E\ew\ew('ava Rules  of Drfferenhation :
|'f 'fﬁ:t) and %60 ove. d?fwhable. -fmc-hov\s , tren

@ (-f+g)'<=o - feo+geo
) (f-g)'cao = e -geo

® [’Fvoclmct vule ] C}e- g)'(-x) = —J‘-”cao geo + -feo %’ec)

® [ouotiadt vule ] (%E ‘6o - —f’cac) qeo——feo%’eo .
%(4 vule ) 0 @) [%bo],_ ')e @(") # 0

Pt of @

(im ﬁ ) xtax) ~ (L. a) &
M)

550 YAy &

liM '? ALY g x+a ) ——?ex) 2\c9)
S>>0 v e - >

(]

[

I}M ‘?(x—«-Ax) Aotax) — —ﬁﬁo AGtax) + —ﬁ('x) A ax) = 3G
oy O 15 v d DR dJd ! d

- li\m ‘F(x-m'zgc—“&x) . %(x+ux_) + _ch) g Geray — g

N

Feo geo+ feogleo t( §
g s daﬁ
> % s cont.
> | Flxras) = 3

N>o



e.g. lf -fc-;o s al%@efm'ha\ole . then k--fe:o Is Ql?rﬁ'efewb‘\o\\a(e_.

O\V\A Lk‘F)/(X) = k'f’(‘x.) (or wytke_ j‘; (t‘F(-z) = kgri& ) .

w [dea : et g(x):k , then 3'(1)=0.
QHAH 'Fwolu.ct vue , dhe vesutt *-fo“ows.

eg: Bnd ac{i(%£+’tx—l)

&£ G- = T EO+EF)-F® Apply © and @
=3 4TI E - F @
= 30x)+HD -0
= bx+F

<g. Bind  the devivative o]e the 'jewchm R =Bx 4+ )%+

éi;_ [R-5x+ Dx+P)]
= [51{2@13-51 + 0] (x4 F) + B =5 ) [,‘iz(?-’t'\':f)] AFF'S () ’F\«:clkc't rule.
(6x-8)x+F) + Bl=5x+ O

1§+ -3

Ex: 'Tva +o Sowpare. Ex]aané RL=-5x+ )Ox+F) and 6&. Pt -3 4 F
Then Qkffzvewha('z gt the. Same  Yvesute ?

e.é. BFind  the devivative Gf +he 'fv\vxc‘hon x?‘-:cl

[E T - o [ )]

d 2x -
S TR <=2
. 268 ) -2 )
)
_ 242

S




e.%. Find ad;_(f—{"'ﬁ)

S( ) = F (T

2 -
- LT uxE

( |

= - -+ —

X

Deyivertive. oj? e’

2 3
Recall - ex=|+-:c+—+l+

'3!

Cl«eahné &e =%((+x+ §+--)

O+ | +x + =< +?+

e ( adiha back ‘r('self)

G(eome'\'vica( W\eanlng :

eg Find %[ex(%£+ Fx-2)1]

%[e’(("ﬂﬁ Fx-2)1] [ﬁ‘—_ e°] GC+Fx-2) + e*f&(Bx‘-t:f-vc-z)]

e (3 +Fu-2)+ € (Lx+F)

n

& (Rt + B+ 5)

Question: How +o chﬁevev:ha‘&e. a  more CDMicA'Eed -fwchovx , Such as i3 7
We veed a tool cdlled chan vule .



CL\AFV\ (Rb\le :

l‘g —f(x) ard geo ave d‘rﬁevewh‘mlple fw\chon . then He OOvv\Fofrte.

'f\mc‘l'\ov\ %og)(x) = f(jbo) 13 also d‘rﬁevvzw&?a\ole ond
(o) = Fae gt

Had +o wnderstand 2 Let's vernite :

Let n=ge (6=fcuo =‘f(ﬂ€x)) , then

Chain  vule : dy dy du
d’:(. - dun d’:(.

R Ay Ay Aw
Think as - AN DA AKX

eq Find the devivative sf o .

d
et u=ﬂu)=-z"+":x_, a% T 2x+3
dy
4= fo = dn 3 =5
—hen -f (3@0) = A
R dy _dy duw
FBSC}WIV\V’V\‘Q,di—d‘AdI
|
= m— '(27&*-3)
!
PPy \
-f'(ﬁcx)) gled
ate. §
—“hen ~|>v<\: back c(zjw
2015
eﬂ' TFind the devivative é‘f (G T I
d
let w-= geo = 23 g5 = bx-2
Y- —f(u\) - Wo" %3‘- = vois ot

2ol

—then -f (3(1)) = Gt
R dy _dy du
-Ba C‘l’\aIV\ Vldle, d’x,_dug.d’i
= 205 (bx-3)

- (x+2) '|>m't n= T+3x back

= 2015(%-:3-&?@"“- (bx-3) 'Fm't nu=3c->x back

= 4o30(Zl-n) e G- 1)



S‘ojavx : Cbﬁmhar('e_ [a\ber l:a laaev-.

S
Ex : Find the devivabive Sf (ﬁ) .
(a) 'E.a chain vule. ;

(b) Wwte (in‘)z = (xf()‘ . ~then bg c(ws("lewt vule .
AV\S: Roeth eciu\al o =3

et 1)

i

e.q. Find he dedvative sf Sl
[st (aﬂe\r Y= e w = Bl
And lo:)e« INER\ n=Ct 1
3Id la\v)er n=Xt\

dlg. _ dIA. .dw .du
dx  dw du dx

2.3. Revistt df cluo'hewt' vule. .

oo - e @2 e (Forgeos)

%Lx& Ej(xﬂ-‘ + —f(x) Ei.— [3603" (Poduct vule)

R Aﬂ’l‘a chan vule heve

%L,c_& chaoj" -+ —f(x) {- Eaco]'z %ﬁ;—}

£ 460 + oo g
gl

. Swae+fwam
J A
[3@0']




lncreps‘mﬁ / Deweasivj Functions
lf -ffz) s a "f\MCbbvx Suclh -t —Fbr all =%, % wHh  acx<x,<lb , we lave
T -f(—xo S'fb@a.) (-f(-xo a‘f&;) ), ~then -feo s called an ‘mcveas?r\j (a qlecmasiv\j)

‘fwcb‘ow on (a,b).

3=Fe
Fpov\s'/\la ?F.QAEI‘V\S :

The [a‘rje.r X we ‘wvlmt
the la\rje\( 13 we. SEt ?

1 Pf we. have stict ‘mejmh—b , 1t s called a S’Mcﬂﬂ Iwcrens‘\vj (decreasivxs)
'flmcﬁon on (ab) .

FACT (wWvhest ?mf >
('f f(x) 18 di—ﬁerewﬁable. on (a,b) o.nelﬁ'f'(ﬂoao (-‘f'(x) €0) ‘for all < € (a.b) ,
‘en ‘f(—:c) 18 lncwepsinj ( decreasinj) on (a.b).

‘V\CXEDSiv\ﬂ

) la ‘-'f(l)
Slo]zg. = -fi—x:) 2o

ﬁ\.x_

]
n
[}
I
]
a > s

++ |‘f we. lhave shict ‘meclmh-\b , j”@o Rk a S‘\V\d:lﬂ "lvcrens‘wj (d.ecreasivj)
‘f\«vchovx. on (a,b) .




¥ |dea :

relative  waximum

N S

i SNC Nate + Mo il et
SN S

W ths case
y |
/

(‘K relative  wimimum
lobal  wini

a
Q

‘fkasa%lQEALmaﬁmm_(MF_._mimmm) 'Fo'wd:a(-_a';)?

3?(-;0< > n the domain cff:}e

;)z;k&a_celztm_mmm_nﬁnimm) "lbo'(vdz at a rf

*(x) = > 1 i Q

Main clfwes-b"on .




eq Number cf daﬂs c-ll-’ us'wj dm3 L
L“rfe Gsa a -ﬁsln [ (weeks ) whidh s estimated 53

T = -5% + Sox - 120

Teo = -lox + 8o
Teo >o Teo <o
-lox + o > o -lox + §o < o
~ <& > &

R S T ghd_b ‘mcreas‘mj when =< & ond
e is S'fhc('l:) de.cweos\nj when = >8 .
Net hard to  tnderstand w\«j T atkaing  waximum  when =8
ord  maimum hj'a sf a —f?sk = T = Y00 (weeks)
P

i) : T = -5% + Qo< - 1206
nC.

Y dec

\ %

™~

Q- L. _Ll..

/

Neote - 'T'(&) =0.

Remavrk : Vevi the above vesuwt |o«:) com};h'hvxﬁ Sclmve. )



e.q. et CO=2z ., X #o
oo = 2

"Jel(vc)>o \f x>0
jel(x)<o Vf x <o

-f(—:o s S‘\'V\CH% iv\cveasing when.
f—('x) s S'l'victl% deCYeaSing when. %>0

Heowever . ‘f(o) s NoT Ne_”—elefned , So theve is NO maximum Po‘-vcb.

eq. Let -feomlﬁ

Rewvite. - I rf x>0
'f(x) = O rf xX=0
= rf +<0

!f x>0, -feomf; . Hhen ‘f'(x):ﬁ >0

be A<O0, -f(x)m!-?. . then f'(-x):-

- -f(x) is shnctlca ’m.cveas'uvxg when. x>0
-}(70 i S’l’ﬁcﬁ% decveas“mg when. x<o

However, lim | Foteo-Fo _ fim

AX->0 ax AX->50

- hmhﬁ-fb_) does NST edst

AX->50

= f’(& does NST exist

but as we con see :‘f still affaing minimuwnm  ak x=0.

Eh

f(vo

=

which does NOT exist ,

|



st Devivative Check :
SMFFOSQ j%o s continuous ot x=a ad dffeentable on Some neighberhosd 1
Covvb.miv\?l a ., es«:er Foss-.ua at x=a ‘r(sdf
lf f’(x)?o j?cr all -« w I with =<a , and
f’(x)so -for all 2« w T with x>a ,
then (a,-f(a)) 1S a velative  maximum.
(Similar j?w velative  minimum. )

(a.,—f(co)
3 -

gge

|
[}
[}
t
|
|
7 t
N d 7 (-1

(Remember “+the Slo%avx : Cl'\ar/ﬁe Siavx cjz "f‘(x) at x=a)

eq. UQ -fm=z'5-3-£-‘ix+s

+then j”eo 23X -bx-F = 3G22-3) = 3(x-3)(x-1)

fl('x)>o DE A>3 or H<-|

f’w«, rf “lewx<3




FlAEmeY'W\OY'Q ,

e, y=—fx

(-1.10) /

Slcpe =-F€l) =o N /
' \x/ SlaFe = 'f '(3) =0

/ (z,33)

min.

B f-o 'Hr\en._(_a._,é(a)_us_Callﬁd a Stotionavy  poinct
J d |

But @) = ' y ?
Jd
ea H f0=x, then oo =22
Jd J ) J

Nﬂ: l) 'féo):o

2) 'f’(10=%-x‘>o -fmr ~#o

ie. No d\ang_ﬁ;&‘an_ csf —f?-,n at x=o

'é n= ))

g )

/ Note . a Stxtionany 1 N6T
///;nc - nzcessaﬂa__—to_bg a

[ &

(o,0) max /min_._',mziyrt 4

e /' // this port s colled

a sacdle 'Fn‘wvt




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 : |§ ‘tf"(vc)>o -for a<x<lb
then f’c—:o is sbﬂct!g ‘mc:reasin% on (a,b)

Pictwe - Y a-f(-x)

fl(x‘)<o

~

S\o\x cf the -Eavjemk line at (-x,-ftx)) increases  as  x increases )}
(NwT -fw s Increasing ! )

|§ "f"(vc)>o fm— a<-x<'o,

then f(x) IS & Concave T\AV\EEJOV\ on (a.b) .

S‘wmlw/\é : |§ 'f"(70<° -fm-— a<x<b ,
then feo IS & Convex ]Q\mc':tlon on (a.b).

2nd Devivative  Check -
Suﬂme j%o s twce dfferentiable ot x-a. (e fw ad f edst)
B w -f'cm=o Cie. (af@) s a Stationany powt..)
@ -f?m <o (Roughly spaaking - oo 5 convex near x=a.)
then (a,j@) s a velative maximum .
We have similar vesut for relative  minimum .

Cawbiou. : l‘f f'fa)ao , then NO conclusion ¢
Consider ’f(-x) ==t 2, -t

We have fﬁo)=fléo)- o in each case , bt (0.0) 1s
* min. -for the Ist cose.

. Saddle 'Fa\vd: -for the 2nd cose.

- max. -for the 23vd 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 (x*-Fot + l'-'rx‘- l:f-x.+é>

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




4
N

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 1%—]2@ = 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 .



gannl : Given a %mcﬂmﬂ %ﬂ_) sketoh the gaphh of  n=Ffo
I ) g J
C%MAMMR)
[ G l Sol\rg. ‘f(vo—.-o
. (é-]ﬂtmlb'(: ud\-ivrkemgis'(- --f(o)
. Immasma_Ldg:cms‘mﬁ—sng 'f('vo>o /'3?(;0<o
Y i 3 s Renr?
I
«  concave / convex sohe. "‘}?(';0>o /"‘]?(:O<o

boisd';%qn?gcﬂqn C}\mj.e__a:f_siavx R R
| 3

. vo_\:hml_asamfsh:tz 22 with |; =

Ada

. l«o\’!zmdkal_as%m]:hﬁg ’E*mwzfﬁo . xh _’m_;,?eo exisk ?

x>a,




