
 

Sec 1.4 al Separable equations
b Applications

b Applications Useful equations that can be solved by separation of variable

Natural growth decay ODE

If K x I Ife're OKER is a fixed constant

Growth rate of a quantity Ct is proportional to x t

Here our variables are x t

Eg
d 0.1 X is a natural growth ODE

Can solve using separation of variables

Step 1 Separation by variables

Step 2 Integrate both sides to find implicit general solution

dx Kdt

In N Kt C

In x Kt t C since xCt o byassumption

Step 3 Find an explicit solution

elk ekttc

t ektE D 0

General yet Dekt D 0
solution

Rem Because of thisTe call d Kx the exponential equation
natural growth equation



Step4 If we impose initial condition Xo Xo then we can find D

Set t o x Xo

Xo Deko Xo

D I X

So the solution of the NP dg Kx Xo Xo

is xCH Xo ekt

Rem if thevalue for k is notgiven then

we can compute k fromknowing the
value of X t for some t

Compound interest

Act dollars in a highyield savings account at year t
with annual interest rate 10 of

Assume the interest is compounded continuously

during a short time interval At the amount of interest added
to the account is approximately to AA Gt

Then Act satisfies the equation If 0.1 A



Drug elimination

Alt amount of excess of certain drug in the bloodstream
Coverthe natural level

In many cases Act satisfies the ODE

excess amount declines at

If XA
a rate proportional to
current excess amount

x 0 is called the elimination constant of the drug







Cooling and heating
Newton's law of cooling rate of change of temperature Tct

of an object immersed in a medium of constant temperature A

is proportional to the temperature difference A Tct

i.e If k A T

is a positive constant

Example

A meal initially at 50 F is placed in an oven preheated to 3750 F

After 75 minutes the temperature of the meal is 125 F

When will the meal be 750 F

Ans

T t temperature of meal after t minutes

So T o 50 T 75 125

A temperature of the medium oven A 375

note

EE Item
If k475

T due to Newton's law of cooling

Step 1 243 Separation by variables integrate both sides

find explicit general solution to df 375 T

y
dt k dt



Ln 375 T KE t C

In 375 T Kt C because TH 375

In 375 T Kt C

375 T e kteffgitive
for all CER

375 Bett Tct

Step 4 Impose initial condition TCO 50 to find B

Set to 7 50

TCO 375 Beko so

325 B 1

Additional step Find K

We were given T 75 125

Set t 75 T 125

T 75 375 325 e
k 75

125

250 325 e 75
Youdon't need to simplify

1 e k75

In 73 K75

FslnE k

So TCt 375 325 et en E t


