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Hit 9: WoNERAER
(GEAR §4.1)

—. i F—EEHE (growth model) £FRE
IFE: (population, B#88) £ t FFHIR/N (size) &

t
N(t) =200———, t>0
t+ 1

AN A

ER IR [¢, ¢t + h] AP EEEREZ (average
growth rate) 2IF:

HRRER /N

PEREE = —emrume
_ N(@+h)—N()
B t+h—t
N4 h) = N@)
o h
£ AN
At

Flll}l

+ 1. A £ Delta WKRE, RnEZE (difference).
ﬁﬁu %TEH#F‘EEJ%% At W, RN T8l
(/72
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s

- 2. REPABEA ENER: ATZX B
P(t,N(t)) # Q(t+ h, N(t + h)) BIEFERIZ.

}l

1

=t 3. BRI EZ (instantaneous growth rate)
MEERERMEZ At — 0 B, BEEHR/INIEE.
b, DIRREY SRR ER 5

I . AN
BEEREZR = Ilim ——
At—0 At

M ] R 2R A R AN T

At —0=3 Q- P

BT HE R
INHE >
Hmpie S8 — ggiRias
A ik,
£ t FFRBEE R ZR
: AN
= lim ——
At—0 At

©F et P (¢, N(t)) BIGRRE
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WIEREECE N/(t) (GEfE N prime of t), dfifEH
B N(t) HEXE (derivative, iT4Y), JREN,
AN N(t+ h) — N(t)

N(8) = Ao AL T A h

—. HEEHIEN (BE) %

EBE l. (EEBWES). W £ « WEERH, T
8 f'(z), EER

) = tim T@ D) — 1)

h—0 h
R EE .

Flll}l

T 1. & fl(z) F (KR, BREE), AifE f £ «
EAMEY (differentiable at z).

Bll}l

T 2. RAUEE: SEHE f(z) BB (z, f(z)) 8
B UTRRER. AE AT,

flx+h)—f(zx) _Af
h  Ax

I

A RRFLER
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WBIEEZM (difference quotient). INEZEHIHER
g, EEZE Az — 0,

A
gt A”mOA—f = f'(x)
x— T

P

- 3. HRBEERN AERRE:
fle+h) = f(e)

file) = llziLno h
_ o @) = £
r—c Tr—cC
ZS
c+h=u=x
LAk

h—0&x—c
A EE S A E —EERRNL. WESERREEFANE
r— c i, & (z, f(z)) — & (c, f(c)). ERERN
T, D EERNERGED (BH) BR.

P

C 4. B T oy = f(2).
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#ER f 1« KEKEL

4 du. %AsRsERE (Leibnize notation)

fHEo=ctE f(c)=92L

dz |z=c

Bl 1. Rk f(z) =22 7% (1,1) LY.
<> YIEh: (1,1)

YRR HEREBENRAER, UGERES f &
r =1 BEXKH

F(A+h)—fQ1)

/
FQ) = ilzino h
= |im 1+ -1°
h—0 h
— im 14+2h+h2 -1
h—0 h

241 =2

AL, IRERESFIE, YIRRA0T

y—1=2(zx—-1)&y=2zrx—-1
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B 2. RTFNEHBHEHE £ ().
(a) f(z) =a, ai HH

(b) f(z) =mz+b

1
x4+ 2

(c) f(z) = T 7 —2

<> REFEHHEE, THEEZROEBR, 2HEE
.

(a) RIBEEE,

h—0 h

ll:lll}l

. FENHNEHEES 0. FERMLANER: EH
BB — KPR, EUTRRELR KRR, #

YRR = 0 = f'()
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(b) HE, WHMEEERBIIER,

h—0 h
m(x+ h) +b— (mzx+b)

Fll}l

t. y=mz+b B—ERK, HRETE. K
YRR = m = f/(z)

(c) @ (a) & (b), srEEZEEIMmIE. 554, 7IH
B, BEEME
fz+h)— f(z) 249 — 592

h h

&%, H EAEREEEL B TS, 5

flz+h) — f(x) 1 z+2—-(z+h+2)
h h (z+h+2)(z+2)
1

(z+h+2)(z+2)
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iz, AEER, TEH, § « # -2 §,

/ 0 —1
@) = i T e+ 2)
1

(z +2)2

P
s

. BEE f(2) AFIRR— o FEHL

1]

. BREWZ R BRI
Instantaneous Rate of Change).

N\

(i) #E (velocity): BE—EHALEBITHE, K& ¢
Rk, BEACESRERRERAI TAIMLE R EL (position
function) E7r:

s(t) =—t34+6t2, 0<t<6
e, —EHEBR RS R T

£ [2, 4] BIRFEE{E2R (average rate of

change):
s(4) —s(2)  (—64496) — (—8 + 24)
4 — 2 2
— 32 - 0 _ g mmE /g
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[t t + h] BRFER{LER:
s(t+h)—s(t) s(t+h)—s(t) As
(t+h)—¢t h At

R ¢ B%BMEZR (instantaneous rate of
change), SXBIEREE:

im 2% = jim SR —s()
At—0 At h—0 h
ds
/
e 1) = —
s'(1) pn

HRMER: 8 (¢, s(t)) BUIRRRIZR.

HEITERRERE /(1) BEEE s(t) 2RIk
RANT:

ds _, > 01 EEHEE (s(t) 1)

ds _ <O FETRE (s(t) |)

G|,_, =01 #E (s(t) THH)

AL, BEEH 75 HIRIT

w7 (speed) ¥ ‘Sl(t)‘ = ‘gg‘

(EEERRZENE.
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(i) BEEKE (population growth): ¢ N(t) Bi&
BEAE ¢ BFRIRVDN, I

7 ¢ REROBIR R L
N+ h) —N(@)

h—0 h

EERE D —ERE B R 2R G RS Y B
R BESREEEEREZ (instantaneous
per capita growth rate), EHIT:

s def 1 dN
[ I B B R 28 N g

(iii) {LE2KFEZ (rate of chemical reaction):
A+ B — AB

[XFEZE R = k[A][B]

= [ABl ==z, Bl [Al]=a—=z, [B]=b—z, &
Foa, b 7 A EH B HIRVIEE. AL,

R(x) =k(a—z)(b—x) (1)
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(iv)

Hit 0 <z < min(a,b), MER. XKER
R(x) BrEMIEE » FEERM ¢ sy meEt
SRR, 7R, B o = x(t) B,

r(t+ At) —x(t)  dx

R(x) = Ilim - 7
At—0 At dt
AL, g BB (1) =, 1=
dx
= k(a —xz)(b—x) (2)

BIE— HER (differential equation) (—
EERENEHBENARER), EEERKE (2) W

at. W ARANEER AR OR A AR
H, W GREARS L RAE AR

B E KERFEFEL (Tilman's Model for

=~

Resource Competition)

H—HFEEH (grassland habitat) FIAREELN
T

(a) BREE: & (nitrogen), WA = £¥E
& (biomass) FJHEN
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(b) E—ViEEE—FREFRIHF

(c) &VEER(E = HRZE (rate of growth)
— BEZE (rate of loss)

T B(t) BT t F, BEEVERNEER. &
R B&IR/KE (resource level), f(R) BEAI4
WEEREZR, BEH m BEAEMEEREZE.
All, B R (), BEMA4EYEERLE

1dB
B dt f(R) —m
i EREXEX
R
f(R) — ak—l——R
Hi o,k BEH , AIHMS TER
1dB R
— =a—— —m
B dt k+ R

AL B(t), BEHZ Bl R AR
ISY/ P

B, fEl f(R) BEE m WEFE, "4
(1) # R*: f(R) =m & %5 =0, 7RAN, ®E

B = 0BRE o EVEEIGE. M, BEY
BEE—THRRE (equilibrium).
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(2) R< R* éf(R)—m<O<:>%%<O =
EVEERD.

3) R>R* = f(R)-m>0& %L >0=
EE =80

&, [ R* RA7

BB R* HER,

f(RY) =m
Fid,
R*
a —m
k + R*

Wz[EE kE+ R*, &
aR* = mk + mR*
aHfE R* WHE, Wz, &

mk

R* =

a—1m

5. AMEERZREEBYER T, M AERNE
Bt R S EBENAL . MR EE GRS
Ky, Wi, BREPERHFNEE—EEHEE
H+E, GELUBRRIETTHEENE.
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il

|

9. A5

\i‘%.’{‘

\

\

~

TH 1. & ffEc=c™ 8l ff 2=c —F&
& (IR EU, EEAE 2 AT R R B ) .

<FE>HE fHE x=c W, ILRBEXNHRIER
(MR AERER)

7'(e) = tim LI gy

ﬁAnjﬂﬁ fE x=c &, REEEENER, HERPE
75

lim /(@) = f(e)
WIIHER
im (@)~ ()] =0
il
im (@) — F(e)
i [ 1@
= im B im0

:f(C) O_Oa T?”E"—‘
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ll:lll}l

Tt 1. BHEHE 1 M, BEEFENRLE: fErc=c
i, Al f £ o = c P (Geft—EAEREAT]
PE TR, IR, HEERPIET B Boe N R i E
ERAH.) ZZ[II

T = ¢ N, RBBEIRAE « = c Bbd, FEIEA

(_ﬁﬂ ~
‘HHHH

ll}l

it 2. fHEs=c EBEIN—ERE f £ 2 = c B
By (JREN, SEEEN AR T EEE). BT AR R
& [ 1.

x>0
—x, <0

1. f(fL‘)—lfUl—{ ’
AN 7.
RBEEEA, £ 0 GENERER y=o A
y=z—-y==a
£ O 8BRS vy = —o A

Yy=-—x —>Yy=-—=x

e rER—RERR. AL, £ = = 0 fEYJHE.
I, U = f/(0) NFE, BH, f £ =0
ARG, #ER f £ 2 = 0 ZEEN.
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BHE %,

f(O-I-h}z — f(0) Rt

f(0) = lim

h—0
Bt ? _EEAESBR

f(O+h)—f(0)

lim
h—0T h
— iim "m0 im 1=
h—O0t h h—0t
B A= 15 R
O+ h) ~ £(0)
h—0— h
_h—
= lim O: lim (=-1) = -1
h—Q0— h h—0—

B, BWR £ ZEBR. %, f/(0) TFE.

ll}l

+ 3. FEARE (corner), f RAIf, AER.

n

l}l

it 4. EEERSKERBER R EEHERR, A
MERNHBHEF 2T EE (smooth); [EEE
EXRE, EPE () RESEH (EE), B4
BB (GEME) AlTeetREBAE (MR, MExs. Wit
e, AR —EILEsRRRER. Rk L, K
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it 3 ERTHRBRA—EXE y = s(t), AlFE
HARHE R —HccR RS (R, REKT
A1), BB TRAEM BT (GEAE), (HERRE
S Al — R ERE, ~FR (THH).

2. f(z) =213, —co <z < 0
ANl .

BZ#ERE v = 0 B—hEYHE, HSHHHYR
R, VIERIZE f/(0) NMEE. Wik, ®E f 7£
2hor = 0 N, 8RN f £ o= 0 SEEN.

AR E

: _ f(O+h)— f(0)
f0) = fllino h
ht/3 -0
= lim
h—0 h
= Iimi
o h—>0h2/3
= O%—+oo NFHE

it 5. HRHHEIREE—IERY, ‘W‘%E O Fffsr
HRREN ERE (GEE), (HAlER STk
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E (I%I_Jﬁﬁ) BIIRE N & e — AP
E’\J%lji% (AL
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