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13.1 Z8FHHEH

13.1.1 %% #H /¥

Definition 13.1 (RE&XEK). % D T—BAFERHAGES - wRE D FE—EFH
(z,y) BAE—G T f(z,y) RIHE - A f A8z foy W2 %56 D R f
R &3 (domain) > BT EE f(z,y) 9EBMAA f 81 (range) o

13.1.2 MEHRHFHE N
13.1.3 $&%

13.1.4 %{zm@

13.1.5 EHEHE

13.2 &Ry s

13.2.1 -Fd@ LagARk,
13.2.2 & Sl $ag IRk

Definition 13.2 (R HREAMER). & [ £—BER (z0,y0) HP B L > L Pk
T (@o,yo) THESET KIL > BURAA T K928 > L R—EFH > 25k

lim  f(z,y)=1L

(z,y)—(x0,y0)

HEEREE—E e >0 A 0> 0 BIHE > EFRE

[f(z,y) — Ll <e FFX 0<+/(z—2)2+ (y—y0)2 <6

&
iy
2
<




CHAPTER 13. %% #3&#%

Lemma 13.1 (B$HaR a9 ). %

lim f(z) =

r—a

tim | f(2)| = |1].

Proof. 4 g(t) = |t|« B g £ R ik 4 » THAERR g B :

lim| ()] = o lim £ (@) = g(L) =

Lemma 13.2. #

| /()] = .
A
liin f(z) =0.

FY(RFTE). HTARAE L a v A

—|f@)] < fl@) < |f(2)].
@3 lim|f(2)] = 0 T4

Tr—ra

R AR ( Sandwich Theorem ) 343
lim f(z) =
T—a
[ #ab (B % SRt

O fxruig:by=mat  ZFmeR-~k>0o

| L.

lim (~|f(2)]) =0,  lim|f(z)| =

lim f(z,y) = glcigéf(:c, mz®).

(z,y)—(0,0)
EAERAEEGRE m (R k) &> PREBERIBE -

O #AEFR%E b or=ny' EFPnecR~(>00

lim  f(z,y) = lim f(ny’, y).

(z,y)—(0,0)

HARBAEE n (R 0) > HRIER TS & o

) AR B x=rcosf~y=rsinf > EF r=/a2+1y%o

lim  f(z,y) = lim f(rcos6, rsinf).

(z,y)—(0,0) r—0t+

EREAEXA O &M AERAAL ; R BRIBA -



13.2. &R g1id 4% 4

[ 3 = 8% B
[ FoRwGHBE : A

y = mlxkl? Z = m2xk27 ml; mo € R? k17 kQ > 0
2
(2,y,2)—(0,0,0) f(@.y,2) 2550 f( y M, Mo )

%#{BF&{@—F@ mi,ma, kl, ]{/'2 7 ?é 5 EIJ@#&F&K@E R
[ FExw@miiig : 7945

T =mn 2", y=n922, ny,ng €R, I, 0y >0,
13
lim z,y,2) = lm f(n25, nez2??, 2).
(I,y,Z)H(O,O,O)f< Y ) Z_>0f( 127, N2z, )

EABIRABTE Ny, no, b1, 0y XS > BIURARIR RSB 1E o
[l A2 BAREEAE © B

x =rcosb, y =rsind, z =z, r=+\/x?+y>

A
li _
(%y,Z)lE%O,Qo) f(x, Ys Z) Tligl f(7“ cos 6, rsind, Z)
z—0
Em# a0 £ (R TAgEH 2 82 r 9KME ) BERATRAL ; RZ > &R
Tk

O 3R BARIEAE

x = psinpcosb, y = psinysin b, 2z = pcosy, p =12+ y2+ 22

li = i i 0, psi inf .
(m’%z)lir%o’o’o)f(x,y,z) pl)%l+ f(p sin g cosf, psinpsinf, pcos go)

BRGFERR 0,0 B> ARG ELFAZERUL ; B 0 BRREE o
13.2.3 WS HEJFEGEEME

Definition 13.3 (R & # R 9L GH). LR E—EE (vo,y) WHERM R ¥ & (z,y)
A (1g,y0) BF Ti%‘

lim  f(z,y) = f(zo,yo)

(z,y)—(z0,y0)

& M % M f BB (19,y0) ARG (continuous at a point (rq,yo)) >
R f £ R T8 HE—-BHELE KRM#HEMK [ LEHER R ZEEY

(continuous in the open region R) -

Theorem 13.1 (Mg 3y G R ).

Bk kAT Jf’-ﬂ- fFe g & (xo,y0) 2% > BITHREIHE (20, y0) B4 o
1. %%‘Uj—:kf 2. A% fg
3. FE:fxg 4. ®:f/g, 9(xo,90) # 0
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Theorem 13.2 (& & H b9 ik 47
9(

). 4aR h & (zo,y0) #48 > BB g £ h(zo,yo) EH -
& mE (9o h)(z,y) =

i3
h(z,y)) ¥Ae (zo,yo) L& o TFEP

lim  g(h(z,y)) = g(h(xo,Yo))
(z,y)—(z0,y0)

13.2.4 =% H Ry gt

Definition 13.4 (= % #& & & & §&). &« R [ E—BEE (v0,y0,20) ALK
(continuous at a point (vo,yo,20)) > LBE (z,y,2) A& (z0, Yo, 20) B > A

lim f(x,y; Z) = f(l’o, Yo, ZO)

(z,y,z)%(wg »Y0 »ZO)

ﬁm%ﬁfW&@mm%)ﬁ% R f £ R PO E—AREE KM% S
EHER R A#KH (continuous in the open region R) o

13.3 ImiE R

13.3.1 WEHJ[EFRHERE

Definition 13.5 (R # S HHORERH). wR 2 = f(v,y) A—ERERGZE > 2] [ #

x Foy 895 —F R EE (first partial derivatives) f, #= f, 898 &5 3| &

A — 7 Ay — 7

(4 RABTR 5 L6938 ) o

(—Ffa 8 BB 93e3E) BB 2 = f(z,y) BRERK f, Fo f, HEMRFT

a 0z 0 0z
gf(a:,y) fo(x,y):zx:% for a_yf(l"vy)ny(x,y) ol
ol RS (a,0) 8948 2132
0z 0z
a9, :fm Cl,b ﬁ\:‘l -~ :f(a,b)
0% ltay @) Yl

13.3.2 = X =AW B & R B AR R B
13.3.3 % mEZIK

Theorem 13.3 (&1 ET #6912 X (Equality of mixed partial derivatives)). 4=R

fRafy ORKER f,, Fo f,, E—EREE R L5824 Ak R EBE—5 (1,y)
#

foy(%,y) = fyo(,9)




I 6

13.4. 7

.gg

13.4 5y

13.4.1 ¥Fsisy

Definition 13.6 (&#%). &R 2 = f(z,y) L Az 4= Ay & o oy 0935 > BB
oz F=y 98y (differentials) &

de =Az A dy=Ay

EME RBEHR 2 928y (total differential) dz 4=F

dz = %dl’—i- a—ydy = fx(may) dx+fy($’y> dy

13.4.2 “TigaHE

Definition 13.7 (7T#). 4R R#K 2 = f(z,y) £8 (xo,yo) HE Az, Ay REEZ AT
8938 2 T AR R

Az = fo(wo,y0) Az + fy(T0,y0)Ay + 1Az + e2Ay

EF e e §HF (Az,Ay) = (0,0) mEBABLEH 0 JEK f(a,y) HEAE (20, y0) T
(differentiable) - =R f EER R ET# (differentiable in a region R) > #f f
£ R E"THk e

Theorem 13.4 (FTH#8) A 4EMH). BR [ ARER o Fo y 9RF > R f, o f, £EHE
¥R L&A f £ R ETH-

13.4.3 VAo RT e

Theorem 13.5 ((T #8224 M (Differentiability implies continuity)). 4=&—1&
v Ay B9HB [ A (w0,y0) THE BN f bt (2o, y0) B4

13.5 Z@HRPaeHE

13.5.1 5% 3HFAGLHF

Theorem 13.6 (444 : — A% 5 ¥ 491 H (Chain Rule: one independent variable

1S
~—
~—
.

Bt w=f(r,y) £ x oy 9 THRRKE > o =gt) 7= y=h(t) &t OTHIE - Bl w £

COTRARC R
w w dz w dy
dw _dwdr owdy g [1s.]
a0z dt oy dt 4 1.4

Theorem 13.7 (& 444 : REEH S ¥ 4 HEH (Chain Rule: two independent variabl

es)).

Bx w=f(r,y) £z Foy GTHRRE = g(s,t) 7 y=h(s,t) L& s Fo t GRBHL
9r O OU o OU Rlaffpde 0 B 2L Ae 20 @ e o i Boh T XA

ow 8w@ 8w@ fo 8w_8w@ 8w@

B fw B | By b 9t oz ot oy ot
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Figure 13.1: 1 4% : w & o Fo y 89 RE > MERF R SE ¢ 9RE > AEKRE w #t 89§
K o

Wk w = f(2,9,2) & 2,y BTHEH B a = g(s,t) sy = his,t) ~ 2 = k(s,t) & 5 4o ¢
éﬁlﬁ%’iﬁﬁ%’( R G0 U O D g O RE e 0 B 00 e O g e BE BT X
&4

ow ow (9_:1: ow Oy ow 0z

9s oz os  oyos | 9s0s
dw _Owor  Owdy | wo:
o Ox Ot dy ot 0z Ot

13.5.2 5 () #or

Theorem 13.8 (4% : [& %5 (implicit differentiation)). 4R Z X F(z,y) =
0 RB—18 = 89 THIERHE y o B

dy Fi(z,y)
A AV 0
dx Fy(x’y)7 y(‘I?y) 7£

o RFRR F(r,y,2) =0 R h—18 z A= y KTHISSHHK 2 2]

0z _ Fx(x,y,Z) f\? 0z _ Fy(x7yaz)

ox F=—pm—— b
0$ Fz(x,y, Z) ay FZ('I)y?Z)’ z(x,y72) %O

13.6 7&@EHIHEEE
13.6.1 #F&E#

Definition 13.8 (7 &% %), B& [ AREHK o = y 09 X% > u=cosfi+sindj =—1&
Flre) & o dmRABIR

Dof(z,y) = %ir% f(a:+tcos€,y—{—ttsm€) — f(z,y)

Bl RIWRAEIRE f 0 u 7 AR5 A SR A Dof AF o

Theorem 13.9 (7 % £ # (Directional derivative)). 4% f & z F2 y 69T iR ¥k > 2]
e u=cosfi+sindj g7 e LHL

Dyuf(z,y) = fu(z,y)cosl + f,(z,y)sind




13.6. @ REFtE @&

13.6.2 WMEFHBGHE R E

Definition 13.9 (REHJIFKYGHEGF). B& 2 = f(r,y) £ o, y WRKLEH f, = f,
ARG BlEE
Vi(z,y) = folz,y) i+ fy(z,y)]

wA f BE (MZ) A V(ey) AT Vf Fldel 1> A—EFRAHGRIHEE
gradf(z,y) - £E b xEHHE—EE (v,y) RE o HEEE Vf(r,y) #HBE—

BF@aE (PEENGE).

—_— N

(x, . f(x, )

X

Figure 13.2: f 89 @& & vy-F @ LegE = o

Theorem 13.10 (7 & E AR AX). B3R f £ o F2y 9 THRIE > ABERELGE u
7 € 7 6 R BT
Duf(x7y> - Vf(l’,y) “u

13.6.3 #EE@ T8 JEHM

Theorem 13.11 (WE G EHHHE). S f £ (1,y) TH o
1.@%Vﬂ@wzo’%ﬁﬁﬁﬁ@uﬁé’%ﬁ@%&DJ@w%:m
4 f BEFRGF R Vi(,y) 56 FHEFOSREFTRMEE |Vf(z,y) e
3. & [ EBERGFEL —V[(r,y) 8HE o AT QEHGFAIMEL — ||V f(2,y)|

Theorem 13.12 (HE®ERF Rk ER). Toe [ £ (20,y0) THEE Vf(xo,90) #0°
RV f (2o, yo) BB (20,y0) 89FRRAE (z0,y0) ZAREE o
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13.6.4 = 1A% 9 2#K

Definition 13.10 (=8 #e) 5 e R &AHEGF). B% f 2 2, y Fo 2 h 2% L%
B EATRERE > BB EE u=ai+bj+ck

Dyf(x,y,2) = af.(x,y,2) + bfy(z,y, 2) + cf.(x,y, 2)
f 894 (gradient) Q& 5
Vi(z,y,2) = fol@,y,2)i+ fu(2,9,2)i + fo(z,9,2) k
AT 4T
1. Dyf(z,y,2) =V f(r,y,2)-u
2. 4R Vi(x,y,z) =0 BEFAEY v, Dof(z,y,2) =00
3. Vf(r,y,z) & f hRKEHEH5 @ - f 895 @ EH Dof(2,y,2) HRKMEZ

IVf(z,y,2)]l

- ||Vf(x,y,z)||

13.7 1 F@feikig

13.7.1 w@megr-Fofeiksy

Definition 13.11 (W F@feikég). ©ar X F(r,y,2) =0 £ E— @@ S o R RK
F(r,y,2) & S E—% Plao,yo, %) Th > £8H VF(r0,0,20) £ 0> #Mz & § & P 2
BT @Ak AT

1. S &£ P Z&yn¥ @ (tangent plane)i#h A& P 2@k VF(xo,yo,20) Fik@ =g+
& o

2. S & P 269545 (normal line)#t 2@ P Zxdmk VF(xo,yo,20) BH @6 Z 8 ELE o

Theorem 13.13 (- F @7 #£X). &R F £ (v0,90,20) T EE (z9,v0,20) £
F(z,y,z) =0 FiE dtgehdm L > Blskeh @£ (xo, Yo, 20) B9 F@HRZXAE

Fy (20, Y0, 20)(x — x0) + Fy (20, Yo, 20) (¥ — Yo) + F= (20, Y0, 20)(2 — 2) =0

13.7.2 Fa@fastey AR
13.7.3 #E&E Vf(r,y) #» VF(x,y,z) g

Theorem 13.14 (#E @ TR FlLamE L) wR F £ (10,v0,20) TH & H
VF(Io,yO,Z()> 7£ 0 /BIJ VF<ZL’0,y0,Z()) @;ﬁ@ (Io,yo,ZQ) él]%’fi@‘é’ﬁ °
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13.8 W& KA ARMA
13.8.1 LHFeiadtinfh

Theorem 13.15 (&8 € ¥ (Extreme Value Theorem)). 4 f £ &4& zy-F@a¥—
A FGHER R EeyRE o > A

1. f 2V R E&E—SHM) (D) E o
2. fEV R EX—BAER (RK) o

Definition 13.12 (#a#%44). f TR KAEEE (v9,y0) #9—EER R L&RE -
1. e RE—184 (z0,y0) WHEEL  HAHGB (v,y) 1BH
f(x,y) > f(zo,90)
B f & (mo,y0) A AR (relative minimum) -
2. R AE—EE (v0,y0) WHABEL - HATHNB (z,y) 1A
f(z,y) < f(wo,90)
Bl f & (w0,y0) AAARIEK (relative mazimum)

Definition 13.13 (E,uﬂfé). * f RRAE—EE (zo,y0) BFERLE > o RT XL F—r%
S SRR (20, y0) & f 89— MAEETE (critical point) o

1. fo(zo,90) =0 A= fy(z0,50) =0
2. fa}(l’O)yO) ";Ki‘ fy(fEanO) Z:ﬁj—‘;- °

Theorem 13.16 (#a¥tiEid— 2 #4 AR ). ©4 [ EHER R L—% (x,y0) A 484
A MERABEARRAE > B (20,y0) & f 89— EEERT o

13.8.2 —MEpEHKT

Theorem 13.17 (=F1mE#4 T (Second Partials Test)). BEA X & f £— MBS %
(a,b) HFERER K> B2 _MRpTH > LHA (a,b) WL

fo(a,b)=0 #  fy(a,b)=0
FR—EAE (a,b) H=FsREFFOE
d = fro(a,b) fyy(a,b) = [foy(a, b))*
1 4R d>0 $E fo,(a,0) >0 Bl f £ (a,b) AAafis ] (relative minimum) -

2. R d>0 EH f.(a,0) <0 B f £ (a,b) AAAHEKX (relative marimum) -
3. R d<0 8l (a,b, f(a,b)) £—1B#%E (saddle point) -

4. R d=0> AEELEEH o
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13.9 W& 8K BARAE 69 JE R
13.9.1 s AiE{uFREey e R
13.9.2 & F7aik

Theorem 13.18 (}‘E{ /]\—Fﬁﬁlﬁ%ﬁé}?) gi#}g {(xlvyl)a (%,92)7 (I37y3)7 paog (‘T’myn)}
BTy E8ERE (least squares regression line) Z# XA f(r) = ax +b £ F
Sx = Z?zl Ty, Sy = Z:'Lzl Yi, Sa:z = Z?zl .T?, S:L‘y = Z?:l TilYi,

n - Sy
_ NSzy — Sz9y _ Zi:l(ii - %)(gz — =) and P Sy — aS;
NSzz — 57 > (T — f)Q n

13.10 4a#6BA B Tk (FMAEL)
13.10.1 s 8A B Tk
Theorem 13.19 (#4481 A £ ¥ (Lagrange’s Theorem)). 5% & f F= g A —F

TR AL E R EEARBETFREGE g(r,y) =c Estaan > R f £ (2o, y0) A&
i o 4R Vg(xo,y0) # 0 Blsb B ETH N 24T

V f(x0, o) = AVg(zo,%0)

12t 8 B & T (Method of Lagrange Multipliers) &% f # g HETHE i
FAE R B TR > BB f ERBES g(x,y) = ¢ LAAERME o RIBMEGTHE

1. iz 2N Vf(x,y) = \Vyg(z,y) % g(z,y) = c> TREP
fo(,y) = Aga(z, ) fy(@,y) = Agy(z,y) g(z,y)=c

2. ¥ (a) PTAOBEN fz,y) T WEKIARE [ ERSES gz,y) =c ZTF
6% KA Ao 1M o

13.10.2 R AUEH T 6 E{uil 2
13.10.3 #ERBUSH T 6942480 B kT
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INDEX

alternative form % —7# =,
of the directional derivative 7 vy #,

Chain Rule % 44Z
implicit differentiation [& & M5, B
one independent variable — {875 5 4 3,

two independent variables {8 5 4 #,

composite function &% #K

continuity of i 4 ,FE
continuity i 4

of a composite function &%

of two variables ™ {E% #, B

continuous i 4

at a point f£—%, @, B

function of two variables v & # 89X # @

in the open region R ZK B3 R, @,%
critical point(s) Bz 725

of a function of two variables 4 $49 %

#, [ud
relative extrema occur only at A8%f 4544

R g

derivative(s) ##
Chain Rule i# 444
implicit differentiation [& & M4,
one independent variable — % . 4 #, a
two independent variables =% s 4 $,

directional 7 ), H, E
differentiability T #% %~

implies continuity [&-&i& M, B

sufficient condition for 74154
differentiable function =T #%:% 2

in a region R Z£E3X R, E

of two variables w{8% 2k,
differentiation # %

implicit [%

chain rule & #4842 H

directional derivative 7 &% 3, H

3!

alternative form of % —R =X, B
of f in the direction of u £ u 7 #®# f,

Y

of a function in three variables =% &
23,
domain & &%
of a function & #
of two variables 1B % #, E

equality of mixed partial derivatives &1
EECRE LN
equation(s) 72X,
of tangent plane +7-F @, g
Extreme Value Theorem #%f# € 32,

first partial derivatives — %1% #
notation for @3k,
first partial derivatives % —F5mE#K, B
function(s) & #
ofxandyxiﬁy,g
of three variables =4 #
continuity of % 4%,
directional derivative of 7 & % %, Q
gradient of 4%,
of two variables W {B% #,
continuity of 24, @
critical point of E&J%5,
differentiability implies continuity =T f#&
LIS B iR Bt
differentiable =T &,
domain of & &%
gradient of /&, E
limit of &%,
partial derivative of 1 #, H
range of fA3k,
relative maximum of #B%ﬁ‘?}ikfﬁ,@
relative minimum of #8¥F 4%/ ]MA
total differential of &%,
relative maximum of #H%’d’?}zﬁkﬂ'ﬁ,g

relative minimum of A8 4%/ 4,
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gradient # 5
normal to level curves & 7% 34, B
normal to level surfaces & & #4542 dh @,

of a function of three variables =4 &9

4, ]
of a funétion of two variables w4 69 %
7,

properties of 1'H B
implicit differentiation [& & # M5, H
Chain Rule i# 44,

Lagrange’s Theorem 424& 81 B & 3%, El
least squares 3 NF 7
regression & &
line & 4,
level curve % & 4%
gradient is normal to # /& & & #, B
level surface %1% dh @
gradient is normal to #/% & &7, @
limit(s) HER
of a function of two variables v {8 % # &
#, [
line(s) & 4
least squares regression 3 <> 7 8 7,
normal 7%,

Method of 7%
Lagrange multipliers 424& 81 B T, El
mixed partial derivatives &1 %
equality of 125 X,

normal line 4%, @
notation Ik
for first partial derivatives —F% 1<% ¢, B

open region R FEk R
continuous in 4, U,

partial derivatives &< #
first % —,
mixed &4
equality of 1245 X, B
notation for éﬂ?fi,@
of a function of two variables w84 &
# B
plane F@
tangent 47, E
equation of 7 #2X,, g
properties MH
of the gradient # /%, B

range of a function 2 #4983
of two variables 1B % #,
region R B3 R
differentiable function in T % %, B
open F
continuous in 24, @, B
regression, least squares &~ F 7 & 8 EI
relative extrema #8¥H5{4
occur only at critical points £ 4 LBz
g,

Second Partials Test for = 1m ¥ ## T,

relative minimum A8%#4%/MA
of a function F#,
Second Partials Test for = 1m % ## T,

saddle point ¥, @

Second Partials Test =% /% #dk <, @

sufficient condition for differentiability T f%
it

tangent plane 7@, Q
equation of 7 #2X,,
Theorem & 32
Extreme Value #ﬁzfﬁ,g
total differential 2% %,

vector(s) ® €
zero X, |1

—I% M E # first partial derivatives
3T3% notation for,
4R E #ak © Second Partials Test, @

1% B partial derivatives
B % # Rk K of a function of two vari-
ables,
s mixed
2% X, equality of, B
% — first, E
3T9% notation for, H
2445 total differential,
& # function(s)
xfﬁyofxandy,a
Z %3 of three variables
7 & & # directional derivative of, E
#JE gradient of,
# % continuity of,
MBS K of two variables,
f&.3% range of,
1 3 partial derivative of, H
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A4 total differential of, B
=T % differentiable, B
TS Ak 4 differentiability im-
plies continuity,
% &3 domain of
# & gradient of, E
IR limit of, P
AA#E AR KA relative maximum of,E
AR AR ME relative minimum of,
B2 %25 critical point of,
24 continuity of,
A AE KA relative maximum of,g
AR MA relative minimum of,
% $ a9 48 3%, range of a function
™ B % #L of two variables, E
Y1°F @ tangent plane,
7 #2 X, equation of,
E 3% R region R
Ttk 8 differentiable function in, B
Bl open
i# 4 continuous in, @, B
A —AH KX alternative form
7 & & # of the directional derivative, B
=T %% # differentiable function
v B % # of two variables B
B R in a region R, E
T 4 differentiability
R4+ sufficient condition for, B
[5.4-i8 4 M implies continuity,
T 89 4454+ sufficient condition for dif-
ferentiability,
&k B composite function
i % continuity of,
1 E vector(s
& zero, ﬁ
% 3 Theorem
#&4E Extreme Value,
T &% domain
F ¥ of a function
MBI # of two variables, E
H e derivative(s)
7 @) directional, H, Q
i# 484 Chain Rule
— ¥ 52 % #& one independent variable, a
=35 s % # two independent variables,

1.2 $ch4 implicit differentiation, [
‘F@ plane
47 tangent,
7 #23, equation of, Q

# 4~ differentiation
Ig implicit

#4542 chain rule, H

MH properties
. of the gradient, B
34491 B £ 3 Lagrange’s Theorem,
7 %2 # directional derivative,
= # a9 X of a function in three vari-
ables,
A —A X alternative form of, B
£ u 7@y fof fin the direction of u,

7 % Method of
F24% 80 B kT Lagrange multipliers,
7 #2 X, equation(s)
Y1F @ of tangent plane, Q
w1 F 7 least squares
1 % regression
B line,
NP7 @8 regression, least squares, @
¥ E gradient
=8 #6092 % of a function of three vari-
ables,
& 69 R # of a function of two vari-
ables,
&8 7512w @ normal to level surfaces,

8 A5 54 normal to level curves, E
MH properties of,
#Al € 32 Extreme Value Theorem,
&R limit(s)
B % Bk of a function of two vari-
ables,
%% normal line,
A% 3 mixed partial derivatives
124 X, equality of, B
AR EHAIEF X equality of mixed partial
derivatives,

A %% line(s)
s 8 least squares regression,
7% normal, g

AR¥HEME relative extrema
=% 4m % #Ax ® Second Partials Test for,

{£ %4 B2 occur only at critical points,

AR#E AR ME relative minimum
=R & 4 & Second Partials Test for,
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F# of a function, @
% —F w3 # first partial derivatives, H
FAizw @ level surface

# g # B # gradient is normal to, Q
F 4% level curve

¥ g & B # gradient is normal to, E

B2 -2k critical point(s)
v & ey F 2 of a function of two vari-
ables,
A ARAEE A4 relative extrema occur
only at,
3T3% notation
— % # for first partial derivatives, B

124 continuity
&3 of a composite function
W E% 2 of two variables,
i 4 continuous
% B ed J 3 function of two variables, @
££2—%5 at a point, {,
ZFER R in the open region R, @, B
i# 454% Chain Rule
— 8% s % # one independent variable,

1B 45 -2 & # two independent variables,

%3 8 implicit differentiation, H
FE 3 R open region R
i % continuous in, {, B
5.2 #oht 4 implicit differentiation, [
12444 Chain Rule,
#2325 saddle point,
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