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The University of British Columbia
MATH 200 Final Examination -Dec 8, 2017

Closed book e_xamination ‘ Time: 150 minutes
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Special Instructions:

No memory aids, calculators, or electronic devices of any kind are allowed on the test. Where
blanks are provided for answers, put your final answers in them. UNLESS OTHERWISE SPECI-
FIED, SHOW ALL YOUR WORK; little or no credit will be given for answers without the correct
accompanying work. Numerical answers should be left in calculator-ready form, unless otherwise
indicated. If you need more space than the space provided, use the back of the previous page.

Rules governing examinations

e Each candidate must be prepared to produce, upon request, a 1 9
UBCcard for identification. ' '

e Candidates are not permitted to ask questions of the invigilators,

except in cases of supposed errors or ambiguities in examination 2 9
questions.
e No candidate shall be permitted to enter the examination room 3 8

after the expiration of one-half hour from the scheduled starting
time, or to leave during the first half hour of the examination.

e Candidates suspected of any of the following, or similar, dishon-
est practices shall be immediately dismissed from the examination
and shall be liable to disciplinary action. 5 14

(a) Having at the place of writing any books, papers
or memoranda, calculators, computers, sound or image play-

ers/recorders/transmitters (including telephones), or other mem- 6 13
ory aid devices, other than those authorized by the examiners.
(b) Speaking or communicating with other candidates. : 7 9

(c) Purposely exposing written papers to the view of other can-
didates or imaging devices. The plea of accident or forgetfulness

shall not be received. 8 10
e Candidates must not destroy or mutilate any examination mate-
rial; must hand in all examination papers; and must not take any 9 6

examination material from the examination room without permis-
sion of the invigilator.
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1.(a) (3pts) A function z = f(z,y) is defined implicitly by 22+ zyz = 2. Find f, in terms of z,y, z.
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(b) (3pts) Find the equation of the tangent plane to the surface 2% + zy + 2® = 3 at the point
(1,1,1).
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(c) (3pts) You stand at a point on the side of a hill. The slope of the ground in front of you is 1.
You turn clockwise 7/2 radians (90 degrees), and the slope of the ground in front is now v/3. How
much further clockwise should you turn so that the slope of the ground in front of you is zero?
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ANSWER: You should turn another (in radians) clockwise.
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2. Consider the following contour plots labelled by a, b, and ¢ and the following graphs labelled A,
B, and C. The axes in the graphs are in the standard order: the positive z-axis is up, the positive
r-axis is to the left, and the positive y-axis is to the right. -
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(3pts) Which of the following is the correct correspondence of contour plots to graphs?

1. A=a, B=0bC=c

2. A=a, B=¢,C=1b
3. A=b,B=a,C=c
4, A=b,B=c,C=0
5 A=c¢,B=a,C=b
_(6. A=c¢, B=bC=a
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(3pts) For each of the contour plots below, place the letter of the plot next to the correct statement.
The approximate direction of gradient of the function at the point (3;3) i85 «

e ...approximately in the northwest direction.
e ...approximately in the southwest direction. b
°o ... dpproximately in the northeast direction.
e ...approximately in the southeast direction. 7

e ...the zero vector. (\/

(3pts) For each of the contour plots below, circle the answer for each of the following .

1. The value of f,(3,3) in the plot (a) is
e POSITIVE

e NEGATIVE
e ZERO

9. The value of f,(3,3) in the plot (b) is
e POSITIVE

<.”'1'€EEATIVE B!

e ZERO

3. The value of fyzfyy — f2, 8t the point (3,3) in the plot (c) is

5‘qlu (-Q
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3. (8 pts) The distance from the point (3.03,1.98, 5.99) to the origin (0,0, 0)

is approximately (use an appropriate linear approximation to fill

blank with a sum of rational numbers (ie, fractions of integers)).
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4. The temperature in space is given by T'(z,y, z) = i

(a) (4 pts) In what direction at @ = (1,1,1) is the temperature increasing most rapidly (express

answer as a unit vector)? 3.2 yg x"ﬂ: 1. ygt
2 5%## e i
VT = (et by ) HREE ’

VT 1) = <5leg, 6’ ) gofp s dicwhin N
= 2:844,3,47 |

(b) (3 pts) A bee starts at @ = (1,1,1), then flies in the direction from (a) and continues along
a straight line. Will the bee pass through the origin (explain)? ‘
Ve

-f‘t( ll&? "faﬁn)jk U ll) " mdur-coﬁc\w\ da <l }I"> /PYRN9T Y

4% X= i+t O=hr t
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z = (H1E o =1+4t ee dots wot pass thry (40.0)

= 222 + zy + 3y% A fly starts at
), 2(t)) where

2(0) = 2(0) = 0.

(c) (5 pts) The air pressure in space is given by Pl aj,.2)
R = (1,2,3), and ¢ seconds later its position is (z(t), y(t

2'(0) = 2"(0) = 7; y'(0) = "(0) = V7,

If P(t) is the air pressure at (z(t),y(t), 2(t)),
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5. (a) [11pts] A mountain is represented by the graph of f (z,y) = [z% + (y — 1)%]° in space. Find
the highest and lowest points on the mountian which lie directly over the ellipse z% + 2y = 18 in
the zy plane using Lagrange mutipliers (credit will not be given for any other method).
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(b) [3pts] Find the highest and lowest points on the mountain which lie over the “solid ellipse”
z? 4+ 2y% < 18 in the zy plane.

othse M%JO(I e min  aCe crit P‘lS o iwltwy'.‘w- i
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HEIGHT AT HIGHEST POINT: 20

HEIGHT AT LOWEST POINT: a
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6. Let R be the region in the POSITIVE QUADRANT of the xy plane and bounded by the curves
z=122+y*=1(x—-1)?+y*=1

(a) [2pts] Shade the region R in the axis provided

y f"-‘ult»;\ ( 22 v

(b) [8pts] Let A be the area of the region R. Fill in the blanks below (explanations not required)
Azr—x*

i) A= f Yo / f g (_‘L_) d.%df_ (use z,y coordinates)

secE “7 3 R0y

LY
(ii)A:/O'V} / t (X )dfd9+/n7q / | (L )aCa¥

(use polar coordinates 7, 6)
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(c) [3pts] Calculate A from part (b) of the previous page using either of the double integrals from

(i) or (ii).
(you may use the facts that 4 tan(f) = sec*(f) and also cos?(8) = (cos(26) +1)/2))
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7. (9pts). Consider the solid region in space which lies above the paraboloid z = 22 +y? and below
the sphere z? + y? + 2% = 2. Determine the volume V of this solid and-fill-in-the-blanks below
accordingly.

bbeseck ab T whire R S EAe-Lro (2 +2)(%n) =0
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8. Let E be the region bounded by the plane 2y + z = 3 and the paraboloid z = 2* + y*. Let
I'= / / / f(z,y, 2)dV. Fill in the following blanks below (No explanations required)
E

y 'i"(\f“]" 3-2y

(a) (4pts) I—_~/__?’ /‘Jm / )(z'”‘r?' flz,y, z)dzdzdy

) Nz JE-y
" f::ﬁ' /_ o [y, 2)
7 @ 10-%) =
+/' /,J‘é /—'ﬂ:}_f flz,y, z)dzdydz

T Shadins v XY Pl

dzdydz

Y 42y-320 L1 yt3)= 0
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reyiow of im‘e(ymﬁov\ |
9. (a) (2pts) Sketch the-setid-whe'svohume-ie given by the integral
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(b) (4pts) Fill in the blanks below in terms of spherical coordinates (No explanations required)
Y% T Lz .
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The End



