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Find the domain O ramqe of the

g ven fUunetions
@) 2= § (eig) = Vlex@+ay Lo

‘) Dormroan:  Set lbw?® __;L_“} ~\lb =
T he tme_o\ua\6¥a holde 4o all (. U)\C °

=7 Domacan \ ‘Q

2) Range:
§ iy =V 162 v Ly
Lo all (v & R* amd

o=

(by w = ln (1o ~x"- :\L—— 2%
\b—x?—j?—zz > O

{ (0,00 =5

=5 IZC\V\O)C. !

‘\ DOY"\O_/\‘.Y\ . S,e,‘\‘

x2+\jz+ 2t < 1k
= N = z L—rzzé\blj
2y Ramge i we Flxg @) = In (tomyt )
-S(\L\v\‘%\ < v \b do= all  (xw) LN

\u lb
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2) \Zawqe:

4(xuﬂ: x?+'3‘7+\ > for all (% y) € ®*
and ~(» LO’D): \

=5 YZQV\GIQ" L\)-\—Oa)

Le) —g(\‘tﬂt%’x: \/Z‘Z‘~\(z~311
) Domain : Set 2% xz—\j2 > o

2% > vt 12

|2y = \/XL+L32
Domqiu: { vy, 2) & IIZS: \2\2\/K1+L11H-
z> RO«V\'—‘,Q" LO)_\-OQ)

2. ldent § ecacl ot +he {ollowine surfaces
i QB (\03 mat{na CTOSS SE_CJ{‘L'OV)S\ as Q ohe
elivpsoid | sphere |
pasa bolodid | C/Jh'hder) hjl’)erboloié of on=
2heet oF \'ulPer‘bo\oLda o+ two <heets .

@) X7'+t32‘+ 25— 4
— a sphere of radius 2 centred ot (0,0,0)
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(\\3\ 2-X2+’S\31+L"12—:_\1 £

2

Z_E_ +'S—_l&+l_{~2:\ I

| = \ 2 =

¥ ? i —\-—'2:2 = /
AR S J-
2

Lo L -

Ve 2F WEy %




() %%+ gz— z
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Xz—vjz‘

Cross

p 2

Sections

O

- a cirele
- y=o => =2 =x°
- X = —_ _ 2
Y o YT =y
— parabolas
X The surface is a paraboloid.
(d) X~ y*+ 2 =0
2_: jl__‘)&l
Cross <Seetions . 2= =) él_xz-:g_
J - \,\_g[aerbolo& (ﬁor Q. =0)
— llwes j: + v (dora=0)
P
g X =0 - 2:‘32‘
< e >
K 4w=o = 72 =-%
- The surface & a hjpe;bohkl
,Darabo\odc:l.
a2 )
e - 1'—'-_-— ~\\___’/
(e) X +~ Y S
- O G-'-J\(V\AQJ" w it W /7&
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L
05035 Seetions -, 5 " &x/
- plan e - =o => X = LN
e R x =%y
“\%’P\a“ci X =0 =) LR
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(‘5) Xz—\-bj—lz =4

Crose Sections:' J?-zo => Xz-‘":}z =Y ;
Y
LN e o tass =5 X ygio e
\\"/ _ c.rcles
‘ e 2) X =0 => tJ7—%L‘—‘—L\
~ : 2 =\
/k/ 3-—-—0 => X7—{2:L5
A 2 — h Perbo\as
% ' L{I
The sur face s @ \uj Pe/rbo(oic\ of one
€Meo k.
(q) x"ry—ri=-H
xETry®=2%-4
2%2-4 = O — |z|= 2
Cross seetions : ) lzl=2 => (0,0,2),L0.07)
- _‘_‘,\ — POints ,
—%/\’ ‘2\'::0_ (Q>'L} =S Xz—\-‘g?—:a—q
'_/ — circles
2 2) X=0 =5 Jz__?__z:_q
2 4 Y=o =D x2- 2= -4
X/-\ —_ hnpgrbo\aﬁ

\/ The surface s a lxjpe:bo\odd
of tweo Sheety .

(h) x%~ \jz—-zzz S — the surface (& a s
O A
2 _ 2
Lections ! 2=a anbo):bK*‘;} =a
- o elyclel
x=o0 = 2°=193"
2=+ 4
Y=o =9 22 = %2 ==X
—Ithes



5. Deseribe the level surfaces of +he *\COHOLULV\J

—-Cuhe‘HDhS;
(@ {(xiy,2y = 3x2+52?+12
Se t - %x2+532+12—:al (a =0)
=) The level surfaces are ell(psolds,
By fley2y = 2+ 347 - 2°
Set 2x2+5~12—‘il:a
2 %%+ %jz = 24

The leyel surdcacee e

() elliptic l'vj(ae/rboloi&s of one 3heet
tf a >0
2y elliptic hj{ber boloids ot two ¢heets
L€ a <O

(ry @ Cohe f a=o0.

(C) ey, )= 3x%+ 2:,Z

2

Se t - %xz—fl:ﬁ:o‘, (a = o0)

2 The level surfaces arse ell iptic Qj(t'ée\‘&

H. Finhd the level curves of the ﬁ(\/e\r\ fUnetion
2= f(v.y) Hor ‘o q {ven va lues of 2 aua
Lcum:.;&! what Conic Sectioncg M desescbe.

(a) 224(&%): \/lbxl—\—/—\-:’l-&-\:

Set \/lbxzﬂ—‘—*tjz—t-\g:ﬁ
\(3\42+L+L31+\5 = 25

\bxz -y =g (ellipse)
RO

S,

(
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(b) 2 = -;(k\\_)\ _ QBK(L_ZZZ“ .

SQ+ 3{2_1 2
4*- 6
e — 2

2
- 2y* -6 = In 3
55@_122.: Loalud
- %Perbo\a

(Y =2-

) %:%')

Set QXZ‘*Q-S:.._&
L‘Xz_tgr_l_

j: _qxz_‘_z
_'Pa/rabo‘a/

5 Evaluate each limit or show +hat (t
L

@ 1im Gn (9 X = (CoyS
(x,4) = Lo, 0y X2+22_ = >
2= CHuB
: 2 (x.4) =(©,9 (=> T >0
"(“’70* «(‘1 ==
(b) lim AR R NV (ﬂ—Jx+\\($5+m\
- \ //
(e ) > L2 ‘3—‘&*\ G > W) L»X—\A—\\ (J’i"-v Ixe )
I S B e Y
g v x4y ) ey (W \fi‘*m\



X p—

(<) lim 2~ i Crmy (TR v )
(x4} Lo.o) J’\?—\)Ta (x> .oy (Tx-VE) (Vx +V4)
L (x>4) (Ux +Jg) : j
(\L\V)\‘h lo,0) X/‘Q (\L\'\.j)_? Lo,0)

Q) i, e
(Vo) to,oy XK+ T

Jivm S (aivyy = |4 O,_ = ©
% = O X O L
4=0° % >
i Sy = Vi —— = Ll =2 =%
%30 x—o XX o 2% <~
y=x 3
O # _‘2_. =5 v 2\3 3
(x> ooy © 4
does Vot ex st .
() v x4 x = Tos S

(v \= Llo.,o
! Y xZa jl b = TR

(x.4) = Llo,0) & T— 0

4+

- A YZQOS.@%‘»\@ _ \
M 7 = T\_QV;\+Y\€DS® %1&81@
&) e \/x\il""\ -1 _ \ U (\/T‘TZ:?-\) (\/‘:—‘1—7':\—'-%\]
(x.4) > (0,0 2 Xy ()2 (0,07 X4Z (VR yaT +1)
= v Xy A —F =\ o %>

(xy)-> (0,0 2 o2 I —
) ©.e3 \“] (\/XL]Z.H +\\ (\L\b\\ALD'D\%?( thw-\*\\

(\Lm) - (2,0 \/)uf-\- i | 2
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6. Find +tre value oA Qrig : + hat Ccau be
Assigqned 4o the funetion

)

Flhayy = |4 e dEe H (e,y) % (o,0)
at o point (o0,0) +o hocke 4 Contd nuou ¢
on R?

|) 4(“‘3) IS coh*H'ruJ.Ous O h QZ\ Q Co O)S
bj Preperties of Continuows 4y he +ioug
'2_) . . —

Li\m ‘g'(kLLj)Z!\VW (“*‘Q_\ K2+t11)

XY= to,0) (x&(])g, (0.0)
= | + [V ra o m _ x=lfoye

()~ (0,0 - J=r a.e %
)

Yol
Le & ooy = 1im $leiy) =\1.\
(% Y)> Lo,0)
|\,2.) = 4+ < contirunus oOn \QZ

A. Does there exiet a fuwnetiown < (v y)
Sueh +hat ‘(Xz%\(_'l“j au & 43:\(\137,
Lje%, hece. both funetions WeLe

CO N+ naoy Partie | devivatives O 'QL
Gna

)
Ay ()= L= G2y,

RS 2
+ fl—x +Xj+j(;3\

15X+ 909 = x-2g
3 (y) = — 29 =5 ﬁ(‘j):—jL+C_ , Celf

= s s e ey Dyre e | cew
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10, CO"V\PU+6 Tl Cu«'HeJ‘em‘Hoc.l of eacl, of

the -(—o\(owtn:) fUnetionsg .
@) ==-x"~+ ngz-js at tle poin‘t (t.2)

- flg) = - xEe2ngtoy
dz = {02 S + —fa('-l\ CL(]

{e by = Lsuz:f)\ = -2+ 3 =6

(v,

S0 = (Axy = 3 4® = g-lz=-4
R

=5 dzx = édk—l\ldta
) 2= Ly = IFa g

Vx %+ az‘ \/K?—_‘_:]a
\/X-Z'*"Jz- \/KZ._\_\']L \_/KL—\. \aL

1{, The volume of the anam;& with a
Units ogn a Side aunud Q&

gquare base X
V = ;‘%xz W AFProv.Lmq-}L

huﬁht of h s
the change ot the volume ot The pjram'A
as +the base changes From X =2.0 tox=2.)
Aud  te heiqlht Changes {rom = 4.0 to h=3.7

A = A= - 03

P

dx = Ax = O.|




\Y% - < x — 2 .y = &
« 02,4y % \'\\(1\% = 5
\/ (’Z\L-\) - 'sz — L (_2—\2: %_L
§ 5 \(Z.L«\ 5 3
AV =~ Vo (2,4) Ax + VL,(Z\L‘) A h
= \—g . O,‘ - % (-—O.S\
= 4 - 0O, = L-L - O = 5—- L = _Z__
= 3 (o ) = N L =
12, Given The function
. \ .
§ (vem) = e+ 9%) Saw serrcill £ oGey) = oo
o C'F (\L‘j‘ = LO\O)
(@) Is +te funetirouw OnRTinuous at (o,0y ?
\(m ‘g(\h")) = |im (\Lz+jz) €A ‘z_ - =
(\L\v;\ -2 (0,0 (x.4) = (o,0) X Tty
- o= ‘(‘C»OSe B - 2 ‘ _\—‘ _
Y= € a8 \“‘Lxmt A W e
(x,4) = Lo, &> ¥ OF °

= O = —5(0‘0)

-5 § ¢ contHruuwouws at (o,0).

(b) Fcnd *{X(O:o)ahcl —(J (o,0) (o4 ‘f\/\_,e/g
exist) by usinag the definition of
pos tial  derivatves at a poiud |

£ 0,0y = )i, F(0+h,0) = fla0)

. W= o o) B
\ h S’\:V\ ——\_—— —\ . .
\\VV\ nh* - ‘;v\q ‘q en\,\ ___‘._{ - O
h= o N oo L
wslerty, . f(o,0¢hLy —flo,=) — O
—‘.3 (o,0) = ll\/\/\ T

h—= 0O L\




(&) Evaluate the partial desivatives
o (xiy) amd _(i)b““) (v Qa chHborhoocL ot
Lue point (o,0). Are they continuows
at lo,0)? T4 not, does + necessar Lm‘olg

Hat Te Funetioun 1o not differse niva ble
at (o0.0) ?

2%
T = ("+y*)
2 % \
t— 2_ . \ — e = C'OS .
X B x?__l_jz KL'* ‘32 \(_L"\'")Z
3 J Kz—e‘—‘l \Kz"\'"}7 Kz*‘-]?’

Show  that £, (ein) amd £y Cee) S o t

conttrny ous at Llo,oy.

| v 2 X Y .___——-2‘ = O Q)
vy = L9.9) Y
Lt i = o | )
2,02
(xuy) => to,0) ?’2 X fy
Howevesr | bot - \
e 2 2. X Y X, -\-L& X Y
(*¥9) = o0y X ey £ Lo
do vot exiet. Indeed |
. 2. x ) 5
\\.VV\ = o \ = \\V\,\ Z oS _)__z (>
x> e x T \jz xZ+4t  xao X X
y=° _does wnoi exdst
\ 3 co s L = il 2 cos —\—{ CR
o L :
- O X 1" XY \) - O 3
\jx— o — docs ot exi st

=\ Trom (1) (2) oma (3 =53
| D ‘Q»,L“\“) do ot exist.

v L ey O &
bo‘t\f\ \ Lvan x (\L\_Uﬂ-’) Lo 05

(vry) > Loy0)

\ @a.qe \\



(d) Find  the lineour approxi_ma*fov\ L-L\‘"d)
of +lhe Funedtion ot Lo,0) .

Lbcﬁq) = ~(- lo,0) « {x(o,o} bg~o) ~+ -(5 (oto) LLJ~Q)

L (o) =]
€) Show =*Ethat +the {funetion (& differeutiable
ot (o, 0) Lb:[ u%«‘v\g the defirition )

\

\‘.m 4(\:,%3-\_(&‘»,) 1t (xZ.HJL\ RN w2+ qx ‘"3:
Gl e V-0~ (9-01% (4 ) (o) AR

= | {vr \/Xzﬂ-:}" L = )

(¥.y) = (o,0) xE+ 4z

| 3, C,itven a Funetiron ‘é(\nq ) = Z'/s/

y+ ot
@ Fend +the firet ordes partial dercua tluey
O‘F +lie -F’L/(Y)C{TL'OV\ ")C (\"t"]) z) .

vV
'gx: is \

y - I
(Zeos x (- uxy) = = oy x Smwx 74

7

2. \/(1+C.osz>< \/Lj -—i—Coszx

v \/
'('J':_ 2/5 { . _ 2. >
2. Y + costx 2_\/j+cogzk'
- 2/ 2
42:_1_52 3\/j+wsgk _ v Y« cos®x

5 &2/5

() \JQFC—FZ] whethher the FUunetion NES

differentiable. at the polunt (o,o0, 1.
What 4+ eorem a4 qou u&e.?
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The ‘DCU“L‘CQ\ dercvatives 4xl‘(~),£i oLse
ontinuows at (0.0,1). Thus

. the funetioy
(s Ao bferentcalble

at +hat podnt,
€) Find +tie linco\rcsq\bjov)
ot +(xi4,2) at +te point
it to approximate 4,

L L\'*LL'II %)

(0, 0,1) and use

value (.01 .02, 1,03)
f, (0,00 = ©

'fj (o,0,1) = —‘2
’({‘:(O‘O,l) = 43
¢

(Oro) L) T_J—

L(kkv‘,%) = 4 (o, 0,1) + _(x(oio,l) (v—0) « £ (0, 0,1) (41-0)

J
-+ _(2-_ (O\O‘l) (%—\‘)

\LGog, 2y = 1 4 Jij"‘ 'z(%—()

5 (o1, -02, Lo03) 2 | (.o, .02, 1. 013)

— l+\z (.02) + —'3;(1,03~t) = ‘:L,DZ_S

(d) Use the differential
+h e cha neg e  of 4

to (.01, 02 1. 0o3).

A4 =

+o Approximate

From th e Pocdut (0,0.1)

$ (.o, .02, 1.03) —4 (0,0,1)xdf (0,0,1)
df (0,0,1) = fe (oo, 1) dx + 4:‘ (0,0'[)cij + 42(O‘Q,l\62
S;X:O) ffl_—_ Ji‘ "Q%:\g , dx = Ax= .01, %:Aj:'OLId%:Ai:'Oi

=> &OfF o o0+ L (.02) + ‘g (.o3) :\g.oz_\_




IS, Consider a hﬂ}wbol(g para bolodd
whose equ.ah‘o«a S 2z = 44x2~32+ lg.
(a)y Fiud amn eC]ua‘h'ow of +tlo +Ctn<]‘9u‘f“
plane to the graph at ‘e potut (-1, 2,4).
L et z:—ﬁ(\auq):itxz«—g‘+zg‘
+Gh) =4

ﬁk(“‘)z-\'-:g\i\ =-&

(‘\tl)

&A(~\,2,\ ::(- 2"3*_2_\\(__\‘”: - 2.

A_n equa-h‘ov, o4+ +tlhe +Q'“‘ie~"’+ plane at (-1,2,4)"
2= f(-v2) +f, L2y (x+1) + 43(—1.& (4 -2

2= 4 -8 (ke —2 (g-2)

’-E:~8x——?_:] ofr \3X+Zt‘+%:0\

(b) Cive the unit hormal veetor N to the

plane at the Point (-1, 2, 4) which makeg

an acute angle witn Powtive =z-akxis.
8x+?_j + 72 =0

=2 M= <2,2,0% s a normal veetor to +he

pPlane a1t (-1,2,4). A unit horma]

vector -
N 2o o L3, 2005 = ¢ 2. 2
hwny v6q l véa' ' vea’ Jsa ke

On the Other haunud,

N = <& cocd, cos B, Cos >
where o, P, T arc +the argles between N

omad  veetors L, ), &  respeetively, Sivnee
Cos & = S0 =S ¥ s acute.
Ved
= e <Ren)




In o[evw,ro,\

t.~( e 'ECK.L:B\
oA a

LS ck‘&’xﬁe,s'e\A‘h‘qb\Q
(X0, Yo) , @ norrmal veetor t0o

e MM&M% ,oia ne +o ‘e g e PL’ o+ %=£<ks3)
ot e

Point

POL‘\a"c (%o, 9o, :('(KO;‘-_);,)) cS

nh = 4"‘9)\ LKO,U)O\

) - ‘LA(KO,%,\ ) -l> .
T\Mg nwo rrmeall

vector makes

a ocuyte O(Mj*lq
with the PO%\"‘-CUQ

Z-Qx/ s SHuce (t< +hipd
wmpone,m+ S posn'*Hue.

Lixz’“jt—k 2.‘3 O d (fo,90)= (-1,2)
= W=

- A Gy, =4y (-1,2),! > = &8, 2,17
N DS Yl £ TN

“ <—'§x)'43, \5\'\

= R ,2, V>
Joa
6. The volume of o pjrczmia with a square

ba% v« urnitd on a Sde awd a lq,e,ﬁﬁh‘t od h

- . o ~ L 2

S gmv&m J V = 3 K . %u(apose that the
divrnen grone ave funetions o©f time + ond,
at o certain mMmoment +o

ore X=2m , h=%m, Let x be imr_rea%x'm,éj

Wit res peet tc t at a mrate O m™m/s Aus
I s decrea s

’ tThe AdAlmeunnous

at a rate 0,3 m/s. at +that
nekan k., Fiud tle mate at uwhich the

volure of the Py ™2 i d €S changd w th
VCQP—C:CJ& Lo ‘he tirme at +=to . Lo Yl volume
tme,rcasf{vxa \ Aeclea n Cor necther 7

\/: —\—-5%\(‘9
V=Vl | where w = x(£), h= ) \QQO,hO\

\Paﬁe \§l

(e o)y g (to!
(2.3) .

i



oy = 0.1 (m/g) ;—C\“—\ = - 0.% (m/s)

+t=to

dt  aox dt 2 CL‘t

5 (2.3y
PR

\V, — 1 42 = L 2 = =

% (2\’3) SX \(2',’) 3 )
-— =V 2 =2 V 'z i1
dt \t:‘\-o X( '3) at 't:ta+ " ( > o \‘t:f°

= 4 (o) +L{;(—0.3) = 0.4- 0.4 =]
Thwe volume Jdoes wot chag hg e at tuat moment,

A\1l. Consder a didferentiable Fuuwetion
w =+ (x.y,2) ’ w here X:Zu_,vz j.—:uz-—\/z“‘ uw
= uviw? = Fi.d thie pa;{n‘a}\ dordua tluey

-S:u.,-fv,‘p\v at Tt pocl.T P

= (uo\\)
whore Us =O, Vv

oiwo) 3

':‘( *‘qu)ij:S,{z__:r\

o = | w, = |

) o
at tle pocyt
the podnt P

Let

(x-ol(jo'lo) that CoTres Poudy to

4_;\<‘_;,3‘42> = La b, c>
< >xu, 3u,%q>\

QA h A&

= £ 2_\11\ 2u+?_\u’\/2w5>\

. = Z2,2,V>
(O)l,t)
<xv)‘jv,%\,>\ = <9uv -2V 2uywds = £ o -2 o>
P (o1, 1)
_ 2
<XW):]W} %\U>\ - <~ o) (2‘-4.) BL-LV wz> — O, 0, O>
T\r\e.v\ P O, \

L Y= § %+ fyyu - Hrze sZa w2k ~ )

gV(PX:gkXV*—J\jV*—_@Zz\':F’Et\
t, Py = £ % +43 Yo + fo=w = @




12, Find au equa‘h'o\a

of the taugeut plane
t it ewviets

at the poiut

(>, -2, 2)
e defined

ou the
Surface that

b:) The equatioy
b‘d u%/{h.g the pmpe:*»‘\-l +uot
e aquix‘,eu‘k vector (g Perpevdicular to +he
Ciive Lee tor
(Hiut : assume that e givemn €q ta tloy
Cepresents a leve |

Surface of +he Funetioy
W= 2°— x2 +9.)

25__)('2_‘_3 = O

Jevel curve /surface, e hormal

Lt w = £ (g = 2% — e vy
VL= 4 Ly, 4> = -2, 4,33~ x>

V¥ (2,-2,2y = L£—2, 1, a>

= =n = U4{ (3,

-2,2) :E-Z. \.‘TB-\'

s a normal veetor to the Susrface

at tlhae \DOL'.VL*

(5.“1) 1)
Ah equ_a{:u.‘o\,,

ot the ‘f“CLVLc]eu‘l‘ P(QVIQ
to the curface

n - (F°Y’o\ = O
U/LLQJ‘Q

Podlnt (’S,~‘2,l\‘.

h:<~'2_)|,c\3) = <\<'L1‘2>) 6\°:<5»~2‘|2>
-2, 1, a> . <x-—g)«j+2_,i-2‘>

~ 2L (x=-3) + j+2 + g (2-2)

= O

= o
— 2% + b _‘.:’4_2_-—(—5{&-—\2

~2x+‘<—] +~ 92 = |0O

\zx_nj—q%:_uoq

= O




lg, Civen a function Tg(kkﬁ):Xj‘ 3y
Avne wer the quesiu‘ong below
@) Compute +the gra dlent vector of Hhe
funetion. Evaluate + at the Po‘u«* (4L3),
$ (% y) = XY - 5%E,

VS = < “(*'“Cb> = <3—6x,x>

VAt (r2) = L -3 1>
(b) Fiud +he directional derlvative D ¥

at the point (1,3) (1h the directiown
towards +the Pocuwt (3,6). Does the

funetion Lherease , decrease . or nelthes

i +that dlirection | Ciive a 7&0m€+r¢:c%‘

interpretatiou o Your ang wes.

Let A= (1,3) aud R = (3.8) =5 AR = Z2 .35
= W= AB Z S . .
= A sl T 2,3 ts the unit veetor

+Hat de fnes +he direction. Froum A to B

Dy 4013 =74 01,3y - w = =301> . L L2 1>

13
= - (“e+ 1) :l* >
Vi3 Jia
The direetional deriva tive of + at (13)
(S e ‘.’>IDP—e_ O~C +he +a hﬁeh+ l{ ne ~+to

+he ivie of Lh‘l\-&f‘SZC’J(-CQ(A of +hLhe ﬁ;‘aplq

o4 '-}zuc(hj) weith a ver tical ,olahe_
Pa$$im7 throwgl, the Poitut (1,3, 0y and
parvallel +o +tte veector w. Stvee DH‘('(\‘S)<C

the function (o decreasing ot (L3) du
that direction (defcned ba tlhie veetor u)_



20, A funetion s defimed by Way-2t=1 230

(@) What (s the graph  of +the fynction ’
The graph (& an uppes hallL of a

\rujp,e_rbo(o b of one sheet. Lt
//-‘“\
(b) Find a veetor in the direction NS ———7
of the s'tee_[aeer asceut at +he %
rfate of (nerease of +he fune froy
at that podut? x
XZ"+‘JL-22=J. , ¢ = o0
zz‘:xl—kj?‘—-.l. , & > o
Zz = \/XL—+ ‘jz ~\'
V‘F = 4-‘)( )_fj> — < X ) ‘1 5 .

_ \/XZ—\—\jz-\ \/\gz—\-ujz-g
V4 L2 :\4 \“2_ :L; s a veetor (v the
direction of +he S'Eeepes* asceuwt at (2],

The maw muum rate of (ncrease at+t (l.z)'.

R U R e Ve e AN L

©) Find o veetor tn the divestion Tr bl
steepest descent at the pPoint (Liz)., What (s
the mMmaxdrrmuam rate oFf decreg se O‘)[ e
{funetion at that point 7

A vector (tn the Jdlireetiow of +Le
S+eepes‘c desceut ot Cl, 2y

— T2y =\ - L)

The rmaxirmum™ rate of decrease at (12):
— T4 Gl :(~ Is
t z




(A) Finwd a vector (n thue Jdisection of
o chawnge of +the Fumnetivin at the podut (L2
Gilve a '»Teokne*\m‘ca( im+er/3re.+a{~cou, of
Your answer.

A veetor =1, 5> (¢ OF*H/LOCjovLo.i‘ t+o

v+ L2y = <« —‘i,\B‘ The funetionw does not
Change [, that direction sinece D ILLAN =0,
where w (s oo Unit veetor th the &/ reetioy

o+ <L-1,5>.
2)., Teet tlhio ﬁiuem funection omn

Cxtrema . ,
Flegy =+ dxy — 1S x =12y,

tie local

@) Frusa all eritcecal pocmf&_
Set T =0 or 7 4 does wnot exist.

4= L’fx,‘f-j>:<5xl—+332—\g) 6\@3—\25
T4 s defined Lor all (vuy) & R™.

Vi = O
2 ? S e Z—g
5x+’>j—\b = O o j =
6&\3—\2— = O x3=1
11:-.2_; => KZ——-\—-L—_&—:S—
x f % #£ O

(x.?‘ a) = ——\3:0
X = T\ {x:iz
= X 2. ‘j::’:\
CV\,‘S‘”\.COL\ POLV\‘V% B o
P = (\.2), P,= (L2, P,= (2.1\) P,= \



(b) Use Slj\ue_gite_f Theorerm 4o dedermi e
whiech of the eritical points are [points
N

0f{ loca ‘
\ ma\(cmM lOCal m, .
1 L e muy rmm ,ahd

Saddle Pom‘cs .
-§x¥: 6« { =
’ K(j-jc‘lx:é:}) gy = 6x.
'g)oc -‘K‘A \EK 63

-C‘jx {33 Q)J QX
@ E\: L\,l) .
6 122
. & 2
[!'z_ el’ Q}>Q>\ \z%g—\qu‘:—log<o
2~ G
ke P\ s a Sadadle Poivx‘\:.
@ B = (-\,-2):
-6 —\Z 6 —12
) —6 <o, - 2 - lay = —10&«<«
-1z —-b 2 -6
=5 P, (& & saddle PoLm-(;
@ P's: (2‘\):
\ S L2 -
S 2= o, gy -3 = 108 >0O
S '2 S V2o

= Py s a poLm-\.- o+ local L L R A W

@ Py = (—2,-1)

-\ - _ —
< 5 —12 £0 i - :\Qq—%gz\og > o
-6 -l -L —\2

\oocv\’r o+ loca | ymaxi mum.

Py s ©Co

=9
) S loc.cn = 2.0 :\:———Lg‘ ) §lOC,Max: §2,-0) =@_
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(g\) Frud ‘e e,ctuc«‘h’ovug o4 +‘le Mnﬁ@,‘;[-
plawvnes ot +tle eritleedd Points of Hee

funetcon -9(\cn1). Deseribe Heee plqneg_

'gx QA 4.3 ase zero at the cerdtlcal
Polwbs.

= Equa\h’chs of +he “\:QV\,&I’QL\,“{' placnes
oot (\,7’)) (-\,—'L\, C2.1) , (- 2,-1) aur e |

res pee{—Cve l\a >

z= $0L2) & \m

= — 5 &\
22 f(-1,-2y <&=> 2 = 26}
\%::— 73

2= 4 C?—l‘) &>

2= § (~2,-) ¢ @

- plau
ANl these P(a\n,e,g afre parali&l t+to tthe Yy p
22. Fiuwd all critvcal points of the 4Uuetioqy
‘g'(\ﬁub)x :\/xz*‘dl , (_\(_ Qv‘/j DQ"TUM\'V\Q "‘v"l‘e"["‘/lef

-Hnuj are tle Poiuts ot local maxirmum,

loeal  mMinimium , or Saddle poiuts,
_ x
V')C(\‘"')X = < ‘cx) L3>: < R ___2____.>
Vi y? Vix ey
L ey # Leren

<7 { (0,00 does not exdist.
Critccal POLints -
7 F (vy) = O ( ho Solutiou)

J ¥ doey rot Qxisy <° (v, y) = (9,0)

=S \(o,o\ e o eritical poiu‘v.

\Paﬁe 2 2—&




flooy=0 aud fly) =0 for all (x,y) € ®

=> [to,0) (s a point ota local Mminimum
)

Lb:) +le definition of a local rmiinlrmua ) |

15»'EC\4A ‘the absolute maximum aud abcoplute
t;(n;.mmi_:: values of +the Yunetio,

“y) = $-3x -2 oL tlee

e L §U+CC8& Ccuos:—cd ‘H*L‘Qhﬁ ubar

o), Lhi2) aud (3,0).

B =2 Let R be the *H\cawasulo./r reg(on
L bouuded b the S eq Mmeuts
| AB ReC, aud AC. The ftunetioy

/ £ (vin) (s con Bl naous ou tlhe
A:(_"‘o) ' 'TL=(:_>‘0) closed aud bounded regiowu 12
oma abs. min ou 12,

=5 F(v.y) has abs. mMmax
n) Find all critical points of Hd(x.9) (u the
tntertor of R, if anyg .

‘H*w)\:q-sx—lg.

I= b VeI = L3, —2> = <Le.0 7

‘93:“2_. do  all Cveg) c 2

=> hno criticol poiatsin R .
2) Fiud oll eritieal points ©n The boundasies

of R i awyg .

ey AB Ly =x*1 e -1

Al x+) = H=-5x— > (x+w )= 2 -Sxw = F )
o crdtdcal Po(u‘rg (ma AR

F: CK):—S + © =2

(b) RC : tj:—x+?> ,oxoe |v3)
T(% —we3y = 4 -bx-2(-xer)y=-x"2 = by
Fz,‘ (x)y = — | # O = wo eritical Poiu“rs Lw BC.




<) AcC: Y=o , xe L-1.37 .

‘&(\'410): L‘*‘%K:Fgck)
\
Fy v ==-3 +=0 =5 wo esctical polnts .

Evaluate 4 (G g4y at +ue vertices of
the FTiriangle

| 4 (v = Q-3 -2y
$CAY= 4 (-1,0) = T

F® = f (L =-3
(Y = §(2.0)=-¢

The absolute MmMaximygm of ‘f’(\(tus) on R

ss k(A= A4 (-1,0) =0

1R
Thie OthSOLbLi‘ﬁ ML R reue ot f(k)"_\) on

(e g =S (o= =S

‘ Paa,e, ?_Hl



forejj7
Line


.. Find

+the mMaxi{rmuim aud

+tlhe &jiuem

M oo o balues
cF aMZI )-O‘F +tle j[uan Lureddon Su b

constraint.

(Q..) 'S(k‘j) - X + 2‘("[ b_( x’l+32: S
LQ,"E_ j(\tlv‘)\:ﬁgzﬂ"jz'—g.

Set {Vf—:k\?g
j(\mv;):o
Vi= <1, 2>
Vg-_—. <7-X,?-;]>
R
L= X (2x => x = 53
2 =22y =y L
Y_z+gzzs =5 | 2 ‘Z-—S—
EURNCN =
ZQ Qx>
4 =9
407 N° )
4 N2 L
T4
o+
A= 2.
S % = I =T
- 2\ 2 (+3)
_ \ L \ - 2
4= N - _:t_\i
CTL-ECCo‘\ -
Poitud s (4, 2) omd (12
-{(\,1\:85’! ( Lhe rmaximua™ va lue )
4(”\1——23:"5

C +he YL M DA Y ua\ue)

j'ec{~ +o


forejj7
Rectangle


(b) ~$(xw)\:2\f~sgl g KZJFZ:Ia:A*'
Let QC“‘Vﬂ:KZ“"l:}Z-H.
iz (hAx, - 6by>
\73—.— L 2%, L‘3>

iv-pzx\?:;

- by= XL‘:) =D 25 ( ZX=+d) =

Z_Q\

Hx= % Lx c=> | 2Zx (2-" =9
\XZ““LQZ:H x &+ 2" =

= Crctlcel Pocuty
(o, tVv?)

1=9 =3 x* - } = Cr¢ focal Poluts:

s (&2, 0)
'&(O’:\_—_J—i) :\_—_—-____G_;_‘\ ( tlhe MLl ruam value)
—&(*1,0\:\2& ( tlhe Maxrmream value )

(@) S0eg)=x"eyTon i gt




Lx = \2x > (1= = ©

9 =22y Yy 4 (e = O

X2.~32_:\ K?__gz.: \

X =0O =S -32:\ =9 32:—\ (no real solutiowny)
4= => %=

=] <= X =X\

Crideeal pom%s

(=1,0)
{(*x1,0y= - % .
XL_:{Z: j__ —> 2 2.

J:X—\ '——*—)j:’i‘\/x2~\
‘E(X,-\;\/XZ__(\: e (=) -4 = 2% - 5

The w™uWndrmam

fosr [ xl =1\ ¢ S
f(a,0) =\= 3|

mMa ¥ (e M

Ix\ =
va lue O‘F LZ K2~ S )

The value of F(x9)
gubgaa"r ‘o tle ﬂCUQVl

coustraint does
ot exist Smviece
-— . 2 — — 4 oo
e A (x, * = Y = i (2% -9)
Y- + 02 X+ O
. eB 2 2
(@) S (xg,2) = x+2y-3>2 7

2
let 3(x,&1,-?:\: KZ-—\—;]?—*-:L‘O\.

74 = 4\)7_)—35
vj: 42.»4)7_3)2-%>
<7+ o= >\<79

g(x’tj)%\ = O

| Paqe ®|



=> = ___‘____
DN
2. = XZQ -9 :} _ ‘;T
-3 = N 22 =) :_%
Xl+gz+i ::Ol > \ )Z_‘_ ( IS )
AN >
S

[E——

a4
42
2 A
N —— =D
4.9
=2 X = ! — t - =+ S
25 g (xImy TiH
‘j::-—l—:: : = % 6_.__.
* * V14 e
G
%:-—_},_..__ B J— 9
25 R
2"(“(9)
1=, & _QB:5+\1+ZW
v e’ ao) s e
-&-—_5_- —'é_) a j:—-Sm
T T N AT
The yMaxlimium value 5JTC
The MmMiniyream value: — 2JIq
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2. Foud the rmlirnimum Qud maxd rmum

values  of +the Lunetion 4 (x.gy)= \-?_xz—gz

l) FL'MA —\:\/Le QJ‘(,.‘L*\.‘CO‘,{ PO£%+S C XZ+32< “
S-e,"t U‘{ = O
VA4 = <—L{x7——23>

— 4w = O > *x = O
—Zj=o ‘jzo

‘?(0103:\‘.—1_/\

s

l) FL'MA the UL““L‘C_OL! POLW+S O %(/7&
boumdar )Q?‘—(—g?' = 4.
j(xtj) = K2'+32“L(.

=y (0,0y (s a ertlcal
,’DOC\A‘\:.

g(_k‘b)) = O
— Ux =X\ 2x 2% (w+2) = ©
- = = \ = O
9= X2y <= zﬁ(xﬂ-\
X =9 =D ‘j::tl
Lj:o = w = * 2
Coeidceal POwnks, (2,07, (o, x72)
"& Lo j:l\ = | — 4 :\—SS
f(x2,0)= \__g::C?T\ . ‘
. : (o,0) =
D o X o o v \/alb{e . > N
[he mM™Mmax value - < (+2 0)= 1

T s vl Vo Yoe L ki

i Paje g‘!



