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A binary operation is a rule for combining two elements to produce another element.
The addition and multiplication of real numbers are binary operations defined on the

set of real numbers.

An upper bound of a subset S of the set of real numbers R is an element of R that
is greater than or equal to every element of S. A lower bound of a subset of S of the
set of real numbers R is an element of R that is less than or equal to every element
of S.

Let S be a subset of the set of real numbers R. The least upper bound of S is the least
element in R that is greater than or equal to each element of S, if such an element
exists. The greatest lower bound of S is the greatest element in R that is less than or
equal to each element of S, if such an element exists. Consequently, the least upper
bound and the greatest lower bound are also referred to as the supremum and the

infimum.

A set S of real numbers is called bounded from above if there exists some real number
m such that x < m for all x in S, that is, S is bounded above if there exists an upper
bound of S. Similarly, a set S of real numbers is called bounded from below if there
exists a lower bound of S. A set S is bounded if it has both upper and lower bounds.

Therefore, a set of real numbers is bounded if it is contained in a finite interval.

The least-upper-bound property (sometimes called completeness or supremum
property) is a fundamental property of the real number system. The least-upper-bound
property states that any non-empty set of real numbers that has an upper bound must
have a least upper bound in real numbers. Not every number system has the least-
upper-bound property. For example, the set Q of all rational numbers does not have

the property.

An interval is a set of real numbers that contains all real numbers lying between any
two numbers of the set. Real intervals play an important role in the theory of

integration, because they are the simplest sets whose ‘length’ is easy to define.

An open interval does not include its endpoints, and is indicated with parentheses. A
closed interval is an interval which includes all its limit points, and is denoted with
square brackets. A half-open interval includes only one of its endpoints, and is denoted

by mixing the notations for open and closed intervals.

If an interval is bounded, then it has a finite length. The length of unbounded intervals

is usually defined as oo, and the length of the empty interval is defined as 0.

The Cartesian product of two sets A and B, denoted A x B, is the set of all ordered

pairs (x, y) where z is in A and v is in B. In terms of set-theoretic notation, that
is Ax B={(x, y)|x€A and yEB}.

18
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The Cartesian product can be generalized to the ternary Cartesian product over 3 sets
A, B, C as the set AXBxC={(z, y, 2)|x€A, yEB, and z&C}.

The intersection of two sets A and B, denoted by AN B, is the set of containing all
elements of A that also belong to B, or equivalently, all elements of B that also belong
to A. In terms of set-theoretic notation, that is ANB = {z|z€ A and xEB}. We say
that A and B are disjoint if A does not intersect B, that is, if ANB= &.

The union of two sets A and B, denoted by AU B, is the set of elements which are
in A, in B, or in both A and B. In symbols, AUB={z|xEA or x€B}. If two sets

A and B are disjoint, then the union AU B is called a disjoint union.
Find the infimum and supremum of each of the following sets.
Prove that for each «€R and each #EN there exists a rational », such that

la, —7,|<1/n.

Prove that if a set EC R has a finite infimum m and € is any positive number, then
there is a point ¢ E such that m+e>a > m.

A dyadic rational is a number of the form £/2" for some k&, n€ Z . Prove that if « and

b are real numbers and « < b, then there exists a dyadic rational ¢ such that « < ¢ <b.
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A sequence is an enumerated collection of objects in which repetitions are allowed and
order matters. A sequence is formally defined as a function whose domain is an

interval of integers.

An infinite sequence is a function whose domain is N. A sequence f whose terms are
z, = f(n) will be denoted by {z,}. In this book, unless otherwise noted, a sequence
always refers to an infinite sequence.

A sequence has a limit L if the elements of the sequence become closer and closer to
the value L, and they become and remain arbitrarily close to L, meaning that given
a real number d greater than zero, all but a finite number of the elements of the
sequence have a distance from L less than d.

We call L the limit of the sequence {q,}, if for each real number € > 0, there exists

a natural number N such that, for every natural number #» > N, we have |a, —L|<e.

If {a,} is not a convergent sequence, then we say that {,] diverges, or alternatively

that the limit of {a,} does not exist.

If {a,} and {b,) are convergent sequences, then {a,+b,} is also a convergent
sequence, and can be computed as follows:

lim (a, +b,)= lima, + lim b,,.

7 —> 00 7 —> 00

If a, becomes arbitrarily large as » — oo, we write

lima, = .

7 —> 00

In this case we say that the sequence diverges to infinity.

If a sequence {a,} does not converge, and if {a,} does not tend to positive infinity

nor to negative infinity, then say that {«,} oscillates.

The limit of a geometric sequence () converges if and only if —1<r < 1.

Suppose that a function f is defined near @, not necessarily at a. If f(x) can be made
as close to L as desired, by making x close enough, but not equal, to «, then we say

that f converges to L as x approaches a.

We call L the limit of the function f as x approaches «, if for every real € > 0, there
exists a real 6> 0 such that for all real z in the domain of f, 0< |x—a| <& implies
that | f(z)—Ll<e.

The limit of the function f as x approaches a from right is L if, for every € > 0, there
exists a 6> 0 such that |f(z)—L|<e whenever 0 < xz—a <3$.

If 7 is a polynomial function and « is a real number, then the limit of f(z) as x

approaches a coincides f(a), the value of f at a.
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O Use the precise definition of the limit to show that

A real number M is called an upper bound of a sequence {a,} if @, < M for all nEN.
If there exists an upper bound of a sequence {«,}, then {a,} is said to be bounded

above.

A sequence {a,} is said to be bounded below if and only if the set {a,|nEN} is
bounded below. {a,} is said to be bounded if and only if it is bounded both above and

below.
Show that every convergent sequence is bounded.

If a sequence {a,} is monotone and bounded, then {,} converges to a finite limit.

O By a subsequence of a sequence {«,}, we shall mean a sequence of the form {ank},

where each #,€N and n; <ny, <ng <---.

If a sequence {a,} converges to L and if {a,} is a subsequence of {a,)}, then (a,]
also converges to L.

Decide which of the following limits exist and which do not; prove that your answer

is correct.
Find the value of & for which the limit of f(xz) as x — a converges.

Use the monotone convergence theorem to prove that the sequence {a,}, defined

recursively as ¢; =1 and «,y, =/2+a, for all nEN, converges.
n+2 1

— S as n — o,

3n 3

Suppose that I is a closed interval and every term of a sequence {a,} belongs to I.

Show that if {a,} converges to L, then L belongs to I.
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o= f7F collA Aol obd W, " f7F colA Sl AL TRt = o f7F 919
24 F ok st BEATIA Fod f= colld EdEelnh2D

oA IHZ7F o 22 ¥ S, g, h FOIA A colA AERA A2 T S EolH.

y y=f(x) y y=g(x) y ¥ =h(x)

. —— 7]

ol / —¢ ol / —e x ol/ c X

S /7 QR 19] Sols BE FolAM A&d w, & 2 T0A gigolrt gt weith
T S [a, b4 HoE T /7 Al 24

(i) f7F QAT (@, b)oA Aolnt,

(i) lim f(z)=f(a),

r—a+

(i) lim f(z)= /()

r—b—

2 % vtiZAND o, ‘= 3272 (¢, 5]0A HL0]ltKcontinuous on an interval).” 21l k) 28)

2 B 17k el B Gk o ol fo] i % WA geTha HolslE e,
28) (ii)7h A W W4 7h aolA] eisolck ek wat, (ol AHUE W) W S7h oAl BeIzo|th ek Wk,
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e,
(i
iy
o
fu
2
e
-
=)
2
>
re
my
S,
ot
Y

]
Ll

T POl P

St~(continuous function)ZF1

271 1.

7 Pl A5

X —cC

lim f(x) = limx2 =c*=f(c)

olug fi col Aolct.
oAA ok 7o RS Goje] Holek. THBE s A&Folc,

57| 2. 3= f7)

1
f(x)zx_l

AollA Foj=lo] St} E3FF ¢~ 1Y o
lim / (z) =lim ﬁ: %:f@
olER fE c=1& AT BE A oA Aol

d o, fe =15 At e

H7] 3. &= /R — R7F o33 Zo] Aol=o] ot s}
2 _
xT2xta o,
flx)= x—1
b+1 if z=1.
o] g7} HE AL

= 4% ol A%ol HEE A% a9} 5] ¢S A BA
2> 1017t 2 <19 1 o] Sk Em} 0] okl B0

d ZerolBg Aol
57t 2 = 194 dKolofof siE= limf(x) =/()olt. &

22—2x+a

lim—————=b+1
z—1 x—1

ofe}. ojuf etz
. x2*—2zx+a
lim—————
r—1 x 1

7F FABEL 229 S3to] lim(x — 1) = 00|22 ZAe] S3t=

r—1

lim <x2 —2x+ a>: 0

r—1

1—2+a=00]B2 g=10]|t}
a=1<& @9 o tistH

olt}. =

2 2
. —2x+1 . —1 .
lim "= =lim (e — ) =lim(x—1)=0
r—1 x 1 z—1 X 1 r—1
oltt. Z 0=b+10]2& p=—10|c},

61
A2:9] 7y

=R=
T

% 7} fle) = ool AolH ol B4k o] F4o] e rold



7] 4. B 7} Thew} Zo) Folslo] Uk akk , .
1 if z<1 . .
flx)=13 ifl1<z<3 L
2 if x>3 s )
ojuf & f= 13} 304 EASolr o] 1 3 x

5 G5 % g7z =col Aol

lim f(z)=r(c), limg(x)=g(c)

OB, 4o Foo o] Yol theo] HYattt,

lim#&/(x) =klim f(x) =kf(c) (&, k= AP,

119 (@) +g(x)}= liinf(x)+ liing(x) =f(c)+gle),

lim {/(z)—g@)}=1im f(z) —lim ¢(x) = f(c) —g(c),

r—C r—C xr—cC

lim {/ (x)g(x)}= (limf(x))>< (limg(x))z f(e)gle),

xr—cC xr—cC xr—cC

) liglf(x) o)
) limez) ¢() (& g(c)=0)

xr—C

m

wetA S kS, ftg, g, f9, /9% BT x= oA d&oltt

1. T 3¢ 9 g7F 2 =colA Lol oS TFE BF x = oA dLoltt
Q) &f (& =4 @) - @) F—l
) fyg G rife & elle) =2 )

W91 4. AReol B = ok BE A% 204 Ao, B2l 19] (1), (), (el ool
flx)=a,z"+a, 2" '+Fazxta, (a, a, -, a, & %)

ojgtal Ao tiels f= BE Ag xolA Aol

T 7y £, gol Hisked

f(z)
g(x)

2t gojd R re FEl 19 O)°l st g(x) = 09 &

hiz)=

ily
1]
4
&
)
>
re
B
o)
O
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277 (-2, 1]01A] f(z) =20l HYE A& P f& r=—29 ¢ WG 45 2
d o 4*%% 0S5 7HI. 131‘% QAP (=2, VoA &5 f= HHMGE 2A L 2 =09

z=0¢¥
o Z$=ghtE 7hRIc
SHH G177 [—2, 194

0 if x=—2,
g(x)=1 z if —2<zx<1,
-1 if x=1

oA HHge 284 &3 HEPE 28] Peth

-2,
AutA o TATLON A 4t thewt e 4WS b

2. &5 7L EUFR [a, BlOlA A%old, f= o] T2 la, b]oIA WEA] AT H4:
el

- j oA
TS HLE0| | - ZA HE|(extreme value theorem)df1l 2}

T 7 2R [a, b]olA Aol fla) = £(6)D W, oF) 1HT} 2ol f(a)9k £(b) Ate]9]
o9 & kol Histe] A y =kt Ty = f(2) 9] THEE Holk g oA Thdt.

y

1®)

k-

f@ A

web 7 (a)9 £(6) Atol9) Q1019] gt kol THle] £(c) = kol A c7t GATZE (a, b)o] Hol B}
A

EED 3. &= /7t 277 [0, b] oA A50lT f(a) = f(0)D W, f(a)2} £(6) Ael2] A9
o] gk kol thstod,

fle)==¢
A A 7t EAFZE (@, b)ol Holk st EA 3t o] FEE HEELO| AIZt Hal(intermediate

value theorem)gt1l EE2t},

ARIZE AEIE AR gAY 2] EAVEE S98ke dlE AuEAL

87| 5, WA °—2*—1=00] QA7 (0, 2)o1A FHol= dhto] ALS 7S S HAk
flz)=2"—2* =102} 3} f&= G337 [0, 2]oA dLolx
f(O)—— <0, f(2)=32—4—1=27>0
ooz ARIZE Ao o5t f(c) =09l ¢7} AL (0, 2)of EA St
oA WA 2 —2® —1=02 PR (0, 2)0] Hojx o] AL 71Ah



S SolH AFSH 27} Hhe Y48 V2

V2 et hehdick wigie DTk V2

shi2 B4
T EZAfshe

o, of\

U

Al oA

7| 6. ARIZE ATE ARgsle] /27 AgEA 24 .
fz) =202t HoH 3 7 R — RE Az 189 f= 033
F0)=0<2<4=F(2)
olmZ f(c)=2¢%

7} 03} 2 Apole] AT B8 2> 0% 1 f(2)7} 23RO
PR e oot O o] ek
% o8 29 Y9

HEZoleta H2w 2.9} Zo| Lehdirt,

Aol A - Yeoh Alolgk Hele A the 119 Zo] Asgeel R UG 57
¥ % 9k
7| 7. 35 7 2ARL (o, o]olA Aol shab ol o, blollA £ A Fo] BRI
2 33 B,
HA A& A - Ha AFEo] gsted, [a, blollA £ HAZH HSgto]l AT (o, bl
A o At Hghe 27 M, moleta sk
o}
el =aYo)

M=molZHd [a, 8]9] HE Y& 2] Hoto] m < f(x) < MOIBR, fi= [a, b]oIA =
ol [a, blollA 79

G (M} o2A shte] Yag 7H Aotk shte] Yas 7H
He2 (M, M]3t Zo] 2el7te g Yehd 4 Qi

oAl m < MR 355 A4l HAR weF m <y < Mozt
7k a®t b Apolofl EARIH. & y=

ARIRE Aol &fstod f(e) =y A
v la, bloIA 7o) 299 asoleh. T [a, blollA O] it

MED AE & QAL mETh Aokl 5= giet. WA o, bl fA AL m<y< MU &
< vE 94 7Y,

fu

JCEIGES

LA .

) o=t WA o, b]oA £9] AR [m, M]olth

o
=

ol

4t

o
Ot

e

o f7F 2R

b]ol W Aol o] FZtolA &5II%t
ok SR 83 fla) = A, f(b) = Bt S1AE W fE= 'y = ()
[a, b]2HE [4, B]Z9)| %lm%lrﬂ%omf—_ it i
f':[A, B] - [a, b]

7} 2Rk, £t

ESE £Z71ekeo|th ce (q, b)EF
flo)= et 317,

3l okal

zE [a, b], y€[A, Bl, y= f(x)8 37} 9

| y2] 3ol C # yo|HA Cof t77HH =9 %
A cofl Tz 28ER f e ColAq A

=22 g3t 7

(0]
txicom ‘

ol
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3 S7F BT (a0 b]oIA Aol o] fRtollA eFASHs Aol HEITIAR f9] A

“': [A, Bl > la, 8|7} EABIL, ' 7 (A, BloIA

f i
Agolch. o] HelS A% e Moty R

21 Ha| 4= 2T o, b]E FYEFoIY HHAHEEO g vto|E A3t
7| 8. 2 =02 2o H3l9 g(x) = z*olkal 32k 39 g : [0, o0) — [0, )& ALeo]
o] &E71gkpolnt, 2B f(x) =V 2t HoEE g9 g5 £ : [0, o) — [0, o0) EF A

Sgpolet,

S f A B g B Col ttol, o7h A HolT z — cU 0 /(z) — BT B4

T G4 g7t BOIA Aolekir stk W 27k 7k obdRA] cof Fgle] 7 W f(x)e]
Zkol gol @glol 7PHIe. 2 g7k oI Aol £(x)9) ol ol Fglol g
g(/ (@) B g(8)°l glo] 77t
o] AHg Alow tehid thedt 2t . .
X c
lim o(/ () = 9(8) = g(lim / (+)). |/
. . B
E3] f7} collA] Agoletd = f(c)7h Hog, S —p | £
limg(f(x)) = g(B) = g(f(c)) . . C
oo g/ () — g(p)

oft}. ol FHTS g - /7t coA A%YUL ulaiet.

.58 f:A—> B g: B— Co Hdlo, 7} A9 HolX x — L uf
f(z) — AL 3fxf. 28 <= g7F BollA dol=kal skt ojuf thgo] A-dict
1) liing<f(x))Zg(ﬂ)zg(liinf(x))

(el N s ENS R SES Sl siate  cof| A | sl==o) ot

2| 59 ()< g oiH= ®ASHH thaat 2t

QA48 Wl Fehe Fstol ALY Frle} Ak QoM I3 Hatol AN Azt 2k
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HI| 9. h(z)=J/x—30°]8}T st 289 e

f(z)=x—3, g(x)=Vzx
2 HolH F 3 f 1 [3, c0) > RE g : [0, c0) »> RE TS =g - foIt}t. onff o}
g7V Z¥2 Aol o] HE HojA ALQl FpolER I RO nE HojA ARl Froltt

Bl 10. H2| 5904 g7} BollA i<o] ofujzhd
lim g(f (z)) = g(limf(x))

B 79} g7h Theat 2ol AolElel Ynk ol
1 if x=7,
x if x#7.

ne
4
¥0
e
8
i
i
i)

flx)=42—1, gx)= [

283 ¢ =23k kAL 18

L P
olmz
liing(f(x)) = liil}zg(f(x)) = 1i£1}2(4:c— 1)=17
- z>e z 7
g(&iir%f(x)): g(£i£n2(4x— 1)): 9(7)=1
olct.

2l 69 ()0l ot tha= det

BB SR s A = B 88 = O s e Rl s T . A 0

QA4534ole).

%9l ol

y=1log(z?+1), y=e"", y=sin(@*—2+1), y=cosltanx), -
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Pii=y|

Haol A=slX|7] figt 2X|

1.

Sk f7F [1, 0)oflA Aol & > 19 BE 2o fgislo] tha-2 wWEAFI
(x—2)f(x)=Vr—1—-1

olff f(2)& AL

@ /7 A% A TN ddoln, Aole] A4 2ol dotel TS WEAITE
(z+1)f(z)=2*—22—3

ol f(—1)9 S FIAL.

@ /7 et 2ol Aelslel Ut

32° — 62" —z+2

f(x)—{ r—2
k if x=2.

ofgf 7t A% AA PRI Aol HEE SHe AL k] FHS TIAL.

4 f7h Treat ol Aolslo] girk

if x#2

2 —a
flx)=1{ x—2
b if x=2.

olwf f7} 20]4 Aol HEE dl= A a9t b9 FHE IR
S 7)ol g WEAII

lim (z+1)f(z) _
r— —1 .1‘2_1

if x#2

3

ojlwf F(—1)9 g oL

Sl f7 A AA) F7ro|A o], Qlojo] A o] tisle] the-S ukEAFIc)
(z—a)f(x)=2*+2z+1

ot = a9 # Tt f(a)E FIAL.

WAl 2% + 227 — 32— 10=09] 0] AR (—1, 3)9] 3h o4t EAFHS HolA Q.

WA 2° 22’ —1=09] o] ARTLE (2, 3)°] S} o) EAFE BolAlL.
W /7 A% BA TN Gl e BAG BE BEAIT

ot AR b A2 AR £ s
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HEE CHx7| flet 2

10.

11.

12.

13.

14.

15.

16.

17.

18.

I /7t Thet 2ol Foyso] irt.
22 tar—2
x—1

b if x=1.

o) f7F A FA TN Aol HEE SR A4 a9t b9 L T
B4 /7t 0hg3t gol Holslo] ok,

xz+a if x<1
(l‘: n+1__ n
fla) = 6ot
n-—> 0o :c"-l—l

ojtf 7} A AA oA AEo] HES sk A 9 3 AL
g 7} Theat 2ol HejEo] gk
ax+b if |z]>3
|z|—3
9—z2
o) /7t A% AA NN Akol HEE SR 4% a9} 9] S TR
SR f7F ROIA d&0]al, A9l A 2o tiste] o2 TEAIZITH

<x2 )f(x)zax +bx® —ax—b.
f=1)=1, F1)=2¢ 9 &5 a2} 9] g2 T
Sk f7F ROIA Ao]al, 42l A 2o tiste] thEE THEAIITh

(1—3)f(x):2x +ax—2>b

f(4)=92 w, 7(3)9 & FoHrL.
che3t ol T $ £ 1 R — R} RS WS BE FHAL. (&, [ - & g
2 tpehdict)
(1) flz)=[z]?
Q) flz)= [2?]
B) fz)=[2*](z—1)
M4 27— data=09] 0] BUTTE (~2, 1o EATKES She A% o] ) W 73}
Al

flz)=

if |z]|< 3.

17} 917} 8] ST W 7 11 17} 1904 Bebolekn S ol (1) =8 ¥

a, b, 7} ALl AF=0|T ¢ < b < ¢S TEEAZITE A, B7} WA
(x—a)xz—b)+(@—b)x—c)+(x—c)z—a)=
9] Zo]al A< BEAL 3lAL o|ff] a < A< b< B< cYS HOJAQ.
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O 20| 325t N2 AR

mulo

#

19. thx 80]9] & AN HA
(1) AA 7Fs3t B (removable discontinuity)
(2) =EA<L (jump discontinuity)

Al

o
Al

(3) F_HEA<: (infinite discontinuity)
(4) Z=EA<Z (oscillating discontinuity)

St
of

o

Fatg Moks RS flet 24

. la, 8] 7} Zo|7} G491 @R1F3elAL Cla, 0]7F 9ol [a, b]0]2 FHo] R
E%‘Olﬂh— SkR; A kQF T 7, goll skl 4 kS £+ g E ThEt o] Fogit
HE zelo] Hste (kf)(x) =k(f(2)),
BE zeIo] Histo] (f+g)(x)=f(z)+g(x).
o] Ato] Folzl FZk Cla, b]7F R oA HEFIIS HolAl L.

rO
R
5
D {4
S
1o

sequence of functions)?|2kal F-E2t}, 17} Zo|7| F4=9] F7to] 1L

o]A Bh=ole}l sha}. whoF 9Jojo] re [ thste] g}

—{_m./\

A9 zero] tist] f(z)= lim f, (z)

n— oo
gl HojEE g fE ALT = Sl ol o fE {fn}gl =8t&(limiting function)
{fu)ol &

o) Hol=A Td

» 1=1o, 1], f,(x)=2z" 2 1=10, 2], f,(2)

@) I=R, /,()=2"—" @ 1=, 1], 7,)=ne(l—2)
nx 1

G) 1=1[0. 1], 7, (z)= 17— © 1=, 1], f,(z)="—
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CHI iy 0]0F7|
20| ofalst X

e

Ve>038>0Vaeel: (0<|z—cl<s — |flx)—flc)l<e)

o] AYgttt= Aolok, I3 2 =cd W |/ (x)— f(c)|= 0 < e0] AHsHA o=, 9 oA
0< |lz—c|<é6E |z—c|< 62 vHEolE =}

1. 17} Z3-go] opd F7to]1 /@ [ — R7} o] ce rekal 54 ghoF 1oj9] opse
eslliHERCllid s Hh ==l shcl |oial e RIRel slelis < Tofietsial || Al — £ (o) | < e9] ARt
B, e f7F oA Bgoleh Al 2

9} Aol 17F o7t Feel 7 wiiet ofde} 17F 4T sl 3 W= AolHch
I={c}2Hd, A9 ¥ €0l dtioto] 6=1Y w29

lz—cl<s = z=¢c = |flx)—rle)l=0<e
ojlER T /7 A collA Aolrt. 0

_IIN n)||

7] 1. o3 Zo] A" ¥ R — RE AHEAL
| = if xEQ,
fla)= —x if x&Q.
ol F7t 004 A%AS S EAL
Fg €0l Aoz FOIHTAL AL 6= €02l SHH o= ol
o4l |z—0|<ogt 7Yt I18W 27t SE4d gi=
| (&)= 70)=[z]<
ola, z7} FEFY v
| f(x)=70)=|—z|=|zl<o=¢
oitt. F B BF |/ (z)—f(0)|<eolgh= 2HE F=Th

webA] f= 0014 Aolch

29) %4714 o7} 1°] ofd thE FFoj =k

70
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ox ok

A% HoE AREste] T 7 A cold BAGKD S Aot L o Atk
1A, At I e& F3et.

29, I o7 Q& FolF k. ZHSi.

3L |z —c|<8olATt | f(z)—F(c)l = €]l HOH] Ui 27} EATS it

B 2. c#0d o, 7] 19] &= /71 A oA EAEAS YN EAL
€= |c| 2 3F&}. 2 €2 ot
G o7F YolE FolFHTHAL SHAL
A o7t 80 A, FElay 2UA ogte] |r—cl <o |r—c|< e BF TEA7|E £
g 27F A ol 29} 9] Bt goug
lfx)—f)l=]—x—cl=lzt+cl=lzl+|c|= lcl=¢€
oJc},
A o7t FE9 A, fEEY 2UA o8t | —cl <o |r—c| < e BF TEAZ|E &
g 27t A ol 29} 9] Bt poug
lfx)=fl)l=lztel=lzl+ lc|= |c|=¢
oJc},
T A BT |r—cl<ooldA |f(z)—rflc)l =€ x7F £ FHof| At
382 g5 = FH oA dLo] oYty

F £7} Zol7} ofg=ol 7k [o)A Aolglo] QI 7} 19] Holghal 3k}, 2okS AR_So] £o] ok
& AT ) 27t col BRITRE AdE Agstdrh. 2 27t cofl eIt Ade Sae)
Igo 2 vl YA 5 Utk & W0 A% Yol uf) £Ae] AL A48T & Utk

2. 17} Zoj7} Q1 A7kl £ : [ — R7} FeolH ce I 814,

1) 3= f7]' coA f&olgty skRF IyH HE Flo] Jo £3511 o] £Hoi= ‘Aol £g
{z.)ol chetel, £G (f(z,)}ol fl)ol SR

) g 7t colA @] oh gt }x} j_i'itﬂ BE gjo] [o] £5T o] LdEsIe A

=
3%‘

(2} A, 52 {/(,)) ! o g
0|9} Zo] U ARESHo] ARt A&/ EEAUL(sequentially continuous)o]=Ztal FETH,

1) {x,}°] coll @sta BE o] Io] &3h= S=Folata sk}, 121 Y4 €0] Y2 Fof

AT 34 f7h oAl el 4 o7k EAste] |z —c| < 0%l A1) ze o] Thste]

| /(@)= fle)l< el FHTTE 67k Fola (z,)0] coll SRR, A No] EAjsto]
n> NS 499 FHT nof Hote] |z, —c|< 67k FHTITE ol

n>N = |z,—c|<d = |f(z,)—fc)|<e
ojtt. 2BRE =F (f(x,)}ol f(c)ol s

12 ~J

u)
A
1o
=
=
ox
Lo



() 5 £7h colH o] oheka sk el F4 eo] Aol Theg WAL
“91019] 9% o0] Tstel, zeI7F AT |2 el < 8oTHA | £(2)~ £(c)] = eolet”
6, = -olek Bh nol AR5 1) 5,0] YHOINE, |z, —c|< 5,2 z,E 17 EAFSHo]
| £(2,)~ £(c)] = & WHAITE oluf A)9] Aol no] Thsted ¢~ 5, <z, < c+0,0]28
(2,) € col SRR, |£(z,)~f(c)| = 2R [f(z,)} L f(c)o] $H3HA] Pect. m

el 28 A8sH w7 29) BAE o 47 2% & Ak

Bl 3. c= 09 W 7] 19 35 f7F A coA EASKAS | 25 AREsto] FEe BAL
A23= vhE 3k f7} A oA Aol 7FYEIAL

col ¥tk fEE (7, )T coll FEoks FEE (s, )& AZsIAE30

f7F collA d&Eta Tpgleonz

fle)=1limf(r,)= limr, =c,

n—> oo n— 0o

fle)=lim f(s,)= lim (—s,)=—¢

n—> o n—> 0

oft}. THH| ¢ % 00]BE F HAS A miolth
JeE 4 i A oA Aol okt

HI| 4. 545/ A— B%yg:B— Co tisto], c7t A9 HolaL B= f(c)TL P&} EZE
f7F colA A&olal g7t pollA A<olEtal SR} ofu] MRk g o f7F oA A&AS S
HA,

G €] YoE FolFTtal AL
97F BOlA AkolBR, ok 5,0] EAste] BY| 499 Uh yol Histo]

ly—81<8, = lgly)—g(B)I<e
o] AEglth 47|14 §,0] ol [Tt colA A&o|BR, = 57t EAste] A9 Y99 AA
zo] tisto]

lz—cl<o = [f(z)=rflc)l<so
o] ¥ttt
aHBEE A9 Y4olo] A4 zof diste

lz—cl<os = [flz)—rfle)l<s

= |g(f(x)—g(flc))]<e
= |ge Nax)—(g° flc)<e

o] Jeth. WetM g - f= collA AHolT

30) 2&fF 2 {r, )3 (s, )0l o EALAN
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o]

x
S| =2

AL Qide] HolE AR8stel AT TRt 4L U A RIS He Rt

=
e 39 W8t ¢lal AEo S HE Ble A -

4

¢

H7| 5. 3 f7F 2L [a, b]oIA AEoITL fla) <k < f(0)2AL SHAE. oW f(c) = ks T
Bl

E={z<a, b]| f(x) <k}.
o] Aghe ZHgho] ofyct. s < Eol7] wfo|t} 3t FO] BE U4 rof tigte] x < b
oltt. & E7} 3HE0] o1l Y2 fAlo|nE A g olste] E9] HAgAZE EAglt.
E9] HAAE 2t of&b I3 P3| a < ¢ < bO|t}
7t E9] HaAAIRZ cHL} o 22 g2 EO] AHA7F € & Qlh IBER »o] RIS o

1
c——<zx,<c¢
n

£ USA7E A 2,0 Eo 2A5tc) ol 199 »o theto] f(x,)< ko], {x,]o] coll =Hs}
o 7} collA fAgolnz
f(e)=1lim f(z,)< &

olct.
T ¢ <polth. st f7F bolA ALl k< f(b)oIBR, F 67F EAotY] [2— bl <6
wjutch £ < f(x)o]7] dZelch
¢ <bOlEE, no] AAFL W
c<y, <c+ 1
n

& WA= A g, 0l B [e) ol EAR ol y, & EC|EE f(y,) = kol {y,}°]
co] 2383y 7} oA dLkolmz
f(e)=1im f(v,) = &

n—> 0o

olc}.
ol=H f(c) < kOEA f(c) = kOlBR, f(c) = kolct.

{z,): =1, 1, =1, 1, =1, 1, -, (=1)"
T2 A et SHAIRE 2y, = 1013 2y, =— 10]HE, o] A9 A FZ HoMA whe
D {22} T (20,11} FHTTH



the el Folt A%Eel 48 WY W A% ASEh

it

A e o] el e 2l S A SRk A Sl e R

3 +
Fof| gt EXt-HI0|{ARE2tA M2|(Bolzano-Weierstrass theorem)gtal HE2c} 3D

—

FF {z,}°0] fACIEE, F5= B7t ZA5t] 429l nol| st 2, € [~ B, B] & WEA
tt. I, = [~ B, Bl sk&; [ & Aot 2 T 9 gelgt

2 A%e W, 77 5 Haw e (2,) 0 B 788 ol Atk 12 711 sio]
Lol2HRL S1Ak T 1 = [ay, b,]lBT o1 1,2 Zolrt 2 = Ao BalR7
[al, al;bl] ag3 al;bl, bl}

2ARE U, F 77 F Had s (2,) 9 3L F8] Bol 7t 1t 77k Hsto]
Lkl ). oleh 2 wpgo R A&slel @AYt L, I, L, -E WEold 4 Atk
AR kol Histe] I, = [a; 0] T YEHE, (¢} = 92F7eE0I1T (4, ) = 9204

Qo] & 59 BE §Aolt, IHUE § £ BE $¥h E

oA {z,}9 FEFE (2, | T 22 PHoR IS
Lol &3t
Lol &%t =3
Lol &% 9] 3} Zo|A AT} n,HT} Z AL =Hjo] %o]a}L 514}

oje} 22 WHOR ny <my <ny <--0lWA z, €L,A F z, & BT 5 k3D

ojrf QYoje} A% kol ote a, < x, < p0lth T2jBE 2 o oote] (x, }i= o]

S}, .

H7] 6. 5 f7F BT la, b]olA A&l SEAE ofwf f7} [a, b]olA FAUES S
AENE WHR f7} [a, bloIA §A7F ofuztal 7Pgskal. I3 E f7} o, bloA A=

UAY, B /7t la, b]00A] o2 §A7F ottt 7t [a, b]oIA $1= §A7F ofd —°r A
Hat,

31) EAh(Bernard Placidus Johann Nepomuk Bolzano, 1781-1848)= #|59] 28z} @ Mk}, tejsizjolct.
32) M AEHE ARSSHE o] L ¢ =2jFoE A& & it
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no] Yoo AALetal sk} /7 o, b]oIA 9= AL oOFUBR f(z,)> nA A z,°] [a, ]
o 248ttt 44 (z,)9 BE o] [a, b]0] £IHBRE, (2,]2 Aot IBE Exji-Hlo]o]
FEA ol st [z, ) o FEFE T FHshe Zlo] EARIG I3t R (1, |22
s, (x, ) ol Sege o=l shAk

{n,}7F 3710k Adegolu g, 199 A4 kol thoto] #, = kolch. 1= f(x,)> nolE
2 f(z,)> n = kol THERA

B 7 (z,) 9 IO [z, ) Q) BE Fol BATL [0, 6]0] S92, o= [on ]o] St
e f7F oA AgolnR
f(e)=lim f(z,,)=

ojth. oA oA £ Fghol ASTt ofyEhs EolBR Heolth IFER fi= [, b]oA
A= fAl eIt

St f7F [a, b]olA] oFflZ FAZE oS, g(z) =— f ()L BH T g7t la, b]oIA A&
ojARt A& FAZE obd TF Hol Heolth IFER f= e, b]oIA oFiE fAolH

71 7. W5 /7H BT (o 6]o1A AolR, S o] T2b [a, b]oIA] WEA] Heigat Mgk
2 ke F98 B,

RN WHE /7 [a, o]0 HHgE 2HA] Q=thal 7PdstaL f7t [a, b]olA 912 fAlelRR
A A E= {f(z)|z€a, bl}= AR fACIH F3go] ofd o[t} Tz A5A9 3
&7 AR st} E9f HaZA| Mo SATIH.

f7F la, b]oIA HRAGE 224 QFethal 7PIROERE ME O] JAY Holuf FHigto] ofytt.
Z la, 619 9249 A 2ol dsto] f(z) < Mol

_ 1
NN TEIe)

olgtx s}k I g= [a, b]oA A% g=polth IBER [a, b]oA g7t Y2 FA0IH, o]
T g9 AA B7F A5 & [, ]9 999 A 2o thste]
1

M—f(z)
olch. 9 549 o] E Folung g, 5]9] ¥ A 2o Histo]
1
B
o] gt} oA M—1/B0] [a, b]oA £ AAUL =322, MO] [a, b|oIA 9] HAAL
Agks AMdol] meolct, I8 BR &= [a, bloA WS 7Hch
W £t [a, b]ollA e 2K Gethd g(x) =— ()22 FE T g7t [a, b]oA A%
ojX|Yt S ZEX] o= $lpvt Elo] Hérolth IHBER [ (e, b]oA HEgE 7HACH

<B

flz) < M—



7|.| L.=I

1.

nx
i

10.

HE=XH

= CIX7| flet 2H|

e R — R7F A% A F0004 aeln, 9ele) 44 2ol dhetel /(x) =7t HEdt
S ol 7 ASESYS HolAe

G (a,)0] Lol 595 (q,) 9 3ESD [q, | % Lo] $AWS HolAe.

ook

4

17} o7 =)l ER-FZI0IAL &= f7F T01A A ol= o] Al sk E/E ce 0]l f7F col
A EAE0lZAL SPAE wheF oA £ o] H=Rt) 9S3to] B EASH & -4 Che20i4E
(simple discontinuity)o]&tal F-Ec}.
(D) g7t 295 d2 &

2) SeEAEH0] ofd EAEHE 4= &Y dE
17} oIk 4l QATONT B 7} 1014 ASl=lo] ATk A, ek e 01T 7} col
A EALolFal sHRE g coflA £o] Tt F(e)E A FYsto] f7 collA Aol HEE
o 4= 9ol & 9 A 7tsst 8858 (removable discontinuity)o]2tal F-ET}

(1) A o7 B /o AA F5T BASEL W), oAl 79 Fo] ZATL HolAQ

(2) AA 73 BEA4HS BF deEASHYS HojAe

= A717] Sst 2H|
W 7R - R7F T3t 2ol Ao gk
|1 it xeQ
fm_{o if z& Q.

ojf = HoJA f7} EAHUS HolA| L.

A f R — R7F O3 o] Hojx]o] Qi

K if xeQ

a [2—3: if z& Q.

ojtf 7} 19A9F A&Kolal HE HE HoAs EAEUS HoA L

f(z)

W% 7R — BRI} 03 2ol Aejslo] Ak
_ 1‘2 if re
fm[o if z&Q.

olgf 7t 0oARt Kol T E EE FoME EF5US HolAlL

5 f i (=1, 1) — R7} 004 o), QAT (—1, 1)9 BE A 204 f(2)= f(2?)<
AN oluf gk /7 7E (—1, DA A5aedS HolAle,

St f7F f(x) = [ 2] sin(za) B2l FoJEo] Qtt. ojuf f7} BE Afoi] A59S HoJA|Q,
(&, [ - 1= JAQASTRE Yepdct)

I7F 70|l ce o]l @< f7} IoA AolE o] Qohal kAL Thek 7} colA d&olH
S YAz 2= AR J7F 2Aste] f7F oA SATE Be HolAlQ

76
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L SE TS 2ol Rt

1

z7t o]l z = %0111% pEZ, qENCIL poF g7t N22D W f(z) =

o]Q} Zro] AHol= sk FE EON| &x(Thomae's function) = HZE St4=(popcorn function)ZFal
o

(D) f7F F717F 19] F71d9S HolAlL.
) FEld "ol f7t 59U Hol
(3) FEld HolA f7t A&5Ue HolAlL.

Rl FZoIAL k= f7F IO o] =of Ttal Sk wteF f1e]o) of eof| isto]
2| <691 19] Y99 ¥4 L1, x2°ﬂ tfj5tod |f(x1)_f<xz)|< eo] A
Hotd "= Io1A FEEKolHuniformly continuous).”2kal TR, & 7} T0)A d-5-d&ol=)

oS,
¥
S
A
N
i
2
=)
o
&5
|
8

Ve>038>0VnEIVnEL: ([ n|<d — [flz) (=)<
o] Jdote AL 3ttt the £l dolile.
(1) &= /78 #3F 1914 eAgeld 71 T4 &S HolAL.
Q) 3 f(z) =225 RAA FE5A£YLS HolA Q.
() B f(z) =222 ROJA ALo|Aut ROJA] FEHEL oS HOJAQ.
4) 3=

) o=

Hol#al qIth o 50 "It
(1) f7}F I°1A F59<0] ofeta 7HYst, thad WEAY e = o] EATS AFsHA
‘dolo F== o0l sk, |s— ¢ <8ONAT [£(s) = f(£)| = €1 A s} 7} Iof EARIH"
(2) defo] Ad= ol Histo]
[F(5,)= 7(t2)] = €lRA [s, =1, <

< WAL, BE Fo| 19 &k 4 (s, )3 {1,}0] SATS HolAL.
(B) F E (s} {t,}9 FEFE oA 22 #holl o= =E (s}, {t/}°] AT
Ho|A|Q

5) /7t a°lA AHolehs AMS ARSSH] Ees RESHAL.

2~

7

SEECELEE



3. 17 Zelt g%l

% % f7h 014 olsle] ek st
(1) WoF £7} Io1A ol J7}

Az, J& /()= (el | f(x)e)) 7t S87TY

S HoJA|Q.
) (DellA “J7F -hFztolH' S J7F GEFge|H 0 & vHto|e 22 ANE A = AUSS
HoJA|Q

(3) (9] Fo] AT HoJA|e. & J71 dAFAL wuict £ M1 )= (zeT| f(x)e]) 7} BH
g, = /7 914 A4YULS HoJA|Q.
4 B} RO HRATHOIT SAIY Bagoleh s, oldf B9l AHHol ZARE HolA|L
o] AYE Ao A -HIO|HAE2A HE|(Bolzano-Weierstrass theorem)dtal F-2tT},

El
5. I7F Aol7h =)l FREolAL = f7F 1914 Y=o ATl PRk EJE 1F ToA4 g £
SR b e B3 HotAlL.
(1) 19 A Zoflx
Q) 17} gRTgrold 19] g S04 s7h Bl Ho| Ao .
(3) 17} FAFNY W= 19] F FolH s7F A%l He] Yol THIEAS HolAle.
6. {a,}o] AFolti L. vk Polo] P eof tisto] AAS No| EAS] »n > N, m> N

A 2E »nIt mo ot |a, —a,,|<e°] BHHH, {a,)S FAl £ (Cauchy sequence)O]Zal
HEE3) & (g,)0] ZA] FFolge A2

— AT

U

Ve>0INEN VueNVmeN : [k>N A m>N) — |a,—a,|<€]
o] ¥t Aol
(1) {a,)°1 $F3H= $GolD [, )0] T4 $EYL HolAQ.
@ (a,)° ZA 5%l
]

(3) {a,}°] fA4<1 ZA

Ol

7. 17k Golrk el 70013 (7, ) 0] Helelo] 191 F olFolal el 71 (£,) 9] It
Foeka s wiof

lim|/—7.]. =

n-—> 0

ol “I°1A {f,}°] fol @ExEeTHconverges uniformly)." 2kl Wete}, 72 19+ 344 (f,)
o] tha¥} Zol FoiFE W, oA (f,) Y FFFS fE kL [/, )0] foll F55Hsh=A
wEsHA L.

N
2,

(1) 1=1o0, 05], f,(x)=2" @ 1=1[0. 1], f,(x)=2z"

@) I=R. /,)=z~"* @ 1=(0. 1], 7,(@)=nz(1-2)
_ . nx” _ B 1

G) 1=10, 1], £, ()= 77— © 1=00, 1], f,(x)=———

33) ZA|(Augustin Louis Cauchy, 1789-1857)& ZA9] $5fxjo|t},
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10.

11.

12.

7} Zo)7} F=el 3ol 1L (£, ) 0] o]l 19 42 o]oix gpolela shak. Edt f7}
(£,} 9] SekIol (£, )] foll FE5HIThIL SIAE. wIeF (£, ) 9] BE o] Io)A Aolw
23S S [o1H A%Ye HolAe,

(1) 9E 3 (compact set)
o|y]-E& Az (Heine-Borel theorem)
032 AR EA}
(1) TF9 BAHEAS (equicontinuity)
(2) oFdet-oflAFE] A (Arzela-Ascoli theorem)
032 AR HAL
(1) Z¥=o] gt (Cantor's ternary set)
(2) ZtEo] gk (Cantor's ternary function; Devil's staircase)

oz &

rol

ob7| (g%

ol

)

Continuity of real functions is usually defined in terms of limits. A function f with
variable x is continuous at the real number ¢, if the limit of f(x), as x tends to ¢,

is equal to f(c), provided that the limit of f(z) as x — ¢ exists.
If / is not continuous at ¢, then f is said to be discontinuous at c.

If a function f is continuous at all the points of an interval I, then f is said to be

continuous on 1.

If I is a closed, bounded interval and a function f is continuous on I, then f is

bounded on I. Moreover f has both a maximum and a minimum on I.

Suppose that @ < b and that f is continuous on la, b]. If & lies between f(a) and f(5),
then there is an element c¢<(a, b) such that 7(c)=

If ¥ and ¢ are continous functions, and if the composition ¢ ° f is defined, then g - f

is also a continuous function.
Every bounded sequence of real numbers has a convergent subsequence.

Find all the values of z at which f(z)= [z]x is discontinuous.

O Find the maximum value of & that makes f(z)= [2?] continuous on [—&, b].

2 ~J
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0|20} st

sHAdeEcte =AY *17‘011 "ﬂrE ﬁxl IEH_E LrER 7‘1‘*01 =, 1‘41“4 71&7e EA

sg 19 orl
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l‘ﬂ
N
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19
B
H1
g
r
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N
N
)
fL
i
)
B
[
R
=
19
N
o
N
N
e
oX,
ol
N

fonz golt of 42 el el S1e7lE Aelel sheel ol slige] Hasd
1220 ERuiso] Wsjol 4] Wsle] BAS BAY o vBe Fad =77} Bt Ea O
| tRe S8 U] 4e Ze WY gk ujEe] AHgE:

o] UL HET} EF4E Holst 19k B

N, ol
1o

N

)
N
rhe
ox
ml3
i
)
.
by

02 Al

Sy = F(2)olA 29 #ol aollA o7kA] WE wf, yO] T2 f(a)ollA £(b)71A] W),
ojnf 29] O TF b—aE 29 §I='(increment of xolgtal 211, yo] 3o J71F 1 (6)— f (@) &

v 9 BE(increment of y)olgtal F2c}, 9 FEI} yo] FES 717
dx, dy
o Zo] Yetdct. = “de} X de}
Adx = b—a,

dy=f)—fla) = fla+dz)— f(a)

ol
T dxr= 09 o,
y
dy _ f)—fla) _ flatdz)—=f(a)
Ax b—a Adzx f(b)
£ 29 #ol aollA o7k WS W 5 y=f(2)Y
MHS =2 (average rate of change)°|gtil HEtt. @)
a ____I I
PFALL T A Pla, (@), Q0. f(0)E A= Jao 7le — | | .
79} et A a b ¥

21 1. ¥ f iR - R f(z) =2 — 23 FOH] Y& o, S oAk

(1) 9] o] 1914 47x] ¥ off g y = f(x) 9] HoHSE
(2) 29 gol 2014 2+ dx7HA] A W e y = f(x) 9] FIFHE (&, dxr #0)
=0]
dy _ f4)—rQ)  12—-0 _
W= Tk
dy  F@+4z)—r@) {24342+ Ud2)?) -2
2 e e = o =3+ dx.

80
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o y=f(2)oM 29 ghol aolA a+ dx7HA] WD w9 sk
dy _ flat+dz)—f(a)
Adx Adx

£ A o714 dx — 09 W, HHskEo] SRk

i Ay ~ lim fla+ dx)— f(a)
Arl;nodx Az—0 Ax

7t 2Rk g f7} a4 DI 7hsotet."ekal Uttt ojuf o] IR aollA o £ 9] &7HHSH
S(instantaneous rate of change) Ex= O/EH|%(derivative)2tl 211, 0] Z+E 7|52 £/ (a)2} 7o)
UERdTE a7

SHH

f(a)= lim flat dz)—f(a)

Az—0 dx
NA a+dxr=2342 oPH dr=x—a°l2, dx — 04 W r — ¢o|BEE

f’(d):limf(x)_f@)

z—a xr—a
oF Zo] yehd 4 et
17} Gol7h =l FH0IAL f7} T4 Zojd eetal ShAb vteF f7} 3F 10 &3k B z oA
ul& 7Fsshd gk f7F I9]A4 012 7|—5]""4'(d|fferent|ab|e) "2l sttt E35] e b Jojdo) &
Sh= e xollA UlE 7hsshd fE DI kst et e

871 2. 4 f iR - R7F f(z) = 22" + 1o]ekn AoElo] 9GS W, 1014 £ WEASE T3}
W cheat gt

FA+4dz)—F(1) 20+ 4z +1}—(2x12+1)}

77(1)= lim = lim

dz—0 dx dz—0 dx
. 4dzr+2(4z)* .
= lim A4zt 2(dz)” lim (4 +24x)= 4.
Adx—0 Adx Adx—0

1014 9] mRASE Bet g WHos T8 48 9

_ 2 _ 2
f,(l):hmf(:c)_f(l) - lim (22 +1) _(2>< 1+1)
r—1 x 1 r—1 x 1
im 2 DERD o 1)=4,

z—1 x 1 r—1
Ay =f(x)olA 29 gol aollA a+ dx7HA] ¥ of, B y
ﬁ}%% f(a+A4x)

4y _ flat+dz)—f(a)

Adx Ax
ojty, oA T y=f(2)9 I o] F+ ﬁ

Pla, f(a)), Qla+dx, fla+ dx)) ~0

2 A= A4 PQY 712719 Atk
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5 y=f(x)9 2IPZE Wt F Po
(@)1 A4 4o ghglo] 77X
o] AM 1S IA y=f(x) Y9 A PolA Hdl= MM(tangent)o]tal 231, F PE o] FA19 HH
(point of tangency)°]2tal F-ET.

o714 ¥ PE 1B dx — 09 I3 ;‘q—a}g_ A Q
gglo] 7R, A4

87| 3. ZA y=22"—2+3 9 H (1, 4)9A o] ZAo|| Hil= HA WhyAlS F3f 2L
flz)= 22" —z+30]2tx 5}

dxz—0 A.Z‘
e+ g -+ do)+3)-{2x12—1+3}
= lim ]
Az —0 x
. 2(dx)*+34x .
= lim 20dz) 34z _ lim 24z +3)=2
dx—0 A.Z‘ Adx—0

olmg ot= FA9 717+ 20|t
T3t f(1)=2—-1+3=40]22 HHFL (1, 4)o|c}
a#Eg Fobs HAY WAL y=2(—1)+4 F y=2z+20|th

W /7 aolA] WIE Hssh R
7'(@) = lim 72 = /1)

r—a x—a

7 st
lim (f (2) — £ (a)} = lim[wx <x—a>]

r—a r—a X —a
Zlimwxlim(x—a):f’(a)x 0=0

AN

lim f(z) = f(a)

r—a

olty. IHE= A fE aoA A&olH

L i 7 Al el S A R S e S ] e 2
Tef f71 aolA TR 7hsSHE fE adld ESolT

M1 M2l 19 e AR Ptk B W4 S7b el ASAABE S} ool B8 AR5
e % gtk oA f(2)= |2l 23 S = ROl AolAnt

lim f(x):f(O): lim Lzl lim =1
r—0+ z—0 r—0+ X z—0+ ¥
lim f(x):g(O)f 1 lz| _ lim —f=—1
=0 20— 20—
o|JER f& x =094 mlE &7ks3it O
82
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ol

ol

o 7] X BE oA Wi 7k W, A zof RAS S (2)E WA RS
fla+dz)—f(x)

ok
+

f':X—R, f(&)= lim

Adx—0 dx
g AL £ 9tk olnf o] T f1E T £ E&e(derivative)THl 21, 0]RE 7|52
dy d
7 l4 —
7 dx’' dzx
9} 7+o] JeRAL}, fmeRe Cy el ‘dydx’ ‘ddxf’

gk Sk 7o) Aol X9 H FolA f7F vl 7FsokA] %2 Hol o, /7t mE Thsdt AHut
22 Zgto] fro] Hold]l AHor k&It

S fOA B3R S-S ok AS S fE OIS} el B3 ES] g folA 2 & HeR
Fo] BRAG /()9 ol Uele W, so| Bgae ghd /

CH5t0] O|&2SHK(differentiate with respect to x).” k2l FE@SHC}

H7| 4, T4 f:R — R, flz)=32+2+19 T35 13 B
S 9 HoYo) = A9 A zof disto]

fle+n)—f(x)
m

"(z)=1
f h—0 h
~ tim Ba+r?+@+n)+1}- B2 +z+1)
h—0
>+ 6xh+
= limwz 6x+1
h—0

ojty, IHER f+= RE F oA v 7Ms5tl, =3 f(x) = 62+ 10]Th

B 5. ¥ g:R —R, g(z)= |29 =FE T3] HAL

7t G

vy gleth)—glx) . lxth|l—lxl .. xth—x
¢’ (z)=1im ) =1lim % =1 =1
h—0 h—0 h—0
olx, z7t 25Y "=
v glatn)—gl@) . lxthl=lzl . —x—htx _
¢ (z)=lim——————=lim——————=lim—————=—1
h—0 h h—0 h h—0 h

olth. EZt gi= 0014 wl BIFssith 12ER ¢of =3 FoYo] {z]x# 0)0]1

() = -1 if x <0,
g 1 if 2>0
Q1 o]t
83
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WA nol 2 o)l Fed W ¥ f(x) = 2" 9] EAE Tl BAL

A T

h—0 h—0
@t @) R e Y
=lim I

:lim{(l"i“h)nil‘k<‘r+h)n72‘r+---+x"71}:x”l*l+x"*1+‘”+x7l*1:n‘rnfl.
h—0

n/N

E f(z) =29 32 2ahd ohea) g

f(z)=lim flath)=flz) lirni(ﬁh)_x =1.
h—0 h h—0 h

FH AR £ () = 9 ERE et 2t

@)= lim LE T =S a) _peze )
h—0 h h—0 h

o] 8= sk that dt

2. I flz)=c% fz)=z"2 BF "& 7Hs5ka, 1 =34t thea) 2.

(1) flx)=cola ¢7} AoldH, f/(z)=0.

(0l ey szl S G R

() f(z)==z"0]i no| 2 olARI Aol f/(x)=nz""'. [Ppower rule'0[2f HEL}]
208 AFAKEL BEE uE 3AS AnEA.

= f7F vlE 7FEokl k7t A4 W theol Adgeith

(ks (@)= lim L2 =R )

h—0

_ R{f(z+1)—f(2)}
im

h—0 h

g LE TS 6)
h—0

=rf'(x).
W 79} g7h 12 AR o) o] Aga

(F(z)+9(z)) =lim {(Flat+n)+glxz+n)—{flx)+g(x)}

h0 h
[ fath) =) | glath)—gx)
lli%{ J " i ]
~ lim f(x+h2l—f(x) im g(x+h2l—g(:c)
h—0 h—0
=f'(x)+g (x),
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f@)—gx))={fx)+(=1)g(x)}
=f(x)+ {(=1Dg(x)}
=/ (x)+ (1) (z)=f"(x)—g'(z),

fla+n)glx+n)—flx)g(x)

{f(x)g(z)}=1im

h—0 h

— 1 flet+n)glet+h)—flx)glx+ i)+ fla)glet+h)— fx)g(x)
hlir(l) h

. fla+h)—f@)lglatn)+f(x)lglx+h)—glz)}

B Iz]ir(l) h

i LET =S @) e el + lim £ () % lim
h—0 h h—0 h—0 h—0 h

=f"(x)g(z)+ f(z)g (x).

(x)

gle+n)—glx

3. Y £ o7t UIE ARSHT A BSD W kf, fHg, [ g, fols BE Ul 7RsST

inf EE‘“‘ the7} 2

(1) {kf (@) =1f"(z)

@) Uie)-nate)) s 7ol e

@) Uile) et =571 - et

@ {f(z)g(z)} =f"(x)g(x)+ f(x)g (z) [product rule’olatn HECk]

el 29 e| 3o oshd, ok
fle)=a,z"+a, 2" '++a,zx+a,
o wgE Thewt Pt

fz)=na,z" '+ n—1)a,_ ,z" *+-+a.

871 6. F2| 39 ()~(3)2 AHEsto] =5 Fots A& ATHEXAL
(1) fle)=2'Y q f'(z)=4z".

) g(z)=—62LD W ¢'(z) =—6x 32" =— 182"

B) h(z)=42+2z—5L 1 7' (x)=4x32°+1—0=122>+1.

B 7. 9IS f(2) = (@ 432 +2)(a" +5)9 =4S ) 2AL
M| 39 (45 Argotd th2t Zo] f9] E3rE e 5 QU
F(x)=22+3)(z* +5)+ (22 + 32+ 2)x 42°
=22°+10x+ 3z + 15+ 42° + 122 + 82°
=62°+ 152" + 82° + 10x + 15.
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A 2ol thgo] gy

Sk g7F vE 7S W, g(x) 2091 A
glx+dx)—g(x)

1 1
i[ 1 ]:h ga+dz)  g(z) _ i  glz+ dx)g(z)
dx 9(36) Axglo dx Axglo dx
B 1 glx+dz)—g(x)
glllo[g(xwLAx) @)~ dx ]
_ gl +dzx)—g(x)
= lim e ) < Am T
__ g'(x)
{g(x))?

o ok g7F HIE 7R W, g(2) = 090 A zolA Tl AET.

ax )= e i)

g(x)

1) f@)  fla)g(z)
= /() x e )+f(~")x {g(x)]i g9(z) {g()}?

_ [ @)g(x) = f(x)g’ (2)
{g(x)}? '

4. W 7o g7 TR AT T g(2) 2 09 A 204 1T £/g7 TR A 1

=3 o2 Zth
)

O 2 [g<x>J_ (@)’

) %[';gj)) ]: f’(@g(g{?(;)f}ix)g’(x) [‘quotient rule’0|2t11 H2C}]

H7| 8. 25 IS Fohe dlE AMEAL
1 -1 1
M) fla)=—Ld f'a)=—F5=—.
X x X
+3 —4r+5)—(x+3)22—4) _ —2"—22+17
e s L
x°—4x+5 (x —4x+5> (x —4x+5)
Il 9. »no] 29 A W y=2"9 =E T3 HAL
n=—mOlil FH m2 AAF=0lil
n - m 1
y:x :‘r p—t "
x
ooz
dy _ d L _oma L e i
dx dr (xm>2 me mx nx

| 2"] (3)q]/\1 %o] 2 O]/\J—O] X]-ﬂ_)'\_% ]IH ﬁ%% :_g_/%‘]/}. ?—-_17'(]?1’4-

olt}. o] FAL
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O|A =&l

g y=f(2)9 == fo] R Vs W, /19 =

i fx+dx)—f'(x)
im y,
Adx—0 x

£ 79 O|AEgH(second derivative)Ztal HE11 o|AL 7|52
dzy d2
(dz)*" (dz)?

Iy, f

9} Zro] Yepdct.
OAE=E+E 3t W o u]Est S8 MATER(third derivative)2tal F2H, 7|58

d’y d?
(dx)*" (dx)®

f///, y///7 f

9} o] vepict.

d"y a”
(dz)" (dz)"
9} Zro] Yehditt, E3t n AT TS nADIRASE L REC)

f

(x)=—122"+ 62> — 102 — 6,

(x)=—36z*+ 12z — 10,
" (x)=—"72x+12,

(z)=—172,

(z)

olet.

T2k To1A] B1% R §40] Y D(I)E ehdich, E3 no] 444 uf 7k 19] BE HolA
¥ ol U FR5T P40l BYL D'(1)E vehdict,

F2b 19) BE HolA @49l B4 B C()E Yekdeh. E3 no] A% u, 77 19] BE
Aol w9 o1 BB AR5l n AR 349 4] B ¢ ()% Uehich B3] 77 19)
SE Gold 99 A5 TR 5T 49 BUS €7 (DR ek

o)F W Aolof thewt 2 mWAF Urt

cl)z2pl)=2ct)2p*I)=2c*U)2D*1)=2 - 2C°U).
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A

>

=

Mol Q5aHXI7| st X
L vEARY HolE AFgStel TheS
(D) fla)=2*+19 1 £/(3).

@B) fla)=2"+3z+1< o 77(0).

1 4 ,
=2 SB).

) f(x)=

7D fe)=v5—xz< o 7/(2).
2. 3= f7F 1914
i 7080 1)

h—0

f(1—2p)

(3) 1im £ 1LT32) =
p—0 P

3. 2ol Aojot 4ol IS
M) £(2)=32+1

®) f(r):x+% 4) f(x):%
_ =z B 2
6) fle)=—17 ©) fl2)=—1+—=4
_ 1 oz
@) f(ac)—x2+1 ® fla)=—7
O flzx)=Vz+2 (10) f(z)=Vz*+1
_ 1 V=
(11D f(x)= N (12) f(x Jr
4. G2 A oA T Y HREAS f(a)E UetlE F8tolth oY f(2)9t « & FHHA L.
(0] G12f ZIXP7} Lk 4 QICh)
(1+4dz)*—1 . (2+h)P-8
1
—0.1 /s
@ lim 2 @ lim St
k—0 t—0
_ 1/2
®) }HO \/9+hh 3 ©) ILO (1+s) 1

ol ZRsstal f1(1) =

2 AL

2 flx)=2"L uq £/(2).
4 f(x)=
6 fx)=v2r—19 W £’'(4).

22+2zx+29 o 77(0).

1
7T—2

2¢ 4 H5< FoHAL.

(2 lim fA=4k) -

ko0 k

@) lim 2=/ “; ?j_fl ()

r—1

®) f(x)=

—g ) 3),

f(1)

Agte] f(2)E FHAL.

Q) fle)=—zx+11

6. M2l 29) (3% 45k APES 83l SHFAL
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HEE CHX7| flet 28

10.

11.

12.

13.

14.

15.

16.

17.

e y=—2" +627—89] Tefmo] Pk AAe) 712719 HAGS FaiAlL.

a7t %ol e (7} f(z) = (x—a)a® — 4z + 3)oleka s} 9or] f'(a) =— lo]ck.
ol f(1)& T3S,

% 77} thewt ol AelEol it

9 .
-2 if x>1

Fle)= ax2 x !
22°+0b if z<1.

ol f7b 104] HIE FFSFHES She A ot 59] G FoHAIL.

34 F7h BE Aol TlE AHI, TRHE ¢ = £(2) A9 A (2. £(2)o o] Tz
sh= 449 712717 40ltt. olnf ke Fae FEHAL.

W4 /7t 40l HlE FFsEhE Theg WEAIIL,

ojdf ’(4)F oL
¥ f7F GBSOl £(1) =5, f/(1) =20]th ol The I FoAlL.
i £ )= £(2)
xlir} r—1
e 7 fla) =2 +ax+bEtal FH] 9loH thgg WEAI,
. fle+1)—3_
lim————"——=14

2
r—1 x"—1

ojwf F a2t 69 Fre AL

W4 f7h RRROILL £(3) =1, /7(3)=—20]ch. ofuf the F3h FHAL,

S f7F o2 ol AojE o] Sl

¢+ 32— 10
r—2
at1 if x=2.

o) 77} 2014 IR 5SS Sl A% a9] FS TR

o= f7F o= 2ol AoEo] Sl
2x+b if x<1

fle)= [arz—Fx if x>1.
E3 4 7 10041 BlR ARl oln £ (—1)€ TelAL.

Flz) = if x#2
z) =

T f7F f(z) =ax’ +br+ 283 =] YT f(1)=8, f'(—1)=00]c}. o 4= a9}
b9 TS I
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nZ
i
mlo
oo
0%
=
|
N
d0
e
MO
=

18, fx)= Tt Sttt 5 2 W ()€ TN,
X x x
19. @5 7 BYSolR, BE A% 2ol o] f(z) = 22° — 2 — 2/ (2)7 ARk ol

/(1) FAL

20. W5 f7F fla) = 2 +ax® —dz+1012kT ool glom] the g ThEAIIL,

y F+hn)—FQ—3n)
hlE[% 2h

=6
ol A4+ a9 FZ T

21 35 7 A A FREOIA mlR TheshaL, 499 Az, yoll diste] T TEARIGH

flet+y)=Ffx)+ f(y)+3xy

F70)=29 o, f'(2)E FsHAL.

22. @ y=2" — 327 + 69 I Fala P 0F Ak AR 2 F J4E [, mol=a 5}
2 ES T AA 1, mI G oy =2t - 327+ 69 IO HHE 47 A, BEta siak ol
A7Yd OABY] HolE oA

23. HlEAFe 2rE UEe Ods 7HE AR EAL
24. D12 (differential)Q] 7NgS ZAR| EAL

25. BE HoIA @AdolA|ut ol Hol N mlE F5sha e W4 A BA

[HIO|HAHERIA S4(Weierstrass function)S ZMisH =Xt

)

2812 MBI ARS8t

1. 17} o7k 9eel FRagtel it D(D7H 1914 AlE vl 153 G459 meloled, Ft 1¢]
4 Bl BB ZRelelT s £ A A9 B £, oo olel AL AN i)
R CEL R L e )

(1) D)7 R o141 elgzroled, Fe 7—‘?— 7e HolAe,
(D (/)= /' W 7t DIZRE FR| 4FHBYS HolA 9.

m
Ao
=

90
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&5 Hi O|0p|

o 7iX| OI2H

% WA PlEARS B E YOS, ANANT BAE i B4 Lulug olgt e
TS ABSI ERSE FU 5 e WL ORERY fURRRA B Bl
| ROl TR o] B8RS 7o) 918 Baw o s sleEe anea

F(z)=(3z+5)"
olekn elslo] ek Bk, o Fhel EgRE ol TR

WA AT 4 Uk WEORE (3r+5)'S HASKE Zelth. Jet o WHe EgFolx] Faltt.

F(z)=Bz+5)"=Bx+5)(82z+5)3x+5)(3z+5)
2l Tl 59 RS ANESHH oE7t?

F'(z)=3%x (32+5)3x+5)(3x+5)
+(3x+5)x3x (3x+5)(3x+5)
+(3x+5)(3x+5)x3%x (3x+5)
+(32x+5)(B8x+5)B3x+5)%x3

=4(3z+5)° x 3.

4(3z+5)°2 (3z+5)*NA (3z+5)S Pt Exfety sty ujEst Azkel 21, Hof
J3t 32 (3z+5)F v|ES Ay}t At

He AuHoR ME AT F W% /9 05 AT A% g - 79 B et 2ok

. S5 19 g7t HE Thsst FAES ¢ o /7 "t 5L I8W g - fE R
7]~—0}U1 =) S Rl d s
lg| = SNl = gllGla e 7l (%) as s ek lies)

Al e 02Y Ex= ABElchain rule)olatal FELD

>

olo}

rlo
of
filo
o
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M2l 19 8 y=f(x)=hal oFx} 282 zy0] fo] BOHe] HolH y, = f(zy)°l2taL skAL
S g9 AYF9] A yoll diste], ¢ S kI Eol FolokAt.
[g(y)g(yo)

— g if y+ oy,
P 9’ (vo) y# Y

0 if y=y,.

T2 hs yOlA AERA eoltt. s

TOZI) ) = )0 ()= 0= o)

o7] WEolck. h7h o4 Adsolehs AL AGe] £,oA] ¢ o /O] HIEASE AMSHA
S} k.
di(g - tim g(f(r)>: 9(/ (o))
x =z, T T %o
= lim [9/(]((330))% + h<f<x))%;w
= ¢/((z0))% lim f()_f() il tim 751 ff%)

= 9" (f(x)) £/ (xo)-
IHEE g o f 5o BB 7RSI, 20l g o £o] HEA
(g o ) (x0)=9"(f(x0)) (o)
olc}. u

;

Bl 1. o F7F F(x) = 3z +5)' 012 Hogo] & o, FY =342 13 BA,
flz)=3z+5, g(z)=2"22 T F(z)=g(f(z))o|B&
F'(x)=g'(f(x) f'(x)=4{f(x))* x3=12(3x+5)".

44

ok

J5-0] ulEMe ket gol HEY 4 Yrk

y=g(f(x))°12 y=g(u)® u=f(z)7} vIE 7FsT o
gy _ dy _ o

dr duxdx

B 2. 3 y= (322 —2+4)'9 w32 18 wAL
y=gw)=u", u=f(z)=32"—x+ 453 314 ¢& f= v& 753 y=g(f(z))0]EE, T
sfe =Rt et g

dy _dy du_ . 6 (6x2—1)=7032"—z+4)°(6x—1).
dx du dx
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oA Qo] T £5/IBAL <Ahe 0] o3k Ea A4S 4THUA WL of7|HE

FAol7F =Rl F3tolal g f7F I91A 5718k Tl l—ﬁi Hetal SAL. 194 f o] A9
J={/@ lzentza st 29 71— J A3 £ T - 17F A, £ TolA

v=/(2)9 TATT}F A (20, 1) & AR S 0] T} Aste] aFZE A y = 29
deted tholng, sk y=7 ()9 TAITE (4, 20) S ATh EF A (2 5p)0H TR
v=7s(2)9) 2= Foke BAY 7187 £ (2)T A (v 2o)0MH B y=f ()] D]
ot 4ol 71271 (F 1) (yy) 2 AR Ggeolch,

=1 ]N<-l'())7é 0%l # Iooﬂj‘i

ot W S [N SqaSHe ASOIE B ANE AL 4 9tk

olE Helehd theat 2.

2. 19} J7} o7t Gl Fol1 s £ - I — J7F Qi igeld £&UHAY &4
;o}% FheEtal sbt. ERE 2y 1017 g, = f(zo) Okl kAL TS 7t 2,004 HIE ZheStal
f/(xo)# 00]%, I f 1 gy oA BIE 7639 1Y nEARE et 2t
L 1
Y= Py T o)

St~ EME|(inverse function theorem)skal HEt}

HI] 3. Ty \/_4 T3RE o) BAL

22098 9 f(z)=2? =z 2 HoYetd s9F g AR A BAlILt

x>08 W f/(x) =2z = 00|82, Ag< G0 oot x> 0% & 294 ¢ vEAS ¢/ (x)
7} ZAgi
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z>08 1 g9 =E o

olct.

ol
r |

. g0+ 4dx)—g(0) VAdz—0 . VvAxr—0
lim =lim———= lim ——=
4z—0 dx dz—o Az dz—0+ dx

O|ER g+= 0°14 vE &7FsdtH

B oy= a7 o £95E T8 2

HL
)
N
3

)
[\
S
o,
r o
)
r2
3
e
£
ol

)
x>0 W 7/ (z)=ma" " TolBR, gk Aol dste] x> 09 A oAl ¢ HEAS ¢ (2)
7 EARE 2> 09 W g9 EskE T

)=t = 1 1 151
f’(g(r)) m(g(x))mfl ( L)”171 mn;l m m
m\x mx

m

ol Wk r = -LolekT 31 ¢(x) = o' &) EWITF ¢/ (x) = ra’lOIBR, 17} B4 W BY

ShH
1
lim g(0+ dx)—g(0) - lim (4z)” —0 C
dx—0+ Ax Az —0+ Adx
olEE gt 0014 Bl 25

HI| 5. »7} 880 r# 0, » = 10|82 A} olnf > 091 WHYoA] & (x) =z o]k Ho]
H g 19 PSS 5 1AL

7k ARl A9 o Dol 2 (x) = r2" 1S AWEGITE O2ER 7 47t obd fElg

7t gEldrolng = 19l A% n1t A% mo] EA3IT). B3] 7t F4t olyuE m 10]

old AAsolch. n3t m AHESI] n(z)9] A1S th] 2

S

1\n
hz)=x" = (xm)
oA KE Tl TR T 4] BTS2 2> 091 WSO At VIR TRtk
T3 AP 27| 49 FHES A8

L"il 1 n—1 1—m n—m ﬁ—l
’ _ m 1 m _n m m mo m — r—1
n(z)=n\z X |—x =—x X x = x = x =rx
m m

olth. & glz) =2"9 BG4} ¢/ ()= ra’ TOlBR, 7} 4 o] TAlT AR}

of2} 714 2y



Bl 6. 9 2°+y* =25 9921 A (3, 4)o)A o] Yof Hdl= FAlo 71L7|S F3f HAL

T5 2 fla)=V25—2" ol 3FE y=f(2)9 IHZE A 2% +4° =259 Y& vy} A
st A (3, 4)& Adth
1

W /(z)=(25—2")%0|B= 7| 59| Ao} AYHHL A-gslH

1
2

o

olt}t. of7]of| x = 3L thYstH
3 3
/ 3)=— —
/18 J25—3? /16
ojt}t, o] 2 A (3, 4)A y= f(x)9] Tz Hok= FA 7 &7]c|B=2, 3 (3, 4)°A4 €
22+ = 250] Hake @A 71279 2.

|

H7| 69 9] g4 2° +4° = 25904 y= zo] tigk F7F ok 2y

y>0d © y=yv25—2%, y<0Q W y=—25— 2>
o|al, Z4Z+9] AN y+= 29 Tt Aok
o|9} o] W74 F(x, y) =004 22} y2] 3] HAE A93d] Foto] y7t 29 7t == F97
Utk olet 2 oJuoflA| £ 9] T y7t Flx, y) =0 B2 ol wf, o]& T yof st S8
(implicit equation)o]2tal F-Ec}, 3¢ » & SeE U= A2 J4S Edsk= WY F ool
o|9k= HRHOZ 29| T w7t y = f(x)9] BEE Fold 1, o]F T »O
form)o]gta HEr} 34
2] 604 Hofl Hok= FA9] 71871E o] ot 23 1@ Sk PR vl 1
U o]zl 37t vl 7hsstthe Aol BAAETHE, SHMSkre] njERS ARgSto] n|EASE 24t

)
ot
02
i
+
EH
el
o
x

o
5]

2 72 &
S8 B 22 +yP =254 yE 29 PR BY PG 2o tisto] mjEstd theg et
2etoy=0 & Yoo T @ )
dx dx v
JEg o] Ao HHo| AR =3, y=4F WU
dy __ 3
dx 4

UukH oz g3kt thewt o) wRg

S&t= 012 (implicit differentiation)
s — ] B ] sl e el T_O] Pz, y)=02 o, F(z, g)=0°A
yE z9 FE HI PHE 2o tfsio] m]Es }04 % TRt}

34) 9 BE T UL BES 47 S EW, Sed B oty RerE wk
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2] 7. y7t x9

ok

pol 7 Bl TRsSto] g 48 WRAGT B4
z° +4xy5+7xy+8 =

0
Y DIRHL AGN dy/deE T BA 9 He] FEE 2o dhste] vl

22+ 45° + 202y L4 7y + 729 =
dx dx
=
5 4 dy _
20+ 4y° + 7y + (202y +7x>ﬁ—0
ot} I8Eg

dy _ 2x+4y°+ 7y
dx 20355/4 +7x

olck. o] 4L 20zy" +72 %091 z, yol tfetel SESITH,

D74 LIERH 30| )i

FHE 2, yo] WAE MERZ W5 15 AR

x=rf@), y=9@)

5 gk £, g7 HIR ARET £ () = 0012k SR AHEE Argal
dy_dy  dx
dt dx dt
olx 9% oy chgol Yyyint
dy

OH7H'2 LEERA Si40f i
T3 z=1(1), y=9@)7} tol tiete HE 7hsstn /() # 0019 dy/dze T3t 2t
dy
dg el gl
i e
dt
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| 8. oS (2 e B o= a2, y=—2 43004 L8 3w
=—31+2% 1o Thoto] B 1 =— o+ 2 olBR yF oo T HOR vehiE o3 Lok
y=—2t"+3= 2(——x+%)2+3=—%x2+%x+%,
gepd theg gt
dy 4 8
dz 9y
2 wos o) Ak iANSE Lehd 950 niEe ARgstel ANst thaat 2k
dy
dy_ ar _ -4 _ 4
dr dx =3 3
dt
AP B T Aupt et melck shAg
4 .8 4. 8_4, 8.8 4
B G 9( &+2%r9—3t R
olHE £ /X WO g At AN
HS=A|
HE0 =asHX|7] st 2X|

1. The3} o] Hol B /9 EFGE FokAle

(1) flz)=(x+4) Q) f(x)=(3z—2)*

B) flz)=(z’ +zx+3) @) f(z)=(-32%+42—5)°

_ (z+3)°

5) flx)= ] ©) flx)= +4)(z—3)

@) flz)=V2x+7 ©®) f(z)= (42’ —3)*(x+5)°

© fle)=Va—Jz+1 (10) /(z)= V;;;

2. O 59 o|AETS v S TSI Q.
(1) y=Vx+5 Q) y=Vxz—1

(3) y=va"+1 @ =" _xx)z

3. y7h 29 Grola B4 2P — 2y~ = 3 BHAIE o) LLg 7ixe,

4. OPARL 12 R S 2= 30— 1, = 0/* — 3¢0] Thto] ¢ = 19 1] o] Fro] Tefme] M5t
L A P T
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5. D|RARS oot EPRE Agstel The FAE FHHAL.

_ _ 3
(1) fim 24 @ lim AL
h—0 h 0 h
p— .
8+ —2 D1 1
) lim———,—— ©) m;(mﬂ)

HEs oX|7| 2t 2

10.

11.

12.

W y= o aeme] ok M4 F 718717 491 A4S L AL

LB v = afEe] Mekn A (2 002 At HHe NS FaAe.

72 WROIL EA o= 2ok B —1<y <18 WIS, o 9L | & 75
y y=0
AlQ.
p7t 00] ohd ek B4k oluf Z2A ¥ = 4pr A A (xy. 1,)01A o] EEA] Hhe
A0 PRAE P,

«, 07} 5T SR, e

999] 3 (21, 2,)°1A o] BHo] ke A4S WHAE FehAL.,

a, b7F YR SR ATA

9] A (z. )94 o] TAo] ke A4 WAL FHAL,
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You don’t have to be perfect to be confident.

You are not meant to be perfect; perfect people simply don't exist and those people who
try to be perfect are the unhappiest people in the world. They have entered a race to be
perfect that has no ending, and as they get close to the finishing line it continually moves
further away from them.
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_ d -
y7h 29 Grolit 2> 0, y> 001 ' = & WEAE, ol L8 Japi o,
P 71 % W ulE R goln Theg WAL
/() 1+cosx
o) =
1—cosx

ol 7| X )e Fokae.

W y= (e —1)e o) o] Goka A (k00 ALk 49 A4} 27h HES e g4
kO] RS FHAL.

3 F(z) = 2lnz® THT} 3 g(2) = Inr 9] 1 mo] WAL Pat1 slak & 3K £, O
Iz BFo] Fokal  PE Auks A4 BAAS AL,
S 3 3 - dy d2y
Wb Y W, WS 12 el B o = acos’t, v = asin® o] Hsje] 7o O g
x
TSI 2
hS SRto] S Holw, I e ML
lim 2"
e SRto] 3 HolAL
lim ——
n—o Ne

% 7 1R — R7F theat 2ol Aolslo] it

Fla)= leSini if x#0
0 if x=0.

(1) &= f7F ROIA & 7Fs3hS HoJA|Q.
(2) 3¢ f70] 004 EUEYS HolAL.
F4 7 1R — R7F The3t 2ol BojEel gtk
) _ [xz if x& Q

0 if z<£Q.
oluf < £7h 0oIAEE TR S THE FolME mE BASRS HoXe.
B RS 2ASL, 21 0jEES A8st] the §40) EE TaAe.
1) y=z" ) y=(nx)*

_ (e+1)(x+3) _ [+ D(+3)
(3).7/_ (x+2)(x+4) (4)y—m

f(x
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32.

33.

MO MStA(hyperbolic function)E th23} Zo] & oJgt
ef—e *

S WTARL sinhe= S - Wz3

= sinhx -

o WZEIHE tanha = o W=3

coshx
1

* WIAHE  sechz = « M=3

coshx

HEAT0 S oA

032 HolAQ.

(1) cosh?z—sinh’z =1

(2) sinh(x+y)=sinhx coshy+ coshx sinhy

(3) cosh(z+y) = coshx coshy+ sinhx sinhy

_ tanhz+tanhy
(4) tanh(z+y) = 1+tanhx tanhy
px  coshxr+1
(5) cosh 5= 5
. ox  coshr—1
(6) sinh 5= 5
032 HoAQ
(1) sinhflx=1n<x+ x2+1)
2 COShilx:1n<x+ x2—1> (x>1)
(3 tanh 'z = Ini 2 (lzl<1)
(4) csch 'z ( L+2" ) (z # 0)
i
(5) sech 'z ( ) 0<z<1)
1
(6) coth™ Elngﬁ_1 (lx[>1)
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“In mathematics you don’t understand things. You just get used to them.”

— John von Neumann
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Ok X O[OF7|
a0 I

W f7 TN 1R BT T 20 ol TEAS S ()8 2= cD W FH y= £ (@)
4B 2250] 718719% 2, olok ol WL Fere)] TA BFE AFAN) T £ AGE
/\ o]]:]_

o] FoME HES

l

AFg3te] R4e] TRme] mopS voksh WEe Suna

bloIA Jogetd, BUTL (0 b)) S5k ZE cof date] f/(c) = oolek
bloIA 447t ohiekd, /b Hogk EX Haghe 2 ol A o duvn

V)
’ = 0
Fo 3%

fc+h)
f(a)=f(b)

O| a c c+h b x

-3 Zo] 3 17t collA HHEE S ()& 7L siEA}
a<ct+h<bd 49 rof H5td flc+h)— f(c) < 00]EE

lim fle+n)—r(c) <0 9% lim fletn)—fle) -0
h—0+ h h—0— h

ofth. T £7} collA] BIE iselnE, §] T STk Polof Btk mEhA theg Ptk
£/(e) =lim Lt = fle)

h—0 h
f7F colA 2sghE 2 Bfole &2 AYE €2 5 Utk
oVe Helsi thew 2ot

=0

7 BUTL [0 BOIA AolT FRTZE (0 5)NA TIE sty
, f/e)=090 A 7t QAFZE (o, )0 Fojx st AR
42|(Rolle's heorem)ﬂ-" BEc}

U
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T f7F 2R3 (a0 b]olA A%
A F A (e, fla))

1 (®)

f(a)

o

C X
(x) 23 A3
oA Bl% 7Ms3ke Ala) = h(b) = 0olth
weba £9] Hejo] ofste]

h(c)=0
Q1A o7 GAPT (0, b)o] HoIE st ZAjReE 9 B4 Hue

W)= 1(0) ' (e) = (o) - LIS 1)
o1, o] gto] 00jmE

f’(c)z f(bZi:Z(d)
2Jshd o Ztt.

291771

¢

la, 8]ollA Bolx

A7t (a, b)olA W& 7Fs5Hd
f(b;:_;(a) Zf’<c)
e,

)
N
-~
ifieh

A7 (a, )9 FAolx st £Alet. o] FElE Wi at Hel(mean value theorem)zt

= Hol WA gk
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BEE BEE ARSI Tl o] B3I a0 B30 BAS w9 & otk
QA7 To1A )3 el s D 72 I0] S8 2, < 2,9 Pele] = A%

fla)= f(xy)

Lo T Xy

b BATRE (21, )01 Holw St ZApeict
ojlwf f'9 Foof wet Al 7HA] A¢E 4T 4 Ut
groF 27t 19 BE A xof diste] £ (x) >

=f'(c)

r'O
[

O|al z, —z; > 00]BZ f(xy)— f(x)> 0 & f(x))< f(xy)°IT}.
Wb g4 e R TolA] wEki,
(2) wheF 72k 19] e A zof st /7 (x) < 0ol
S(22)= f(x1) _

Ly T Xy
°|i z,—z; > 00]BZ f(x,)— f(21)< 0 & f(x1)> f(xy)°lT}
webd $4 fE 73 104 aat
(3) Wk 17t 19] RE H zoA f/(x)=0°]2H

fc)<0

ojmg f(xQ)—f(xl): 0= f(xl): f<x2> ot}
webd B4 fi 7 19 BE Fold 9Hs Hagke
oMFE At gt 2

3. ¥= f7F G973 I9A HE 7RssiHa Sk

(VRIS TR o[ S (o O o R e=aile | A= Dl T
(e gt e oy el o R = S| AT s o ),
(@) wlee e wes el A] e SRl e JCS) e = e

2] 1, 3= f(z)=2>— 62+ 8 AHEA} f/(x)=2xr—60|8& z>3A | f'(z)> 00
z<39 W F'(z)<o00olth IHERE 2 >3Y 1 f= &Z71610, 2 <39 § f= &7 iﬁ&t}

20 QuEoz F2 39 ool Y HHUSH: AL ofth Z W £/ BATL Io14 £31s

e £ (z) = 091 o] ZAF 5 ek A 7 (x) = 2P0l W f= A w F2A] 57k

A%k 2 =09 1 f'(z) = 00]ch, 0
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T /7 £ =2~ 3oe Aosel UL 1 v = f(2)9] I
S Amna /RO BEGE 24 %3 AR 24 9t

o T o =— 1 20NN £(2)7} A Agre 2 AN B

o, z=1 2AN f(z)7h BEWE Ze AAY Bk

WA TeRE Fptel X BRSO Hgiglolt HARUAY Hol:

O Z

e A7 gt Sagelely BEn IR 340 BT

o WoF S 9AE ke ofF FIFRE J7F EASH S ()7t TnIolA £ Yol Hd “f= ol

o}
A SRS 7RI L Dekal f(e)E £2] SHMEk(ocal maximum value)ol2tal F-Ect

5 YR 2k of" -AFRE J7F EASk] f(e)7F TN ToIA £9] Fggke] HE “f= ol

o}
A ke 7T R Dkl f(e)E £ S22%kocal minimum value)ol2kal HET}

9} 272 EE0] ZZk(local extreme value)olgtal B2t} 42)

7| 2. 72 [z, 26)o0M BE A5 v = f(2) 9 TfZ7F T} ATkl SHAL

Y f’(x7)=0
I /

1
1
1
1 1
| 1
| |
1 |
1

1

1
o] x X, X, X, Xs Xg X, X X

o] &= x4, 23, x5, 25%MA FHHEZ 7HAY zy, x4, x4 FHIEES 7
o] g 2,94 HEH ms 7MY, z, oA A ME 7HIh
zgolME S ZA F1 F9gE 2R ol=tt.

e

5 7 x = oA S ZAL cE YAR s ofd FRFOIM HE TR W f(0) 7
AHER} g f7F colM SHEEE 7| 00] oA 0] 77k A ol Histo]

olmg

lim fle+hn)—f(c) <0 393 Lim fle+h)—f(c)
o0+ h hs0— h

oft}. oluf 4 S colA] HIE FRsSHEE 9] IUGEE Lolof Stk 47 (c) = 0e]t

2o PHoE [t colH FEYS D AONE S() =09 & 5 9

=0

T

42) ST FES BB FAFoln PEYE shol, ARG WG FE0l MRyl RavlE .
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olge Yelstel thewt L.

4. 3% f7h FVFIE 1014 U1E ARSI SR Wk ce o3 f7} colA 3zke A
A /() =00k,

3 £o] Holodo] Sk A FolA £9) MEALTL 0017 f7} i BINST We fo] A
(critical pointe]ekiL -2}, Hal 40] ojshel BalTxiols Fole T4 £ o] gt Mgk ot
W ko] B £o) YAMNATE ol Frpe FAEHE =t

27| 3. 37t [—1, 2]90A f(x)=z’olgy Hold < ro] Hdighah H4gke 13 BA)
T 7Y EoeE f () = 220|182 [/ (x) =090 2 2 =0 Bolch. & 79 AAFL 0 Hojck
ojA 71t B3t fof AAHNA f9 Tgh= %Lo}x}

f(=1)=1, 7(0)=0, f(2)=4.
o] Zo|A 7} = ZkS 40|, 7} 2L ke go|t}.
JHER 3 = oA HEg 02 A H, 2004 FHUigh 42 JpAch

Bl 4, 35 f(x)=2"+25 AHEAL f/(x) =32+ 10|28 BE zo] tjglo] f/(x) > 00]
o I8E2 f= o' HoANx: I3k 2] Y=ot

87| 5. T g(z) =2 AHEAL ¢/ (r) = 3270|HE ¢/ (2) =091 HE 2 =0 Bo|t}, 1y
r; <z, 4 W (27)° < (2,)°0|ER = RE FoJA £F715H= Foltt. = g= 0914 IS 2
A ettt o] dE Bl He| 49 9o] FHotA] FS FRIT 4 Ut
St vlE Ths ot kS 2 FollA ulEAISTE oolk. I8y vIEA R} 0ol2kal siA] St
I HoA BIEA] S3EE 2= A2 obYtt sA|gE E 7HA] o] F7bEH wEASETE 091 HolA
sk S 7R
S 78 AR T4 WRE ZRsSkL ce o]y £/ (c) =00l SkRk
e TkoF A 9] FQoA /o] o7} oA 208 HHHH fi 9] FeoA £ZTIsIc 7 Ast
o2 oA FHgke M
« Tk A ] FHolA 79 BETF FoIA FOo& HHH f= 9] oA =Asi <=5 fot
o2 oA I3 7RI

Y
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wEbA ol 7hset g 7 A colM SEE deA ofe f7Y B0 HekE AR vt

2ol WAY 4 et

ot

5 e vl Sl aeal Eie il e el GG RmiiR

(1) Riek cof #:peflA| f79] 237} FofA S0 = HIFE S oM SHioln, S f()E
i

(2) Hlek co] QoA f79) RoTt 2ol FO= HIFHM s oA FAolT, I3k fle)
7| e

et

Bl 6. 5 g(z) = 2" — 329 L T8 BAL
¢ (z)=32"—3=3(zx+1)z—1)
olEZ ¢/ (2)=0% HL 2=—13} =1 Holr},
r<—1¥9 1 ¢'(z)> 002 —1<z<1¥ M ¢'(z) <0°|EZ g » =— 194 SHZ:S 7ML
—1<z<1¥9 4 ¢(x)<0°]2L 2> 19 1 ¢ (z)> 00]ER g= x =194 &S 7Hh

H7) 7. 77 (3, 6]01A A" I f(x) = (2 —4)°2 HAgt S 7o BAt

f/(z)=2x—80|BZ f'(2)=0% H 2=4 Bolc}.

r<A44 W f'(x)<00]aL, z>4 F'(z)> 00|28 f& x=404 I3 7

oAl 7o) F EHL 3, 634 £ HIEASTE 091 F 4014 f9] gk HlwsHAL
fB)=(=17=1, f(6)=(6—4)°=4, f(4)=

O|ER fi= 4004 &gk 02 7HAH, 6°1A AL 45 71

O|ALTE ARESle] 9] S S4AE WS BEAk

S f7F BT oA A&R1 olAERE 2l ceTolH f/(c) = 0]kl oAt

« THF 77 (c) < 0°]H oA EFR] A%Adel Qlste] 00 ot HA] 0o ZF7RE kol thote] F-1E
(c=h, c+n)oIA f7(x)<00] JH3I} ojwf ALY (c—h, c+h)oNA [/ £7ASHL
f/(c)=00]8& 9] FLo|A /9] £57} ol FOo& HHth wEhA f= collA Siolch

« Z2 WO TR 7 (c) > 00| T 7} collA FAUS & 4 Atk

ol Y otA thaat At

EEl 6. 35 /71 G772 [0]4 A4 o) AETEE 2k ceTold f/(c) = 0°]2ka A}
(1) %eF f7(c) <00ld fE= collX Sdio)x, IFHRFL f(c)E Mk
() i e > elE] e ael] Speel il = s A Gl = A e
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27| 8. &< n(z)=2°—325 AHREA}

&

B (z)=32"—3=3@x+1)(x—1)
olEg i'(x) =09 H& x=—13} =1 oo} I
1 (x) = 6x
ojlZ& ,”(—1) < 00°]aL 2”(1) > 0o},

aEEE P4 - 1014 Jgk 28 A, 1014 343 - 28 Apck

Je2ioe] =i =5

o' 17t FA y= f(x) Y9 U2 = A P, Q Afo]9] A Fio] A& PQHT} A off&
S “FA y=f(x)7} o] FIolA OB OE E=5tTHconcave up; convex).”2Fal L3t}

o
u}

® oA T4 y= f(x) Y9 Yoo &= A P, Q Ao]9] A FEo] AR PQELE &4 &
o “ZA y= f(x)7} o] XA BOZ E=35}cHconcave down; concave).”2Fal E3tc,

W4 f7F TR T A% ol ARGE THicka sk,

2 [

CROF f7E TN W 77 (2)> 001 B4 4= £(2)9] BA 12719 fro] £37RtEE of
2N BA = £(2) = oldjEon e

o WOF F7} IO)A T4 £/ (x) <00l FA y=f(x)9 FAY 71&7]|91 /o] £LASIHE o]
TN FA = f(z)e= AHOE EFIITh

y y
S > f1(x) > f1(x)
L)< f1(x) <f,(x3).

ol

o

gelshd v 2.

7. W% f7h FRE 1014 A4 o AERLE AR S,
(1) =} 19 ZE HoJA f7(z)> 0old =
(2) W} 19] LE oA /7 (z) < 00]@ B4

H7] 9. 3 flx)=2"—62x+8S AHKEA} f/(x)=2xr—6°]1 f”(x)=20]82 ro] Iz
= BE oA ofgfEo R ESsi
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S f7F 72 1004 elElo] At ¢7F 19] Holgkal skAk Tk A (e, f(e))olA FA y=f(2)9]
AAlo] EAstaL 9] &I} QER|A o] Tyt EEISE Wefo] RIE vt A (6, f(c)E
2 y= f(x)9 HIH(inflection point)o|Et1 HET},

B7] 10. ¥ g(z) = 2° + 2% + 29 2L HIHLS ) 1A},
¢ (x)=32>+2x+1, g”(x):6x+2
ojm=, z<—3 °‘ o ¢O] I ZE= YECE EFolal, x> — %l o ¢O] JjZ= ofgfEoeR

Bl zazi 3 (-1 - Lo ool aemel wmy m

Jzimel

o7 73kl ZAdoA 24 gl0] o] Adomre ol W, 1 Holq o\ Aol Azt 0.0

T T v

= fEs
2 ot 1 FAE T4 B2Masymptote)o]gtal F-2ct. 9] Iz o] HFAL IA Al 7HA
i ==}

A y=b7k T y=f(2)9] THZY] fBEZM(horizontal asymptote)o]e}

=

lim/f(x)=6 E= lim f(x)=b

I —> o0 r— —

% ot} ool Agele Ag elmait
271 1. 9] aHme] SEHTAS Fohe e A EAL
(1) f(x)= ok 34 lim - =001% lim - =00]9%, y=/(x)9] T2
FRRTHS HAH y=0 Bolgh
(2) f(z)=e o]l o} lime® = 0] lim e¢® =0°|E&, y= f(z)9] Tz

x— xr— — oo

SHETAES HA =0 Bol}

R

3 _ 3 3 _
(3) fle)= L2 olekm a4 lim -5 =101 lim ~%o—-—=—10HE&,

|z +1 e |z +1 S Y
f(z)9] Jme] $EFIAS F 9] FA y=13F y=—10|t}.
y
_x3—2
y=1 1 [ x| +1

(4) f(z)=sinzetil 3}”4 g mel z - —ood W BF f7F ARG JREE

=f(z)9] QYL $PFIHS 4] P

Y
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6) /)= ""Cetm sl lim T0E=0olm lim U =ooluz, ¢ = /(x)9] TR

xr —> 0O xr— — 0O
TR A y=0 Holth

AZNM y=f(x) ZAZ7F A y =03 F545] B2 HolM wARtths Aol EvlETh

sinx

A y=ax+b7F 5 y= f(x)9 T AMI™IM(oblique asymptotes)C]Et T2 a = 00]1L

lim {f(x)—ax—b}=0 EE= 1lim {f(z)—ax—b}=0

x—> x— — o0

% ottt ool Aot AL u|sitt
2] 12. g=09] Oz o] APTAE Foke olE ATEAL
1) flz)= olglal sk THF g(x) = %Jr 10]gtx shd
: . 1
}%{f(x)*g(x)}—}% ypr
a8
lim {f(z)—g(x)}= lim 4 —5-=0

ojtt. IHEE y=f(x)9] AT APIHTAAS HA y = ?+1 2ol

y y

@) flz)=z+eolta siah T® ole] A% 4, bo] Tsto]
lim {(z+¢")— (ax+b)}= oo

xr— — oo

lim {((z+¢%)—2)=0

xr —> 0o

ojtt. IER y=f(x)d THZY AHHEZAL HA y=2 Eolth
(3) f(z)=cosz2til SHH y = f(x)9] defZe AMIFZAAES 24 Y=t

AX z=c7} 5 y=f(x)9 IIHZY £EI™2M(vertical asymptote)o|E; $H
1im+f(x) =to0 FEE |lim f(z)=%xc

% st ool YU A ulaie,

126
oFF WA olop]



27| 13. =9 ame] IS Foke S AvEAL

() /(2)= Lok b4 28| fE 02 AT BE B Adolnt. EF

& [

. . 1
lim —=oc0 g3 [im PR

r—0+ z—0—

) f(x)=tanze}y 3} 199

x=nr+ ;T (ne Hp)
Zo| BE AU = £(2)9] DRSSPIl F WAES T

(3) f(z)=Inzz2 &} I18HH Fo] Hod

o=, y=f(x)9 T2 FAFZTAL HA =0 #oltt

@) f(x) ="l o} 5 fi= BE APpoA A&olng y = /()9 T2 5

2] et

g0l J2Hmo| K

o = /(2)9 IRZO AGS TR 2 AP EAlC] 1 S ek
ORI DEREE
® 243 HEH| 17
® 249 Y5 F7]
® 5ol Fhe o, Fot F4

® JHzrt 253 I, "I
® 2L HIA

B 14, 35 f(x) =o' +42°9 2HnE T8 BA f(2)9] FAS

flx)=2*(x+4)

Fx)= 42> +122* = 42% (x + 3),
77 (z)=122"+ 242 = 122 (2 + 2)

otk o714 f(x) =0, f'(x) =0, f"(x) =0 A =& T3l o] FZ 7IEo= f9 Tt 3

&5 32 UEY oS 2.
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B . _a4 .. _3 =9 0
/' (z) - - - 0 t * + 0 i
) |+ + + 0 + 0 - 0 *
f(x) b 0 N Bt 4 7 16 r 0 ’
o] ¥E ¥lFOoR y=f(2)9 g T2|W th3I} Pk
VA
y=r)
\ -3-2 R
-4\ 1 O *
AT
.

of Yot —30IM Hggt —27 JHE ARG 2A gtk @4 y=/()9 Tut
x<—290 W%t 2> 091 WSoIA olfEOoE BES}R, —2 < r <021 WA SO B
St g o] Zmo] WAHE (—2, —16)% (0, 0)olck

st @4 /7h BE A0l Aol Pol] A% a, bo] Tstel

lim {f(x) = (az+8)}=c0, 1lim {f(x)—(ax+b)}=c0

T —> 00 xr—> — o0

olER, y=/(r)9 DT FIAS 2A Ptk

2x
22 +1
79 Zogo] AL AA Hgola £(0) =00, y= f(x)9 == AFE Adtt.
B3t f(—z)=—f(z)0]BZ2 y= f(2)9] Td=ZE= Y] thote] diyolct I8 2z > 0 o
o] JEjmo] nofgt RAFGHH FEottt.

7|1 15. 35 f(2) = o] JzE I8 HAh

2(2? —1) r — 42(2* —3)
(22+1)"" s (22 +1)°

f(x)=—

R f/(z)=0 T £7(x) =08 [ 25 T o] WS NEOR fO| Z/I0} A4S B
sd ohew 2

T 0 1 \/g
/' (x) + + 0 - — —
F1@) |0 - - - 0 +
f(z) 0 1% 1 B @ >
ESH
2x

lim =
xr— 00 l’2 + 1
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O|BZ y= /()9 I HIAL zF0lt}. /71 BE ASoA AKo|BR y = f ()9 I
L FHHIAS 24 g=rt,
wEbA] gy = ()9 IHEE I8 o3} g
y
ﬁ 1 _ 2x
2 T : X+l
-3 -1 o
! O 1 %
““““ I
2
o] g 1014 FHigh 18 283 — 1904 23 — 18 7tk T3 y = £ (2) 9] Tz 9] My
2o A A (—/5, —@) (0, 0), (/5 @)ow}.

HE=H
W0l A=shixlz) flgt 2X

b

ol

1 g f7F A A 30004 va3t 2ol 2= o

(1) f(x)=32"+42°—122%+1

AL o, B /9 IR B T,

d

@ f@)=1a*—a*=3a+1

() fl(z)=232"—8z>— 62> +24x+9

T2+ [—3, 1]oA oS3 Zo] Hol=of it
f(x)=x4*8352+5

olmf £o] HAgT &S AL

L 7 ERl

3. @ re 2 17 g 2 W, 2 014§ 7o) g g2 oAl
1) fx)=—2>+322+2, I=[-1, 4]
@) f(x):—x +22° — 2" —6x+1, I=[-2, 2]
() flz)=x"—32"—9z+5, I=[-2, 4]
4) f(x)=—32z"+82z>—6z>—1, I=]0, 2]

AATZ (0. 7)oIH B y=2” +4cosz®] THILI YKo BEG £9] YHS FaHAL.

5 f7h AT (0, 200004 f(2) = " sinwetn HoJElo] e W), 7o o] WAL
o= 7L,

5 17 £0) = o — 22k HolEo]
AL,

AL o, 2L (=3, 1004 £ gt gt
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7. &S @40 I nE A9

(D) fla)= o'~ 20"+ 22" —1

Q) flx)=—3z"—42"+1

LB ] o) AMIATALS FEIALL.
_ 1‘2 B x2+1
(1)y_x—1 (Z)y— e
- 22 —4 21
®v=am @ v=5 1
1 41

HES ofX|7| 2t 2H

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

2L (-2, 2] 5 /() = 22° — 62" + a9 H&Fol —359 W, P« ke T
A2,

[0 O]l BE 2o tiste] 22° — 3kx +1 > 0]S TEA7|= I kS LA Q.
W5 /7 S (@) == 2" 2 +ax — 42t OS] gink. o) BRI [1, 2]l f7F &5
SES S A% a9 e TS
4 7 heat ol Aojslo} gint.
f(x):x3+6x2+kx—1

ojm 29Izt [—3, 1|94 T /7t 3716 S sk A k9] 3 FoRA L.
W5 /7 f(a) =0+ 32+ h—5eka Aoslol 9w, BaTZ (2, 2]olA fo ool 8
olct. ojuf FZt [—2, 2]o)A f9] FEFE FIHA L.
[z = 09 BE A 2o Hi519] 2° —22° — 42 = pl7} LR = A5 po e T
W4 £9 g7 Thet Zo] BelEo) gk

flx)=z'+2*—62x 8T glx)=—22*—16z+a.
T2 [=2, 0] 9 RE A zof 5t f(2) > g(2) 7} BHSES ke A5 ¢ 9 g F5HAL.
g% 7} hewt ol Holslo] gict.

flx)= 4z —52°+10 a83 g(z)+ 2+ 323 + k.
ot [HE A zol Yot f(x) > g(x)7t BHIES sh= A5 k9] FS oML
W f7h £(2) = 2* — 22 +ax+ 10120 Bolslo] ek ol W 77 FepTF (—1, 20l
SR F27E BF AEE ol S oY #E TS

xoll THat WA 22° — 62+ k= 00] A2 TR 370] T& ZEE SH 44 ko) S T,
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20.

21.

22.

23.

24.

25.

28.

29.

2o i3t Hg4) 42® — 3z —a = 00] AZ T2 F oFo] 23} shte] go] g AES she A
a9l & T L.

W (7} f(2) = ax® — 6az” + b Ao} YT a9} b= AFolH o > 00]Th EFF BETIH
[—1, 2]olld 7o A2 3011 HEgE2 —290]ch olnf a+59 FHE FoHAL.

F 7} f(x) = 2+ 6az” + 9a”c + 101213 elE|o] 91, o] F4o] Mgkl H:zte] Fol
340]ck. olf A% 9] FE FIAIL.

B f7h f() =2 — 82" — 92+ kAL OJEo] QI ke Aol ERE B4 £7F IRk M
3 gt m 7 M=—molet. ojm) A% k9] G TFIHAL.

S5 7 fz) =28+ (a+1)2”* + ax + 30122 HYE o] lon, AR (-2, —1)of|A =
HEE 280 G- (— 1, oo)ofl A 2GS 7HALE o Ab 49 FHE I

I7} Zol7} =9l d-7tolaL 7} To|A4 HolE Spetal okAf Tk 19] Q19]o] A »of tist
o rejc 19 AR J7F EAsto] 7} JollA AAgiolH, “f 7} [o4 2ANOZ A4o]
PR W 9 7h 7RE IolA] FaH o ASoln, fi [o]4 ASRRAS HolA Q.

LW = MEAAE HR G AAS m, w9 B BE T,

L @5 /7 eheat o] Hoslo] gink,

oV i 20
0 if x=0.

f(z)=

1) f7F ROIA A4S HolAle.

) 7} ROIA w1 7H53S HolX Q.

(3) Yoo AA%: nol Hste] s nAEFS £ o] ZAFS HolAlL.

@) Y29 A% nol Hstel £ (0) =09 HolA Q.

5 f7h uE A5 0 e AkolAR TF £/ Aol ofd S qlck a1y £t mE
75w e A AR AL ML f7F 2R3 [0, b] oA Aol AL (4, b)
oflAl R 7Ks5EtH £/ (a) = £/ (b) L SHAE wHeF yo0] £ (@)@ £/ (b) Atolo] Yl HolehH
£ (20)= 9o & WENANE & 2,0] DTATE (0. b)o] EAFS HolA| Q. o] F2S ti2rol 2|

(Darboux's theorem) W= E&H:0| AFQIZE ME(intermediate value property)Q]2tal F-2t},

fl

s 2712 257 HSA7e &5 79 dig AL

(i) &5 fE A7 (-1, DollA ZY=o] U, o] FxieflA Aolt,

(i) T FE 094 =& 738k £7(0) > o0o|th

(i) @2t 17F 0l (=1, 1)& WEA7IE, T f= T4 92371871 ofyth,

131
Yoo] Tefme) mop



g HI 0[0F7|
E3ih0| 28

OF TROA] IS AR8Ste] §40] Tlime] WOk wlolshs WS Ammgleh. 4 @Alo] A
2 ot o BdHshe o ASEH W4o] TAnE fe] E4S AZE 0 Tord 1 AgED
2 OlEe fe wAd ot 24 20 28F 4 9tk

o] HUNAE EPSE BEN] BAS SfFok oS vl

WA f(x)=g(a) o) A E W y=£(2)% y = g(a) 9] TS WA RIS} LT, A
WA f(a)=g(2)9) AR TR AT A4k 5 W y=/(2), v =g(2) ) THLY LYY A%
o k.

Bl 1. W4 z—2=Inz2 Az g A9 7ieE 8 BAL
f(z)=z—Inzeal P A1 WAL f(x) =22 Yepd 5 Qloh

olmg f/(z)=0& WFA= # z=10Ith oA 5 f9 FHE HE YEAL

/7 (x) : - 0 +
f(z) : N 1 /

z— 0+d 1 f(z) > 00]1, x - c0d T f(x) > 0O|BR FF y= f(x)9 I
=3 2t
\ y=x—Inx

\_/ y=2
1>

[0) 1 X

Vi

TehA gy = f(2)9] AZs A y=29% A2 & F HojlA vhdt
J38g WHL r—2=1nzro AZ thE AL s 20},

oj' FItoflA 54 f(x) = g(x)7F ot AL THE W h(x) = f(z) —g(x)E2 T3, T F
VA ke p9] FHggho] 0ET} IAY 2SS Hold Hrt4d)

43) W4 1e] Aggol AN g U ofFA B
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I 2. EE Ae 2o Hi5t of = x+10] JHeEE T HAb

flz)=e" —z—10]2a shd BAo] BEAL f(z) > 07} Zth

-
5
|
Q
8
|
—
o
o
!
=
s
I
(en)
o
o
AN
>,
N
-
8
1o
2y

= =0 %O]r’}.

/' (z) - 0 +
f(z) N\ 0 /

JuE g4 i 2= 0014 HEhe AKE, £(0) = 00]m £9] 2ghe ool &

29 giste] f(z) = 0°]|BR " —2—1>0 = ¢ > x+10] AH3It}

A0 JRAE

224 9% 2ol [ PO A7 1ol XS x = F(NTIL T W, Lo

Az 1olA] A P AE v 0= 2= 1),

N2 1ol H PO KRR et a= 90 (),

27| 3. $3A 92 2ol A P Az toA YA «7}

. 1
_
xr=sint+ 21,‘

Ao, t= L olM A PO HE9} AMEES T BAL
ANzt oA A PO &k 08} 7MEE o= teT gt

:dizcosf+l a:ﬂ:—sinl‘
dt 2’ dt ’

JsEg (= %011*1 A PO &=

1 _1,.1_
(cosH—E) tzl_ 2+ 7 1
o], 7KEEE
(—sint) Zfﬁ
= X 2
3
ot},
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4 Pof tisto] Al tolA H POl YAE (2, »)EAL 314, z, y= 22 19
F@), y=g(t)2F 2ol yepd 4= ik ol X PO £x9] &I yAHELS 47

d d
L= =10, 0= =)

v

dt
ol A PO M= 2Ny BT A%
d?}x d‘lx dv d2y
a,= =L ), 4= = L)
a7 T

olt}. I#ER A POl £x9} FEEE 7zt
(F7(8), '), (F7(t), ¢” (1))
olw}, A P9 &I rMEwo] F7)= 77t
JE O+ )2, JUE @)+ (g7 (1))

Jj=

27| 4. #FuEY 945 22ol= A PY A7 oA YA} (2, y)olnL
z=1t —2t, y:t + 2¢
A o, r=1914 F P9 &=, £, 7IEE, 7159 715 o) EHAL

dx ) dy d*x d*y
EZ g —qt, =02+ 2, =6t—4, =
dt dt (dt)? (dt)?
olw, o] Aof Z47} t =1& Ut
dx _ dy d’x _ d’y

ar o odr T @y @
ofch. wety Fols Lo} T
(—1.2), @ 2)
o], 2T} &ree] A7)
JE1P+2i=5, V242 = 8
of},

UXR AR
S f7F @ TolA wlR Thsstal ceTD W, A (e, f(e)olA FA y = f(x)o] Hote HA
9] BrYAlL ohgat 2t
=)+ (c)z—e¢)
wpeba o] FAL theat 22 IARke] o]t
L(z)=7f()+ 7 (c)z—c)

UO
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x9 gol cofl 77hE o AR L(x) 9] ghe B f(2) 9] g X A2 & QU ol%

2o S LS oA F9 UxtEARN(inearization)g 1l F-2c},

H] 6. f(z)=Vitz QD H =094 f(x)9 QAZARISE Tl BAL
f(0)=10]1

R ~-1/
fa)= 51+ a) 1z

olLE /7(0)=1/20]ch. wetd Fohe ATARIGE thet 2ok
L) = /()4 /() a=e) =1+ 3z =0) =1+ >u.
7} A0l 29 Zto] 09 7S W, theat e AxLAL AE ARSETH
(1+2) = 1+ka

o] 23F &8st 29| Fol 09l 7k W, o2 22 A 4

Jitx = 1+lx,

o

=t

2
lix:<1—x>*1'—.1+(—1)(—x):1+x,

1 (1 2\ 1/2 R VAR 1,
1—x2_<1 ) 71+( 2)( 2)=1+—-=x

HI| 6. ofRlFrEQIQ ool o5t 2&chke &9 A= mol=tal stal, o] EA|9] A2

AgFS mpolgkal ot o] EAY &8 vgfal ot M9 £8E c7tal & off thao] AJHETh
m
m:
1*1}2/62
oA71A 7} 0°f 7HE oS AT
o 1 z
"o 1—2%/c* B m0[1+ 2(62)]—1%04- g Mo? (62)
o] A& ¥Wyshd
1
(mfmo)cz = gmovz @)

oltt. FAVIHIA &0l v AEi7E 2 W SA|9] AFe| WolFe dmolPal A FE &
oA A9 EAHA=

o

A4(KE)= %mo »?
olug Gg Thewt 2o thehd % n.
(dm)c? = 4(KE)
weba S2lo] 0ol v S/HES W SN B A(KE)E ZAHCR (dm)o] Hek
o] &elo] ¢ = 3x 10°(m/s) e A Tt BA) o] £I FAYE LFUAY

Z7kol WS Ant 2 & 4 Ur.
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o] = 0Z A9t BE HojlA] FoHTt. ofA| » — 0Y o 29] FTHE ot gt ¢ 549
SO EAeF RS 27 f(x), g(x)2HaL SH,
_ f(z)
ha) =)

e, £(0)=0, 9(0) =0°]E& 2 =05 HYsts HoEE 2 — 0 W 29 I3 & 71 ¢l

I

o|AY g0l 0/0F, co/c0F, oo x 0F, 0'F, 17F, o "BY t rof S fYshs Yoze
S T & gl olHe &9 I3 BE™™H(indeterminate form)ol2tal F-Ett,

99 Fa°) FULS 7Y e oS WAL A8 F85ih

4z
>

1. I7} Qei7zbo| 1 3 £9k g7} [o)A] blE 713t ceIaba s, E3t 2 = cQl 9]
A 294 ¢/ (@) = 001 SR ek 2 — ¢ W £ (2)/g (2)9) Fto] SR

1)) i)
}Eg o) | }Lc 9’ (x)

7t @ o] T4E 2R WAL Hopital's rule)ol2tal FET.

0 2ge] Waold ¢ A%} ohet ko] Rattit 29] Bt uifolE 2o Aue do
H, 2 — 2 3Pl $FFOE vTolE 2L ANE Abth EF /' (2)/g (2)7F %] T
2 HASEAY 9] iR HAlsks Aol 22 2iE d=th O
27| 7. o2 33 9 BAb
o1
lim ——
x—> o X
o] I oo/ Bl BAYoI}, BAtet Brg zk7} vjRat 5| 39 Thw
1/x 1

lim e oy~ im 5 =0

olt}. aejme mwge] WHo] ojsio]

Inx

lim—F—=0
x — o X
ojt}.
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. x—sinx
lim———
x—0 X
o] I /02 LAYolch. BAjor BuE 22t vjEshd
1—cosx
lim———
xr—0 .Z'
Qle, o] ek 3k 0/0T9 RHYolth ThA Al Bug 7zt njisiu
. sinx
lim
z—0 &

o|1, o] I3 10]c}. IHHE Zugo] WS T ¥ oddol ARgElE TheS At}

r—sinx . l—cosx . sinx _

Im———=lim———=1lim =1.
r—0 X r—0 X z—0 &L
= 0 = - S = - - =
00 X 0 :,%_10 %?lo]‘% 0 E-Q] 2 2ug H2S 2R A8 4 glong, mud ¥ZS A8

lim xlnzx
r—0+

o] S92 co x 0Fo|EZ Q= Otz 2og HAE H85 4 gl
1 Inx
xironJr 1/x
o|t}, o] I%k co/coFolr}, o] 4|9 BXjel BuE 747t u|ist F
1 .
lim /ZC>— lim (—x)=0

o0+ —1/ 0+

ojct. Jeng 2ug W0 oJsto

Fd
Y
19
;Y
rok
filo
rE
ofl,
ol
el
u=}

[y
ol
o
-
_o‘lr‘
)

lim xlnz=0

x—0+
Sli=g
7] 10, the 3 79 B4
lim ="
x—0+

ps

o] e 0'Bolug U e 2uF WAL H8T 4 gk
)=

f(z)=2", exp(zx)=e"0l2}aL o}H
. ) . 1
lim Inf(z) = lim zlnz= lim ——
20+ 20+ 0+ Uz

ol H7| 99] Axlof oJsto] o] Igtgke 00|t} expZt 004 ALolmz
lim f(z)= lim exp(lnf(x))= exp< lim f(x)): =1

r—0+ x— 0+ r—0+

olet.
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ol ZAF WS FPe) uA. g WIS FYob] Ustel e et Paskd,

2. 3 9 g7t BT [a, B]olA AgolE FRAFL (a, b)olA HIE J1E3H,
(@, 0)9] BE HAA ¢’ (x) = 00Tl 512 IH (a, b)°fl 3k AF 5= 7t A3t

o) o))
glle)  glo)=ple)

£ =AY o] A& IAIQ Rt H2|(Cauchy's mean value theorem)2tal F-E2t},

i

Y WA gla) # g(b) Y& Hol=} WeF g(a) = g(b)2hH Hatgt FeElofl Qlsto] 9 b Atolo] Hgsh
5 o7t A5t oS TEAI
g(a)

, )—
g'(c)= -

T-bd 73 (@, b)NA ¢’ (x) # 00| o]A E7Fsst. TIER g(a) # g(b) oI

9 =0.

iy SO = fla)
F(z)=f(x)— f(a) ORI (9(x)—g(a))
F

ok S o] ¥4 Fi BATL [0 bo1A @doln DATRE (0 b)oIA HlE Asstol
Fla) = F(b) = 00[e}. |2 S Hejo] dste] ash b Alolo] HGat 4= o7} £Afsto] The

1 — £7 7f(b>_f(d>/ _
F (C)_f <C> g(b)—g(a)g <C>—0,

35
z7} 9 2820 Qlttal 7FYEkAE IHW ¢/ (x) # 00|ER EI17E [e, 2|4 A B FEE
AEE Atk & 9 2 Atolol] At A k7t EA5to]

fk) _ fle)—f(c)
g’ (k) g(x)—g(c)

& WEAZILE O™ f(c) =g(c) = 00|82 9 4] T3} P}
(k) _ f(x)
g’ (k) g(x)

ke 29 gholl Wet DEiAls gholH ¢ <k <zo|BE, 2 — ¢+ W £ — c+oJth IBEE T3]

i L@ SR @)
r—c+ g( k—ct+ 9 (k) r—c+ g/(x)
Wabd] o - oo A9 Fal 10] ZHHAc n
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o] A& viA7] Ao =g WA A W D A Al THAE o8taAt S

Fog ® 1. $4Fo| ofd F3S AXE w Zulgro] HHS A3t o Tk oA
1i sinx — 1 cosx _ 1
e SRR TRt S S

fl) .. flz)
g(x)

lim* )~ Im' o)
2 1 A3k o " o] 4L ouo] Jalo] AFAtA Y Wk AgT & ek dld
. x+cosx
li o
L oo/c0 B Rl A, Zulg WAL ARgSlo]
. x+tcosx . 1—sinx
lim =1 1
2k 2% o gch gushe $uo] FEsP] wjioltt, 0

ROIE A 3. =AY KON ¢/ (2) # 00]2he 22k WISk ¢/ (2) # 0012z Z4i0] WA of
weh BAZE WASHEA) g E) A

flz)=z+sinz cosz, g(z)=f(z)e""
olztil okx}f. IHH

f(x) 2cosx

9’ () (2cosz—+z+sinzcosz)esn*

oBR, x —> ol W f'(x)/g"(x) — 0°ARt f(x)/g(z)= HEITH O

WEA A 7P 2L 31 Feks BAlolt o] Aol nRg

7] 11. 233} o] WX o] 20|31 F4Ze] A7]7} y
180°) 4130l MAzkRol Wgaka et WHak: 4 =
A2 Bl dolrk Al AL ) HA. (x4 -x7)
wAREs AR S FEPo] I Zo] FUL 1
o} thbe AAge) BAHY) #uE (o, V4—2P)olt  2-x O x 2 x
T a3,
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(A1) 7k gol)= 1z,

(AZHEe] A2 Zol)=a— 2,
HA7H8e] o= 22/4— o

oft}. o714 £ W= 0 < & < 20|tk
oA o] EAl= G [0, 2]oA
f(x):2x\/4—x2

oleta Aol W4 O HHGEE FIHe TASH Utk 7o) Eaket ohewt ek

—2z°
\/4—1‘2
o] E449] glo] 00] HE g FohE =% /2 0]tk ¥
Holc}. oA V2 [0, 2]9 F BHoNN f9 TS

f(x)=

+2/4— 2%,

= ZA [0, 2] &3k AL V2

b theat 2.

fV2)=4, 7(0)=r(2)=0.

a#Eg =29 0 = H9gE 7ok

webd ZAg 2ol Lol 2/2Y o, ARG Aol 48 bt

87| 12. 49| £9L dlo] Fdsl= widd o3 A=
£2lo] Ztopxit,

ysto) Mzvie] el Hew, ge @ Hold o A
7| e A7l a9l HA2E wet ol sRith M| &
Sl ¢,9l & U] A AZRE Ul o] 1,2l T o
9l 4 B7A Aol olFee ARE T KA,

AoA BE olFsh= 92 7ME HE F2E w7 ui
ofl, olF AlZE XAdlol= HEE Fotof gttt 1T &
o] At B7} xyBHol AL skal, F o] AFAlf s
ol= AAS xE07 FAL

ujdo] TEM o] Lo Hroln, T FFY UL
e 4TS Folol, FAS A4S wet olFHT JejnE

A PriA Q] AE3t PEREH B7HA| 9] E tE AdRo=z
o)A dlo] ARRE P7IA] of5she o dele Al

E_ Ja* + z°

o, Quros Wiue WEst B

VA

AI

Py O 1

‘ 6

N p

o | i X
O

0i& 2 | 5
L NB
d—x

B B9 T AL ARFS THE
ARRE BAX 9] ARe AR
ol o} Ict.

chedt 2k

TdHoIA ¥o] PERE B7IA| olEshe © A= AR o= 2ok

PB_ /b’ +(d—x)

to =
2 Cy Co

glo] ARRE B7HA| olgshe o dEle ARKZ tE 2.
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o Aol 1 x5 WeR Sh oln, Aol BATL [0, alolet. o)Al 1o] Akt T
2}, 19 T8k oheal ol

ﬁ: x _ d—x

dx cl\/a2+x2 62«/b2+(d—x)2

o] A2 el Y 2 0,7 6,5 AFE3te] trehiw chewt 2.

dt sinf; sind,
dx ¢ Cy
9] Ee = 0014 S501aL, z = dolA FFolth dt/dx7t [0, dlolA A&olnz ARlgh
ol oste] 03} @ Afolofl e AR A 0] FASHA dt/dx = 0& WEAZY. dt/dx7} x
FE = «S7RISOIER, dt/dr = 0& TEA7IE & 2p& 03} 4 Aloof & shuwt &4
Shek I HoflA ool Addeitt

sinf, sind,

‘1 C2

o] FAlS AUO| HR|(Snell's law) = ZH HAl(law of refraction)o|Etal B2t}

(0] 27| Thomas Calculus 13T 4.6 Example 40A 23522,

il

A Wt 497 vk €Al Qle #go] HskeS
2 W40 HIlR-S 1t EAE HAHE R (elative rate of change) 2|2t F-E2c},

H7| 13. I3} go] Y8 o] Eegof 18] 0.25 m* 4 & A¢ 7,
L

T 9l B8t o] ol gt 9T &ol7t 3 moln, Wil '
HX|E0) Zole Lmolth 89 o7t 18 m7t e &2t 89 ot \ammt |,
Zohhe 49e 7ol u v o
T3} ol WaE At |

V= (Azo] t2Y f 2] 1)) (m?)
z = (NZto] (2 o 53] ¥WAE2) (m)
y = (\Zo] +EY 1 £9] %0]) (m)
oA EAl= =4
y=1.8m, %: 0.25 m®/min
ol Al dy/drE T3 Aot
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|4 %nxy
ot} of7]A
x_15 ¥
Y 3’ 2
JEER-DEE
_1 1)2 _ T 3
v 3”(2 Y= 127
olth. webd AEHE Agst
av _ =« 9 ﬁ—l 2 dy
o T Y
o}, oj7]of y=1.8, dV/dt=0.255 st
_r 2., 4y
0.25 = 1 x (1.8)% x 7
o]Ug
dy 1 )
It 3o4n 0.098 (m/min)

o}, J¥E=E E9| o7} 1.8 m7t He 7t 9] £o|7t 7ok 82 0.098 m/min°|t},
(0] 7= Thomas Calculus 13T 3.10% Example 10{A Z&5I¥S

21 14, ’B7} RIA A #A7 ol WAE g vk, UAE Uss} o Ex
HEY A 4 de g4 17 9tk wsl BEXojA wAEE g YXog gey 9,
WAE BARE o A 5502 el Ac West wAzel Azt 0.6 kme W wARe} 1)
A9 A= 0.8 kmo| et o W12} 7IX] Afo]o] A7} 3km/ho] £ o0& F7lshal UL
I 9159 &32o] 10 km/ho]thd, ¥lX|9] £32 Julolx] L3l EA}.
BARS HAHUY YHo] £ Wz 9XF yZ 9ol A,
A9] QA 23 91o] o2 ekl I} 2ok 17} A
Uehlis wWsety ok, ohgat Zo] Wpe ek

z = (NZo] (A7 o wxkze} vx|e] A
o E}Re} wse] Ae)
o w159} 7] Ae)

Z aﬁ

F

ol
mﬂ
)

N

y = (AZo] 1Az
:

s = (7o) 1 A7+

a18¥ A=

=08 (km), y=06(km), “L=-10 (m/h), %Z?a(km/h)

dy

d W dx/dtE FSh= Aotk
depeks Ao ofsto

olw, o] A9 FHZ ro] st v|Eotd HeS At

ds dz ., dy
2s o 2x a7 + 2y df
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ﬁil( dx dy) 1 ( dx a’y)

dt ar Y [t \ar T

dt dt

o] Ao x=10.8, y=0.6, dy/dt =— 10, ds/dt = 32 HYSt & dz/dto] st} 2 T3-S &

S S
0.8% +0.6°

dx
08><W+06><( 10)),

dx _ 3/0.8%+0.6°+0.6 x 10
dt 0.8

=11.25.

webd g149] £2E 11.25 km/holth. QA WEvt A0S ek 28 Aolth
(O] 271= Thomas Calculus 132 3.102 Example 30X ZEEIHS.)

[RE ¥ zofl dote] (Inz)’ —4lnz > o7t BEFHEE St A5 o9 & T

20 3t ¥F84] 32— 21Inx = ¢ 9] o] A= HOoA] ZAUSHA]| UYL= sl= Ak 9] ZhS L5}

f@) =20 =321 ), 2o et B |f(a)|= a7k AR THE Al AY BT RES S
o a9 3 FANL

[LE A 2o g5t oz < ke 17} RIS Sh= AR k9] FEEHS 542
Jolo] AL x, yol tigte] [sinx —siny| < |z —y| YS 59

T f7F B [a, bl A&oln IR (¢, b)olA Wi TRsdsihal Sk EFE
f(a)f () <00]1, 3t (2, 5)9 A A zofl st f'(x) = 002k SPa}. ofwf] W74
f(z)=09] o] I (@, b)of & st EALS HoX 2

ol

A2

nol 2 o4l Aiso] i ?:.‘#f [0, 1] = R7F f(2) = (2" — 2)"ol2a oj=of ek &
A ofdh 72E (0, Dol WA 77 (2) =09 AR BE o] a7} EATE HolAe

£E9 78R

1. HEEE A5 2ol A PY AZ oA QA7 (2, y)olaL, z=2¢, y=1"+12 W, £ =20]
A PY &, &9, 7IEE, 7GR A7|E oL
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2. FEEHE 45 220l A PY A7 to A AL (2, y)olnL
xztz, yZZt-%tz
olc}.
() & PO &eo] 49 wo] A7 12 FoHAL.
(@ A P o] 49 W, § PO Su2 F0
3. HEPW 92 240l A PO A7 o1 $X7} (2. y)ol,
r=at*+asint, y=asint (a= F59A A=)

ojt}, &3 ¢t =

(D) &5 a9 & 73

@ 1= 7014 A Pl &xoh £2g

5o A P 7] A7} 5/2 0l

T L.

URIZALE
1. oS g 7ot A coll gigte, oA £ YAZARISEE FIAL

(1) f(z)=3z+4, c=1. () flx)=3z+4, c=2.
(B) flx)=x"+4, c=1. 4) f(z)=2"+4, c=2.
5) fz)=2>+7, ¢=3. ©6) f(z)=2"—11, ¢=3.
(7)) f(z)=—232"+42+1, c=—2. 8) flx)=e*+sinx, ¢=0.
©) f(z)=Inz, c=e. (10) f(x):%, c=1.
(11D flx)=Q0+=z), c= (12) flz)=QQ+z)/1+x, c=0.
(13) f(z)=cosz, c= . 149 f@)=sin 'z, c= .

2. YAEARSE ARESEe] the g RS oL
(1) 7.97"/? [f(z) =z"%, c=8Z AIg3ICL]
2) sin(%+ 0.01) [f(z) =sinz, c=7r/62 ARSI}]

(3) (1.0002)*°
(4) v1.009

. BIAE2] do|7F 5ecmQl ol Ut} o] ¥
9] yolo] IS IAEARSE A} 6}04 TR L.

f(z) em®C2 T, ¢=50M f(x)9| YXZAESES FBICE]

£ dxcm T 535S U SV

[HtX|29] Z0|7} zemQl €9 H0|2

R EDIEEDE:

=

0|7} 6 cm o]l %017} 30 cm Q1 YEo] Ut} o] YEo] WOl vix|Ee] Zo]
i S7Voke Y& Bl IAEE AXEAREE ARESto] ot
2 f(z) cm’OZ 1, c=60|A f(z)2 YUxt

L (o]
dx cmPE X
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5.

T y=f(2)7F A 2= oA v& 7Fssthal opAk 18] g(x) = m(x —c) + b7} colA f9
T o2 REARREEL k) (4714 m3t b= Aeoltt) WeF x = ¢ FAoA GREARRR:
9] & E(z)=f(x)—g(x)7} 00 FE5| 7MFeH 3 L(z)=f'(c)z—c)+f(c) WA
9(x)E oA 9 LARZAREERE ARESiE E Aoltt o|A] L(x)7} colA 9] YATARR
A 7P A& el Hol#al gt} e g7t thE F 2AE USARITA 75k

(i) E()=0 (i) 1im 2= o
ol g(x)=f"(c)x—c)+ flc)YS HOJA|Q
SI[Efo| HX|
1. 2ogo] HAZ ARESHe] thS 39S FL5HA] L.
(1) lim 22— S0 @) lim Y=L
z—0 z—0 X
@) lim YT 12/ @ Tim 5%
z—0 z° r—0 xtux
(5) llm Sll’ll‘ (6) llm Slnl’
x—0+ x—0—
et secx
@) lim -5 ® Im T tanz
2. 2] HAS AREsIo] T I%HS oA L.
(1) lim (ac’sm1 ) 1irgl+\/§ Inz
(3) hm( ! i) @ lim e—V2?+2)
soo\sinx  x Pt
(5) }LHOIO (In2z—In(x+1)) ©) xllr% : -1 ﬁ)
3. 2ol HAS AREsto] Thg I%HS oA L.
1) limz"* ) liq1+x1/“’”)
(3) lirr11+xl/<x71) @) 1im (Inz)Y*
) lim «"/"™* ©) liron+x21nx

P7h 5 ) theg BolAls.

lim (1 + )1 =¢
FA9] Batgt Aol 7Iste ofulE Fojst il qitth FArFH YAE 4ol A PY A%
A A7 (x, y)ol z=g(t), y=F@)HL sk F A Algla), f(a))F} Blg(d), f(b
= Wi FAS T2H, FA0 Hoks A4 F 7187171 £7(e)/ g’ (¢) e B Zlo] EAT
AYsHA] 2.
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b

X
1.

2.

10.

A
1.
2.
3.
4.

. B237E Vem®Ql 97152

Al

MO

3}
224 22 =y 99 A 34 A (L 0o 4 ke B FakAle.

BRA =y =2 919 A B A (1 00 M e Be FehL

ol e m?el MAkztg mope] TS vhSy] 9j) LetelE Xelw s, gekelo] golrt Ha
7 sleiwl Aarzgel shzel golsh Al dolg Ak shof sH=A] AL,

5317} 252 cm?’Q) AAZ1E B 4AE WD et ol WS em
o] £ 1% WAL cm’F 2099 Blgo] S FHL cm’F 308o] ¥ §o] Exk. ol ulg-L
Haspel] AehAe el mAElo] LolE Ankz dfof SRR FIHALL.

A2k mope] Folo] QS sHov] 9Eat ol ol e 242t 3emuE, AXI} Q.2E of
© 27} 5 cm W 1, A48 G99 Holrt 60 cm®7t =S steln @k Fol9] Yol A
7 HEg shew Solo] 7tz dojoh A2 olE nkz #of SHeA] TS

A122] Zoj7k Rem@l €ol gk, o] o] Wgshe 24k SolAl Wolrk 74 2 AA2Y
7k=o] Zojet A=Y Zolg AL,

A52] Zol7k Rem3l ol k. o] ol sk ol 59aZE FoIA Wolrt 713 2 ol5
AZge] RHe) Zolgt Folg TahAle

ey S, 7159 2yt Havt U steld W15 @

wlo] X8| olot kolE 2t Unl sjof sH=A] FakAle.

Lo

rE (L

o"

d

- REAIE] o7k Rem <l 771 3t o] o WHstke d7le SolA Fu7t 71 2 47159

W] BIX5e] Zojg} kolg FahAe.

B8] Zol7k Remdl 7b Uk, o] Fol sk 2 FolA Husk by 2 U] W)
WA 2015t oIS FoHe.

Hels

29 y7} 9] $kpolal y =50tk dx/dt =298 W dy/dtES FIA L.

2 y7b 1] 0]l 22+ 3y = 120]h. dy/dt =—2U W dx/dtE T

28 y7}F +9] FHgolal y=2*olth. dx/dt =301 r=—1Y W dy/dtS FHAL
& y7F +9] ol & =P —yolth dy/dt =5°]3 y=2Y W dx/dtE FIAL

2} y7} +9] Folal 2? + y® = 250]t}. du/dt =— 20| x =3, y=—4Y W dy/dtZS TSI
Q.

& y7b t9] ol 2%y = 4/270]k. dy/dt =1/20|1 x=2Y W dz/dtE TSN Q

29 y7}F 9 ol L= 2"+ oltk dx/dt =—1, dy/dt =3°]1 z=5, y=12¢Y
dL/dtE AL
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o]

10.

11.

12.

13.

14.

Cr, s, v7F t9 B0l y+ 2+ 0® =120\t dr/dt =4, ds/dt=—3°]1 r=3, s=1< 1

dv/dtS FEHAQ

717} 150 cm@ Aol 6m olo] 7kz5o] MKW 7152 o 1 m/s9 $HOR i

AT 715 Aele] At rmd W, B 280 FohAle.

(1) 7125 B3] 28} 47 A TR ve] BREo] 715 Fo bl 532 2o
dat AloE tehjile

(2) 7k EHo] 18] 71 Ae] TR dolrt Wske S o] dhat Ao vehiAle

2AL AR SH 9% YFOR 400 m/s9] $HOR RolLHLS 1) 12 T 2AQ Fol7}

s =400/~ 16¢* (m)olch. AIEpo]A 2Ao] 2 FLo2HH 1800 m FolAl AGolA] A7

A9 Aele] AZE ro] i WEHEE FoHAS

Hol7F 800 cm?Q1 AAZEo] Qiet. o] AAZEgo] Yo 7t WokA] gromA] Algo] o7t x5
4cmA A3 w2 7|2 ZojRtt oS B2 YeiAL
(1) o] AAAFS] 7k29] Zol7k 2 0.5 cm o] H27]& FolA|= &7t o] AAZE 9 7129
dolg oA L.
(2) o] ARG 7k=29] o7k 2F 0.5 cm 9] HIE27]| 2 BokR|= 3t o] AAAE Y] 49
Zo]o] AJ7te] tigt ¥skes FolAl L.

gHolA H P7F T 2 - 184" =9, = > 02 Wt 2Zol=d, d P9 yHuAE= 2Y v
S7RI A Po »237t 97t H= <X A PO o FE Akl tigh HgkeS AL,
T B FAo) £ 2m® 9] IV AT £¥o= itk 49 wiXEe ozt
50 cm 7t H= w3t ARkl digt $419] WHRXF2] dolY SRS oML,

7] ¥Rl 5o] 29 3cmA YA w2r]|& AR o] 9] ZFYol7}t 10 cm®o] Hi= &7k Al
of tigt o] Fof Fujo] HIkES AL

rethod) & A9 B4 B G4 7 cHE3) 2o oG o raS] EE A8slel A
f(z) =09 L& 37| 93 4 (2, )& 1L, (z,) 0 S Tl BA
D) f@)=2"=2, z,=3. Q) flx)=2"—2, z,=—1.
B3) fla)=2"—Tz, z,=1 @) flz)=1—2% =z,=0.
() fla)=2"—2z+2, z,=0. © flz)=Vz, z=1.
147

fﬂ-}\,] _%1-_9_



O

o= Hedol7| (02)

A function f is said to be differentiable at a point ¢=R if and only if f is defined

on some open interval I containing ¢ and the limit

y flat+h)—f(a)
im——————

h—0 h
exists. In this case, this limit is called the derivative of f at «, and denoted f’(a).
f’(a) is read as “f prime of «,” and

dy
dx

is read as “the derivative of f with respect to x”, or “dy by dx.”

Let f be a function that has a derivative at every point in its domain. We can then
define a function that maps every point x to the value of the derivative of f at x. This

function is written f’ and is called the derivative function or the derivative of f.

Sometimes f has a derivative at most, but not all, points of its domain. The function
whose value at @ equals f’(a) whenever f’(a) is defined and elsewhere is undefined
is also called the derivative of f. It is still a function, but its domain may be smaller

than the domain of f.

The second derivative, or the second order derivative, of a function f is the derivative

of the derivative of f.

If a function f is differentiable at @, then f is continuous at «. The converse of this

statement in general is false.

Let f and g be real functions. If f is differentiable at ¢« and g¢ is differentiable at f(«),
then ¢ o f is differentiable at ¢ with (g > f) (a)= ¢ (f(a)) f’(a).

Suppose that ¢ and & are real numbers with « <b. If f is continuous on [a, b],
differentiable on (@, ), and if f(«)= f(b), then f’(c)=0 for some c<E(a, b).

Suppose that @ and b are real numbers with « < b. If f is continuous on [a, b] and
differentiable on (@, b), then there is a ¢ (¢, ) such that
LOZLe) _pre),
a

If 7/(z)=0 at each point = of an open interval I, then f is a constant function on
I If f'(x)=g'(x) at each point x in an open interval I, then there exists a constant
C such that f(z)=g(z)+ C for all x€1, that is, f—g is a constant function on I.

Suppose that f is continuous on [a, b] and differentiable on (a, 8). If f’(x) >0 at
each point x€(a, b), then f is increasing on [a, b]. If f’(x) <0 at each point

rE(a, b), then f is decreasing on la, b].

Let y= f(x) be twice-differentiable on an interval I. If f/” >0 on I, the graph of f

over I is concave up. If /7 <0 on I, the graph of f over I is concave down.
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Suppose that ¢ is a critical point of a continuous function f, and that f is
differentiable at every point in some interval containing ¢ except possibly at ¢ itself.
Moving across this interval from left to right, if /’ changes from negative to positive

at ¢, then f has a local minimum at c.

A point (¢, f(c)) where the graph of a function has a tangent line and where the

concavity changes is a point of inflection.

Suppose that f” is continuous on an open interval that contains z =c. If f’/(¢)=0 and

f”(c) <0, then f has a local maximum at z=c.

We use 0/0 as a notation for an expression known as an indeterminate form. Other

meaningless expression often occur, such as c0/co0, o - 0, co —oo, 0°, and 1°, which

cannot be evaluated in a consistent way; these are called indeterminate forms as well.

Suppose that f(a)=g(a) =0, that f and ¢ are differentiable on an open interval I
containing @, and that ¢’(x)# 0 on I if x+# a. Then

lim £~ Ji L)
ima9(x)  ioa g (x)”

assuming that the limit on the right side of this equation exists.

Suppose that v is a differentiable function of x satisfying x> — xy —¥* = 3. Use implicit
differentiation to find dy/dzx.

O Find the line tangent to the graph of y=1/x at z = 2.

O Find the point(s) on the hyperbola z*—y* =2 closest to the point (0, 1).

The length of a rectangle of constant area 800 square meters is increasing at the rate
of 4 meters per second. What is the width of the rectangle at the moment the width

is decreasing at the rate of 0.5 meter per second?

Suppose that z and v are differentiable functions of ¢. If y=z* and dx/dt= 3, then
what is dy/dt when x=—1?
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2419 912 Azl Hhste] mlEste] SEe} MRS TaH AXTY
2 FHAG 52 A8stel XS T8 4 gy, oluf mlEe Gielio] ASH. Tl BAIS
Sl o lio] AT AN, vlEo] Gl Eet EAE HANN 9851 AHgET

o] ToA= mE9] Attt mN e Tl et FAARS AHEAL

17} o7t F4Ql F3olal 7 @ FF f7F 1914 Agol=o] Aotal siak. geF Frb oA vl
7Fsskal 19 e A

F'(z)=f(z)
7t S o, FE /9 YE&4(antiderivative)gfal -2,

T3t oA 9] BE AudeE £ BHMER(ndefinite integral)olgtal 21,44 o]AE 7|52

ff(x)dx
Ol f x d x”

9} o] Yepditt o]et T2 HHA & OXEESr(ntegrand)gtll F2H & N

HT
&

Z(integral

5 9% PO} G7F 73k 1014 £9) AEgolw

ojlB& thgo] gyt
(Ga)=Fx)) =G6"(z)—F'(z)=f(z)=f(z)=0
TR FbollA =L 091 S ASReo|BE, o] A4E CEhal ohd
Gx)-F(x)=C & G)=F(x)+cC
oitt. whA 7k IolA T o] FF AxFE Fhal ofH /o] RAYHES
F(x)+C

i

©

1. I7h Zolrk el ol T F7E 71 [0 % /9 & dmgsetn st 1w
T2 I F% f9 BRRES thet 2ok

44) 2ol wRPAE EgLet BAAR S TS ulz AgIE ek,
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2| 1. S Jrgkee] oS AmEAL

(1) y=4x4 1] y =40]BF, f4dx:4:c+c.
() y=2"Y 1 y =220]E=, fzx dr=z>+C.

1

n+1
7n+1x + C.

(1) k7F A=Y o, fkdekx-f-C &, Ce FESD)

1

@ nol A85L W, [2"dz= o

n+1 | A
) e (e o AiadEs

W4 £, 99 AEUSE A2 F, GO @ v theo] Ak

=
ff(x)dxf )+ C, fg (x)dx=Gx)+C, (& CI Cy= FHEAS).

7(kF(x)): kF'(x)=kf(x)

[rf @z =rFG)+ ¢, (@ €2 AR

k[ 7@z =k(F@)+ C)=kFE) +RC

ojtt o714 €, G Y99 AgrolBE

fkf(x)dx:kff(x)d:c

151

Qrgst RYHE



i
ille
o
fu
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¥

f+99) $AAEE 7o) B,

d
d

{Fx)+G2)}=F' (2)+ G (z)= f(z)+g(x)

x

[ @+saNde=F@)+ 66+ ¢ @ Gk 4299

f dx—l—f Jdz = F(z)+ G(z)+ (C, + )
oIt} 671 G, G, G lele] AolnE

f{f(x)+g(x)}dx: ff(x)dx +fg(x)dx

2o o ¥ 7o) RYHRL Fokd

f{f )—g(x }dx—ff dr*fg(x
oS gejetd that

3. ¥ [0 % U5 £, 7t A% AEYSE 4 W Tl ARk
@ [rr@az=k [z @ ke 0] ohd 42

@ (@) +oaNdz= [r@z+ [z

® [ -e@)iz= [z [o)iz

57| 2. oy BAFES 9 B4
f (52— 82° + 4z — 3)dx
M| 29} ™| 32 ARgsto] A4lehd vt At
f(5x4—813+4x—3)dx:5fx4dx—8fx3dx+4fx dx—fs dx

1
5(5x5+C1

4 2
=2 — 22"+ 22* = 32+ (5C, —8C, +4C, — C,)

(1 zt+ cz>+ 4( Loy C3) (3z+C,)

ol ¢, C,, Gy, C7} BF AFo0|HE C=5C, —8C, +4C, — ;21 31 Tha2

f(5x4—8x3+4x—3)dx*x5—2x +22° =32+ C (CEx HEAS)
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o 7K g2 REHE

SN AR R §40) iR BHORRY ofg 1A 4ol BAYHE 3G AL

a7k Aol o= — 1 o

a 1 at1
_ - +
fx dr—a 1x C

ot} 3HH ¢ =—1¢ w= 20| HjEoZHEH
4 tane L
E(IHMD— .

olBg, 29 W

et
4
r
e
&

fidx:1n|x|+c
X

olct.

EZl 4 o7t 959 W ¥4y =09 39HEe oot gt

(l)a;é*lmfﬁﬂfadxf I

@ e=—12 1 [Lar=mlzl+c (ct 42

a1 2| 49 Qo149 WL T Fao) ol 7k 457t ofd S ek e
Inlz|+3 if <0,
= oletee
Inlz|l—4 if >0
o f'(z)= oA flx)=Inlz|+CAH C7} 457t oprh
webA] o] Mol ML ET T v Favit 448 ool A0R o

rok
i)

H
ol
2

5

3| ]
. — -2 — 1 —2+1 :_l
(1)[ iz = f dz=—ta o= Lic

% G40 BAMRS o oS Amua)

) f%dxz f2$71dx=21n|x|+c.

1 3
3) f/;deIxzde%xz +c=%¢?+c

+
39,



AERSE o B U0 Fo

R =

(1) fef”dx— Tdx=c%t+C=¢""2+ C

5]
v . . (1 f] 8" 5 2% 5°
_ — _ — +

@ f<2 5 “)dz f{8 (5 = g L €= 3z s ¢
AARRRo] njEHo 2 HE IHE AS 4 Qle BYFE FAS o At

6. MBS0 BYHP

1) fsinx dx=—cosz+ C () fcosxdx:sinx—i-c

3) fsec2x dr=tanx+C (4) fcchxde—cotx+C

(5) fsecxtanxdxzsecx+c 6) fcscxcotxdxzfcsm:+c

27| 6. Agero FAAES Tolke e AHEAL

(1) f(Scosr— 2sinx)dx= 3sinz+2cosx+ C.

@) 2+ cosx

— dx:f(chch—i—cscxcotx)dxz—Zcotx—cscx—i— C.
sin”x
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W 7. 47REE AYsle] RHARE ok ojE AnnA.
(1) j‘ sin’x l—coszxdxz (1—cosx)(1+cosx)dx
1+COSx 1+cosx 1+ cosx

= f(l—cosx)dx:x—sinx—l— C.

() ftanzxdx=fsm e j‘l—cos JCdar::f(secZJc—1>a’:c:tanac—ac-i-C.

cos® x cos” x
1_
3) fcotzx dI:fCOS xd —f sin” x f(csczx*ﬂdxzfcotx*er C.
sin“x sin®z

25k, TAE 5 o] Gelol A ATNEHA] e S Aa] s ThE A3 uhe] Wasich
2 8L 145elN A Zolct.

pramAC) a
£ WS A v E Foke A 2ok o|NE WEAARE 23R AoA vEshr] A s
e WA DI2Y YA (differential equation)O]Zkal F2r, vlEshy] A g5 vlEFHA Y of

2 wech

7] 8. o A% EAY siE ol BAk

dy

dx
y=2"— 7z 3 ¢/ (z) = 22— TO|BR y =1’ — Tz Fo]Q w2 A4 9] g Fjojc}. w}
Al Foizl g Ale] dutsl=

y=z—Tz+C (Ct A
ojt}, o] Ao 7|2 z=2, y=0< Yt
0=2"—7x2+C

olug C=10°th. IHHEE 2 BAY = y =2 — 7z +100]c}

=2x—7, y(2)=0.
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2] 9.

o
ilfe
!“N

WA 5 P,

3

olmz Ayt &=

24k A9 SiE el BAL
&5 3 ds
(dz‘)2 8 dit =y

fgtdt

="+ C,0]H, o7]9|

3=

oltt. wWebd ¢, = 00|t}

o2 s& ok

fou= e

=3, s(4)=4.

=gt a

271248 t=4, s'=3& HYsd

3+C

OBE Yk = <0+ Golud, of7le] %A =4, s =48 sk
1 «)
1—6X4 +CZ =4

Z (= 00lt}, TR 2% $AY e 5= ol

7] 10. YHOIA EUstol SA 942

S0l A PO A7 1o M9 £&Tt o(t) = 6t — 3¢70]

2H1l SkR}E A7 ¢ =404 POl YXE T3 HAL

Az ol Pel AE s()ea s 1E

ol A= + =4

sSt)=6t—3t% s(0)=0

S UEAIE s()E Foke 3% Aot

f(6t—3t2)dt:3t2—t3+c (Ct ABALS)

=37 =+ o, o] Ao 27127 +=0, s=0< Y5t

ojct. IER Al ¢ =

s=32—¢

s=3x4°— 4> =48— 64 =—

1914 @ Pol XL

45) A & HEAGolmR

o A9 dxgs % e Psks Fe s

—160°]|t}.

Ba) ‘gojo] Aolet. AR Bl WAHAL F WHoIA “G =00k 9} L HHE
EE Holth
56
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Pii=y|

Haol A=slX|7] figt 2X|

Mg CRI7| gt 2
4 TR RAHEE T,
1) [coszzaz
3) f %cos%dx
©) f (cosz—sinz)dx
0 [ (= sinz+3cos(~ 32))da
) f sin(4zx+1)dx

(11) f7 sin(3xz —2)dx

5. 9k f7F ulE 753 g0l £ () = 1422+ 32+ + 1027019 £(0) =

F1)9 e L.

Q) f(x)=9x
4) flz)=e *
©6) f(x)=—4x
@) f%dr

@ [Kaz Ge 82
©) f %d:c (c= 00] oy AR%)
8) fx\/;dx

Q) f'x)=2x—e¢ *, f(0)=1.
@) f'(z)=28z"% f(1)=4.
© fx)=2"+Vz, F1)=23.

) fSSinSr dx

4) f25in£dx

6) f(2sm3x+ 0052295 dx
) fsin(— 2x)dx

(10) fcosx; d

(12) f (cos(2z) +3)dx

0oJct. ouf



CF 7 gERelal FUb 9] g dmgolnt. Eak 99jo] AL zof Histed
F(z)=zf(2) = 52"+ 42° & WHAZITL, f(2)=80lth. oldf /()& TFIAIL

£} g7h gl
L (F@)+ o) =20+3, j—x{ﬂx)gu)}:sxusx—l

olsf £(0)=2, ¢(0) =—5& WFAE ol f(2)% g(x)E FHIL

8. W5 B 4= Ql= u]E v A (separable equation)?] 7HES& RARHL, the u]ERE4]9] 3

g FopAe
dy _ 5z dy_ 5y
) dxr Ty @) dx Tx
dy _ dy _
@) L=y @ =
dy _ z” dy _
©) dr % ©) x+ydx72
dy 9 dy 2\ 2
7) Vi (1+y)z*=0 Q) yr— (144222 =0
x dx
1,2
©) j—i= ;; (10) (1”>€3y%:1

. YA u] B A (first-order linear differential equation)?] shE F+oh= HHS AR, TS 1)

=
BP9 o Pl

(D xﬂ—12—3y20,1>0 () xﬂ-l-y:ex, x>0
dx dx
B) 3z’ —y=1lnzx+1, >0 4) xy’+3y=smzx, x>0
x
1
(5) xy/+21/:1—;, x>0 6) A+z)/ +y=Vr
@) 20 =e2 4y (8) ¢*y + 2%y =2z
9) 2y —y=2zlnzx (10) x%z coxsx_z% x>0
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JUST DO INT.
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Yxizo| Fojot 7= 4
tHpgolu dat 22 @<ttt R =S HolE o7 A FAo s SRl =99 HolE
Tohe 2 oA k. ALY AR SR m82 A ES ARt ol Ak

o HRlAE FARS Hootn FHRY L AL AninA.

[a, b]7} Aol7F Gl FRIE7 oI F4 17} [a, b]ollA BY=o] kAl SHAE. ESE f7} [a, o]
A A&l [a, 6] A9 A zolA f(z) = 00l SHAL
Ty = f(2)9 AHmY} 2= 28T F FA =4, r =53 SN BES St 5k 1 Yol
£ AL SR A2 e, blol (n+ 1A A 2, 7F TRk 2ol Atk SR

t=zy <2 <zy< <z, <z, < o<z <ay=b
JHH 77t e, 0]E B2 Zo] #7/l9] AT ZHsub-interval) 2.2 R 4= It

[xo, xl]’ [xl’ xz], [xz‘fl’ xi], [‘rnfl’ xn]
AR AP [z, 2] Y AOIE 4x, 2 YR & =x;—x;_,°th
y y
y=f(x) P y=f(x)
d /
Of XXX X3 Xy XsooX, X, X Of XX X X3 Xy XgoooX,4X, X
Il Il Il Il
a b a b

AT [z, ) oA B SY HERE my, HREE ME UeRRE 28w ool gt
my Az, +my Ay +tm, Az, < A< M, Az, + My dzy+--+ M, Az,
m;dz 59 ¥ L, M4z 2% &S U,°22 Yeifd ¢ £52412 vt 2o
L, <A<,
oA7|A L, oteilower sum), U,& M8lupper sum)e|gtal FEc}, qieF A47to] Zo] & 7B 2
o] 0o E}7]'7]'5% T AEsHA A2e S8 3RS W L, U,0] 5L #holl a3,
71 SRkgo] & Aojtt.

oj¢} 2 FY= f(x) = 00l £E Asi= FZo] Az 5 Utk

EG G5 7 Aolehe 242 A PS AT 4 ek oldis AT [z, =] oIA s
Fg:grolt Higho] ABHA 94 S Uk, el Hdgst Hoigt oAl SO HhekA o Hay
A'S Agtel 2 HoAS Told 4 grh
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b] oA

o1et L, 9] 29 [a, b]ollA £2] 5t E(ower integra)o]Ztl H23, A%t U, 9] 9+ [a,

7o) AEE(pper integra)o|E T BET} [a, b|o|A £9] sFET} A Eo] AXT W “f7} [a, ]9

A M& 7ksstthintegrable). ELTL “"e“?l‘:} lﬂl a %I(o e AH)E ‘e, b]01A /9] AR (definite
o] YEhd 40

integral) Ex 743] ‘la, b
b
f fx)dz
e Qe 1Z aolA b7HA] f x d X7
ToF 2 [a, blolA £9] SHEE} AHEo] YA|oHA] F=thE “f 7t [a, blolA HE JtsSoHR| QiCt”
2} gt
271 1. 32 [0, 1]9A Hod = f(x) = 25 BZsHE wol 49y y=x
o AQset s, thet 2L W 2 AL
2=~ (i=0,1,2 - n)
131‘?5_1—1» 2’ ,%%[qiz}i;ﬂ' [1571’1';']0:”/\1 O lgéil }
) P . nnnn
Axi_;’ Wli:f(xz‘ﬂ) ” ]V[i:f(xz):*
oty Tk y=f(2)Y T=L} 2%, I3 FA z =12 AR FE9] Yo|& A=ty otH
[Q+ 1,2, 4l ]l < A < {l—l— 2.8, ﬁ]l
n o n n n n n o n n nln
oltt, REAlolA skt AR 247t At
nn—1) A< nn+1)
2’ o’
ojm =&
1 1 1 1
5— %S A< E-i- %
oft}. 477ke] Zol7t 00] AMYAES [0, 1]€ AhalA H2r ol gro] WY Az
9 BEHIA 0 — coQl FekE FHsH
S<as-

Lo agms Ax [0, o)A fo Axgw go

ojHxE A=—
1 b 1
fxdx fo(x)dx = —
0 a 2
olt}. o RS {7ke 71 % ol Lols} 191 H7hbel Holoh AR,
Ct28 XME2(Darboux integral)e]zta HEc}.

42(Riemann integral) ==

46) 0|9} Zro] Hojd HHES 2|at
Slato|t}, ThEE(1842~1917)=

ZTH1826~1866)2 =Y 43t mapao] Zsfatold),

].
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21 2. 77t [0, 1]91M HYH &5 g(x) = 22 25 no] Yol9] Adfetal dlal, 4o
I 1949 22 A 2,5 A 28d i=1, 2, -, v W 4 AFZE [z, 2] oA
1 B (i1 _ AN
Axi*;’ mi—g(xiﬂ)—( 7 ) ) M—S](Iz’)— "
oty T y=g()Y IHZL} 2=, I3 A =12 EGRQI FE9 HolE A=t otH
2 92 PRY 2 2 2 W2
o LR S b 21) ]1 < A< {1 + 2 43 gL
n? n’ n? n ” n n’ n? n?)n
oft. FEACIA S ATe 247 At
nn—1)2n—1) <A< nn+1)2n+1)
6n° 6n°

ofct. W7| 10JA%t IR, ¢ BEAGIN # - ol IS FHE

1 1

ES A< §
olt}, 1¥EZ

1
. 1
22dxr= =

[ #taz=g

olct.

N a5 ZHES] OfE(ower limit), b5 ZES] AB(upper limiolZtl F2H, [q¢, 0|5 HMEFZ
(interval of integration)o]g}al B2t E3E 3¢ /& OIMRSTt BEH & MEHEI B EC
AEHSE tE A0 & vt HJAEY ofuj= x4 g=tt. o] a2 BF 22 A&
bt
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=]
yrizol 47

AR 72 o bloIN B4 £o] Ahe] oS MR, ke ghae] ARG TR oA
AArg7] Thewt 2L ool At

¢ T o BlOVA HE A5 B 7 U2 W, o bloA SO HES @A AR
4o HE 7FsHo] ostel thaat 2 Aol LelA YTk
1. la, b7} Zolt P59l BATLOIL /7 [0, boIA D G4k 54,

) e i e sl el sl el S A e
@) [a, B]91A £7F RAP1L, f7F EA4Q A9 7i47t Rl f+ [a, b]914 AE 7Hs3itt

tt

H2l 10] H2w o7t QAR gk TR, Stk St AR, A4 21
S
4

I AEg ofgA AR AR 27113 27] 2004 AEe ALt WEE et dRtshd 54

5 71 BT Lo b]oI] AR JFSSTL B4 o, 65 ol 2L arhe) a7REoR 2R
Aqzre] BHE Tt 2L (n+1)7H9] ot
a

a+ b;“m, a+ b;“xz, a+ b_“xs, o a+ b_“/e, o a+ b=a .
P A7re] o=2m POl Baghe ot LY k)OM o] wre
bi
m <f(a+7k)§ M,

£ wEAt. 299 4 4709 2ot U Ym agsine
n

m, Az, < f(a-l— b;ak)b;“ < M, 4z,

oty k=1¢ WHE r=nd H7tA]9] & F51H

kadrké Zf(a—f— b;ak)biaé M, Adx,
k=1 =1

k
oftf. £77k9] o7} 0o] HES = e Ak AL
ouf o] H5A9] HE A3} nh AL [0, boIA o] FHE 5

aeuz 29 gejel Jste] the B4 Ak

47) A7) 19 Q)7 A8 7Fssb] et WRFREAL ohch 5 B A A4t FRlolAg AR s P47 24
Stk A 979 4T AT AR RS St WadEade 1 Tl 2ael 450 nYd S5t
0%l Zolct. o] A& ‘2|12 H2|(Lebesgue's theorem) Btil F-2r}. 2| T(1875~1941)F ZEFA9] F8xto]ct,

(¥

:
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olge Yelstel thewt L.

2. 3= 7} [a, b]olA BB 75351E, [a, b]olA] Fo] FEL theu} Zo] AAkE 2 Q)

)ba
n

ff )dz = lim Zf

Nn—>00 =

o|e} 72 FAS FEFLHMM(quadrature by parts)o]2kal H2r}

a=1, b=3, f(z)=z"0lgt T FEFHHUE AH&51A}

J @z =1im 325

N—>00 =

a-+

n k=1
.2 +1 +1)(@2n+1
:11m—n3+4n><”(” ) 4 g5 2t 1)(2n )]
7z~>oon3 2 6

8 26
=2+4+o=22

373

oS ABAoR APt AR dolet,

3. W /9 g7t Lot 4 FATRE [, b]oNA] Beslo] Ghom, 9 g7} B [a, o]
oA AR FRsstct b4 B 47} B4e SRk ol B 4o, f— o, b BE [a, 0]
A A2 s ol 4Rt

@ f{f(x =gl }dx—ff )derf
@ [ U@ —gede= [rarae= [(ow)az

3) fakf<x>dx=kfaf<x>dx
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)
2
HL
o
)
2
st
>
30,
o

27] 4. ©7] 13} 27| 29] Azjo] Ha| 32 Heshd theat o] Hz

1 1 1
) f (2?4 x)dz = f 22dx+ | xdx= l—l— 1_ i
o o o 3 2 6

EZD 4. 35 /7 Lol 94 BT [, b]olA HElo] 9lom, o] F7olA AR Fhss)
uu 3k WOk o <c <50l fi [a, ]9 [, b]o14 FE 7Hs3te theo] Ayttt

lbf(x)dxch:cf(x)dx-i-[f(x)dx

D M| 49 EAL ¢, b, 9 YATAZ} o] At dlAY ¢ =1, =2, ¢ =40]1 f7}
a, b, ¢S BE UAT ZFe T DAL AR SPsE

f12f<x>czx= f14f<x>dx+f42f<x>dx

7|l 5. 27| 29 ©Y| 39] 2y H2| 45 HEshd He L=tk

fxdx fxdx-l—fxdx———#—:%:&
0

EEN5. <= /9 o7k 2ol 92l DATR L, 6]oH Hslel 9lom, £t g7t B o, )
Oﬂﬂ A% 7RSIt S WeF [a, 6]9] AL A 2o HStel £ (2) < g(x)olH

faf(x)dxélg(:c)dx

g
53 o|HRole AL BA Aol of 2ug WAE 20
T2t a, bl V= + D)WY A 27V a= 2y < 2y < 2y << x, = b TWEAZIT}AL 8
Z}p o] A& BHORE ok 7 AV [x,-, ;]9 BZE A 294 f(x) < g(z)o]T},
T2t [z s 2] oA £9k g9 AXIAS D2 M(f), M (9)=} star HHstAIE 22 m;(f),
m;(¢g)2tal ShH

m;(f) < m;(g) AL M;(f) < M;(g)
7b At 28ER g, b]oA TS E54]0] gt
(f9 sih < (99 =keh), (Y A3 < (99 43.
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o] B 40| £77e] o]} 00] HES sl FeHe Fslolw RE5 o] o] uiA] ekt
olu] % RS9 s LWL 27t o] AR g9 HEo] Sysine

j;bf(x)dx < ]l:g(x)dx

7 gt

[ |
#u gub¥o= He| 59 I YA Ferh odd 7t [0, 1]004
fla) =32 g(x)=2
e st
1 B L _ l: _ 1 L 1 s
ff(x)dx—?)fx dr=3X 1<2 ](:20’ ‘/O‘g( )d
o|x|gk, [0, 1]9] A9J9] HofA f(x) < g(x)7} AHoHAE F=th. O

the el Qidol obd ¥4ol MRS A ) f85H ASHh

6. == F9F g7t Aot Fl F2E [a, bloA BYE0] UL, f7F [a. b]oA HE THs
sieka of&b WeF [a, 8]9] A 2 FolA f(x) = g(x)QA A9 747t [3told, & g
l2€ |z, 8l le) s2lE))

7 SN, W g (o, o]0 A% s 1 Hughe

lbf(x)dxz L‘bg<x)dx

ofet.
MY 4512 AP Atoletdl Zwo] male) 7] uigch St Hje e o FE
9% 5 A n

H71 6. 3k [0, 3]olA 5= f7F vht o] HoEo] Skl shAL

ifo<x<1
f<x>={‘” HU=e=

22 ifl<x<3

I [0, 3]oA FO] FAEES oS Zol AL 4 Utk

f a’x—ff d:c-l—ff d:c—fxdx—l—f:c dx= _,_777.
A Hok} SHA|TE A 27HA] A E vbHut

= O
RS e ofck. Axlo] 7H Ttk 3
o HPPSRAE TETANE ABste] HES ANSIEE B WS AL sk e,
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Pii=y|

Haol A=slX|7] figt 2X|

N

P 1, 5]o14 A& 7Fsstal g WA

Zf(l’)dl” =—4, _/ff(r)dx =6, fsg(r)dx:&

1

L g foF g7F 2Rl

¢

—

ol the-g TS,

1 5
d d
(1) fzf(x) . @) f2f<x> .
5 5
@ [ (@)-ga)ds @ [ -l
1 1
2. e Z9te AABow Uehjie
" k 1
1}E§Ok;1 1n(4+ o X .
3. the Z9te AMEOR UEHiAL.
M lim LY 2+ % @ tim ¥
n—oo Np=1 n n—>of=1MN
. n 1 . n k
® Jim & @ lim 2 e
HES CHx)7| 93t =X
4 TEIANG g3l TS HAEE THHAL.
b b
1 kd ks A 2 d
(1) f r (ke A% @) f v dz
b b
2q 4 3q
3) fo 2dz @ [ atas
5. 9ko] A| 49] Ao} PR HUG AFEFte] The FHRS T5HAlL.
b b
(1) fkdl' (k= &) () xdzx
3) fbl‘zdl’ (4) fbxgdx

b
©) f (Z)x2+qx+7>dx (», q, r= A
6. T4 f7} the3t ol HeolEol Tk o4,
1 if x€eQ,

f(x)_{o if r& Q.
(1) 7zt [0, 1]914 g roll Hal 29 FEFLAY T241S 28s5o] AL HAQ,
Q) = 7 72 [0, 1]914 HE 75 HolAQ,
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SN HX 0[0F7|
O|XEsto| 71=Xa]

oF Bl PAR At 718 4L Al B3 PETAUS A8ste] 1 B4e] 7
w2 ANSIT ST AAES A it oloh 2L WES AgIEE BH WAGT ¥4
2 7 v uie] YIS G HH: vl FALS AGIE Zlo] BT ANY, AR AN
woll= Ak g4lo] glow Helg Aot

o] deoME FHEe Atske Y nAEee TIeAEE duEA

G2 A TN £(x) = 22012 Bl W S E LA DT 0 <a <59 A a, bF A

a y nn+1)@2n+1) _ a

n—oo0 N k=1 n—> o no 6 3

TR E #3E [0, blolA £o] FHEL ot

b 3
fxzdxzb*.
o 3

JBEZ [, b]A flz)=2"9] AR T3} Zo] ARG 4= ok

b b a 3 3
fodx:fxzdx—fxzdx:L—i.
o o 3 3

a

14|

ojgtal st F'(z) = f(2)o]BE& F& 9 grg=roln

[ rw)iz = F6)~ Fla)

7} AU, = Pt 7o) Augad w, 3k (o, boIA 9] FAEL Fol 77 BAS U
| W g gk,
oAl /7t A% o]

al
la. 87} Zol7k Gl P21 £7} [0, b]oIA A% Feh B4 a < o < 0%
o golshe. el R WA BEE 67} s GEFSEE A 5 6= /2 Rolk Aol
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¢ <2< b SR TRT A2k o+ dr < bE VEAD BE 2 Pt SR f7h AELo]
B2 YRR (1, 2+ dz]olA fi ARk M4 A (o 2+ dz]olA £ gES Mo

g 341, [z, 2+ dz]old £ F4HS molata A
74 y=/(x)
/1
;n
(@) a ‘\ b X
X+ Ax

299 Theo] it
mdxr < Glx+ dz)— G(x) < Mdx

- Glx+ 4dz)— G(x)
B Adx

g Qerh 2E mt M [x, o+ dz]olH A2 7o) Al AURGIOIER, f(e))=m
fle)= MR & ¢, ¢,7b I [z, 2+ dz] ol ZA3c} =

<M

f(cl)é G(x-l—djgz—G(x) Sf(cz)

otk ¢, ¢, 7} Xt [z, x4+ dz] ol &3F= Ho|lB&E, dxr — 0+ W ¢, — £°]1L ¢, — zO|th
AL f7} A&TolBR f(cy) — f(x)0]AL f(cy) — f(x)olth IHBZ 9] H540
dr — 0+9 I3 F5hd

Glx+ dz)— G(x)

f(z) < lim Y < f(x) Q)
dx— 0+ x
7t gttt
2o HHHoRE g < x < pY T
fG) = lim GETADZCE) g - ©
Az —0— x
de HY = Qth a8Eg O 02 A 13t [a, 6]9 Y9 A 2] tisted]

G'(z)=f(z)

ZED 1. 5 /7t Dot F4 BATL o, bloIA Adsoleka bk we

x):farf(t)dz,‘

2 5t [a, 6] A A zof thste] G’ (x) = f(x)olth
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T 19 G7F oA Aofet Axp 22 el SRRy AL [a, bloA] £9] §F AERE Feka
StAE 28 (o, 619 49 & zol disto]
F'(z)=f(z)=G(x)

ojBE Feo} G& 5= Aololth. & A5 C7F A5t [a, 619 99| ol disto]
Glx)=F(x)+C - ©

d

£ WEARIG. I9H|

G(z)= F(z)— F(a) @

olmg @of z=b% st
[ 7t = o)~ Fla)
Olck. of7]H ARUS 1B 22 WTOlE go Aue ehinz, o AuE drc
2. W% /7} 2oVt el BATAL [ar 8114 o), FF Lo blolAl /€] @ g
e sh4. 2e

[ r@)z=Fo)-Fl)

7} sttt o] AEE O0|1&™EStO| 7|2H™E|(fundamental theorem of calculus)2kal H-EC} 48)

nlHEste] ARG F(b)— F(a)2 thest o] UerfslE st
b
[ r@)az=Fle)

a

b

[ r@az=|r @

a

@2 F(z)9 o] siutd f F=2 ARSI, @2 F(2)2] o] F 7 ol dd b F= ARSIt

48) F2| 15 M 1 712¥E e ey, F2 28 M 2 7i2dE e REr|e vk
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£oto] 7]

2 24eE AMglo] The 4ARg T wA
1
f xdx
0
f(2)=z, Flz)=ya*oleha spd F/= folrt. dejuz
1 1 1 1
f vde= [ flx)de=F(1)— F0)= L—o=1.
0 0 2 2
27| 2. uHEste] 7|EA S Algeto] ThS FARS 8| mA)
1
f 22dx
0
g2)=2". Glz)= yrolekm e G’ =golh. Tefu=
1 1 1 1
f = [ o()dr=G1)—G0)= L—o= 1.
o o 3 3
QLo ol GARS TlEo] elelalolna, ejmaiel AHRO Ra) AR Busl Aol g%
oz Abgolo] ARG AN S Qs HL thgks] meke dojct
BT H2| 204 £O] AEF: F 2 o]l AL gelolT 7l Anke dith dAg Fo] ro E
ohE SERRIL S 2 Flo) = F )+ G2 A% ol & ol

[ rw)ae=Fo)- Fla)

= (F,(0)+ C)— (F (a)+ )= F (b)) — Fy(a)
ol F il F& AREste] Akt 23 E9t faEsit
oMol ST ARG W FAS UunA
A 71 la, b]oIA PR 7FSSEAL f70] [a, bl A& Zhsshetal spAh 2|1
a=xg < <z < <z < xp <<z, <z, =0
ol (m+1)7h9 & =y AZrolRt, Hatgk Aol olstod »'Cifrﬂ]'

& w=A
o] 4]

o714 2,0l Sfste] ZAH A£73k9] ol7k 0] S

7, Aolel & 7k ZAstod

frlei)= A |
ot $He EXE= do ot ZouR 9] AogHE tF AZ A=t
f)= fa;1)= ' (e;)dx;
FHZ i =19 HFE (=nY W71 fotd o 4 =

£6) fla) = ﬁf’<ci>4xi

S3kg 3

£79] Ao ek,
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o|=A HE HEE It

EZD3. 3 /7 dot 949l BT o, bloA] 1B 7RstaL £70] [, bolA AR s
shcha s aeiw

>

f’(x)dx = f(6)—f(a)

7} =3t o] ZAS sl 1EI(‘[he net change theorem)dtal R-Er}

!
N
rir
=
)
AL
u U
NN
\
N
re
A
mE
2
=)
rUIﬁ

AR F2l 32 wAEed f7o] dfo] ofd e &

B 3. o= fE

0 if x=0
olek ejst

1 1.
f,(x)_{szmx cos— if x#0

0 if x=0
oftt. o] [0, 1]ollA A& oFA|Tt 00fARE EAL0lAL [0, 1]ollA fACIER 772 [0, 1]
A Ay FRsai,
a8ug o, 1]olA f79] FEEL o3t Zrh

fof/u)czx:f(l)—f(o):sim.

B G5 /7 o bOIA WIE ARSIt S8 12 [0 blOIA A ZRsaA) e 4 itk
oty 72 [~ 1. 1ol B4 /&

x X x

2 sini— i(:osi if r20
Fz)= 3 3 3
0 if =0

ojnZE f/2 0 TAHOA FAZF ot aHER /2 [—1, 1]oA HE EIFsdith
wheba] "a| 304 f7o] AR Thssitte 212 93k 4 Qi 0
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oltt. IHERE thx HHE deth

4. % 19 g7t T2 [0, 0]oNA TR ARSI 3 g'0] [a, o)A AR TRsehE The
o] At

fbf(x)g’(x)dx— (6)g(0)— f(a ff

HME ™ (integration by parts)°|Z}1l F-EtT,

| 4. the AR o) A,

f Inx dx
1

Flzx)=Inz, g(z)=zta 3F. TW f'(z) = %, o (2) = 10]t.

f(z)g (x) = di(f(x)g(x))—f/(x)g(x)
X
olm=g
lnz= %(lnxx:c)—%xx
ojn, FHO BYHE

o

ot
flnxa’x:xlnx—x—i—c
olth. LT the AW Pk

j:elnxdx—[xlnx—xrz —e)—(0-1)=1.

1
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PEARYS BYRRoR tehiy theat 2k
[ 1@ @dz= @@~ [ 1/ @y)dx

ANA u=f(z), v=g(x)etaL 5@

du
dx

=f'(x), %:g’(x)
ojlEg gAAHo7
du=f'(x)dx, dv=yg (x)dx

2 Ued & otk Jejne BEARMe et go| EAT 4 lrk

fudvzuv—fvdu

27| 5. o FAHHEZ o EAL
fxer dx

u=uxz, dv=¢"dxe}t1 A}, I8WE dv=10v'(x)dx, dv=e"dzO|BE v’ (x)=¢"0|t} uw}A]
vZfexdeex+C1 (G2 )

ojtt. 7M et &Sl v=e"E =5

fudﬂzuv—fvdu

S Fo} g7} u)E 7Rk 820l 77k (o Bl F’ = f7F stk s AArgHo] ofstol
LR (0) = F' (669" (1) = £ 9(0)g" ()

olmz
[re@ns tat = Fa)+ ¢ (c 49
olet. it
Fl)+C= [ /()
olmz
[r@az= [rle)e @ar
£ Qg
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5. W5 /7h A%olT Y o7k IR FRsEe] ¢'ol MR JRsE ) chgol ek

[r@az= [ 16

o] FA1S& BRAAREO] X|&EEH (integration by substitution)o]2k BE

fz‘(tz +3)"at

Flz)=z*, g(t) = +3018 2 3 £(g(t)) = (1> +3)'0]2 ¢’ (¢) = 2t 0|02 X|FHHE 0| 93

f(z‘ +a)tar = 2ff<g (1))’ ()d fo(x)dx

1
4 _
2[ dxffx +C= lo(r +3)°+cC.

71 7. o2 FAEAES Tl HAL
ftantdt
x=cost2}al SFH dx =—sint dtolck. xo] RY7}F & 7t Qo US
[Laz=mlal+c

O|BR cost9 Ho7} vHA P 9] WA TS d=

ftantdt f*(— sint)dt=— f dx

=—Inlz|+ C=—Inlcost|+ C.

27| 8.

ille

=] o =]
BAREE o] A}
fsinsx cos’z dzx
u=coszx SPH du = —sinzo|PE S-S ALt}
. 3 2 _ .2 2
sinz cos“xdx = | sin“x cos"zsinx dx

= f(l — c052x>c052:c sinx dx

:—f(l*%z)uzduz f(%4*%2>d”

15 13
=—u’— —ut+
574 3% C
1 5 1 3
== - +C.
5cosac 3cosoc C
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_ 1 11
2—4 (@+2)z—2) 4(xz—-2) 4(=+2)

olog theg Ptk
1 lf 1 1 ) 1
== — == —2|—Inlz+2|)+
Jata=1 s sigae= nle—2l-mlaszhec
APALHS A8} HES T v FR| W9l fsfoF T,
gERe) ALy 34

[r@iaz= [r6@)g ©ar

A a=gla), b=g(B)2kaL SF
[ #(ia = Fo) = Py = Fal8) = 6ot = [ rlates O

6. W4 /7H RATL [, bloIA] @)1, B g7} vIR FR53te 0] AR Apssitn
3% a = gla), b=g(8)°IT g'0] o, §F BE Yh= 2= PN A%old theo] HYu

ff(x dx—ff(g (t))g’ (t)d
olgtal HEr},

a7t 45 o

Bo| Ale HYSIE 4| HHEL AENAE AUSE M@ Hesi,
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2=09 W 6=00]7, z= A 1} 6= Toluz BAY FHLL AN theat Lot

1 L4
f2;dx:f6 X cosf df= f g X cosfdo= f 1d9——
0 1— 22 0 1—sin%0
o2 oz 13 HAl |z|< 1Y of
—Sinflxz;
dx 1— 22
O]Ug __E_xﬂ_cq X%X—]H 0 1‘4—.9.31]. 71—1:]-
5 1 . 711 -1 T
—————dxr=sin — —sin 0= —.
‘£ \/I*xz 2 6
271 12, o5 BAEE o 2A
/3
f 21 dx
o x°+1
_ _r Taem 9% 20
x =tand, 2<6<2i—,—‘?‘i 70 sec”fo|ct

ol BAC] FHEL thet ek

/3
f 21 dr=tan V3 —tan 0= =
o x"+1 3
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HE=XH

Haol A=slX|7] figt 2X|

1 0he RS oA,

) '/:lxdx
3) flzwx

0 [4e>as
o [
(1) f ot
13 [oas

l—z—¢ *
(15) ‘[1fdr

(17) f3(5—2r)4dr

) f01x+

@ [z

© [ las~1)as

® [ 2

0 [Veraz

) [T S

9 [[5+2+
a0 [l
(18) f S

1

) £2|x—x2‘dx

3.8 /7 A% WA A A1, o7t GO A5 A kg B0l ekAle
() 774 A% ), 5 Qole] 2% ol Hatol £(—) 7 ()F WEAL | thol
HYRE Holi

_4

faf(x)dxzo.
Q) /7t g o, S A9 AL 2o ot f(—z) = f(x)E TEAIE 1 th3o] AdeE

HoJA|Q.
’ drx =2 ’ dzx.
Iaf(x)x fof(x)x
4. = f7F Ag JA oA A50|AL a, b, 7t A5 W, tho] Y-S HolA|Q.

b+cf(:c—c)dx: fbf(x)d:c

atc
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Fr 78 AEES0lal a7t ASolH 19]9] A4 zof Histe] ohZo] gt
f F(t)dt =2x*—8x+6.

b
ol

ol f(x)e a5 FIHAL
6. T f7F f(a) = 2% +ax+oEal HOE 0] T TS TEAZIC
fsf(x)dIZB ‘/-lf(ac)dacz§
0 T 37
ojtff g a2t 69 FS TR
7. B HEQ gol it HER Sk A% o9 e T
f1(9a2x2 —12ax + 5>dx
0
8. W% f7} vlE M5k, Ao9] A4 o] Hhste] Theg WEAI:
fx —t)f Hdt = 22>+ ax® —4x+3
1
ol £(2)9 FE T2
0. 7} TRIRol T Yolo] A% 2o Histe] The-g wEARIT:
= 2_
flx)=x 6x+9f0 F(t)dt
olef f(zx)E oML

10, @5 f7F 72 [0, b]OIA A% W) the WEATIE o7t a%k b Alolo] EAFL HolAle.

1
o [ r@a= s

o] A& M2 M 1 Yoa Tl FEC

o 20| BHEHT M2 MUS Yst 2

11, 4982 RO F 71 ES ZASL, 5 el Aolg vmsl A
(1) 299 = (Riemann integral)
(2) 9= 59] " (Darboux integral)

12 AR A 2 R S 2A B,

13. X*@-E—PJ %’}lﬁ% Tohe S SH(midpoint rule), AILI2IE S4l(trapzoidal rule), HEE

Lg% /7 AT (o b]OA Aoleka S ol [a b]O1H S M F5ee SHA

Q. [72 la BlOIM f7t RSB0 ALE 0IGBICE]
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U #Ay 0[0F7]
ol 7HX| HEH

X|eteet 289 X2
a>0, a#=19 i T y=a"9 EF7F ¥ =o' IneClBR, X|Fepo] RYHEL o33t At

fardxz ¢ 4+

Ina

2I40) BAAEE Fob] oA REARME A8k

[¢]

ek
G5 2o Hste] £(2)=Inz, glz) =220 SR T2AW /1(2) =, ¢ (2) = 10]ck

f(z)g (x)= jj(f(x)g(x))—f'(x)g(x)

lnxii(lnxxx)—%xx

dx
oloi, Qpile] RAMEE o e Lot
‘[lnxdx:xlnx*erC
53] Wol 49l 2Ise] RAHEL the} P,
flogﬂxdx: Inx Jr— xlnx*erc

Ina Ina
@A AR W8E Helehd cheTt 2k

1. >0, a= 19 1 tho] A3},

) fe’dx:ex-kc

X T ax
@) fa dx = 1na+c
3) flnxa’xlenx*erC (&, > 0)

4) flogaxdx:xlrlln%-l-C (& =>0)
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oA 7he] 718 Azt BolA vl B0 RRE 2k o

fifo
>
30
fr

fsinx dx=—cosx+ C,

fcosx dx =sinx+ C.

d _ f(x)
T In|f(x)] = )
olty, IHEZ f(x)9 Hort 44T o oh} 22 H&E A4S A=)

Ligil
sinx —sinx cosx
tan.l' — = s Cotx = -
cosx cosx sinx
oluz HAES} FHAEL f(2)/f(2) B2 el 5= 9th. by AlES) FRbllES] AR

ftanx dx= f(* 7smx)dx =—Inlcosz|+C (Ct HEAS),

CoSx

fcotxdx:fZ?j dr=In|sinz|+ C (CE FEAD).

——secx =secx tanx,

dx
d _
Jx tanx = sec”x
T 5418 Wult} oohd o2& derh49)
d
E(secx +tanz)=secx(secx+tanz)

Jejog AAEY SgARe et Pk

secx +tan
fsecx dx = fsecxx SECL T HNL G —1In|secz+tanz|+C (CL HBAFZ)
secx t+tanx

49) olet 22 A2 R SEAES HAFE NYHOE HAL Zolt
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——CsCx =—cscx cotux,
dx
Ecotx =—csc’z
olm &
E(cscx-%cotx):—cscx(cscr+cotx)
ot} I1¥E=E

cscxt+cotx
cscxdr= |cscx X ———dx

=—Inlecscx+cotz|+ C (CEx FEASD)
cscx t+cotx
o|t}.

T T

AP AR he-e st Tt 2k

EED 2. 712 AMzsigo| ME
) fSinde:*COSx+C 4) fsecxdx=1n|secx+tanx|+c

) fcosxdxzsinx+C (5) fcscxdx=—1n|cscx+cotx|+c

(3) ftanxdx:—1n|cosx|+c 6) fcotxdxilnlsinx|+c

m3t no] gol ohd A% w chewt L

B

ofll

do g o v

fsinmx cos"z dx
mik no] B4l B H3lx] ofno] wet A 71X $Po= o] A4t
@ mo] B AS, m=2k+12 Fil sin’z—1—cos’z & AME5}o]
sin” z =sin®* "z = (sian)ksinx =(1- coszx)ksinx
2 Yehdth. 1 o sinz da§ —d(cosx)Z HpLo] ALl
@ mo] &Z=o]1 40| B4Rl AL, n=2k+12 Tl cos’z =1—sin’z S A3}
cos”z = cos? 1z = (cos’z)" cosz = (1—sin’x) cos z

Z Yepdith 1 o coszr dxrE d(sinx)E HpLo] AAlsict
@ mI}t no] HE L0l AL AzhElso] H

il =au ”'(lj—él
. 1—cos2x 9 1+ cos2x
sin“x = ————, cos =

o A4e0] How gt
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sin’z cos’z dx = fsm x cos xsinx dx

~—~

= f(l—coszx)x cos’z x (—d(coszx)) v sinz dr=—d(cosz)

= f(l*uz)x u® (—du)

5 3
4 2 u u
= - =2 -2 +cC
f(u u )du 5 3
5 3
cos’r cos’x
= - +C.
5 3

fcossx dx
m=00] B2, 5 =57k B5Q) A90) AL AL,
cos'z cosx dx
(1—sin?z)’d(sinz)
(lfuz)zdu

(1 —2u®+ u4)du

I
— — — —

2 3,15
=u——u+—=u+
u 3” 5% C

. 2 . 1 .
=sinx — gsm?’x+ §51n5x+ C.

m=29 n =47} B4 A9 FHS g,

fsian costrdxr = f

1—cos2x)

1+cos2zx \?
. cos x)dx

2

—

= oo|— ook

(1—cos2z)(1+2cos2z + cos?2z)dx

(1 + cos2x — cos’2x — cos® 2x>d:c

—, —

2
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* u=cosx= X[t

* coszdxr=d(sinz)

* u=sinx2 X|2t

1 .
[x+—sm2x—f<00522x+c0532x)dx .



o714

=1

fCOSZZx dr = %(l‘"’ %Sin4x)+ C,

1. .
fcos3 2r dx = E(sm 2x — %sm3 Zx)—f— G,

olug theg Ytk

. 1 1 . ; )
f51n2x costrdx = 3 [x + Esm 2r— f(cosz 2x + cos® Zx)dx

1 1 . 1 .3 )
= |z— = +=
16 (:c 4sm4x 3Sm 2z |+ C.

mI} no] 0 ol Fed o oS3t 22 JHO| FEAHES dHEA

k

soles

ook

9|

BAel Burl tialel Bedoe nHY

dhet charalol

¥
i
i)

= =2
fsinmx sinnx dzx, fsin mx cosnx dx, fcosmx cosnx dx
& F4L AMgstol W § Axa,

. . 1
sinmz sinnz = o [cos(m—n)z—cos(m+n)zx],
1

sinmx cosnx = g[sin(m—n)x—i—sin(m-i—n)r],
1

CoOSmx COSnx —

5 [cos(m—n)x+cos(m+n)z].

fsinSx cosbxr dx = %f[sin(f 2x)+sin8z]dz

= %f(sin 8x —sin2x)dx

cos8x cos2x

= 16 + 1 + C.
e
L 3eE GElkeEty BEY 2 P(2)9 Qx)7F xol
_ P(x)
Y7 Q)

gt REEETL FE o] A9 YL Qx) # 0% BE 29| Folth
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ReEee] Bt A4 2 olekel oSS oz

(0]
ARG 5 ek, ofnf 43 AGHE FHL thew 2ok

f7{x) z=1n|f(z)|+C, dr=tan ‘z+C.

1
st 20 20 AHIES 4183l 3 ave ;Lw.

6z+7 _ A B
(x+2)? x+2 (x+2)°

fr

o] A1 zof tigt FeAlolct. FHo] (x+2)° & FT F ASE vlweld A=6, B=—5% &
. Jgo=g

6x+7 , 6 _f 5 _ 5
f( =]y dx 7<x+)dx 61n|x+2|+—+2+c

~2+4 _ActB_ C D
(Z2+1)z—1?% 2241 -1 (z—1)?

o] A2 zo] figt Fe4lolch. FHo| (2 +1)(z— 1)L B F A4E vlwsiA
A=2, B=1, C=—2, D=1

—2r+ +
f 2r+4 dz f2x 12 1 2)dx
(22 +1)(x—1) 2241 =1 (z—1)
2 1 2 1
= — + dx
fx2+1 22+1 r—1 (x1)2)

:1n<x2+1)+tan71x—21n|x—1|—x—i1+K.

o714 K& Aol
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O

HI

o] olo] o5k AR 77ke] Lok f3tola AR SALY ek Hxio] Hojglct. 17
U B0l e Sgstel AR 319 dolrk Ftol AL B4 S obd H9e] ARe Holg
P
nn

y y
vertical asymptote vertical asymptote
| y=r(x)
o) a c b x Y a d boox
+ Qo7 el MARTL (0, 518 A I 77 (0, 01o1H HFO] U3, a < < b9

Qele] cof tistol [c. b]olA 77k 2% Fsslein Sk olul (a, bJolA] £} OJaEiRmproper
integral)2 T3} o] Aolsit 50

b b
[ r@az=lim [ @)z

c—atYe
7|14 ¢& o] o]FHEL] E0|H(singularity)o]2tal FEr},
« & f7F [a, b)olA HAEO] A= HS, [a, b)oIA 9] OIMMERE th3} Zo] HlSSh Hyloz
7 olict,

b d
f(x)dz= 1lim | f(x)dx

d—b—
o714 d% o] ool SojFoletu P e

(e, blolA oo} o, [a, ¢)U (e, bl 7O OI4XRES Th3T

Zo| F oA AHEO] gtog Aogirt
¢ b
fbf(x)dxz f(x)dz+ | f(z)dx A

o714 ¢& o olAEe] S0jFolety BEth
A R0] Hololq Feo] 48T S UL WAL S 9tk oHES Aojshs Fato] s
S “olyao] SRtk Bk Wale, olAARS Holshe Jto] WaksH: A9 “olAlto] Wit
o "eha Wk,

3] QoME 19 7 olAEe] BF sHT W o] o o] sHshe Jom Aottt

o]

o,

oft

ps

A|m
_!

50) olgAEL Aol ohxgr el AL BT Aol A oleh ojge] Bt
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87| 7. §APE okl g0} o gHEe

(1) »/O‘lldx—cllr&f

ke dlE duEAL

&

~—dzx= 1lim (—In¢) = oo.

m\

c—0+
1]
= —d =
1 1

—dx— hm(l 1)100.

c— 0+

l’

O| a b e -
84 17} [a, o0)olA] ALJE0] 9L, o < 6Q A1) o] Tt |
Stk ol [a, o0)ollA] o] OfY

. blolA f7F AR ThssiraL
MRS theat 2ol AHoldith

J s tim [ 1)

LW 7 (— oo, bloH Bl Gl A (—oo, bloIA fo] OpRE
o gejg

ARZE thedt go Wkt

— 0o

fb flz)dz= lim ff

ok Hp f7F (— oo, oo)oflA HEo] QAL AR A9j9] &3
At d &

=

o

A77NA f7h AR st

Tt &2 F (-0, o)A 7O OIEEES T3} o] gt

ff dx—(lLlrpmff )dx+ lim f(x)

b— o

of7]4] o] £ ojgAto] mr

$HILE 5= o7 EAFIE, S oj- gro g EistE AR
Qlo] 1ol F= oAb Ho] AF £t
27| 8. fA7F obd F7toflA oA ES AXtel= Al ATEAL
oo 1 b
(1) f — hm
.z

fdx = lim Inb= oo,
b— oo x

b— oo
(2)f Tdr:}irgo[ f = lim(2/6—2)=

b— oo
b1 1
L= —dx= (1——):1.
® [ e tim [ o= timbg
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Il 9. woket FHE9 olHES Altshe g AuEAL

1 [ 1 1
(1) —dx— 5 dx+ 5 dx
w xl+4 wxt4 o x t4

| b1
= limf dx+ lim dx
o, 244

22+ 4 b—>oovy X
. 1 ,1a) .1 _1b T T 7
aljrfloo( pran oyt limoytan o= Sed or= o
3 1 ¢ 1 c _ Vs
) f dx:hmf dr= lim sin '—=sin 1= =,
0 \/9*1‘2 c—3 Y0 \/9*1 c—3" 3 2

A

>
Mo

M|

W0l A=shixlz] flgt 2

L.tz RS AR

W [ @dx @ [l -5z
(3) f\/mg’x (4) f(x-l—l)ezdx
(S)f I§+1dx ©) [(lnx)
0 [ o [,
2. o2 AAES TR
(1) ﬁ%(sec2x+csc2x>dx () f1€721+1d1‘
n 0
3) fo ¥ rcossids 4) fz i 2dz
5) fogcos%dx ©) [01 4i 4z
0 [t
3. o FAHEES FoAR
(1) fe sin3xdx ) fxslnxdx
3) flnx)gdx 4) [xzegxdx
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4. &
(1) f Lz
G fo (22+3)*
5) f N
O [ e

©)] f 0.01¢” "% g
0

(11) f 6et dzx
0

HES CHxP| flet 28

5. T Aol C7F A W, A= o b9 g2

oJHHo] FsHA

® f 2y,

(10 fo (Zx Iy

(12) f o 0%y
1

8L

e sinz dr = e** (asinz +bcosz)+ C

—

6. = f7F Ul 7hsokal, Yoo A xof Histe

f(x)
@)= 0y
= W=A7Y £(0) = Lolck ol f(z)E FEHAL.

e

©) f°°<5x+1>*4dx

4x 0 8

) [ etaz ®) fm(x_S)zdx

0 6 0 1
©) foo(13 7 (10) fwmdx
11 i e’ dx 12 - e dzx
( )fo (e *+2) ( )foo(e“rz)2

8. 0<a<bo|il g f7F DTt [a, b] oA ALoletal kAL ESF f7} [a, b] oA &

® f(a)> 00l skAL f(a)=c, f(b)=d¥ T 54

N
N
ox,
rd
el
o
et

% /9]

dffl(y)dy = bd —ac— bf(x)d:c
J J

IS ARgste] EtA.
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Algq

="

11.

12.

13.

4. n

15.

16.
17.

9. o] BA|o] AT}l A 5340] HEL ARRSIe], ¢ > 1Y uf TS S4lo] AL

d
f Inzxdx = dlnd—d+1.
1

mlo

A3t

OI

= SYA7I7| flet 2

k7Y Fd W Theg HoJAL.

W [ ke az=1
o) flmﬁdr
O [ erdz=1

e £9F g7t [a, o0)oflA HYEo] A, » = aQl BE zof tete] f(x) =0, g(x) = 0°]2t

S ERE < bel QOS] A% ol Tstol, sk o7 o o] N4 AR TRsohek oA

g BolAe.

W ¢2)= ["FOarn BolR B4 67 [ )0l A0l oW [/ @hdart
S5}

() == a9 B9 ol Rolo] 1(2) < ga)olm oV [ gla)dart SRS oA

a

f f(x)dx= 43Tt o] AYE H|W TXH(direct comparison test)o]gtal BEr})

3z~ 0D W 7(2)/o(a)7h F Lo] SRBTGT 34 ol olgAE [/ (x)axt

Sgsp) 91w wadeaae [ o@)dat S9ske Aot

A A 128 A& 73 EF-0IM BoldE 2= oA Eel Hitt Yo Hystal, ol

Zsti e

2SR EH = el vlo|ojfEdRA XS Weierstrass substitution)S RAFS] XA}
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T2 [a. ] O14 AR 7Fse T450) AL Rla, b] o Zo] Lehith. A% kot AR s
% 7, gl T‘Hokﬁ ARl A2 kroh 0] @ £+ g7} AolEo] kL s
(1) Rla. 617k RolA] HE}B719)E HolAQ.

@ #(9)= [ 7(@)dr @, ¢7F Rla, b 238 RS AFALYL HolAlo.

. 9FE 77F FElSde Holgd St 1= a/b0laL a9t b7t ARAQ] ATkl 7gEkAy o

% Pt /2 thgat ol Hojsha.

2" (a—bx)"
n! ’

Fla)=f@)— ")+ Y @)= @) +—+ (1) 7 ().
S B0 TelAe
(1) F(0)+ F(z)7} A95Y< HolAQ.
(2) TS HolAL,

flz)=

f”f(x)sinx dr=F(0)+ F(x).

(3) nol AA% 1 tho] HYFL HolHle.

(ﬁa)

ff(x )sinz dx < m—"— o
@ ¥ (D)~3)9 2IE AHEst 2aS Rt 77t RS HolAle.
U ol Hotol I(x)E ket 2o Aol

= B2 gL

(1) A9 F= zof thote] o FHE I'(x)7F ETE HoJA| L.
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4) 0 o] A noll diot] I'(n+1) =n!YS HOJAL

o|9} Zro] AojH J 'S Ot & (gamma function)Zhal FE2ct 7l sk AT 719 F9
< 39 A7t obd ohd A AA JEgoz st Aot

(7,001 92 [, lolA] 2 715 QR ool GBI, 7 (1,) 9] Ferieta
S E (7, )o] rol @ERTLT o4,

(1) W 77 2 Lo, b]ol4 AR K5 HolAle.

@ tim [ 7,z = [ (lim f, (0)jdr 2 w142

a \n— oo

191
o1 7H e



ECtA Iy 0]0F7|
u —
HEgo| 28

Ty =/ (2)7F BRI [a, o] oA A%D o, JH y=/(2)% 25 4
iRl =39 Yol S&
s= [1re)lds
oltt.
E e 2 =g(y)7 BURTE e, dlolM A&L W, TH 2 =9(»)% v5 4

g E FAEE 835t 2AE siaskes Hdet g dHEA

= =39 ol se

ol}.

B7] 1, HHPHA T y=2"+1F 22 L F - =0, 2 =1
2 E9MR] =9 yolg o EAL

0<2<19 1 y> 0088 T3H= Yol St thast Lok

S= fx-l—l

7| 2. ¥ y=—2"+3zx— 29 r%02 ETRI £F9 Yol 73
A}

M y=—2"+32z—29 =9 wHO FHAALE r=1, r=20]c}
l<z<2¥ W y>00]E% F3t= Yol S& thad gt
2 2
S:~/I'<*x2+3x*2>dx= *%x3+%x2*2x 1:%.
192

il HA| ojop]

Ag 4 9tk =3
ggsto] side 4 U=
F AN r=a, x =02
FAd y=c, y=d=

y=x"+1

y

1 2
0] X
-2

y=—x’+3x-2



7] 3. HEFWAN B g =sin2e9 o F0R Eeliol dw ¥
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2. 8% f7H 72E 0, o0)ZEE 77F [0, o0) $129] Fro]m Aol SB/RITIL i) Eat

g=F ek a3 ol Aole] ok 4, bo] Thafol
a b
dx + dy = ab
](:f(r>x fog(y)y>a
7} AEEE HoJA|L.
3. ARe Agste] BUERY AuFdn QA IFFUS P YU 246 By

4. 2A9] Fuje} gAA|e] BylolE Foh= IEAL FAFA SAl(Pappus's centroid theorem)
Absl] HA}52)

5. 4915 nol oSt} thewt o] Helak,
_ n 1 _ n l

o

olr| tree FHIAQ.
(1) dolo] R4 o]
Q@ %9 (E)e 2

() 5 (E,) e st

%4 (E,) 9 23E2 0.577215664901532 ---o|t}. o] FHS QUB-OIAAZL| Al4(Euler-

S

3lo] 0 < E, < 10]th.

Mascheroni constant)&}il F20 HE y& YERACES3) o] Zho] Ja|4QlA] FE|4lA] o=

oFZ] BFE{A|A] ATt
6. 7HE|of|2|Q] f2|(Cavalieri's principle)S AR HA}.54)

7. 171 {Rto|A|gt Yo7t FRlRt 3PS AR HAL [‘Gabriel's Horn's ZAsh 2Xt]

52) BFEAannog, 290-350)= ILtf L1229 7]sksiatolct

53) @A#(Leonhard Euler, 1707-1783)= AQAL] F&xjo|} Ea|alr}, HMEsH}, =a]dlr}, Z&kxjolr}.
nk2Al2Y(Lorenzo Mascheroni, 1750-1800)= o|g&]o}e] $=sfzlo|t},

54) 7PdE|ol|g](Bonaventura Cavalieri, 1598-1647)% o|gglote] s=8}xjo]lc},
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o= B (=)

A function F is an antiderivative of f on an interval I if F’(z)= f(x) for all z in I.

If F is an antiderivative of f on an interval I, then the general antiderivative of f/ on

I is F(x)+ C where C is an arbitrary constant.

The combination of a differential equation and an initial condition is called an initial

value problem.

Let f be a bounded function defined on [a, 5], and let z;’s are (z+1) points such
that

a=xy<x) <xy <<z, =b.
Then the upper sum U, of f over z,’s is greater than or equal to the lower sum L,

of f over z;’s.

If the upper and lower integrals of f on [a, b] are equal, we define the integral of
f on la, b] to be the common value of the upper and lower integrals of f on [a, b].

In this case, the integral of f on [a, b] is denoted
f fla

If a function f is continuous over the interval [a, &4], or if has at most finitely many

jump discontinuities there, then f is integrable over [a, b].

If f is continuous on [a, b] and F is any antiderivative of f on [a, 8], then
[ 7)== o)~ Flo).

The net change in a differentiable function F(x) over an interval ¢ < x < b is the

integral of its rate of change, that is,

a)= j;F’(x)dr

If u=g(x) is a differentiable function whose range is an interval I, and f is continuous

[r6@ne @z = [ 1

If ¢’ is continuous on the interval [a, &] and f is continuous on the range of g(x)=u,

then

on I, then

9(b)
fbf(g(r)) g (x)dx = f b fu)du.

g(a)

If £ and ¢ are continuous with f(z) = g(x) throughout [a, 8], then the area A of the
region between the curve y= f(z) and y = g(x) from « to b is the integral of (f —g)
from a to b, that is,

= ["1r@) - s@)la
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O The volume V of a solid of integrable cross-sectional area A(xz) from z=a to x =10

is the integral of A from a to b, that is,

- fbA(x)dx.

O If f and ¢ are differentiable function of x, the product rule says that

L @l)] = £ @)el@)+ @) @),

In terms of indefinite integrals, this equation becomes
[Lr@oaz = [17/@)e)+ 7 @)g @)]dx
X

or

[ L 1f@e@iz = [7/@ e dz+ 7)o @)da.

O If a curve C is defined parametrically by x= f(¢) and y=g¢(t), a <t < b, where f’
and ¢’ are continuous and not simultaneously zero on [a, 5], and C is traversed
exactly once as ¢ increases from ¢ =a to t=0b, then the length of C is the definite

integral

L= [V Or+ [ ©Pa.

O Find the volume of the solid lies between planes perpendicular to the z-axis at =0

and x = 4, where the cross-sections perpendicular to the axis on the interval 0 < x < 4

are squares whose diagonals run from the parabola ¥ =—/z to the parabola v =z .
O Find the volume of the solids generated by revolving the regions bounded by the curve
y=2" and lines =0 and y=2—x for x > 0, about y-axis.
O Find the length of the curve v=2"? from =0 to == 4.

O Find the lateral surface area of the cone generated by revolving the line segment
y=xz/2 over 0 <z < 4, about the z-axis. Check your answer with the geometry

formula: (lateral surface area)= x (base circumference)x (slant height).
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O Given a sequence of numbers {a,}, an expression of the form
aytay,taz;+--+a,
is an infinite series. The sequence {S,} defined by S, =a; +a,+ay+--+a, is the
sequence of partial sum of the series, the number S, being the »nth partial sum. If the
sequence of partial sums converges to a limit S, we say that the series converges and

that its sum is L.

O If |#|<1, the geometric series a+ar+ar’*+--+ar" ' +--- converges to a/(1—7). If

|7| > 1, the series diverges.
O If a series Zan converges, then a, — 0.

O Let {a,}] be a sequence of positive terms. Suppose that a, = f(n), where f is a

continuous, positive, decreasing function of x for all x = N, where N is a positive

integer. Then the series

(oo}
Y a,
n=N

[vwf(x)dx

O Suppose that @, >0 and b, >0 for all » > N for some integer N. If «,/b, — ¢>0,
then Y_a, and Y_b, both converge or both diverge.

and the integral

both converge or both diverge.

O A series Y_a, converges absolutely if the corresponding series of absolute values,

2|an|, converges. A convergent series that is not absolutely convergent is

conditionally convergent.

O If a series converges absolutely, then it converges, that is, if Z|an| converges, then

Y 4, converges.

O Let Y_a, be any series and suppose that |a,+1/a,| — o. If 0<1, then the series

converges absolutely. If o> 1 or e is infinite, then the series diverges. If o =1, then

the test is inconclusive.

n

O Let Y_a, be any series and suppose that

a,| — 0. If o<1, then the series

converges absolutely. If o> 1 or e is infinite, then the series diverges. If o =1, then

the test is inconclusive.

O If a sequence {c,} is monotone and converges to 0, then the series Y (—1)""'¢c,

converges.
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If Y a, converges absolutely and {6,} is any arrangement of f{a,}, then Y o,
converges absolutely and Y_b, = Y a,.

If Zan converges conditionally and A is any real number, then there exists an

arrangement {b,} of {a,) such that )b, converges to A.

The nth-order Taylor polynomial of f at ¢ is the polynomial

’ " (3) c
fl(!6>(‘r*()>+f <6)(x*6)2+f ()(I

f(n)<c><
2! 3!

—c)P et
n!

z—c)".

fle)+
A power series about x=c is an infinite series of the form

Z a,(x—c)' = a0+a1(x—c)+a2(x—c)2+-~
n=0

in which the center ¢ and the coefficients «,, @, @,, --- are constants.
The Taylor series generated by a function f at ¢ is the power series

” (3)
fle)+ 1(' )(x—c)-f-if (’C) (x—c)2+7f 3,(6) (x—c)’+---.

When ¢ =0, the series is also called a Maclaurin series.

The set of points at which a power series Y_a,(z—¢)" converges is an interval; the
interval is called the interval of convergence. The interval of convergence may be
open, closed, or half-open, depending on the particular series.

Let R,(x) be the remainder of order #» of f by the Taylor polynomial P,(x) over I.
If R,(x) > 0 as n — oo for all z€1, we say that the Taylor series generated by f at

x =c¢ converges to f on I, and we write

_ = f(k>(€) k
)*k;() o (x—c)".

If Y. c,(x—¢c)" converges on an interval I, and if f(z Z c,(x—¢)", then the

n=0 n=20
derivative of f on the interior of I is f’( Zna (x—c)" 1

n=1

If Y ¢, (x—c)" converges on an interval I, and if f(z Z c,(x—c)", then the

n=20 n=0

e o . v (=t
antiderivative of f on the interior of I is | f(x)dx = ZaﬂWJr C.

n=0
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