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1 1 Limits: AN ical and Graphical 2 I

Orientation: We begin our study of calculus. We shall

introduce " differential calculus" by talking about the

._slope of the graph of a function. We already knowabout ...

the slope of lines and this is a generalization to curves.

’

graph is the slope of the tangent line. What is the tangent

line?
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(2,4) must pass through (2,4) but we do not know another

point on th:aéllne nor the slope. We approximate.
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curve and near (2,4). The slope of the "~ “secant" line

through (2,4) and (x,x~2)is
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X2.- % %2 X is near 2 or in the limit x is 2
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limitas x approaches 2 of %2 is, we shall see 4

The slope of the tangent line is 4

Try x =2.1 x72 =441

4.41-4

2.1-2

We shall see that [im
X=>2 X-2

to x=2 like x =2.001 or x = 1.99999 then (x"~2-4)/(x-2) gets

closer and closer to 4.
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1.3 Average Rates of Change:
Example: lim (1+h)~3-1 lim L/ A
h—)o h - h—’O h \ﬂ.ﬂ':)ll'l':)ll Z T 11 J/J.)
—lim ——Af(3+3h + h~2)
y =x"3at(1,1) il
and (1+h,(1+h)"3)
Example: lim 2h 2 = im 1203 - 2@+h) )
h=03+h 3 h=0 h = 3333p)
h
—lim 1 g-¢-2h
h 3(3+h)
= lim 1 '27( -2
= = —
b 3(3+h) 9
y/ RN [ M-h -y

B~ |




3.4

dnesday, June 19
'/

Differentiation Using Limits of Difference Quotients
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(a+h,f(a+h))¢/ secant line

A secant line cuts the curve at a second place near the point of interest (a,f(a)).

small and not necessarily positive. The slope of the secant line is

2 -y flath)-fa) _  fath)-f(a)

- = a+h-a n
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and we refer to this last expression as a difference quotient for f at a.

Definition: The derivative of f at a is denoted f'(a) and is defined to be
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Example: Find the slope of the tangent line of y = f(x) = % -2Xat a=3
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Red line has slope 8-3 — 5-

4-3
Orange line has slopeﬂ =3
3-2
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What about the secant line that passes through (7/2,21/4) (Note if x =7/2

the slope is

21/4-3

7/2-3

What is the slope of the tangent line?
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Note 3<4<9/2 as the picture suggests.

Observe that once we know the slope of the tangent line then we know

an equation of the tangent line. lItis

Read Example 3 on page 137. Observe that f(x)=3x-4 has derivative f'(x) =3.

In general the slope of any tangent line to f(x) = mx + b is m as it should be.
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So f'(a) = —F— or f'(x) =
2/a

— if x>0
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For example if x =9 the slope of the tangent line is 1/6 and the equation is




y =(1/6)x + 3/2

O

Example (Non Differentiable)

lim _f(0+h)-f(0) = lim [h]-0— lim h|
h=0 h h=20 H h
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No tangent line at (0,0). Everywhere else |x| is differentiable and the

derivative is 1

if x>0 and is

‘1

if x<O.




1.5 Differentiation Techniques: The Power and Sum-Difference Rules
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Sum-Difference Rule d—(f(x)+g(x))=i d
dx - ax (X)) + 4y I
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Example; Differentiate y = 3x~5+ 4x~2+2x+11

y'= 3(5x74) +4(2x) + 2+ 0=15x"4 + 8 x + 2

11=11x"0




