Monday, July 17, 2023
I.I Preliminary Considerations of Infinity

1.1.1 Zeno’s Paradox
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1.1.2 The “Sin” of Dividing by Zero
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1.1.3 Geometric Series

* ZAAD BRI ERE
BRSZER 2> 1 AR R4 A H R k70 21 ) SR
P LA BB R

* JURERITZ A

o

=

1

1 —x

l+x+x24x3 4=




1.1.4 Dividing a Disc like a Pizza
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1.1.5 Approximating a Circle by a Polygon
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1.2 First Taste of Differential Calculus

Video: 3BluerBrownfi{fR 4t Aior

1.2.1 Derivative and Slope
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Exercise: 3iIFRH y = 1/x B S5002 —1/x2
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1.2.2 Applications of Derivative
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28. A maximization problem.
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* H 55— P 77 RAERH sin F1 cos B 54K
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73. Sin@asan oscillation.

Velocity

74. Finding the rates of change. 75. The velocity components.

1.3 Newton’s Love for Inversion
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Tuesday, July 18, 2023

2.1 First Taste of Integration

2.1.1 Integration as Calculating Area/Volume
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38. Approximatinga curved region by rectangles.
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2.1.2 First Taste of the Fundamental Theorem of Calculus

d X
Theorem [FTC Version 1} If a is a constant, then o J f)dt =f(x) (%)
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39. The fundamental theorem of calculus.
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41. (a) A small increase in area. (b) From Newton’s
De Analysi (1669, published 1711).
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Reading: 4+l «<43H72%> R R p. 1417 (15-20 min)
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2.1.3 Two Counter Intuitive Integrals
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42. Torricelli’s trumpet.
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2.2 Leibniz’s Contribution to Integration
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2.3 Calculus in Physics

2.3.1 Calculus, Gravity, Motion
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Acceleration _ v2 Q
T

towards centre

54. Acceleration in circular motion. 55. Proof that acceleration =1%/r.
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2.3.2 Chain Rule
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2.3.3 Refraction of Light

64. A shortest-time problem.

NAEV E3E S FEAR IR EE R AR, IR A B B RIS T 42

sini ¢,

sinr ¢

water

* XA R T T IRIHE R B 7 FE AL b TR R A AME R Y

‘?*/iﬂ‘]%%f%—/\%ﬁiaeﬁﬁﬂliﬁﬁ BEA BB MIFBEE £, A BIAKABBE v,
Pty —— ﬁx*wﬁﬁwﬁcﬁoﬁ%ﬁ =S

¢;sini c sinr cl-

* Question: PI_FAJIERA A 2245 1R T ?

o IEWARIIEBE 2% 43 |5 B} hetps://en.wikipedia.org/wiki/Snell%27s_law



https://en.wikipedia.org/wiki/Snell%27s_law

2.3.4 Pendulum: a Differential Equation

82. The differential equation for small oscillations of a simple pendulum.
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Wednesday, July 19, 2023

3.I Bernoulli Brothers and Infinite Series { Chapter 31

3.1.1 The Harmonic Series
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3.1.2 Figurate Series

(p. 47-52) ZBLE S B R ES, 43 F 4 0 A 2R%L GEREN - natural numbers). “F-Ti
FIBRFRE (GEPET - triangle). =4ERUBRZE (GEPEP - pyramid). HIHEH T8 5751850
HIE T GEFLC - cube) .

YRR IR R LTS 5 5 TR TLAT 5 8 BT
.%@Pmﬁ%ﬁmTﬁé¢mxﬁ(ﬁ=< ﬂ+(”*)

s, (437)- (1)1 snnnme

k+1 k+ Dk(k —1 1
: EIECE’JTwal_HiTEX< N >=( s )=g(k3—k)

3.2 Euler and his “Spectacular Sums” {Chapter 41
3.2.1 A Derivative and An Integral

Reading: p. 60-63
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Reading: p. 63-65
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3.2.3 Basel’s Problem
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3.2.4 Euler’s Constants
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3.2.3.2 Euler’s Number e
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3.3 Taylor Series: connecting Series and Functions
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Thursday, July 20, 2023

4.1 Logical Difficulties in Early Calculus [ Chapter 51

4.1.1 Newton’s and Leibniz’s Fallacies
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4.1.2 d’Alembert’s and Lagrange’s Attempts
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4.2 Cauchy: The Language of Limit [ Chapter 61
4.2.1 What is a Limit?
T FTPEH SCF RB AR IR E S BT R DURHY AR

BT AL AR A (L TC FROB A [ 5 (LR A 2R e 2% [ [ e {2 26 7] LR T3t
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Question: Ui 4527 5 AT

N

lim f(z)=A & f(zr) > A (z — ).

TE xo IR FRAE: " HZ A2

Definition: PRIZL f 7E 55 xo ALY HAY lim f(x) = f(xy). PRELfFEXIH] (a,b) jEiE
Question: JH4
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O Mt ABN T ZXFEE IRHI AT 518 5 ok s OB IX — B g b B AR s A
B2 At AANREBE T A AT L 27 I B BRI S Y B 8 p.x76 1R

_ Jxsin(U/x) ifx #0,
T(X)'{ 0 ifx=0,

o BRBIRIR S B FIR RIS - (hnaE p.7r-72)

EIHE 3.1.5 (Heine). K&K f £ zo 9—NDSFARBRAA X, N f £ 20
KL EGRRIR A A B HAX S SHAEATIRE 2P x, — 20 (n — 0) Bz, # 20 (V 1), ¥A

lim f(z,) = A.

n—0

WERR. SEUEL BN HEX, B4 e > 0, FFFE 6 > 0, M 0 < |z — 20| < 6
i,
|[f(z) — Al <e.

WAEE 0 — @0, Tn # xo. PIHRBRES, 3T LR 6, F#7E N, R4 n> N K
0<|zn—x0| <0. FIY n>N B, H

|f(xn) - A| <§g,
XUt B Jim f(z,) = A.
BATH RAEERUEMFE . 2R f 78 oo JERFRA N A (BRFR T REAAFAE),
WAFFE €0 > 0, HAFXHEM 6 > 0, HAFHE x5, 15
0<|zs —xzo| <9, |f(zs)— A| = eo.

Felsts, Xt v n > 1, WAFHE @, 45

1
0< |$n _$0| < H: |f($n) _A| =2 €0

U zn — 20, 20 # 20, 1B f(zn) FEEE] A. 0
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4.2.2 Calculus in the Language of Limit

- Intermediate Value Theorem ME EFH: p.91-94
o UERAPIAZ.OJEAR R HZI AL BR 5 i S R 56 &R

« EERNABIE EIER 7L f(a) = 0 A a WAL, (HERNFRA BMAERH
At 4o B EXT AR BRI AT BT AL EZ M T e ik

* Question: T TUIAT XA~ EBE H & LB £ 7E [xo, yol XA AT BLBATLf (xo)s f ()]
HHERE?

~ Mean Value Theorem H{E EF: p.94-97
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o PEEHETE U FOERARR, (RN TibECEA B B e iiBiR, A 175 ZaxX Pk i



4.2.3 Second Taste of the Fundamental Theorem of Calculus

Question: FATHNAT AT r (B B L2 SRR 20 B A s B 2F — TE XA AR 20 B0 v i g L 2

d X
[SYSIE —J' f@®yde =f(x)
dx %0
dc € [xg, Y] s.t. Floo) = Fxo) =F'(o)
Yo — Xo
HEHH - 3¢ € [xg, Yol s.t.J f)dx = (x —xp) f(c)

X0

T AR B EF R S B p.1oo-T101

Theorem [FTC Version 2}: U1 R%L F 8 F'(x) = f(x), N

J fdx = F(x) = F(x)

0

« HoEA MR XM, B RAILE B 7R R B sE

o B 2.1.2 AT J U = S G, E I B BTSRRI
0
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5.1 Which Functions Can be Integrated?
T X ERECRILNHAS paogiig

o AL AT SRR H AR PR 2%

o BRBLAIIEAI AL BRECR i AS BN B4 Y

* HHMA: RER RGBS D EA Y

X ¢ if x is rational,
o e.g JKF S E R B IR T HY — A~ R4k ¢(x) = { 4 if xis irrational.
TP TSR A AR
yll
w;
5 >

 BIXEEE N nfy, RGBT, FHE n T Io557 BURER

[ 1@de = im > Jsa+ o= a) 4 fak Lo -a)) -0

i=1

_ T}E%O%;lf(“ Lo-a)o-a),

Question: JIE B B £ RS0 iy AR ERAFAE . WML B9l e — 6155 ?
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5.2 Riemann Integral

5.2.1 Supremum and Infimum
Definition: —AMSZE I HEA X TEE—A LIS (least upper bound) M = sup X i J& P i

HDx<MVxeX 2) If M’ satisfies x <M’ Vx € X, then M < M’

Question: B IHE &AL TR (greatest lower bound) m = inf Xo B 5 7 i e PRt

o LIRS THARFAER SR AR, — BT Z SR Z 0 2 BHIE

5.2.2 The Definition of Riemann Integral p.114-117
o HENIE ISR 2 M AR E X
o FIH EHAS TEAABEE, AT A% AN e K N p.212)

B TIEGER B AL, AR SR BOR AR KINE? S I A S W8k
PR RS BRI T AR, BATIE P S B4 Riemann A “di R FEA “d
AN AL BT

T:a=290<x < - <Tp=b,

i M;= sup f(z), mi= inf f(z),%
z€[wio1,a:] z€[zi—1,2:]

S = iMl-Azi, s = Zn:m,wAzl,
i=1 i=1

BAR Sk f KT « (4 Darboux A, MiFR_ LA, Widk S(m) B S(m, f); 1M s FK
4 Darboux FHI, fi#R T, HidH s(r) 8L s(r, f).

Y Y
T =N

7T N

X X
/ 0 ' / 0 !

K63 ERETH

FATR _EAIE A Ur) B NFIE A L(w). PREER S Al B bin(l) U(x) = L(r) =
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6.1 Things Uniform
6.1.1 Uniform Continuity p.149-151

EX 3.4.1 (—BUESLE). KRB flz) EXAERE T 9, oRIEL >0, B A4
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6.1.2 Uniform Convergence of a Sequence of Functions p.151-157
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6.2 Pathological Functions

6.2.1 Riemann’s and Weierstrass’s Functions
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6.2.2 Continuity, Differentiability, Intermediate Value Property p. 175-181
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6.3 Cantor: Comparing Infinities
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6.3.1 The Completeness of Real Numbers p.183-185
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6.3.2 Countable vs. Uncountable
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6.3.3 Cardinality and Existence p.190-194
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