Math 8: Calculus of Functions of One and Several Variables
Midterm 2
Thursday, February 16

Name: A N SWQF KCQB)P

Circle your section number: 1-Kobayashi 2-DeFord

Please read the following instructions before starting the exam:

o This exam is closed book, with no calculators, notes, or books allowed. You may

not give or receive any help during the exam, though you may ask instructors
for clarification if necessary.

® Be sure to show all work whenever possible. Even if your final answer is
incorrect, we can assign an appropriate amount of partial credit if we can see
how you arrived at your answer.

¢ Please circle or otherwise indicate your final answer if possible.

¢ The test has a total of 18 questions, worth a total of 160 points. Point values
are indicated for each question.

e You will have two hours from the start of the exam to complete it.

o Good luck!

HONOR STATEMENT: I have neither given nor received help on this exam,
and I attest that all the answers are my own work.

Signature:




This page for grading purposes only.

Problem | Points | Scores | Problem { Points | Scores
1 10 10 5
2 5 11 5
3 5 12 10
4 10 13 10
5 10 14 10
6 10 15 10
7 10 16 10
8 10 17 10
9 10 18 10

Total:

/160




1. (10 points)

(a) (2 points) What are the initial and terminal points of the vector (1,2, 3)
when its initial end is placed on the curve 7{(t) = (2¢,In(¢t — 2),t° — 4) at
t =37

Takral (\’0[/!'1; FC?) — (6 ,O, 6)
Termmnd_ point (13 + L1230 = (7 2 8)

(b) (2 points) Find a unit vector pointing in the same direction as (5, 3, v/2).

| < 5, 3,7/€>} = Yzsp9tr =6

L V=
un't Vet <5/g/ z, ’g——>

(¢) (6 points) Find a vector with integer entries that is parallel to the tangent
line of the graph of sin(z) + (4x + 2)? at z = 0.
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2. (5 points)

(a) (3 points) Use vectors to decide if the triangle with vertices P = (1,1, 1),
@ = (2,2,2), and R = (—1,3,5) is a right triangle.

= Q-p= <LLI>

a
b= Q~R= <373

(z R-P=<-y, 47

b= =1
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(b) (2 points) Use the cross product to find the area of the triangle in part (a).
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3. (5 points) Let @ = (1,2,2) and b = (3, —4,0). Find the following;:
@3-2% 3,66y ~&,-5,0% = <=3, 196>

(b) compzb

afb - 3""‘8’#‘0 . _:____2
| al VA e 5 3



4. (10 points) Find the acute angle between the lines: 3z — y+4 =0 and
-8z + 3y = 2.

Shore a]C Aene 4 05 3 < 1,35 = q
Shope  of kine v s B &gy~

. b ( 7
o =cos (jam) = (o5 (o ) =(5 (v

5. (10 points) Determine if each of the pairs below is parallel, skew, or intersect-
ing:
(a) (2 points) The planes 7 — 2y + 3z = 17 and 4z + 2y + 8z = 23.

Do <L-237 <M, E>  interSectig

(b) (2 points) The plaarfs 3r — 4y + 5z =6 and —9z + 12y — 15z = 0.
N\ o
Vecturs <3/-—qf 57 <- 1 0-15> Foralle L

(c) (2 points) The lines (—5¢t — 1,10t + 2, 35¢ — 4) and (t + 1, —2¢,~7t).
Jicection

Ueltors <"5 lo, 357 (( —-Z—7> farﬂoﬂ
(d) (2 points) The lines {0,2¢, —t — 3) and @41& t+3).

6#(&0
(e) (2 points) The lines (¢ — 3,2t — 6, —t + 7) and (3¢t — 11, —2¢ + 10, — 1).
£-3 =g -1}

> et f=4 at S=y
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6. (10 points)

(a) (2 points) Give an example of two vectors where comp, b = compy d.

a= <,y3> b= L9219

(b) (2 points) Give an example of two vectors where @ X b = b x @.

a <llz(3> L <_-|[-_z:—3>

(c) (4 points) Determine if @ = (1,0,1), b = (—1,2,0), and & = (3,2,1) are
OPlaNEr- S far bt porductt

[ o | Not
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(d) (2 points) If @ and b are unit vectors what are the largest and smallest
possible values of |@ x |7 What about @ - b?

Largest: |@ x b|_! i b

Smallest: |d x E| S -5 ~1



. (10 points) Determine which of the following expressions are meaningful where
a,b,c, and d are all 3—vectors. If not, explain why. If so, is the output a vector

or a scalar?

() (@-b)x ¢
Meaningful: MO

Output/explanation:

(i) @- (B x &)
Meaningful: Y€ S

Output /explanation:

(iii) (@xb) x&)-d
Meaningful: Y£S

Qutput/explanation:

(iv) (@-b) - (€ x d)
Meaningful: 0O

Output/explanation:

(v) (@xb)- (Exd)
Meaningful: V€<

Output/explanation:
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8. (10 points) Compute the parametric and symmetric equations for the line
through the points (2,5, —7) and (-3, 1, 2).

V= (=5, -4, 41

(2 -5t, S~ 779t

9. (10 points) Find an equation of the plane through the points (0,0,1), (1,1,0),
and (1,0,0).
V= (] p l,—l)

w =
Cl,{ul-:)

R &1, 0,1y
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10. (5 points) Find the distance of the point (1,2, 3) from the plane described by
—2z + 6y — 2 = 4.

| aX+bV, #g +d |
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11. (5 points) Find the distance between the parallel planes z + 2y — 2 +7 = 0
and 3z + 6y — 3z = 0.

Point (0,07) Aies on  ne £ast pluc
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12. {10 points)

(a) (3 points) Find the angle between the intersecting planes —z+3y—2z+1 =
Oand z + 6y —z+2=0.

Samg. a$ am% betucen Normal Vectors
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(b) (7 points) Find the equation of the line that lies at the intersection of these
planes. <.t g zo o Lond Faocat:

~X-2E =-
x —2 = =~
~32 =~3 Peint = (~1,0,1)
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13. (10 points) For each equation below, determine the type of surface described
by the equation. Then, determine the type of curve described by the intersection

of the surface and the given plane:

(a) (3 points) 1 = ﬁ vy 2 i and x = 2.
Quadric Surface: &éé ipSoid

Intersection with z = 2: f/ég‘ FSO

(b) (3 points) 1———%’—;%— % and z = 1.
t
Quadric Surface: H%pﬁf bekaid of Ore She-t
Intersection with z = 1: \'{“‘j Y)f(f (90’@\

()(4p01nts)0— 3{—; Zand y = 2. el
Quadric Surface: H'U( pu bolic @oabedod

Intersection with y = 2: 'faﬂtbwzﬂ
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14. (10 points) Compute the derivative of 7{(t) = (2t* — t,4,¢"?) and determine

the unit tangent vector to 7 at ¢ = 2. What points are the initial and terminal

points of this vector?
ez LHE -:E; A
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15. (10 points) Find 7(¢t) if 7'(¢) = {(sin(¢), cos(t), €') and 7(0) = (2,3, —4).
CLE) > jr‘(ﬂa% = < - tes D, Sinth), ety + {%49G)

()= <2.3-147= <1, 0,0y FLC0 ¢y Ley

r
(({): <‘5- (osct)j ‘31‘-5‘71(*)/ €“5>

12



16. (10 points) Let 7(t) = (3t2,17,/2t2)
(a) (6 points) Find the arc length function for 7 starting at ¢ = 0.
=, 0 W)

e AL

€ b
S = 5 [rw]Ju > Sd Fudu -
Q

(b) (4 points) Compute the length of ¥ from ¢t =2 to ¢t = 4.

_ 30V qq
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17. (10 points) Let 7(t) = (4, 3 cos(t), 3sin(t)) and consider the point P = (8x. 3,0)
which lies on the curve of 7. \> L= i
(a) (2 points) Find the unit tangent vector to 7 at P. -
[‘I(V) - '(Ll, =3 Sin )y, 3SET? \f‘(*\)\: e 5

1 -3 2 &)
UL < 5 g_qm(f\/ 5 cos (8

U2 < (:’g 0, %>

(b) (2 points) Find the unit normal vector to 7 at P.
Wz <o, =T s, ~Tsm@®y Ul T3

M O, ~tostdd, -Sin(H)
MDY= o, -, 0)

(c) (2 points) Find the binormal vector to 7 at P.

32 4 ., -
L Fon § oseo ) IR AT

O - oS ~ Sinth
Rezid= ¢ 2 o-"‘ﬂ>
S, 77/ 3

(d) (2 points) Write the equation of the normal plane to # at P.
NOrmal velter 75 w (2o ?

%/O}ZS>‘<XI’3;T'JU’312- O>:O

v
) N L
X F Se= zZ

(e) (2 points) Write the equation of the osculating plane to 7 at P.
Normd_ vt i1 Rzt)

<3‘:, O/f%7 ' i\(-?’ﬁ’, ‘{]"3’ ¢-0) =0

3 q . i
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18. (10 points) Find the curvature of 7(t) = (%t%1 t2 4 t,4/3t) for a general ¢ and
evaluate the specific point (36,90, 9v/3).
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