MA133C & MA160
Calculus 1

Lecture 18



Recap

» The maximum of a function f is the largest value it attains. The minimum is the
smallest.
»> Whether absolute extreme values exist or not depends on the function and the

domain we consider.
> A continuous function attains extreme values in a closed interval [a, b]. Here’s
how to find them:
1. Find the critical points of f: zeros of its first derivative and points at which the
derivative does not exist.
2. Find the values of f at the critical points of f in (a, b).
3. Find the values of f at the endpoints of the interval.
4. Compare all the values: the largest of these is the absolute maximum value and the
smallest is the absolute minimum value.

> Local extreme values are to be found among the critical points.

> If the function is nice enough then the second derivative test can help identifying
local maxima and minima.

> The sign of the second derivative tells if the graph is concave upwards (f” > 0) or

downwards (f” < 0).



Example/Recap
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1. Find the domain of f. Decide whether it has any horizontal or vertical asymptotes.
2
2. Find and classify all local extreme values of the function f(x) = S
1+x+x2

3. Determine the extreme values of f in the interval [0, 3]
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Example/Recap
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Mean Value Theorem

Mean Value Theorem

If f is nice enough in the interval [, b]! then there is a number ¢ in (4,b) such that

Remember the two main interpretations we gave of the first derivative of a function: in
terms of slope of the tangent line and in terms of instant velocity. The mean value

theorem has interpretations in both contexts.

Ithat is: continuous in the closed interval [a, b], differentiable in the open interval (a,b)



Mean Value Theorem: slopes

If the function is nice enough between a and b, then there is (at least) a point in the
interval at which the slope of the tangent equals the slope of the secant through the

endpoints.

Example.

> Find the secant s to the graph of f(x) = x® + x — 1 through its points with x = 0 and
x=2.

» At which points (if any) in the interval [0, 2] is the tangent to the graph parallel to

the line s?

> Write an equation for the tangent at each of these points.



Mean Value Theorem: slopes

Slefe o ecart  Brrough (2,260 and (b BB (s Eﬁb)b— £@) \n awr

e J@-PE) _ 242-1-L0 g
Q 2
Qur  wtant pames """‘D“'D\" () and han clon 5, & r‘—reqlm*‘bﬁ S ¥i= 50=)
W dar R [‘ﬂ—"sx~\
TRe Mean Jnho T 5“55“”’“%*3 c (050 woh Hok
g‘(é\:s . N
Lelle Lind g\cx\z IxTA\ S Cis e sdulon =R
. > - = - - Aox s nde
AreS ek s X =b & XS ) PR odwiole
3 keanuz( 'K-QL\S
Q\xl—t'\tj:'\deg)]
nhes z
W, ‘2_(—3: _2_4.2,\': B

Qur '\G-X\ff‘PA— ? 5*\(% ( 3 ) 3G 3—\\ Qnd\ hes &(%S—

oY\ = - o = Sx - ) 15 e equaion
1- s TR e v



Mean Value Theorem: instant and average velocity

Here is a reformulation of the MVT in terms of instant and average velocity.

If the position in time between a and b is given by a nice enough function, then there is

(at least) a point at which the instant velocity equals the average velocity between a
and b.

Example. A particle is travelling along a straight line. Its position at time ¢ is given by
some differentiable function f(t). If the position after 3 seconds is 2m and the velocity
is always less than or equal than 2m/s, how far can the particle get after 10 seconds?
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Mean Value Theorem: instant and average velocity
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Exercise
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x3 + x?
» Find and classify all critical points of f.

Let f(x) =

» Determine whether f has any horizontal or vertical asymptotes.
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Exercise
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