Sechion 3.6 Chain Ru*zg

Le,o.m'mq Goals

Learning Goal Homework Problems

3.6.1 Identify “inside” and “outside” functions in a composition and 1-105, 107-113.
apply the chain rule, along with any other appropriate rules of
differentiation.

3.6.2 Answer conceptual questions involving the chain rule. 81-92, 97, 98, 106-
108, 111-113.




Conceptual inkroduchion: which of thee derivahives can  we

tompute uSEr\S Produ.d' or quoHen}- cale 7

A 8
d 2 d 2
d_*(x tos(x)) 5 ( Cos(x) )
c D
d 2 d s (x)
;(cps(x )) d_x ( x*
v \Y; v!

A . gx (xzbos(r)) = Ixtos(x) + X"(—Sin(x)) (Produ.d')

V] v!

B : :_ ( Cos(x)") :::_ (tc.s(x) cos(;c)) = (—s'm(x)) Cos(x) + o8(x)(-sn(x))
X X

v v

D. 9 [ tesx) _ (-sn(x)) %2 - cos(x)(2) ( qushent
dx( x2 ) Q(z)z v ™ )

However, we  cannot cpmn()u.l"e, C. usin3 prbdud- rule

because C. IS o  Composition of two funchons:

L(x) = =5(x) (ouwiside)

CoS(Kz) = (£°3)(’<) Loith {SCX) = x2

How do we c.om\PuJ'e, the denvative 0.(3 0. Comxpos'lﬁo'\?

Tntuition ; W fx) = dx ( eonshant rofe of change = 2)

3()() = 3x (cond'ard- mte of charge. - 3)
then  [(g(x)) = f(2x) = 2:3x = 6x (rale of change = zos)

3 the rate of chcmae_ of _[:oj 18 the Eroolu.d-
o_{! the  rate o.(l cha.nse_ of ,(1,8



Ch o\ n R ule :

: £ ($og)'x) = £'(q0x)) (=)
(x) (30)) e Y
derivative ouls) de denvahve of inside
fo 9q evaluated of  inside

Labmz notohon: | = L(w), w= q(x): |99 - d4  du
' ? n "F J ‘Fu, 3 dx du. dx

Exo.m\eles : d 2 oulside f£(x)= tos(x) , £x)= -sia(x)
) (L‘A’&(x )) llnS"ld& 3(&): xﬂ-) 8,(".) 2 2%

= $(gx)g(x) = |Esin(x2)(2x)

a‘L) Calewlate the .Followin\ﬂ dervatives .

@ L) pL (&) g d((x))
d) :_x ((sec(3x) e") e) %(( cgs(s'm(x"')))

L) d%(-m(‘/W)) 3) & (oe(1+ dn(2er 7))

"sl - v = ——
o) S(MEEE) M AR HeC

inside | §®) = xSiex, 8'(x) = SxlreX

1 | (Sx +e) i Sx4+eX
Wrarrs A xSrex




() outside .F(x) = ef, .F'(x) =e*
3ton
b) b) L (&™)

3|'an (x)

atan (x)
- (3seex)*) = |3€ " mec(x)>
q 29 ouiside 40<) = x29 I ,(:'(x') = 2928
) #(&Y)

lq('*"‘) (l'l-x')"

d) (seo(sx) e ") firsde produd  rule

x c,ho.'-n rale o0n
i(&c(&c)) && + Sec(3<) 4 ( )
dx

248.Ch Par-}
dx

L

"
gec(3x)an(3=) (3) €™ + sec(ax) "l‘&

e) %{( s ( s'm(x"'))) CoﬂV\POS‘:tL of three

uve.  dhasa

= |- sin (ém(x“)) tos(x*) (62)

%und’ion&:
rule hoee.

L) dix( tan (/os (Sch) )) this hme we have & lagers

sec(Veas(sen) ) .

o‘l\/ms (Sch)

Sin + Yx
3) & (et cin(2 )))

(—&m(b‘xﬂ)) (s)

i C.Sc,"(l-l-c;n(&x-t 3&))- Gos (2x + 3 )+ (24 .Sx-zn)




3) Use +the table of valuer Yo calwlote

< [ FO0 |80 | FO ] B |y (g) () ) (gep) (e
- 0 -2

| * 13 C.) L.Fo-c);(o) d) d_(_p(_zx))
o o | 3 L ax

( o - T - e) :—x ( gG)sin(B5£E)) ..,

o) (-Fog)'(o) = .F.’(S(o)) 9Ce) = ') gie) = +a= |4
b) (8o4)(e) = g (fe) §(e) = g'(-)§'(e) = #3 - [12
€Y (§o£)'(0) = FUR(6). $06) = P ) 416) = (2)3 = [6

€ <)

lx= o

= §(2%) la(2) 2™, = F(22) (&) 2% = L) n(2) = [FHa(2)

X= 0

e) :‘_x ( g(x) Sin (S.F(x))>'x:'
= Sncx) sm(Sf0x)) + gx) :_’((s'ln-(S,F(&))) : CProdud')
x= |

= g'(x) sn (5£(x)) + 9(x) s (SR (<)) S£'Cx) |,
L Sr(l) s]n(S‘FU)) + 8(() LQS(S.F(;)) S‘F,(l)

-3 c'm(a) & (-0 tos(0)5-F =|- 35
) L & F
et x) = . ind all horaontal tanges lines on
) Let f0) = =—. Fin g

the goph  of f.

|x=o



The {'aﬂse_n\' line %o 4he greph  of £ 18 horinontal when  £/(x):s.

We calculate {,' us'm3 c‘uo’den\' and echasn  rule.

£x) < e (34) - e7(ex) (B -3)  peX(axha)
(Bx*+ )* (Bt +1)2 (3 ) *
.r.'(x) = O 35 Rxe,"m(Sx‘— 1) = ©
3 Xs O e*’: o 3c*-2 =0
no Soluhon i %

The +an3e,n¥- lines of these Po'm\-s are :

ol

e
392+

= |

* x: O 8:

(33)*

° X < _a_ : < s -
s 9@ e |
- Same '\'anee_r\i' line...
° 2 e%'h_é) &”3
Xeooy\/ = = = |
S J 3(-{5)'n 3

Conelu gion : the horipontal -\'anse,n\' lines {0 the ara.lah of ¢

oare 8=| ond :j: elf_.‘).
3

6 T -f-(*)

ﬁ
owl
o
SI9]




Towards imphak di.(i(}emnﬁa\{on: W g= $x) , we can wge

the choin  rule fo  calcwlote  dedvahives o_f, ,F.u.f\cHOV\! of 3

* Powers : c%‘(.[‘.(x)" ) : n.[.(x)"" $'(x)

oulside = x"

- d n\_ " d - nY o)
or 1507 gL ey

hd Expone.nl-‘la.ls 1 d_(J(ﬂ ) = e'ﬂ*) -‘-'(")
d
T oulside = e™

or d_(e,"’) = 6323. = st'
dx dx

A i eX) - e,x, d_es: 63 but d_(e.a) £ 6398..
dx( ) d( dx dx

Exo.mnEles 1 colenlote the ,{ollow'\ ng dervatives .

) :'—x(s"“"‘) 2) ::(xcﬂ-ais) 3) & (e=(4y)

l) :_X(S"-l- x3) = %‘(3") + %K(x:‘) = 285’1- Ax? |,

d (xed- 5 = d (xed)- 8 (543) = Ied, wdd _ ga)yty’
) dn(x 33) dx(xe) dx(t’) dx&&-xdx (-3)y7y

J

e + xe.ss'+ E

s‘l-

11

d = -gin dly = |_ ¢in A w.
3 £ (=(03)) = -6m(F L = | dnliy) 1y

%




