eq Pove that €2 14x ¥V =xeR.
Cie. €-2-120)

Let j?r:o = x|

(Wart o Find the. global - minimum c\‘f feo and see 1f & s 20)
jf'eo = e
j"eo>o .]Q x>0  and ff’eo< o n)e x<O
f = S'l'vic'(:lg increasing when x>0 and stvic-(:lg decre.osivxj when <o
(and -f s conttinueus at % :0.)
f atbains minimum when =0 By Ist. dervative check )

(In jenc(: , Slo\oal minimam wb\na-? p}

-fcao z-fCo) V xeR )

= e°—o-l

|
=0 _/ | NI
|

Note : The Qaraa\l?ha holds ﬁ =0 e

Ex: 'Ba consldeav‘j f(:r.)= Sinx -xcos% fo ~LexT

show that  cosx < SX -for -Tex<co or 0<x<T.



S‘Ea'@omwa Powets
If f<190=0 , then (a,j’(a)) s called a S‘b.‘t?ono.wa ‘Foivrb.

But even Flaroo, w's still had 4o say )
e.g If je(-:oﬂf", then f’(x):%«x‘.
Note: 1) floy=o0

2) f’(x)=3-£>o fw 4o

ie. No anav:je of S’ﬁn cf -f'ex) at x=o.

%4? g="Ffeo

Note : a s-(-ae.om,.a is NGST
e —
ne. (e max . / min. poirtt. ?
/ this pont s called
a Sackle powt

Theorem : Let fitab) =R be a :fwxcﬁon and cel@.b) such -t
1 f'«» exists
2) _‘f attains  maximum (or minimam) at x=cC.
Then , we have J‘efcho.

'Fvoof-. Assume f attains  maximum at x=c .

jz'co exist = lim _‘_M = lim @ =je('c)

AX>0 aX AX>SO

ax

m;c —fora” AX <O %f(lc)= [im +M)Q
ax &X>0

ax
f’(c) = O.

Remark. : lf f:TR—ﬂR s a diﬁexmh‘alole fmcb'un )

Sok/ivﬁ +the atua:b‘uon fivo =0 i Smﬁrdewt 4o < ve all maximum and mirimum.

Note : Feroofo o ’fb\" all sx>0 = f('c)= lim +L—£CC+°"" D <o
% &x>0




eq. l"e "?(10 = -3 -G +5
fa) J

+then -Jf'c,o e 3 bx-F = 3EC-2x-3) = D(-3)(=-1)

fl(-x)>o 'cf A>3 or w<-|

"f'(x)«a rJ@ -lex<

max. u=%e0

/ g J
L,10)

Fathermore

.

' / \X/ S[aFe =-f ’(3) =0

/ >

min




Hij\«er Devivatnes -

('Msb:m'(?aneous) Srea:l

V&)

&

Question : What is %"E'?

Arswer : Acceleration !

We ke a&)=%_ti=%;9—e

e.q. S= £

/ lt'\-a il\:reaﬁw%

S/

S : distance jzwa(':‘ow Cde:lmvds on. time t )

rate cf clnanje cff distonce  +truvelled
wrth vesrect 4o +.

(stll a -ﬁw\cﬁon sf +)

= yake trfd«anje c’fsl;m:l with vespect o .

ln ge.neml , let 8 = f(-x)
We have : (st devivative )
(2nd devivative )

(nth devivative )

s _ds _
Ve = SE = ot aeeu%%_a? o3
Vo V=2t a/h
aA=2
2
\SIGFA_=1>0
> >+
QFee_d is ‘mcr'eas?mg

le. QQCe_le\r&t‘:iV%

=B R
o i —f(-,o
3% “



2nd Devivative  and Concavi
Think : |f 'f"(x)>o -fm- a<x<b

then f’@ s sbﬂc(:lg ‘-vxcreasing on (a,b)
Pictwe - Y =feo

'f,('zg >0
'f/('lb <o

:;l:'?
e
o

X Ay £y

S\o‘;q_ 5‘5 the -Eavﬂew% line at (x,-f(x)} increases  as  x increases !
(ND_\' 'f(l) 13 Ilncreast 14 )

lf ‘if”(vc)>o -fbr a<x<b,

then f(x) IS @& Concave 'fw\c':blovx on (a,b) .
S‘lmi\arl\a : If jpl'(i) < © -fbr asx<b .
then fe;o IS & Convex ‘fuw:':tlon on (a.bd.

2nd Devivative  Check -
Swﬂ>ose jQ(x) it twice d‘:ﬁevewb‘mb\e at x=a. (.e f'ca) and f'@) exst )
lf ad -f1<m=o Cie. (a.f(a)) s a S‘ta‘(ﬁonava 'FoM’t)

) -fl('a) <0 (Poughlla slx.akina : je(x) S Convex near w=q,

'lf f”(-x) is corbinuous at ~x=a )
then (a,f(a)) is a velative wmaximum. .

We have similar vesule :‘for velative  minimum .

Caud:iovx. : 'f f/fa) =0 , then NO conclusion !
Consider 'f(-x) AT S

We  have ffo)=flfp)- o in each case , bt (0,0) 1s
. min.. for the Ist cose.

. Saddle 'Folv\'t for the 2nd cose.

- max. for the 3Ivd  cose .




e.g. lf -f(x)=1.3-3x‘-‘?x+s

then j"eo =3 bx -G = 3GC-2x=3) = D(x-3DG-1)
feoso f >3 or =<-l
feoco § -lex<3
j"&o = bx-6

je,(‘x)>o nje =< > | jq"(—()=(1<o

<o rf x< | jq"(%)=(2>o

’ - l 3
f (<) +ve | -ve | +ve
( 1
—f 0 inc. dec nc
" |
0 -ve % +ve
‘fbt.) Convex Cancove.

Note : The cunve cl«m\jes fvbw\ 'oe‘ms Convex +to concave at (1,6) .
“This Foivr(: s called a 'Fo'wrb cf ’lvcflecﬁon-

Point of lv:f|e.c(jow :
S\A‘F‘FOSQ ‘f(x) is cortinuous  at x=a and dﬁ’e_rewﬂa’ole on. Some UF.QV\. ikevval T
Cowtaivﬁnj x=a, exczls(: "Foss'l‘olg at x=a Ttsett .

Pf f"(x)>o (resF. —f&><o) -fwr all = m T wth x<a , and
-f”(-z) <o (resF. -fféo >0) -fur all = n I with x<a .

“then (a,:f(a)) s a Fo‘lwb of 1yflma°n.
(Rememboer the Sloaan : Cl'\ayne. S"ﬁn O)Q -f,'bc) at x=a.)




eg j’eo = 255 - (055 +3%0=¢ - 510 + 3box - 20
Find the mmje of ~ suchh -that
O j?’eo o j"’cao <o

@) 'fx)>o ’ "]e?x)<c>

S‘{‘e? L Bind f e and jpac‘(:ovize .

‘f '(10

Lox* - 420+ + (020 - 1030 + 360

6o (*- ‘-[-1_3 + Fl--f- Fx+6 )

S‘{Te’F P

L gives rtervalg

<<\ lex<> 2<% x>

b0 (1) (e-2)(x-3) (USiV\j -fuctor “heorem )

(Reason :  those -facl'ws maza cl«avse_ siav\ at the

bowdaﬁes sf —l'\me Mtevva}s )

S+9F 2
<< | x=| lex<2 =2 A<x<3 x=3 x>
(-1 + ) + + + + +
(=-2) - - - (o) + +
(-3 - - - - - o +
j.P'(_‘o + (o} + o - o +
']PCL) nc Sq‘réta\\e. nc. Mo . dec . Mmin ne.

Saddle. 'Foivvﬁ. = (1,-23)

mox = (3 ,-16) min = (3,-39)



S‘\m‘\\arla ;
'f('-'u = 20 _ (2607 +2040% - (020
60 (x-1) (4= F=+ F)
o (-1) [5e- (B%EL)] [- (B'?E-)]

1}

[l

J

9 - o + o = o =+
[ [ [l
] A} T
l 3-8 J3+1G
g S
A .6l A Q.64

points of eflection. + ((,R) ,("*?ﬁ ,f("“é@))

y = f(z) = 122° — 1052 + 3402* — 5102° + 360z — 120

(2.00, -16.0)

(1.00, -23.0)

|

s a Sac!cl(e

ot as well as

on pont ﬂf awﬁechom

(1.61,-19.1)

(2.64, -29.7)

(3.00, -39.0)




J J

(CTby X # -\
:FI('{) = #r‘
Y Ge+1)*
! I :
£60 _ e . - -
" efined
NST
£ dﬂ‘_&ﬁwd;u_dec
J
max. = (| 7_l|_.-)
P 202
J -G
_I ‘2
J 5 ]
Sefined
]
'€60 /-\ /\ U
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A =-1

|
]
I 2
=l L~
]
|
|
I
|
|
|

Note : The am’rb\ 6)Q «asf(x) behaves  like
o the vevtical lne --1 , when % 18 “near” -I.

e “he hovizontal tine tg--o, when % IS “near +00 or -oo”.
In jla.d:, 2 =-1 s called a vertical asav«lfﬁnfe
(3: o s called a hoyizontal asavvvr'tefa

F'“&“S vertical asawflstdfe :

l'f il_gndffw or ig«a_fco = 4+ or ~eo , then x:=a s called a vertical asawcrtsﬁe

F’lncl’ms hovizovtal as\aw(]ftcsl“e :
ljz -ilﬂe._fﬁo=l‘ ,where | 18 a veal vumber , then |3=L s a hovizovkal asamf'be'ﬁe

Sl For_ln_Foo )

Note. : H mag L\ﬁﬁ)&n that  both il_t;am’ﬁ'ao and il_l;a-wj?(:.) edst
bt ‘H«ea are. NST -Hhe same .



