eg. l:f 'f(-x.) s ohﬁuem'hq\ole. . then k.—f(-,o 1s Qhﬂ'exmﬁo.UQ_.

and (kPYeo - k. fea (or wite S kfeo = kff .

= [dea : Let g(x):k , then a'c:o=o.
AHJ.a —Fvool.w:(: vuile , dhe vesutt «;fol\ows.

e_.g. Bnd ﬁl;(%f+:fx->_)
£ LA = T EO+EF)-F® Apply © and @

34 @+FIE - @

%) +FD - o
6x + F




eg. Bind  the devivative cf the 'fw\chovx RL-5x+ VOx+P)

adz [R-5x+ )Cx+P]
- [ S 3C-5x4+ 0] (2t + Bot—5ut 1) [ x4 D] Apply ® prochct rile
(6x-5)Gx4TF) + Bl-5x+ )

18+ —33

n

Ex:—rva “o Covv(ro.re : ExFav\c\ RL=-5x+DOx+F) ond 66(‘_ (:’:(.3+ll-=r_°'-'§7>x+:|-
Then Qkﬁeeveh"ﬁa'('z , %Q‘t the Same vesuh ?



e.g. BFnd the devivative cf +he ';Fb\w:hcm 31

X+

Lé"l;(z’c)] GE+1) = () Ea“:;_(x‘-&-l)]

d prd
—_ - r N
- Cc+1)

2 (% 1) - 2% (%)

PR 2
C=)

- D+

Gy )"




ea. Find (L +J%)
d QLA

S () = F(F e
= —Jix-é +J-1_§




Devivatives of Tﬁﬂonow@b’lc Function :
,PTQ'FW&'&OV\S :

lim Locosx | [, 25nCE) Nete -
Ao = x>0 X
. 2 1_)
= |im L SN (1
A0 X (%)"
.
2

i L=cosx  _ |in J%.x

Ao X Ao
«limdzeosx  in
Ao A>O

Hr
o

cosx = |-2sm (%)

I-cosx = 2sin (%)



Le(: fw =CoS X
i Fotoo-feo |, costrand -cosx
Ay & ax

AX. -0 OSX=Ho

COSXCOSAX — SIX. SINAX.~ CoS X

= ITW\

ax-30 ax

shw o x Cosaxol g Shax

AX=S0 aC ax

= -Sinx G lim Cosax-l oo gnd  lm Siaesc )
OX>50 =8 &S AX

ﬁz CosS % = -Sinx¢

Ex: Show %S‘mz:msx 193 us’mj method Similar +to +the above .



-ba,n—;c=3i'"_'x

CoS X

Sec . = — cse x e —t Cot~ = Cosx
CosS X Sinx Sin <

Ex: "Ba Tacrtiew(: rule .

r
i
3
)

Secx tanx
ad; cscx = -cse L cotx
jd.; cotx = -esCx




Devivetive c:sz e

3
Recall - ex=l+-:c+—+?+
3
3 * = _ l --)
Cl«ead-ms f;e a?_;_(l+-:c+ et X4
I >
= 0+[+X+l+?+

e” ( aelhna back ‘r('self )

Geome\'ﬁca( W\ean‘mg :




eqa.  Find Al G+ Fc-2)]
rd) o=

€ (x4 Fu-2)+ e (Lx+F)

e (2l + Rx+5)







CL\A?V\ '-R»\le :

l‘g —f(x) and gt are c}rﬁemwtialple fw\c-hon , then e mmrosﬂe
'f\mc‘hom (feg)(x) = f(jbo) 18 also d’rﬁevmhable ond
<=feg>'cx> - §'qed 960 .

Had 4o wnderstand 2 Let's veunite

Let w=9e0 (6=f(o\) ='f<ﬂ(vo) . “then
Choin vule : dy  dy  du

dx  dn dx

_n'\ilr\kasx A‘A-=A'A-‘Au.

A L7 Sumra v &




eﬂ. Find the devivative 6f J-x.‘-«-‘%x .

d
let w= 3@0 = 3, a% = 2x+3
4= o - T & =i
—then -f (3(1)) = Nt
R dy dy du
FBSC}WIV\VV\IQ,dx-dM‘dx
|
= { - (2x+2) 'tht ns T+3x back
pAErcYy 73\
Ef'(ﬁcx)) ged

ate. 5
-ﬁ\ev\'rw\:\aackﬁw



2015

eﬂ' Find the devivative é‘f @)

d
let w-= 3&:) = 2o -2 ﬁ = 6x-2
'3 - “f("\) . M’ZOlS %3,_ - 2015 (}ON

2ol

—then -f(ﬂ(x)) = C%x’-‘)_x)
. dy dy du
-Bg chain vule e S
e 205 (bx-3)

- 201522 (brmn) Pt as 322 back
= 4020 @) e Bm 1)

S‘ojan : diﬁexewhd'('e. [aaer Ba [aae,v-.




Ex: Ba (ASIV\S chain vule ., show -that éii e_“ = aeax

3
Ex: Fud the devivative o‘f (&) .
(@) 'E‘a chain vule. ;

(b) Wwte (7:_‘)1 = (,x’f‘)-.. ., “then blé] c(uSﬁa&t vile .
AV\S: RBoth eﬁua\ o P> 5

(e+1)




e

es Find the deyivative sf e

lS‘l‘ l = W = =1

')_vgl_laag( INE TN e x|

I la\t?r U=l

e!q,\. =Qll4. _dw .du\

dx  dw du dx




2.3. Revisrt c'r alucrhew{': vule. .

(-‘%}’(x) - (gﬁg) . Q?L (‘fﬁ) [j(")]-')
%& Eﬂ(-x)]-‘ + 'f(’x) % [5(,0]" (‘-onduct vle )

R Aﬂﬂta chan vile heve

g& Ej&)]-‘ + 'f(x) { - [3w]-z %;‘-}

£ qe0 - feo 3%
[geoT”

£ 30 - —?&)qc—n
[3(74)']




'Diﬁ?eveﬂbiabﬂi‘ha :
‘rkemm-.lj? f(vo s okﬂ:wea\clg at x=uo . then f(-:o s conbinuous at x==. .

‘va:f : Bg Ossuw?'h‘(ov\ . l\(W\ Ctartax) = Jxs exdsts .

S50 Py &
HSO L\wWe l<vxou3 llVV\ AX -0
AX50
[\w\ —je(m,-«-&o -'f@cq) = l‘lwx <—|Q(1°+A’Q "'fé‘s)_ : Av(_)
Py Sl fa> &
both exist
— /
= ([in ﬁi«é_ﬂ-_&@_) (hn &)
Paz &84
= -j"('xo) .o =o0

. [im -F(-xnax) —‘f(x.) . So -fex) s comtinwons at X =x..



Hoboe\lgx . jﬁe Cowwevse s

NST e




s Feso-fo _ Tty 1] =02 _ A4
o Fs0fn | |, Kosso00 | aest s

(*t weans we ave locking at
Small bt Tos?l'ive. ax. )

'F(HA;Z-‘FG): [y Li=@tacoT -[=d [ -ax

\
l %)
oy Y- i & EXSC &%

Siso

A

(& weans we ave looking ot
sSmall bxt V\eaa-l-‘\ve. A% )

F+ 0w 4 $+ 00 -0 = (im  AE TN . 0) does NST exist ?
ax =3 ax

Pay ZEY

ian

[inn
s+ Pay 1)

LSi>0

-feo s NST dz-ﬁ?evzwhalale at «=1.,



EK B
a) Show -that -f(ao ¥s cowbuous at %=1, Le. [im Ffeo =
x>
('l'f/\erszre, ')e(vn) IS cowtivmous at x=1 , bskt NST elkjfe_v:ewhalple ak <=( )

b) Show that -feo is d%ﬁevewl’(a\cle. eva'aw\mefe_ exeapt A=l and






{im f(o+mr.) -:E(o) - liw\ Ax"cns—l—“

Axo % a%X-Y0 &%
= llm Axcnsb—x )
=0 ES sandwich -theorem

|f x#o, 'fé-x) = dxeos =t + X Csin ) =k)
= 2xcos = + Sin=

. f‘ 8 a d‘ﬁevv.vd:‘ualo(e fuvxctiovx , le. cl':ffevewb‘uab\e. ot ever:j 'Fo‘mt.
Note : H 1s wvovﬁ o Sa«a ‘féo=').-x.c<>s7—'(_-»s‘m7—'L , So f'(o) does NOT exist .



f1*°°sv_lc+3i“1_'c }-f XL# O

N ow , £(11'J =
J

(o) i‘? xX=0
J

’
A-»o

+§ s defferentioble Cgood1n some sense )

but -'f'(x) can be “bad” .




eg Let JQﬂR —TR be a nhon-constant j?wcblow such that
i jﬁ = dfferantiable ot some z.e®
) fﬁi+(a) = feofp For all =y <®.
Show Hhat :

a) f(vo#o for all xeR and 'f(o):l .
b f is differentiable at eve\na zeR and :f’(z)=-%) f(—:o.



a) (f ‘f(a)=o -_‘for some.  a €R

-then -fw any xeR , we have
fcao = f(x—a-t-a) -f('z- a)f(a) =0

ie. foo i constarrt zero  (Corttradict o -the aSSU\W\FBQV\)

‘f("&)#O YxeR .

FPW&-?V\S X=3=O,

f(o-&-o) = f&) fCo)
For - E-j?m)]z

‘_’f(o)=l or O (Y'ejecﬁed)



b) f 1 A:ﬂ?wraaue at %o
= 2 =l 5%&

A&x>0
= lim )T - Fxo)
SX>o AX

AX~>o oX
= f(x) llM m
Ax=>0 &%
%)
o &

. jl s dtﬁevewbia)ole ot e/e.vta ~eR and f&)-%fw.

q fac‘(: , -feo =™ for Some non-zero Constart a . )



Ex: lLet 'f be a d:tﬁerzvrbia'o\e 'flmcbon Such that

f(x-ﬂa) = 'f(ﬁo+-f(xa)+3>ua(x+¢a) Y x,cae’R )
3 Show that fl(o)= [iwa -@ .

SxX->0

b) Hence, show -Hhat fl(:o=f'c°)+3£' )

Un foct, -f(-o ='f£o)x+15 J



’Rol |e 'S _n‘\eomw\

lf-flsqf.mc&msmk-em(::

D) f is contivuwous on [a,bl

'z)f is diﬁemwb‘ual:le on @,b)

2) fmo . f(}:)

+then there exste ¢ ela,b) such +that féc>=o.
%IF
T YOS B

féC) =0




MeD.V\ \/a‘ue _nr\eorem

l'f-flsafmc(:\w\suck'ﬂwr(:=

D f s covtivuous on [a bl
:)f s ehﬁemﬁal:le. on @,b)

then theve edsts ¢ €(ab) Such -that féq:fﬂ:g;‘fsa
-a

[ \
3 Slope u‘f L SloFe oJ? L.
Y L




'Fvouf : Let 3@0 . -feocb-oo == [~ fe]

Check: D 3 is contivuous  on [a.bl
2) q1s qt—ﬁ’mwe.aue on (a.b)

2) 3(::0 - jd:) . b-f(a) -a.fd:)

AFF"Q Rolle’s  Theorem -to 3 , the resutt -fv“ovés.

e.s. A vehicle is sFeeelmj on a hijlmaza lf s SFeecl 2 120 b/l (at Some momewt )
lf the (etrj'th ojz +the h?jhwaua is 20 kwm and \f kelvin onlxa srev\'(: 15 wminstes on
+the \/\ﬁ/\waca. Should lhe be avvested 2



_n\eomm i
lf ffk—fk s a okﬁerm(‘ia.\:\e and f'(ao-.o YxeR |,
“then f('x) s a constavt 'fumction.
"vaja i Fix o€, let xeR\ (%t
If X>X. , note ja is dlﬁerewﬁaue eyers.-keve
%f s continuous M‘nw‘/\e.\’e.
p’l’l’"& MVT, 3 ceGex) Such that
- = fle) &x-%) =
j?e:.) -f(ao jﬁd %-%) = O
o ‘oa ASS(«M‘FGW\_

i.e. feovfec.) YV x>xa

Cn ‘Par(:kw\lar, on (Xo. ) )
Cm 'Pmr(:ic»\lar, on .. =] )

We have smilar vesute “nf x<%o , the vesudb fblloms.



'f'eo =z =) ASA SN + DS CcosS x.= O

CosS™x + Sinx 18 a constant




_n\eomm s
lf f’ﬁ R-SR are ol:ﬂ?evmtta\ale and 5’6:0 = 3’(1) VY xeR |,
-+then fco =3cx)+c ,wheve C s a constant .

‘Fv-ouf : | et he) =feo -3&70 )
Then heo = f’eo - ﬁ'e;o =0

S he)=C , where C s @ constart . e f(70=3e=0+c.






|ncre_as‘w3 / beweasivj Functions
lf -f(z) s a "f\mcbb/\ Such -Baat —fw all %, % wih acx,<x,<b , we have
1 -f(-x‘) s-fba;) (-f(-xp a"fb(;) ) , then 'f(vo 1s called an ‘mcvveas‘mj (a decyeasb\j)

-‘fwcb‘ow on (a,b) .
9=feo
(Povﬁlt\ln ?F.Qph‘w\s :

The lawrjer X we wpat

lvm‘_veosivﬁ

“the (avser (3 we. Set ?

1 |‘f we have shict 'meclmh-\-:) , £ 8 cdled a S*V\CHS ‘lwcreas‘\vj (decveasivS )
'fuw:b?on on (a,b) .



[heovem :
) 18 e‘fﬁ‘ evrentiable on (a,b) av\ql-H =20 (Fes0) -‘fcr all x € (a,b) ,

en ‘f(x) s lncreosiv\j (clecreas“mj) on (a.b).

(é/r ‘67-{(’1)
Slo]z.o. = 'fé-() 2o

‘V\c‘_\’eosiv\s

]
]
|
|
[}
a > 8 [

+ |‘f we have shict ‘m@‘m“rb ) ‘)?&) B’ a S‘\'hctlz\ ivvcreas‘\vj (Qlecreasiv:i)
'fuw::'b\ovx on (a,b) .



A>)

Pyoo]

Jl'? R<x.<-z-<,o

apply MVT to f on [x.%,1
a J

acmm@jﬁ_fmx;fmu o (-%) > 0
d—

Vi \"
O o

—Ba assum’ on




Relative / Gjobq\ Extrema. :

¥ ldea :

relative  wosimum

A

No‘Ee . No alobal  maximum

NS
SN Sy s cose

Vo

‘/‘ ,& relabive.  winimum

%‘ obal minimum




_)‘Z has a 8|ol:a| maximum (res-F. minimum ) ”Foivd: at a If
f(aosf(a) (resF. f(x)zf(a) ) fov- al «x wn 4he domam cf f

f has a velative wmaximum (Y‘eS‘F minimum ) ‘l>o'|vd: at a ‘f
‘-f():)sf(oo (resF. f(x)zf(a) ) for al « m a Mal'\bwkood c)e Q.



e.ﬁ. Number Gf dajs c'll') us’w\j dnﬂ L
L"rfe Gf a —‘.ﬁsl,\ [ (weeks) which s estimated 53

Te) = -5 + ox - 120

Te) = -lox + o
Teo >o Tey <o
-lox. + 8o > o -lox + 8o < o
%~ < & %> &

S le s SJMCHS 3V\CYeAs\v\3 when <& oand

Teo s s’rv‘«:&li3 decreps\vﬁ when =~ >§ .
Net hard to wderstznd w\'\3 T atkdng  makimuam  when =8
ard  maimum hj‘e 532 a —f.*sk = T = 200 (weeks)



. T = -5+ &ox - 120

f/ \\JG‘.«

[\

[ | =

I \

NG‘"E X ‘Tl(g) =0

Rewavk : \/evifnj te above vesut Io\u) Cow!})lé‘hv\fl) Sqluave_.




e.q. et GO= 2%, A#O
'f’cx)=;,z;

'fl(vc) >o \f X< 0
'jp'(vc) <o rf x>0

" —J"—(-x) i S‘\'V\(‘:HL& ':vx.cveas‘mg when. <o
-f(vo is S‘I'vk:théf decveasing when x>0

Howeveyr | ‘f(o) i NoT well-defmd . So theve i NO

maximumnm Po‘-vvb .



f '7(.>O, TCX)=E ¢ -&\en f’(x):ﬁ > O

99 x<o, —feomFI o Hhen Feo=-l<o
=T

-f(—x) is S"'V\Cﬂl& iv\.cveasiv\g when >0
-f(—x) s S‘mc:th& decveas"ung when <o

ap

fcvo =




Howeveyr, liw\+ M I P R §| which does NoOoT exist ,

AX->S ax x-S X AXSC

- hmhﬁ-fﬁ does NST ewist

AX->0

= :f'(o) does NST exist
but as we con see f stll affaing minimuwm  ak x=0.

Solv'mj -féo o +o fv\d max [ min_ 18 NST eno\ﬁlm



Ecact  sSkxtement :

st Devivative Check -
SV(F'FOSQ jz(x) s cobinwows gt x=a and dwrﬁ:rud:iable on Some neijhbwhoed 1
Covvbawv\g a ., except ‘Possi]olca at x=a 7-(:selj2
¥ feo=o forall = m T with z<a, and

feo so for all x m T with z>a, I

- (afw)
then (a,'f(a.)) 8 a Yvelative wmaximum.
(Similar f?v‘ velative  minimum. )

g-fe

p_________
H\/

(?emember +he Slogav\ : C'/\avﬁe, Sian cjz f'(vo at x=a)



’Fvo : lfxel and x<a
“FF'E\ MVT o jf on [x,al,

Jcelx,a) sSudh +thaot f‘m‘f"‘-’ = i’co (a-%x) = o

Vi v
o

o
.Bla OSSMM‘F(Z‘OV\

f(:o sf(a) V xel with w<a

Siwﬁlafha, we.  have f(yo sj?(m Vxel with x>a

f(-:.) sf(a) YV xel .



