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Rules Sor dfbertntdaiion §’ 3.

Now Wi will gpend o \ot of +ome benrming fules £ clerinfies
M SMG\Q’S%MN‘Q‘h\I‘& is 'S’W‘ PR - oY + LuncHh tat |

e

M L& H0e) = C o Sonmt CONS rint— C—e('R)
then Fyx) = O- .

Pl We uld wirle a \aalt , at i4's easter fo just
(7C‘j=§-(7c) i5 a r_.y__»c,-imw’mw(- JIV R m*ﬂf\g_lm“'“‘“

[ =4(x {n HT ' Vpe = O Lo FOxy = C.
= j F0x). HoCnse, e s(u\ff.%_a-\&m!) El

IAARASRRARRRAREGRRRSEREES

< —> \jn-Fﬁozc ‘
Acrasdi—, +e seanne -x,\r\au/vvm/\:!- Lok s e
Ony lneaw funckN on £, c
DM 1 Flx) = x4 b 18 & Vvear foncha,
_ Heen £rx) = CS‘(o@ s \ﬂf\e..\.
Sormeg otrer S"\N\pl_e, rul2s G- detNefhivel ase
/1}'_’1‘ o (S0 )\ (7&%9)'(7.;) = £x) 9Cx)
o (AikRerance) (£~9)70x) = £7(x) -7 (x) .
. ‘ Cc-f) Cx) = . e o~ C é@. -
(SCaldng ) F c f .‘x.) € o
PJ’“ Threse OLH QCOKOMJ Froa Hhe correspbm&(v‘v m_M{L lqj,\)g‘ ¢—
E-g., forv Sann rale have :’j
R  (Feqr (xehn] = (F9) () -
- Ay (IR
(f+g9) (%) = L%o — o
. ¢—
= [im FOeWy e sC «h) — £0x) ~g(x) ~ o Flx+h) - Fx) { ,
o I ) I o -
o , ) —
{ :f’(kl4-j’/?r)' 2 ¢—

(



> —e
g""o
— : ,
The Fovs4 v-edhj N\&QN_H-WB_ dorovvetive o fon
] £xd= ')("" a Power fus e We've feen:
g"@ XMAx (x°) = o, %ﬁx (x') =, é’d")ﬁ (x®) =
Z e Th £ar g "°"“‘9~*\Va .44-13”, ,F ARy =2
™ ~
R W -La‘l (xy = W or‘}.‘
o S Teooom G\f\ &ow-«
” b(\ 3’ Frrrn e 2K et
P:F We can wle an al 2loroy Hricic .
fea) = ' ”Q‘_ﬁi‘_" I x % - a”
‘ X->4 . x e Kda T Ta
/—\__—\_\ - . - . .
. Checc )L;\—;\a\ >('7C‘-6\) (x™ B q'xn—L‘V' 42)(“-1—”- +a"'>1r + "
uu—.plr‘i —
mw '1 = 1o g et EPO N KNl n-i n-t nel
x5L “axs oot a’lea"y o xa

) . " +|W £y
e R A
This (5 one of e Mort Tmpoctant ;Qrmw.; M ovleulus (
Please nunmsce . -

Eg. | Fx)= 3)(_‘{—_7.?? «6x54+8x ~ 1 Hun
£rxy= 252 —6 x* sl2x « 5.
Can eacivg ol devivatwe oL any Poly Mowaie ! !
Eg. (£ Frx ),:>(3) wieet § S (x)?
W"-—“, Filx)=23x%, so F''(x)= 3-2x ,

[ ’ = & x,
Al daviva tVes of A" easy b caw«pu+~c Tty \uut.y
a %

OALEEE RS oot I TT
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TerNene ¢ Fo move kines of Funchins g 3.
T B any real nuwmber~ w, e F (%) = %7
Hren [Fx) = 0 x|

F)(o»(:l’/7 Samme Fvrmula ag for posrfﬂ/e, /\«#fjmfr n,
' Pros.sl VS $«-m«\aw~ amchk W Wi Skelp it

9 Q[ fx)=J X, whak s £ (<) 7

Yo~ -\
Al £(x) = x| se Flex) = 2 X e Ve xTTE
=\ = = N
. R N
QY 15 J(x) = =, whst 4"tx>_? (
Q. L
Jad -P(X)’X,SOJC[x)“-lK R S

'ﬂ\o, ox porential fn. e* has a surerSivgl sﬁnple Aornadive s
Thm (f £ ) :{ | Hen FUx) =px = ({(x) )

Tn ch)'7 ANt it of e cloes et CL!M}Q_ nC’

So aldo £ (x) =42, £'""(x)=e> etc.

Pl we weike

w4 e_x

)c ) l'. :p(vc—\v\n\—:F(KJ-__ \.“V\,‘ e
()= W5o ~ w0 “
W w o R
= LN ex‘ef“‘?_, Q:QK‘ [we—e :_ex',F(b)

Ep wae just reed +o Stww (o) =L,

- RBwf ruvwm-be/; we defined e

af He ungoe LS 1 for uicl,
Slope wf frrgent of b at =0 ow,‘

So 470) =t by ptwdion of o\ =
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10f2.

° 'Dgf'\\r(x*'?\/‘Q,S c_f’__“’"irﬂonbm—’rv\“c_ Mﬁbng §33

| chkckg, af e graphs of gnx) and ¢os (x):
4 = $M(x) . R Y=meos(x)
l _\_f : [ an

aw

we Nnotice Hhradt: |
; SNl X) S :‘ncheq,;thg, & o5(x)>0 .;cdygx) (S chcrensd-ﬁ & SI‘I\(X)(O

..
e Sin(X) S dLOrensh\j & Corex)< o | CO5Cx) if decreas g & SNCX) >0
» STR(X) WAS Min./max, & cosSlx)z=ol* €oS () S min. /mak. & SNM(x) =

From thele qua{ffq'hn (Pf‘dp&r-h\e;y nearémlocc 457qe_(5.-_

@ v [ ol/dy (5ia () = costx) '\ ’
’ and |el/dx € €o50x)) = ~Sinlx) |

k]

Eig: 1 x)= Sn(x) , Hen £70x) = coS (=),
g0 £Cxyz ~SMCx), and F"'(x)= —cos(x)
PEter Y dovivectves | e j“‘*" back wvaf we Stovied U_‘i\-”\‘.

Can alss check Hat i F£(x)= C°-‘:(7C}I thain 'f(”{x) = s(X) = ,C(X_)

PR EAY way +he +Vn'7 %nbh“anr sin(x) and cof (x ) befave

lh;e_ _£¥ . wWhere Yalc Wufﬁ‘ olﬂr-lé.:{“-\/e.j ?(\A_QJ‘ s é’*(/[c
+he or.‘jﬂma/ Fren cFhon W Sthorded w AL

TR as wH a poly mamtal Jupction e

75(76).,;:- Sx“‘f 224 (T4 10x - q, -{-alc-\«j O’Lowry(q
A vat\nes a[m7.<: 7IW_S UsS Zew'p \

[

w




’/Mlcuj Step Jor proving Velx (sin(m)) =co3Cx ) /¥ Fhig:

Lemma (f Fix) = st (%), +hen |
) gy 50 st _ |

= (‘d_&‘_(‘O)\

h>0 T x50 T
y =) B @ Slope o £ +hg +angent lone,
T/.\ by all) a/{‘ > = O

\/  Shewl\d e -:1,

M (3 & e W\. ,P@f of -H\‘tsLe,w\mq |

:‘rdt - ' T::g?l & tdea of preef 73 o
: Compnre areas of
sn(e) fengthy : -{‘ri‘&nJ(eJ P Ha a(va

See book Ffer detrils ).

i

For our purposes, we will jus + use He Formuulas

To summmriZe it 1S pelth W?vgm
J'Cdf(au\\«g_ lmpofﬁuvvf- MVNC»H\AL&‘

Ay (") = n-x" B A/dx (swH) = Co&‘(x)
d/a()( (e'x): e"k A/l (COS(X) = = sin x)

Ao '€ Foryet +he
Negatme Sigp: - ‘

'S Pay loar'/-..n:(-,{

INENNE

A

S T T T T A A A A A A O S S
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The preduct ond quotient rules § 2.2

Suﬂvofe We want t falce fe dervating of o preduck £ . 3
o & twe (differanivalole) - functim ¢ £ix) aval ® 76
Mignt Bk /hepe Telervative IS produet of desmetines
but z«s, Te Fndd e:ciws whert (f:j)'[x)_#_f’(x) *9'0x),
E.S.'. LQ'}‘ JC[X) =X, j(?(): XZ/ Hrein f’(x},j !(x‘)_; (+2x = 2X,
—bw(— (fOJ)'(X) = x"?) So (fﬂ_}'[x)=3x2‘
(nfiend, we heane e pProduct rule -
Thm For fws (dfferentiable) funchons £0x), 50x) -
(F3) () = 609760 + 369 F70x)] |
" N K % . ‘ :
FrsyHrres dervedive of secomdh Pius- Second Fwes devMatve of forst "
\n AsFferentiay - | ' . dg : A‘F
v‘\io’r--,*—lo?\_ ’ ti/dx (".Fj) :‘«:F ) ;(x:i * 3 . a; :
E.J-_ W) DCCX) -‘—“X“M g (x\ = K e c&::row}.c_ |
(F92°00 2 £00) §'(x) + §EVF () = x . 2« x2. |
I .‘=3K7'=‘°*‘/a\)c,(x3)'- v
E_'?_'__ A/aﬂ‘f [xeK )= K %x(ek)i- Q,Y%lx (K) =xeX . eX

B9 ity (x> 8ia00)) = x® Hdx (stacx)y + Sinex) . 4x(x>)
= X2 cosCX) 4 2% sH(X)

E_S\ae;i-c.h{.or‘ pn_-,a_u e rule .
Wele wz £0x), V= gex), 4y =FE4-£060, A V=g loeh) =9 k),

Then A(uv) =(uraw) (veav) —uv
| = ULV VALY - AW AV, EIEI

- AV ] oy [ e

See beol —for deAe i) <! | oY -’
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The quotrent rule 3 o bd more Coneplic aded:
Tha For +hop (&3%%1-%\@,) Fanckong £, 90{) (i 30@*".)
_ 30x) - Flx) e £OX) g x) Aiberantin
L(f—- (X) - 3()() ' 0“" i odwion -

oA ds 2
_ dx (2 = (9% .J-’Zg)/g
ook s SNV\'\qr in Mcqu wey s ~fo p redu ot cwbe
but more coviiplicated. . Whun we. \geuwrn +he (‘J/Lo\.hr\ veole

\Jow wi \{ fee/{'\'\,o»‘f :]ov\ olofl"f' r\eerk’b (_SQ()“V'Q’J-&\? o
%WQL o clua~f_.-ey1,+ m.»LQ_

——

B9 Let Foa =, gtx)= 1o S0 __;f (xt = 1 X
Then [f) ‘ex] & 900 - Fta _9'0:)‘ CU=x) o [~ X.¢~\) "
? glxs = ()=

:(—)C-fk_: ], o
Cl-x)* ' C"'Y)

Ay adtimal Functn can be 4¥fertntinded T way - -

E. ? Recall —fan (k)= £Mx) %ﬂm‘)
Ces§ (x)
ﬂ“u!,]('hlh\ (Y = ' |

(SS(K)
cos &) e (st) (x) ~stx) o5 0c) ‘5‘ f FAL\NN -
T (Cos(x) )= 7T
(Cof (x)) :‘ DL : S G
= (05 (x/ -« o5 (k) ~ ¢hh(K) (-§MOx)) L / ; ,
CofZ(X) ? ] f
!

= COSZUX) + s ()

—————

\ | '
C 0% = [, W tny P\{'H‘L«:go&m fdﬂal'l'{"'?]

cos.2(x) 5 =
v o iy oy o) (SR ¢ €T LT < )

vesdly oy th krneViy - for am x

—

——

ALy 1 ¢ vttty vt v vy eed e EE R R YEV
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10/b
Cham rule §23.4 |
Led fox) = Jxog1 . Howclo e $nd £70x) 72
So For we don+ Kinow Vo -"f"D cle tATr we rneecl

tha Clhudn e Ludcn dells ws s to ke
AV N Wnes o8 O Pe s TATEAL of FunsiTens:

Theorewn for two (M ferantlalo\e) Fr't FOS ant 9603
We hauve chog)’CX\ = f’(j Cx)d) - 'j'Cxﬂ

(n OL.M ol AO'f-\_h'\;}-r\) "HfuT] cg_y-\ bf. o At
oy _ dY du
_ ax da Ax
whrhare 3-_-;(3(){)) e u:-9Cx\‘<,§d rowghly S Peetcing
-rhe_ Urio pube 1et s us "t l® Hage Au's |

E.9. For fx) = Jx? .”'w'i{ f£ix)= L (90x)
bJ‘;M.hL Wix)=Jdx ovnd ‘706) xZTel Then +re
N Ve gays f (x)z h' (§-Cx)) . § ‘Ox)

= 4 ) L) . 25 = X __
B (907E) - 2x Nyl

Eg. Let £exy= SMCx®). W

(<) = cosCx ) . lx
oValx(Sm(m) P“‘? ,‘xi_ ol/ol?((yl)

Eg. Lo+ Flxl = cin?(y) [memmg (smecs) ),

Thun £ (%) = 2 - $inlx) . Co S €
Q \ L
X (), ey m Afelyx (sontx) )

$n ()

-



P

( -\
E,_ 7. Witk Six) = smcm = 3nixY) , we oA
£

- o3 Ux)
(x) = "(SD\CX)) . LCOS-C)('Z = m
o(/dx'(x") "‘“’9‘“ A/Ax (§ M)
3™Cxy .

wan AT (as € &)oa/m/}olﬂ. e See hows wt dear
vized e quettent rule | 1A Face, quottent T rale

N be,chcLuc,ced From prody et viale oufw[ chein ule ;

et Wixi = 43‘;‘2) - F0O - (gex))

Theu Wicx) = Fox)- %x(go07) - S5 £

Bt b Hhe chmin rle, o

Ao ( gexy™' ) = =~ gex)™F « §(x)
- —9’c>c)

" Cx)*

7 =9y + "¢x)

9Cx) Fix)

So +hat IA(()c) = frx)

/ ‘ ¢
- -i(x\-gﬂﬂ . %) gix)
g(x)% g x)2
= 3C>€]3C'(*) "".CCX)j'(k)
Fex)* B
N .*j—ekacH7 J—he ?UaWb_l/“\.(L wie. [earvad
Co you neey nged 1o Sefferetel, rohto-.Ze R

qvoHPM-{— vole e pwaolx)cf e qul ety rule M&nﬁvﬁ

R A TN T NI RO S AV 0 . A R A R N N W

\
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® €14 2.6

'De,\r\\fﬁ:\”MILSv 6__‘_(: ?—_Xpowhﬂ‘?a_lS a—_k_’_\g\ \Bjar':\"f—\ﬂms

The dhwin rale alleus Wy +» comppte cervatve |

of arp: ?‘rnr‘7 e\cponu\-'f‘\?t( and la7¢r-mfr'"f‘c -fanc‘r‘)’br\,g‘.
Lets stert Wit the Q,)C}aomnm( -:FCK\ lo >
o some base Y0, Recotr +Haat

‘b'?c ln(b) ® \017 rwloes &€ &KQ’DB%{-S-.
,7%%3 ol/d‘:c ((Ox_) - A/"‘X‘ (‘ o). x )
. e'[“cm R I Q,o\ \o~7 chaon r‘s—\.l{.
= in (_'0\ \D’k

So dervative behaves sonllarty 4 o™ (bakw/ Inlb) frcker] .- .
\/\J\/\P\A- q,l’Ouvu-{— {074\—1" ff'i"\mg7 . !ee ceall ﬂ\q(_

X = emcm (becavse (’_ aw( ln(x) are Mve.ge;..)
—Tk)(/“ﬁ’ d/é/'x °P oo th SIZLL.S ﬁ"\'\’?" "
didr (x) = didx (e‘“ E2
| = e Wdx (b)) by chain vt
1 = X d/a[x {ta xy )

)"{/A‘x (lr\(x)) = *%-C;B

HOW ﬁ-.-l/.)'bvt‘l" Q,y-b J‘y——qf7 1076—(‘ ’9-/1"'\-8,3

[£ F(x) = {’jl‘, (x] For Some b e L>O)

' e ()
e <Sinte [99b()<):: m 1947 vitle§ of )"73
® e have £t ‘ l

inlo) *
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Notiw: ‘You mr7h,+ oxpect Hhat threre Ts Sone
power fontiion F(x) = a  x" wth £(xl = A =x7,
But we Vonld nzed =0 and a= "1 for FHly

Yo work (F'oa1=e-nx"")  So fhere T at Such an+6g 1

Now daet we knoboo:

* Sdm, SLotlerense, Sealing Pules;
7 d/d)c ( _-FC\C)+¢! j(x”‘-‘- C-» ;F(x)-t— d- - 7 ();)

4 PWD(/LV ct rule
"‘/alx ( Flxregix)) = :ﬁ(X)j (x) +j(x)f Cx)

{and rvm.ybe quofm«.—# rgle .~ )

v chan rule
— o{/dy(ffjcx)])sj" (5¢x)) = 97 (x),

. anel dwuwm; of b«,rcc, Fancdyrng
e (x7) = XD A A CR
1

dHdx (eX) = X and L ([n(x) = A
A/ y (§mix)) = o5 (x) ainsl d/d,( (toSlx)) = - S

WE (e compute Hee clotreitot oF essentinll,
Y Kardk of fonehng Hoat we bhewt btoe
Stueleyy Mg— el seina g fer !

20tk e (inCincen))

/

A O L A o S R A R A N A

*rrT
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el el di§Cerentiation §3.5
We'vwe been S’ﬂx}bjﬁ’g o of '{-M'-Sorm 4 = Fo.
Buty we .Ccu/\ alse cons,der «Q‘[ua.f‘r“oné “k—L
(*)‘jz—\- \(1 = Q_S ‘
where Y is cdafimed “implCity™ ja termc of x. -

The equation () definei o circle of viadins S
(YY) A _ ' . . '."

& s pulk

N - abrut pangont do curve

= at+ any Pemt on i [~
(5,0) T .

YZd=25

7L Evean +Nu.3\r\ +Hy 3 no f Lr«..c,H-zj e jrapl'\rg{lq;cuncm/,
Lif cloesn® pags +he vertical Iime teit), we can ST
Male senge of fhe derdatve y = AYuxn afaas
FO(\’ML (;?C,j) o FR(T curve!l Wwe canm STRUY con §Tclur
© e Slope of The fangenf o the carve af (K g).

_HOW Can we Fncd f’f‘z; W"\l«nd 's lefrad ;hdoh‘c::ﬂj
in dermral x 7 1+ furng oud WL can we hu duan rute
Ei9: Winat Is the S0P of +he Aanent Fo fhe circle
767‘+tj?‘ = 29 at Hee point (T, "'J) S (3,%)?
Let’s ye Tmplict ddtfereatiation 4o ansiesr Hhis
T\’\-U MLGU’LI We Helce riH~e €guecfTA
| X4yt = 26
auk apply dfux 4o both Sidos of i

[t

_Au*\&\U‘sg\\\\uw.wju,\ﬁhhhkhkmhhhmmmwx‘



d/dx (x* 14™) = digx(25)
Melx (x2) « ddx (4*) = O
Zx 4+ 2y. Mo =0

ols pc oF K. rnls Pavi we 30+ Franm +he Chaln V‘_U.,(_-Q.'l ’
22 Then e Saolve g, 2A4_ |, oy - X - % :
AF ()= (3,4 e o ” 33 T g
& X =3 Y) this grmes 'J'%(vc = "% v £
<
Eg. Fond y' o xF+y3 6 xy, What g ;
SloPe +o tangend of thir curde et (%,q> = (3,2)T
N33 m*!\u_. i ' © :
\W“‘\."W o :
‘\(“3435 = 6%y (C“”&”A'_’ ‘Fo liven o Pescaiteyt ) ;
‘ ' { =
To o fary, we Mayg My differumtiate th’:@xga e
Yer (x3492) = Yo (@ex g) =
3x%4 Mx(43) = Cx » Yele(y)+ 3 Hxlex) =
2 w2 Procdoct rate =
Chaln nole

50\\36'?’4" . L : =
Al - /o?x (gvl_gx):éy-ixz- -

-3 %x2 ~ X%
So y'zdy -~ @yz3xt o ZyXT -
BY -6 x g > ~2x =
At (X gy = (3,3) ts giweg: -
%;L: -4 L —-_3;_:_| (lookcs corenst e
q—-o P ‘ an 5"“\.[9(*\) -
UM____: Mo Wﬁ‘z- we Co“‘d selue XB“‘"jB: @ky ~or y_i =
(unlcke corcle exanple) s0 e havt {5 doflerertise TmpCaty,
Ecs

74
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RCM(QS Ef Cﬂwmf_g, fl’z Jig. Screses 534
L@*’IS toke. A minute Yo vavieuw Yag VA Pel( Twnce o o
Ao Vit Ve B e SeiNen e §© mAdvp loroedly,
Suppose Y= £0x) niodelt Some Preneviemon

recall oo s :AJJ—PMSJ.M\,{- \/m"a,\ou_ a\ij ola,peruﬂ-anl—lmﬁldotl—t
(We +hnk of y as being “derermmad” by x, )

%W NX AX = Xo=%, From X, +o X,
Cavses a Change in Aj =Y.-4, where jz—P(xa.)ﬂg sFOx),

—

/}Q ?Ucc/t‘fvl—y %—} lS Tia - (ﬁvmyb) fbt-‘-é_ a-ﬂ CV\M?L
f’f" [\Q/?ﬂ“eﬂ.ﬁ ho v rmuvchh “putoun 1 Cl’\-ﬁ.r\%f i) ol
r\e,fde‘S& +e CW M e V7w £

o The Guantte oAY _ Im AT (pe dordetie )

Adx ~ AxDo Ax
€ the mefantrneons ke of change .

E__:? P_VWSL_CS ' Vﬂe,(ocf}‘7 a_V_l_r/( et cceleratifun
Weve already explaned Severs. t7mes Fhnt jVa)

p= £(€) is e Pas:?‘!}gv, pfga/re:;‘-h'?,_ (€.q. Car oF particle)
as o Fuwnction of Time €, +hen!

V= F = 0{'0 i The VQ(OC”"7 (speed) at fire €

and A = P d{P 7y +He a(c&(t/rvx‘*'\bﬂ af e
dl

J

‘oay i € aC(C(Uth

L
©




Eﬁ‘ Econgmics . m“/yzm( (9__:;_/‘- (o revende efc. )
{F Y = £(x) reprerents +he Jo fal oS o & Frvinn
fo prodice X wnhs of a prodvce, fhe deriatine
CA%-X = r\iaf‘ythkl cort (op{— G(MMC—Gy e reLo Ladf,

(Notee Hhat theblependint varinble hre s 19T time | )

Cq.[51aleyy : porulation gro~fi

£ h= FC€) s te (e (# of oenTas) of a [Pertlatry,
Af thaL £, Fhen 25 = (stanturesns) grawta rade
-/4,((:#:7 Wl et Zopulatwm s GV or Thrkiems .
Suppose Hhat we Feare o Fine by f(¢) and A,
(where thy tolopendint Vnriwble ¢ ref neseats tme Sasy )
/+ma,7 Lo ensrier 1o precsunt how one of Fhern 7.(-&)
(S thangrhy over Fine, ot e Yy really Ce
aloont e e othur ana , £(e ¢ Chang e
1€ He trio Janctin, S and VA cre refoded h Jaee uiny
[54% be ﬁeameﬁfy-r-) F#en the redes o el

———
———

are also relnded (ly “Cny e Cham rele

This 1§ 17e 2ores( (Heaq of A€ (eted nu’—e,;_
[+ ¢ ecccrest do See liaw el ted rate (
UJO\/LCY 917 olo\VL] Sone -Q/Koth@I.

R LS LR A R G A A R I N R N ST NN S

L\
\
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SU{IQODJQ et @ Cpherit Jeed L:a((aov\ 7 £ /IM;, o

Fet V{é): Volung & ball 261 (7n em )a1¢fm1£ t(ns) |
and (€)= radons of ballosn (n o) af thme £ -

(* 3 P’bb"bl‘7 eafnv TDFV\CNm’ﬂq_ U‘alu.mﬂ.

but pe rhaps we really wantfo kno o Py
'H‘Q md')‘\f rr Cf’lﬂr\g i’\-j d».N?_.r- 'H}:A.L
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