Chapter 3 Modeling with First Order Equations
(put together applications of Chapter 1 and methods of Chapter 2)

Solving problems: what is changing

3.1 Linear Models
Population of mice in Main (Growth )
The first week in September there are 20 mice. 
They grow at the rate of 10% per week. 
P(t) = # mice in week t
How many will there be in December P(15) ? May P(34) ?
 P’= .1P
P(t) = 20e.1t
P(15) = 90
P(34) =600
Is this realistic?
No, there is a limiting population, e.g. 200
Stay tuned.

Radioactive  decay
Living organisms have carbon-14 from the atmosphere
It decays when the organism dies
Carbon dating is done by knowing the half life of the radioactive material and examining how much remains in an object
C-14 half life ~5600 years
Suppose a fossilized plant has .5% of the level found in living organisms
How old is it?

A(t) = A0ekt
A(5600) = A0ek*5600 = A0/2
5600k = -ln2
k= -0.00012378
A(t) = 0.05 A0 = A0e-0.00012378t
ln(.05) = -0.00012378t
t = -2.99573227/-0.00012378 = 24202 years old



Cooling and Warming
The temperature outside a house is 30 degrees and inside is 70. 
If the heat goes off, and one hour later it is 60, what will it be 2 hours later? 
When will it be 50?
Let T(t) be the temperature at time t.
T’ = k(T-30)
T(0) = 70
T(1) = 60
dT/(T-30) = k dt
ln|T- 30| = kt + c
T-30 = cekt
T = 30 + cekt
70 = 30 + c    c =  40
T(t) = 30  + 40ekt
Using T(1) = 60
60 = 30 + 40 ek
ek = ¾
k = ln(3/4) = .28768  ~ .29
T(t) = 30  + 40e-.29t

What will it be 2 hours later? 
T(2)= 30+ 40e-.29*2
= 30 + 40(.56) = 52.4  //cooling more slowly

When will it be 50?
50 = 30  + 40e-.29t
1/2 =e-.29t
e.29t= 2
.29t = ln 2 =.69
t = .69/.29 = 2.38
