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Derivative

2.1 Tangent Lines and Rate of Change

In this section we will see how the concept of "tangent lines to a curve" and that of "the rate at which

one variable changes relativ-e to another" are related.

Tangent Lines

Taugent
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Figure 2.1: i-ire siope of the t,angent line as a limtt olsiopes of secant iines
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Example 2.1 Use Formula (2.i) to find an eryllon for the tangent linc to tire

L)--a,x L''.'r-k=a(x-h)-

$ uchu 1o P(t,21

@ en'arfu fito, = k
=.1i,,
*"t.

= .Qi,
X_) r

Uvv,
parat'ola y:12+L

f (x) -f(r )

L
at the point P(1,2), and confirm the resu-lt agrees with that otrtained in Example 1.1. V -l -- XI
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Figure 2.2: The slope of the tangent line as a limit of slopes of secant lines
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Example 2.2 Compute the slope in Example 2.1 using Formula (2.2)
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Example 2.3 Find the slopes of the tangent lines to the curve y : \/fi &t rs : 1, fra -- 4, and rs:g
1,{=x)

onartufi(x, htuh=*W,
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2"2"L Defrnition of Derlvative IA.3

The term "derivative" is used because the function ft is deriaed, from the function f by u limiting

process.
({'kl --zxl

Example 2.4 Find the derivative with respect to r of f
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3
x+h ) =X + + h

Example 2.5 Find the derivative with respect tc r of f {n): *3 -ry

Soluti,on. f'(x) = .0i^ {(x*hl -f(x)
-ni-#ah'to
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Figure 2.3: Graph of / and .f/ in Example 2.5

If we graph "f *td // together as in Figure 2.3, we call see the relationship between thern. Since

//(r) is the slope of the tangent line to the graph af U - f @) at *, it follows that Jr is positive,

negative. and zerc where the tange.ai iirre has positive slope, has negative slope. and is horizaatai,

respectively.
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2.2.? Differentiability !r

Figrrre 2"'l illustrates two comrllon ways in w-hich a function tha,t is continuous at rs is not differentiable

at rs, Since the slopes of thc secri,nt lines havc. difi'erent limits frorn the left and lrom the

rve )

y * f(er) v*fb\

.?'

Corner point Point of vertical ttrngenc\'

Figure 2.4: Continuous at rs but riot clifii:renl,iabie tr,t a;6

(a) Prrne thnt ,/(r): jrl is rrot r-iiff'elentiable at r::0 bv corrsi<lerilg tlr liniit

1lr) Firrrl a formula ir.tr .f'Q).
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