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MATH 253 Exam 1 Fall 2003 | 9 /10 | 12 /15
Sections 504-506 Solutions P. Yasskin 10 /15 /103

Multiple Choice: (6 points each)  Work Out: (points indicated)
1. Atriangle has vertices 4 = (0,3,2), B = (-2,3,0) and C = (-2,0,3). Find the angle at vertex B.

T
a. 3
b. % correctchoice
T
C. 2
2r
d. 3
S
e. 6
— — —_— —
BA=4-B=(2,02) BC=C-B=(0,-3,3) BA-BC=6
— —
‘BA‘z,/4+4:2J§ ‘C‘ JO9+9 =32
BA - BC |
cosf = : = = = = =60 =L
‘EI)HB_C)" 2ﬁ3ﬁ 2 3

2. A triangle has vertices 4 = (0,3,2), B = (-2,3,0) and C = (-2,0,3). Find the area of the triangle.
a. 15
b. 30
c. 2J3

d. 3./3 correctchoice

e. 63

— —
BA=A4-B=2,02) BC=C-B-=(0,-33)

e —_ ! J k A

AxBC=|2 0 2 |=1i6)-7(6)+k(-6) = (6,—-6,—6)
0 -3 3

Area — %‘EJXB_)‘ _ %,/36+36+36 -3J3



3. If u points Up (away from the center of the earth) and ¥ points NorthEast, then % x v points
a. Up
b. Down
c. SouthEast
d. SouthWest
e. NorthWest correctchoice
Put your fingers Up with the palm facing NorthEast, your thumb points NorthWest.

4. Find the equation of the plane which is perpendicular to the line (x,y,z) = (2-3t,3+1,1—-1¢) and
passes through the point (-1,4,3).

a. 2x+3y+z=13
b. 2x+3y+z=-4
c. 3x+y—z=4 correctchoice
d 3x+y-z=-+4
e. x+4y+3z=13

The normal to the plane is the tangent vector to the line: N=5%
A point on the plane is P = (-1,4,3) Sothe planeisN-X=N-.P or
-3x+y-z=3+4-3=4

5. Find the arclength of the curve /(1) = (J2 /2, /21, ) betweens=0and ¢ = 1.

a. 61 correctchoice

7
b, 122

\9}

9
125
c. 55

2
W

e. 2In2+ 25 —2In(J/5 +1)

v=(2426242432) P = /82 +82 +9r* =116+ 97
! 1 312 32
(= _ > [ 1 3]t (25)7  (16)°"  125-64 _ 61
L_j|v|dr_jor./16+9z dt_[27(16+9r) }0_ > o— =264 _ 6l



6. Attime r = 3 afly is at the point 7(3) = (2,3,1) and has velocity ¥(3) = (1,2,-1). If the fly travels
in a straight line, where is the fly at time ¢ = 5?

Q

. (3,5,0)

(=2

. (0,-1,3)

(2]

- (1,1,2)
d 4,7,-1) correctchoice
e. (58,1)

The tangent line is X(s) = (3) +sv(3) where s = 0ist=3. Thent=5iss = 2.
So X(2) = r(3) + 2¥(3) = (2,3,1) +2(1,2,—1) = (4,7,—1).

7. Attime r = 3 afly is at the point 7(3) = (2,3,1) and has velocity ¥(3) = (1,2,-1). If the density of
fly pheromone is given by P = xy? — 2yz2, what is the rate of change of the density of fly
pheromone as seen by the fly at r = 3?
a. 41 correctchoice
b. 36
c. 17
d 14
e. 1

VP = (y2,2xy — 222,~4yz) %’P|(23 , = (9.10,-12)

VP = (1,2,-1) - (9,10,-12) = 9+20 + 12 = 41

8. Attime r = 3 afly is at the point 7(3) = (2,3,1) and has velocity ¥(3) = (1,2,-1). If the density of

fly pheromone is given by P = xy? — 2yz2, in what unit vector direction should the fly fly to
increase of the density of fly pheromone as fast as possible?

a_(l 2 —1)
J6 6 J6

b_(—l 2 1)
J6 6 J6

c. (-9,-10,12)

d_(—9 2 12)
513 13 5/13



9 2 -12 ;
e. , , correctchoice
( 513 J13  5/13 )

VP = (2, 2xy — 222, —4yz) %’P|(“1) = (9,10,-12)  |VP| = /8T+100+ 144 = 5/13

Vs :( 9 2 —12)
|§P| 5J13 ° J13 ' 5/13

9. (10 points) Consider the set of all points P such that the distance from P to (3,3,3) is twice the
distance from P to (0,0,0). This set of points is a sphere. Find its center and radius.
Let P = (x,,2), O = (0,0,0) and O = (3,3,3). Then ‘P_O)‘ - 2+y2+22 and
\P_Q’\ — J(x=3)>+(»=3)7 + (z—3). The definition of P is ‘P_Q)‘ - 2\%\. So
J(x—3)2 +(-3)+(=-3) = 2 x* +y* 422
(-3 +@-3) +(z-3)" =4(x2+)? +22)
X242 +22 —6x— 6y —6z+27 = 4x? + 4y? + 42>

27 = 3x2 +3y? + 322 + 6x + 6y + 62
X242 +22+2x+2y+22z=9
X2 +y?+ 22+ 2x+2p+2z+3 =12
C+D?*+O+ D) +@E+1)* =12
So the center is (-1,—1,—1) and the radius is V12 .

10. (15 points) Circle whether each limit exists or not. If it exists, find the limit using polar
coordinates. If it does not exist find two (or more) curves of approach which give different limits.

a. (10) lim X txy+y?

P SO Exists Does Not Exist
e)~00) x> +y
lim D lim X2t mx® +m?x* _ oo l+mtm?® _ 1+m+m?
ymx 2 4 )2 =0 x2 + m2x? =0 1+ m? 1 +m?
x—-0
which is different for different m’s.
. x2 +x%y +y? : :
b. (5) lim Exists Does Not Exist
=00 x> +y
x = rcosf lim R s lim 2205?60 + 13 c0s?0sin b + r? sin*0
y = rsinf @)~00)  x2 42 r~0 2 cos26 + r?sin’6

— lim 0820 + rcos?0sinf + sin’0
r=0 cos?0 + sin%0

= lir{)l(l +rcos?0sinf) = 1



11. (15 points) Consider the surface x2z° + y2z3 — 74z = —49.

a.

(10) Find the tangent plane at the point (3,4,1).

METHOD 1:

F =x%2 +y%2° - 74z VF = (2xz3,2yz3%,3x%2% + 3?22 - 74)
N =VF(3,4,1) = (6,8,27 + 48 — 74) = (6,8,1)
ThepIaneisﬁ-X=N-Por6x+8y+z=6-3+8-4+1 =51

METHOD 2:

Use implicit differentiation to find % and g—; at (3,4,1):
3,272,202 | 22,202 40z _

2xz° + x°3z o +y°3z o 748x 0

. 0z _ ~2xz} _ —6 _ 6

Ox  x23z2+)2322-74  27+48-74

27,2 0z 3, .22,20Z2 420z _
x°3z ay+2yz +y°3z o 748y 0

Oz — _2y23 — -8 = _8
oy x?3z2+y?3z2-74  27+48-74

The tangent plane to z = f{x,y) is
z = fla,b) + fx(a,b)(x —a) + f(a,b)(y —b) = 1 —6(x—3) - 8(y—4)
orz=—-6x-8y+5I

—

(5) The surface implicitly defines a function z = f{(x,y) whose graph (the surface) passes
through the point (3,4, 1). Use the linear approximation to estimate f{3.1,3.9).

METHOD 1:
The tangent plane is z = fun(x,y) = 51 — 6x — 8y.
So0f(3.1,3.9) ~ fun(3.1,3.9) =51-6:3.1-8-3.9 = 1.2

METHOD 2:
The tangent plane is z = fin(x,y) = 1 -6(x—3) - 8(y — 4).
S0/(3.1,3.9) * fin(3.1,3.9) = 1 -6(3.1-3) - 8(3.9-4) = 1.2

12. (15 points) Given thatz = x* +xy? where x = x(u,v) and y = y(u,v) which satisfy

ox ox
3,4) =1 = =35 == =7
xG:4) ou 1G4 ov 14
Oy dy
3,4) =2 = =6 = =8
y( ) ou (3.4) ov (3.4)
Find 92|
ou ‘(3,4)
Oz _3.2,.2 0Oz N S _ _ Oz _ Oz _ _
o 3x 4y o ‘(1’2) 3x*+y l12) 3+4=17 o 2xy | i 2xylay =4
0z 0z ox oz y
== = 2= = + 2= - =T754+4:6 =159
Ou ‘(3,4) ox ‘(1,2) ou (3.4) 8y (12) ou (3.4)




