AS 1.4 Applying Calculus Skills To Optimisation & Area

Finding the greatest and least values of an algebraic function on a given interval

Types of intervals: Open Interval: eg -3 < x < 3 means we exclude the end points
Closed Interval: eg -3 < x < 3 means the end points are included

To find maximum and minimum values on a given interval, we need to check stationary
points as before, but also consider the end points of the interval
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eg: Find the maximum and minimum values of f(x) = x3 — 3x + 2 on the interval
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Optimization

We can find maximum and minimum values of things using stationary points.
Example

1) The volume of the square-based display case shown is 500cm?

The length of the base is x cm. The base of the case is not made of glass.
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a) Show that the area of glass in the case is A(x) = x>+
X
b) Find the dimensions of the case which minimises the use of glass and calculate
this minimum area.
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Solving problems involving rates of change

Examples

1) The pulse rate in beats per minute of a runner t minutes after starting to run is
given by

p (t) =60+ Yit> -t fort<10

Find the mtewg/f_\t_:_}@n\g,e of the pulse of the runner 6 minutes after starting.
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2) The velocity of a particle in meters per second, after time t seconds, moving in a

straight line along the x-axis is given by v(t) = t - /¢ » t > 0. Find the acceleration
of the particle after 4 seconds.
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Area between a curve and the x-axis

y=Ix)

The shaded area between a line or a curve y = f(x) and the x-axis between the values x = a
and x = b is given by

b
[ reas

Examples
1) Calculate the area between the curve y = 3x? and the x-axis between x = 2 and x = 3
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2) Calculate the shaded area shown in the diagram
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Areas Above and Below the x-axis

When calculating using integration areas below the x-axis give a negative value and areas
above the x-axis give a positive value.

So for an area below the x-axis

Area = -J-f(x)dx

We calculate the areas above and below separately and then add them.

Check limits — find them if not given
Draw a sketch

Areas below and above x-axis do separately
LIMITS -SKETCH —INTEGRATE

Examples
1) Calculate the area bounded by the curve y = x* - 6x + 8 and the axes.
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2) Part of the graph of y = 4 sinx is shown. Calculate the shaded area.
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Area Between Two Curves

b
Shaded Area = J.(f (x) - g(x))dx where f(x)>g(x) fora<x<b

( i.e. upper curve — lower curve)

Example

Calculate the area enclosed by the curve y = x* - 4 and the liney =2 - x + (Mot mde. a
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* If limits are not given you must calculate them
* Limits are x-coordinates of points of intersection
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2) The hine with cquation v = 2x + 3 15 a tangent to the curve with equation
=+ 3+ e+ 3 ac A0, 3), as shown in the diagram.
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The line meets the curve again ac B.

Show chat B s the point (=3, =3) and find the area enclosed by the ine and the curve.
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