
 Sections 3.1 3.2 Derivatives and Tangent Lines

Learning Goals



Motivation calculate the instantaneous rate of change of
a function at a point
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This is the instantaneous rate of change of f at xo

Definition the derivative of f at is the number
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We say that f is differentiable at if f x exists

The tangent line of f at is the line passing through
x f x and having slope f x It has equation

g f x f e x x

or y f xo x x fix

The function y f x is called the derivative of f

Interpretation

f is the instantaneous rate of change slopeof
the graph of f at x



Other notation for derivatives if y fix

if 9 f x
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a function the value of f at x a number

representing the slope of y f x
at

Examples 1 For f x x 3 1 find f'll and

an equation of the tangent line to the graph of f at
1
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has slope f ll 5

passes through infin i
9 3 56 1

or y 56 1 3



2 For f x find f 4 and equations of the

tangent and normal lines to the graph of f at 4
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Tangent line at 4

has slope f 4 y 2 23 x 4

passes through 4 f14 4,2 or y x 4 2

Normal line at 4 is perpendicular to the tangent
line so

has slope 14 3 y 32 x 4 2

passes through 4 f141 14,2



2 The graph of f is given below
I a Solve f x 0

T y fix
b Solve f x 70

and f x 20I
which is largest leastiii
f f 4 f 2 f 1 2.5

2

a f x 0 where the tangent line is horizontal i.e

the graph of f is flat

my

If
this happens at msn.is

b f x 0 means f has positive slope and goes upward
f x f means f has negative slope and goes downward

f x 0 51 3 C1,1 1,3

f x O 3 1 3,5

1 The graph of f is steeper at 2 than it is

at 4 so f 4 f 2
Graph has negative slope at 2.5 so f'f2 5 Loaf't 4 af 2



3 Suppose that fit position of an object moving
along an axis in ft t in sec

f t instantaneous velocity of the object in ft sec
Suppose f is graphed below

2271 1 y f t
The object moves forward
when f t 0 10,3 55,6I 2 5 45 t

1 Moves backward when f'It so
2 4 5.5

The object is stopped when f t 0 3,4 and t 5.5

The object accelerates when f is increasing 0,2 5,6
The object decelerates when f is decreasing 2,3 4,5

4 For f x calculate f 2 and f 0
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ay So f is not differentiable at x o
y 1 1

there is no tangent line at
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Besides corners other behaviors can prevent the existence

of a derivative at a point
Discontinuity
Yr y flxl If f is not continuous at x

f is not differentiable at xo

said differently if f ke exists

f must be continuous at x

Vertical tangent
If the tangent at is vertical
it has no slope so f xo DNE

Example y at 0

Cusp

3 Slope goes to co on one side

and o on the other

Example y
43 at 0

cusp

5 Is f x
sin t if D

if
differentiable at x o

Ling
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Since 1 sin t we have 1h1 hsin t 1h1 for
any h 0 Also hi th find tht 0 So by the



Squeeze theorem Lim hsin 0

So f is differentiable at x e and f o 0

6 Calculate the following derivatives
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7 Suppose that f is continuous and find f 6

Find an equation of the tangent line to the graph

of f at 2

The only way fing f is finite is if fing fix 5

i e f 2 5
continuity



Then f a 6

So the tangent line to f at 2

passes through 2,5 equation is y 5 61 21
has slope 6 or y 66 2 5


