SONE NATHENATICAL NODELS

I.  RADIOACTIVE DECAY

RADIVACTIVE SUBSTANCES DECAY AT A RATE PROPORTIONAL

To THE ANoLNT oF THE SUBSTHNCE PRESENT,
Q, = ANOUNT PRESENT INIMALLY (AT £20)
QU) = AnovNT PRESENT AT NMnE X

FoR SONE PoSITIVE ConSTINT R ( ™mE DECAY RATE oF 7ne
SUBSTANCE )
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mha = -84 +¢ (Qu)>o)
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QUESTION : How LONG BEFORE ONLY WOLF OF THE 1nI1TAL
ANoUNT OF RADIOACTIVE SLBSTPNCE RENAIvS €

Qe) = T4,
Qoe'u = 7,
e-&e .
Bt = -bha
£ = 22

THE ANSWER Is WDEPENDENT oF (), AND CALLED THE HALF- LIFE

OF THE RADICACTIVE SUBSTPNCE twiTH DECHY RATE ﬂ .

NOTE :  SINILARLY, THE AMoumwT oF TNE REQUIRED
FOR ANY GIVEN PERCENTHGE oF THE INITIAL
ANoUNT T0 DECAY DOES NoT DEPEND on

SIZE oF THE wvITIAL Anovnr THIS IS THE BASIS
FoR RADIOCARBON DATING,

<. SINPLE POPULATION NnoDE L

SONE PoPULATIONS (E.G., oF BACTERIA ) GRow BT A RATE
PROPORTIONAL TO THE SIZE OF THE PoPULATION) (AT LERST
FOR A wHILE ).



% INIT)RL POPULA IS

PoPOLA NN BT TINE £

Pct)
C THE CPROWTH RATE OF

FoR SoNE POSITIVE aorosTANT R
THE PopulhTioN )
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Pto)=Po

B4

Sowvmiony 0 Pat) = l:, e
In2
DovBLING TINE : = 7

PROBLED :  THE PoPULATION GRowSs EXPoNENDALLY, FOREVER !

REAL POPULATIONS DON'T Do THIS, OF CoVRSE . A NMORE ACCORATE

NoDEL coovlD ConTPINv TERDS THRT FIGHT THE CPRoWwTY WHEN

THE POPLLATION BEconES o LARGE, F.G.,

3. LoGISNC NepELS

(= hL)P - -@Pa)

gf z .QPLL-P)
Py = P,

wHERE B Anp L ARE POSITIVE ComsTANTS



EARLIER WE DPEw A DIRECTION FIELD PND SsnE INTEGRAL

-

CURVES FoR B SPECIAL chsE : y'-: Hy ti-y)

y
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/ X ty=0)

Now WE SOLVE PROBLER IN GENERAL

%eﬁ s -4 PCL-P) NOTE : P=0 AnD P=L PPF S6LUTION

__.d_i. = .Qc/‘é (Assumwg P# 0o pvo P#L )
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THINGS T6 NOTNICE ABoLT THIS PopuLATIoN MoDEL :

Pté) = 0 15 P SoLvnon ¢ BoRInvG )
Pek) = L 1s p soLomon  (smsLe PoPOLATION )
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So THE PoPULATION APPROACHES ITS STPBLE VALUE ASYNPTOTICHLLY.

N
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L 1s cALLED THE CARRYING CAPPCITY OF THE POPULATION .

Pt) = L

(PW) = 0)




