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BLG IDEA: Moy notural lal\a\owcna. con be vnderstad in terms of the
rotes o_'Pc.ho.nsg (= dervatpces ).

Seeclically : mony phenomena. com be modelef by mihad velve problems
feenicelly T prene 1 n
(TVPs), CoD\SlS{:lm of

(0\-s or\a or more JlP¢GMf(0ﬂ c?o&.’tcons (DEg), &e&cnb‘m H\c ro:"c,s
of ckovﬁc, 623"“‘“ with

(b) One or mare. mdhal condons (ICh), &w,Aﬁ hevs things look
ot the ou'('se_{'” (or of some Por{'tcula.r [’muﬁ).

E XAMPLES.
() The SIR ePwQe.molgjy mocl=! consists of
() DEs ,
S,'-’- -O.SI the Parwd'crs Q a«ﬂ
1= o31-bT _b’ muet be -sPec:(z'aQ
R'= bT -
ond
(b) TC'

S(0)= S,, T(0)= T, R0)=Ro.

(&\ Iv\ o QKPOth'f(o;‘él"ow'H\/&cwlf Sl‘l’UQi’lOﬁ, we. ‘\OH¢ o DE

ﬂ) = kp or & = -kR
At At
and o IC
P(o)= po or

R(0)=Ro.
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BIG QUESTION:
How Lo we. solve. an ZVAT That s from mfo about rates of clange
o) ot e it rmlongephs
There are, generally fuo ways

(M) Analybic, or closed-form , solutions.

I'P we're. fuckli, we can exXpress ﬂte. &efe.lﬁ chV\t Vo.ruxU&S &;m‘l‘k‘
(Bz( (’omuhsB in terms of the lmge,reuﬂev\f varable.

For cxcmP[e, weve scen that the TVP

dP=kp  Pl)-=p
At

L\as closed gorm solubion P(é) = Poelfé
More on closed form selutions loter.
(B) Nume,rtc.oJ (a.f)rroxma.{EJ SOquzan.s.

Closed form solutions can be AfLcult oc impessible. o obtaun. Tn sveh cases,
we con use Euler’s method, meaning the idea that

new Q= old Q+4Q
X ol&&*Qfd'f.

Toaether with soffuare lke Soge, we con then approximate successve
>qe-ther <) maq
velues o{. ouvr 1oanfn+ues ‘Lro@t\ |"'e.m.'l',wn: Aﬂ)
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Stert of t=0, Lsing ICIS (o.lso
sPe,c.uCY (:o:o.w":‘el‘ vo.(ue.s)
J

Curre.ln": (“o[& ”) velves o‘P

c(_oo-\»ft'l'les h T_ue.sé lon

Use new velves

S c.urreh": voJue.s \/ US: DE.,S

Ne—w velves a‘F Curre_w‘(i values a‘(‘
uo..v\ft{'vcs th T.aesflon rotes a(' c‘@haﬂi

AL c.(«cu\o%cs to \Z Mv[fa(ﬂy 611 ﬂf

corrent valves

C‘\ames (A’S) o‘f
q_uo.uf dies T;esécou

(Stop at desired t valve.)
SOMMARY. TUPs model many natural phenomena. TUPs com be solved:
(A) T closed form, meonng we findl solitions like
O(t)= some exple it fonction of the udlepandent varoble €
for eoch imfd-y @; or

(8) Numnca.lll{, meaning we use Eulers (or o symilor) method to cﬁe.uerde.
lists
Q (o), Q(4t), R(244], @ (34, ...

of (aeerox:ma."'e) values Br coch of the zm{'rhe.s D in zocsﬁon.



