1. (9pts) Find an equation of the sphere if one of its diameters has endpoints (2,1,4)
and (4, 3,10).

Center C(3,2,7)

1
Radiusrzi\ <2,2,6>|=v11

Answer: (z—3)>+ (y—2)? + (z — 7)* = 11.

2. (9pts) For what values of ¢ is the angle between the vectors < 1,2,1 > and < 1,0, ¢ >
equal to 60°7

1+c¢=vV6V1+c2cosh

1+ =601+

A —4c+1=0

Answer: ¢ =2+ /3.

3. (9pts) Find the volume of the parallelepiped determined by the vectors
a=<1,0,6> b=<23,-8>, and c =< 8,—5,6 >.

1 0 6
a-(bxc)=|2 3 -8 |=-226
8 =5 6

| Answer: 226.]

4. (9pts) Find parametric equations of the line passing through (—1,0,5) and (4, —3, 3).

v=<5,-3-2>

T -1 + 5t
Answer: y = 0 — 3t
z = 5 = 2t




5. (9pts) Find an equation of the plane that contains the point (1,2,3) as well as the
linex=3t,y=1+t 2=2—1.

P(1727 3) Q(()? 172)7

%
QP=<1,1,1>.
ij k
n=|11 1 |=<-24,-2>
31 -1

Answer: 2(z—1)—4(y—2)+2(z—3) =0.

6. (9pts) What are the spherical coordinates of the point with cylindrical coordinates
(4,7/3,4)?

T T
e (4 2. T —).
nswer f,2,4

7. (9pts) Find parametric equations for the tangent line to the curve given by
r(t) =<t — 1,2+ 1,t + 1 > at the point (—1,1,1).

r'(t) =< 2t,2t,1 >

r'(0) =< 0,0,1>

r = -1
Answer: y = 1
z = 1 4+t

8. (9pts) Reparametrize the curve r(t) = (1 + 2t) i+ (3 +¢) j — 5t k with respect to arc

length starting from the point (1, 3, 0).

r'(t) =< 2,1,-5 >

()] = v/30
s = \/%t

P =) = (1 4 \/%s> i+ (3 + \/%s> - (\/%S> k.
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9. (9pts) Find the curvature of the curve given by r(t) =ti—+¢j— (1+¢*) k.

r'(t) =<1,1,-2t >
r'(t) =< 0,0,-2 >
r'(t) x r'(t) = —2i+ 2j

2v/2 1
Answer: k(t) = V2 - = >
(244t%)2 (14 2t?)3

10. (9pts) Find the position vector of a particle that has acceleration
a(t) = t? i+ j — cos 2t k, initial velocity v(0) =i+ k, and initial position r(0) = j.

3 sin 2t

tt Ly t2+1 0052t+t 1
12 "2 R | 4/

Answer: t(t) = <
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11. (10pts) Let r(t) = €' i+ e'sint j — e cost k.

(a) Find T(t), N(¢), and B(?).

r'(t) = e’ < 1,sint + cost,sint — cost >

()] = ' V3

T(t)—< 1 sint+ cost sint—cost>
V3 V3 T 3 '
t—sint cost—+sint
T(5) — <0’ cos | >
(t) 7 7
cost —sint cost—+sint

N@ = (0, 2L SR
B(t) = <l _sint + cost cost—sint>

V6’ V6T V6 '

(b) Calculate both the normal and the tangential components of the acceleration.

r’(t) = ' < 1,2cost,2sint >
r'(t) - 1" (t) = 3e*
r'(t) x r'(t) = e** < 2, —sint — cost, —sint + cost >
[x'(2) x £()| = e*'V/6
Answer: ar = V/3et, ay = /2¢".
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