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5, W, FOR, EIS, SEH

20143 H

B1E
o REG6NR—IT. RE6R—IYL K1.3DFHHX
EIEHT © dN/dt = f(n) fEIERR : dN/dt = f(N)

o FEE15R—VLE RE 13R—VE 1.11,
EIERI - ti1+T EAXC to+T

o RE21INR—-YE FRE 18 R—IHh,

EIERT : L J
o = 20O+ b0 — (- 7)
— 2ay2(1) + 2[bly L)y (t — ) + B [ (1) — y>(t — 7)]
< 2a(t) + bl [y (1) + 12 (t — 7)] + Bl [B2(1) — >t — 7)] (1.26)
— 2(a + [B)y*(¢)
<0 (for a< —|[b])
ik :

L~ 2y)Y bl (0) ~ vt~ 7)]
= 2ay?(t) + 2by(E)y(t — 7) + bl [y>(1) — y*(t — 7)]
< 2ay>(t) + b [y?() + v (¢ = )] + bl [ (1) — 42(t — 7)) (1.26)
= 2(a+ by (1)
<0 (for a<—1b])

o RE24R—-YE FRE 20R—ITF.

fEIEHT : There are of course other solutions s, of this equation in the ranges [(2m + 1)m/2,
(m+ 1)x] for m =1,2,... but we need only consider the smallest positive solution s;

BIE# : b A A, ZoHBRNTEXHE [(2m — D)7r/2,mn] (m=1,2,...) DR s, bHET S
DTH2H, TITIRANDIEDIE 51 DAZEZ UL K,



[RE 26 X"—J k. RE 22 R—Y Lk X 1.14 OFHX

fEIERT : The solution behaviour of the model equation (1.30) (FFl%) this should be compared with
the spirogram in Figure 1.10.

EIER : €7V (1.28) OfFD2EE), (hik) X 1.13 D A4 177 A LHIKS iz,

[R& 30 XR—J k. RE 26 R—I L. 1.17 DI,
fEIEHT @ the case in Figure 1.13(b).
EIE# © (K 1.16(b) DBAICH T 5856)

fEIEHT © his seminal work on the data from the Hudson Bay Company (see Chapter 2)
fE1E# © Hudson Bay Company O 7 — % 1B ¢ 2 e DMAIN 2058 (55 3 iz S iz v)

FEZE 39 R—IE,
BIERT © —[u(a) + A

%!I

Eoyy~R—vL A(1.62) oxD=.
r BIEE T —[u(a) +r

=

=

[R& 45 XR—IF. RE 38 R—IH,

fEIERT : It consists of starting at the beginning of the breeding season with a pair of immature
rabbits, male and female, which after one reproductive season produce two pairs of male and
female immature rabbits after which the parents then stop reproducing.

EIEHE @ CORETIE, BHOBOICRKAD TS F 1 OP0roihEsbo L L, 1 Bz
LT 5, ROEHBIDIRDIZZ DODGH 1 DD RBAD 75 X 2pEdr, o ZEALZEOH
Wik, DIBBETEIIC 1 DO X Z2FERGET 5.

R 45 R—ITF. RE 38 X—I'TF,
BIERT : No=1 & L=BINIRD L H I 30, T 74 X F v FEIE LTSNS ¢
BIEH : No=N, =1 EL7BIIRRD LI I3, ZHE 74 R >y FEIIE LTINS .

[R&E 46 XR—J k. RE 39 R—IF.
fEIERT : We can intuitively see age structure in this model by considering age to reproduction and
that after it there is no reproduction.

BIEH : BHETE 5 £ TOHEMZHE A UL, TOETIVICERIEGED?H 5 2 L IZEBNICO» S,



E%49&—§L RE 41 R—Irh,

{EIERT : 0y AN/dt Z AT v 71 DFAGRICHEEMZ T, XAz2F5
N@+1y-xay—www[1 A“”} = N@+&):[L+r—£Jﬂﬂy (2.6)

K
EIER oy dN/dt Z A7 v 71 OFEGAICEEHZ T, X253

B B N, B r
]\“},_},.1 — ]\f = er |:1 — ](f:| = Nt+1 = ]\f |:1 +7r— ENf:| . (26)

BE 54 x—YTF. RE 45 x—ITF.
fEIERT © Clearly A = f'(u%) > 1 from Figure 2.7(b)
BIEE : CORIEDHSIZ Ag = 2/ (uy) > 1 TH 3.

[R#E 58 XR—ITF. RE 48 R—ITF.
fEIEHT © For example, if ro,ry4,...,72,,... is the sequence of period doubling bifurcation values,

Feigenbaum (1978) proved that

. r2(n+1) —T2n
lim
n=00 T'o(n+2) — I'2(n41)

BIER Bl 210, ro,re,... ron,... ZRABESBEEO RN E T 274618, T2 T Feigen-
baum (1978) 1K ZFEH L 72 :

=0 = 4.66920... .

Ton+1 — T'gn

lim =0 = 4.66920....

n—00 T'gn42 — T'gn+1

FE61~R—I Lk RE 51 RXR—-IE

fEIERT : With example (2.21) the next bifurcation, to a 4-periodic solution, occurs at r = ry & 2.45
and a 6-periodic one at r = rg &~ 2.54 with aperiodic or chaotic behaviour for r > r. ~ 2.57.
EIE# : #l (2.21) T, 4-FAHBRE~NDORXDTEIE r = 1y ~ 245 T, F 7 8 AMIE~DFIEIX
r=re~254 TRE, r>r.,~257TD¢ ?3?%,&55"]3‘&%}%ﬁﬁxﬂ@é@ﬂ#fﬁﬂé.

[RE 72 R—IHh, FRE 60 R—I L.
fEIER : In Figure 2.15(c) the solution is chaotic.
fEIERR « BRI

RET8R—IJ L RE 64 X—I L
fEIEHT © A basic delay model used by the International Whaling Commission (IWC) for monitoring

whale populations is
U1 = sug + R(ur—r), 0<s<0



EIER : EESHSsEE S IWC) 237 ¥ 7 OEFEL 2 € =8 — 7 2 72 DI 2 AN 2 BIEE 7

RS
upr1 = sus + R(ug—r), 0<s<1

Th 5.

=

=

FE 80 ~R—VYTF. RE 66 X—VTF.
E1EH] © where H > Hip is a constant: Hpin, = 1 + « is the minimum of H

BIFE#H: 2 CHIWEH>Hypn=14+a 2A-TEKTH 5,

FZE 81 R—Y Lk RE 66 R—IL,
J5IX 3.1 1cBAL ¢, ; .
u v
Efu(lfv), Efow(ufl) (3.4)
EROZb0DETTHS, Lo T, u=1550iFv=1 K8 THILEDRENELD 5 2T
UL, 2L ZD L) IChoTwknid, BIEL .

[R%E 86 XR—IH, RE 71 R—I L

A IR EIIBIR v, TIBAERBUCBI L TH 2 ) DTy Difm2AC EIELL &5,
fEIEH : However if there are \; such that Re \; # 0 then, since they occur as complex conjugates,
(3.13) implies that at least one exists with Re A > 0 and hence (IN*, P*) is unstable.
fEIE# t Re X\, #0 %% X\, 23R 4UE, X (3.13) K D63 Red > 0 R 5EAMHEIP R EH 1D
FIEL, WA PR (N*, P*) 3ALETH 5.

FE 87 R—ITF. RE 72 XR—VYT,
fEIERT © Aphidicus zbeckistanicus B1ER @ Aphidicus uzbeckistanicus

FE 88 R—Y L FRE 72 RX—VITF,
fEIEHT © The examples in Figures 3.5(b) and (c) are approximately linear in N for low densities.

fEIERR @ X1 3.5(b) & (d) DT, fAEHELI NS VEE N ICOWTIRTHIE L & 5.

[RE 89 R—I Lk, RE 73 R—ITF.
fE1ERT -

— f(u,v), (3.20)



fEIER ¢ p
U auv
gy = vl —u) == = flu,v), (3.20)

[R&E 90 RXR—I L, RE 75 XR—I L. K (3.27) DIEH,
With (3.22) for u* and using the first of (3.21) and v* = w* (3.21) @& 1 X &KX (3.22) ZHw
2L EHDY, TOXRTIFHOTOHRVOT, Ay ., (3.28) ODEHKHIH VTV S,

RE 91 R—Y L, RE 75 R—Irh,
B IERT :

a={(1—a—dn)2+4d,}/?

E1E ¢
a={(1—a—dn)*+4d,}'/?

[RE 91 R—Y k. RE 75 R—ITF.
fEIEHT : Note also that d < a for all a > 1/2.
BIEWE : £72, a>1/2 ZALTHEED a IZ20T d, <a DJRHZDOZ EITHEEI NV,

[R&E 95 R—I k. RE 79 R—IH,
fEIEHT : The last of these is only of relevance if u} >0, u >0 (W)
BIER : 4 DHOEEREIX, ui >0, us>0 ()

FEI9NR—I L RE 82 RX—ITF,

9, FHOBROMPFEET S, 61, ERTIE, M2, big=by =1,a12<1,a91 >1ThiL
W (ZZTIHHEiDPKDS)) BB EIAED, bia=by=1DEE, aip <1, ag > 1 IZHBNICA
723N5DT, BERMWICBREZEIZEDRVE ) IEREL 7.
fEIERT : and so a1z = b1a K /Ky <ba1 K2/ K1 = az1. As an example if bjs = bay = 1, a1z < 1, and
as1 > 1 then
IR Q21 arp = biaKa/K1 > boy K1 /Ko = as1 £5%. BIAIE bis = by = 1 THIUL, a1a > 1,
as <1 Wz

BZE 100 X—Jrh, RE 83 x—ITF.
fEEIERT
du1

e ur (1 —ug —argug) = fi(ur,ug),
(3.39)

du
7; = pua(l — uz — agi1u1) = fa(ur, u2)



fEIER ¢

du
7; = w1 (1 — u + arou2) = fi(u1,us),
(3.39)
dUQ
e puz(l — ug + agiur) = fa(ur,us)

¥ 102 XR—Ih, RE 85 R—I'TF,

fEIEH : for p < p. the eigenvalue with the largest Re A < 0, and for p = p. ReA = 0, Im A # 0,
and for p > p. ReA >0, ImA# 0

BIEE RO EHZ bOMEHEZ N L L, RDR7x2—=% (BIZIE) p2S, p<p. DEE Re) <0,
p=p. DEZEReA=0,ImA#0, p>p. DEEZE ReA>0DHEDHILDLI I

[RE 106 X—JF. RE 89 X—I L,
J51% 3.13(b) Tl&, G(P) D77 70 PI2ic > Tw5DIIK L, [X3.14 Tk kichicz>Tw3
72, T2 X5 IBIE (P lidseiic 2z > T b 2 EITHER).

FE 106 X—YTF. RE 89 R—IF.
fBIERT : with the F(N), G(N) in Figure 3.13
BIE# X 3.13 TREND F(N), G(P) I22»T

%!l

[RE 115 X—JTF. RE 96 XR—ITF. HENE 2,
fEIEH : the populations N and C' are
BIER © 72, K N, E 23,

FE 116 X—Ih, RE 96 XR—ITF. HEME 4.
fEIERT : where r, K, A, B, C and H are positive constants.
BE#: coCr K, A B, C, D RIEQOEHKTH 5.

BA4E

[R&E 126 X—Y k. 8RE 105 XR—I £,

fEIERT @ Strictly F(f1, k1) is zero until f; reaches the carrying capacity ki of region I after which
the extra females have to move away from the wet marsh region.

IR « B3, fy DY T DBRBEINA S ky 1B L TR XA ADFHK T ZHHTw0ha TEARS
BB ET, F(fi, k) 13 1IZFEL,



3

R& 126 X—J k. RE 105 R—I L.
fEIERT : for example, if the tatal fi = kq, the carrying capacity, F' = 0.5 whereas it should still be
zero

BIEE c BIZIE, fr=k DEE, AR ERDZITED, F=05LE%k5.

[RE 134 R—YTF. RE 111 R—=ITF. K (4.18) Dfts.
fEIERT i For « = 1,2, j = 1,3, the density-dependent age-specific maternity functions

bij (fla Ql(t)7 Q2(t))
B1ER - IR T 2 4 & ORMERIE b (a, Q1(),Q2(1)) (i=1,2, j = 1,2,3)

[RE 140 R—IH, RE 116 R—Ih,
P ks(CSb — d)
m* 3 —
R=-3= 4.32
i ksd+ ki (CS —d) (4.32)
ENX .
R k3(CSb — d) (4.32)

T fi T ksd+ ki (CSh—d)

[FE 141 R—Y Lk, RE 111 R—Irh, K (4.34) DB,
fEIET : which are nonnegative only if C'Sb > 2d.
BIER : TUDBIETH LD, CSb>2d DEEZIRBSNS,

=z

=

[RE 152 R—Yh, IRE 126 X—I L.

fEIEHT ¢ the vertical axis is the influenced component, Iyw (Hyy1), of the wife’s following score,
Wyt

B1ER « fitihE, il ZDRA a7 Wiy OMOFEZZ T IRy Tnw(H,) 2T,

[R&E 154 XR—ITF. RE 128 R—Ih,

f& 1R : The uninfluenced steady state is given by setting P;.; = P, = P and solving to get
P=a;(1-1r;)

[ETER © SEEEIERRIE, /IR Py = P — P OMIC L THA BN, Z0UE P=a,/(1 — 1)
&b,

FE 154 R—ITF. RE 128 R—IH,

fEIERT @ only if r; is less than one
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BIEER : CHUE b BBA, ry DA 1 X D/PAS W EZITDH,

[R&E 157 XR—ITF. RE 130 R—Ih,

fEIEHT : With the typical form in the upper figure in Figure 5.2, the null clines, denoted by Ngw
and Ny g, are illustrated in Figure 5.3.

EIEH : [ 5.2(b) DI1E5 IHipN O3 EROBE S LIcLEIL 2 54 (Ngw, Nwn TELT
Vw3) %X 53(b)IRLTWS,

% 166 X—UT. RE 136 x—IF.
fEIERT © the hypothesis is that the longitudinal marital stability results are

EIER - RIS KRIGDIAN LIS 72 % DX

[RE 168 R—ITF. IRE 139 X—IH,
fEIEHT : Let us consider, by way of example, influence functions similar to those in Figure 5.2(a)

with multiple steady states.
BIE Bl LT, M 5.3(a) D& ) ICHEDERINEZ SO L) RFEBEEEEZTAHAL).

=z

=

RE 177 "—I, RE 147 R—I L,

{EIEHT ¢
s(t) + K Ins(t) = so + Ky Insg (6.11)

fE1E# -
s(t) + K Ins(t) = so + K In sg—kaept (6.11)

[F& 179 X—J k. RE 148 R—Ih,

fEIERT : "
50 So+ K
ts = ~ 6.16
|d8/dt|max k‘gSO ( )
BIE# : X
S0 S0t Hm (6.16)

ts ~= S
s |d8/dt|max kge()

[RE 179 R—ITF. IRE 148 X—IF.
fEIEHT : With this condition we see that even if eg/sg = O(1), condition (6.19) can still be satisfied

if K,, is large as is actually the case in many reactions.



BIE# : ZHUCBIL T, 72 &R ep/so =O0(1) TH-TH, (BLDRIETZE)THL L IHI2) Ky, B8
TR EFIUIEM (6.18) D3RI DR D LD T Ed3bhr 5,

[RE& 182 X—YF. RE 151 R—I,
fEIERT © By assuming edv/dr is O(e) to get (6.25)
BIER : edv/dT 28 O(e) TH B EREL T (6.25) 2/l LT

[R& 186 X—JTF. RE 154 R—ITF.

fEE LR ] 0 /\
o { u;i)y)ko - )\uo(g;) (+)Km “1r K (6.40)
fEIE# ¢
o= ‘du;T(T) =0 A uo(g;(f)[(m 1 +)\K (6.40)

JHZEDE EFTRADSREDT, v A F Aideribil s 26 ) HE03d 5. X (6.109) 1
v, iR S & L.

FE 190 RX—J E RE 157 R—I L,

fEIEHT : There are several ways to nondimensionalise the system. Since eg/sop = O(1), we follow
the appropriate procedure in Section 6.2, equivalent to (6.20) for the outer region and (6.22) for
the inner region.

BEIE @ COREBIRIULT 2 HEIZ L D0H 2D%, eg/so = O0(1) L 2DT, 6.2 D)k 7ik
(NIl (6.20), JHETIE (6.22) 2V 2,

[R& 190 X—J, RE 157 R—Ih,

fEIEHT .
0
fEIEH ¢ .
0

BZE 191 X—YF. RE 158 N—UH,
fEIEHT © Finally, substituting the series solutions into (6.65)
TR AR % (6.63) IfRAL

[RE 192 R—=ITF. IRE 169 X—=I L.



fE IR

B -

FE 192 R—IF,

=T —T _ ,—T
(D) P 1—e Jre e >
v w<1+p>< " U1
—T —pr _ —T
Wy P 1—e L8 e )
v 1+p< v o1

RE 159 R—I' Lk

(6.81)

(6.81)

fE1ERT : Now, matching coefficients in (6.65) to O(e) gives an equation for de;/dr in terms of y(1).
BiE# : 272, (6.65) IcDWT, WD O(c) PHAWET 2 2 & T, del) /dr % y») cHRLER%

HBLIEMNTES,

FE 193 R—I Lk,

RE 159 R—I' L,

fEIEHT : If it were the case that ¢ = O(e), we would have used another similarity variable, ¢ = ¢,

BIE#K: bL ¢ =0() TH2EGIE, HBEH ¢ = ¢/c 2fioT eV(r) 2RkDBZLIch>15

53

FE 199 R—I L,
EIER] :

o

fEIE

N

EZE 200 R—YTF,
B IERT :

o

fEIE

=

RE 164 R—ITF.

s ¢ Co
T=kieot, u=—, vi=—, V2=,
S0 €0 €0
ke, ko ks ks
a = —— ag = aQq = — ay =
kiso’ kiso’ ki’ kiso’
k4 €o
a5 = —, e=—
kiso’ 50
S C1 C2
T =kieot, u=—, vi=—, v2=—",
EN €o €o
ko, o ks ks
al = — = a’3 = — a,4 =
k150’ k1507 k1’ k‘130’
k4 €o
a5 = —, &= —
kiso’ 50
RE 166 R—IY L.
n
Qso
Ry(Sy) = ———
(50) = 2l
n
Qso
Ro(sg) = —220__
(50) Ky, + sy

10

(6.103)

(6.103)

(6.110)

(6.110)



& 209 X—Yh, RE 178 K—Ih,
fEIERT : Until p reaches ps, u, simply increases
fEIERL  p 3y 12705 F T uy IS LT &

FE 212 R—ITF. RE 176 R—ITF.

fE1ERH( : The rate of the reaction (6.128) is slow compared with (6.129) and so it is the rate limiting

step in the overall process (6.129).

fE1E# 3 (6.128) DIUGIE (6.129) IZHRTEC, FD 70X 2 (6.130) OHUEBRE & 72 5.,

=z
=
FE 224 R—Y k. RE 186 R—IH,
fEIERT -
f( ) Ul U1
Gi>57 e Un > (7.9)
BIER -
f(0) Uy U,
U >"—2 Uy>—, ... Uy>——— 7.9
1= kl ’ 2 kz, , ” k2k3-~-kn ( )

RE 230 R—Y k. RE 192 R—I Lk,

7.5(c) IDWT, FFEOKITIK, &S TOf g =0 DHESBAICHZ>TWV 22, ZHIFIET
BTSSRV, (HENIATHL L, g DBBIBIEBTRERRE 51 AL ELL->TLEIY
B0H B, £z, M 7.5(c) DILDOKTH 3K 7.4(d) T, EHEIZIEICR>TW3,) & S EHETOH

Mt g=0DBERBEEL, HEBIEEARSZX)ITLX,

[R& 235 X—J k. RE 196 R—I L.

78 IC2WT, FEOXTIZ, BFAURADEAD AB FIZETIHEDRHIDA T 308,

-
—

BATHERA (ZZZLECRADESGOAMZ ) BIELWY G AB ETIE f >0 TH57:9).

L% &) icMzEIEL 7.

[R& 239 XR—JF. 8RE 200 R—I L.

B IERT :
dv
Ity =C— +1I;
(t) pri
BIEH
av
Ity =C— + 1;
(t) o i

11

(7.35)

(7.35)



% 8

= — =
=

£ 229 R—Ih,

%!I

EE 274 R—ITF,
B IERT :

In[4(3-2f +2v2) q| < Tup < —In[4 (3 -2 +2v2) (1+v2) (8.38)
BIER -

~im{a(3-2f+2v2) (1+v2) g} <Tup < -m{a(3-2/ +2v2)q}  (838)

=z

=

FE 284 R—I Lk, FRE 238 XR—Imh,
fEIEHT ¢ in the case of (9.6) this is for 0 satisfying 1 + I cos 276 < 0.
B R (0.6) DA, THUZ 0D 1+ Tcos20 < 0 % B THAIHNT 2,

FZE 285 R—I L, RE 240 R—I L,
1 9.5(b) I2oWT, FHEDOKD Y F 7 3 EAIEL < A\, ROKEABIEZ - 7.

FE 286 X—Y k. RE 240 R—IH,
9.6 ICDOWT, FHEOMTIE, #lho 27 DIEMIEL %<, F77K 9.4 ORIUTHIL TurZeus,
XD Kig7BIEE T 7.

FE 294 R—Y k. RE 247 R—IH,

fEIERT © the functions on the right-hand side of (8.27), one of the two-reactant models for the
Belousov reaction discussed in Sections 8.4 and 8.5,

fEIER © 8.4 fii® 8.5 fiTi U7z BZ IKIE?D 2 FEE TN D 1 D% KT (8.26) 04D & 9 72B%k

% 206 X—UT. RE 249 x—IF.
BIERT : If 0, is ahead of 0 (0 < w. —w < 7) then 6 > w
IR 0, 250 XD FOBE (0< 0, — 0 <) IiZdffdt >w ERD,

R 296 XR—ITF. RE 249 XR—ITF.
fEIEHT : A similar type of assumption, based on a function of § — 6.(¢) but in a more complex

situation, is used below in Chapter 12, Section 12.3.

12



BIER : 2BH 12 # 123 fllicB W Th, HPOKE, Tabb, iz 0.(1) — 0 ORIV T
IREBZNT 2ET A GENED, K DRVUIEHE L B> T3,
TR EDL S THEEMICERD TIE 2 \0Ds, B OEIEICH 2 72,

FE 297 R—I Lk, RE 249 XR—IF.
fEIEHT : When our interest is in determining when synchrony will occur it is informative, as we show
below and particularly in Chapter 12, Section 12.3, to consider the equation for the difference, ¢,
in phases; that is, ¢ =0 — 0...
BIER © ED X ) IR THBIZNMEE 202 ET 5 2 LICHRNDH 5 & FiTiE, DUTRH 12 ¥ 12.3
ficiry &), filZE ¢ =0, — 0 IOV TOHBRXEZEZL2DDHIETH 9.

DRgIcBNG ¢ OREBEGERZ b7 5121E, ZOBIEBIBETDH .

FE 305 R—YTF. RE 257 R—IH,

ENNE
d 8 sd\d o 0
d_0 y(drNo _0 0 51
d 8t+(dt)87 ot o (9-51)
BIE# :

dNo _9 . 0 (9.51)

%_%—F(E)E:@t or

BE 306 X—J k. RE 257 R—ITF.

fEIEHT

O,
ot

6 _

ot (9.52)

04
8(%2 — ®(05) Uy = kU(%0,,°6,),

90,
ot

o(1) : —®(°0) %A, = kU("0,,°05) + 2(%9,),

=1

B -

OU,
ot

0

ot (9.52)

A
86752 — ®(%02)%2 = kU(°65,%61),

2%,
ot

— @(091)%1 = kU(Oﬁl, 092) + )\(,6(091),

[R& 307 R—Y k. RRE 258 R—I L,

%!I

13



fE IR

o B(s)r = f(s)

& B(s)y = Uls,s+x)
E1E# o

& a(s)r =),

%* (s)y =Ul(s,s+x)

o [RE 307 R—I Lk FRE 258 XR—Imh,

(9.56)

(9.56)

fEIERT : From (9.47) we have v(s) < 0, which is necessary for the stability of the uncoupled limit

cycle oscillators.

TR © R (947) £ (1) <0 THY, ZHEFHEHEAKDY Ty M A 2 MEBTHEETH 3 7

DI H L TH > 72,

F10E
o [RE 330 RX—YT. RE 278 R—IF.
fEIERT © the eigenvalues A satisfy

—a—rl—A\ rN —rl
r*N* —r " —a* —r*ly — A

-

that is,

Nt Na+a* +rIF +r* L)+ [a*rI +ar* I, +rr*(I°N 4+ IN*) + aa* — rr*NN*] = 0,

fEIEfE - EAME A 1
—a—rl;—\ riN —rlj
r*N* —r*[  —a* —r*I;— A

-0

bbb

N Na+a* +rIF+r L)+ [a*rIF +ar* I, +rr* (1IN + [LN*) +aa* —rr* NN*] =0

AT,

o [FAE 339 R—UT. IRE 286 R—IHh,

IR - ) .
X*:(vﬂt)N’ yr = [d+p)(B—uN")
cf pvd
pdu d
n+ = BBlu(v +d+ p) +vd(L —p)]

[v+ pl[b(d + p) — pv]

14
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fEIER ¢

xr = WEONT oy (dFp)(B = N7
cf pvd
. (A=p)(d+p)(B—pN") . _ B—pN”
7% = - , A= —— (10.36)
N+ = BBluv +d+p) +vd(1 —p)]

plo + pl[B(d + p) — pv]

o RE343R—IT. RE 289 X—ITF.
fEIERT
dT T
dts+pT<1 >dTTk'V[T’
dT*
— =(1-n kVIT—(ST*’
j‘t’ o (10.41)
ditj = (1 - np)N(ST* — C‘/I,
dV/
d;U = npNOT™ — cVyr.
fE1E ¢
dT T
dt—s-l—pT(l— >_dTT_I€V[T,
max
dT™*
= (1 — nrt)kV[T 5T,
dd‘i (10.41)
ditl = (L= mnp)NOT™ — eV,
d
ZI,;” = npNOT" — V.

o JRE 344 R—IF. RE 290 R—I'F.
fE1EHT @ For a perfect protease inhibitor, namely, n, = 1, the solution of the fourth equation of
(10.41) is Vi (t) = Voe=¢t
B 7057 —CHEROMEIHE R L E, Thbb n, =1 OLE, (10.41) O 3 ROMIZ
Vit) =Voe et TH D,

o RE345R—I L,
fE 1A

%!I

£ 201 R—Ith,

dT*

dt
% — (1= n,)NST* — Vi, (10.42)

dVnr
dt

= kVi(Ty + at) — 6T,

= npNéT* — CVN]

15



fEIER ¢

ar*
ar = kV](TO + at) — 0T,
v,
dTI = (1—n,)N§T* = cVy, (10.42)
v,
d]tV L — n,N6T* — eV

o [RE 347 R—I k. RE 292 XR—ITF.

fE LR : . .
ne=1—(1-=n,)(1—nm) < NI =mn.>1-— NI (10.45)

IR ¢ . .
l—ne=(1-n,)(1—nm) < NiTo =>n.>1- NATo (10.45)

o [RE 347 R—ITF. IRE 293 R—IH,
fEIERT : On the other hand if we have both drugs administered the condition is then

To

(1= 1) (1 — npe) < 1—

and () .
The second steady state, the infected steady state, is obtained, after some algebra, from (10.41)

as

C — S 1 T32
Tee = ; = 77 T 1 - —d ’
2 Nkn(; VI kTSQ + k |:p ( Tmax) T:|
L\ ny Vi
©ON(1—ny)’ 1—n,

where overbars denote steady state quantities and as before n, = (1 —n,¢)(1 —np). In the absence

of treatment, n, = 1

EIERR « —75, MDAz KL § 2540, FAEOFEMR

(1 — np)(l — nrt) < Ti(gol
LRI (Pg),

2 OHDERIRE, ThabbEREROERREL, K (10.41) 2250 L 5HHE U

C — S 1 T52
TS = T Vi = - 1- —d ’
2 Nk(l — TLC) ! kTSQ + k l:p ( Tmax) T:|
— CV]
T =
IN(1—mnyp)’

EhD, RRUEERREOMAEL, WMERBIC L= (1—n)(l—n,) Tha, KBFEOHAIC
T n.=0THsH

Ny V]

‘7 =
NI ].*Tlp’

16



R 348 R—Ih, RE 293 R—ITF. R 1047 DXRDOR,

fE IR .
Nk<i;ﬁiﬁﬁzﬂﬁ<o

B : . )
Nk<i¥xﬁ:ac¢w<0

& 350 XR—YTF. RE 295 R—ITF.

fEIEH .
dT
—— = kT Vi(t — 1) — 06T,
dt
dv;
de = (1 —ny)NST* — V7, (10.49)
dv;
N NST* — eV
dt
IR - -
dt = ]{/’T()V[(t - T) - 6TY,
dv; .
de = (1 —n,)NST* — ¢V, (10.49)
dv;
dftv L — n, N6T* — V.

RE 357 R—ITF. RE 301 R—IHh,

fEIERT
A 1 Dt
Dt_ﬁ(l_eu ), 0<t<T
E(t) = ’“; ! (10.58)
M_ZD [(T—MB_ILDt(l — (’,’“Dt)>:| . t > T
BIE# :
)\i 1 —uDt
-Dt—i‘D(l—e'l ), 0<t<T
E(t) = “A a 1 (10.58)
[(rr e o). s
Iz H

R 360 X—Y k. 8RE 302 XR—I'F,

fEIERT : With these the system (10.75) can be used to predict the time-evolution and the final steady
state of the mean worm burden dependence on the nutritional status and the genetic properties
of the hosts being considered.

BIEE : ShoZzHo»IC Lk o, £ (10.65) 2V 2 LICk->T, HHL T 2EEDOHKEIR
RELEE FALCE U ORI R R DRIFIVIC E D X I L, B ERRENED X H 127k
500 FMTHILNTE S,

17



[RE 363 R—I L. RE 305 R—ITF.

fEILRT -
Ip(ap) exp {—/ )\(a’)da'} ,  a>t
I(GJt) = r " a
1(0, ap) exp —/ )\(a')da’}, a<t.
L Jo
Thus, from (10.70),
Ip(a —t)exp —/ Aa) da'] , a>t
I(avt) =
I(Oa—fexp[ //\ ] a <t.
E1ER ¢
(ao)exp[/ Ad’ /}, a>t
I(a,t) =
a

&%, Leo>7T, K (10.70) &b

Iy a: (a
1(0, £0) exp [— /O(LA(
/ A

Io(a —t) exp [—

) da
" da’} , a<t
! da’] , a>t
I(a,t) =
(a)

I(0,t — a) exp [ A da’} , a<t

0

2135,

FE 364 R—I k. RE 306 R—IHh,

fE 1A

/ / N dadt — / @) exp {— /O ’ )\(a’)da’] (S(t — a) — So)dt + m(t)

BIE# :

/ / "dadt = /Ot r(a) exp [ /Oa )\(a’)da/} (S(t —a) — So)da + m(t)

[R& 364 X—JF, RE 307 R—I k. ¥ 10.16.

(10.71)

(10.71)

(10.74)

(10.74)

FMIZBWWT e < 0 o8& E SN a ik, FEBI2IZ e > 0 oagolificd o, &tXEHE

2R LD HIBRL 7.

JRE 367 R—ITF. RE 309 R—Y k. ¥ 10.17.

10.17(b) DIZ, 3 (10.87) ZIR L 72 b DTH %5, N7 & JFURANETIE M2 X 95 14

BTV 2D, BEIICR (10.87) OB Z# 2 % L FlYICH 2 7 HIEIEL 72,

18



BE 368 X—Urh, RE 310 N—Y k. K (10.88) Dt

fEIERT : We can now evaluate v for various limiting situations in terms of the parameters a, 3, 7

and & in the user model (10.79)—(10.82).

BIEH © 29 LTRAIFVLESL, EWHAHE TV (10.79)-(10.82) D87 X =% a, B, &, k 1[ZHk4 7l

Rz G527 RDUSH LT, v 23HIEi§5 2 L3 TE B,

[FZE 368 R—ITF, FRE 310 R—Irh,
EIERT @ B> « (case (ii))
BIER ::2FD 8> a (() DEH) THIUL,

%!I

HE 368 X—ITF.
BIERT t e < 1, 8> a
BIE# e < 1,8<a

& 310 R—Y Lk, #10.1 OFEH (i) DA

RE 372 R—IH, RE 313 R—IHR,

fEIERT -
N(t,0) = 'y/ N(t,a)da = yN(t), t>0,
0
N(t,0) = ﬂ,f/ N(t,a)da =AN(t), t>0,
0
1R ¢

N(t,O)zv/ N(t,a)da =~yN(t), t>0,
0

N(t,O):Z,’/ N(t,a)da =AN(t), t>0,
0

[RE 373 R—IH, RE 314 R—Y k. (10.98) DifEHi.
fEIEHT : we scale the time and chronological age by setting r = rt, a = ra

B : I SICRASERZ T=rt P a=ra EBWLTIESRLTEZLIckD,

[R& 373 R—IF. 8RE 314 R—Ih,
fEIERT :

P2

(B) () =— /OOO w(r, a)N(1,0)da + — /OOO @(7'70[)N(T7 a)da,

7

(9 A(1) = /000 (T, )N (1, a)dex + % /000 w(T, )N (1, a)do.

19

(10.94)

(10.94)

(10.101)



fEIER ¢

(7F7=)

(73)

R 376 R—I'TF,
10.19 o> FE Eih

[FEE 381 R—I,
B IERT :

fEIER ¢

R 381 R—I'F.

BIER - i

[F%E 382 R—I'TF,

RE 317 R—I L

iRE 321 R—IY L

ou
or
ow
or
0z
or
ou
or
ow
o+
0z

5+

@
or
Biw
or
%
or
@
or
@
or
%
or

fEIERT © (10.112) excluding the immunization terms and with all (9/t)-terms set equal to zero

RE

322 RN—I L,

ou

da

ow

da

0z

da

ot

dau

ow

da

0z

da

ou

%Z

ow

da

0z

da

o1

da

ow

da

0z

da

1
—;()\1 +c)u + w,

1

= -\u—w,
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N = =

™

> 3| =
et

IS

I

(10.111) 2 6 R bIEHZ PR L, 2T (9/0t) HZ 0 LB TfFon s

(10.101)

WWHEHT % &, 0.50 TH 51T OHFTIC 3.50 LFHrNLTWV 570, BIEL 7.

(10.111)

(10.111)



fE IR

po/ u(a)N(a) da = 1. (10.117)
0
fE1E ¢ -
PO [ w(a)N(a) da = 1. (10.117)
N 0

o FE383R—YT. RE 322 R—YTF. K (10.123) DEHID & EHE.

FCOHERIE T2D kI LT (WFTIZT:10.123) 23R D 2D T, FIHIEGEMAIC X > TEA
Nz 2 REREN L UTICRZDIEHe»TH S, ) L5, LaL, K (10.123) 235K (10.120),
(10.121) 225 HTL 2 LIFEA 2V OT, FXOE E /7 I3 A0,

FoCTIE TEANICER2 %518, 77 F v EMOER L~ e, X (10.120), (10.121) I2E T
A2 — 0, Ay = 0 DHR%Z & 28GICHY T2, 2okl T, BFE

po[l — fexp(—pTy)] <1 (10.123)

WD LOBEICE, HEIZ 1 KO RIBREF I L T oRIERE LTI 5759, £F
W7z,

F11E
o [RE 398 X—YH, RE 335 R—IH,
fEIERT © then the solution of (11.8) is (see, for example, Crank’s 1975 book)

Q _a?
e@t) = geppyae " M t>0 (11.10)
T4 © 3% (11.8) Ofitl
Q —o?
C("E,t) = W@ /(4Dt), t>0 (1110)

L7 (BIAIE Crank (1975) OERE SIS NI ),

o JRE 409 R—I L RE 344 R—ITh,
fEIERT : If we now substitute this into the expression (11.32) we see that the proportionality factor
is 10/3.
IR : SheR (11.32) IKRATIUE, HBEHDS 10 ThH2 L bhd,

®=12=
o [RE 426 XN—IHA FRE 357 R—ITF,

fEIEH : that is, any value 6 = 6 + 2mm for all integers m.
BIER : DEVE2TOEE m IINL 0=0+2mr £ T35,
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¥ 13=

[R& 437 R—Ith, GRE 367 R—Ih,
fEIEH : we study a model for this in some detail in Chapter 13.
BiIER @ Zoflicxd %€ 7)LiE, Volume IT O 13 T & 25EHIC

RE 444 RX—Y k. RE 373 R—Y L,
f&IEHT © Ammerman and CavaliSforza (1971, 1983)
fEIE# : Ammerman and Cavalli-Sforza (1971, 1983)

[REE 445 R—Y'TF, RE 374 XR—I L.

(13.27) 1 RD 1/(1 +&%) FRD T, e TEAL e VIEL W, (13.28) bFMTH 2. 7, T
(1327) DE1RXEHVE L 520, FE2XbH>TWEDTHIRRL 7-.
fEIERT © On substituting (13.25) into (13.24) and equating powers of ¢ we get

d
0(1) : d%o =-go(l-g0) = g0() = H;gs

i B (13.27)
O(E) : Tg +(1- 290)9 d£20’

and so on, for higher orders in €. The constant of integration in the gg-equation was chosen so
that go(0) = 1/2 as required by (13.26). Using the first of (13.27), the gi-equation becomes

dg1 (90 ) "
- g —90>
¢ \gp)”t

which on integration and using the conditions (13.26) gives

g1 = —g,In[4|g)]] = 1+ 55 {( } (13.28)
IETEM ¢ R (13.25) %3 (13.24) IRAL T, & 1T 5 K OTA ik 5 &,
d 1
O(1): 22 = —go(l-90) = 90(&) =1
£ 1+e (13.27)
dg dgo '
O(e) : 7§+(1_290) ae

LD, & OEIHICOWT ORI LTEONS. g BT 2 M iR oRERIE, R (13.26)
DEGE go(0) = 1/2 ik hEanzg, KX (13.27) 23 L, g BT 2 58

@ _ (90 ) g1 = _g//
dé- gO 0>
Lhh, Gt (13.26) % VTR HRRZMC &,

1
g1 = —goInf4|gl] = et (1+¢6)2 In [(

4et }

e (13.28)

22



BFoNns,

[RE 448 X—Y k. RE 376 R—I L
fEIER * because v(z,t) then represents a small translation of the wave along the z-axis since
due(z)

ue(z +02) = uc(z) + 0z Fr

BlE#H: coL =
duc(z)
dz

WZ, vz, t) Dz WS> ZEDNS BBREZR TP TH 5,

Ue(z + Az) = uc(z) + Az

B 450 X—U L. RE 377 A—YT. (13.43) Wi,
fEIEHT : The ordinary differential equation for u(z) is

fBIER T2 & Uz) BT 2 8L,

RE 453 ~—Y k. RE 3580 x—IF.
fEIEH : In other words this is a solution of the phase plane equation which, from (13.51), is

BIE - Tabb, X (1352) &b, ZOEMHED

[FE 454 R—IF. RE 381 R—IH,
fEIEHT © a divergence, namely, (9/9t,0/0x). (u, h(u))
TSI © 56l (0/01,0/0x) - (u, h(u))

RE 456 Xx—Umh, RE 382 X—ITF.
fEIERT © Thus 0 > e >e_ and so
BIERK : kD, 0>ep >e ETHIENTE,

[RE 457 R—I k. IRE 383 X—IF.

JZX DK (13.67) DAEZDME I3 TH S, k%S, (U, V)= (1,0) TOMEE dV/dU 25k 12
WTHFEMAZDOT, U<1DLE k=22 V OTRELS, £/, FEXTIEZOAI (13.67) &
o TWBEY, ®BOimEAS L, 1D FTORED (13.67) L b3,
fEIERT © Thus, for U close enough to U = 1, the phase plane trajectory V (U, ¢, k) satisfies

VU,e=2,k) <V({Uc=2,k=2) for k<2 (13.67)
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Now let us suppose that a number d exists, where 0 < d < 1, such that

V(d,c=2k=2)=V(dc=2k),
VU,e=2k=2)<V({Uec=2k) for d<U<1.

BIER U =11 HEd 2 X9 7% U KN LT, dV/dU & k2O THIICEMY 2, U=1 I

FIRET % k9% U T, MHiE V(U,c, k) %
V(Ue=2k=2) <V(Uec=2k) for k<2
R HRTT,
22T, RAZAETEI R d (FL0<d<]l) DEETDHIERZRET S :

V(d,c=2k=2)=V(d,c=2,Fk),
VU,e=2,k=2)<V({U,ec=2,k) for d<U<1.

[RE 458 N—Ith, RE 384 N—IHh.
fEIERT :
<= 2 1/:%:(51/256 (k<0) = u+uuy =u(l—u)+ecuy,
EIE# ¢
€= %v Z/Zf%:z;l/za: (k<0) = w—uuy=u(l—u)+euy

[R& 459 X—JHh, RE 385 XR—IHh,
f&1ERHT : note the discontinuous solution in Figure 13.5(b).
fEIEME : M 13.5(a) AEBLOMTH 5 & LITTHERY X,

R 459 XR—ITF. RE 385 R—I,

13.6 D ¢, ¢ DHAE DN,
fEIEHT : (a) e = 1074, wavespeed ¢ ~ 2.2; (b) e = 1071, wavespeed ¢ =~ 50.
BEIER  fHIxZ2 02 (a) e = 1074, c = 50; (b) e = 1071, e~ 2.2,

[R& 460 X—Ih, RE 386 XR—IHh,
fEIEHT © (see equation (1.17))
EiEs © (51 (1.7) 22 )

[FZE 461 R—Ih, RE 387 X—Imh,
fEIERT :
v VA fu)(U —w)
d(U—ui) N 14 ’

i=1,2,3,
’llq;:O
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fEIER ¢

av cV A+ f'(u)(U—u;)
= - ) L= ]-a 27 37
AU — w;) v (13.76)

ug = 0

R& 462 X—Y k. RE 388 XR—I L.
fEIERT : and if we compare this with Figure 13.1(b)
BIEE @ Cofa %X 13.1(a) & HilRT UL

BE 467 R—Urh, RE 391 R—YUTF.
fEIEH : which tend exponentially to u; and us as z — oo,

B« CoHEROM (X (13.88) Z) 1, 2 — too D & SHEBBIBHEIIC uq, ug ~ EPRT 523,

[RE 469 R—Ith,
13.12 l22W T,

=

£ 993 R—ITF.
c), (d) TIZZ I 7 DIEHIDS ¢ 127> T35, 6 DSEL W,

[RE 474 R—V k. IRE 398 X"—I L.
fEIERT © The solution of the quadratic equation gives the eigenvalues lambda(c).
BIEH : 20 2 KARROMAEGE \C) 55,

RE 474 R—Uh. RE 398 X—Ih,

fEIERT - .

c= ﬁ{—(1+A2)i NESBY —4(1—p))\2} (13.105)
BIE# : .

C. = ﬁ{—(1+/\2)i\/(1+/\2)2—4(1—p))\2} (13.105)

RE 475 R—YTF. RE 399 R—IH,
fEIEHT ¢ (since p<1

BIER& : (p<1 &D)

.

B 476 R—Y L. RE 399 R—Ih,
fETERT : (0,1 — /P)
JEIER ¢ (0,1 — )
DS, XD (0,C1) 134T (0,Cy] ICZEHEL 72,
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[RE 476 X—I k. RE 399 R—Imh,
EILHT (14 /p, 00)
EIER © [1 4+ /p, o)
DIRED, JFXD (Cy,00) 134T [Cy,00) ICAEH L 72,

[RE 476 R—ITF. RE 399 R—I'TF.
fEIERT © with W = Uy
BIE#R : P=U; L EZELIE

FEEATOR=IT, RE 402 R—I' L,
13.14 B, p & T2EED 5 b OaBIEEOMHER ) TldZeo,
fE1EHT © as a function of the probability, p, that an individual is a disperser in a population of

dispersers and nondispersers

EIER © CHr7cicE iR Ds) o ifiik & 70 2 R p ORI L LT

[R& 481 X—Ih, RE 404 R—I L.
EIERT  u(r,t) > n*
EIERE © u(r,t) > u*

[RE& 481 R—I'F. 8RE 404 R—I L.

{EIEHT ¢ )
D [4xDtu*\1"?
Y |:ED+ —In ( WNO“ )} (13.126)
B IEH# ,
D . (4rDtu*\1"?
Y |:€D -~ hn ( WNOU ﬂ (13.126)
[R¥& 481 R—IF, RE 404 R—I L.
fEIER )
e\ 1/2 eNy
s (SN o _ 13.12
R (D) o T=et, y=5 (13.127)
BIE# : )
« [ ENYZ . _ _eNy
R* = (5) ", T=et, y=—= (13.127)

[R&E 482 R—Ih, RE 404 R—I'TF. HEEME 1
fEIERT : is given explicitly by
EIER « BERIBEOR S5 2 L 2Ry,
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F14=

o [FE 485 R—YHh RE 408 R—IHh,
fEIERT : In Section 14.3 we return to the biological problem we started with and show how to use
these concepts practically.
BIER © 2 LT, 144 HiCRRADEYANMEICILRD, EDLHICLTERICY7 777 Vol
PHONUZ L W Z2EBXRZS,

o FREABINR—YT, RE 411 R—ITF,
fE1ERT : The Julia sets, which are nonlinear and hence not self-similar, are based on iterations of
polynomials like zo + k, 25 + 2z + k, 23 + k and so on, where z and k are complex numbers:
BIEH 22 ) 7EAIERETH Y, Lo THDHBITE R Y, 20U, 22 +k, 22 + 2 + k,
2k BROEREER Lo B HADORKEGHRIHEITVT NS,

o FE 492 R—V Lk RE 414 R—VE.
fEIEHT : Strictly the fractal dimension, Dgactal, iS given by the limit of this expression as the scale

factor r — oo; that is, the actual unit of length scale tends to zero, and so

. Inm(r
Diractal = lim ( )

Jim (14.2)

BIER : B 727 5 7 % VRIL Diactal 13, CORD r 5 0 ICBITBHEE LTEIS6NS, Thb
L, REOHMNZ O ICIHI T,

. Inm(r
Dfractal =1 ( )

lim In(l/r) (14.2)

A

o JRE 496 X—I L. RE 417 R—I'h,
14.8 ICBHL T, AXDIIAIZIH T, Structure S1 O FERPHRO/NEFEZAKE & LT,

o JRE 496 X—I L. RE 417 R—I'h,
fEIEHT : The method in Figure 14.7(a) is actually better than that in Figure 14.7(b). {&1E# : 52
BiciE, K14.7(b) OHEDIE ) B3 (a) DHEL D LERT VS,

o [FEA9TNR—YTF. RE 418 R—IF.
fEIERT © At stage S, we have 4n copies of Sy made up of line segments of length 1/2™.
BIERE : 2 L T—MRIC S, &, 134251/2" THE LI %, Sy D 4" lMoEHEHT 5,
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i

o FE501R—YTF. RE 421 R—IHh,
fEIEHT : Thus, without loss of generality we now consider (A.2) to have a singular point at the

origin; that is,
fle,y) =g(z,y) =0 = x=0,y=0. (A4)

BIER : XoT, R (A2) PEHICRRA%Z 0 LEAT ke Kbhl, 0L =
r=0,y=0 = f(z,y)=g(x, y)=0 (A4)

N AIRVASR

o FE504~R—ITF. REF 424 R—I L
A2 R E R TRICOWT,
fEIERT : trA = 1/4det A
fEIER © (trd)? = 4detA

o [FEES11NR—YH RE 428 R—V.
ZB.1I2OWT, |8 > 2% DEa% £ L0 TREL 7.
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