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F—HJ0 kAR Chapter 1 Limit
IR E X RiIESFHFAEM 2 Definition, Expression, and Existence Theorems for Limits

1. PR E X 538X 30 Definition and Form of Expression for Limit
a. & X Definition: Let f(x) be a function defined on an interval that contains x = c,

except possibly at x = c¢. Then we say that,
limf(x) =L
X—C
b. KX Form of Expression

limf(x) =L L isthelimitof f(x)as x approaches c
X—C

c. JEWBRS5AHBR Left Limit and Right Limit
i. fiPR Right limit: lim+ f(x) = L approaching from the right.
X—C

ii. ZEHRBR Lift limit: lim f(x) = L approaching from the left.
x-c—

2. PR AIA7TE M4 2 # Existence Theorem of Limit
a. JEMBR S5 HBRAHZE Left Limit Is Equal to the Right Limit

Jim £ = Jim ) = L

b. RRAFELERIE L The Case Where the Limit DNE
i. Left limit is not equal to the right limit.
ii. As x approaches c¢ from either side, f(x) increases or decreases
indefinitely.
iii. As x approaches c, f(x) oscillates between two fixed values.

W FRE 13T Evaluating Limits Analytically

3. MR E4 5 Properties of Limit
a. FRE’IL Scalar Multiplication: We can “factor” a multiplicative constant out of a
limit.
scalar multiplication: lim[bf (x)] = blim f(x)
X—C X—C

b. /275N Sum or Difference: To take the limit of a sum or difference all we need
to do is take the limit of the individual parts and then put them back together with
the appropriate sign.



sum or dif ference: }Ci_r)rg[f(x) +gx)] = }CI_IE f(x) + }Cl_r)rg g(x)

c. SRFEN Product: We take the limits of products in the same way that we can take
the limit of sums or differences. Just take the limit of the pieces and then put them
back together. Also, as with sums or differences, this fact is not limited to just two

functions.
product: lim[f(x)g(x)] = lim f(x) lim g(x)
X—C X—C X—C

d. >KRF§VEN Quotient: As noted in the statement we only need to worry about the limit
in the denominator being zero when we do the limit of a quotient. If it were zero

we would end up with a division by zero error and we need to avoid that.

F(x) lim f(x)

_ x-ocC

uotient: lim =

! weg@)  limg(x)
e. ‘miXiz® Power: In this property n can be any real number (positive, negative,
integer, fraction, irrational, zero, etc.). In the case that n is an integer this rule can

be thought of as an extended case of “Product”.
power: lim[f (x)]" = [lim f(x)]"
X—C X—C

4. WFRAYHH Calculation of Limits
a. EL#AC A Direct Substitution

lim £(x) = £(c)

b. AEBFR Indeterminate Limit
i. WRAITAEM Indeterminate Form of Limit: #15FAME H B AL
Direct Substitution 5 &K, JFEHRAZRL T0/0,0 - 0o, 00 /002 (1],
FATFRH AR E Y Indeterminate Form. X AN {5 FRATT 75 22 H HoAd
‘Jiﬂéﬁﬁﬁﬂ&[ﬁﬁ o
ii. Jjik—: [EEEAF YL Method I: Identical Deformation Method
e 73 Dividing Out Technique
o JLHEA A Conjugate Factor Technique
. /\ﬂhﬁymfﬂ%’ﬂZﬁ/EﬂTuE%ﬁ)\o
i, 7k 16 IRE N Method I1: L'Hopital's rule
il [0
xocg(x)  x-ocg'(x)
c. FEERI =M REPR Special Trigonometric Limits

~ sinax ~ sinax a
lim =1 lim— =—
x>0  ax x>0sinbx b
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d. =R EBERMFR Squeeze Theorem to Find Limits
If h(x) < f(x) < g(x) and }Cl_rg h(x) = }CI_IE g(x) =L, thus, }}L‘} fx) =1L
e. 7 BEREUCRIPR Finding the Limit for a Piecewise Function
L XS B R, HIRAT TR ERARBRI,  JRATIAE B mi Ak sk 2 A AR PR
i HAARSRUL, AT H R PR A, IF 0 B FR ) A7 7 M
Existence Theorem of Limit JI| 7 H & A7 7E
5. BF MRS I3 4R Infinite Limits and Limits at Infinity

a. LH MR Infinite Limits lim+ f(x) =400 lim f(x) = oo
x—a Xoa—

i. FEEHTITZE Vertical Asymptote

v\; 5 10

-10

ii. ARG ILAIAE R 1/0 Form
N 1 1
fRR T Fx > 1T 0= = % x -1 =
b. &7 AR Limits at Infinite lim f(x) =L lim f(x) =L
X—>00 X—>—00

i. JK-F#Ti 28 Horizontal Asymptote

i

5 a7 5 10

ii. AIREH I A E AL 00 /00 Form
o ik AL (4o BEEINBR DL BER SR R
o JyiET MEKHEVE CGEad A K RS 1Y) R 2 SR A SR
PRAE, LLandRATTN % 208 R4, 0 AR EOE0



PR 1S Continuity of Function

6. PRELHIESME Continuity of Function
a. PR BT AL IES 2544 Continuity Condition of the Function at Point: /& HiZ R 25
THEWMRET mEUE

Jim f() = lim f() = f(x)

b. AEZEMERIZEA Type of Discontinuity
i. A Z:[E]H7 Removable Discontinuity: &8 FIHZ L& & X Undefined 55
BRI AARFII R Bk, HWREAE, REEA AR
N
ii. A~w] 22 [A] B Unremovable Discontinuity: BRELHIHR R ANAEAE T3 —%EE
A TSR
o  BEEKIA]WHT £ Jump Discontinuity

4.0 Jump Discontinuity

35

25 Jump Discontinuity

—

OP.OO 1.25 150 175 2,00 2.25 2.50 2.75 3.00
x

o JCRR[A]HT KT Infinite Discontinuity

Infinite Discontinuity

fix)

710{00 1.25 1.50 175 2.00 2.25 2.50 275 3.00
x

o RV [AINT KT Oscillating Discontinuity

Oscillating Discontinuity

15
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HESEIX 7] 5 ANESEX 7] Continuous and Discontinuous Intervals
a. EZEX[A) Continuous Interval: Bl 5E X35, SKfE & I B[R]
b. A %X [E] Discontinuous Interval: ANTEE XK 5
E S AR 2 P 5 /8 52 # Existence of Zeros and Intermedlate Value Theorem
a. F AL 2 B Existence of Zeros: #7 BB —1E— 1, MAEZE S H I
f(a)f (b) opposite — at least c € (a,b)for Wthh fle)=0

Existence of Zeros f(b) is positive

f(x)
o

-10

=15

_ f(a) islnegative
20 —4 -2 0 2 4
X

b. /A EH Intermediate Value Theorem (IVT): /™E & HE EIE L 1 — X
[E) PN B BR BB e A T i K AE AT e/ IMEL 2 T

Intermediate Value Theorem: General Case (f(c) = k)

20

f(a) = 12

f(x)




o Wi E 5N Chapter 2 Differentiation Calculation and Application

S¥ Derivative
1. S HE X5 SR Definition of Derivative and Derivative Function

a. The derivative of f (x) with respect to x is the function f'(x) and is defined as,

- fx+R)—f)
iy = = )
b. FHESE T VLA Derivative is equal to slope of tangent line at one point.
2. ] 3VE5 %S Differentiability and Continuity

a. TSk AL Differentiability Implies Continuity
WSS, (RS
i EHAAG A

e ffifi Corner
e R Cusp

o REVIZE Vertical Tangent Line
b. AIFREME G K EL Smooth Function

i. JGIH &% Smooth Function: 7EX~A P HFHETC ST W R IR KL, AAFAER
s Cusp, HAUREVLIAT A BRI SRR B0, 45 Bk Hogie
JEI I, RS TR ReR ) T B 4R B SO £

%5312 5 Differentiation Operation

3. JEffiza BN Basic Arithmetic Rules

d
Power rule — [x"] = nx™?!
dx

d
Product rule ——[f(x)g ()] = f'(x)g(x) + f(x)g'(x)

Quotient rule a [f )| _ g — fx)g'(x)
dx [g(x) [g(x)]?

d d
Tx [ef ()] =cf'(x) Ix [f() + 9] =f"(x)+g' (%)
4. =iz %N Trigonometric Rules

da . . d .

Tx [sinx] = cosx T [cosx] = —sinx
- — cpr2 Bl o ep2
P [tanx] = sec?x P [cotx] csc?x



d d

— [secx] = secxtanx  —|[cscx] = —cscxcotx
dx dx
5. F8X%0% 0 Exponential and Logarithmic Rules
aa" = a*lna aex =e*
d . d 1
alOQa:m alnxz;

6. HEJEN Chain Rule

[Flg@)] = f'(g(0)) x g' ()
SERECRS, TNEERBKRT, HMEEH MRS
7. FEpR%CK S Implicit differentiation
d . dy
I =90
b bR R B N RE AR RFER R, WIASR &5 K 5 % ndy /dx .
8. [ EAEUK S Inverse Function Differentiation

YO =7
QB SR BRI b SR Ml 0 R M U

5> BLF Differentiation Application

9. #H—{E € Mean Value Theorem (MVT)
f()fE[a, b EiES: 3 HAE(a, b)) LTS, W ¢ )& T (a,b)
, f(b) = f(a)
f'lc) = T bh_a
10. %% 41X L'Hospital's Rule
#7 A E M Indeterminate forms, IR it 7373 BE[F B 3R TR SR FR o
limM = lim@
x-=c g(x) x—c g’(x)
11. . KAL A # Optimization
a. Step I: A& &R, SHTEXRRN, HiE K.
b. Step 2: (W AKEN (2B NELE), RKETERME.
c. Step 3: 3% K i {H Absolute Extrema
i. MIIX[8]: Candidate Test
i, JFIX[a]): BLif it oK

e f changes from increasing to decreasing at c, f is a max.

7



e f changes from decreasing to increasing at ¢, f is a min.
12. FHRARAL AR ] @ Related rates
a. Step 1: I H KM, HNEEEREA, KECELHM rate, A d /dt R
N, R ERK rate.
b. Step 2: WAETGHABERKAN (AENCH rate FHAX > THIZRE), it
PRI R AR o
c. Step 3: [RERECKR T, 13 H P rate KR FR s
d. Step 4: fUEFHHIZ
13. 28 Pl Linear approximation
ELRIf (x), xo, x = Xo, it ZILELS (x)
fG) = f(xo) + f'(x0) (x = %)
(x — x0) WARFIIRZE LA

FIH-SE 2 B $ Analyzing Functions Using Derivatives

14. i 5 /5. Critical Points
a. Step 1: X EREf () K F®
b. Step 2: #f'(x) Ny, W TR DY 0, RAGaHIE. oL, T
XN 0, RIFHIE
f'(x) = 0or f'(c) is undefined, but f(c) is defined — critical points
15. 46X #% {8 Absolute Extrema
c. Step 1: find critical points.
d. Step 2: find endpoints of the domain.
e. Step 3: candidate test
8 critical points A1 endpoints 7 N R, KIGEA SXT N HIyE. BAyEN
absolute maximum, #x/Ny{E N absolute minimum.
16. H4J& M, Increasing or Decreasing
f. Step 1: Draw the image of the first-order derivative function. 7% 5] £
g. Step 2: Judged by the interval positive and negative. H2 4 [X [8] 1E 471 ] Wi
f'(x) > 0— f(x) is increasing on (a, b)
f'(x) < 0— f(x) is decreasing on (a, b)
17. JA# A Local Extrema
FEBRHE: PRBOGRSCE b —Fr 3 IE AR 4b.
h. Method 1: First Derivative Test

1. Step 1: Find critical points ¢



ii. Step 2: Draw the image of the first-order derivative function. % £t 5] £
iii.  Step 3: Judging from the trend of positive and negative image changes.
f'(x) changes from positive to negative at ¢ — f(c) is a local maximum.
f'(x) changes from negative to positive at ¢ — f(c) is a local minimum.
i.  Method 2: Second Derivative Test
i. f'(c)=0,f"(c)>0—f(c) is alocal minimum.
ii. f'(c)=0,f"(c) <0— f(c) is alocal maximum.
iii. f'(c) =0, f"(c) = 0 — test fails and use the First Derivative Test.
18. [']% Concavity
j. 472K Classification
i. Concave up: U I, MiZkfr T2k HAEZ— mabidiz E7.
concave up on the Interval if f’(x) is increasing on [ — f”(x) > 0 on I
ii. Concave down: U 8iF, MI&AL T Mgk LAERE— M IIZL T T7.
concave down on the interval if f’(x) is decreasing on I — f”(x) < O on I
k. € BRE A M The Concavity of the Function
i. Step 1: Draw the image of the second-order derivative function. 7%} 5| £
ii. Step 2: Judged by the interval positive and negative. HR4 [X [] 1F £ 3] ip
f"(x) is positive on this interval — f(x) is concave up
f"(x) is negative on this interval — f(x) is concave down
19. 3 £ Inflection Points
FEERFIE: PREIMITE SR A — W SH R AR Z AL — B S IE R 2 AL
. Step 1: f"(x) = 0 or f"'(c) is undefined but f(c) is defined
m. Step 2: Draw the image of the second-order derivative function. % £} 5| &
n. Step 3: Judging from the trend of positive and negative image changes. R 15
1AL 35 1 Ik
f"(x) changes from positive to negative at c — f(x) has an inflection point at x =
c
f"(x) changes from negative to positive at c — f(x) has an inflection point at x =
c
lim f&x) Y f'()

— = 11m
g roeg (%)




F=870 HREH 5 Chapter 3 Integration Calculation and Application
Az 435 Indefinite Integral Calculation

1. AEMFHIFRIE Representation of Indefinite Integration
a. DERDR—DRE, T —DRE T Antiderivative. & A LB
RINN— DR FT5. — DR R E R dx.
b. AE 1% E 5 Mathematical Representation of Indefinite Integration
y= ff(x)dx =F(x)+c
) NHEA R EL integrand; F(x) Nf(x)HI %5 antiderivative; ¢ AT %L

constant of integration.

2. F:mbASE #9 2  Basic Integration Rules
a. JEMliE B Basic Arithmetic Rules

dex =c fkdx =kx+c fkf(x)dx = kff(x)dx
b. g% Power Rules

xn+1 1
fx"dxz +c f—=1n|x|+c
n+1 X

c. —fAiz® Trigonometric Rules

fsindx = —cosx + ¢ fcosdx =sinx+c¢
fseczdx =tanx + ¢ fcsczdx = —cotx + ¢

fsecx tanxdx = secx + ¢ fCSCX cotxdx = —cscx + ¢

d. &R=fi2% Inverse Trigonometric Rules

1
f dx = arcsinx + ¢

Ve
f 1 -|—1x2 dx = arctanx + ¢
f;dx = arcsecx + ¢
lx[Vx?2 —1

e. TR¥UZH Exponential Rules

ax
fexdxzex+c faxdx=—+c
lna

3. U AR A 2 F14 U-Substitution to Solve Indefinite Integrals
a. &M Condition: B AT IS E & (BEWED x AT (BEHIHE

10



O HEa.
b. % Steps
i. Step I: WEGRBNE G/ Hu, Hitdu (wlIFE0.
ii. Step 2: fuHdufRNJEHFE, duv] LS R Exdu . JH R
A RRF U AR 5y
iii. Step 3: HHMASTEZR HRurIX7).
iv. Step 4: fluit AE R, BHER.
c. —ULH B Some Frequently Occurring Equations
f'(x)
f(x)
ff(ax + b)dx = %F(ax +b)+c

dx = In|f(x)| +c

d. Zf Example

i. Solve the following indefinite integral.
f (2x — 1)%dx
ii. Step l: Letu = 2x — 1, then du/dx = 2

iii. Step 2: Slove it and we can get du/2 = dx. The original indefinite integral

will be
du 1
f(Zx—l)de = fu57=§fu5du

iv. Step 3: Using the basic indefinite integral calculation rule, we can get

1 1
- 54y, — 6
2fudu 12u +c

v. Step 4: The final result will be

Lot —1(2 1+
12u C—lz X ) c

4. {5345y X fEA g #14) Partial Fractions to Solve Indefinite Integrals
a. &1 Conditions
i o BEERES R R LA A I APt A 2
i, TR AN T B R, B R HOy 7 2.
b. FEE Steps
i. Step 1: uF A BERH uflHk.
i, Step 2: F F -5 AH L > AR AR R B 23 B
iii. Step 3: {EHARR B IT,  JRAR R B o BF RT3 3 N REASER 7
7B AR 20 N 7 TR A% A, B, Cs
iv. Step 4: KfiF A, B, C.

11



o JRYPAR R BT RIS > A

o ERI[A]I I SEPAL R BT BE GBI

o I NJEBARR K B, KA, B, C.
v. Step 5: i N A, B, C BIJFUTRE, MAIAERR IS LN IT R

c. Zff| Example
i. Solve the following indefinite integral.
x+4
f x2—x—-2 dx

ii. Step 1: Since the numerator is not a derivative of the denominator, we

cannot use U-substitution.
iii. Step 2: Factorize the denominator of the integrand.
x+4 x+4
xz—x—Zz(x—Z)(x+1)
iv. Step 3: Decompose the faction.
x+4 A B
(x—2)(x+1):x—2+x+1
v. Step 4: To find A and B.
e Multiply both sides to eliminate denominators.
x+4=Ax+1)+B(x—2)
¢ Distribute and combine like terms.
x+4=(A+B)x+ (A-2B)
e Set coefficients equal and solve the system.
1=A+B 4=A-2B
A=2B=-1

vi. Step 5: Rewrite the original indefinite integral and solve it.
x+4 dx = 2 1 p
fxz—x—Z x_fx—z x+1x

2 1 2 1
fx—Z_x-i-ldx: mdx_fx+1dx
=2In|lx -2 —-In|lx+ 1|+ C
d. AFFE KRR RIS UL BT Treatment of Ineligible Special Cases
L RIS T s O K T3 T B s UCR IE OL, AT DM a0 R
PN TT IR AR
ii. BRI BEEARIT A AT, A E R A R IT K .
iii. B2 I I AKERE Long Divisions
5. 43412 Integration by Parts
a. #&M Condition: #5 AR B DA 20 AR E R B0« Bk pR 20

12



b. % Steps

L.

ii.

1il.

Step 1: @@L W MEM® Hudv.
o x&x"Hin xR, Fu=Inx.
o xHsinx, cosxiIFF, xu = x.
o x5e RN, Wu=x.

Step 2: AW ™EN, 5H%EA.

u d

i, FSH+
xS =

fudvzuv—fvdu

Step 3: iz I RIAR 43V T H 5

c. Zff| Example

L.

ii.

1il.

1v.

V.

Solve the following indefinite integral.
f x2e*dx

u=x?dv =e*dx

Step 1: Set u and dv.

Step 2: Calculate the du and v and setup the formula.
du = 2xdx v =e*

fxzexdx = x%e* — f e*2x dx = x%e* — 2 f e*x dx
Step 3: Calculate the indefinite integral we get. (We need to use Integration
by Parts to calculate this)
u=x dv=e¥*dx du=dx v=e*

Step 4: Setup the formula.
x%e* —2 f e*x dx = x?e* — 2(xe* — f e* dx)
Step 5: Find the solution.

x%e* —2 <xex — f e* dx) = x%e* — 2xe* + 2e* + ¢

d. %|ZA1r12: Tabular Integration

L.

51| A141 12 Tabular Integration
[ f(x)g(x) dxBIf s, HAdf)MUEERSHBIHI 0, 1
g(x) AT DL ] B B B A 4 o 3K S B i FRATT AT BLASE A 43 38 AR vk

13



Integration by Parts, F H %R 115 .

ii. Zff] Example: Evaluate [ x2e*dx.

Let f(x) = x? and g(x) = e*, we list:

f(x) and its derivatives

g(x) and its integrals

Relation

X

€

(+)

2X

(=)

2

€
€
€

(+)

0

(+)

e Combine the products of the functions connected by the arrows

according to the operation signs the arrows to obtain.

fxzex dx = x%e* — 2xe* + 2e* + ¢

A2 F Indefinite Integration Application

6. 7> 772 Differential Equations
a. RFEHD F7 2 Solving Differential Equations
1. A]4r AR B4 77 #2E Separable Differential Equation

Step 1: 8y plidy /dx -

o Step 2: brtfEftila/b = c/d; ad = bc.

e Step 3: FyWGIEdy i, ExBEFEdx AL,

f)dy = f(x)dx

e Step 4: WILFIR RAEIR 7, RIAELBMATEEM General
Solution.

e Step 5: WA Initial Condition X N\ i#f# General Solution.

Step 6: {1 J5 15 2 HFf# Particular Solution.

R 373K 55> 77 F2 Differential Equations Through the Slope Field

o RIF Slope: Y = f(x,y)% T FAE(x, y) P _LB—4
HIFR Slope. FRATAT AR f (x, ) BRAE A B H L0 55 (x, y) FIF
Ko Wt f(x,y) = xyit, MQ1ISFIREZExy =2x15=
3. Bk, Wy Hy) =15, MBary'(2) =3.

o #Rl#47 Slope Field: /£ — AP E ML R T, AT LR
W TTRE, XA A R AR AR D O B AR . ERARIRATT
B IR T RRREE, B RATAT LGB — SR % A
I RERE IR M TR AR S .

[EN

ii. 13
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Slope Field

A A A A A A A A A A A S A AV A A
VA A A A A A A A I A A S S A SV e
/S /S S S S S S S S S S S S S S S
VA A A A A A A A I A A S S A AV e A
VA A A A A A A A I A A S A A SV A ae
VA A A A A A A I A A S A S v
VA A A A A A A A I A e

~

NONON N N N N N NN NN
NONON N N N N N NN NN

7/
7/
7
7/
7/
7
7/
7
/
7/
7
/7
7

o
NONON N N N N N NN N
NN N N N N N N N NN
NONON N NN N N NN N
NN N N N N N N N NN
NN N N N N N N NN N
NONCN N N N N N NN N
NON N N N N N N NN N
NONON N N N N N NN N
NONON NN N N NNEN N
NONON N NN N N N NN
NN N N N N N N N NN
NONON N NN N N N NN
NN N N N N N N N NN
NONON N N N N N NN NN
NONON N N N NN NN N NN

s ~4 -2 2 4 6

FEREA i EE PR E (SHUED
7. 0475 #2 M H Differential Equation Application
a. JEU TG Z /> Exponential Decay
y'() =ky(t) y(t)=Cxek
e ZE W Half-life: y(ty) = c/2
b. VA H %€ 3 Newton’s Cooling
y'(®) =kly@®) —T,] y(t) = A" + T,
c. WHEUIHIEK Logistic Growth
i. APRHIIEK Restricted Growth
dP P
y'© =ky®la-y©] Z-=kp(1-%) P=4@®
P: population at time t; K: Limiting or Carrying Capacity (max size of

population); k: constant of proportionality
ii. J¥ Graph

Carrying Capacity
Growth Rate Decreasing

Growth Rate Increasing

© Number of Individuals

Time
o y(0) <ANSHY
° y(o) > Aj'ﬂ“il%—f”ﬂ
iii. ST KAEA PAEAH WA @ FAQ about K-Values and P-Values

o SRK:ABEEIRMENIS, EEAHE K B#HK = lim P(1)
o CREPUEKHER (PE) :P=K/2

15



8. [ FHWRH: 7 L4 8L Linear Approximation Using Euler's Method
a. XF—WIMA A @ Initial-Value Problem (IVP)
y' =1y, y(xo0) = yo
FATAT LA FH WKL 775 Euler's Method 3T ALL1Z ] 5 14 fiff
Xn = Xo +nh
Yn = Yn-1+ hf (Xn-1, Yn-1)
XH, h>0/FHPK Step Size , I Hnd—M 1 FFERIESL. LR
R n RITE
b. Zf Example
i. Consider the initial-value problem
y' ' =3x2—y2+1,y(0) =2
Use Euler’s method with a step size of 0.1 to generate a table of values for
the solution for values of x between 0 and 1.

ii. Solution: We are given h = 0.1 and f(x,y) = 3x% — y? + 1. Furthermore,
the initial condition y (0) = 2 gives x, = 0 and y, = 2. Using Euler’s
method with n = 0, we can generate the following result.

e n=0x, =0, we can find that y,, = 2

e n=1x, = 0.1, wecan find that y, = 1.7

e n=2x, = 0.2, wecan find that y, = 1.514

e n=3x, = 0.3, we can find that y, = 1.3968

e n=4x, = 0.4, wecan find that y, = 1.3287

e n=>5x, = 0.5 we can find that y, = 1.3001

e n=6x, = 0.6, we can find that y, = 1.3061

e n=7x,=0.7, wecan find that y, = 1.3435

e n = 8x, = 0.8, we can find that y, = 1.4100

e n=9x, =0.9, we can find that y, = 1.5032

e n=10x, = 1.0, we can find that y,, = 1.6202
With ten calculations, we are able to approximate the values of the solution

to the initial-value problem for values of x between 0 and 1.

E 41T E Definite Integral Calculation

9. Z & AVEREM S Riemann Sum Method for Definite Integral
a. TS PR Definite Integral Is the Limit of the Riemann Sum.

16



im S faae - [ reoas

b. VUZBHff € % #14 Four Steps to Determine the Definite Integral
i. 47r#| Partition
ii. #{lHi& Construction
iii. KA Summation
iv. FEHAE (BFRMED Limitation
c. JRFE: MR 5% Z 1 Limits and Reimann Sums
i RS, M2 T AR AR A R Limit of Sums 2K E S

A = lim S(P) = lim T(P)
n—>o0o n—>oco

Her, SP)FI T(P)7 FIl =&

S(P) = Zmi(xi —xi—1) = my(x; — x0) + ma(xy — x1) + -+

T(P) = zMi(xi —Xi—1) = My (g — xo) + Mp(xz — x1) + -+

S(P)A1 T(P)#t /& %% = Fl Reimann Sums #1522 —.

ii. Z 2R Form of Reimann Sums &Y™, f(x)Ax, HHHE—"Ac#B
FRRATHRRE | M FXEIWHIEKERE. BT REEESN, &
AT DA - DX 8] N A RORSKR IR PR - 7 R AR BR Bk, 3k
TR % L T 0, XAMY TR RNEE n B T8 5
Ko IXHE, FRATHREIL AL T ARG AR .

n
limA4,, = lim Zf(xi)Ax
n—>oo n—-o0o

i=1

iii. —MIE LA E X Definition of the General Situation
e f is continuous on [a, b]
e The interval [a, b] is divided into n sub-intervals of equal width Ax,

with Ax = 222,
n

e The endpoints of these sub-intervals are x, = a, x4, X5, ..., X, = b.
* Xx{,X3,..,%X, are any sample points in these sub-intervals, then the

definite integral of f fromx = atox = b is

17



im S faae - [ reoas

10. 1 22 2 F fLl 7€ #24) Approximation of Definite Integrals with Riemann Sum
a. Il Definite Integrals Approximation

[ s =1im 3 rexome = S peaas

b. PYFpEL 2 L lE #4) Four Types of Approximation of Definite Integral

R() = D Frdx = fOr)Ax + f(e)Ax + -+ f (1)

L(n) = z £l — DAx = F(xg)Ax + FO)AX + -+ F(x, — 1)Ax

M(n) =if<xi_17+xi)Ax=f<x0;x1)Ax+---+f(W)Ax

b —
T(n) = == [f (o) + 2£ (1) + 2(Fx,) + =+ 2f G = 1) + £ Gey)]

VO Fh L 2 AT Al e AR 23 il a2 Ao 22 2 A Left Riemann Sum. 45222 Al Right
Riemann Sum. ' f5%22 fl Midpoint Riemann Sum F1## /222 & Fl1 Trapezoidal

Riemann Sum.

Left Riemann Sum Right Riemann Sum
Midpoint Riemann Sum Trapezoidal Riemann Sum

/

j i: o T 1 2

c. VUFRIUT LA B % Comparison of Four Approximations

O =~ N W a2 U N N®
I S -

18



i, HUEIENE: L(n) <ESME< R(n)
i, BRI L(n) >ESE> R(n)
iii. Concave Up: T(n) >HEZ{EH> M(n)
iv. Concave Down: T(n) < SZfH< M(n)
11. EJE7%3K € #2173 Graphical Method for Definite Integral
a. TIHETJ7E Method: xfill b 77 THIRR k25 il R 77 THI AR

b. 7R Graph
)4y

12. 43 PEi Definite Integral Properties

fa " fdx =0 fb Cfdx = - f 0
fbf(x)dx = fcf(x)dx + fbf(x)dx

b b b b b
[ kreax =k [ fear [ 1re g0lar= [ fdr [ gedx
a a a a a
13. TF 7 A 52 3 Fundamental Theorem of Calculus
a. AR FEA E B R EFR S FTC to Solve Definite Integral

b
f f)dx =F()—F(a) =F()lg F'(x) =f(0),F(x) = ff(x)dx

b. AR5 A EFE The Second Fundamental Theorem of Calculus
i. R4 IR pA U 21t AL Accumulation function

X
F(x) = f f(tdt
a
i, R 56 — AR E FE The Second Fundamental Theorem of Calculus

d|(* d [ r9®
EU f(t>dtl=f(x> EU f(t)dt]=f(g(x))g'(x)

14. JEASEFR 53 713K il #1473 Solve the Definite Integral Using the Original Indefinite
Integral Method

19



a. UK E 14 U-Substitution to Solve Definite Integrals

g(b)

b
[ o) eaax = [ ravau

g(a)

u=g9(x) du=g'()du ula)=g(a ub)=gb)
b. ArESELAVESK EFL4) Integration by Parts to Solve Definite Integrals
i AR E R A~ 2 Formula

f udv = uv|*Zh — f vdu
xXx=a X

= =Qa

i, BR 7 B A, Wl DU B AR AT S R AESR A R

Iy FEAE B FTC HX N ERIT -

c. w5 riFR g F Practical Fractions to Solve Definite Integrals: #7575 20

AT PR Y, AR A E B FTC 50 Mg R0

SEF14)> BLF Definite Integration Application

15. #14) H{E 7€ ¥ Mean Value Theorems for Definite Integrals

If f is continuous on the closed interval [a, b], then there exists a number c in the closed

interval [a, b], such that

b
| fedx =@ - a

16. N —: BR# 13418 Application 1: The Average Value of the Function
a. PREAME A A Formula to The Average Value of the Function

1 b
F© == | Foodx

AR R BN TSR ISME I BREL,  f () MR
b. BREUNE R A PR AR P EE B If (0) .
17. B —: #7284k % # Application 2: Net Change Theorem
a. {$#7454¢n] @ Net Change Problem
i B FBOR MR B /. /& U0 Rate 3K Function [ ] @
i, {F7284 A @A 20 Formula to Net Change Problem

b
[ fedx = F) - F@

20



b. fiT4E 7] /8 Derived Problem
i, BUFATA )78 Mathematical Derivation Problem

b
Net Change of F(x) during [a, b] = f F'(t)dt
a

b
Function Value = F(b) = F(a) + f F'(t)dt
a

Function F(x) = F(a) + fo’(t)dt (1IvPpP)

ii. HEATAE A Physical Derivation Problem

t2
Displacement during [t1,t2] = f v(t)dt

t1

t2

Distance Traveled during [t1,t2] = f lv(t)|dt

t1
b
Position s(b) = s(a) +f v(t)dt

X
Position Function s(x) = s(a) + f v(t)dt
a

18. B =: 9K f# Application 3: Arc Length
Let the function y = f(x) represent a smooth curve on [a, b]

b d
s= [ I+ @R s= [ JT+g0Fdy

19. N DU P 4% 2k 2 (8] X 3, [ # Application 4: Area of a Region between Two Curves

A, X X RS FHER, XFY FR5

4 y=f(x)

('1 b 0} X




20. N H Fu: R FARAR K A% Application 5: The Volume of a Disk

Disk R? Washer m(R? — r?)
~ T y=f(x) Tt Y0
Horizontal R ’_\p.rx—/ y=9g(x)
= ),
X X By s I,/ .
x1 0 x2 x1 x2 B
\L X2
v | i@ - by
m(f(x) — b)?dx x1
IRGCRD ~ (900 — bYdx
T = x=g) x=f(y)
y2 x=fy) y2 \ \
(o] R ( R
Vertical \ ) )
Xx=a 4 7 7
S Y F4)
y1
) f yz”[(f ) —a)
)2 —
fy ) n(f(y) —a)*dy y1
— () — a)?dy
PRFR & X A T R AR )

21. N7 B 2 AR #0H B 44 Application 6: Solids with Known Cross Section
a. HEAERMARFA Static Method

b b
Volume = f A()dx(FEEHT X #) Volume = f Aly)dy (GEEH5 Y #h)

b. KPR Steps
i. Step 1: Hfi€ Sx/yHiHEH
ii. Step 2: i Base &, #Hi Cross Section.
iii. Step 3: 3Kt Cross Section FIIIKA(x) (— B NP BREAHIO -
iv. Step4: FAREMARRKBAR) (—HANIENTE, FH, E=ME,
EEEM=ATE).
o IEEIHMA = a?

22



o SEMEM=FA="a

4
v. Step 5: &R 7 X ]
vi. Step 6: 1 FH i 15 RARFR A Aok
22. [ #4) Improper Integrals
a. €& X Definition: NAEN, 73BN 074N 0, fEH FTCARAIR 73 [X (8] 5]
W AR R HUE AR
b. FHILAH R Vertical Unbounded Improper Integrals

i. f is continuous on the [a, b] and |f(x)| = o, x = b~

fbf(x)dx = Rlirlr)l_ fRf(x)dx

ii. f is continuous on the (a, b)

fabf(x)dx = RILT+ f:f(x)dx

iii. Vertical asymptotes between [a, b]

fbf(x)dx = fcf(x)dx + fbf(x)dx

R b
= ng?_fa f(x)dx + Rlir(?"'_L f(x)dx
c. KT H M E #4r Horizontal Unbounded Improper Integrals

foof(x)dx = lim fRf(x)dx

f f(x)dx = Rlim f f(x)dx
oo —- Jp
d. YSIFN & #t Converges and Diverges

i. Limit exist, converges.
ii. Limit DNE, diverges.

23



F Y BIT £F5HE Chapter 4 Infinite Series
FN IR 5 55 %% Limit of the Sequence and Infinite Series

%] Sequence
a. H )¢ X Definition of Sequence: Let L be a real number. The limit of a

sequence {a,}is L.

lima, =L

n—->oo

Limit L of a sequence exists, converges; limit L of a sequence DNE, diverges.

b. FHIM IR A5 How to Calculate the Limit of a Sequence
i. L NERECRME Solve as A Function: fEEF R Eik, 2 J5 14 o £ B
PR SR A 7 1 SR e o
ti =l ) =
A1) = ¥A € # Squeeze Theorem for Sequences

If lim a, =L = lim b, (a, < ¢, < b,), then lim ¢, = L.

n—->oo n—co n—->oo

2. T55 A Infinite Series
a. TLHEENIE X Definition of Infinite Series: Jt 75 2141 15 55 T Al

Zan =aq,+a,+az+--+a,+- -
n=1
b. #A1%4%) Sequence of Partial Sum
i. #M%L % Sequence of Partial Sum: KB BIFT n BT (—HB4r T
ZHk, HE—HEET.
i 5 A A W B0 PE Sequence of Partial Sum to Determine Series
Convergence: If this sequence of practical sums converges, the series is said
to converge. #73 F1EL 51 5 I8 75 Z 2 RIS SR] & B
RN EER n WK A% The nth-Term Test for Divergence

If lim a, # 0, then ),;_; a, diverge. If lim a, = 0, then no conclusion.

3. XTS5 244 I8 Absolute Convergence and Conditional Convergence
a. ZEXTUREL Absolute Convergence
i. Y a, is absolutely convergent when ). |a,,| converges.
T HERHE JE SO 4E XTI S Absolute Convergence
b. /jdﬁF WA,’I Conditional Convergence
i. Y a, is conditional convergent when ), a,, converges but ). |a, | diverges.
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i T 4E0HE JE AR R BN SR Conditional Convergence.

VUK EE B $ R HH 5V Four Types of Important Series and Their Test

4. JUT 2% Geometric Series
a. F{E Characteristics: 1 i First Term 24 a, ‘A X Common Ratio 4 r (r # 0)

o]

Zar"=a+ar+ar2+---+ar"+--- a#0
n=0

b.  JUAIZE0H 7% The Geometric Series Test
If |r| < 1, then X5°-; ar™ ! converge to fr; If |r| =1, then Y5o_; ar™ 1 diverge.

5. {4523 Telescoping Series
a. FF{E Characteristics
(bl - bz) + (bz - b3) + (b3 - b4) + et (bn - bn+1) = bl - bn+1
b. 8 8 40 A1 E A B W A i 2% Bl 8kt Using Sequence of Partial Sum to

Determine Convergence of Telescoping Series
lim S, = lim (b; — by41) = by — lim b, 44
n—-oo n—-oo n—-oo

6. AL EUP 2% P-Series
a. JFNE Characteristics

[0e]

1 1 1 1 ] o
Zﬁ BET] + o + T + - +ﬁ + -+ (p is a positive constant)

n=1

b. TAFIZ % Harmonic Series: 24 P=1 BT P 5.

[0e]

B R S S
Zn— 27374 o o (diverge)

n=1

c. P ZHCHIRNE P-Series Test
Ifp > 1, then )7, nip converge; If 0 < p < 1, then },;_, n—lp diverge.

7. AEEZEL Alternating Series
a. 'FHE Characteristics: £ ‘5 %(%1] Symbolic Sequence + a,,

i(—l)“an & i(—l)"“an

b. AZEEECH A Alternating Series Test

Alternating series converge when two conditions listed below are met

25



e lima,=0anda,,; <a,foralln

n—-oo

e If lim a, # 0, by n-th term test, the series diverge.
n—oo

TETRZ H VUK K 5% Four Tests of Nonnegative Series

8. 1ETZL % Nonnegative Series
a. BTN AP X Definition of Nonnegative Series: If a,, = 0 for all n, then the
series is called a nonnegative series.
b, IEIUEOR SR 78 4 % B 45 The Necessary and Sufficient Condition for
Convergence of A Nonnegative Series: F3 7 fIE 5 LS.
9. 15 HHiZ: The Integral Test
a. 43 #I50 % The Content of The Integral Test

If f is positive, continuous, and decreasing for x = 1 and a,, = f(n),
then ¥7°_; a,, and |, 100 f (x)dx either both converge and diverge.

b. PR Steps for Application
i. Step I: ZHEE A a, =f(W) >y =f(x)
ii. Step 2: € f(x) ¥ fiE ( 1IE Tl Positive, % %: Continuous, % Ji
Decreasing for x = 1)
iii. Step 3: XF BEHAT S A4 Improper Integral.
o R HF4) Converge N Series Converge.
o R HF4) Diverge M| Series Diverge.

z a, — foof(x)dx = I%I_I)Tolo fRf(x)dx

10. EL{E #5032 The Ratio Test
Y. a, be a series with nonzero terms.

e g a

e Series Y, a, converges absolutely when lim || < 1
n—oo an

0 o o a

e Series ), a, diverges when lim |22 > 1 or =
n—-oo an

0 o o ° o a

e Ratio test is inconducive when lim | = | =1
n—-oo an

11. #21E #5172 The Root Test
2 an rllim A la,| =L
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e L < 1 converges absolutely.
e L >1 (= oo)diverges.
e [ =1 inconclusive.
12. BB #5132 The Comparison Test
a. BB AL Direct Comparison Test
Let0 < a, < b, foralln
If Y1 b, converges, Yo @, converges.
If Yo, a, diverges, Yo b, diverges.
K Converge /)» Converge; /)» Diverge K Diverge.
b. HZBE ELEHHZ: Limit Comparison Test

H%>Qm>0mﬂm%=L>QMn

n—oo n
Yim=q @y and Y4 by, either both converge, or both diverge.
c. Wi R H B BB A L A X B 2% % How to Find Comparison Series in the
Comparison Test
i. Step 1: et BFHIHE 5 £
ii. Step 2: 7€ /0 BT
o WRDT NI, REESEEEIRAIRIT] .
1 1 1 1
32—4n+5 n2 \3n—z n
o WMRDTANL REETTHEERIGE,

,
& ZZ\; = Comparison Series {17 BE( 1M 1)

BRB . FHRBNET T HREE Power Series, Taylor Series and Maclaurin Series

13. W% Power Series
a. B X Definition of Power Series
i. BREINZLEL Series with Function Terms: # BRI A& B 3 A 1) R B IR 44,
HAF— TS 2 AL
ii. FIAF Expression

e A power series about x = a is a series of the form

[oe]

z a,(x—a)y"=aqp+a;(x—a)+ - +a,(x—a)" + -

n=0
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e A power series about x = 0 is a series of the form

[0¢]

z X" = ag + a;x + azx? + -+ apx™ + -

n=0
b. USAE 5 U ELIX 7] The Radius and Interval of Convergence
i. For a power series centered at c, precisely one of the following is true.
e The series converges only at c.
o Y oan(x—a)" exists a real number R>0 such that the series
converges absolutely for [x — c| < R and diverges for |x — a| > R.
e The series converges absolutely for all x.
i, FH BOAE 0 5092 5 W 7 2 B S5 AR AU 8 X [A] Determining The Radius
and Interval of Convergence of a Power Series by the Ratio Test
o RFILELIX ] Solving for the Interval of Convergence

a
lim | n+1

<1
n—->oo n

FERAERIX [A] J5 75 2200 i sl 5 T TR
Step 1: 77 A iy sl B JE 928
Step 2: FH 2 E0H % 0 W 28 e 8 Bl
Step 3: A WLEL, MG NSCERIX TE] 4
o RRULEHAE Solving for the Radius of Convergence

a
lim |—* |x] <R
n—>oo n
H Ratio Test iSRG, 1L H|x| < RE|x + b| < RITEL,

R AH SR
c. FRIRI R U R Special Power Function: Geometric Power Series
i. #ix3{ Expression

i, SRAFUCSX A AL /N 1 B R IX TE]
iii. Geometric power series converge to a/1 —r (EHIi/1-A L)
14. Z& ¥ BN 22 50 57 MR L Taylor and Maclaurin Series
a. ZR¥NZ L Taylor Series

f&)=fl@)+f'(@k—-a)+
b. ZF 57 M2 Maclaurin Series

f™ (@)

n!

f(@
2!

(x—a)?+ -+

x—a)t+ -
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" (n)O
FG0 = £ + 0 + T2 4t L

750 57 MR B R TR R A x = O&E’J%W
c. W HMIZE w57 R %L Common Maclaurin Series

= Z(—l)"x" =1—-x+x2—x34+ -+ (=D"x" 4+, |x| <

1+ x
n=0
Py x3 x"
Z——1+x+—+—+ e x| <o
_n 3!
2n+1 x3 5 2n+1
— 1 n - IR ._1 n e,
sinx = Z( )(2n+1)' TR R Gl e e SR
< o0
had X210 e a— X210
cossz)(—l)"(z )'— 1—?+E— +(—1)"(2n)!+ x| < oo
n=

P FIRGH AR TR, B LR T A
o RM—: WRBONAAM, e EERHT I x LN RIEW N IR
PRI i HR 73

:Z— - %X = N E
n!
n=0
o RMT. HBENEANRKILALH, tlinxer: HEEZBNHT
JR 2 R I U A —

(o)
x™ x"
e¥x= ) — - xe*= ) x—
n! n!
n=0 n=0

f(")( )

15. Z&#) Z 15 Taylor Polynomial

P(x) = f(a) + f'(@)(x — a) +f 2(!(1) (x—a)?+-+ (x —a)?
R Z W T, 5 B 2B Linear Approximatlon HEF—-MEHE
T AHEG T 2R B R ) 22 T S A BRI

16. Z& B K S E AR ) Derivatives and Integrals of Taylor Series

oo [oe]

f(x) = z a,(x—o)" f'(x)= z na, (x — C)n—1

n=0 n=1
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oo

ff@mx:c+§}Mg%£¥i

n=1

17. T2 25 312 U Operations with Power Series
Let f(x) = Xp=oan x™ and g(x) = Y7o by x™
a. oM f(kx) = Y ak™x™
b. BIK: f(xN) =Y ax™

c. ZE - KEH: f(x) £ g(x) = X(ay £ by)x™

RZESE Error Bound

18. AZEE B % 2 Jt Alternating Series Error Bound
a. #*ik3 Expression
IRnI = IS _Snl < Gny1
b. FiE: 7 X Meaning of the Expression
1 BB IR 2 b THE A0 B /N T 55T 4 3 T — T
ﬁ.%ﬂsmﬁwg%=0%i%ﬁﬁﬁmo
19. $ik% B H % 2 5t Lagrange Error Bound
a. #*ik3 Expression

f(n+1) (C)(X _ a)n+1
(n+ 1)!
b. FIEA S X Meaning of the Expression: X P& EUE f (x) H H 25 £ WizUE 1L i)
FERAERE, W] DM R Rs B H R 22 R &

R,(x) < max |
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Fhyom SHHE. RERHESKALS Chapter 5 Parametric Equations, Vector

Functions and Polar Coordinates

WS SE RS FHERHFKIEE Calculus, Parametric Equations, Vectors in the Plane

1. #5247 F% Calculus and Parametric Equations
a. FHHIZHIY A Parametric Form of Derivative
dy dy/dt dx
dx dxjdt dt
b. ZHIEAAIINK Arc Length in Parametric Form

S—fb dx2+dy2dt
-, @+

2. P H )[R & Vectors in the Plane
a. [AJE A% Vector Function: [A] & KBRS TR B —MERIR.

x=x@) y=y@t) - s@) =<x(@®),y®) >
b. fLE. HE 503 [F & Position, Velocity, and Acceleration Vectors

i. Position Vector: @) =< x(t),y(t) >
ii. Velocity Vector: m =<x'®,y'(t) >

iii. Acceleration Vector: a(t) =< x"®,y"(t) >

iv. Speed = |ﬁ| = \[(X'(t))z + (Y’(t))z

v. Distance = fab speed dt

T4 58228 F% Calculus and Polar Coordinates

3. WALAR 5T 1 B A LA - Converting Polar and Cartesian Coordinates
x =rcosf y =rsinf
4. RFE51Y]2E Slope and Tangent Lines
a. MALFRH R 5148 Slope and Tangent Lines in Polar Coordinates
dy dy/df dx
dx dxjdo do "
b. /K*FYI%k Horizontal Tangent Line: 574 0, 43 BEAN 0.

31



d
Horizontal Tangent Line: d_ic/ = 0 = slope
c. HE VI Vertical Tangent Line: 4 TN N 0 AHEL, 28N 0.
d
Vertical Tangent Line: d—z = oo = slope

5. ALARTE K Arc Length in Polar Form

B B d
s= | JF@F +F@Fdo = [ |r2+ Gy do

6. MAAR BRI AR Area of a Polar Region
a. [HARTHHE A Formula of Area

1 (8 , 1(F
AziL[ﬂm]dezercw

b. KM —: RAFRXIRIHIFK M Solving the Area of Polar Coordinates
i. {5 Example: Find the area of one petal of the rose curve r = 3cos36.

[SIE}

r=3cos 39\
\ \[ |

ii. Step 1: QMR RETET 0, MFE=SJTRE, FEICHUR HPhidk 5 fal 5

I+ H 5 B Hr &6 N T
r = 3c0s30 =0
39=C g="
2 76
iii. Step 2: i A X5
1 (B 1 (s
A= —f r2do = —f (3cos30)%do
2), 2 -

9 9+sin69% _3n
=3 6 1 =%
c. KM RMWKIILZAIXIHA A Finding the Area of a Region Between
Two Curves
i. SZf: Find the area of the region common to the two regions bounded by

the curves. r = —6co0s6,r = 2 — 2cos0
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: :
} }

Circle: Cardioid:

r=—6cos 0 r=2-2cos 0

ii. Step 1: EERALF SR, pHIHAR, KHE H 45 AL br 5 R
RI22

—6cos0 = 2 — 2cosb

2w 4w
- 373
. N s U R 2 )
iii. Step 2: WlEHRIE E TR, AR KME A f e 712
Region between circle Region between cardioid and
and radial line 6 = 27/3 radial lines § = 27/3 and 0 =

A ’1 27/3 ) 1 T )
—=—f (—6cos0)2d0+—f (2 — 2 cos 0)*>do
2 2 /2 2 2w/3
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3% Appendix

HZEFEH Big Theorem

1.

— IR H/JE0E 2 B Squeeze Theorem
Ifh(x) < f(x) < g(x) and lim h(x) = lim g(x) = L, thus lim f(x) = L.
X—C X—C X—C

E S AEAETE 2 P Existence Theorem of Zero Points

WA E Ly = fOEXIE[ab] LB RZES AWK — %M, HFHAf()-
fb) <0, Ha, BHy= fFEXI(a,))NHER, MEDFE—NcE (ab),
13F(0) = 0. CRAIIFI—E— 1, MAAHE I

y

4
3
2
)
1

1 f(b) is
flc)=0 / positive

2_

-3

TRy fla) is

47 .
negative

418 7€ # Intermediate Value Theorem (IVT)

If f is continuous on the closed interval [a, b], f (a) # f(b), and k is any number between
f(a) and f(b), then there is at least one number c in [a, b] such that f(c) = k. ({E&ESE
BRI — A DX PN R R BB 7 A T i RAE A IME 22 1] )

V1

. t&{E 13 Extreme Value Theorem (EVT)

If f is continuous on a closed interval [a, b], then f has both a minimum and a maximum

on the interval.

. BRI {E 52 F Rolle’s Theorem

Let f be continuous on the closed interval [a, b] and differentiable on the open interval

(a,b).If f(a) = f(b), then there is at least one number c in (a, b) such that f'(c¢) = 0.
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6. T HHE 2 B4R B H H B 2 22 Mean Value Theorem (MVT)
f)TE[a, b] EiESE T BHAE(a, b)) LTS, NcJETF(a,b).

on_JB) = f(a)
f'() =T bp_a

7. TSR 2 2 Fundamental Theorem of Calculus (FTC)

b
f f)dx =F()—F(a) =F()lg F'(x) =f(0),F(x) = ff(x)dx

8. FU4r{E x££ Mean Value Theorems for Definite Integrals (MVT for Integrals)
If f is continuous on the closed interval [a, b], then there exists a number c in the closed
interval [a, b], such that

b
| feadx =@ - a

9. H¥J¢iE € B Squeeze Theorem for Sequences

If lim a, =L = lim b, (a, < ¢, < b,), then lim ¢,, = L.

n—-oo n—co n—->oo

10. Z8%1{H € ¥ Absolute Value Theorem

For the sequence {a,}, if lim |a,| = 0, then lim a,, = 0.
n—>oco n—-oco

= R Trigonometric Function

1. PR = B8 BUH Special Trigonometric Function Values

0 2300 | Z45 | Z60° | =o90° 180°
6 4 3 2 &
sin x 0 1 ﬁ ﬁ 1 0
2 2 2
1
cos x 1 ﬁ ﬁ — 0 -1
2 2 2
tan x 0 ? 1 V3 DNE 0
2. =R AR T Basic Transformation of Trigonometric Function
sin(—a) = —sina cos(—a) =cosa tan(—a) = —tana
1 1 1
seca = —— csCa = — cota =
cosa sina tana

sinfa+cos?a=1 1+tana=sec’a 1+ cot’?a =csc’a
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3. %A Double-Angle Formula
sin2a = 2sina cosa

cos2a = cos?a —sin“a =2cos’a—1=1-2sina

tan 2 = 2tana
M= tan?a
4. FAKR =R Basic Trigonometric Function Graph
+y )
y =sinx

NV Y

4 2

+
x

:
S

3 5

%

* A

5. = REE A~ 5 Trigonometric Function Period Formula
sin(x + 2km) = sinx cos(x + 2km) = cosx tan(x + km) = tanx
6. H.A7[E Unit Circle
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