


Let j"bo = x|

(Want o find the global - minimum Tf feo and  see .f H s 20)
jz’e:o = e
Feo>o rf x>0 and  Fe <o rj? x<O
£ s S'hric(-.lg increasing when x>0 and S'l'vic(:lg decreas\v\j when x<o
(and —f is continuous  ak x=0.)
£ attains minimum_when =0 (By Ist dedvative check )

(In fac(: s Slo'oa[ minimum wlma 2 ;(6 %_e-x
\ =

GR)

'f(x) Z‘f(o) VY xeR

=Q.°-O-| _/

. > X
=0 / ~

Note : The eqwal“rha holds ﬁ *=0
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E& ]B:a mldﬁnﬁ ‘h_:) = Sin=x -xCcos~x %_[ -13 <'X_<:-l:"

—SI“ x - O< ‘x.(%




S{;aaomna Powmts
|f f('m:o , then (a,j’(a)) = called a S‘(:a’f.‘)onava Fo‘mrb.

But even Flaroo, m's sl had 4o say )
e.q Ij'i je(-:onr?, then Foo =32 .
Note : 1) ‘ffo):o
2) fe0-3<>0 for xto

ie. No cl«mﬂe ﬂe s‘gn. of f’cx) at x=o.

%T g=Feo

Note . a S'ta'tiomr\a 13 NoT
e, g e
ne. (e©) max. / min. point 2
/ s powct 18 calles

a Sacdle 'FOME



Theovem : Let f=(a,|:>) —TR be a j’unc-bzon and ce@.b) such -that
D) f,(c) exists
2) f attains  maximum (or winimum) at x=c.
Then , we have fﬁcho.
'Fvoofz Assume f attains  maximam at x=c.
Fo exst =l Jesdto |y fesofo | g,

AX->0 ax

NG&Q:MSQ -fora" AX >0 %f{c):[im +M<o
A% &X>0

ax =

Fecrao fo >0 fb,. al ax<o = _Je(’c) = |im Fecr a0 Fo >0
ax ax->ot ax
f ec) = O.

Remark.: lja f ‘R-R I8 a d:ﬁexevvb‘-aue fmcbvn .

Sok/inj +the ea(ua'b‘:on f(ao =0 is Swffden’t -+to caF(:ure a” maximum and  minimum..




eq.

d

Pj? j?(-z) = -3 -9 +5

then J-f’cx) =3C-bx-F « 3G-2x-3) = B(R-3)(=x-1)

fl(x)>o 5@ A>3 or w<-|

:fl(-x)<o rJF -lex<




Fuvthermore |

max. y) (4'_'-‘@(70

g J
(-1,10) /

Slc?e_ =—F(|) = O /‘,(\ /

\x/ SlnFe ='f @=o

>
/ )

™min.




His‘/\er Devivatnes :
S&) : distance )euwcezm Cdeinvds on time t )

('lnsfav@neous) SFeeﬂ = rute crf cl«av\je o’f distance +travelled

wrth resre::t - +t.

vt = §  (stil a function of +)

Question. : What s %"E'?

Arswer :  Acceleration !

= yxte :rfd«anje ufg,md with respect 4o t.
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le acoeLe‘rabiv%




ln geneml , et 8 = f(-x)
We. have : (lst devivative )
(2nd deyvivative )

(nth devivative )

=



2nd Devivative and Concav'rha

Think : lf jpl'('x)>o ‘fbr- a<x<b
then f’(-z) s sbﬂc(:l\& increasimg on (a,b)

Pictwe. : 4 e-j’a)

‘f'('xgb >0
f&"ﬁ)( o)

|
I
:
' |
X, Ay A
S\OPQ. c§ the -anjewk ine at (1:?60} increases  as . increases ?

(Not 'fbo s \ncneas‘ma D)

If je"(wc)>o —fw a<x<b ,

‘then fbo iS & Concave fb«vxc.'blon on (a.b) .



Pictwe. - Y =-)?(x)

{I(iq)<o

S\o‘»_ cf the -bwjew\‘ re at & ,f(—n)) increases  as % increases
(Not $e0 15 Increasing 1)

If f,,('x)>o -for- Q<7<<‘o,

‘then f@o IS @& Concave T\mcbton on (a.b) .

Siw\‘\law\\é : }f ‘if"(-x)< o -fbr a<x<b ,
then f(x) IS Q& Convex f\w\c‘:ﬂon on (a,b) .

4



2nd Devivative  Check -
S»ﬂ»se j?(-x) it tuwice diﬁevewaab\e_ at x=a. C(ie f'(n) and f'(n) exst )
52 5 -f'(m=o Gie. (a.f) s a sta(-:«ov\ma Tg\wt.)

) -f 2':0 <0 (Rouahl\a s]:g.a.klv\a : f(’:o S Convex near —=a .

'lf f”(ao is continuows at x=a .)
‘then (a.f@) s a relative maximum .

We have similar vesule for relative  minimum. .

Caution lf f'faoao , then NO conclusion ?
Consider -fm A i

We.  have fﬁo)-afléo)- o in each case , bt (0,0) 1s
* min.. for the Ist cose.

. Saddle 'Fowrb fur the 2nd cose.

- max. -for the 23vd cose.



e.q

q

I"P ‘?(1) = 1_3-%11—?1 +5
J J

+hen :'}?I(x) e 3% bx-F = 322 =3) = (%) (==1)

Loro 1 A>3 or we-l
J J
41(1()<o # —lexc<?
J J
4&)-@1-é
J
7
,(‘1')>o ’r)? « > 1| 'f"(-l)e()_<o
1/
,(1)<o r)@ x< | “:f'/(g)el)_>0




max. ,
Gl /

P U /

/ el
[/ (3.=22)
mive
’ -l 3
"_f () +ve L -ve | t+ve
L} \)
—feo inc. dec. nc.
" |
[ -ve | +ve
—f (3] Convex Cancove.

Note : The cuwe dr\%gs J—'?\rom beins convex to concave at (i1,6) .

“Thi i s d a 'Fo'\wb uf wcf(ecbom.




Point of \v:flec:b’\ow:
Suﬂ;ose ‘flx) is continuous  at x=a and diﬁ’arewblal:le Oon._some. _open. ibenval T
chrtaivGV\j xX=a , exc_zl:rt 'Poss'l‘ola at x=a rtsett.
I—f —f"c:o>o (\fesF. -fé'x><o) —fw all = i T whh x<a , and
-f"cx)«: (resF. -ff%o >0) -j?or all = n I wth x<a
then (a,f@)) s a poist of Mf(ecaovx.
(Remember -the sloaan. : C\*\arne. Sign cf -)e"(-x) at ~=a.)



eq -)Qeo = 105 - 105 %" + 340 — 510 + 2box - (20
Find the ange of * such Haat
W j?’cx»o , -'f’eo <o

@) Ifx)>o ’ ,f'x)<o

S’fe? L : Bind 'f 0 and fac‘tovize .
f’(—:o = Lox*-420%C + 102.05C - 10305 + 360
= bo G -Fol + FoL =13 +6)
= 60 (GL-1) (r-2)(x-3) (Usanj actor theorem )
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(/ gives wetervalg

<<\ l<x<> 2<% x>

—#&um_sgiaﬁ witevvals . )

(Reason @ hose :fgcl-o_vs mauy dagusg. S]%g at the




S‘l‘e'F 2:

=< | x=| l<x<2 L= T TX-Y =3 x>
(x-0" + o + + + + +
=-2) - - - o + +
=-3) - - — - - (@) +
3953) + o + o — o +
Lo e Saddle ne. MOX . dec M ne.
J st
P
—Mdlg._";niwh = (1,=23%)

mox = (O ,-16)

wine = (,-39)




S‘\w{\larl\a 3
jeéa = 2o — 12607 +2040% - 1020
6o (x-1) (U= F=+F)
o -1 [5e- L‘—’J‘?@—ﬂ [~ U—’-\‘?‘E‘—ﬂ

1}

]

&) - o 4+ o - o -+
1 { L
| 13- 3HIF
8 8
a |6l A D64

'f(x) /\ U /\ U

pontsof flection + (1R, (E?E—,—f(ﬁ?‘ﬁ—))



y = f(x) = 122° — 1052 + 34023 — 5102% 4 360z — 120

(2.00, -16.0)

(1.00, -23.0) (1.61,-19.1)
T (2.64, -29.7)
K s a saddle

ovit as well as

o Fowvb s{: ‘wﬁec'ﬁw\

(3.00, -39.0)




e+
floy = —1=X
J =+

O—-——
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'Ibo‘lwb o}(z ]_vrf(ec(ion (2 %l_)
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Note : The am‘rb\ 6)2 «a =f(x) behaves like
- the vevtical line x=-1 , when % 1S “near’ -I.

+ 4he hovizontal tine lg:O ., when % 1S near +o0 or -oo .

In jqad:, 2=~ s called a vertcal asa»«]sbb'(:z,
‘3: o s called a hovizowtal asamr'bsfz.



Flmh“@ vertical as-aw(]ftste :

l'f wafco or wafw = +0 or -0 , ten =x-z s caled a vertical asBM'lesz

FM&MS hovizowtal O.Stawqftdfe. .
i'g’nm-feo-L , where | i3 a veal vumber | then 13=L s a  hovizonkal asamrbf&e

Siwilar —for _i'l_v‘n_“-fﬁ.) )

Note : H may l'\aﬁmv\ that  both i\_\;ﬂm’ﬁﬂ and  lim edst

AD-N

bt 'tl«eg ave. NST the Same. .



