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Math 2163
Je↵ Mermin’s sections, Test 1, September 18

On the essay questions (# 2–8) 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, b, c, d, d0, and L
are numbers, a, b, and c are vectors, C : r(t) = hx(t), y(t), z(t)i is a curve

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

(a) a • (b⇥ c) = (a •b)(a • c).

(b) a • (b + c) = a •b + a • c.

(c) dr
dt =

D
dx
dt , dy

dt , dz
dt

E
.

(d) There are functions g(x) and h(y) such that f(x, y) = g(x) + h(y).

(e) B = T⇥N.

(f) The distance between the planes F : ax + by + cz = d and G :

ax + by + cz = d0 is |d� d0|.

(g) If C is a circle, then  is its radius.

(h) |a •b|  |a||b|.

(i) a⇥ b = b⇥ a.

(j) If lim
(x,y)!(a,b)

f(x, y) = L, then lim
x!a

f(x, b) = L.

False
.

CTry a :b -

- c = 21,0 ,
o >

. )

True
.

True
.

False
.

( If this were true
,

there 'd be  no

need for  any
of the content  of the class

,

We 'd just focus on

finding g ,h .)

True .

False
.

It's
Kgb ,

c > I
'

False
.

Cts is the radius
. )

True
.

la.to/--lallbllcos0l
,

and too sole !

False
.

axb -

-  - bxa
.

True
.
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2. (30 points) Let a = h7, 7, 7i and b = h8, 9,�10i. Compute the following:

(a) 10a� 10b.

(b) a •b.

(c) a⇥ b.

(d) (a� b)⇥ b.

= 10<7,777 - 1028,9
,

-107

I 470,70 ,
70 ) - L 80

,
90

,

- 1007

-

- ( 70 - 80,70 - 90
,

701-1007=4-19-20,1702
I 7 . 8 t 7.9+7 .  

- 10

= 56 t 63 -

70=149.7

= C 7C - to ) - 7191,

7 ( 8) - 7C - ios
,

7191-718 ) )

4.133,126,772

= axs - bxb
= axb - O

= axb

4437126,7€
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3. (15 points each) Show that the limits do not exist, or give strong evi-

dence that they do.

(a) lim
(x,y)!(0,0)

x2 � y2

x2 + y2
.

(b) lim
(x,y)!(0,0)

3x2y

x2 + 2y2
.

Approaching @, D along
the x-axis

(
y

-
- o)

XZ - O
we get lin ⇒

= l
.

× -30

Approaching along the y
- axis ( x

-

- o)
,

we get tin ° =
- I

.

y -70 Ot y
2

Approaching along
the line y

=  x

,

we get

' x' ÷.

-

-

O
.

These don't agree ,

so the limit doesn't exist .

Approaching along y=mx Ho - any slope m )
We get 1in 3mx3

x -

so ×±=
'
Iso IIIT * Ea ' o×

= O
.

These all
agree ,

so  it's likely the limit  is equi to 0
.

Approaching along y=xt ( for  
any positive  exponent t )

we setting¥÷=g¥:
-

-

o Cif

#
t )

¥; a 35¥ .

- 0 lit -2 > at )

These still agree ,
which is stronger evidence .

We'll learn how to prove this limit  13 actually zoo  in

MATH 4023
.
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4. (20 points) Find the equation of the plane containing the points (�10, 10,�6),

(2, 0, 10), and (�9,�5,�3).

5. (15 points) Determine whether the planes F : 2x + �6y � 7z = �6

and G : 7x + 5y = 5 intersect. If they do, find equations for the line of

intersection. If they do not, find the distance between F and G.

Call P =L - 10,10,
-6 )

,

Q = C 2
, 0,10 )

,

a - d R'  - C - g - 5
,

- 3)
.

Two vectors in  our plane are POT = 412
,

- to
,

167

and QTR =L - Il
,

-5
,

-137
.

Thus a normal vector 13 n
= PTI x QTR = ( no  + go

,

.  126 t  156
,

- to - 1107

= ( 210
,

-20
,

-170 ?

we scale that  down to 221
,

-2
,

-17 ?

The equation has the form 21 x - 2g
- 172 =D

.

To find D
,

we plug in P : 211 - to ) - 2C lo ) - 17C - to)
= - no

- 20 t 102 I - 128 .

So the equation is 121×-4-172=-12872 .

The normal vectors are nF= Lz
,

-6
,

-77

and
NG

' - 47,5 ,
O ? These  aren't parallel ,

so the planes

intersect
.

To find the line  of  intersection
,

we need either - two

points or a point and a direction .

To find a point,

invent an  extra equation ( e.g .

x ' O )

a-  '' so ' ' e

{ E:3!:'s;
- ' Z

÷! } ;
 - . get coil .

's
.

To find a  direction
,

observe that nfx no = 435 ,
-49,527

is perpendicular to both normals
,

so parallel to both planes

( i - e
.

,
is the direction  of the line

. )

Thu , the line of  intersection  is parametrize! Sy

(xyzKCql,0)tL35,-49,527#T
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6. (15 points) Find the length of the curve C : r(t) =
⌦
t, t2, t3

↵
on the

interval 1  t  4.

7. (10 points) Find equations for the tangent line to the curve C : r(t) =D
t2, t

t+1 , e2t
E

at the point (0, 0, 1).

end end

This is fIds
, = f¥4 it

Start
StartEtat

-
- f!i¥fe÷F⇐⇒

'

it

= !!
 

It

is:Ita÷:÷÷ :

( passes throng C 90,1 ) when { q¥÷÷! } ,
i.e

.

,

to
.

The tangent  vector is 44¥ ,
dat , DIE >

=L 2T
,

¥x ,
2e

"

?

At t '

- o
,

this  i Lo
,

I

,
27

.

Thus our line  is parametrized by

(6,44--190,1)+491,2747 .
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8. (Extra credit: 20 points) Consider the curve C : r(t) =
⌦
et

sin t, t2, et
cos t

↵
.

Compute T, N, and B at the point (0, 0, 1), and find an equation for the

osculating plane of C at this point.

We compute gets
int .

- o

etE. , } ⇒ ⇐ o
.

T is the unit  vector  of doff at t -

- O
;

f¥ Lets int t et cost
,

2T
,

et cost - et sint >
,

so ¥4
⇐

=L 1,0
,

17
,

andTIES
N is the (perpendicular tot put  of ) I¥z= ( Zetast ,

2
,

- Let sint ?

at t '

-

O
, d = C 2,2 ,

07
.

B is the cut  vector  of Tx 4¥ =L -2,2 ,

27
.

This B -

- # s - I
,

I
,

17
.

Now N '

-

B XT  
= to < I

,

-2
,

-17
.

Meanwhile
,

B is normal to the osculating plane ,

so  its equation  is x - 2
y

- Ze [ o - 2cg - Ci ) )

i.  e
. )x-2y-Z-


