Exam I
Math 18-01

October 5, 2000
Prof. Drumm

Write solutions on a separate sheet of paper. Explain all work. No calculators are
allowed, and no numerical answer must be simplified.

1) Thepath ¢:R — R’ is defined ¢(¢) =ti+e'j+logrk , and the function f:R> — R® is
defined f(x,y,z) = (xy,x + y,z2) .
a) Find an equation for the tangent line to the curve of the path ¢ at ¢(1).
Lt)=i+ej+t(i +ej+k)
b) Find Df(l,¢,0).

y x 0 e 1 0
1 1 0 =110
0 0 2z Leo) 0 00

¢) Find a tangent vector to the curve of the path (f ° c) at (f oc) O.

(foc) (1) = DE(L,e,0)De = 2ei + (1 +¢)j
2) Find equations for the following planes which contain no vectors:
a) the plane that contains the points (1,0,1), (2,2,4), and (4,2,2).
—-4(x-D+8(y)-4(z-1)=0
b) the tangent plane to the graph of f(x,y)=x>+xy + »* at the point (1,2,7).
z=f(1,2)+ £.(1,2)(x - + fy(l,Z)(y— 2)=T+4(x-1)+5(y-2)
c) the tangent plane to the surface defined by the equation x* + y* + z° = 3 at the
point (1,1,1)
2(x-D+4(y-D+6(z-1)=0
3) Consider the function f:R> — R defined f(x,y )= 2x—x*—y?, and let
B :{(x, y)lx2 +y? S4}
a) Find the critical point(s) of f .
(1,0)
b) Using the 2™ Derivative test, determine the nature of [ at the critical point(s), i.e.

a relative maximum, relative minimum, or a saddle. Make sure to explain your
answer completely.

Relative maximum since £, (1,2)< 0 and the discriminant of the Hessian
is >0.



¢) Find the absolute minimum and maximum of f | 5 » thatis f restricted to the set

B.
Check critical point and the points satisfying

2-2x=A(2x)
~2y=A(2y) By the second equation, if y # 0 then A =~1.Plugging
x+ y2 =4
this into the first equation, we get 2 =0 which is a contradiction, so this
case never happens. On the other hand, if y =0, we find that x =12,
Checking these 3 points, we find the max to be f(1,0) =1 and the min to
be f(2,0)=-12

4) Suppose that F(x,y,z)=x"+y*+x’z* gives the concentration of salt in a fluid at the
y 24

point (x,y,z), and that you are at the point (—1,1,1).
a) Find a unit vector in the direction that you should move if you want the
concentration to increase the fastest.

VF(-LL1) ~ —4i+4j+2k _-2. 2. 1
= =—i+—j+-k
||VF(—1,1,1)|| JE 4222 3 3
b) Suppose you start to move in the direction you found in part a) at a speed of 4
units per second. How fast is the concentration changing?

The norm of the gradient is the directional derivative in this direction, so
the concentration is changing at a rate of ||VF (-1,1,1) |4 = 24 units of

concentration per second.



018 (B @) Le)= (1,37 + o)
L) (-3, Lo)=(©d,~1) = 63/ ~,0) so C/é)»é?,/,oﬁé (=3, ()
<) Talxt) t[g~) td/2~3) =~

4) Coie) =t/ 3,0,0) = L/
Lb) @ue )=o) ©en), se L) =(@ilo ) &loq )
c_) x~) ti{g-l) ~((="1) =0

@‘7) 6/{’0).[0/0’!) = Otero 2o
b)) (L) (3, 4e)= Stiro=5
<) (“Az‘h/) - (3,4, ~d)> —E ~d ~d =Tl

(60 6) (=i § nk = =(ixt) +jak = ~(5) e 1> 7

b) | ik | R et
/,;,;,,;/ [ ()= ] (0r2) + k(1) = g,;:_a,g-s—(/r%‘f)

2 o

N 3
C..) /7.1 ;); { /: } {J-—&.) —;j /q"'a) ‘f‘é[—(‘f '('3):“ (CD/-—-{, _/)
2 9 -3

-_— -

~ v
TR //;{{ [{,}"!{ &x O, 50 ces© " {‘;a‘({l/'}//

—lO

La) wem O Baor mm o) @6 Fim

# e of L = [l

D) s 4) e <) T




W 1é7-$" (22) Uil - m,o——— 3

—

T = & —d& G
m'/‘—_-//‘ ;)A/: ,[é-.l) ~/(3-4) th(1+4) = /7 75)

d 1 -3 . g (/,'--?,A) _ K/ ~d .L)

Unt vector r~ Adlrectrun % 2 Y 1/ ) = RY 3) =

S Sl,

L)) f(x,,,z) = e Sinlyy,n). We want £ ‘
Z Dz tlony = PE(on) - 7/%[ /n/of. V(/o,/,l)w?'-/::"*?rc&)
Vi (xy,2) = (ge, Y5in(y2) f?gz 3y )) Xe %inltyz) + €*x2 wslky?),
e ?xy tos (xy=) )
Célo) = (], 0,0)
(voo)-($,-4,4)7 [
. b= temp
. f= -0y £=-03, o pf- (03, 70.4)
VE s e dicection 5 e~ ér @%,1%)\
So Wl went 003, ~2d) (), 7{;)?

wiy,

—~]O

3

P s 33, QR (x9,2) = XYz =100 <~ astrnt
K.(‘szﬂ):ﬂ/‘fcé = é)( * '{j t§=2 T mlalze fAcs

R /&5,2)" (52/ X2, )cj) T X9, 2 has b le O Q (o )5’!(’5, St
Dose gts. Joat S“’L“S‘S Xg 2 = (02D
=V Plsy,2) (é qg) = A /«j 2, X2, xg)

X 6 /{yz
y- 4= Axz - 5y Se éx‘—*%:‘gzl So X:’;‘/z, yr-o?Z
- g':f\)sb-z %m

XYz = (60 {;1 2\32_7_:((;1;0) %z(s’{m, 23: 5751 So
X= 503, g= (0%5, 2- SW3

/




’pd?o @ C(LL)T (é ~séin ¢, /[~ coy é)
epc'le) = (l~cost, sint)  v[E)- (/‘f?, -‘.’r““)
Lalt)=c"(€) ~ /sr“af/ (as'é) 4/15) = ('g, -:{E

i

@. f=ma C-({-)='(€J, sin €, cos ¢)
() =c ' (t) = (3¢, wst, ~sint )
a(e)=c"(¢) > [J, ~siat, ~s ¢ )
Se  Flo)> male)s m (d,0,-1) = (o]m, o, '“m)

(%)

() &) Aetoll & comtet, o (ell’= cle) c@) 1> concten.
Thas % (C(f’)‘c(f-)) =0
cl€]-c'te) + c(¢)=c(¢) = O
d clE)<'(¢)=0 , coo () C-K‘}:O, /ey <t [ &

10) Onsfzat {M /M eans //6‘(({:)// (s cof\stlm‘f, So //c !/f-)//‘) R Gl
constert, so %—/4 cl(¢): c'(e)) =0
cl€)-ci(e) ~ et(e)(E)=o
J o'(t)’c"(f):'o} §o o'/:f')‘c”(f)‘-‘a, tey
e L")



