
Math 110 Class10: Monday Se p te m be r 18 Fall2 000

A nalyzing the S-I-R Model

1.W hatdoesitm e an to have an e pide m ic?

So,to in m athe m aticalnotation,to say w e have an e p ide m ic w e can w rite

I 0

T he ge ne ralfo rm ofthe S-I-R m odelcan be w ritten:

S 0(t) = ¡aS I
I 0(t) = aS I ¡ bI
R0(t) = bI

T he constantsaandba re p a ra m e te rsofthe m odel,w he r e ar elatedto the e ase atw hich the dis-
e ase istransm ittedthrough the p op ulation andbisrelatedto the le ngth ofthe r e cove ry p e riod.
In factbissim p ly the recip rocalofthe duration ofthe dise ase (in othe r w o rds1=bishow long it
takesto re cove r from the illness.)
O n the othe r hand,a,know n asthe transm ission coe ± cie ntisa p roductofthe infe ctiousnessof
the dise ase andthe levelofsocialinte raction o r "m ixing" ofthe p op ulation.

2 .T he sp e cīc e xam p le w e a p p roxim atedsolutionsfor was
S 0(t)= ¡:00001S I
I 0(t)= :00001S I ¡ I =14
R0(t)= I =14

Give n the p r e se ntvalues:
S = 45400,I = 2 100,R = 2 500,
how can w e tellwhethe r o r notw e ar e cur r e ntly e xp e rie ncing an e p ide m ic?

3.W hatifS w as5000,with eve rything else unchanged; w ouldthe r e be an e p ide m ic?

4.W hatifS w as10000,with e ve rything else unchanged; w ouldthe r e be an e p ide m ic?

5.W hatisthe HIGHE ST p ossible value for S thatwillN O T turn into an e p ide m ic?

T hisvalue iscalledthe thresholdvalue for an e p ide m ic.W rite dow n the for m ula for the threshold
value for the ge ne ralS-I-R m odel.
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6 . Q : How w ouldyou m odify the m odelin (2 )ifthe r e cove ry p e riodfor the dise ase w asone
w e ek?

7 .Q : Sup p ose a dise ase in the tow n ofHo osville ism odelledby the e q uations:
S 0= ¡:00002 S I ,I 0= :00002 S I ¡ 0:1I ,andR0= 0:1I .
How long isthe r e cove ry p e riodfor thisdise ase ?

8.Q : How w ouldthe above m odelbe m odīedifthe w e athe r in the tow n be cam e lousy andthus
the num be r of p e op le \outandabout" in Ho osville e ve ry day wascutin half? Isthe e ®e cton
the m odelthe sa m e o r di®e r e ntfrom a q uarantine ?

9.Q : Sup p ose 10 p e rce ntofthe p o p ulation hasbe e n vaccinatedandcan notcatch the dise ase,
how wouldyou m odify your m odel?

10.Q : Sup p ose afte r a ce rtain a m ountoftim e,say M days,p e o p le w ho have r e cove r edfrom
the dise ase lose their im m unity andbe co m e susce p tible again.How w ouldthe m odelhave to be
m odīed? (For m o r e on the ide a ofim m unity loss,se e p roble m s2 3-2 6 in CiC.)


