
x #f'Y fr, ri" I ,u.1"ll @ f 
,c*> 

= o *lo g
I

Example 4 Find all_criticafpoints of f (r) : n2 - 4r * 5.

iarooSnlofrouxonuo.r

Solutian.
o1o {c*l = tuZ-+f,+5

o rtlnY l 'cn1 = zq, - +
I

fiorrru.t f'c4=o rflo

81

Zf,-t1 =g
2?t=*
fr-=2

4.4

t! a .o
O.lrlu Oolna H O

ll *_n
Example 5 Find all criti?t points of f (r): ffi.

$1qo?ITl houuottoo
sotuti'on' *rl t.*, . * a,jloY f t*l =

q* 2.

frorrrnr t'tp=e rilo I -= o
Cq,+z)'

4=o

v

/

I derivative test I

4 n rrvro drrTn,, \{at {u/{wiui' z)

(-- -
ii!.:ji :,,.: -irli r., -: -ri

a* itil,;'a ,,1:ir. ,r-i.i:r.r

ii:i -', ii,i:ii-;'.1'ri ;'1i] r',;

firi;,i,,r !.:irr "'."'

::'i: ii,ri; ;;:': i,ri-r! l.ll

I r .f rr:l i,i-,r ::,- r n"i

i11;1 ;:' 1i::,111irti *;r'1riir.1 ;r: 1

-- f- ---+d rctga " ,*r,

* rnwtt/on inrcurffruJfrorri" ar. 0o6n1n.

,ilJ,t1-l

ofiJuloioltr ilo - zN x

r. 'l. -.::i i.r.:,,'l

[li, .,r:r r,.,'1.,',,,',.,,,,,

i';ii :r']l,,ri :.:iii,.r i.rr-r,:l
iit1 .'ai,:| :;::i:r:
l'\i - ::1 Ii:iitr,,,a: ir,ii.:ilt,,i.'

t Y'':* rfioo,

t\, r q fl Y
T Cx) yr0rh Io

/,
fixr du = o

;] l i,i ,:, ::i.,t lli
i'i,]: :i,!i.1iLri'tIIi, p:,;,,'.,

lii :r I r,,+ ll', I |i ii'' Lj,,-

l:.ri ir :I:li i-:rlrl'i irr-r,''"
! :i:i-f rit lti'ir',:

l't, .,r l';, irt: t, a t,\1t',:.ti|,.tll

f t*> u.Ar1.t'l,ir*,

(rc+ z) . | - (%-2) 'l =
(x t z)z

; f txr u.'a{Iil;,$
I

,

:

It

6,
Qt+z)z, g
(x+21 =g

?(, = -2.

f;l'.T",,uu (hl il q"in'1r)

'",
r.-.r,i L'1 ir:-r,:r

& l$uoo,rldurr, ')u-
i,i'ill.rii,i;rl:i
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,\4 { )"/.,i J. ?d0DtrlUb0u6)ttuilU{
I

'l'ro r{uor u?uolh oi',io1, f 
' +-t+#

-1 0t

f ' nodor ft-z) = tiC-ri- ,r?rf - ror, )o
no&nr t'C s.O = r r (0. rlq- rs (orlt, - p. rrr 3r ( o

r,rdor., tt". t) = ts(o.rf-, r(o.rf = -o. tcrss <o

uoJou lirl = 1s (z)+-rs(z)'. rro)o

J t, .j,x ir + t/ruitn-ru n^hrt
t

r{

.l

t,

tolcsrr',r.

+ nlu - e ,;"1r{rr^Ei, ,[nI

+ tflulonJduurfi

C"k;', f ',Jdr, t#arrerrrr orn

Jr q 't tt

--#, *l tJdv'*tnYo"urt Y

^/ tt I 4- ' ,- /

1l

uuU',rr (- a, - tJ fiqrrorr

f-r,of {

f o, t]
[t, *)

* /o ,n, ,nt* r!)u{ra irtJru'
I

J
m _,t

al

vlO
-J
Yr1

+ - --'*



fidnoJou p?r'1ur iedlJ,f,f,o an orrdn I 4r1" t'
Tnnoirrnt 4.3 Let rs be a critical point of the function / that is continuous on the open

interval [n,, b] contaidng rs. If / is differentiable on the interval, except possibly at 16, then

/(rn) can be classified as:

i 6upoi14^4r'6,,11" ;, {[xr ,{t^rn,"**ror, - ffi.
I

+ VtTo
t

frao
2. A relatiVe inakimum, if f '(r) chauges from positivc tq negative at rs.

r. 'hl\[uqooird.o ,{o{. lfi {'crr tJJ'l**, 
t^Ca,rrru f *,

. A relatiVe mdximum, it f'(r) changes from positive tqnegative at rs.

rj 'hl\f,uo,ooirdo,${q lfi {'c$ tlrJfo t^Ca,urruf *,

A relativc minimum. if f'(r) changes from -negative to positive at rs.

L. riluen4o4ofnffrJ f, f'(*t rJdvqtrnt^tsurr', 1 rflrr -
A relatiVe inakimum. if f'(r\ chanqes from positive tcr nesative at rn.

1. A relative minimum, if

sides of rs.

3. Neither a max nor a min if f t(r) is positive on both sicies of rs or negative on both

@a,\ @}_ d

82

xo xo

6{61(l't &i0 6Nililo tot lcx) a 3

Example 6 Find the rrilative extrema of f (x):3r5 -

{,xo

sotuti.on. 6 r,noh?nry @ nodou'J'trrrf, I

tc") =

l'(*t =

I"c*) =

t, 
@ no/otroirfq,

i 
' 

qt'"* ,Xu&iu(w/o,
fl 3i fi.rr*, f"co) = 6o(o) -ro(o) = e sr tdJJil'
I

oQ 3I f ( r) = 6o(l)'- ro(r) 3 so >3 &,oroi,r,
I rrr, 3 - /6 

I

; f " (-r) = 6o(-r)'- to(\) = -3 o9 rfrryofu{a

I oi,i, tio^', rnCo {o,f^4 *. ?c -- 1'lt
IotI rfi"p{, $aludnl ,,' n.z'l
:
t
?

i

ru$'r.
R'\n

f{v
O"lr0)

\\oz

,9
9t/ - 6?b

,1 2
153, - lF?C

b
@?o - 9o%

O fio',rorq t?xt,o ,*,
$f-.s*=s
tsi ti-r) = e

$*&-1)(x+1) ' o

-.?T.'- x,aot lr-t

,16, f 'c"r urdrlilni ,*u -
d*ifgi:Ulfrt,-{

nrrvro/orl
./

Tripr;,ir,,'; ,t. i Suppose that / is twice, dlffepntigb /'(rr,) : o.; : Srrppose ihat .f is twice. differe-ntiable at the point 16 and

l. dr t "cxo) > o rf,uoori', ca{x{"/
1. If f't(xs) > 0, then / has a re\ativetminiminprum ui *0.

z. {i f"cr.l < o" r$uqo{,odi {;',{ri
2. lf. f"lrs) < 0, then f o*', r",Ltirl" rf,u*i*o* at rn. ,

tl i;,*,) = o /1fiJ1ot (oroor$4ol ut{n ,frti,A",1rror)
D,. If J"(x1):0, then the tesl is inconciusir.e; tfiat'is'/ may have a relative maximum,

a rel*rtir.e rninimum or neither at rs.

$t/"
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(urouluor$,.,*rJ
rrr 

t
,( -ra

pRocnr:uRn G*apur.lc s:'na:rncv 
I urTorrru +

Step 1 : Find the domain, the z-intercepts, and th{ gr-intercept. 
lOfiOf snU ft

Step 2 : Find the vertical asymptotes . Wtluitfritrufiu th{ortnu 3
Step 3 : Find the end behaviour. fi1 li" f,rt , li, fCrl

Step 4 : Find /'(r) and f"(*).U,, {to*i.,,i ,,,fra, lrlri?")
Step 5 : Sketch the graph 

"f /. /r_lnnrJ t

F 14 t'l
x tt)v$1l,th

+ llrlu y --t

-) llnu X, O

lf

83
t

,r lJ
t Nflouut 1v(
I ^l,iJru,n 

f,*l ,f,u o4.5 Analysis of Rrnctions
r, l.

Example 7 Sketch a graph of the equation U : 14 - 4rB + t0.

O I",uu R q( x rfrloinnd,

oor{olnu % : o.i-+rr3+ro g
I

ooiorrau j, t1= ot-+(oi+ro +

- I . o/, cI C{r.l
@ 1{urorrutturilr : traJ

O [i* tf - +ze+ ro = li', { =

fl-t - oo Xq- *
r. tl

Irra ?,'- +xlt lo = li" i =

x.t +co z(+ +"o

@ fc^l= i-o*t*ro
Itxl = +i - rzrcz = +i (q, - s)
Er. 2
1 cx> = lli-zq* = tzec(s(-?-)

s ?r 
=o r*o trL(x-s).ohtrfo+r T'tx) r_r L .

f'crr u.,riJilot t*o iF

{o(*).o,*a D^,-z)=o

t"cx) u','\',hk t -

lq.Cunr, ulx

lt.danr

J

c1 ,.J,
* lalY,rn,o

e Tf" (o,ro)

T.7 ..-

U' to

+oo

too

l r[,, o ,ioluj ?

J ,,r.,;.rI,.jlA ,Jrl"r

q 9L * O,3

\

9 %ao L /
(

?

ot - I - i..- i+tffi
l'/ + i - l+ j+.
t-

\9-:!tVJ

rorrJr]rror iun-,*tu.

* fiorr6 t, -
vorf" {" ,n},

4t

AfX [,40f'-
unv l"/ | \ ut,., {" 1_/ l\"
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lo
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