
Chapter 2) The derivative

21l Derivatives and Rates of Change

From Chpt we discovered that the slope of

the tangent live can be expressed as a limit.

f (ath) -f(a)
m  =  l i m

x?>a (ath) - a

o r  Jus t

f ( a t h )  - f ( a )
m  = l i m h

x? a
Numerically x = 2 . 2.01/

(2.1) £ (2.01

2 0 0 1  e t e .

f  ( 2 . 0 0 1 ) our
observat-

Calculate ? Ma m b
A n d  w e  w o u l d  h a t i c e

m c

m a m b ? m ? m

I n s t a n t a n e n t s
r a t t  o f  c h a n g

t a n g e n t

f ( x )

Dy
average rate ofchange

Mrangent=limh?o Ax

a t h

A X



EX Find the equation of the tangent line

to the graph of y= x°+2@ (xy) = (1,3)

?  l e t  f ( 1 = 1 1 + 2

a feed it Ith ?(1+h) +2
f e e d  i t ! ? ( 1 )  + 2

? m = limof(ath) -f (a))
a =1

f(Ith) - f(1))
= l i m

h ? o
h

= l i m
h ? 0

=  l i m
h ? 0

1264+2 x-2
2h+h

slope of

tangent

) = lim (2+h)=12
h=o

Don't forget... Find the epn of the tangent lin



For lines we almost) only need y-mxtb

Form: 1=2x+b
Point: 3=2011+3
so lve :  3 -2=6?6=1

Final y=2XH

? Graph



Velocities

An object moving back and farth along

a straight linemay have its position
described as a function

MY(t) S= f(+)

? €

1- Dim.
m o t i o

Generally we might plat experimentally, or

analytically, and get something like...

are speed 5 = 7 4 1

< - - - - - (V(2) = slope of tangentline
Instantaneons

t = t = 2
?  t

6 = 3
+ = 1

velocity = instantaneous slope of this cure



Instantaneous velocity (speed)

V  = l i m
t > a

A t

5 0

t ,  -  a

V = lim + (ath) - f(a))
h

EX let the position of a bead on a wire be described

as slt=t'-87+18ai Find the instantaneon speed @ t=3

let +(1=232-827+18 she gon to

m

{(ath) -8 (ath) +183-{[a3'-8<91+187
=  l i m

n ? o

=  l i m
h-90

h

a'trah th-s sh +18-8 + 8/a -18

=  l i m
h ? 0

Zah-sh th ih = lim (20-8+4)
h?0

s p e e s  = m  = 2 0 - 8

@ t = 3  f i e .  a = 3 }

speed =2.3-8
- 2 m / s



math 211 CW2al Name _

1. If speed follows 5=t'+21'-9++5
Find the instantaneous velocing at t=4, by

usty a gensalized formula in the time parameteä
fC) = (13+2<)°-9<1+5

lim (ath) " +2(ath) ° -9 (ath) +5 (-fa"+22-9a+5%

= lin 3ah+ 3ah" th'+ 4ah +2h2-9h

= 3 @ 2 + 4 a - 9 1

@  a = 4
=3 .42+4 -4 -9

= 4 8 + 1 6 - 9

= 6 4 - 9
= 5 5 )



(6)

I I I .
what Math 211 is

Der ivat ives 80%% about

The derivative of a function fat d=a,

denoted by f'(a), is

f'(a) = limf(ath) - f(a) the sloptfunctios
h?o h

EX Find the derivative of f(x) = x-3x2+1

After chpt 2 is done f '= 3x-6x@x=a
f'at 3a-ba

@ x = a

Formal approach is
f'(a) = lim {Cath) - f(a)

h? o

= l i m
{(ath) ' -3(ath) +17-§a'-32 +1}

h?u
a 3áh +3ah 7h2-36-6ah- 3h +*

(ath)"

=a'+3äh+3ah"+h"

= Timh? 0 -  2 + 3 2 - 1

=  l i m 3athtahth'-Gah- 3h'
h?0 h

= lim 3a2+3ahth'-6a-3h

= Lim (3a - 6a + Bahth-34)

f ' (a )  =  3á° -6a
The slace of the tangent line of

f (x )  a t  x=a.



7

IVI Average and

secant line slope

X 2  -  X ,

f:instant =lim (f (xith) - f(x)

" Itan
f

fave ov

)

Average

o The derivative of

the df(x)
Instantaneous

rate of
charst

? Notation

f ( x )  a t  x  i s

If (xth) - f(x)
= l i m

h ?

a v e

A f

d f
f  (X )  =

l i m i t

i n s t
semit

fprime.

d f



EX 2 million liters of water are drained (8)

from a swimming pool a the rolume

VIA) = 2,000000 (1-7) '13
Iliters

Q: What is the rate at which water is leaving
cubed

t h e  p o o l  a t  t h e  1 h r  m a r k ?

(is we seekAVol h?0 dV
At

(i) AV= V(tth) -V (t)
= 2X10° (1-54) ' -2x1°(1-720)"

= 2X0' (1-215) 64-11-791

= 2x10%

A V  =  2 x 1 0 ° 1 - 6 0
2 t h

+ +.
14400 14400

÷ h

1V =
l i m 2 x 1 0 ° [ - 2 th +  "

60 14400 14400

de h ? o

V  = 2X10%[ 2 +
14400

25009 ( + - 1 2 0 ) at=60 min
25009 ( 60-120)

=-16666%


