'xr’"=[2 0 1 |=4j,
2 0 —1

we have B = j.
We also have

L.
ﬁ(l—Qk).

1 1
N=BxT=jx —=Q2i+k)=—7=(2jxi+jxk)=

5 5

(b) Normal is plane is ortogonal to r’ and its equation is
2@ —1)+z=00r2x+2=2
(¢) The osculating plane is orthogonal B and its equation is

y+1=0.

, Q(1,1,3), and

13.First we find an equation of the plane containing the points P(0, 0, 3)
= (1,0, —4), and their

R(1,0,—1). The plain contains vectors Pﬁ = (1,1,0) and P



crossproduct
Dk
0

ij
POxPR=|1 1
10

is orthogonal to the plain.
Since the plain contains the point P = (0,0, 3) an equation of the plain is

—4dr+4y—(2—3)=00r —4dox+4y—2+3=0
Using the distance formula we obtain thea the distance from the point (—4,1,4) to the
plain is
-4 (4 +4-1-4+3] 19
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