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The derivative of the function f at the point x = a is defined as

) ' . a+ h) — f(a)
O r@=jm=—5""2 | = s\oRe

X = e GESUALE F o) sl LD (B g s Algdl) ClS 135 Al 25 g da

Provided the limit exists.If the limit exists,we say that f is dif ferentiable

at x = a.
N B,
An alternative form of (2.1) is @A (2.1) O g A dipa
b) — . =
- | N ST
a-sec *
(see exercise 38 in section 3.1). (3-1 gl A 38 (i padll i)

Finding the Derivative at a Point dad) wie daiiwell dlow)
x=148 f(x) = 3x3 + 2x — 1 Al Adidia )
L]
ompute the derivative of f(x) =3x*+2x—1latx=1.

R solution] - W
¥m:\im }__3*\\) _¥(’\L ;0 Yo =302 - \=Yy
o g

limn ?JUJ\N%QL\*\Q-\ -y
N o o
% 2 5
314200 W *'5&‘)\\' +\m] 2% 2y - - Y

\im
wWoo 3

N | Gl Nathr 817 8 &
2o o \~ i
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m Finding the Derivative at an Unspecified Point )

Bodowe pb dladl e ddiduwll dlow)
aic Aiiial) o aa gl o8 x J800aal) 8 Al die f(x) = 3x3 + 20 — 1 Ul Adiia 2
: 4
—_— — A X=3s850:x=1
sWi\ o ) =2 -

Finding the derivative of f(x) = 33.r3 + 2x — 1 at an unspecified value of x.

Then,evaluate the derivativeatx = 1,x = 2 and x = 3.
. e,

. Solution _. % N
W = b EC2ARD -V() , X =23(Y+uUD)-)
—5 0 " \\m = 97
by 2L )12ty 20

W0 \v

g, @
b 3 (8430 b 130k th) 4 Uy -0
o =
lm 245 360 48N 4 W 4 2y, 2
oo
3 X Y
m % 1ok ‘r%l’" e W0 513 b +39
\\.-901 o W— 0
=) +1300) +2% = | % | /‘
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The derivative of the function f is the function f' given by
w no\ Jwen f,(a):}lirgf(§+h;—f(¥) O\E’)-OJ*‘“.%W
olld ) ALYl | Judaliilly GUELEY) Gilu Ales pand Algdll oA Lgd da 55 (Al x af JS A8 sada 8 7 Jlaa
J (B Ak JS die SN AL il 13) ] Aa giial) 350 e GUELEN ALG ¢S5 f o

The domain of f' is the set of all x's for which this limit exists.The process of

computing a derivative is called dif ferentiation. Further, f is dif ferentiable

on an open interval I if it is dif ferentiable at every pointin I.

% /
"
m Finding the Derivative of a Simple Rational Function

Al daiwd A1) ddiiee Sl

f(2) 3 f(x) =2 (x # 0) s i)

If f(x) = (x # 0), find f'(x). \in\ ¥ AN - T
N ] k—-—? &) V\- s
%,/ Solution | N

i(fy,): lim XAW —s % -
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The Derivative of the Square Root Function Gl el Al diilee

Lllaa 2035 x> 0 Sua f7(x) 2l .(x > 0 &) f(x) = xS
If f(x) =+x (forx = 0),Find f'(x).
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m Sketching the Graph of f’ Given. the Graph of f

S 39 s Ll ST sl 3,14 JSEN B F O Sl SN G
Given the graph of f in figure 3.14, sketch a plausible graph of f'.

f 3 Bl Sl s f7 J bl S o

3.14 gs.ao)

y = f(x)

YOO

SWWAY v Wom

D =\

{

wiSe difeclton VY Tow Vol

T

—5 V‘&‘L)

F_J_)n_/bg}ﬁ_‘)‘)» gt @J@
Awmbey” 6% lines

—60 1

3.15 g=san
y=r'(x) g y=rfl
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m Sketching the Graph of f Given the Graph of f’ L4

T —— ¥

Given the graph of f' in figure 3.16, sketch a plausible graph of f.

A
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y=f'(x) Jdeaasll sld) Jially v = f'(x)
5 y=f(x)J
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Alternative Derivative Notations

NS LR

L S/

2.1 & k)
X = e Al 08 f Ol x = g S FELIIALG £ s )y
If fisdifferentiable at x = a,then f is continuous at x = a.
Mmoo~ A
W0 WwW=oo %
m Showing That a Function Is Not Differentiable at a Point

B lai wie FUEAW WG & o6 DI o oL
| NJEFRY | i

&L o
o N = W\ —so x=2 58 f@ =5, 13)

4 T <

Show that f(x) = {Zx > 2

is not dif ferentiable at x = 2.

, Ve T ¥ )

Y _ = Wiv

t Wso \" W | \
N s

# Wy 20 %W ) - 2t

: > ot W

318 ysin im  2F Y- 2% X
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P Al Js B f(a) 28 Y A Jsd) (4 ds siia ds gaa 3,193 - 3.19d JWEY) g
2op Y Qlime Sa5a e s AL O jie)

. "
Figure 3.19a — 3.19d show a variety of functions for which f'(a) does not

exist.In each case,convince yourself that the derivative does not exist.

Y y
A Iy

Ol //\ ) X1
Asyw | N dump

—
a

3.19b Js.aj) 3.19a Js2J)
oy sl das srad Jlaw)

y Y
ry

© N R /

o %

3.19d gsan 3.19c gs.an

ol uwles s gl

% QuspP
% Cofow”

a

Approximating a Derivative Numerically Laas @laziyl 45
S\oPe = msu_’ Q)LPJJ‘U Lae x =1 2 fx) = 2223 + 2 Aiidia 8

Numerically estimate the derivative of f(x) = x.:z\/)_c3 +2atx=1.

—

S

WY -T) = Vv v - 35 — WV, A3 )
oA — 0, y.0\
Y = L leaq) = 1-69 %Y= Vo) = VA
Co-aa | \-A) W-on \.T-\)
v = LE e = N wm - &5 = L :ch\
v - o-9\9 W WA AN
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m Estimating Velocity Numerically Lads dgiall de ol puil )
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Suppose that a sprinter reaches the following distances in the given times.

Estimate the velocity of the sprinter at the 6 — second mark.
<& “~ /"'——"?
M tsec) 5.0 5.5 58 |v59 |60 6.1 6.2 6.5 7.0

f(@) (ft) 123.7 141.01 151.41 154.90 158.40 161.92 165.42 175.85 | 193.1

.

V Solution_
Ve = YO -TY ¥L-y,
N v e Ty ™

AN

I

VoMo -'HY- %0 W\

L ~ 2.9
*\l&\\l% — (b 1159 .Mo) kﬁp.\, \ o\ A1)

AV AL V5B Mo |3—'5'T\
oy - L -

/
| 2oL\ = Y
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(2.2) 3(2.1) O A3y £ (@) un) (1 52 O padl)

In exercises 1 and 2, compute f'(a) using the limits (2.1) and (2.2).

D
fx)=3x+1,a=1 ~ \

L
. fx)=V3x+1,a=

PR

1 S
Solution

%,
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In exercises 3 and 4, compute the derivative function f' using (2.1) or (2.2).
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In exercises 5 — 7, use the graph of f to sketch a graph of f'.

5 , ~
A
»
. P
0 Y N\
A
%’ x
»

S O

L

T
i
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In exercises 8 and 9, use the given graph of [’ to sketch a plausible graph

of a continuous function f.

8 | N

®
/

\/ >
L o

D, fl0)= ’!llgl&);fﬂw‘lldﬁtqé&.:dgum 10 911 Oy palll B

$335234 f'(0) A .D_f(0) = ’!L%._L:(“) ) il B Al g

In exercises 10 and 11, compute the right — hand derivative

D, f(0)= gi‘?ﬂ%@ and the left — hand derivative

D_f(0) = ’!iﬂ?w.noes f'(0)exist ?
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In exercises 12 and 13, numerically estimate the derivative.

e
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-

o
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In exercises 14,use the distance f(t) to estimate the velocity att = 2.

1.7

1.8

1.9 2.0

21

2.2

2.3

f(0)

3.1

3.9

4.8 5.8

6.8

7.7

8.5

Y
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[10)0s8 S b 9 @ 4biad) ded) gaa dag) f(x) ax+b

Doy ek -
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21+2x - <O

Forf =00 v

that f'(0) exista

® © onlin o VS —p @
2T - agey 4V
| o=v

X—0
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\iw\ Tt - \'w\ Yoo
. - &

= B = ;- - 3
\((O) — \\0)
2xh + X = O\ 3 O

x<0¢h
x=0

Jasaga

0 find all real numbers a and b such

\ v \{m “k‘k) = \\m “Cf*}

X—-?o*
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