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[ esson 12! More Chain Rule; Derivefive of In(x)

dx(’rl(x})=“‘“ The. dexivative for | ) for H
- i (bﬂgé’. h‘;ﬁaa dJQgeremo édgfmva?-!vgya T

Becouse nlxd (s a pmm"loﬂ there will almest always be a
chain rule invelved , but die. opm use !og Pr‘oper'ﬁe,
to avord compl:cm”ed chain rules. %

<) = ||4CX\ 2 M(VS — No more. 'qustient rueﬂ
IH X9 = y In (Y — One. Lioer chain rule.

D % ventiate. y = lin (e ®N
Method 10 Differentiate. as weitten.

Cham Rule Du{- lnb& Tii= et
)( Pv"od,ucf' rule
Tn' = (x) e + xa—(c
T/x”g Lo + xe X

= Out (Tn)-Tn|
= Out'(xe>) « (e*+ xe™)
% (e +xeX)

XE

- n(xc,"

i :llw(_x\ In(e *)
= | gxﬁ 3k !n(e,)
= (XY + x-(1)
= ln(X) * X

ﬂ’t en dufferentia 1Lf’_, "

y' = e lnGA) + Bl x)
[+

Log Properties - lm(xy) n(x) * Inly) — No wore product r*uf .
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* Product Rule. ! y'=adz(><5 (1- %7 4+ x- e ((1- x2)%)
e ] |/

= Chaun Rule: &;(Ci—x&)”"’) DLE = P T = [ a

l:f'na[ qu, MIV&HV&, o f y = X [(l —x2)3 OJL =0,
-We. can write. y =X (1-X)%2
The foo parte cannot be combined

Hh £ ‘
?So é, PQ£OSMC nr%uw& have. +o do

chain rule_

N Peu am‘u,r:s =—Ax
Ot LTy T

= Out' (} xa) ( Qx)

= 'a-(i X 5/&' (-2

=-Rx (I- a) V&

110 % 9)3/2+><( TR =x3)2)

L I-x& iz, repped Out' = -g-—x/’" Thn'=0-32x

|

Y xS S 3R (-x ) 7
» We. could ‘5|mp)r@ movre., but since we're evaluatia
we can leave it Hus way. IT'
a6 PR 0% i Y 12 P
L Ix "= (12072 - 3 (o> (-0 2N 5
= S 2500y (v
= i = SLeSiT
= \1=8

=

Find the derivahve of = e,'xzsm (3)()

# !.SLC)DL have %w%cjgﬁ ’gac%ﬂ%efﬁ bein z%m whp ﬁqbw
a PV“OOLLAC,+

- Produet Rule : ! = a?cia%\-*‘“ﬁa sin (232 + e L (sin B
The. inside. s more

+than Juﬁ{‘ X, 5 O
we Mave a chammle

= 7 ! 0! wiw E = e 5
Chrain Rule ;;E(e, B o =iet [ e €7 o Chee

=0ut'(Tn) « Tn' :O“ﬂ
= out' (= %) + (-2x) -
= 8. [ {rlx)

= -QX. &‘_xg

- X% = Ched

Thn)
(-x2)
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@ The cl/tam rule. with sm(ax), cos(3x), ek. Is H

Find the derivahve of v = (2x —l)z‘-(x3+2)a at x=1.
» Thexre are two pieces that are ms:{ dent Red &

- Choun Rule ' dxlsin (3x)): Ouf‘— sindx)y T <ax)
Out' = eps >0 2 Tha'= =

Oud"(.lm) I_w

Out'(3x) -

2cos(3 x)

* Pock o Product Rule.: L
y'= (- Qxe,“XQJ -sin( 3x) + =t - (Rcos(3x))
= —-o’&xe, ki sin(3x) + 2e % cos(3x)
= 'X C&xSw’i(Sx} @

@whe,n Hue j,x 0}4@1«11" On e Is cmy Hin
roa+e, jus

ot

The. e_.xpame_,nvl en e plever (,hama,e,s
Xk This is my Devorite. type of durmivah've <3

-
c,omm nl vex~look hain le .
Afwa (8] y @ (@] > A

loo k' B sneaky chain rules!

parepn Heses omd exponents Puzre.. ée,m% mufﬁ:/,e_o(

so we'll start with d‘ rule ard
n l/LaV’c_, chan rules.

* Bredue - Bule. ! \}!“Eﬂ;((ﬁx f33’> (x2+2)* + (ax =13 - -;\“((X *2);6)

Mmovre.
X, we have &8 chain rulel
_T;+- afu)ayﬁ /ooks | Jc:e. L(e P(;d) t(x_) —].

J

clhain choan
—Elnou 37(@" o P o o e (R B W 3

L Outi=323x* w72
= Out'CEn)- Ty
= Ouh (2% 1)+ 2
= w174
= G(ax-1)2 ~
o |- : 7 T =x3+
- Chain’ 1% X2HR) out = X ;;: n=x>+x
e C( > OWU_ 2 I_MIZBXQ
L =0ut'(Tn) -

=0ut'(x3 *-QB 5?(
=2(x3+R) (3x3)
=ox2(Xx3+2)




- RBock o P,FpoLuc,f* Vitle.
V= (6eax-13) (x3+2DT + (2x=1)3(Gx 3 (x3 +2))
= G(Ax-1)¥(x3+2)% + G2 Ax-112 (% 3+2)
'Ev.qluah, at = .
V'= e (RN (3 +2) %+ (N2 2(1)-1)2 (12 12)
=G (2D r2)R 6N (2=1) 2 ()+2)
=6 (123N +60D(1N>(3)

G (3)Y + ¢ (1Y 1))
B4 * |8

Find the derivahve of ¥y = In X T

g3+ -

nol

2] As written, we would <sfart 6y doin o chain [
with Out = In(x) and In=|%f_‘__ i ]ﬂf?e,n L,ucé, iiiv’c_r:uf':
do another chan rule o Gud iL'Jae.- derivat've o€ In

with ewt =[x  and jin= -'3;—%‘7- THEN, B¢~ the derivakie

of ., we have o oUuo{-r'e,mL rule with I_op= x| and
Botomt = x>+

That sounds really horriple, s we'll u [ (
1o | relarire. N ée,\{@r“e. aoin% ?H/LQ. Azﬁiiﬁ"j ‘-(“u i

. N = ln | SEE

= | (22 Va Now. e have a chain rule

= Ln ’“*

MOVE. ,

= & (m(2x*1y —n(x>+1)) |
= Fln(ax+N = Ln (x3+1) —> We can'Frawnfe an

bo do 2 clhain rules, b
are not nested, a

we. dopt lave. a quo
rule,

c = e @xe) = £ (I (o)) (0 = 2k (nlaxery-&
W \_/_Y_\_—/ ==

chain chain OR =?r J

<y = :
)(.5+9-|'x+l> / wr"lq" Ob\*—: -é—-{n(x) and rl’]_: i&ﬁ.

o ke e toe] il bane.

'j_x(lﬂ(ﬁx*f3)-§aylfln(x349

24| >
X 2 +1 <5 the deivehive of Iy fsh)sifhm_eds
a quotient rule. Let's rewnte

—




—Chain! Fo(F In(ax+n): Ouf= 4;7,1 N Tn=ax+]
Out! =% - % In'= R
=
= Out' (T )« Tin
:OLAJ’r‘C&x”)‘é?
= A(ax+T) »]
T axt
~Chain! A (£ (3G )):  Ouk= £in n (x) Tin=x3+|
| i L Out'= ‘ff.i: x In'= 2x?
= Tex
=OU+I<IHB-IV[‘
= Ou (X3~ (B x?)
Qfo'g_H} (3)(‘;))
= 5)(;
::-ax+| ﬂ_'ifigrﬁ_ \
%_)_(__.@FIHO[ the oderivative of \/ :'—','j;;'—(—;(;— ak xl= 6:3.
* Here, the “bigaest” thina happening s the division of
QAﬂcﬁoHS gg&u)e, Cls ar*f‘PﬁJr %a avao/-rmf {r?ufé—
- Quohient Rule ! Top = (1-x2)72 Botforn = lig (x
HlJ chain rule Botfom' = =
~Chain! B2 ((i-x232Y 1 Dut= Al E B
L Out'= “'“)('/9 Tn'= —2x
= OL&"'ICIHB In'
=Out'(1—x2) - (- Ax)
= '}I',"(l —x?>_yg (*_é@/x)
X
R W 1=
‘Bock to Quotient: Top= (|- x2)7Z Botom = |n(x)
'EJP': — X Botom' = ;'g—
e v
| = Top'+ Bottom - Top- Botlom'
Y (Botffom) 2
2 tiljxa){lﬂ (Xg iy U"XQY& 1 '%-'
(In (x))?
~ | =xhtx> =

(In(x))=




e Evaluare at x=€7%:

e pt B -
—[e-3)2 o2 —l
(n(e-2D)*
=l | DIt
= - g s
D)=
o lder® | =™
|— e~ " e
i
= |t ety rer?
Y Lme e 2
A S =&
L'J? b e -2

Differentiote Y= dcot( 3x?® +1]),

. 6#&{%1‘- up chain rule here = Qut= 4 cot(x) Lin = 3 x%+

Ou+'=--9c_sc_3(x3 Tl = G x
" le Oufl(InB-Im’
= Out' (Zx2+1) (&%)
= - 2¢csc2(3x%+ 1) * b x
:Ea?xcscg(?)xa-#!)}
T Lot Hige s lesc(R¥ x A +1PA R

Find +he dexrivabve of N =3sin? (A x) oF x :'g—”_“.

« Let's relorite —-H: moake [+ clesarer what He ordor of
operahons st \l= 2l
M”b.‘ws#‘ Hm‘n% ha,pfpwf'm(:][ s a chain rule,

- Chain!  QOut= 2 x % IYJ:M

Out' = b x Aot chain rule!
eult = sinlx) M = 2Zx
out'=cos(x) inl= 2

In'=ouwt'tin) - in'
=oul (Ax) * &
= (0s(@x)+ X = R cos(Rx)




o = OLE" LS e T
= Out! (sin(2x)) - (2 cos (2x))
= psin(Ax) * (A cos (%))
=12 sin (&%) co=(&x)

- Evaluate ot x= L :

il B
Vieer = 12 sin(2-5) cos(8- T ;
3 =12 Si'ﬂc%n—_> C_.Of‘:( gél_') 2 /5
=12(Z) (- %)

1G5

-[=E]

Ex.9Find the ation for +the ﬁm%ﬂn!— line to
=l 21, LFx at x=1,

@Fmd ﬂmzopc @r‘#tz, {-am%f/d- line: m=y /

'TT:Qﬂd start with He Pr“od;ud‘ Rule
\/ -—H—(X"t-i—} m ¥ C}(‘R'HB r({ )
chLam

_— ) 3 1 ' O 1- _ 3 T '—‘U‘X
Chain: f-(fH) Suf T o By

= Qut' (ITn)- ITn'!
=Ou+l(4>§3 4
s (XY "o M
= A (4x)"?

- 2

1 ..I'-}x

. YI: (&x)m + (x2+)) -

* Evaluate ot X=] Yy :(Q ) {41 “'(19‘*0 ,J—_—'
= a4 +(2)-
*a(az>+&/-%

+ K

Y
©

0o

» Slope. 1 = ¥'lx=1 =6
@F"HO{ the. y—coordfna+6 o+ x=1"°
Vixey = (FrDIET = (N JE = 2(2) =4




poa‘ﬂ+ (0,5 o 4nd He
efbuaﬁ'on Pr +he. {’aﬂﬁ,exn" e 7

\/_" |:Y‘Vié>(‘><,)
-4 = p(x~|
\\//“Lf = bx~6
N = bx —6&+4%
Y = gix-&

Differentiate =353 and Pind y'(1Y.

Method 1:

pr“oc_,e_e,ol as wmﬁ'&ﬁ So we, _ﬂLar-f‘ wi i He
guohent

riule. ! pr— Botfom -—w

T—OP g Chaa'n
e Chain: F—((x?+N?) Ot = xF | Tn=ix2e
Ouci' ?))(a _'[:n': &l x

"—'Ouf"(_l—l’l) & IH!
-wa-'Cxai—IB X
= B x2+|)* . 9x
=Gx (X% +1)2

¢+ Continue. o qjuof’l&/m"‘ rule. '

Y

G b

Top,

—2)(

Top =

fom = (xZ+r1)3
Bava = Gx(x2+1)?

Top BOHOM - Toi» Eoﬂvm
(Botom ) 3

= IR G G (xR AN

—_
o

(2 43> )2
a (xa+-123 - {Qx(xaﬂﬁa
PETIL

e Evaluate of x-=

L

L SICI"‘**)?’—I'S!U)UQHBQ
(12+1)*¢
= 2(33%) - 12(22)
26

W — 95

G4
ol = Sl
—1 e

R

1\




Method &° Chan

HLJ#IO&

'Eioobbtc.'f‘ Rule \/l

— Chain' 5%-(—(],4 (2x)) = Qut = In(x)
" B Out! !

H/Le/ qf/toﬁuvf— N a Pr‘oo(Mc‘_n" éy
PGLO%, y-— (x5?+,'33 ™ CX"?"‘))-B"'

* Product Qu[e,i \/ = J(2x) - (x2¢1) 3+ ZZX“C%Z(CX

Out'=-3% " Tn'=8&x

L’ Dut tLa)= T
-Ou+'(><2+f) RAX
i - AX

~ 6 x (x2+1)74

» Back to Product Rule !
y'= acx FYTE ok R x (xR#1)H)

S s i 3 ) I62><31
(e )2 (X3+N¥

—
—_—

- Evaluate. af x=1"

@ 12 (1H2
WD = (TR AR
12
QLI-

I
Y
o

1

o~ -

5

1
3
]

S

pl-

\

Differenhate s & 15x In(2x).

- ([Bx) In(2x) + In (R
SRR -1 flnsen)

chain
= e | e ) o 0k = X7 Tn=5x
= Leend xL X OquIh__)(/g Tal-2

Ou+ (T T_Vl
Om“ (5x) -
— (5x)Va (5} =

it TH

Ul

b\
UL

g
=0ut'(Tnd « Tin'
= out' (ax) - &
o

_._x_/; ,—__)(<_

24 | )‘3)

e
— Chamwn ' ZFOL((KQHB_3>' Out=x-3 s Ln=x+l

a




Q_@_'r In(&2x) =[n(2 tln CX)J Wheve, IN () 1s o consfant

Then Fxlin(2x)) = 25 (@) * £ (n (x))
= O + _)Ii_
o) i o9

- Back to Product Rule :

5 [

)(': Z2ex -IH(Qx) +r5_>< B 7
_Vilm(ﬁx) o W\

2 A [BEx X

Dbl Dl Py,

" The e xponent en e is more. than just £, 20 we.
need a chain vule.

- Clheun ! Quf =14 * Tu=—0.004%+
0f+' =|4§,f"/';ﬁ'= -0.004
SLESF B Geche B8 o PR

= Out'(-0.004+) (-0.004)

=f{lfe ~O-OCtE iy bok)

=1 (_O_Ooq)el—o.ool{i:

{o,os@ o ~0-00% ﬂ

From now on, Hw. chain rule con happer
Mwae) so don't rush when ﬁkm%
derivatives,

Alwoys watch out for sneak.y

chain rules !




