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3.1. B M _E&gimfE

B.OA  FHEBD . o o o 9

3.1 [EH Lagi&E

3.1.1 RHHAGEE

Definition 3.1 (B{E69E &), & [ RERE—EELE c 9EM [ LR o
1 wRHBHHE I F85 2, f(c) < f(x) AR > A flc) & f £ T La94E b o
2. deRHBA I Ry x, f(c) > flx) HRL > bk f(c) & f £ [ Legiakih o

5 B B M L8y AR fE e AR K A IR ABA5ME (extreme values) > AL 5 | A B L E
E M E6gBHR 1IME (absolute minimum) #R%HE KM (absolute mazimum)
BB ME (global minimum) F2 3Bk K1 (global mazimum) -

Theorem 3 1 (22 (The Extreme Value Theorem)). & f Z—18EME M
la,b] Loy K > Bl f £ [a,b] EABEKRME > A AL o

3.1.2 Aa¥tAfli feps 3k

Definition 3.2 (18#}4%{4 (Relative extrema)).
1 eREX—BE c YHAERMLE f(c) B4R > B] f(c) WAER [ 69— MBAaEAE AL

(relative mazximum) -

2 WwREE—AL c GHEML f(c) BB Bl f(c) hAEE f 8 —IBatHE iE

(relative minimum) -

A8 4 4 K A Ao AR # A% D B A B AR B RRERIE  (local maximum )Fe 3045 M ME

(local minimum) -

Definition 3.3 (Eaaﬁgiﬁﬁ RR) B fEcCARZER R flc)=0> AR f AEc T
s> Ak ¢ & f 89— 1B K (critical number) -

Theorem 3.2 (Fa#tiEfE—R H4 ABRK). Che f £ v =c AAHE MR aHERME
Al c & f 69— BB I o

3.1.3 ZAMER ERAEE

FHE M R ARS8 458 R 2
FAT @ T HE LG HAEMER [a,b] L8RS o

1. £ (a,b) L& f a9EER¥ o

2. LB RHEER [ 494E o

3. & [a,b] 895K f a8 (BPR f(a) = f(D)) ©

4, FtiE R B TR OIE [a,0] LA9MRIME > RAKIE [a,b] LEOAEAM o
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3.2 KAy IR

3.2.1 %HzEx

Theorem 3.3 (%M Z 3 (Rolle’s Theorem)). 3% f Z—EAKEM [a,b] &5 &%
o tHAAERMEM (a,b) ETH# o R

M f(a) = [(b) P (a,0) PESH—8 ¢, ['(c) A

D

3.2.2 ¥lEEHE

Theorem 3.4 (351423 (Mean Value Theorem)). 4% f AZPAEM [a,b] Lik& > &
HEMER (a,0) ET# > BlE (a,b) LB —F5 ¢ HE

f(b) — f(a)
b—a

f(e) =

3.3 REAGIEIE ~ ﬁ/&ﬁp#FlékA}%%i b2

3.3.1 3T R FARUR R I

Definition 3.4 (&3 XA iR RHEK). wRHAEMPIEERE 01 o 200 & 1) < 19 B
A f(x1) < f(zo) > & f EFZER LIEN (increasing) o W RH¥EM PIEZRE ©, Fo
Ty F 11 < xy BIEA f(x1) > f(xe) > %Mk f AZEM LR (decreasing) o

Theorem 3.5 (u%ﬁz’ﬁi‘“ﬂ ~ R A AR &% (Test for increasing and decreasing fune

tions)).

% f & [a,b] L&5 > £ (a,b) ETH o
1. R4 (a,b) £ f(x) >0 8l f % [a,0] Lik
2. WR A (a,b) £ fi(x) <0 B f £ [a,b] ik o
3. 4Rt (a,b) £ fi(z) =08 f % [a,b] £

BRI ~ IRk

o B BOR 3 R B M a9 35 E R A
B f £ (a,b) L& - RT2IPBRRE [ RIG RER A F & R o

1. AZ f & (a,b) EH9EETE > FUREREE RS S (a,b) AABERAGE M -
2. fli—(ERME M ER—BRA f(z) EH o
3. AAZEBART [ Ah—(EE M LR LRE o

VA k8945 B R B R AL A (—o00, D), (a,00), & (—00,00) MMM E M o




3.4, WIPEAe [ W SoAhw

3.3.2 —HEEmT

Theorem 3.6 ( M & Az (First Derivative Test)). % f £—1f8& ¢ 89K E M L
o bHMBK c & f O—EERK o f EEMEBRTH 22 £ c BT 2
fc) TaAEH LT o

L% fl(z) E® c ®BBEREALE S E B flo) & — ERiElg

(relative minimum) o

2.4 R fl(x) £& ¢ HEFEKEY I A B f(o £ — ERAIEAME
(relative mazximum) -

3. kR f(x) £ ¢ EEFETE > Bl f(c) BIEAREE L > wIEREHEA o

) : =)
© @ |

f)<0 i >0 i i >0 i <0
a c b a c b
(a) ABFHAES (b) AB# K

FW>0 | >0 f'@®)<0

a c II7 zll cl b
(c) FEABE AT AL FE AR ST AR K (d) FEAE AT AL FE AR ST AR K

Figure 3.1: —%E£3nw

3.4 WML E T

3.4.1 Wk

Definition 3.5 (W), |B3% f A—EMEM [ ET# > 4R [ £ [ EiE3g > K0O4H f
MEME [ LU&LE (concave upward) o 4o ' £ 1 EIER > RMIHAE f OBHE T
W& T (concave downward) -

Theorem 3.7 (W45 (Test for concavity)). 8% f AMEM [ E=REJHAFE o

1 4R [ £ f'(z)>048E 8 f £ Emo@ko

2. R ET Lo f'(2)<01E Bl f £ EWo@T o

3.4.2 kwE

Deﬁnition 3.6 (RehBagE &) BAXE f £—HEMERE ¢ ,txkbliﬁléfafaﬂ,t*‘% °
R fHBRMES (¢, f(c) An#k > LA ARG L& f BHOUELYE (WY
MEREAVO TRAK U THEET T L) (c U)%ﬁ%fﬁ%%&@%

(point of inflection) o
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Theorem 3.8 (Rt %), 4R (¢, f(c)) & f BHeG R &R B f"(2) =0 &# ' £r=c
MNPEF A

3.4.3 ek

Theorem 3.9 (The % =% #n < (Second Derivative Test)). 4% f'(c) =0 &£ B
f"E—EE c 9RER LA £ o

1. %R f"(c) >0 8] f(c) £—{EABEAER] o
2. @R f(c) <0 Bl f(c) R—1AAa%iEX o

4R f(c) = 0> TR > [ ERITRA IR > THZAEIEKR > LTRRREEIE -
B > TUAE B — R EHET o

3.5 [r& 55 0 AEIR

3.5.1 A& ERGER

Definition 3.7 (£& &R GER). 3% L A—EATH -

1. lim, o f(x)
|flz) =Ll <e-

L ZHE—MEe >0 12H M >044F22 > M>k&Fk

2. limy s o f(x) = L AHE—B e >0 1A N <0#FRE 2 < N> h&H
[f(z) — Ll < e

3.5.2 K-Fiisg

Definition 3.8 (K-F#iiLéR). 4R

lim f(x)=L & lim f(z)=1L

T—r—00 T—00

RIAFER y =L & f BHMEYGKFHLL (horizontal asymptote) o

Theorem 3.10 (£&FERGHER). bR r AEFEKED c AEZTH > A

i, =

z—o0 T
B R <082 AT K B

im = =0




3.6. EERZ

2R A A 57 3% R R ARIR 6 45 E R A
1. %eRyT e REVAGEGRE > BRE 0o
2. e RHTHRBFADEFGRE > PIERE » 5 ER B SRR R LAA o
3. de RS T HRERAGFRE > BRFGBE -

HEREAER AL Loo B B#& f(x) = % A A E &K (rational function) > A
P p(z) = amx™ + -+ ag 7 q(x) = bya™ + - + by AR L AN o A
(0 R m <n
lim r(z) =< 3> R m=n
T—r00
sgn (‘;)—m> oo WRm>n
k n
(0 R m<n
lim r(z) =< 3= WwR m=n
T——00
(—1)™ ™ sgn (bm> 00 R m>n
k n

sgn(x) =1
HEF {sen(x) =0, x=0-°
sgn(z) = -1, <0

3.5.3 e g ik eg 5 KAER

Definition 3.9 (Z£& %R M&E KER). 3% [ £BH (a,00) LT & °

1. lim, o f(x) =00 ZTAET—EHK M > oA —4EEY N >0 FRE >N EH
f(z)> M-

2. lim, o f(2)

= —oco AFET— A% M > LA—AEKH N >0 £FR2 2> N1
A fla) < M-

3.6 FTER%E
3.6.1 AT HE Y

2T BB T 9 45 F R A
L. R R E by R RIBF B o
2. R AIE > WL A BTG HARME
3. 2% fl(x) Ao f(z) B 0 RAETH AN » Ak T AAHIBERR B o
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Definition 3.10 (##ii%e T K). =R f BB AHBLL (slant asymptote) y =
mx + b > Bl

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

T——00 T—00

Theorem 3.11 (##7&4). =R f 9B MAFBLLE (slant asymptote) y = mx + b >
Ll

m = lim @) b= lim f(z)—mz
r——00 I T——00
&
m = lim @ b= lim f(z)— ma.

3.7 AELEAE

3.7.1 AR AN JE R B AR

PR AT K Ae g ) JE R B R 6 45 2 )R B
1. R mgsFens 2 TRE—MERE -

2. #RBR (KA D) WEFTEHIEZHFEX (primary equation) (—® &K LA
RegRGFALH@EAR) o

3 EFBAMNRAA—EE LY > BEBETREENI T 7R FEEH LY HZH
B Rty % —18 K& 54X (secondary equations)

4. RREFRXGTITRER - LEAR > RN AESEHRGE A o

5. ¥A 3.1 %] 3.4 B e MAR Y 7 ik iR AR KA IME o




3.8. FHaA% 8

3.8 FHE%

3.8.1 #4E%

KR HE) TR (Newton’s method for approximating the zeros of a functig

b1 )

& f E—EE c WHMEMETHEE f(c) = 0> KMATAFHRR ¢ HEHUE
L. fbst— AL c 8 oy (TASEZ BHRAE)
2. R —AFEIET o
f(xn)

n

3. R |ry — Ty | TEAEZRGRHELE > hE 1,1 ARBGE > FRRDE E—
J'j‘ ’ ﬁlj)rﬂ Tn41 Ef'%'k‘ Tn42 °

F e A 3k SR AR B %X (iteration).

Theorem 3.12 (Bl Eksie® (#A) (Fixed-point Convergence Theorem)). &
F—EXE g A—EEEE (fized point) c > WHAF c = g(c) F—BE o 47

(i) g £ [c—a,c+a] L2
(ii) g £ (c — o, c+ a) T
(iii) |g'(2)| < M <1 £ (c—a,c+ ) #7518z

RAEEM (c—a,cta) ¥ ek g h—thERBARI {2,) LHEZBRIDKME ¢
Hi#E# (c—a,c+ o) PHEZ 20

3.8.2 ZASMRREAT
3.9 My
3.9.1 WM

3.9.2 By

Definition 3.11 (#%). & y = f(z) £4% » #9—ERER LS (differential) o 7F3%
do (FR1E © 89885 ) RREZIFTG T & o 798 dy (Fi1F y 9y ) K& f'(x)dx > 787

dy = f'(z) dx
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3.9.3 1RERE
3.9.4 E#HH

Definition 3.12 (#4%2 X (Differential formulas)). 3% u f# v £ x 8T RKE -

F#AE . deu) = cdu

fek £ dutv]=dutdv
AR dluwv] = udv +vdu
—KT}]‘ : d [2] — vdu—2udv

v v
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INDEX

absolute maximum of a function & &) 2 %
mx A,
absolute minimum of a function % &9 %2 %
i, [
applied minimum and maximum problems &
s M Am i K 8 B8
guidelines for solving f#k &% 3], H
approximating zeros & KAk
Newton’s Method 4 #87%, E
asymptote(s) #I 4
horizontal 7K, B
slant 4},

concave downward ®& T, @
concave upward M ey k., @
concavity WP,
constant % #&
Multiple Rule #eA#% 8]
differential form #%-#,
critical number(s) B ¥
of a function H#,
relative extrema occur only at A8% 444
Ha s,
critical number 5%,
relative extrema occur only at #8%f4&f4

e, [

decreasing function & &, E
test for # %, B
Difference Rule #i% 8]
differential form #52, []
differential formulas #4525\,
constant multiple % #4&,
product ##,
quotient 7,
sum or difference F73 £ a
differential form f#& 5%,
differential %%,
of v x #,
of y vy 84,

equation(s) 7 X,
primary 3,
secondary R B4, H
extrema #&1E
guidelines for finding %% 4% 3], E
of a function &%,
relative 8%t
Extreme Value Theorem #%f# € 32, B
extreme values of a function & #AEfE, E

First Derivative Test —F% % #4x %, @
fixed point El& B, E
Fixed-point Convergence Theorem Bl & Z5I%
ST (AR,
function(s) &
absolute maximum of é@%}#ﬁzkﬂ'ﬁ,g
absolute minimum of & %1% M4,
concave downward M@ T,
concave upward Wy k|
critical number of B2+,
decreasing &,
test for & T,
exteme values of 444,
extrema of #&fA,
global maximum of /}}ix&#&kﬂ'ﬁ,g
global minimum of 4-3%A% M.,
graph of guidelines for analyzing B4~
i 3l
increasing J&3%,
test for T,
local extrema of Fyafi&4A, B
local maximum of & 3F4%k K14,
local minimum of &3f4& | i
point of inflection k& # &, @, %
relative extrema of Aa¥A&{4,
relative maximum of AA¥F4% K 44,
relative minimum of A8¥ %M,
zero of &
approximating with Newton’s Method 4
$8 % JLAL,
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global maximum of a function & %4 #A% X
1a.,
global maximum 4 ¥k K44, E
global minimum of a function & #t4 3% 4%~
18,
graph(s)
of a function &
guidelines for analyzing 47 % 31, a
guidelines & 3]
for analyzing the graph of a function &

HE AT,
for finding extrema on a closed interva &
M bR A

for finding intervals on which a function
is increasing_or decreasing & X% 3%
S B

for finding limits at infinity of rational
functions 3t A A 32 & H A M 55 RARIR

for solving applied minimum and maxi-
mum problems A& J& f #& X Fo 4% ]~ A
RS

horizontal asymptote 7K-F#iL 4k, H

. . e R
increasing function &% %%, B

test for #& 2,
infinite limit(s) # % &%

at infinity # %55,
infinity #% K

infinite limit at # %5 A&R £ a
iteration #%4X,

limit(s) A&
at infinity 72 %%
of a rational function, guidelines for find-
ing AR HEE3
at infinity #& %%
infinite #& % X,
limit A&
at infinity 72 %5 5%, B
local maximum /&3f4% K 44,
local minimum /&y3f 4%k M4,

;

maximum &K &
absolute %%t
global 3%, g
local &3¢,
of fonl f £ 1, E
Mean Value Theorem 445 22, B
First Derivative Test —X 9 #REz, @

Fixed-point Convergence Theorem El &
BE s R

Rolle’s Theorem 7% % 22, B

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

minimum #%&-]MMA

absolute %%

global 3%,

local &3¢,

of fonl f &1, @

Newton’s method for approximating the ze-
ros of a function 4 #% ALK F R

. 8
;

iteration #AX, B
Newton’s Method 48k,
number, critical & > B&5%,
point of inflection & wh &, @
point Zs

of inflection & #, @, B
primary equation 372X, H
Product Rule #i% 8|

differential form 5%, @

Quotient Rule 7% 21
differential form #%%-%, Q

rational function % & #, B
guidelines for finding limits at infinity of 7+
e gREREsH
relative extrema #8%tAE{4,
First Derivative Test for —F% % ## @
occur only at critical numbers 1% % /£
B ik, [
Second Derivative Test for =1 & ## <,

relative minimum A8 4% /M g, g
at (e, £(e)) % (¢, f(0)). B
First Derivative Test for —F% % ## @
of a function &%,
Second Derivative Test for =1 % ##

relative maximum A8¥F 4% K 44,

Rolle’s Theorem % ] & 32, a

Second Derivative Test % =% %34k % B
secondary equations JK-Z7r %’ai\],%
slant asymptote #H#72T4%, B
sum(s) F=
rule % 2|
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differential form 5%,
summary 4% 4%
of curve sketching #4248 B, B

Test for concavity M'HE#ER, @
Test(s) T
First Derivative —F% % #, @
test(s) ® &
for increasing and decreasing functions &
$faiik % 3,
Second Derivative %=
Test &%
for concavity M4, @
Theorem 5 32
existence #4&,
Extreme Value #&4&, E
Mean Value ﬁfﬁi, B

Rolle’s &,
zero of a function & # ey TR
approximating ¥4
with Newton’s Method #487%, E

TS

M #Ak . First Derivative Test, @
iﬁ-ﬁ #2 X primary equation,

A3 KA global maximum, E

Mk concave upward,

M T concave downward,

UM concavity,

W kAR ER Test for concavity, @

F K function(s)
A AEKRAE global maximum of,
A3 ME global minimum of,
Mk concave upward,
M® T concave downward,
R g point of inflection,
B 7547 % 5] graph of guidelines for an-

alyzing,
13 44E local extrema of, @
F13/ 48 K A8 local maximum of,
¥ 4% MA local minimum of,
A&fE exteme values of,
A4 extrema of,
M AMEME relative extrema of, B
AR¥ MK A relative maximum of, g
AE AR MA relative minimum of,
B KA absolute maximum of, g
B4 45 ME absolute mlnlmum of,
B% % critical number of
I3 increasing,
2 test for,

|

% decreasing
#Z test for, E
X zero of
4 #8 7% P AL approximating with New-
ton’s Method,
5% B A B A K48 global maximum of a func-

tion,
K B4 3 A% A global minimum of a func-
tion,

R F AR extreme values of a function, E
I F A B H A KA absolute maximum of a

function,
% B8y B 4 45 1 48 absolute minimum of a
function,

xiﬁ%ié’] EAH zero of a function
A approximating
#487% with Newton’s Method, B
R # % point of inflection,
A2 sum(s)
% B rule
oA differential form, E
7% Bl Quotient Rule
oA differential form,
Bl % % fixed point, E
B 2 Bl st T (M A) Fixed-point Conver-
gence Theorem,
graph(s)
¥ of a function
4 #7483 guidelines for analyzing, B
¥4 % 22 Mean Value Theorem,

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

— R #ER First Derivative Test, @

B & Bk 42 # Fixed-point Convergence
Theorem,

% € 3 Rolle’s Theorem, E

% 3 Theorem

¥48 Mean Value, a

7% 1& existence,

A4f Extreme Value, E

% Rolle’s, [

% 7] guidelines

% B 97 for analyzing the graph of
a function,

M a3t A for finding extrema on a
closed interva,

FRIEWHIERE M for finding intervals
on which a function is increasing or
decreasing,
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F% J& JF A K e 4% )M E B R for solving ap-
plied minimum and maximum prob-
lems,

TR A B & 5 R AR for finding
limits at infinity of rational functions,

13 AR R AA local maximum,
Jy3 % ME local minimum,
%% 8] Difference Rule
4 differential form,
% ¥ constant
FeA# % Bl Multiple Rule
A differential form,
4 differential,
x 8 of z,
y &9 of y,
g3 differential formulasgg
Fa X, £ sum or difference,
™ quotient,
# ¥4 constant multiple, B
# product,
#a-A differential form, E

J& R 57 o Fesk K 69 B A2 applied minimum and
maximum problems
fi# k899 5] guidelines for solving, H
# > &% number, critical,
##H LA slant asymptote,
7 #23 equation(s)
E % primary,
R B secondary,
A ¥ & ¥ rational function, E
A 5 R AR E 3] guidelines for find-
ing limits at infinity of,
A&fE extrema
% of a function, E
F &% 3] guidelines for finding, E
¥ relative, E
A&4E % 32 Extreme Value Theorem, B
A& K AE maximum
FraEIof fon P
43, global
F13% local,
##f absolute,
#&ME minimum
fFaEITof fonl P
43, global
F13% local,
¥ absolute,
AER limit
A% at infinity, B

&R limit(s)
A5 R at infinity
HIEKH > FHE 5] of a rational func-
tion, guidelines for finding,
#5%7 % at infinity
# 35 X infinite, a
#E Test(s)
—FE # First Derivative, @
B test(s)
% =M Z# Second Derivative, B
I 3 Fo U % K for increasing and de-
creasing functions,
ik Test
W for concavity, @
REF I secondary equations,
K-F#7 8% horizontal asymptote,
% M 2 3 Rolle’s Theorem,
HL 4R asymptote(s)
#t slant,
7K horizontal, B

#£5 X infinity

# 55 ¥[% & infinite limit at, B
#£ % MR infinite limit(s)

£ %7% at infinity, E

#487% Newton’s Method,

24805 0% # e RAR Newton’s method for
approximating the zeros of a func-
tion,

#%4X, iteration, B

#4244 relative extrema, E
—M & #Ax T First Derivative Test for, @
M@ M Second Derivative Test for,

#2554 fB2 %3 occur only at critical num-
bers,
AB¥#E K44 relative maximum, g,g
AB¥ 4% MA relative minimum, P,
—M 2 # % First Derivative Test for, @
ZI%F ##® Second Derivative Test for,

F# of a function, E

£ (c, f(c)) at (¢, f(c), B
##7% B] Product Rule

A differential form,
% =% 2 #HAE Second Derivative Test, B
445 summary

w448 B of curve sketching, B

Es % critical number, E
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A HARAEE A A relative extrema occur
only at,
B2 F3K critical number(s)
FE of a function,(a
ra ¥ AEAE € 5 4 £ relative extrema occur
only at

#%AX, iteration, E

k“
@AM approximating zeros
##87% Newton’s Method,
3% # increasing function,
#E test for, §
Ik 7% % B decreasing function, B
€ test for, ag
2& point
R # of inflection, @, B
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