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5.2 Extreme Value
Theorem
If a function f is continuous over the interval [a, b],
then f has at least one minimum value and at
least one maximum value on [a,b].

It is essentially saying that a function continuous
on an interval must have one value that’s the
highest (max) and one that’s the lowest (min). 



5.2 Critical Points
The critical points of a function is
where the first derivative = 0 or is

undefined. 

All local (relative) extrema, or extrema
that are not the endpoints, occur at

critical points. 

Remember: not all critical points are
min/max, but all min/max happen at

critical points. 

To find critical points, just set f’(x) = 0
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5.3 Increasing
or Decreasing?
A function is increasing when the first derivative
is positive, and decreasing when the first
derivative is negative. 

Remember that derivative is just the slope of
the tangent line at a point. If the slope of a
function at a point is negative the function is
decreasing. If the slope at a point is positive,
then the function is increasing. 
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5.4 First Derivative Test for
Local Extrema

The goal of the first derivative test is to find local extrema (max or min). We
can determine if a critical point is a max, min, or neither by looking at the sign
of the derivative on either side of the critical point. Here is the visualization: 



5.4 First Derivative Test for
Local Extrema

Find all critical points and make intervals based on those. Plot the intervals
on a numberline. 

1.

Test a point within each interval to determine the sign of the derivative
within each interval. Each interval will only have one sign. If an interval were
to have more than one sign, it would have to pass through 0 which we
accounted for by plotting our critical points. 

2.

Determine if max, min, or none: 3.
If derivative goes from + to -, the critical point in the middle is a max. 
If derivative goes from - to +, the critical point in the middle is a min. 
If the derivative doesn’t change signs, the critical point in the middle is
neither a max or min. 
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5.5 Candidate’s Test for Global Extrema
This test refers to the “candidates” for being global maximums or minimums.
Global just means overall maximum or minimums. There might be a few relative
max or mins, but there’s only one max that’s greater than the rest or one min
that’s smaller than the others. 

The candidates we have to evaluate are the critical points and the endpoints.

For a closed interval, we evaluate the critical points and the endpoints and
compare their f(x) values to find the greatest and smallest f(x) values, giving us
our min or max. 

For an open interval, we evaluate only the critical points, since infinity is not an
endpoint we can evaluate at. 
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5.6 Determining Concavity
of Functions Over Their
Domain

The graph of a function is concave up when the
function’s derivative is increasing (second
derivative positive). Think of a concave up
function like being a cup able to hold water. 
The graph of a function is concave down when the
function’s derivative is decreasing (second
derivative negative). Think of a concave down
function like being a hill that can’t hold water. 
Inflection points happen when the second
derivative f’’(x) = 0 and the second derivative
changes sign (concavity changes). 
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5.7 Second Derivative Test
for Extrema

If the second derivative of a function at a critical
point is positive, the critical point is a relative min.
If the second derivative of a function at a critical
point is negative, the critical point is a relative
max. (Only if the critical point is a min/max, not
neither. In other words, the derivative must
change signs at that point for this to apply.)
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If the second derivative of a function at a critical
point is positive, the critical point is a relative min.
If the second derivative of a function at a critical
point is negative, the critical point is a relative
max. (Only if the critical point is a min/max, not
neither. In other words, the derivative must
change signs at that point for this to apply.)



5.9 Connecting a Function
to Its First and Second
Derivatives



5.10 Optimization
The goal of optimization is to represent a situation
with equations, then relate those equations and find
the relative max/min of the combined equation. There
are far better places that explain optimization, so I’ll
just leave a practice problem here. Email me through
dianamoya@loopsofkindness.com for help if you
need!
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