February 8 Math 2306 sec. 52 Spring 2023

Section 5: First Order Equations Models and Applications
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Mathematical Models give Rise to Differential Equations
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Current Models

We have

Exponential Growth/Decay

RC-Series Circuit

LR-Series Circuit

dP
= kP
d 1 _
REJFEq_ E(t)
L9 Ri = B

dt
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A Classic Mixing Problem

A tank originally contains 500 gallons of pure water.
Brine containing 2 pounds of salt per gallon is
pumped in at a rate of 5gal/min. The well mixed
solution is pumped out at the same rate. Find the
amount of salt A(t) in pounds at the time t. Find the

concentration of the mixture in the tank at t = 5
minutes.
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A Classic Mixing Problem

input rate T,

input concentration c .

“ '

ouput rate r
output concentration c -

Figure: Spatially uniform composite fluids (e.g. salt & water, gas & ethanol)
being mixed. Concentrations of substance change in time.
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Building an Equation

The rate of change of the amount of salt

dA _ ( inputrate \ [ output rate
at  \ ofsalt of salt

The input rate of salt is
fluid rate in - concentration of inflow = ri(c)).

The output rate of salt is

fluid rate out - concentration of outflow = ry(co).

() sy o ove givens
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Building an Equation

Vduwe V0=V (o) + (ot — .t
-le\”\\'o\\,ﬁ-a = .
The concentration of the outflowing fluid is

) total salt AL A(t)
Co = total volume —  V(t)  V(0)+(ri—ro)t
dt - 1 | o V
This equation is first order linear. e
o = f . C N = ‘\‘P\
A A
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Solve the Mixing Problem

A tank originally contains 500 gallons of pure water. Brine containing 2
pounds of salt per gallon is pumped in at a rate of 5gal/min. The well
mixed solution is pumped out at the same rate. Find the amount of salt

A(t) in pounds at the time t. Find the concentration of the mixture in
the tank at f = 5 minutes.
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I # Io

Suppose that instead, the mixture is pumped out at 10 gal/min.
Determine the differential equation satisfied by A(t) under this new

condition.
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