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Problem 1) True/False (TF) questions (20 points)

Mark for each of the 20 questions the correct letter. No justifications are neededy)

2)

3) [ T

F

9
5)
6)
7)

The point (z,9,2) = (1,1,4/2) has the spherical coordinates (p,0,¢) =
(2, /4, m/4).

Every point on the parametric curve 7(t) = (t,1?, —t) lies on the surface
zz 41y =0.

The two surfaces f(z,y, z) = 3 and f(x,y, z) = 5 of the function f(z,y,2) =
222 4+ y3 + 2* do not intersect at any point in space.

u x i and 4 x j are perpendicular for all vectors .

If @ and ¢ are parallel (remember that this means @ = Av for some real \)
then @ - ¥ > |t x 9.

If a surface has the property that all intersections with the planes y =
constant are straight lines, then the surface is a plane.

For any non-zero vectors 4 and w, we must have Proj;w = —Proju.

In the parametric surface 7(s,t) = (V1 + e’ cos(s), V1 +etsin(s), t) the
grid curves with constant s are ellipses.

There is a vector ¥ with the property that v x (1,1,1) = (0,0, 1).

We can assign a value f(0,0) such that the function f(z,y) = (z*+y°)/(2*+
y?) is continuous at (0, 0).

The curvature of a curves 7(t) = (t,t2,#3) and R(t) = (t2,¢* %) are the
same at t = 1.

The curve given in spherical coordinates as ¢ = 7/2, p = 7/2 is a circle.
Two nonparallel planes with normal vectors 72, m intersect in a line parallel
to 1 x m.

If f(z,y) = 23/3 — y?, then the graph of the function f(x,y) is called an
elliptic paraboloid.

The equation pcos(f)sin(¢) = 2 in spherical coordinates defines a plane.

The vector (3, —2) in the two dimensional plane is perpendicular to the line
3v—2y="T.

The volume of the parallelepiped spanned by the vectors (1,0,0), (0,2, 0)
and (1,1,1) is 2.

If #(£) is a curve and |7/(¢)| > 0 and |T’| > 0, we have T(t)- (N (t) x B(t)) =
1

The arc lengths of #() = (t,#2,13) and R(t) = (t2,1* 15) are the same for
0<t< 1.
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Problem 2) (10 points)

a) (2 points) Match the graphs z = f(x,y) with the functions. Enter O, if there is no match.
In each of the problems a) - d), each entry O,LILIIT appears exactly once.

Function f(x,y) = | O,L,II or III

— 22
e vy

cos(z + y)
sin(z? — 3?)
ot + oyt

I IT I1I

b) (3 points) Match the space curves with their parametrizations 7(t). Enter O, if there is no
match.

Parametrization 7(¢t) = | O, LILIII
A+61—11)

(t cos(t?), t sin(t?), 1)

(t, t,sin(t?))

(cos(3t), sin(2t), sin(5t))

I IT IIT

¢) (2 points) Match the functions g with the level surface g(x,y,z) = 1. Enter O, where no
match.

g(z,y,2) = O, LILIII
(=1 —y?+22=1

(-1 +y+22=
(x—-1)+y+z=

(=17 —y—22=1

I IT I1I

Parametriztion 7(s,t) = | O, ILIII

(scos(t), ssin(t), s?)
t—1,s,s+1)

{
écos(t), sin(t), s)

scos(t), ssin(t), s*sin(t))

I IT III



Problem 3) (10 points)

a) (7 points) Each of the vectors a, b, ¢, d, e, f, 0 (written without arrows for clarity) will appear
in the blanks exactly once. As the picture indicates, you know d-e =d-c = 0.

a

the vector | is equal to
Proj, f
f—d
—2c
d—c
—e
Proj,e
d+c

o
~
—~

w

points) Match the contour maps with the functions
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Function f(z,y) = | Enter O,I,1I or III

y—x

(y? — D

y? + 2% — ay

y' -




Problem 4) (10 points)

a) (4 points) The center of the triangle A =
(3,2,1),B = (1,1,1),C = (2,0,4) is the point
P = (A+ B+ ()/3 = (2,1,2). Find the line L per-
pendicular to the plane which contains A, B,C' and which
goes through P.

b) (3 points) Find the equation of the plane through A, B, C.

¢) (3 points) Find the area of the triangle ABC.

Problem 5) (10 points)

Complete the parametrizations:

a) (3 points) 7(u,v) = (2 4+ 3cos(u)sin(v),3 +
sin(u) sin(v), ) parametrizes the ellip-
soid (z —2)%/9+ (y —3)? + (2 — 5)?/16 = 1.

b) (2 points) 7(u,v) = (u, v, ) parametrizes

the plane x +y 4+ 2 = 1.




¢) (3 points) #(u,v) = (v3cos(u), , )

parametrizes the surface of revolution x? + y? = 2.

NARY

<>
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d) (2 points) F(u,v) = Fw) + cos(u)N(v) + r
sin(u) parametrizes a tube around a

curve 7(v) which has unit tangent vector T'(v), normal vector »

N (v) and binormal vector B(v).

Problem 6) (10 points)

We look at the parametrized curve

whose image you see in the picture showing r(=2 r(2)

it in the xy plane for —2 <t < 2.

a) (3 points) Find the velocity 7/(t), the accelera-
tion 7" () and speed |77/ (1)].

b) (2 points) Evaluate this at ¢ = 0 to get
7'(0),7"(0) and |7'(0)].

c¢) (2 points) Find the curvature
[77(0) x 7"(0)|/17'(0)]* at (0, —1,0).

d) (3 points) Find the arc length of the curve 7(t)
from —2 <t < 2.




Problem 7) (10 points)

a) (4 points) We know 7" (t) = (1,2, 7*sin(7t)) and the
initial velocity 7/(0) = (1,0, —m). Find #'(¢).

b) (3 points) Assume we know also 7(0) = (0,0, 10).
Find 7(10).

c) (3 points) What is the projection of 7 ’(10) onto
(1,1,0)?

Problem 8) (10 points)

a) (b points) Find the distance between the plane x +
y + 2z =1 and the line

(y—1)
)

r—1= =z-—1

which is parallel to the plane.
(You do not have to check that it is parallel).



b) (5 points) The intersection of the cylinder 422+42% = 1
with the sphere centered at (0,0,0) with radius p =
V/2 cuts out two curves. Parametrize the curve which
contains the point (0,1, 1).

Problem 9) (10 points)

a) (b points) Find a parametrization of the intersection
line L of the two planes

20 —-2y+z2z = 1,
r+y+z = 1.

b) (5 points) Find a parametrization for the line M parallel to the line L computed in a) which
passes through (1,2, 3).

Problem 10) (10 points)




a) (5 points) What is the area of the triangle through the
points A = (1,1,1) and B = (0,1,0) and C = (1,2,4).

b) (5 points) Find the volume of the prism which has the
triangle 7" as base as well as a by v = (0, 1, 1) translated
triangle as roof.




