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Math 2163
Je↵ Mermin’s sections, Test 1, September 23

On the essay questions (# 4–11) write legibly in complete sentences, in such a

way that I can easily tell what you are doing and why.

Do not evaluate any integrals on this test. If you would take an

integral, instead simplify the integrand and the limits of integration (if any),

and leave the integral as your final answer.
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1. (30 points)Indicate whether the following statements are true or false.

(“True” means “Always true”, “false” means “sometimes false”.) No jus-

tification is necessary on this problem. Write the entire word “True”
or “False”. Illegible or abbreviated answers will receive no credit.

In the statements below, x, y, z, and t are variables, a and b are numbers,

x, y, and z are vectors in R3
, C : r(t) = hx(t), y(t), z(t)i is a curve in

space with associated frame T, N, and B, and f(x, y) is a function.

(a) x • (y + z) = x •y + x • z.

(b) (x+ y) + z = x+ (y + z).

(c) B = T⇥N.

(d) x • (y ⇥ z) = (x •y)(x • z).

(e) |x •y|  |x||y|.

(f) (a+ b)x = ax+ bx.

(g) N = B⇥T.

(h) x� y = y � x.

(i) dr
dt =

D
dx
dt ,

dy
dt ,

dz
dt

E
.

(j) The equations x = 2, y = �1, z = 0 define a line.

True
.

True
.

True
.

False
.

CTry x
-

- y
-

- z
-

- 40,07 )

True
.

( IX. yl .

- lxtlylcosol )
True

.

True
.

False
.

True -

False .

( They define a point . )
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2. (20 points) Let v, w, x, y, and z be vectors in R3
. Are the following

expressions vectors, scalars, or nonsense? (No justification is necessary

on this problem, but wrong answers with good explanations may receive

credit.)

(a) (((v +w) + x)y) + z

(b) v � (w ⇥ ((x+ y)⇥ z))

(c) (v � (w(x •y))) • z

(d) (v •w)(x+ (y � z))

(e) ((v +w) •x)� (y • z)

-

(a)
y is nonsense

.

This is a vector .

=
in

④
u

'
• z is a scalar

.

IT is a vector .

-

In W

is a scalar
.

a
b
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3. (15 points) Match the equations with the level curves shown below. (No

justification is necessary on this problem, but wrong answers with good

explanations may receive credit.)

(a) z = sin(xy).

(b) z = sin(x� y).

(c) z = (1� x2
)(1� y2).

(d) z = ex cos y.
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4. (25 points) Let x = h�4,�3, 2i and y = h�3, 5,�3i. Compute the

following:

(a) 5x� 3y.

(b) x •y.

(c) x⇥ y.

(d) (a� b)⇥ (b� a).

5. (5 points) Find two points on the line hx, y, zi = (4,�5, 4) + h2, 1, 4i t.

= 54 - 4
, -3,27 - 34-3

,
-5

,

-37

= 5-20
,

-15
,

to > - ( - 9
,

15
,

-97

=L -20 -

-

9
,

-15 - I 5
,

10 -

- 97

= C - 11
,

-30
,

197
.

= C-  4) C - D t
C - 5) Cs ) t C 2K - 3)

=  12 t  - 15  t  
- 6

=  -9
.

= L ( - 3) C- 3) - CDCs )
,

(2) C- 3) - C - 4) C- 3)
,

C - 4) Is ) - L - 3) C - 3) 7

= L - I
,

- I 8
,

-297

=  - Ca - b) x Ca - S )
= O

.

Plugging in t -

- O
,

we get ( 4
, -5,4 )

.

Plugging in t - I
,

we get ( g
- 4

,
8)

.
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6. (10 points) Find three points on the plane 4x+ y + 4z = �5.

7. (15 points) Does the plane F : x�4y+5z = 1 contain P = (�2,�5,�3)?

If not, find the distance from P to F , and give equations (in one of the

standard forms) for the line perpendicular to F which passes through P .

Plugging in X -

- y
-

- o
,

we get 4-2=-5
,

so ( 0,0 ,
-5/4 )

.

Plugging
in ×= -2=0

,
we get y -55

,
so ( o

,
-5

,
o )

.

Plugging in X  
' 

- Z = I
,

we get yt 8=-5
,

:  e.  y=
- 13

,

so ( k
, -13,1 )

.

At P
,

X - 4yt5z  =  -2+20-15  
= 3 It

.

The distance  is = FEE =¥r .

1st
, -4,54

The line  in question is parallel to  he
-

- Ll
,

-4,57

and
passe through P

.

So 4,7,D= ( -2
,

-5
,

- Dts I
,

-4,57T .
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8. (15 points) Let F be the plane consisting of all points equidistant from

(3,�4,�5) and (5, 0,�3). Find an equation for F .

9. (15 points) Let C be the topologist’s screw r(t) = (sin⇡t, cos⇡t, et). Find
equations (in one of the standard forms) for the tangent line to C at the

point (0,�1, e).

The normal vector  is Fd =45-3
,

O -

- 4
,

-3 -

-

57=42
,

4
,

27
.

The plane passes through the midpoint  of P and Q
, ( 4

,

-2
,

-4 )
.

2x t  4g t ZZ  = 2C -4) +4C - H tu - 4)

Its equation  is this

gz+4y+zz# .

First find t  at Co
,

- te ) : { sciIIIIf } ⇒ E- I
.

Now the tangent
line is  parallel to IET I

E- I

= s a  cos  at
,

- it sin  Ft
,

et > /

E-  I

= s - IT
,

O
,

e >

so  its equation  is

C Xyz ) -

-

Co
,

- I
, e) t L - it

,
O

,
e > Ct - D

.
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10. (Extra credit: 20 points) Let C be the topologist’s screw r(t) =

(sin⇡t, cos⇡t, et), and set P = (0,�1, e) and Q = (0, 1, 1). Choose and

solve two of the three problems below. (Circle or otherwise clearly indicate

your choices. If you attempt to choose more than two, I will grade none.)

(a) Find the curvature of C at P .

(b) Find T, N, and B at P .

(c) Find the length of C between P and Q.

t -

- O at Q  and t -

- I at P
.

¥f = s t cos Tt
,

- Isin  It
,

et ) and dI÷ a L - TismTit
,

- Tico ,  # t
,

et ?

② is :

I ¥ ' ' III
.

At t : I
,

this is × = ftp.esxcos-a
I L - a

,
0

,
e >13

= I s - et ? et
,

IT
's

> I
-

Is - a
,

g e > 13

= ¥¥ittT
-

( t 't  e
' ) 3h

⑥ T is the unit vector  of IIe
.

Aft .
- I

,

this is 2-  IT
,

O
,

e >

B is the unit  in the direction  of
¥1 -

d¥× 4¥ .
At t '

-
I

,
this  is L-eTf,eT

t3
'

N =B×T  = ¥⇒+e¥+ < eh
,

- i' tea
,

- ex
' >

④ The
arc length i3 4 !! I Idt  =

f.!
 '

after at


