
Math 110 Class9: Friday Se p te m be r 15 Fall2 000

S-I-R ModelofDise ase

Sup p ose w e w antto m odelthe sp r e adofan infe ctiousdise ase (like m e asles).

Sim p lifying assum p tions:
{N obody diesfrom it!
{R e cove ry alw aystakes14days.
{You're contagiousduring those 14days.
{You cannotgetittwice.

N otation:
I = num be r ofinfe ctedp e op le.
R = num be r ofr e cove r edp e o p le (i.e.,alre ady hadit).
S = num be r ofsusce p tible p e o p le (i.e.,have n'thadityet).

R atesofchange : I 0(t),R0(t),S 0(t).
Units: p e r day.

Q : If I p e o p le ar e curr e ntly infe cted,how m any of the m do you e xp e ctwillre cove r today?
.

So,
R0(t)=

True offalse?
I 0(t)= num be r ofp e op le w ho getinfe ctedp e r day.
S 0(t)= -(num be r ofp e op le w ho getinfe ctedp e r day).

To w rite an e q uation for S 0(t),̄ rstnote thaton any give n day,the num be r of p e op le w ho get
infe ctedde p e ndson the num be r ofsusce p tible p e op le w ho com e into contactwith infe ctedp e op le :
{Ife ve rything else w asthe sam e e xce p tthe r e w e r e twice asm any susce ptible p e o p le,how w ould
thisa®e ctthe num be r ofp e op le w ho becom e infected?

So,
S 0(t)isp rop o rtionalto

{If e ve rything else w asthe sam e e xce p tthe r e w e r e twice asm any infectedp e o p le,how w ould
thisa®e ctthe num be r ofp e op le w ho becom e infected?

So,
S 0(t)isp rop o rtionalto

T hese com bine to give
S 0(t)=

W hataboutI 0(t)? Itshoulde q ual
(num be r ofp e o p le w ho getinfe ctedp e r day)¡ (num be r ofp e o p le w ho ).

So,
I 0(t)=



Class9

Using E ule r'sMethodon the SIR m odel

Sup p ose w e're give n:
S 0= ¡:00001S I
I 0= :00001S I ¡ I =14
R0= I =14

with initialvaluesattim e t= 0(in unitsofdays):
S (0)= 45400,I(0)= 2 100,R(0)= 2 500.

(a)FindS 0(0),I 0(0),andR0(0).

(b)Estim ate S (1),I (1),R(1).(Firstw rite dow n alge braic e xp r e ssionsfo r these q uantitiesin
te rm sofS (0),S 0(0),I(0),I 0(0),R(0),R0(0)and¢ t andthe n p lug in the num be rs)

(c)Using E ule r'sMethodwith ¢ t = 1,re p e atp arts(a)and(b)above to n̄dthe num be r of
infe ctedp e op le on the fourth day (t= 4).
Let'scon r̄ m our calculationsofhow S ,I andR change with tim e ove r the sp ace of4daysby
ap p roxim ating the solution ofthe m odelby using E ule r'sMethodwith ¢ t= 1day

t S I R ¢ t S 0(t) I 0(t) R0(t) ¢ S ¢ I ¢ R


