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31. B k& A

3.9.4 FHHE 4. . 9

3.1 B k&) 4&
3.1.1 & 4A

Definition 3.1 (TH#TK). X [ REAE—MEER c YE | L8ZHK -
1. wRHHTAH 1 F8 x, f(c) < f(o) #ARZ > 3tH8 f(c) £ f £ 1 L6~ Ifho
2. JmREA T Py x, f(c) > f(x) #REL > 3t f(c) £ f £ 1 L&~ K48 o

HEEE L& T DMEFf T XMEAH 1L (extreme values) > & 5 5 B &
#E LR HK D (absolute minimum)FRH K X144 (absolute mazimum) -
KL BF A (global minimum)f=2 Bk A4 (global mazimum)

Theorem 3.1 (~ £ ® (The Extreme Value Theorem)). #R [ Z—1EAEHE
la,b] L6G2&FZE > B [ £ [a,b] LA - K4E > &K " ME o

3.1.2 Aa¥~ {EfeEE R

Definition 3.2 (48% ~ 44 (Relative extrema)).
1. o REX—18E c 9HE E f(c) £ k4> Bl f(c) t#HE [ 89— 1At ~ k4

(relative mazimum) °

0. WwREX—ME c HHE E f(c) £k B f(c) hAE [ 6—MaaH I

(relative minimum) °

M T KA T A BB A (local mazimum )Feky R " ME

(local minimum) °

Definition 3.3 (BB &M EXR). BX f EcARE  #R f(c)=0" ZFZ#LR [ £
AT % A c £ f HG—MABERK (critical number) o

Theorem 3.2 (MK~ - HAEABRH). CHo f Ao =c AHAE " IMaXAAEH X
1 Blc & f 89— 1EBEFHE -

3.1.3 AHE LELX T4

LEHE  ERTE6GEERA
FATEGTRREGIABANE [0, b] L8y~ 4ho

(a) & (a,b) EHE f 8 FE o
(b) EEEEREER f 694 o

(c) 4 [a,b] HIE [ (PR f(a) B f(D)) o

(d) bikid 3 R A P RAMHRE [0,0] 8 M RAMRE [a,b] B8 K4 o




CHAPTER 3. % 49@&H 3

3.2 KA EAIGET R

3.2.1 %EETH®

Theorem 3.3 (% # & 3¥ (Rolle’s Theorem)). & f Z—EEHE [a,b] L6 F
# #tHE E  (a,b) ET o 4R

RlE f(a) = f(b) > Bl (a,b) FEFH—R c, f'(c) 7FHE-

3.2.2 MlEx®

Theorem 3.4 (345 (Mean Value Theorem)). & f ZHKE |[a,b] Li#4F > it
BE E  (a,b) ET > BlE (a,b) LB —B c HE

f(b) — f(a)
b—a

f(e) =

3.3 HEHIREIF - BRA—PEFHARE
3.3.1 EERFARRREK
Definition 3.4 (¥R EARRJE). #RHEE T AEH v o & o <oz B

1A f(x1) < f(zo) > %4 f £F%E _EEIF (increasing) - wRFHE FH HAE
Faxy 0 G vy < xo A f(11) > f(ag) » 3t [ £&%E LK (decreasing) o

Theorem 3.5 (HFEIE ~ Bkt o4& % (Test for increasing and decreasing fun

ctions)).

& f £ [a,b) Lk £ (a,b) ET o

(a) #w®AE (a,b) £ f'(x) >0 8] f 7 [a,b] L
(b) #RA (a,b) k> f'(x) <0 8l f £ [a,b] L& o
(c) R (a,b) £ fl(x)=0> 8] f £ [a,b] EZF
REEIE S BRE FREX

K BB R ERE 5458 R A
B3 [ & (0,0) L8 RTHFEEE [ REXBRY B o

(a) 228 f & (a,b) ERBERE > AIAEREREEYF (0,b) REBMBEKRAYE o
(b) AHE—fEKAE ER—ZBRA f(z) HEE -
(c) AIMTEBORE [ AfF—HEE EZRGFEZRER o

=

A LT RBIREBAA (—00,b), (a,00), K(—00,00) iEBARYGE o




3.4. wkfe—BEHBT

3.3.2 —$BEEET

Theorem 3.6 (—BE#& T (First Derivative Test)). & f £—M#& c 4 E _Li
o HHRK c Z [ G— AR - [ £E LEFRET 1224 c BITREFS
Bl f(c) TEEIFH =T o

(a) 4= R f(z) A& c S RHKEAEHE > B fc) £ — faH 14

(relative minimum) °

b) # & fla) £8 ¢ B BHEEELEHA > A flo) £ — MaH At

(relative mazimum) °

(c) R f(z) £i& c HHEFETE > B f(c) BAAH 1 > wIEAEH 4 o

@) e O
©) @) :

f<0 | >0 L >0 . f)<0
b a

b

a

(a) ABEF ~ /> (b) A%~ K

()

. <0
1‘7 £ b

(c) EAAE ~ PFEAE T X (d) JEAaE~ I FEAAE T X

(x>0 E f(x)>0 fx)<0

Figure 3.1: —BE &

3.4 Uife—_PREHRT

3.4.1 w@H

Definition 3.5 (M), ®&X [ £—1@ E [ £T >R [ £ 1 L&Y K15 f
B L T EME E (concave upward) o 4R [ £ 1 LB > BFIAH [ 9B HL£ 1
LT (concave downward) °

Theorem 3.7 (W45 (Test for concavity)). €& [ £ E | E=—XEXZ#H
JE o

(a) mRE T £ f'(x)>01E > Bl f £ ] E®Io@gE o

(b) 4RI E>f'(z)<0Eh A f £] EWOGT o




CHAPTER 3. #61/EA

3.4.2 R&E

Definition 3.6 (R & BHER). BRRXRK [ £A— E L4 c kit E E—Fo
R f GGEHBLEE (c,f(c) Andg > L AAEREBG £ 4 > f BHGUHAZE KW
W EBEEU D TIRZET e THELZT G L) (¢, f(c) St#HE [ B R 2
(point of inflection) o

Theorem 3.8 (R#2). &R (c,f(c) £ f BHeR &2 > B ["(x) =0 & [ £
r=c FHLE o

3.43 —S$BEEKET

Theorem 3.9 (The #=—FEF&#&Z (Second Derivative Test)). 4R f'(c) =0 it
B f"Ek—E&ct) E L&k

(a) %R f(c) >0 B f(c) B—fatast o
(b) %R f"(c) <0 B f(c) R— A% "% o
f

2R f(c) = 0> BBk > [ LiEBTHREH 1> THARY Kk > LTHAEZE
JE o pbbF > TIUEH B —PBERBT o

3.6 LE&EBHEREHKRT
3.5.1 A&EFZRAOEBET

Definition 3.7 (A& FERHY " R). X L L—EFH -

(a) lim, oo f() = L ZHHE—1Mec >0 18F M >0 ##FRE x> M >#7F
|f(z) — LI <ee

(b) lim, . o f(z) = L ZHE—MEc >0 HEA N <0 #HFREr < N>3%7F
|f(z) =Ll <ee

3.5.2 K-F#riisk
Definition 3.8 (K- F#fiisk). 4R
lim f(z)=L & lim f(z)=1L

r——00 r—00

KTIABEE y=L £ [ BHBGKTFHLELE (horizontal asymptote) o

Theorem 3.10 (A& FEREG R). R r ZEAEKIEH c I T 2

(&

lim — =0

z—oo "
FI o R <0 B 2" AR A

lim = =0




3.6. FEEEL

FERB MG R K T IREGIEE R A
(a) Ry TFHREIASFOLE > " RE O
(b) R TFHRBFAIFGLE > BT REST > 2B EAGEA A -
(c) RO THRBERAGTEGRE > “TRET7HE -

FERFE T RE oo B B3 f(z) = 22 24 ®%¥ (rational function) > A&

T

¥ p(z) = apx™+ -+ ag F g(x) = bz + -+ by AEEZ AKX o A

Q
N

0 WwR m<n
lim r(z) = ¢ 3> wR m=n
o | sen <‘l‘)—:> oo wWRm>n
(0 R m<n
xgmoor(x) = R m=n

b
(—1)™ ™ sgn (‘Z—m) oo R m>n

353 LA&ZFEZROGBEFERTR

Definition 3.9 (A& FHERGEERX " R). X [ £E (a,00) L& -

(a) limy, oo f(7) =00 RFHET—IEHH M > bh—4EH N >0 #FRLLr>N &
A f(x) > M-

(b) lim, o f(2) = —00 AFHET— B M > o FH—4EEG N >0 #FRE x> N>
A f(x) < Mo

3.6 ZERE
3.6.1 M ZEEW

A7 2 B 455 R A

(a) R B HH T RIA I, o

(b) SRZAIE » 9T 4 A I T 6 B o

(c) 428 f/(x) A f(2) B 0 RAEFHLNB » RifkZ AR AR BT o




CHAPTER 3. #61/EA

Definition 3.10 (E## ARG ER). =R [ 9 EH A E#H L4 (slant asymptote)
y=mz+b> A

lim f(x)—(mz+b)=0 & lim f(z)— (mx+b)=0

T——00 r—00

Theorem 3.11 (E##&4k). =R [ GEHHEFMHLLE (slant asymptote) y =
mx +b > A

m = lim @) b= lim f(z)—mx
r——00 €T T——00
2
m = lim @ b= lim f(z)—ma.

3.7 &ALKHAE

3.71 T KX I RARAE

R~ kAo ™ o R R A 45 8 SR A
(a) KBC It FBRH > BETHRAE—MEAE -

(b) HKX T X(EZRK T M FTEHEIZFZAEN (primary equation) (—&&FT LA
RAegAXFRHBAR) -

(c) BEABAYRAA—AELEH > CHEBTREEFRIN I FTEAFEHLIEHKZ
B %ty % — 18Rk E 5 #\ (secondary equations)

(d) AR EIFBEXGTIHRER > L3k 23 > AP EARGEREE o
(e) »A 3.1 B 3.4 @8y MyHikkET K~ Mo




3.8. FH*% 8

3.8 ik

3.8.1 4k

kTR E G E4R (Newton’s method for approximating the zeros of a function)

Bk fE—EEcH B ET H f(o)=0 KMATASRR c HEMHE
(a) AEFH—EEL c 8 2, (TAEEZBHBRE) o
(b) k% —AB—& 453t o

f(zn)

T T )
n

(€) R |1y — T CREBRGHEE > kA 1, RRAEHET > ARSI L
"ﬁ > *'J)'ﬂ Tn+1 3“":‘5*‘ Tn42 °

A 3L BRPP AR B X (iteration).

Theorem 3.12 (ElZ Bk & # (Fixed-point Convergence Theorem)). &% — 18
& g A —MEEZE (fized point) c > wFHRLH c = g(c) Fa— 1A% o £#F

(1) g £ [c—a,c+a] ZiE&
(i) g £ (c—a,c+a) £
(iii) |¢'(2)] < M <1 £ (c—a,c+a) #2455 —1M@

RAmbkE (c—oa,ct+a) FrcgE—ERERET] {v,} & d BTELTEKKF
c> HiE# (c—a,c+a) FHE 1o

3.8.2 Z4XBHREKT
3.9 a
3.9.1 W%

3.9.2 a2

Definition 3.11 ( %). & y= f(z) £& z 49— E _E 2% (differential) o 3%
de (FfEx 89 2)REME FRGTH - FH dy (FFy 69 2)RE f(x)de > T

dy = f'(z)dx




CHAPTER 3. #61/EA

a2z

3.9.3 F##E£
3.94 3HE »

Definition 3.12 (£ 2AX (Differential formulas)). % u fov £ v 897 FZ&K -

w¥F: dleu] = cdu
Fad £ : dutov] =dutdo

e dfuv] = udv 4+ vdu
i’%‘ : d [%] — vduv—Qudv
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INDEX

absolute maximum of a function % # &% %
T KA, 2
absolute minimum of a function % ## &%
TMA 2
applied minimum and maximum problems &
R Fedk K 6 ] R
guidelines for solving @k #% 51,7
approximating zeros &% £k
Newton’s Method ##:%, 8
asymptote(s) #ffL g
horizontal &, 5
slant E#}, 7

concave downward M@ T, 4
concave upward ¥ k. 4
concavity M, [4
constant % &
Multiple Rule Fe#&% Bl
differential form 4%, 9
critical number(s) B 5%
of a function H#, 2
relative extrema occur only at #a%¥ ~ 44
G#t k2
critical number B& 52, 2
relative extrema occur only at #8 % ~ 44

GH#A £, 12

decreasing function & & ¥, 3
test for &2, 3
Difference Rule # % A1
differential form 4%, 9
differential form %-#&, 8
differential formulas -2\, 9
constant multiple % #4&, 9
product #&, 9
quotient #, 9
sum or difference F=2%, £, 9
differential 4,8
of z x #9,8
of yy #4,8

equation(s) X,
primary %, [7
secondary KB, 7
extrema 44
guidelines for finding 4% 31, 2
of a function F#, 2
relative 48 %, 2
Extreme Value Theorem ~ &€ 3, 2
extreme values of a function &¥& ~ 14, 2

First Derivative Test —BE &K T, 4
fixed point Bl & 8,8
Fixed-point Convergence Theorem Bl & ik
-
function(s) &
absolute maximum of &%~ K44, 2
absolute minimum of &%~ JM&, 2
concave downward M@ T, 4
concave upward M@ k., 4
critical number of Bz %, 2
decreasing &R, 3
test for &2, 3
exteme values of ~ &, 2
extrema of ~ 4A, 2
global maximum of 4%~ K44, 2
global minimum of 4~3% =~ Mé, 2
graph of guidelines for analyzing B % %
HE3l, 6
increasing #& 3%, [3
test for &, 3
local extrema of B3 ~ 44, 2
local maximum of B3¢~ K44, 2
local minimum of &3 = /ME, 2
point of inflection & ¢h &, 5
relative extrema of #8%t ~ 44, 2
relative maximum of #8% ~ K44, 2
relative minimum of A8% ~ JMA, 2
zero of &
approximating with Newton’s Method 4
%L, 8
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global maximum of a function &4k~ KX
14, 2
global maximum 4 3%& X144, 2
global minimum of a function % &4k~
18, 2
graph(s) H
of a function H#
guidelines for analyzing 2~47 % 31, 6
guidelines ¥ 3|
for analyzing the graph of a function
KB, 6
for finding extrema on a closed interva B
LT HEE 2
for finding intervals on which a function
is increasing or decreasing & 4% 3%
iEmE 3
for finding limits at infinity of rational
functions 3t A B R B A& F R
i’ 6
for solving applied minimum and maxi-
mum problems @&~ KXF= " A
m A, 7

horizontal asymptote K-F#f& &k, 5

increasing function & 3§ & #& 3
test for &, 3
infinite limit(s) &% ~ R
at infinity & # &, 6
infinity # % X
infinite limit at &% ~ R A&, 6
iteration %X, 8

limit(s) ~ &
at infinity /& %35 5&
of a rational function, guidelines for find-
ing A HH > FHE5]6
at infinity #& 8 &
infinite &% X, 6
limit — &
at infinity & 88, 5
local maximum £3f ~ K44, 2
local minimum &3 = M, 2

maximum K4
absolute &%, 2
global 43, 2
local &3¢, 2
of fonl f &1 2
Mean Value Theorem 3§44 22 3

First Derivative Test —k %#5&, 4

Fixed-point Convergence Theorem El &
s 8

Rolle’s Theorem % # % 3, 3

Test for increasing and decreasing func-
tions Test for increasing and decreas-
ing functions, 3

minimum ~ /JMA

absolute &%, 2

global 43k, 2

local B3¢, 2

of fonl f &1 2

Newton’s method for approximating the ze-
ros of a function F#EAMZRE G X
#®, 8
iteration #%4X,, 8
Newton’s Method 448 %, 8
number, critical ¥ > B, 2

point of inflection & ¢h &, 5
point Fb

of inflection & #, 5
primary equation £&FHX,, 7
Product Rule # % B

differential form 4%, 9
Quotient Rule # % Bl
differential form %%, 9

rational function & & ¥, 6
guidelines for finding limits at infinity of 3+
FEAFR BRES 0
relative extrema A8% =~ 44, 2
First Derivative Test for —BE &<, 4
occur only at critical numbers G# 4 &
B ¥, 2
Second Derivative Test for —BF E <,
9
relative maximum 8%~ K44, 2, 4
relative minimum A8%~ /MA, 2, 4
at (c, f(c)) # (c, f(c)), 2
First Derivative Test for —BE &k, 4
of a function F#, 2
Second Derivative Test for —BF Eik
5
Rolle’s Theorem % # & ¥, 3

Second Derivative Test # —BEFE&KE T, H
secondary equations XEF X, 7
slant asymptote E#/H# s, 7
sum(s) #o
rule % 21
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differential form 4%, 19
summary 48 %

of curve sketching &4 B, 6

Test for concavity WM ER, 4
Test(s) & Z

First Derivative —$b%# ¥, 4
test(s) B

for increasing and decreasing functions #&

LR LR AT

Second Derivative % =$5% &, 5
Test & &%

for concavity M, 4
Theorem & 3

existence &4, 3

Extreme Value ~ 4, 2

Mean Value 3544, 3

Rolle’s %&-#, 3

zero of a function H# TR
approximating ¥ 4
with Newton’s Method ## %, 8

R #h 8 point of inflection, [5
7 # X, equation(s)
E £ primary, 7
KB secondary, 7
A F# U horizontal asymptote, [5
## % Newton’s Method, 8
A48 ik W Lk By BAR Newton’s method for
approximating the zeros of a func-
tion, 8
#% A iteration, 8
—$BEHM T First Derivative Test, 4
AR KA global maximum, 2
E£F#X primary equation, [7
M@ F concave downward, 4
M@ E concave upward, 4
Wb concavity, 4
U HARER Test for concavity, 4
A P H ¥ rational function, 6
FHHE A& R T RE 3] guidelines for find-
ing limits at infinity of, 6
REFHF X secondary equations, [7
344 € # Mean Value Theorem, [3
Test for increasing and decreasing func-
tions Test for increasing and decreas-
ing functions, 3
—R 4B First Derivative Test, 4
B & Bk sk % 2 Fixed-point Convergence
Theorem, 8

% M & ¥ Rolle’s Theorem, 3
F138 = K44 local maximum, 2
138~ A local minimum, 2
FH# function(s)
R B point of inflection, 5
A3~ K& global maximum of, 2
A3~ IME global minimum of, 2
W& T concave downward, 4
M & _E concave upward, 4
F1# = K44 local maximum of, 2
/338~ “IME local minimum of, 2
F1¥% = 4# local extrema of, 2
¥~ K4 relative maximum of, 2
¥~ A relative minimum of, 2
A8# ™ 44 relative extrema of, 2
&%~ K44 absolute maximum of, 2
Z¥% ~ MA absolute minimum of, 2
T 4A exteme values of, 2
44 extrema of, 2
& zero of
4 ¥ 7% W A approximating with New-
ton’s Method, 8
B % 5-#7 & 5] graph of guidelines for an-
alyzing, 6
R decreasing, 13
#E test for, 3
&3 increasing, 13
B test for, 3
B& *# critical number of, 2
FHEA KT KM global maximum of a func-
tion, 2
R A A global minimum of a func-
tion, 2
HE L T KL absolute maximum of a
function, 2
HE G LH T A absolute minimum of a
function, 2
& B ) TR zero of a function
P L approximating
448 with Newton’s Method, 8
F ¥~ 44 extreme values of a function, 2
£ 32 Theorem
# 1 existence, 3
35948 Mean Value, 3
% @ Rolle’s, 3
~ 44 Extreme Value, 2
F2 sum(s)
B rule
%A differential form, 9
Bl & B fixed point, 8
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Bl & Zs il £k & # Fixed-point Convergence The-
orem, |8
E#/# UL slant asymptote, [T
% # T Rolle’s Theorem, [3
A~ K4 relative maximum, 2, 4
A%~ A relative minimum, 2, 4
—PBEF T First Derivative Test for, |4
=B E#HHK T Second Derivative Test for,
5%
# (¢, f(c)) at (c, f(c)), 2
F ¥ of a function, 2
A8#H ™ 44 relative extrema, 2
—$BF #H M E First Derivative Test for, /4
—PBFHAHM T Second Derivative Test for,
5%
G# 4 £ 5 occur only at critical
numbers, 2
#% A iteration, 8
%% B Difference Rule
2 differential form, [9
7 % Bl Quotient Rule
2 differential form, [9
% ¥ constant
Fe A7 % Bl Multiple Rule
A differential form, 9
F =B E #HE Second Derivative Test, |5
&% K infinity
&8 ~ R & infinite limit at, 6
A& % R infinite limit(s)
& 3 B at infinity, 6
~ K% maximum
fAEITof fonl 2
43 global, 2
K13 local, 2
¥ absolute, 2
~JMA minimum
fA&EILof fonl, 2
43 global, 2
%13 local, 2
¥ absolute, 2
T IR limit
&% 8% at infinity, 5
IR limit(s)
A& E R at infinity
A XK > FFHE 5] of arational func-
tion, guidelines for finding, 6
& F IR at infinity
# % X infinite, 6
i extrema
F ¥ of a function, 2

#a# relative, 2
F 4 3] guidelines for finding, 2
T 4i % # Extreme Value Theorem, 2
%~ differential, 8
x 8 of z,8
y & of y, 8
423, differential formulas, 9
F2 X £ sum or difference, 9
™ quotient, 9
# ¥4 constant multiple, 9
#% product, 9
4 A differential form, 8
B graph(s)
F ¥ of a function
%474 3] guidelines for analyzing, 6
@AM approximating zeros
#48:% Newton’s Method, 8
# L8R asymptote(s)
7K-F horizontal, 5
E4# slant, 7
% % ¥ decreasing function, [3
#E test for, [3
3% # B increasing function, 3
#E test for, [3
# > B&5+ number, critical, 2
& 3] guidelines
F ¥ B H 9#7 for analyzing the graph of
a function, |6
HEAEREERLFIR T R for finding
limits at infinity of rational functions,
§
E LT 443 E for finding extrema on a
closed interva, 2
FREEMIEHE  for finding intervals
on which a function is increasing or
decreasing, |3
R~ KA MER R for solving ap-
plied minimum and maximum prob-
lems, [7
A% Bl Product Rule
4 A differential form, [9
J& R 3% s An sk K 69 B #2 applied minimum and
maximum problems
& % #5 % 5] guidelines for solving, 7
#E Test(s)
—$E & First Derivative, 4
T test(s)
F—PE# Second Derivative, 5
ik 3% Fo 9% 3% % # for increasing and de-
creasing functions, 3
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#wE %k Test
U for concavity, 4
B2 % critical number, 2
AT A GH A £ relative extrema occur
only at, 2
B& & critical number(s)
F ¥ of a function, 2
¥~ WA GH 4 & relative extrema occur
only at, 2
4 summary
w448 B of curve sketching, 6
2k point
R # of inflection, [5



