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Midterm Exam Problems

1. (9 points) Determine whether the following statements are TRUE or FALSE. No justification is required: if you don’t
know, just guess! Each question is worth 1 point.

(a) Two planes with normal vectors n; and n; are parallel if and only if ny - np = 0.

Plones are ‘DM’A\\L\ ?t‘ \n XN 2\ =0 Answer: lIl
(b) For all vectors u,v € R?, |u x v| = |v x ul.
\\AXV‘ = \.-Uxu\\ z \-l\ lv’Kv»\ H lVX\p\ Answer: ECI

(c) If all the level curves of a function f(x, y) are parallel lines, then the graph of f(x,y) is a plane.

8 imlél . *‘)‘t‘ﬂ - x'& Answer: \I’

(d) The slope of the tangent line to the y = b trace of a fmion f(x,y) at the point (a,b, f(a,b)) is equal to

limy, o M/}FM ’W\.LS LIW\ I-\ t$ *\\L

. oR’ o5
Answer:lI,

(e) Any two planes which are perpendicfilar to the same line are parallel.

avewer, (T

f) If 5?’ . (Cﬁ X (ﬁ) = 0, then the thrde points P, Q,R € R® are collinear (lie on the same line).

(»\m\uumﬁu < P= {0,0,9) (= (o0 Q'—L0,0,I?- Answer: E

(g) If r(t) is a vector-valued function, the % r(H)| = | (t)].

uum‘\Lerm‘};. SN l_%\ = (4 \ |‘> Answer:

(h) Ifu,veR? satisfy |u x v| = 0, then either u = 0 or v = 0.

C ‘tmw Ioweys L0 Answer: E

(i) If fy(x,y) and fy(x,y) are constant functions, then the graph of f(x,y) is a plane.

\)U\ 0\\‘% . Answer:D-_—I

2. (4 points) Let Py = (xo, o) be a pointin R? and let n = {a,b) be a vector in R2. Answer the following questions, each
of which is worth 2 points.

(a) What does the collection of points P § (x,y) which satisfy the equation n - Iﬁ = 0 look like geometrically?

(b)

Draw a picture and explain your reasontg. (Hint: we haye seen this equagion in 3-dimensions.)

\] h b s\ n-PP=0 N
L\‘\"ﬁ——-«)@) n m wep Yo R

&\ P Lo on e Browgh P,
\;w A Xive ciun pery \»ﬂr\.

\
)Xpoints P = (x,y) which satisfy the inequality n - Iﬁ‘ > 0 look like geometrically?
L Draw a picture and explain your reasoning.

Vo b b A\ P20
) ?Gj"‘? L Zg, ?)P d

by e Dac Yom (a) a

W 0<B<W

V\,\M\':O’{' on l(\‘\" t'\L

Created by J.V. Breland (Updated: August 13, 2025) Page 1 of 5

Name:

Student ID:

3. (8 points) Answer the following questions, each of which is worth 2 points. Briefly justify your answer.

(@) Are the vectorsu = (—1,2,-12, —4) and v = (0,2,1, —2) perpendicular?

(b

—

—

(c

d

far)

WV = =1:0 y2:7 4 -2\ & -H--2 =0 .

Yes.

Does the line r(t) = (2t — 1, —t +1, —t — 1) intersect the plane x + y +z = 1?

Direcion 0% Line i £ 2 00019 Noewdl 1 L1111,

e Lee s Quald b gl gl Mot praduckis DL So
X)A “..Nv Iy c,avdu\nl.n A'N o oy Jbbﬁvu{- Mersed. S
LN hPY Y S S WUEL) Loes wol su\‘w{v{

Do the planes x +7y +z = 2 and —2x — 2y — 2z = 4 intersect? N

Yoo, bewwne Mo wvwed vechon &0, F O AR L2 e
Ay Pkm\ \.

Do the vectors u = (1, —1,3), v = (1,—1,1), and w = (2, —2,4) lie in a common plane?
\ - = 'w\ "'—l)\ 1‘4) Y 3\ 21 Vohuwe o‘(’"
1-124 ‘BWW‘AL‘)\;A)‘

= (M=) (M) + 3.0 =0 o,

2

4. (6 points) Consider the function f(x,y,z) = xsin(z“¢/"*). Complete the following, each of which is worth 2 points.

(a)

(b

~

(c

~—~

Compute fx(x,1,2).
S¢ = oM 37'614‘\

Compute fy(x,y,z).

"2
_‘_1= x-wstzze:&n) . %L&

Compute f.(x,y,z).

W 2 1T
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5. (10 points) lines £;(t) = (t,t,1+t) and £»(t) = (2 — £,1,3 — t). Complete the following tasks.

(a)

=

(c

—

(3 points) Show that £; and £, intersect and find the point of intersection.

Sihie L) = L1 Now i} gk s=81 o solim
M B wemed oF 0= L0) > L0227

(1 point) Show that #; and £ are not parallel. . -
L 7 T vaTo e ERTT B N ST
0wt noX \‘“"’\\\L\.

(1 point) Draw a picture ofythe situation and use it to explain why there is a unique plane containing £; and ;.

A ?\oh. S Aacterind Ly 'am\\' wadt N il Jedor. Ll‘
Aw\ Qune ws\m\'wl Hk Wes ondads (1a2) . The
nawal veche S a \AN_UV\)(&N\‘\‘ ik Das 1

AL \;w\\\ w .“)‘ o \we @mN-S w\—\nlw) ~
L Mo A ‘a\\&( wl \‘*wy&\,c\ '\w,,“\ \‘tC\’ﬁ art

L%\m\.

e —

LD W

(d) (3 points) Find a vector that is perpgadicular to both £; and ;. \ .
A A \\
3w \\ !
n-wy= | ° ) k
ot \ = 0 v 7 & \-\ * -\
-V o0 -l
= (1,9 7]
v\
(e) (2 points) Find a scalar equation for the plane that contains both lines £; and £;.
—
o= . p.P 9
: - -\ 2
= {100 Lx-\iyty
= ) ¢ 2(z-D)
oy  ULx- 'L% =-0
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6. (5 points) The position of particle in space at time t is given by r(f) = (sin(t), cos(t), ).

(a)

A
=

—
()
~

(1 points) Compute (7).

f( ‘r\ B L o, '.“.7.>

(2 points) Compute t'(77) and explain what it means in context.

(1) = Leos(w)ponle) 2109 = 4-1,0 21

(2 points) Find a vector-valued function that parametrizes the line that is tangent to the curve r(t) when t = 7.
3

.

Lib)= Lo, + 440 o) i

)

~—

7

7. (7 points) The table below gives the dissolved oxygen concentration O(T,d) in a lakﬁ ﬁﬁfmilligrams per liter, mg/L)

asa

function of the water temperature T (in °C) and the depth d (in meters m).

TCO\d@m) | 0 5 10 | 15 | 20
5 128 [ 126 | 125 | 124 | 123
10 11.3 [ 11.1 | 10.9 | 10.8 | 10.6
15 10198 | 95| 93 | 9.1
20 91 | 87 | 84 | 81 | 7.8
25 83 | 78 | 74 | 70 | 6.6

For example, O(10,5) = 11.1 mg/L. Answer the following questions.

(a)

(4 points) Estimate the partial derivative O7(15,10). Make sure to include the units.

O-r(\""\“’) ~ 0o(w,uw)- (‘7[\0.\0)
2°S

= IM-=-0T _ ,,7.'51"‘3/1,
—~— o CI
\ 0
(b) (3 points) Explain the meaning of the partial derivative that you computed in part (a) in the context of the prob-
lem. You cananswer this part of the problem even if you don’t know how to estimate Or(15,10).
0
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8. (6 points) Consider the following contour diagram of a continuously differentiable function f(x,y):

7 X

Complete the following, each of which is worth 2 points.

(a)

(b)

(c)

Find a point A where f;(A) < 0and fy(A) < 0. Mark your point in the diagram with a dot and the letter A.
Explain your reasoning in the box.

To dipe b B bk D b e xad g e il
Amv\ﬂm’f\ltl

Find a point B at which f(B) = 0 and f(B) > 0. Mark your point in the diagram with a dot and the letter B.
Explain your reasoning in the box.

e Sope ol N Sk e fadh B e lredton 6
F"‘;‘J‘N‘- SWL wWe At %o'w\’ \\‘n\:“ T\,L éyorc = '\\b X—X\\md‘w
K 22U 5—‘\0(' W e NV Ly "*k I\LWU"V' \)') '“'- Suhe M ~

wit W'-\L'\\‘N&J\'\ ‘\\A. {)D‘-'\,‘,. Nr“'u “‘W\,’ D “\M B‘.b\ X’Mb"\

v h.\qlﬂl: (N PR
Find a point C at which fy(C) = 0 and f,(C) = 0. Mark your point in the diagram with a dot and the letter C.

Explain your reasoning in the box.
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