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Saturday, May 28, 2016 11:26 AM

) Ta 1 o Tlny2) R
1% "’x2+32+22
ad T(1,2,2) . 120
> _k = 120 »L;_=no=»k=360.

“ 124+9%22

a) Now we want %o f{nd the directional derivative of Tat (1,,2) in the direction oj
v =<3,4,3)-<1,4,35

=<1-1,1D
Then the umt veclor in the direclion oj vV ois given bj v=<L-01D
13

UT(xy,2) - AT T + 2T 7+ _a_T_Q - -360% 1 —550;_! T +-3602 k

J ax 5\5 J oz (x1+32+2 )-3/‘ ' (x’+3 +2 )-/“ I (x’+3’+2 )-/“
Then , VT(4,2,2) = -40 <1,3,2)

3
Finally, 0;T(12,2) = VT0,02). U . -40 <1,2,3> . L <1-ltY = =50
3 3 3|3

b) From part a, VT = -360x 1 . =360y Tas k

b (x’+31+2 )-3/‘ ’ (x2+3‘h+2 )-3/‘ * (x’+3’+2 )4

- =360 {x ,L_|,2>
(xteyfez |

and a5 <x,y,2> s the position vedoroj point  (%,4,2),
the veclor -<x,ﬂ,z> and thus VT alwajs Poim‘s fowards the on‘\cjl‘n.

) let Flxy,2) = Xl-lﬁz’rzz *yz.
Then,x1-332+z2 +yz - 115 a level surfaoe a]t F and
VF(x,y,2) = (Jx,-‘iﬂ*rz, dz+y >

a) VF(3,1,-1) =<4,-5,-1) 15 a nomal vechor jor the ’ranﬂen{ plane at (2,1,-1) , s0
equah'on oj ’fangenf plane 15 aiven lzj
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VF(a.4,-1). <x-2,3—1,z+1> =0
3 <4,-5,-;1>.<x—3,3—i,z+i> <0
5> 4(x-2) —5(3-1)—1(z+1)=o > 4x-53—z -4

b) The narmal line has direchion <4,-5,-1) , 50 the equah‘on oj line 18
r(t) =<a4,-1> +1<4,-5,-1>
- (344t 15, -1-£ D

and the sﬂmmehic equations are given b\‘j x-1 _ oyl _ 2d
4 -5 -1

3) a) flxy) - (l+x3)(>(+53 = X4y + x’j +x32

. jx = I+Jx3+52 »jj =|+x2+3xj
ju = Qj ,ij =JX+33, jﬂﬂ =dx .

Glcal ponts =0 and fy =0 & 1+agy+y?=0 =@ § 1+x’43y-0 —@
Subshracting Q@ from @ gives 3’-9(2 -0 2 y=ax,

When 4=, |+ax3+3’=o > 1+ 2?=0 =143x2=0 which has no real soln .
When y =-x |+axj+3’=o s 1-x8=0 = x=14,1.

So crifical points are (1,-1) and (-1,1).

*D4-1) = fuxl 1), fy(4,-1) - [hu,—n]z - (-1)(2)-0 <0

eD(-4,1) = 2D -0<0

S0, (-1,1) and (1,-1) are saddle Pon‘n*s.
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b) {lxy) - xsn'nj

fx - smﬂ fj - xaos)
fax = 0, ij - cosy Jfﬁj z -xsmﬂ

Crihcal pgm’fs jx =0 and jﬂ =0 sinj -0 {4 xc0sy = 0

» y-m ond x=0, where nis an m*eﬂer.
* S catical pomls are (0,0m)  n an integer .
D{0,nn) = -cos’(nn) <0 50 each entical points is o saddle point .
4) a) flxy) = '+ y' is continuous on the cosed disc D= {(xy)x%y« L}, abs max§ min exsl.

. fx('x,ﬂ) = BXQ and jj(mﬂ) =433. S, jx =0, h=0 = 9(=0,3=0
Therefore, the only crfical point in the disc is (0,0) and §(0,0)=0.

On the boundarj x+5 =1 -‘-'3=|lx’)
a(x)-j(xg)'3x+(l )t = xtad-aed v, -1exs]

. g'(x) = 4-x3-\-6‘x2—4'x = O 4 x=o,‘1 or _'-
2

3(0) ~f(o,+ ) -
)2
. 3(-1) =j(-i,0) =-12  abs min
*qU1) = §(4,0) = 2 abs max

b) Since {lxy) = I+4x-5j s continuous on closed D , abs max & min exisl .
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=4, .{j =-9 , 50 there are no crifical Pofnb inside D

[103) L x=0, 4(y) =j(o,3) = "Sﬂ ,0¢y<3 and since 1t is a line
L & extreme values occur at endpofn}s.

- gl0) ={(0,0) = 1
- 4(3) =§(0,3) =-14

o) L, (3,0)

L Y=0 and hix) =f(x,0) = 1+4x , 0¢ x <2
« h(0) =fl0,0) =  * h(D) - f12,0) =9
.La.ﬂ 3- ix and plx) . §|x, 33x

- -4 | 0¢x<1
- plo) = j(03)=-l4 . p(D) = fu,o) =q

a3x
2

Thus abs mox is §(3,0)=9 & abs min is {(0.3)=-14.

5) We want fo maximize V(x,g) - 'htj\'?»f;-‘lx’—‘iﬂ1 w/ (x,tj,z) in the jlfS" quadran{.
Then ,
V = 4[(35-(4,3-3551)"1 N -qx’j(%-%’—%f)_v] -4, 36L|8x Y- 36u°
(36 442 - 353 )%

Vy-4.86x -9 1xy*) , Selting Vy = 0 qves 4=0 or y’= A-x% but 4>0,50 y#0.
! (36-4x2- 36y2) 2 B A y 2 J 3

Then subsMuhnj y into V:] 0 ﬂ\ves x? - ﬂ_ > %X=%d butsinee x>0, x=2 ,}j =L

Gl

Then 2'- (36-R-12) »z-=8

4
The fac’c that this ges the maximum value can erther be delermined bj 3 derivative test
(which probab\_u] will be horrible aompu’fah'on\ or as tollows

Vxy) is continuous on a closed ,bounded regon 0 abs max occurs on the bouna\ary or ot

crihical point. On the bound (x4)=0 and ot the crihical point V(my)=4.1 .3 Ja.16
rical poi n ndary i y nd at the crhieal point  V(wy =i &

which is the maximum volume .
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6) a) j(x,ﬂ.z) = W ; a(x,ﬂ,z) = x4+ 23’«‘329 =6

Vj = (31,)(2,‘)(5) , )Vj = <J>\x,4>\3,6>\z>
“\en,

=Va = yz = dx, x2=4My, xy=6)z.> A. 4z .
=9 7y Yo ryr €122 A4t

&R
n

X 3 ona Z 33
2, 92, 2.2 _ 2, 92 2 _ 2 _ i}
Thus,x+43+3z—6 #&3+33+3.(%3)-6 =6y =6 =y ]

> %2 . ) =>x=tl-5._ and 7. 2 =>z=:‘P_.
3 3

Thus the Possible Pomis are (—3,-1,—

e

oo
(48] (44 15) P AE) 1) (48

Then moximum value ojj s 1 occurinj when all %, are PosIHve or exacﬂj two are neaahve.

{3

Then minimum volue of § is -2 occuring when all x,u,z are neaahve or exactly one is negahve .
{1 s & ocaring 2 ore g oot & oo

b) f(xy.2) = yzey
3(x,3,i) =%y - 1
hlx,'j.i) =3’+z’ =1

vf - y,2x,4 >
Vﬂ =<y.x, 0> ,Vh=(0,25,32)

V§ =)\Vj+}4Vh > <5,x+2,3> =<A5,>\x,0) + <0,Jpj,1|42>
> Kyxemy> = Oy, dxaally, Az 5

Homework 4 Page 5



6

Tuesday, May 31, 2016 11:01 AM

. 3:)3 = )«3—3=O #H(A-IFO nd B=O,A=i.
But H#O since x3=i.

*x+tz=2x+dfy F Zz=-=3dy = M=z
e y= diz #j._. j aj
y=a Fﬁ
= 72 o uteg?

i%z--ag §7

Since h(x.3,2)=32+22=1 > JH’==|=1 =>3=1L ond z
Then 3(%,3,2) =1 = Xy =] = x=:[2

The possible pants are (35, i{'?’ ﬁ) ,( i E).

Then the maximum of f subjec’r fo the constraint is j(:ﬁ, 3 + J_) -3

N
7 W2

and minimum is {(tﬁ,iL,?.L): 1.
2

1) The distance from the on'ﬂin to a point (x.y,2) is d(x.y,2) =4(x-0)’+(3-0)’+(z-0)1
Indlead of mn‘nimm’nﬂ or moximizing d ,we can work w/ d? = lxyz) = a4yl 2’

( Convince ﬂourgel]( that min (or max) oj d occurs at the same Pon'n{ as min (or max) of d) .

Since the Poin} lies on both the plane and  the Parabololb\ , the funch'on
{is suljec’f to two conglraints qlx.y,2) = x+3+32 =2 & hlx.y,2) = x’+3’-z -0

Ten, Uf = 27q + {Vh =

2 Cdyadz ) = <A, + <A, Aty - >
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So, ax=Xd+aHx , dy=A+Afy , dz=DN-P , xwy+dz=3 , xhy’-2=0

o 3T T Y
®-0 = X-ﬂ Plx-y) = x j’-O or H=1. Suppose x-4#0 ,dhen H=1.
n\enp\uﬁinj f=1 mio@we t dz=ar-1 » A= Z+| =0,
Pluﬂainﬁ P=1 into @ we gei A=1 = Then from 6 we 3e¥ Z= é
i we pluﬂ in Z--ll into (5) we obfain +32+1 =0 which
has no real solution . Therejore our inttial assurvption - -4#0 has no soluhon and so we have
x-5=0 or xsﬂ.

Then @) becomes Ax+dz =Q = x+2 =1 =z -1-x -(9
and () becomes aAx’-2 =0 = z- % —@)

From D and we 3& A =1-x = Jt+x-1=0 = (&-Nx+N=0 = x:Jl ,x=-1

When x=1 ,3=_|. ad 2 =1-1_ 1
2 2 2 2
When x=-1,5=-i ond z=1-(-1)=2
(We are not inferested in the exact values of MH)

*So the two Poin%s we need 1o checK are (i_

4d) o [14)

SUWAARE?
fl,-1,4) =6

(%%:*2) is the pton the ellipse nearest to (0,0,0) §
(-1,-4,2) is the pton the ellipse jarlhesl _from (0,0,0),
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8) For this quesh'on, the quesh‘on on
the handout is sliahﬂﬂ different than the

one In the booK .

Book.

a) To the n'ght ,§ou can see the sKelch oI the
veclor fie\J Flxy) =f+xf alonj w/
opproximate flow lines which appear to

be Parabolas .

b) If x =x(t) and 3=3(t) are parameln'c equahon of the flow lines , then the veloch‘j veclor
oj the flow line at (x.g) is (x'lt).g'(t))

Gince these veloci}j veclors are the same as our veclor ﬁ'elo\, we have

AT = Taa] = b L od dy - x

dt
“\end&=%=x
x ¥
) dy _x = dy =xdx =>jd=dex =y, 1x%4+C
f‘,‘{ y y 31x+

Since , the Parhble slarts al (0,0) , we ge{'
0-1(07+C = C=0 50 the pah the parcle follows s y- L=
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a) To he naht ,jou can see the sKeich f the
Veclor field Flx, y) =1 3] o\onﬂ w/

oPproxlma}e flow lines which appear to

be hﬂperbolas with shape similar
fo th h =]
0 the qrap oj y t?'

b) Ij x = %(t) and 3=3(t) are parame*n'c equa’ﬂon oj the Jqow lines , then the VQIOCitl’ veclos
oj the flow line at (x.g) is (x'lt\,g'(t)).

Gince these velocihj veclors are the same as our veclor f.elo\, we have
x'(t\?+3'l{)j\ =x?-3f = dx . x and 'd‘?"ﬂ

> d = ~ > d = ‘d_ = '.dl
oy bk #ljﬁ [
> Injyl =lxl+C = lnI3|+ln|xI =C =>Inlx3I=C = x3=ec=K

So the equah‘on of the jlow line 15 Xy = K and |j the flow lines passes ’rhrouﬂh
(1,1) , then

1.1 =K =>K=1 =>x3=i =y=1 x>0
X

90) C is o semicircle centered ot (0,0) w/ radius 4 , so we can
prametrize (a5 x = dcost ,y = daint 1 ¢ten .

2
W, Wy
Then, ng ds . jl‘lcosi)Msnﬂﬂ \j( 4oint)* lost)’ dt . I4 costen*t 116 (sn™+cost) db
c My N,
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'l[z

4 J sn‘tost d¢ . u=sint ,du=cost dt

“y t='“/2 ,u=-1
- 4‘Ju4du b="2, =1
A
- 4 gi} - adf
5], 5
b) e G TI) = 0-1<1L0,>+1<3,3,1D

=CI-t+at, 3L, -t 4t D
=<I+t,3,1)> ,0¢t<d

C 12,5,2)
ll.o,t)‘\% x=l+f, y= i, z-1
/ (3.31) dx=dt , d}j =3dt,dz=0

'hox=1 .93+, 2 =1+t 2dx=0, dy- ddi, dz =df

Then, I(x+ﬂz)dx +dndy + 2z dz - I(x+32)dx + dxdy + xyz dz +
c c, I(x+32)dx +Qxdﬂ+xﬂz dz

2

L]
=J(l+t+3t.(1)) dt + a(1+t) 3t + | 2.(2).3dt + (3)(3+at) (1+t) db
o‘ |
. juou? dt +I4t’+lot+l4 dt
0

0

Ll
42+ 208 31 ot =[_L+|o{+an] . @
/]

|
I

10) We con use the parametrization x = cost Y= dsint, 1 ¢1 ¢

d \[( 3_;)1 (%)m i) d - adt

L
Ten, m. |Rds . | AR dt = dR(n).
en, m J ) [ n

-[12
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~ nlz u’l
My« [xhds o [aant kst - lont] - o
. /a
‘ g Iy dd funchion
M“ - ka ds . Jk el .ddt = 4kj sntdt = 0 (ovev symm inferval )
< -My Yy

(x,y) = ( x) 8k ,o)= 4_,0)
m ank n
W) T =D+t , 0¢t<d
=(1-4) <1,0,0) +1<3,4. 2)
=)+at, 4L, dt >, 0¢t ¢4
') =<2,4,2>

i
W. [F.d7. ['F’(mn.?'lt) & . J<6t,l+4i,'~‘6*>-<«""4";’7“t
0

c

-0 (

_l0at +411+4t)+ alt+6t)) ot

0
1
(40t+6) dt = 36,

o

12) We will use the orentation
given in the jiﬂure lo the righi.

Nole that B is bnaen’c fo any circle that
lies in the plane Perpendl'cular fo the wre

-BIT ., where T is the unit +anjent
vector o the arce C

Since C can be parame{rize bf] x=reosD ; Y =rsn® and ’rherejore T. TW . <-sndc0s0>.
0¢ <2 (]
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Then |
an
J-B’.d? - Ilm L-sn0, 050 . <-rsind, rcos8 > 46
c 0 am
e - =
. le\-rlsmleﬂos’O) 48 - I\B\.r do = anrlB]|
[/} 0

Since,, j_g.d? - Pl = dne 1B - Mo L 2Bl . JoI

anr
C
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