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Solwhyan b

Last Name: First Name;

Student # : Section (200 or 253) :

Instructions:
No memory aids allowed. No calculators allowed. No communication devices
allowed. Use the space provided on the exam. If you use the back of a page,
write “see back” on the front of the page. This exam is 180 minutes long.

Rules governing examinations
e Bach examination candidate must be prepared to produce, upon the request of the
invigilator or examiner, his or her UBCecard for identification.

e Candidates are not permitted to ask questions of the examiners or invigilators, except . .
in cases of supposed errors or ambiguities in examination questions, illegible or missing Questhn POlntS
material, or the like.

Score

e No candidate shall be permitted to enter the examination room after the expiration of 1 6
one-half hour from the scheduled starting time, or to leave during the first half hour of

the examination. Should the examination run forty-five (45) minutes or less, no candidate
shall be permitted to enter the examination room once the examination has begun.

10

e Candidates must conduct themselves honestly and in accordance with established rules

for a given examination, which will be articulated by the examiner or invigilator prior to
the examination commencing. Should dishonest behaviour be observed by the examiner(s)
or invigilator(s), pleas of accident or forgetfulness shall not be received.

14

o Candidates suspected of any of the following, or any other similar practices, may be
immediately dismissed from the examination by the examiner/invigilator, and may be
subject to disciplinary action:

12

(a) speaking or communicating with other candidates, unless otherwise authorized;

devices;

(c) purposely viewing the written papers of other candidates;
(d) using or having visible at the place of writing any books, papers or other memory
aid devices other than those authorized by the examiner(s); and,

20

(e) using or operating electronic devices including but not limited to telephones, cal-
culators, computers, or similar devices other than those authorized by the examiner(s)—

(b) purposely exposing written papers to the view of other candidates or imaging 5 6
(electronic devices other than those authorized by the examiner(s) must be completely 7

powered down if present at the place of writing).

e Candidates must not destroy or damage any examination material, must hand in all 8 6
examination papers, and must not take any examination material from the examination

room without permission of the examiner or invigilator.

e Notwithstanding the above, for any mode of examination that does not fall into the Total: 80
traditional, paper-based method, examination candidates shall adhere to any special rules

for conduct as established and articulated by the examiner.

o Candidates must follow any additional examination rules or directions communicated
by the examiner(s) or invigilator(s).
T
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1. (a) Find the equation of the plane which contains the point (2,2,0) and the

line
z=>5t—4
y=—4t+5
zi="7

The veehe 5, -4, 19 s confainad  ta At plane and
s (t=0)  (4,6,0) & in f pPlate as s (2,2,0)
we hawe At L -3 07 15 in fao, plaw. The weﬁeff“a
pormel to fhe  ploms : - 3(w2) ~6ly-2)~TE =0

oot Tt g o (x-1)4 2y -t) t32 =0
N'; 6 -2 P ‘><*‘5,-’(0; ?> l)

S'_-Ll | oY X‘{'Zj-i“%%:é

Answer:
X"'?A? th2 =0,

(b) Find the z-intercept, the y-intercept, and the z-intercept of the plane (namely, the
points where the plane hits the z-axis, the y-axis, the z-axis respectively).

5;4&— ntecwgte by sefhey 204 The three warinbls Yo O
X iwtecwpt (6,0,0)
Y id‘«efapf‘ . (o, 3,0)

2 twterepf Lo

Answer:

(%0,0),(0,3,0) (0,0,2)
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2. f(z,y) is a function with
f(30,50) =40, £,(30,50) =2, f,(30,50) =3

a) Find the equation of the plane tangent to the surface 2 = f(z,y) at the

pot BLE0AD) 5 o b bt (k) £, (%, Y)(y~=4%)

Answer:
Z =40+ 2(x-30)+3(x-$2)
(b) Find the approximate value of f(28,53) .
Hwy) & for 2lx-30 +3(x-52)

= $0+2.(28-30) +3(53-50)
= 40— 49

Answer:

45

I

(c) Let g(s,t) = f(st,5s + 4t). Compute g,(6,5) and g,(6,5). ;y - & 3‘2{_’7
. 00 20y 2fr s Bpos 9% . Oy
5s = IR 8s  JyI5 5T % g8 1

9 St Ox. L 280y o, Y= 2
st Covoe I beC 26x3 1= 2

Answer:

Js = 25 g,(?ZH
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3. Let

fla,y) =2+ 9% —y — ya?

and let
D={(@y): o+y<2)

(a) Find all the critical points of f(z,y).
_ X0 or A-2y=0) A :",
S 2&1 > 733“J
B R i x=0 thn j-'l‘f =7 17 2.
'F-‘l = y-l—x =0

IE Y= Hen -X20 F XFF

Answer:

(":’lﬂ (L) (-1, )

(b) Classify each of the critical points as a “local maximum”, a “local mini-
mum”, a “saddle pomt or “not an ordinary critical point”.

D= + ‘Cw “7 = (2 27>2—" (‘Z?‘)
H(1-4 %)
Dlod) = 4(-4)= 2 20 Rg20 S[6d) loal win |
D) = 4= = =10 S [u s«uﬂ

D) = $U-1-D= $20 D[, s@aﬂ
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(c) |4 points

Find the absolute maximum and absolute minimum of f(z,y) on the

domain D.

ivt addt'd\\m Yo

erital qmidte an Mo iaferve, we chek.

ok, gt o havnkry Wy = 2

l{— X=0 Thm Y=

ZF))‘) 73/ljx’?*/ﬂxx

)@H{ -~ Ay X =0
-
D %m0 or Worl-%T0

: L
£z }‘{' LR e i ) |,-3,17'7-»~2_

T

(o0,4%) (0, R Vo
Joaudary whsnine e
Sl
(@) = AT Hoz)® "2 % Tg M

blo, )= 2T
1) = ltl-[- =0

B, - -1) = | L]+t =Y \

A Y= lEl=l=Fe 5

L) F BT A N

Answer: (ib-)) M‘es
2,3) Min .
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(d) Sketch the contour plot of f on the axes below. Hint: plot the contour
f(z,y) = 0 by factoring f into a product of two terms.

NS

o Se rle Yoot
/1/_ m"}‘DWS aly

gt

X"’-ebl:'wl at
(£l,-)

ey R
= W(1-y ) + yly-1) = (‘j"' 1)(‘1"')
b Sun=0 5 M b yol deg uik yexd
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4. Consider the following contour plot of a function f (z,y):

s 'OUJ

i lom[ Min,

The values of the contours are spaced evenly. You may make reasonable assumptions
about the function: the gradient does not vanish along an entire contours, the function
does not fluctuate wildly on a scale smaller than shown by the contours.

The following values are given:

f(=3,00=0 f(0,3) =12

Answer the questions on the following pages.
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(a) Find the unit vector in the direction of the gradient of f at the point
(0,2).

Cradint 1 me(ar' Yo b i T

dicection  intresing s SOC‘(?{')(O,L) 5 in
‘l‘f\l "'j di(‘&a{ffm

Answer:

=3

(b) Find the unit vector in the direction of the gradient of f at the point
=i,

oo dicecimn o {17 so e vait el

by

s A‘%dal,h

Answer:
VI g
& ,\FL ) /lr:b>

(c) Find the smallest value of f along the line y = —2
min. ocues Whe  pentovr (s ‘f&ngwf‘ to  liae Y=+ -T

Which G (7)) commhing confours wr 5
Ho,-v) = —lp

Answer:

~(b
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For each of the followmg quat1tles determine whether the quantity is
P051t1ve Negative, Zero, ex=not-enoneh-mfors e -

o £,(0,1) (6,1) v acrri- awm'{' cwf a local AN
Answer:
Zero
® fee(0,1)
Answer:
N&jaﬁﬁ
e f2(1,1)
Answer: a-f»— Cl )\) (FUMQQM &CV’&QQ
tha.‘HN 0o we mve o fRe right
¢ Full, ) b m 90(}5 ?A’.\L’ b,‘%er
co = duvass less rapdly
J"&lrlsweriPas.H\'NQ oo Wi — UP) 'ﬁ‘-(
| 9005 in The X d‘“’-"‘(“’“‘
¢ L] gt lager s Gty
" lQQS N@&-Q{'\H’ as g Inireads ¢
Vosi tive
. (D:N)(2-1) angle  heteen QIBERD
and T o ARERK
Answer: a.C\JvaQ

A il
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5. Compute the following integral

1 1 \
f ] e’ dxdy
y=0 Je=y

Need Yo swith
ocler B iate afim g >
) " 5 ¢ dy dy
(i) = Y=¥%"or
ﬂ_,-;n».\ e ) 2
= R - S xlex‘?()(
=0
== 5 \
— i eX J o J—g(e ~| >
ERT
Answer:

3 (e-1)
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6. Let I be the region above the cone z = /22 + y? and below the plane z = 1.

(a) Sketch the solid £ in the space below:

>

<= |

(b) Fill in the missing limits of integration for [[[,(z*+y?) dVol in cartesian
coordinates in the given order:

——y,

! A=y

(z* +y*) dzdy d

— 1
r=—1 ¥Yy= ajl_.y:b

(c) Fill in the missing limits of integration for [[[,(z?+y?) dVol in cartesian
coordinates in the given order:

FCRNE

1 % ,,/%7—,7 v
/ / (z® + 9*) dz dy dz
%“ z=0 Y= - % -"-'J%'L__(‘"L

|
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(d) Fill in the missing limits of integration and integrand for [[[.(z* +

y*) dVol in cylindrical coordinates:

2w L l
/ / 2 |dzdras
=0 r=0 | z= r‘

(e) Fill in the missing limits of integration and integrand for [ff,(a? +

y*) dVol in spherical coordinates:

Wi 5 |

/ . /
0=0 ¢=0 p=0

l 2 'L" T ,.‘“'L
21 &> pusd=l > P oo, Xwy s (’C"J&")f
x @"’9636‘9\“ @

- P1'9 g‘nlc#

(0"'8 in3q5 dp d do
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(f) Evaluate the integral [[[,(2* + y*)dVol by any method.
Al
cedv el o \ |
p i o S S dedrde- = 2T S r3(i-r)dr

© (=0 z=r =20

=D = W/
2 2e Mo e ar S 1= 0579 Y Gingpd$
- ‘)-—"' 9;—
¢‘a g_ QO')S-GF‘ é,-.o \ co 4 - u‘,.caﬁd
r ‘-;7’ =0
_ ar 5 L,__ (‘:_vil )JK _ ar S —s’ ’3)JM
5 ws s i, o
W=\ \ *
- BT L gl r) ~1(my
- A F 7‘] = a1 v L
N
- 2T Y‘ | ¥ 2. ¥ 4 ~4 ‘__J
g Y
Answer - _?'_,ﬂ.: = _l\"_
T%o 20 10
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7. |6 points| Let E be the part of the sphere % 4 y? + 22 < 1 which lies in the positive
octant. Find the coordinates of the center of mass of F assuming that the density of E

is constant. You may use symmetry arguments and the fact that the volume of a sphere
of radius R is 3wR>.

&

Answer:

3 32 3
‘1)%) (5-1 815)

'011 GJmmf'rj X = y =%
* E-. &Sg 24\/0

VACE)
Wie) s &-8r - & s 2l = (osq ) prsing ol
% 3 b
—_— lo "'\Tr/'?—- “T/L. ~ |
27 0 5 5 5 p* cospsin ddpdd da
g=u *’-P"’D p=o

i
W
C.+
g
S
¥
\
lw
y—
o
vgz
>
sl
i
R |w
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8. |6 points| Find the volume of the largest rectangular box which is contained inside the

ellipsoid
% + % +22=1,
Answer | /
/4,
A

],,,7 9ymm+fv} 1oy ot will b
y Camcteced af  (0,00) . Aud s
Corvey™ I~ flu Mg‘ i\ of,\‘{'m«‘!"
Wil be g twg llipad . @t o poet

(i) o
. A T
Vigy ey = (23le)lee) =8z subjedt b -+ e3>
Ltﬁrmap Ml Fip i e
8By 2y )\) X )
\ . DBur= A he ZTN- 29t
(Bre= 213 ) CAA.
. Hyt+ _ +
Lgiq: l%A>2' >0 X—:_.a.;-’- - Yz
= X _I.LL g_-L owd  Giwasr  Thest ttwree Sum o |
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Extra page for work.



