Lecture 6

A simple wodel of population
arowth suggests that

Rate of increase of population
oc population

(0ssuming. plenbiful food supply,

ho predators, etc) .

Suppost. we. know the population
ok some. Gimo. & bhe rate of
increase. of fwat bime |

Can we predict the
POPUL[af:?On at Some
kime i Elftefutwe?

Consider a. planet. which
has been colonized and
has o cuent population
of 20 millien pegple, weth
o cuent rabe ¢ increage
of 460,000 pecple,/lyear

What is the ln &
afbaerlsﬁ 3@/@0&4 or)

FIRST ATTEMPT

Assume. the rabe. of increage
stoys CO?Stanb | »
—>aroph of P =population
o,qaar',.n,gt' t f,éoj.’)d?_ k?epa_ |
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In ony interval At years But the assumption that
Ap=increase in population the rate of increage stays

= Ol 0 At consbont 15 \WRON
eq.b=0 to 6=5  At=5 years ;
ff = Ap= 2°0 x(Oépgqo/e e %mese Of P P
6220 tob240) L6 =20pears | | AS D (ncreases the rafe

—=>Ap=80x10 pegple of increase increases.
olope of graph is

AP = 04x10° people/year | Graph of P against t LS

AE ' agaip
everyuohare. not a. straight Line.

5[0(5(73_ s indepondont o What would it look (ile ¢
ewhen interval started
ehow long tukerval lasted

~>plE)=20x10%+0-Lx 10 ¢
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P nitially, the rate of increne
1S OLx10¢ pepple’/yeal
Later the rafe of increase
- 1S larger
Rpiabi But at all times
k’%é) —~ R=rate of increase of P
t = e
A £=0 graph [ At t;- Iatelr‘ XEHS t(alni P
15 Slopin 15 Slopin : -
upwwils%,p %a\fmrds mg)rg‘q R ‘“.“ﬁ i  poope,/ Gear
ls incressing) | sbeeply Cp i '\ 8 has unit years”
flrow'mg foster | 1o find valug, use dﬂl’:(é at =0
ecause p has , b_
mé"é&seﬁ) OLx10°= ¥x20x10

The araph aets steadil > ¥= L yars”
S pRinly | T




The value af ¥ sugqests
bhat 50 yenrs %a‘z‘??om\e
special Signiftcance.

S0,
o

plt=
our

we will initiall focus
the C{ueshon hat (S
=50) ¢

liest- attempt- gave

Dl=50)= 20x(10°+ 04, xI0P¥5D)

=(,.0x0®

ie p would double,
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But this underestimates the

correct value. |t assumas

the gmph P against t
15 a stPaathL line with
slope O x10°* people. /year:

Tﬁe actual curve pi(:)
must have this slope
nittally , but as increase
so P creases — the

slope increases

'lTw, actual curve diverges
from the stf\aczghé ling -
wtéh o steadi fnCr*eaJ:fy

slope.
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SECOND ATTEMPT

Instead. of assuming constant
gmwtln over the enfive. 50 years
l:t it up into 5 lOgeaF
Lnt a
o t0 bo t= lO:Cacu(abe
Ap= increment in P
asswm growﬁla at
f?: O x10° peg io/jm
‘>predtc&ed ples iD) ‘P°+Aq>
‘ Aoldust R using R= ¥pit=io)
o Use new R to~alculate Ap
for €210 Co =20
—> predicbed pce=20)
e Adjust R agam
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o Ap,= Ap calculatecf us:g

P = plt=10)= P+ AR

o Ap=Ap féxc%!abed using

—'><2 Ox10%ID

- 810" (SAp)
Pﬂl ﬁff QD) rP-&/\‘P
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* Apy= LAt =576x1 I0°
B pﬁt 30) =R +AR- 3456x/0
.APB-' PAE= 6912x10°
p,= pl=40)= P AR i’
e A= pALS = 8294, x10°
P p» 40)=p,+Ap= LD

e plt=50)=24883 D, (72p))

—~28 £x 10%
15 This is still inaccurate o
We assumed. that R stayed
‘ b ixed over each 10 geaf
PCX(DPeopﬁe) ‘nterval, Actuall R
SOt nCreases 5teadc|q all the kime.
L 96 L pCx(0 ‘pespl)
" The sfmu?h{
307 line. has eyac&lj
. 134 the same slppe
29l as the adua(
)3 | curve only at
N =i
O 0 20 30 40 SO t(ggmg 0 l i;. 6 3 t'f) Eyears)

The str‘af‘zghé line is q
tangent ” to the actual
curve , at t=0
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\We assumed. that over the
finite interval At (= Ogea/x)
‘the increment in P was’
Ap /QGSOL At
R at start O?L interval
But Ris exacty Raso:
Quly a.s.0.C. d

Over o. SMALL inferval , R
doesn't change much,’

For o VERY SMALL At the
mcremenﬁ in P is VERY CLOSE
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In the [imit At=0, Ehen

Ap-=s0 |, lo t
Li = R,eoi
AG-TO AL asoL

[DL ression: we haye alre

Seén o situakion Mmith
Like this in PS4
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Qf- 0 © B
uvr&e Ehe aO Lnto

shorter inbervals , the estimabed

R e
In the limik Ab-0 it will be
exact.
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* Ap =L pAt
THRDATTEMPT | | *2% b |
Use N equal steps, each of et pleat)
lengéh - P ?56‘) ’ sa)
At= 50 years
N :
Then let N> o0 (e. At =0) Po= PlE=nt)= T (I £ 4
o Ap= 55 P AC !\ PIE=50)= pet=NAt)= PO(H—%)N
P = plt=At)= RTAP ;’g(HA%) Lhere N= stp"
t
OAPN—PA{' e, BU:-‘-SO) ‘ N
Po= pit=24)=p+4p | Po (HR‘)
=R (1e88) =R(AF | To get o really occurate
° 53) rrzsal[: tale limit At—=>0

e. N=>oo
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N | At | +d)
| |50yews |2
5 |Ogwrs  |248%3
[0~ |6 months  |2T0L.8
0% (193 days  [2TISI
106 12619 minutes [2-7183
0% {1577 seconds 27183
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lim (1+1)=27183... = €

N->e0
e (s an thrational number

The. answer to our question (s:
DU650)= P, & = Sl hxID° peggle

To find P
need nN=100 steps
A€ n

Le Ple=ion) . (im (H_A__i;
Po A0\ SO

Stifl write. N=%0
At

then n=2N and N
PLE=I0D) = %%(H#J

Po
- fim J0R)'E
= e’)_
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at =100 we
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Atter 50 years Ehe populabin
WJ;‘CH rlxxcwe (‘{na\eaJe& EOHPLLC(
foctor of-€.

After another 50 yewss (€
will have incressed by
another factor ofe.

50 Years s the g folding time
After m e folding times
the. population will have
cressed by afador et 7




= 3166 years. for Y=L

After acbi irwy fime olt)=7, e ot/50 g
D) = fim {1+ A_gj”“’é hy 507
PO AC‘*’O SO + f‘
¢ Lo | 8 Came feom Ehe consbant
S e | in the loasic eq, for the
~lim ([+.L )Nf/go rate of cn(fedse,
N=>2 R= P -
e g(l“)wft/so szs_ém our ase
Vsl N In genecal
£/50 <
=e {
Plt)=Ppoe
27 28
50, how long does it take | How Long Co quadruple ¢
ﬁ)gu {-é)hg.zpop lation to PC =10,
Le. What is T such that pives
PLE) = 2P, _a,g-, | M~\ n2% ?[2
= pe’t=2p ﬁsq?)lgeaf:sfﬁr“%
— Yt=1(n2
L log, Every (a2 yenrs the
~>t=1 (n2: Popula{:l()n doubles.
J




