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Review — Composition of Function

Given: f(x)=+/x g(x)=x>+1 find f(g(x))

] = f(x* +1)
plug g(x) into f(x) to get
composed function: Y | then g = x* +1 is inner function

and f = Jx is outer function

Given: h(x)=(x"-1)"" if h(x)= f(g(x)) determine f(x) and g(x)

3 . . .
g =x" —1 1s inner function

100 : .
so f =x " 1s outer function

Tip: Pick an inner function such that the outer function has a SIMPLE derivative.



Differentiating Composed Functions

must take the derivative of BOTH inner and outer functions
Chain Rule

(outer)' - (inner)'

if A(x) 1s in the format f(g(x)) then | 2'(x) = f'(g(x))-g'(x)

\

<
g(x) doesn’t change here

ex: h(x) =+ x> +1 Inner outer

g=x"+1 f= Jx
fle—m
L) =fg)-g’ g'=2x 2x
. 1
N ) combine into : _
/Z X +1 single fraction /(8)= N

X

xt+1




Chain Rule with u-Substitution

ex. differentiate h(x) = (x’ —1)'" define inner function as u: wu=x" —1

" 2
then h=u" u'=3x
and h'=(u100)' u'

= 100u99@ re-visit: h(x) =~/x" +1 u=x2al

convert back tox = 100(x3 — 1)99-3)62 . (\/;) " u'=2x
combine factors =300x” (x° —1)” 1 u'
2
Chain Rule — 1 2 .
(outer)' - (inner)' 20x" +1 m

h'(x) = f'(g(x))g'(x)




Chain Rule - examples

ex. find &y of y=e"
dx B
B e\ recall (e” )' =e"
dy v du
dx /dx

=2€

ex. find y' ofy:(l—x)2 =y’

Chain Rule:
u=1-x y'= 2u u'
u'=-1 =2(1—x)-(—1)

Uu=2x

“ 9
dx

Product Rule:

f g
y={I=-x)1-x)

Chain Rule

(outer)' - (inner)

h'(x)=1'(g(x))-g'(x)

'

Product Rule
y'=f'g+fg’

f=(1 x) g=(-x)
/= g'=-1

y'==11-x)+(1—=x)(=1) combine like terms

= —2(1—x)




Do: findy' of y=e"

Do: find y' of y = e

Practice

where k 1s a constant

= ke™

Chain Rule

(outer)' - (inner)'

h'(x) = f'(g(x))-g'(x)




More Chain Rule Examples

ex. find /'(x) when f(x)= =(x*+x+1)"
i/ X +x+1
' x) = M_1/3 ' .u'
u=x"+x+1 f ) ( )
u'=2x+1 :_%u—m. "
1, _4/3 . . .
=——(x"+x+1)7" (2x+1)  write as single fraction
3 with a radical
_ 2x+1
3 (x2 + x4+ 1)+4/3
Chain Rule _ 2x +1
(outer)' - (inner)’ 3 (w4 x+1)
h'(x)=f'(g(x))-g'(x)




Chain Rule with Product Rule

product rule chain rule
ex. findy' of y=(2x+1)x" f=l2x+1)
foog u=2x+1
= u5 U ! — 2
f'=5u" u'
=52x+1)*2
-10(2x+1)*

A g+ f g
p'=102x+1)*x* +(2x+1)°4x>

=10x"2x+ D% 4x° 2x+1)°

4x°




Chain Rule with Quotient Rule

9
R S Oy B P R
g (t ) —u’ chain rule quotient rule
g O=(s’) u
:9u8 -y’
_ (r—zj%%. 5 ~u'= (D2e+1) —g(t_z)
T\ 2r+1) (2 41) (2+1)
(ﬁj -5 8 Y+1-2+4
- 3 2 (21+1)
l(2t+1) (2t+1)° )
like bases u'= (2t+1)2
=45(t-2)°

2t+1)"
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