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MAT303: Calc IV with applications
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• What is a differential equation

• Why we should study differential equations

• Ch1.1: Differential equations and mathematical models

• Ch1.2: Integrals as solutions to differential equations

Recall:

What/why:

• Many processes in the world can be described by their rate of change

• Rate of change <-> derivative

• Equations involving derivatives are differential equations.

• Differential equations allow us to study mathematical models of physical processes.

Today: 

• Different ways of interpreting functions and DEs

• Slope field

Advantages of multiple interpretations 

• More opportunities to see when DEs are useful

• Easy to reason about general properties of DEs

• Easy to reason about specific DEs 


We will see:

• Why most DE has infinitely many solutions

• Why adding an initial condition makes it unique
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Recall:

First order equation where RHS does not depend on y:

First order equation with initial condition:
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Slope fields

Draw the slope field:

First order differential equation:
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= f(x, y)
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Slope field: example
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dy
dx

= x − y y(-4)=4
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Applications of slope fields
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dv
dt

= g − kv

Air resistance is proportional to velocity:

dv
dt

= 32 − 0.16v

data Ef.Eti.ie
o Ball beings I don't

know

dropped
32445 ftp.Yaue ooh

Conclusion
q.gr g

velocity will eaqaqgqegq.ee g zoo o
be 200 b

o how v 202200 ddIfGO
fast it is
on impact 200 d 70



Applications of slope fields
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dP
dt = kP(M − P)

Logistic model for population growth:

dP
dt = 0.0004P(150 − P)

parametersad population growthmodel

If dff kP

y
2

T
µ
fetalpop maestro

M

p is.at fddd9conclusion

Pop tends to 150

P 150
so

when p 150 dd o

P 150 daff 0



Existence and Uniqueness of solutions
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Intuitively: 

• Differential equations usually have infinitely many solutions

• Adding an initial condition usually narrows it down to a unique solution

The technical statement:

Example: 
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