
 

dish
I Assume that there are
No bacteria in the dishat
time 0

I find the numberofbacteria
in thedish at the t

Denote the of bacteria in the dishat tenet
by Nlt an unknown function however Nlot No

In principle NCtl should be integervalued
however we can assume that Nat is real valued
if Nat is large know that evolutionof the
bacterial population will satisfy the following
C Nlt is a

e Eachbacteria ismultiplying expectthat
the rate ofgrowth of Nlt l should be
proportional to NLH If we suppose that
the coefficient of proportionality is he30

N'Ctl kN LH
Need to solve N kN linear it

N61 No
02del ODE
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htNK o e

htN c way Celt

No N lol Ceo C NCH Noett
population of bacteriaevolves exponentially
in time

Ex Suppose that there are initially 1000bacteria
in the dish How manybacteria are thereat t lo days

NCtl tooo ett how to talk
Suppose that we also know that there are 2000
bacteria in the dish after I 42 Can we use
this info to find k the L day

2000 N I to O eteIT
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ek E we have NLtt ioooekt

looo kJt ioooCzuJt iooo.z
24T



N tf 1000 2Mt NCio 1000.240

very large
Exe Suppose that I is the time it takes

the of bacteria to double Want to
find connection between Tz and K Since

NHI Noekt 2No N Lte Noekt

ekI z et L ek zYE

Nlt I No It No It No24k

Tearly the linear model for bacterial
growth can only be accurate when NHI
is relatively small Suppose that the dish
cannot support more than Nm maximum
of bacteria one way to account for

this is to assume that hedepends on N
Propertiesof k a he is positivewhen

Ns Nm thebacteria
still has won to multiply

G When N Non the multiplicationstops
Klum O



G If N Nm k N co bacteriaprimarily
dies

What is the easiest expression for kCN
K Ko Nm N where ko o

satisfies G1 K

Modified model for bacterialgrowth
N Ko Nm N N hate c su g

ODE

consider Nk koGumNIN j setting
GollumNIN O equilibrium solutions are

N O and N Nin
N

deathsdominate
attractorit
ii in

I repellec



la hvedecagI
Suppose that we have the mass mo ofradioactive
material with half life Tye What is the

remainingmass after hire t
Let may denote the mass remaining attenet

me mo The rateofdecay mkt and
l m CH so

41 m CH kmCtl k o

m km is the linear OBE

governing radioactivedecay

To determine inCtf solve the IVP

ur km m4km o

met no

µ estedt ett letting to
ektm c makcett
mo not Ceo c mo

makmoett

To relate k to Tye mo m Tye moeHk
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moCEf4t.y

mat moEtty

EI Suppose we initially have lug ofradioactive
material with half life 10 days Howmuch

of the material is left after 12hours

12his day in E

in E o

EI Suppose we initially have lug ofradioactive
material and 300g are left after 1 he How
much is left after 12hrs

mttl moeht e.tt also

as mu e
k Ek metkette test
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Newton'sLawof cooling

te IYI.f.te.pe
utne

The rate of change
of temperature is T Ctl

Facts
C If TCH s Te then T Ctl o
2 If Tht I Te then T CH so
3 If THI Te then T CH 0

Note we will make an assumption that the
temperature is the same throughout

the body

The simplest expression for T
TI kCT Te K 0

Need te solve the IV P

T K T Te

no
Yunis If



Solve the ODE use the substitution

u T Te u e T u e ku same

equation as the one foe radioactivedecay
u no e

ht

fyet Te GoTele
let

T Tet CtoTe e

Ex supposethat the temperatureof the capof tea
when freshlypoured is 90C Supposethat the
cup is takenoutside where the temperature is
0 C If after 10 win the temperature of the
cup is 80 C what is the temperature after
20 minutes
To 90C Te 0 C T401 800

T o Go o e
let

go e
let

80 1 40 90 e
k O
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TCH goe
let 90644 go offkey
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Tko 90 Lf5 0
90 F

10 84 6

34inin

GIL

34mm Buihe solution with
salt concentrationof
Ig k enters thepoof
at the rate of 34min

and the well mixed solution leaves thepool at
the same rate How much salt is in the
tank at time t

Supposethat the concentration of salt in the
pool at the t is CCH inCtl 1000CCH
total mass of salt inside the tank

inhtt inflow outflow 34miu lgk
34win eCHK

m e s sect 3 s Htt
1000
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