C2) Integrals and Intro to differential equations.
Quick derivative recap:

A =“changein...”
Ax = dx, the derivative of x

In order to calculate the slope of a graph (assuming a function in terms of x and y), we
find the ratio between the change in y (Ay) and the change in x (Ax). This ratio, the slope, is the
derivative of a function at a given input. In physics, this allows us to find an particle’s velocity,
acceleration, and so on, from a function of its position.

Integration is the opposite of a derivative. It allows us to find the position of an
particle from its velocity, or the velocity of an particle from its acceleration.

If we know dx, we can find the displacement of x (how far x has moved) over an interval.
If we know dy, we can find the displacement of y over an interval.

In terms of functions, integration has two basic steps.

1. Separate a and y by isolating dx and all x variable terms on one side of an
equation, and dy and all y variable terms on the other.
a. When separating variables, you manipulate dy and dx like variables.
2. Take the antiderivative.
a. Add the constant of integration (+c)

“+c” accounts for the starting position of the particle, without it you can only find
displacement.

It may be helpful to think of integrating geometrically, in fact, this is often used to
estimate integrals.

While taking the derivative finds the slope of a tangent line, the integral finds the
area between the curve and the axis over an interval.

)
For example, Ix”dx is definite integral representing the area between x” and the x axis
a

over the interval from a to b.

Definite integral: an integral that has limits, and will give you a value (displacement)
Indefinite integral: an integral that does not have limits, and will give you a function+c



Solving definite integrals by hand:

1. Find the antiderivative of the function
2. Find the difference between the value of the integral at the beginning and end of
the interval: [f(b) - f(a)] for be"dx

a

3. Add the starting condition (position at time a)

Example:

jlz(x2+x2)dx = [ -1]7=de’-H-d@’-H =1

Paul Dawkins wrote this example problem, and his website may also be helpful to you. However, his notation is
sometimes incorrect, so watch out for missing parentheses, etc.

In physics, integration is often performed in terms of x and t, which shows the
motion of a particle with respect to time.

A particle’s velocity is represented by Z—f .

Thus, we can find the position of that particle at any time using integration, with x and t
instead of x and y:
e Separate the variables
e Set up a definite integral
e Solve the integral
o Solve for c using any point (x,t)

Example: Indefinite integral to find a position function

‘Zl—’t‘ =2t Velocity Function
dx =2t-dt
Jax=]2tdt

X = t2 +c Position Function


http://tutorial.math.lamar.edu/Classes/CalcI/ComputingDefiniteIntegrals.aspx

It is helpful to memorize basic integration rules, just like the basic derivative rules.

There are many methods to integrate functions that you cannot simply differentiate
backwards, but here are some basics:

n _xn+1
Ix dx = Tt

[efdx=e"+c
JLdx=Inpx|+c

Additional antiderivative rules, such as trig rules, can be found online.



