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Àj 1: µ3Dã3
({… §1.1)

ø. ��

�	}ísPxH[4íêpA:

• �â (Isaac Newton) (1642-1727) (85u)

• qÓ−c (Gottfried Wilhelm Leibniz)

(1646-1716) (70u)

• õ.: |o�Í$Ëê��	}

�	}ís×3æ:

• �}l� (differential calculus, �}): Äk°

�( (curves) í~( (tangent lines) D”M

(extrema) (?¹, ”×M (maxima) D”üM

(minima), àÇý.
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• 	}l� (integral calculus, 	}): Äk°�(

FˇAí–�íÞ	Dõñíñ	, àÇý.

�}D	}íò~É[:

• ˛¤�Ñ¥«� (?¹, �	}!…ìÜ

(Fundamental Theorem of Calculus), |l

â�âDqÓ−c7jƒ¤É[1J¤É[ê�|j

²yÑ˚Ø½æíj¶)

@à�ÓÜì
DÞÓÛïí·H�à

• Ó�È��É[í_��Z (interactions

between species)

• ÿ%�,íº�·H (neuron activities)

• ‚ñ2!ÄÖš4íj„ (genetic diversity)

• r7Å�^@úTÓ	à5ã¿ (impact of

global warming on vegetation) ��
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ù. µ3

bçqñÊò2v·˛ç¬, 3bÊ�2Fú@íLdD

ì2, GUÊn(íç3¬˙2, ?�¬Äxk7ßÞí

¾óCÄì2.ÀU7¨Aí_È.

(i) õb (real numbers):

Êeg,ªJàõb( (real number line) [ý

5.

a < b ⇔ (óçk, J/ÑJ) a rÊ b í˝i

àÇý.

(ii) –È (intervals):

• Ç–È (open interval):

(a, b) = {x : a < x < b} (.¨Öù«õ a D

b)

• £–È (closed interval):

[a, b] = {x : a ≤ x ≤ b} (¨Öù«õ a D b)

• ¬Ç–È (right-open interval):

[a, b) = {x : a ≤ x < b} (É¨Ö˝«õ a)
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• ˝Ç–È (left-open interval):

(a, b] = {x : a < x ≤ b} (É¨Ö¬«õ b)

• ÌäCÌÌ–È (unbounded or infinite

intervals):

[a,∞) = {x : x ≥ a}

(−∞, a] = {x : x ≤ a}

(a,∞) = {x : x > a}

(−∞, a) = {x : x < a}

Å 1. ù¯U ∞ D −∞ (Ýõb), }�[ý

£Ì¤× (plus infinity) DŠÌ¤×

(minus infinity).

Å 2. F�õbíÕ¯Cõb( (real

number line) J

R = {x : −∞ < x < ∞} = (−∞,∞)

[ý5.

àÇý.
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(iii) "úM (absolute value): q a Ñøõb,

|a| =
{

a, J a ≥ 0

−a, J a < 0

[ý a D 0 5Èí�×, àÇý.

ùb x1 D x2 5Èí�×ì2Ñ

|x1 − x2| = |x2 − x1|

àÇý.

!…4”à-: q b > 0,

1. |a| = b ⇔ a = ±b

2. |a| < b ⇔ −b < a < b

3. |a| > b ⇔ a < −b C a > b

àÇý.

W. t°-�®�íj:

(a)
∣∣∣32x − 1

∣∣∣ = ∣∣∣12x + 1
∣∣∣

(b) |3x − 4| ≥ 2
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<j> (a) Ÿ� ⇔
3

2
x − 1 = ±

(
1

2
x + 1

)
?óçk

3

2
x − 1 =

1

2
x + 1 C

3

2
x − 1 = −

(
1

2
x + 1

)
â¤)

x = 2 C 2x = 0

Ä¤,

x = 2 C x = 0

(b) Ÿ� ⇔

3x − 4 ≤ −2 C 3x − 4 ≥ 2

?óçk

3x ≤ 2 C 3x ≥ 6

â¤)

x ≤
2

3
C x ≥ 2

C66ªJ (
−∞,

2

3

]
∪ [2,∞)
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[ýwj, àÇý.

(iv) �Þ2íò( (lines in the plane):

• ™Ä� (standard form):

Ax + By + C = 0

w2 A, B .rÑ 0.

• õé� (point-slope form):

y − y0 = m(x − x0)

w2 (x0, y0) Ñ(,íøõ/ m Ñ¤(íé

0 (slope), ì2A

y2 − y1

x2 − x1

àÇý.

• éi� (slope-intercept form):

y = mx + b

w2 m Ñé0, b Ñ y-i� (y-intercept),

wè™Ñ (0, b), àÇý.
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• ®�( (horizontal line):

y = k

é0Ñ 0 (0 slope), àÇý.

• Œ�( (vertical line):

x = h

Ìé0 (no slope), àÇý.

• q l1 D l2 Ñùò(/é0}�Ñ m1 D m2,

†

(1) l1 ‖ l2 (�W, parallel) J/ÑJ

m1 = m2

(2) l1 ⊥ l2 (�ò, perpendicular) J/Ñ

J

m1 · m2 = −1

• @à: àJ[ýù¾ x D y 5Èí/�ªW

(proportional) É[, à: éi�

y = mx + b ⇔ y − b = mx

⇔ y − b ∝ x
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?¹, y − b D x AªW/ªWÄä

(proportionality factor) Ñ m.

• –sì
 (Hooke’s law):

y = y0 + mx

w2 y0 Ñ�*íŸáÅ�, x ÑlJí½¾, y

Ñl½(íÅ�. ,�óçk

y − y0 = mx ⇔ y − y0 ∝ x

?¹, l½(Å�í‰“ y − y0 D½¾ x Aª

W.

W. t°¬sõ (−2,1) D
(
3,−1

2

)
íò(.

<j>

(i) °é0: m =
−1

2−1
3−(−2) =

−3
2

5 = − 3
10

(ii) õ: (−2,1)

(iii) âõé� (point-solpe form), )ò(j˙

�

y − 1 = −
3

10
(x − (−2))

?óçk

y − 1 = −
3

10
(x + 2)
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C6

y = −
3

10
x +

2

5

(v) Æ (circle): DÆ- (center) (x0, y0) �ó°

�× (˚Tš� (radius)) r íõ (x, y) F$A

íÕ¯. ;W�×t�, Æíì2óçkj˙�

(x − x0)
2 + (y − y0)

2 = r2

ÔW: ÀPÆ (unit circle), JŸõ (origin) Ñ

Æ-/š�Ñ 1 íÆ, àÇý.

W. t°¬õ (5,7) /J (2,3) ÑÆ-íÆ.

<j>

(i) °š�: Æ,LøõDÆ-Èí�×. â�×t

�)

r =
√

(5 − 2)2 + (7 − 3)2

=
√

9 + 16 = 5

(ii) âÆíj˙�, )¤ÆÑ

(x − 2)2 + (y − 3)2 = 25

(vi) úi (trigonometry): ÊÀPÆ,, àÇý,
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• sin θ = úi
éi

= opposite
hypotenuse = y

1 = y

• csc θ = 1
sin θ = 1

y

• cos θ = ¹i
éi

= adjacent
hypotenuse = x

1 = x

• sec θ = 1
cos θ = 1

x

• tan θ = úi
¹i

= opposite
adjacent = y

x

• cot θ = 1
tan θ = x

y

• 4”:

sin(−θ) = − sin θ

cos(−θ) = cos(θ)

sin2 θ + cos2 θ = 1

1 + tan2 θ = sec2 θ

W. t° 2 sin θ cos θ = cos θ Ê [0,2π) ,í

j.
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<j> �á1T|u°á cos θ (, Ÿ�óçk

cos θ(2 sin θ − 1) = 0

?óçk

cos θ = 0

â¤)

θ =
π

2
,

3π

2

C

sin θ =
1

2

â¤ª)

θ =
π

6
,

5π

6

FJ,

j =
{

π

6
,

π

2
,

5π

6
,

3π

2

}
.

(vii) Nb (exponentials) Dúb (logarithms)

• Nb: ar, w2 a Ñ�b (base), r ÑNb

(exponent).

• 4”�
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1. aras = ar+s

2. (ab)r = arbr

3. ar

as = ar−s

4.
(

a
b

)r
= ar

br

5. a−r = 1
ar

6. (ar)s = ars

• úb: loga y
def
= ÊJ a Ñ�bíNb2ª)

ƒ y MíNb, ?¹,

loga y = x ⇔ ax = y (1)

à,

log2 8 = 3 (ÄÑ 23 = 8)

log3 9 = 2 (ÄÑ 32 = 9)

log4
1

16
= −2 (ÄÑ 4−2 =

1

16
)

QO, ;Wúbíì2, Câ (1) �, ª)

x = loga ax
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/

aloga y = y

?¹, ó°�bíNbDúb�Ñ¥«� (CT

à�óJ�).

• 4”:

1. loga(xy) = loga x + loga y

2. loga

(
x
y

)
= loga x − loga y

3. loga xr = r loga x

• AÍúbDAÍNb: JÌÜb

e (≈ 2.7182818)

Ñ�bíúb˚TAÍúb, 1pT

lnx

JÌÜb e Ñ�bíNb˚TAÍNb, 1pT

ex

W. t“�-�®�:

(a) log5
(x2+3)

√
x

5x
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(b) ln 3x2
√

y

<j> ;Wúbí4”, (a) óçk

log5(x
2 + 3) + log5 x

1
2 − log5 5 − log5 x

yªø¥“�, )

log5(x
2 + 3) +

1

2
log5 x − 1 − log5 x

°Ü, (b) óçk

ln 3 + 2 lnx −
1

2
ln y

W. t°-�®�íj:

(a) 92x+1 = 27

(b) ln(x + 1) = 5

(c) 52x−1 = 2x

<j> (a) íl, øŸ�ZŸAó°�bíNb,

)

(32)2x+1 = 33

ÄÑ�ó°í�b 3, ªœNb, ª)

2(2x + 1) = 4x + 2 = 3
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Ä¤,

x =
1

4

(b) si¦Nb e, )

eln(x+1) = e5

ÄÑNbDúb�Ñ¥«�, ª)

x + 1 = e5

FJ,

x = e5 − 1

(c) si¦úb ln, )

ln 52x−1 = ln2x

;Wúbí4”, ,�óçk

(2x − 1) ln 5 = x ln 2

cÜ(, ª)

x(2 ln 5 − ln 2) = ln5

â¤,

x =
ln5

2 ln 5 − ln 2
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