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1. (15%) 3% f(z,y) = 2° + oy + —y* «

2 8
(a) K V£(1,2) . (5%)

(b) KB (1,2) 897 @ EHIKZKME (10%)
Sol:

(a) Get 2 points.

9 9 23
— 2 a2 b

Get full points.

V/(1,2) = (12,16)

(b) Get 2 points.

Let direction as (cos(f),sin(#)) or let direction as (a,b) and a® + b* = 1.

Get full points.

maxgy12 cos(#) + 6sin(f) = 20

Get full points.

ma${(a7b)‘a2+b2:1}12a + 6b = 20

Get full points.

The direction to get max value is parallel to V f(1,2) = (12, 16).

V122 + 162 = 20

2. (10%) K o +y* +2° —4a?yz + 1 =0 £% (1,1,1) BRZ W F@FTEX

Sol:

Let f(z,y,2) = o +1y* + 2° — 42%yz + 1, then
Vf = (foca .fya fz) = (1 - 835yZ,2y — 41’22,322 — 4113‘2@/)

So Vf(1,1,1) = (=7, -2, —1).

The Vf(1,1,1) is the normal vector of the tangent plane of f(z,y,2) =0 at (1,1,1).



Hence, the equation of tangent plane at (1,1,1)is —=7(x —1) = 2(y —1) — (2 — 1) = 0.

Or equivalently, 7x + 2y + z = 10.
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3. (16%) 4 fla,y) = e @+ gy
(a) ’T{ fx ) fy ) fa:x ) fyy 9 fa:y ° (5%)
(b) K f(x,y) ZAEME . (10%)

Sol:

(a) fo=—(22% = 1)ye =) (1 %)
fy = =2y = Dz @+ (1 %)
firo = 20y(20° = 3)e” ) (1 %)
Fuy = 2ay(2y* — 3)e~ YY) (1 %)
foy = (222 = 1)(2¢% — 1)e” @) (1 %)

1 1 -1 1 -1 -1 1 -1

(b) Je = fy =0= (‘7;7 y) = (Ev E)? (Ev E% (E? E)v (_27 _2>7 (07 0) (1 %>

Let H(e.p) = | 7 T | = 140202 3)(257 — 802 — (207~ 1)2(292 ~ 12"+
fl‘y fyy

(1) H(0,0) =—-1<0.

By Second Derivative Test f has saddle point at (0,0) (3 %)

Ly b2l
(2) fxx(ﬁa \/5) - fxx(ﬂa \/5) € < 07
IR U
and H(E,E) = H(\/E, \/5) de™" > 0.

By Second Derivative Test



1 -1 -1

f has local maximum at (\/_ \/_) (\/E’E)
. R N e
The maximum extreme value is f (—Q,E) = ( 7 \/5) e
-1 1 1 -1
T e\~ = T =) — - 0,
()f(\/—\/—)f(\/—\/—)€>
andH(\/_ \}_) (\/_ \/_) 4e7% > 0.
By Second Derivative Test f has local minimum at (— 7 \}_) (\}i, \/%
1 1 -1, -1

The minimum extreme value is f (

w7 T

4. (10%) K2 (0,0) B 172* + 127y + 8y* = 100 8k kAR ILIEAE o

Sol:

In order to find the extreme value of \/22 + y2 given 172 + 12zy + Sy* = 100.

Let f(z,y) = 2* +y* and g(z,y) = 172° + 122y + 8y* — 100. From

20 = \(34x + 12y)
Vf(r,y) = AVg(z,y)

g(w,y) =0

(5 pts) = ¢ 2y = A(12z + 16y)

172 + 122y + 8y* = 100

1

5)

Therefore the maximum is v/20 and the minimum is v/5. (5 pts)

1
we get (z,y,\) = (2,1, %) or (2, —4,

(exactly one correct answer is worth 4pt, and no square root is worth 3 pts.)

. (10%) éJrf;a?/ / —dxdyo
Y=
Sol:

0<y<1, 0<x<1,

Vy<z <1 0<y<a’

(2 %)

(1 %)

) (2 %)

(1 %)



1 2!
= _6217
2 0
1
=5(e—1)
The standard of answer:
Change coordinate 5 points
The answer 5 points
s 1 1
. (10%) A mA%EARR //nydA CEE Q={(2,y): (z— 5)2 +1y? < Yz 0},
Q

Sol:
Let rcos@ :=x, rsinf .=y,

then the domain

1 1
> (rcosf — 5)2 + (rsin0)® = r? cos* @ — r cos 6 + 1 + r%sin §

=~ =

which imply 0 > 7 — rcosf = 7(r — cos ),

that is
0<r<cosh.
And we still have y > 0, that is
rsin@ > 0.
And by (6),
cosf >0,
so we have
T
0<o<—
- 2



Our integral

cos 0
/ vy dady = / / (r cos0)*rsind r drdf (8)
Q 0=0 Jr=0
5 cos @
= / / r* cos® fsin § drdd 9)
0=0 Jr
z o cosf
= / — cos? 0 d(— cos 6) (10)
=0 b} 0
1 [z
= ——/ cos 6° cos® 0 d(cos ) (11)
5 Jo=o
8972
_ 1 jcos” _ 1 (12)
50 8 [, 40

— If you write down equation (8) correctly, you can get 4%.

— If you compute (9) to (12) correctly, you get 6%; if not totally correct you can get

partial grades.

%
— If you write equation (8) in a wrong expression (e.g. / ), the remaining computa-
r=0
tion may get no grade.

1
o[z 1
— you can also compute / /2 (rcosf + 5)2(7“ sin 0)*rdrdf to solve this.
r=0

7‘ (15%) J 2’¥§ié’¥ y\vzﬁszfﬁ.//—dA,,\cPR/%y—I 7y:

)
22 | =3y B x = y® FTERMGER .
Sol:

—2 -2 2 1 1
u=zy,v=xy 0 = T =u 30 3, T =1u 30

Jacobian (5 %)

oxr 0Oy

o A 1
J(u,v) = gg (gz = —u 22

du  Ou

Variable transformation (10 %)

//fxydxdy—//u 2 J(u,v) dudv
:/ / u2v2—u’2v’2 dudv
1 J1 3

. (15%) #+H L’\///ydv,,\“l’QPJx—O y=0,2=0, z+y+2z=1FER
B Rk .



Sol:

J ] ]u

Q
, T RAGERE

1 Y pley-22
/ / / y dxdzdy
0o Jo 0

N ——
1pt2pts 2pts

1 1% r=1—y—2z
/ / Ty dzdy (3 pts)
0o Jo z=0

1—y

1 =
/ / ’ (1 —y—22)ydzdy
o Jo

Lyt 297 %
(Lo y t
4(4 375 ) e G
1/1 2 1

S(z-Z42) == (pt
4(2 371 (1pt)



