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Example 4 Find all crltlca,l,pomts of f(z) =x% — 4z +5. 'F,(K) ffv\-l =0
momnqnmunmoo

Solution.

e T = a*-sx+s
adle Tixy= 2a-u

1 , . v
Nerma T9=0 o 2m-a=0 ! TOO BT, K} I

e w e W e ow W
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Example 5 Find all critical points of f(z) = js‘:}_—i
‘6‘\qm'm7ﬂ V\O VN OVOD
Solution. AT 'F(X) _—— Qﬂd’ 'F,CX) - (¢+2).1 - (g,_z).1 - q.!‘
m T (xt2)? (x+2)%
R 170 =0 \30 -0 Foo wdbildah oo
(‘“2) ; (x+2) =0
& o o
\3»«‘\131“1 Y

mv{uomm)n no -2 X ﬂwv_()u'fmw Y(Wﬂ&mnqn)

4.4 First derivative test & Secondr derivative tes

(minadau Tow 'Zouvfﬁd ousuil & m«mnﬁ’ouTﬂDWa,L Jua/ofu&)'%g 2)

), V kY h Y AV
\ ji N\ P
asry \ _ /
71\ ! \ / \\ /
[ 1 IAN s ;
/ ! \ -~ I | : i
! - L ol ! - ' i 3
X e 4 40 X £ A 14 2
b e N \_,,3_.__,-9 v (N NN 236] —_—
G '({ﬂ vl et { 1 :
Critical point Critical point Critical point Critical point
Stationary point Not a stationary point Stationary point Not a stationary point
Relative maximum Relative maximum Relative minimum Relative minimum
AV AV bV AV
\ /"’" ™~
/ \ N\
/ Y N\l
7%&/ d %\\« { It
| P\ yd !
| Y willl RO - |~ =
< PN L X
W“\ﬁﬁ(mm:‘s\” '\Nwﬂ‘m&aﬁp B Lﬁuomﬂavum.ﬁﬁ‘__,
v
Critical point Cr ttxca! pomt Cn‘t%cai point 1 Critical point
Stationary point Stationary point Not a stationary point Not a stationary point
Inflection point Inflection point Inflection point Infiection point
Not a relative extremum Not a relative extremum Not a relative extremum Not a relative extremum
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THEOREM 4.3 Let zg be a cmtlcal point of the function f that is continuous on the open
interval [a, b] containing xy. If f is differentiable on the interval, except possibly at zg, then

f(zo) can be classified as:

; }
. lﬁuqnm{m,{nﬁw{ m T tjx_myxmmﬁmumv - u + N %,

1. A relative minimum, if ZH (z) changes from negative to positive at zo. .

Z: ﬁu% 4046'1 ,{NJVQ m 'F(x) u[dumm ln:?mu.vw-f JL = f/ix

2. A relative mammum if f'(z) changes from positive tq negative at xo.

3. vlmﬁuommfm -‘/s\)dm m £ (€3] (‘]w;[?n/u lov muu\vvu Xo

3. Neither a max nor a min 1f f(z) is posmve on both sides of zy or negative on both

sides of xg. = G
TR W e B0

—t
Yo Xo o Xo

maagov Jovld 17
4 HFORLM 4.4 Suppose that f is twice dlﬁerentlable at the point z¢ and f'(z¢) = 0.
1w F7@50  \Tugaddnduih
1. K f”(:z:o) > 0, then f has a relative minimum ap zo.
2. % $7¢x) <0 tﬁunﬂdoKm?fmfm
2. If f” (zg) <0, then f has a rela’mve maximum at Bgs:

& f”cx.,) = 9( e (omom’wﬁm ) ugo%:ﬁo;]ﬂau)

3 I Fz0) =0, then the test is inconclusive; that is f may have a relative maximum,

a relative minimum or neither at z.

QUATNT GO AN TOy TCxX) = 3¢~ 5% )
Example 6 Find the relative extrema of f(r) = 3z° — 5z3. @ ‘F
1
‘

@ vm‘n?m]n @ nmdw%éw{»/é{m

(4

Solution.
s 3
am T = 3¢ - 9% ' @ nodoumingn
2
&ﬂm fc«m: 15% -15% ® ﬁ@uﬁfuéﬂumwfm
r 3 ' o ‘ 7.']u
\\w2 ()= 0% — 0K |  WAYTUA £7 (o) = 60(0)-30(0) <0 ~ Al

)
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f (" (,o(ﬂ) - 30(1) =30 2 N)Mnm,(o
4 2 ”
15 -~ =0 ‘F (~1) = éo( \) -—30('\) ==~30 —-—* (nmm.{uKm
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159 (962- =9
4591,2(%—1)(x+\’> =0
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* ﬁnoéﬁ ? o Ky f(x) W% O

4.5 Analysis of Functions v
: ¥a 4 ;liw-\:()()z.foo ~ K
J w r J LAN | A \Z l
WL NI K2 5 98
PROCEDURE GRAPHING STRATEGY m'fo\mu - X WuotigipuN
Step 1 : Find the domain, the z-intercepts, and th¢ y-intercept. R{ﬂﬁm)mu %X+ Ny = 1‘-&5)}1})‘)’ wmx

. U
Step 2 : Find the vertical asymptotes. Mlgumﬁvnu 9&4 f\}lﬂMmhnu 3 -+ lINyX=z0 "'4("3) s

Step 3 : Find the end behaviour. 49 l\ W f(x‘) h w 'F(x) l w’&
%> —00  xrto®

Step 4 : Find f'(z) and f"(2). yq $74 ,F"CK) ll&)g(m‘nu{hﬂb}
Step 5 : Sketch the graph of f. 1),, 9N IJ f

Example 7 Sketch a graph of the equation y = z* — 423 + 10.
v |
® chuu R o« x \5u1mv!nm
/ y 2 (} ' «7 v
f\}mm\mu A . 0=2Y-U%X+10 D L= ... & [Nunje

v 4 3 -
r\)‘mnmmug : 15:0—#(0)“0 = Yy=10 = N(owm (0110)

@ \?mﬁ')‘i\/v\\mdil}u : nu;j ﬁ{‘/-i' = F,— 1
@ lin & -rr10 = liw x = oo W M*
X9 =N X9-R :
lim % - axto = lm « = +o0
X3 +R e [y f’+

o f7 .

3
® fx) = % —a% 410

_Y_r 3 . ?—‘ q.z( -3) % oo
) e = AT } w0 wo(lw) g
e 2

fcfoz 129 —249% = 128 (X~2)

W

sl Tt liior]m"o

< 2,
WNTO8 f’(x) & 150 4%x (k-3)z0 = X = 03
—_

r Qv Jd } .
Foo mm(]r:]m N0 — uroﬂmlmu ;'(w o
-?"(x) <0 WD 124 (%~2) =0 =5 A= o, 2.
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X=0 =2 y=10
4 3
Xz 2 = y = 2 ~4(2) +10

N 4
X=3 =D y=3 -4 (3 410

n

1}

= A0 (9,19)
-6 9 W (2,-6)
=17 9 4n (3,~12)




