13.1 The Definition of a Derivative (Day 1)

Definitlon: Recall from Geometry your knowledge about secant lines and tangent lines.

Now let’s use it for Calculus
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Definition: The average rate of change of a function is found by finding the slope of a secant line.
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/ Secant line

Tangent line

Definition: The gradient of a secant line is the

Secant li i i
ecantiine same as the slope between two points on the line.
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(Also known as the difference quotient from Pre-Calculus)
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We will deal with this more later...

Example 1: Find the slope of the secant line for the function f(x) = x? between (1,1) and (1.2, 1.44)
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Example 2: Fill in the table below for f(x) = x? where A = (1,1) giving your answers to the

nearest ten-thousandths place.

B(x,f(x))

x f(x) = x? Slope of secant line between A and B
225-1 125
1.5 1.5)%2 = 2.25 1.5,2.25 = = 2.
(1.5) ( ) 57 = g5 = 25
1.21-1 0.21
1.1 1.1)2=1.21 1.1, 1.21 = =2.
(1) ( ) 1.1-1 0.1 21
1.01 (1.01)%2 = 1.0201 (1.01, 1.0201) 10201 -1 _ 0.0201 =2.01

1.01-1  0.01

1.001 (1.001)? = 1.002001

(1.001, 1.002001)

1.002001 -1  0.002001 _ 2001
1.001—-1  0.001 ~ *

1.0001 | (1.0001)% =1.00020001

(1.0001, 1.00020001)

1.00020001 -1

Too0i—1 - 0001

Notice that as the distance between the x-values decreases the value of the slope seems to be

getting closer and closer to a value.

That value is the slope of the tangent. The derivative represents a gradient function that you can /Wg
use the find the slope of the tangent at any given x-value. Cose
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If the distance between the x-values of two
points P and Q (represented by /) becomes
closer and closer to zero then it becomes a
tangent line.

That slope is represented by

i fx+h) = f(x)
im

h=0 h

lim is called a limit.
h—0

It involves the process of making % closer
and closer to a number, in this case zero.



The function that comes about when doing the slope using that method is called a derivative.
If that function is evaluated at a given x-value then that is the slope of the tangent line at that

x-value.

A derivative can be symbolized by f'(x) or ¥’ or Z—Z.

Example: Use the definition of derivative to find the derivative of f(x) = 3x% + x andg::)nce
find the gradient of the tangent line when x = 4 (find the value of f'(4))

Definition of Derivative:
. fx+h)—f(x)
lim

h-0 h

B+ R+ (x+h)] —[3x% + x]
lim _
h—0 h

[3(x? + 2xh + h?) + (x + h)] — [3x? + x]

im h
. [3x% + 6xh + 3h% + x + h] — [3x% + x]
lim
h—0 h
- 3x% +6xh+3h*+x+h—3x%—x
lim
h-0 h
. 6xh+3h% +h
lim
h-0 h

liméx +3h+1
h-0

Nowleth=0,s06x +3(0)+1=6x+1
@ So the derivative function is 6x + 1
The value (the gradient) at x =4 would be 6(4) + 1 = 25

© So f'(4) = 25



