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The Second Derivative

September 04, 2019

Since the derivative is itself a function, we can calculate its derivative. This is called the second derivative

and, as we will see, it also gives us useful information about the original function.

First, let’s look at some notation. Let y = f(x).

First derivative:

Second derivative:

(see next slide)

The function given by af(t) is the second derivative of s(¢) and is denoted by s”(f).
The second derivative is an example of a higher-order derivative. You can define
derivatives of any positive integer order. For instance, the third derivative is the deriv-

ative of the second derivative. Higher-order derivatives are denoted as follows.
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Question: What information does the second derivative tell us?

Let’s look at this graphically with an example.

This is the graph
of a functicné \ /
\./ \\J

Sketch the graph
of the derivative Recall the information that the derivative tells us about
of f.f'. the derivative of a function.

’Q On an interval,
_if £ >0, then ‘('\6 NCY U\‘j\l\%
! -if f <0, then .C \b detd EM‘M>

Sketch the graph Since f” is the derivative of f', we have:
of the derivative + On an interval,
of ', . + + )

{_‘" LA e '\t\c(fasim.)
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So. the question now becomes: W’]la-?does it mean fr f' to be increasing or decreasing? )

Look at the graphs of fcnelow. For each graph. determine f* is increasing or decreasing?
-FRemember. " represents the slope of the curve (or the slope of the tangent line).
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Conclusions: On an interval,

"> 0 means f’ is l“\("f‘\&\‘ﬂo)\ sofis_ (ONCAVE U‘P
f” < 0 means f’ is At(‘e‘é\"\s sofis_ C oncaX. AowWN
Examples:

1. Given the graph of a function f below. At which marked x-value(s) are the following statements tiue?

a.f(x)<0 d. f(x) is inc

- i & 2/\.5 b.f(x) <0 e. f'(x) is inc
[
\H/ \ c.f’(x) <0

x> +2x—1

J@)=——  find ')

. \
fo0= X + X%

fo)= xy2-X
o= | 4%
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If the nth derivative of y is denoted as y"and y = -sin x, theny’
is the same as:

(A)y (B)dy (C) d% (E) none of the above
dx dx?

\\/__ —S\f\x \{q: —S'\T\X

\/ - - (03X \/
y = SinX y

h = coSX 7
YV- ~ Sing \/
y =

Stand and Deliver

a(t) = v'(t) = s"(t) = acceleration

i Higher Order Derivatives Yol i
i s(t) = position i
i v(t) = s'(t) = velocity speed = |V(t)‘ i

look at additional notation on p. 125
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Position Function

S(t) =—-gt2 + Vot + S0

Vo = initial velocity S, = initial height

t = time g = gravity
- 32 ft/sec?

or
- 9.8 m/sec?

Average Velocity vs. Instantaneous Velocity
] \J 2locity
Average Velocity Instantaneous Velocity

velocity at a point

Algebra slope

(no calculus needed) s '(t)= v(t)
As _ position
At ’Ei)me take the derivative
pOS.

time
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1 2§5

a) Find the average velocity from 0.5, 2]
(g s¢oy) (3,56

s(t) = -16t2 + 100

b) Find the instantaneous velocity at t = 2

()= 7332
S'(2)=3 ()= G

no calculator

A penny falling is given by the function
s(t) = -16t2 + 32t + 48

a) When does it h|t the ground?
O= (432 e+ 4R
7. -/e
2
0= T -2¢3
O = (E3)er1)
£<3,%

b) What i |s the velocity when it hits the ground?
< (9___, $10e)== 3¢ 132
S'®)= -2
§(3)=-G6Y
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