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MATH 251 (04,06,07 ), Dr. Z. , Final Exam ,Tue., Dec. 19, 2017, SEC 118, 12:00-3:00pm

WRITE YOUR FINAL ANSWER TO EACH PROBLEM IN THE INDI-
CATED PLACE (right under the question)
Do not write below this line
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Prathik lolla



Important note: Unlike Exams 1 and 2, you are not required to state the type of the

answer, and there is no credit for stating the type. But if the given answer is the wrong
type, you would get 0 points.

Example: Find f 0
(2) if f(x) = x3

. If you give the answer 3x2
instead of 12, you would get

zero points!

Formula that you may (or may not) need

If the surface S is given in explicit notation z = g(x, y), above the region of the xy-plane
, D, then Z Z

S
F · dS =

Z Z

D
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1. (12 points) Compute the line-integral

Z

C
7y dx+ 3x dy ,

where C is the circle x2
+ y2 = 100 traveled in the clockwise direction.

Ans.:

3

O

X21 y
2 100

X 10cost 4 10Sint

DX losintdf dy locostdt

r t 10cost 10sint

p t L 105Mt 10cost

Ir'tt loos.nl ocos2t 10

101 70Sint t 30cost dt O



2. (12 points) Find an equation of the tangent plane to the surface

z = x2
+ 3xy + y2 ,

at the point (1, 1, 5).

Ans.:

4

2 5 5y 5

g X y 2 X2 t 3Xy 142 Z

g 2 34 9y 3 12y gz I

941,51 5 9yd1,51
5 g z I

g X Xo t gy ly yo ga z Zo o

S X l t 5 y I z 5 O

5X S t 5y S Z t 5 0

5 1 5Y z s 51 5 0

5 15 y Z S O

z 5 5y S



3. (12 points) Find the absolute maximum value and the absolute minimum value of the

function f(x, y) = x2 y in the region

{(x, y) | 0  x  1 , 0  y  1� x }.

Absolute minimum value:

Absolute maximum value:

5

O
O

f xy Ny
f 2XY fy x2
2 4 0 X2 0

Critical Point 0,1

f 0,11 0

X O COY

fOil O for y in o l X

Absmin O

absMax O

4 0 XO

f x o O for X in o I

Abs min O
AbsMax O

y I X l x

f X l x x2 1 x for in o D
g x XZ L X XZ i3 g o o

g X 2x 3
2 ga 0

2 3 2 o gC O

g o O



4. (12 points) Compute fxxyz(0, 0, 0) (in other words
@4

@x2@y@z f(x, y, z)|x=0,y=0,z=0) if

f(x, y, z) = sin(x2
+ y + z ) .

Ans.:

6

fxxyz10,0101 2

fLx y 2 sin x y 12

f 2x cos x4 y 12

f L cos 112 12 4 4 2 Sin X2 2 1 y

f Xy 2 Sin x2 2 TY t 2 2Cos x't y 12

f yz 2 2 2 sin 2 t y 1 7 t lost 1 y 1 2

f yz 0,0O 2 cos o

t yz 0,010 2



5. (12 points) Find
@z
@y at the point (1, 1, 1) if (x, y, z) are related by:

xy + xz + yz + x2y2z2 = 4 .

Ans.:

7

I cn.D

FAYE
Fy Xt Z t 2 2422

Fz Xt y 1 2
2y2z

02 FIz
F 1,1 1

Fy 1,11 It It 2 y

Ell 1,1 It I 12 4

d2
Ty YI
da
Fy I



6. (12 points) Find an equation for the plane that contains both the line

x = 1 + t , y = 2 + t , z = 3 + t (�1 < t < 1) ,

and the line

x = �t , y = 1 + t , z = 2 + t (�1 < t < 1) .

Ans.:

8

2 y l

N L l l 17 Nz L l l I 7

N X nz GO 2 2

N L 0 Z Z

N x Xo t Nz Y Yo Nz Z Zo

EI P 1,213 Q 0 1,2

Z y 2 t 2 Z 3 O

247 4 t 22 G O

Ly 2 22

Y l z



7. (12 points) A certain particle has acceleration given by

a(t) = h�4 sin 2t , �4 cos 2t , 9e3t i .

If its velocity at t = 0 is h2, 0, 3i and its position at t = 0 is h0, 1, 1i, finds its position at

the time t = ⇡
4 .

Ans.:

9

Tty L It Iz l e 3ft 117

t fact dt

J L 4sin 2T 4cos2E 9e't It

2cos Zt 25in Zt 3est t L2,03

L 2cos Zt 12 25in Zt 3est137

X t vetslet

JL 2cos 2E 12 25in Zt 3est13 dt

Sin Zt 12T cos 2E e3tt3t t 20,7 I

LSin Zt 12T cosC2t t l est13ft I

X Ft LSin Iz t It cos5 t l e t 1 I

X Tty L It Iz l e 3 117



8. (12 points) Compute the (scalar-function) line-integral

Z

C
(x + y + 2 z) ds

where the curve C is given by the parametric equation:

r(t) = h t, 2t, 2ti , 0  t  1 .

Ans.:

10

721

FIX4,2 Xt y t 22

f htt t t Zt t 4t 7T

fit L l l 2

Ir'ttt l Fifty re

fi 756 Edt Ft 7



9. (12 points)

If

lim
(x,y,z)!(1,1,1)

f(x, y, z) = 1 , lim
(x,y,z)!(1,1,1)

g(x, y, z) = 2

compute

lim
(x,y,z)!(1,1,1)

sin(
⇡

3
f(x, y, z)) cos(

⇡

4
g(x, y, z)

Ans.:

11

O

l im
IXyid a

SM F cos I o



10. (12 points) Compute Z Z

S
F · dS ,

where

F = hx2
+ sin(y + z) , y2 + xz3 , z2 + exy i

and where S is the boundary (consisting of all six faces) of the cube

{(x, y, z) | 0  x, y, z  1}

with the normal pointing outward.

Ans.:

12

3

P Q R

P 2X Qy 2y Rz 22

dir F 2x 12y 122

IfsF ds SSSedivFdv

fofo f 2x121122 dxdydz 3



11. (12 points) By finding a function f such that F = 5f , evaluate
R
C F · dr along the

given curve C.

F(x, y, z) = h 2e2x+3y+4z , 3e2x+3y+4z , 4e2x+3y+4z i ,

C : x = t , y = 2t , z = t2 , 0  t  1 .

Ans:

13
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e I

P Q R
i j K

d d
Ty Tz LO O O

Philz Quik RANK Fis conservakve

f fy fz
f Jf d e2 34 42 g y z

fy 3e
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fz ye
2 13 142 gz gz O
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No 00,0 r 1 1,2 1

f ra f riot
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12. (12 points) Evaluate the line integral

Z

C
5y dx+ 5x dy + 6z dz ,

where C : x = t2 , y = t , z = t2 , 0  t  1.

Ans.:

14

8

X t2 y t z t2

dx Ztdt dy dt 2 2that

Jo's t Ltd t t fo s E dt t foHE Gtdt

fo lo t't t t foStadt t fo 12Pdt

Gt3 I E o
t St t

Iz t Iz t 13 213
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13. (12 points) Evaluate Z Z Z

E

1p
x2 + y2 + z2

dV ,

where E is the hemisphere

{(x, y, z) |x2
+ y2 + z2  100, z < 0} .

Ans.:

15

1001T

PO ol O EPELO O EO E La Iz E loE IT

fo fo ff pl p'sanoldoldodp
f PdP FYda IIsinoldd 100IT



14. (12 points) Evaluate the quadruple integral

Z Z Z Z

E
360x dV ,

where

E = {(x, y, z, w) | 0  w  1 , 0  z  w , 0  y  z , 0  x  y} .

Ans.:

16

15

J f f f 360x dxdydzdw
f 360xd x 180 2 180y

f 180y dy 6043 6023

f 6023d z a 1524 ow 15W

fo 15W dw 15W is



15. (12 points) Find the Jacobian of the transformation from (u, v)-space to (x, y)-space.

x = 3 sin(2u+ v) , y = u+ v + cos(u+ v) ,

at the point (u, v) = (0, 0).

Ans.:

17

3

Xu Xu 6cosC2utV Yu I sincutu
Xv 3costutv Yu l Sincutu

Yu Yu
Xu 6 Yu 1

Xv 3 Yu I

J XuYu XuYu

J 6 3

g 3



16. (12 points) Find the local maximum and minimum points and saddle point(s) of the

function f(x, y) = x3
+ y2 � 6xy

Local maximum points(s):

Local minimum points(s):

saddle point(s):

18

none
G 18

0,0

f Xi x3ty2 6xy
f 3 2 by f 24 6x

f 6X fy 4

f 6

Critical Points O O 6,18

0,0 Saddle point

f O f yy 4 f y G

014 f 6 36 D L O

6,18 local min

f 36 fyy 4 f y 6

3614 f b 108 D O



17. (8 points) Use the Divergence Theorem to calculate the surface integralR R
S F · dS, where

F(x, y, z) = hx+ y y + z , x+ z i ,

where S is the sphere (center (1,�2, 4) and radius 10), in other words the region in 3D

space:

{(x, y, z) | (x� 1)
2
+ (y + 2)

2
+ (z � 4)

2
= 100} .

19

P Q R

divF l t l t l 3

IfsF dS ISSdivFdr

FIT 10313 400011


