Modeling with Differential Equations

Modeling with differential equations is the main way that the material in this
course is applied in other fields, and it shows up everywhere.
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The Accumulation Equation

The general setup that underlies most of the models used in differential equa-
tions is the accumulation equation. This may also be called a balance equa-
tion (like a mass or energy balance) depending on the field.
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We get more involved differential equations out of this concept when the rates
of change depend on the value of the quantity itself.

Example. Let v represent the velocity of an object that is dropped. From
physical principles, we know that the velocity will increase at a rate of 9.83;
due to gravity. However, there is also drag on the object, causing it to be
reduced at a rate of 0.1% multiplied by the square of the velocity. What is
the differential equation that governs the velocity of this object?
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