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2.4 Chain Rule: Derivative of Composite Functions

Study 2.4

p. 137 #1-27;
[35,39,43, ..... 63 (every 4th)]
67,69,71,75, 77,79
89,102*,108*

Goal: Find derivatives of composite functions.
Examples:
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework
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2.4 Chain Rule: Derivative of Composite Functions, Background

y- (1) F: dyldx
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2.4 Chain Rule: Derivative of Composite Functions
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How does 6 relate to (2%+1) ?
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2.4 Chain Rule: Derivative of Composite Functions

What makes this a composite function?
a
a = (;1)(3-'-! ) F: dy/dx
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Then Y = g( f(X) ) a composite function

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page
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a
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2.4 Chain Rule: Derivative of Composite Functions
3 L
y° 1) F o

Can we use the Power Rule to get
the correct answer?

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page ~ Homework

_derivative practice a

NO!
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NEED FACTOR: & X

2.4 Chain Rule: Derivative of Composite Functions

4° @ ) F o

Can we just use the Power Rule
and get the correct answer?

NO! Not alone.

NEED FACTOR: é XL

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework

derivative practice
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2.4 Chain Rule: Derivative of Composite Functions
>
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Using only the power rule, we are missing
a factor of 6.
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= 3(20) (69
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2.4 Chain Rule: Derivative of Composite Functions

47 (&le)lo [ da/on

too tedious to expand
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Calculus Home Page ~ Homework
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2.4 Chain Rule: Derivative of Composite Functions
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Outer function is cube of something: (|:|)3

= S| Inner function is sine of something: sin[ ]
- =
xn . .
- Sl X Innermost function is
3 —_— =- square of something: (D )
Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page Homework
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2.4 Chain Rule: Derivative of Composite Functions
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dy =dy .,du .dv
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derivative practice

dx du dv dx

then y=f(g(h(x))) e =
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2.4 Chain Rule: Derivative of Composite Functions
{  ChainRule
(s Q_
\& - dy =dy, du
dx du dx
y=fu)=us
u=g(v)=sinv
V= h(x) = x2 then y=1(g(h(x)))
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__derivative practice

dx du dv dx

2.4 Chain Rule: Derivative of Composite Functions
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page Homework
1 |

2.4 Chain Rule: Derivative of Composite Functions

Chain Rule
If:

1) y =f(u) is a differentiable function of u, and
2) u=g(x)is a differentiable function of x,
then

= f(g(x)) is a differentiable function of x, and

du d

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework
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2.4 Chain Rule: Derivative of Composite Functions

gu=JIT £l g

derivative practice

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page ~ Homework
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2.4 Chain Rule: Derivative of Composite Functions

80()‘- Ja-vx  F: 3'(”
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2.4 Chain Rule: Derivative of Composite Functions
L X ' ' )
MO/ F'oh'(e
t#a
derivative practice
3
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework
. ]
2.4 Chain Rule: Derivative of Composite Functions
L X ' ' )
hOT/ t Foh'(t
12
L T
one option: 4\ - %
b b
f y d
CD) T
+ + 7 derivative practice
a
then use Quotient Rule
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page aHomework
> 4
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J

2.4 Chain Rule: Derivative of Composite Funiﬁnié h '(t)
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework

2.4 Chain Rule: Derivative of Composite Functions
e fr- L F o (x)at (1 1
(x*3)

or /;'/'/)
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) Calculus Home Page derivative prqcﬁce Homework
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2.4 Chain Rule: Derivative of Composite Functions
¢ Z’/x)—( Frf ot (i
X~

{0

{(%3 (x* 3%
{/\() = -(x: 3x> : (Q‘(‘ R>

T - (-
(X3¢ )
0
(():=a(te  —fr
</4 R)3
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2.4 Chain Rule: Derivative of Composite Functions

s
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Calculus Home Page derivative practice Homework

% ]

© G. Battaly 2015


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s4.htm
http://www.battaly.com/calc/geogebra/derivative_rules/
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s4.htm

The Chain Rule: Derivatives of Composite Functions

July 06, 2015

2.4 Chain Rule: Derivative of Composite Functions

Vs
ﬂ: ()

+(

-I/J_ XX
ﬁ.: —1- —;D-“A q( (X-\-(>
V, ~ A+ -8

L ()(-f(

Y @5 Do
(XHS

= ()/ﬂ{‘ I l
Jayx bei \r\(XJ'D

/\

A

~
-

/
e

R‘A
()

/|__ ya |
JX

|

e —————

hx Jixa1?
l

Jl&(a@lf

2.4 Chain Rule: Derivative of Composite Functions

%6&ﬁytu+l

Class
Calculus Home Page
a

Notes: Prof. G. Battaly, Westchester Community College, NY

Homework

a

derivative practice
a
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2.4 Chain Rule: Derivative of Composite Functions
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2.4 Chain Rule: Derivative of Composite Functions

_ /3 :
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2.4 Chain Rule: Derivative of Composite Functions
s .
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
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2.4 Chain Rule: Derivative of Composite Functions
- .
3 = \! 5-3x% F: dy/dx
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page derivative practice ~ Homework
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Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page Homework

3 |

2.3 Product and Quotient Rules of Differentiation co-functions

: |
d(sinx) =cos x % d(cos x) = - sin x
ax : ax
= - _
: T
d(tan x) = sec2x  » d(cot x) = = csc2x
ax * o dx
- — _
*
d(sec x) = sec x tan x » d(csc x =i- csc x cot x
dx »  adx
.
_ Calculus Home Page ‘ - eromework
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2.4 Chain Rule: Derivative of Composite Functions  co-functions

d(cos u) =-sin u du

d(sin u) = cos u du
dx ax dx

adx

n*x*nx&**

=

d(tan u) = sec2u du
ax ax

d(cot u) = -] csc? u du
ax dx

* % % % % %

=

—)

d(sec x)=secu tanu du } d(csc x2=§cscu cotu du
dx dx ¥ dx dx

%

LI S R

S.\ql(Sx"-‘/x-H)-f COXL(SKL~‘/X+I)= /

Class Notes: Prof. G. Battaly, Westchester Community College, NY
alculus Home Page

= derivative practice _Homework
3 G' % 1
2.4 Chain Rule: Derivative of Composite Functions
3=5,)1 X F: dy/dx
Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page derivative practice Homework
5 | a
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2.4 Chain Rule: Derivative of Composite Functions

3:3,}1 X F: dy/dx

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page _ Homework

u.

2.4 Chain Rule: Derivative of Composite Functions

8— = Sl %‘[\x F: dy/dx

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page ~ Homework

3

_ derivative practice
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fa‘= cos (I-lx]l F. 4“1/@(

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Homework

derivative practice g

2.4 Chain Rule: Derivative of Composite Functions

3_ cos () 2= F_:%

3 nested functions.

y= 45 (n )

functions in the composite function.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page __Homework

3 ]

This composite function is composed of

Therefore, the Chain Rule requires 3 factors,
where each factor is the derivative of one of the

© G. Battaly 2015
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2.4 Chain Rule: Derivative of Composite Functions

geos(” PRy

This composite function is composed of
3 nested functions.

y= 4 (5 (neo)

Therefore, the Chain Rule requires 3 factors,
where each factor is the derivative of one of the
functions in the composite function.

.gﬁ-- ._Em (l-ax ) EI(":")—I E/a,]

= -{-Lf (Fax) Sm (/‘JX)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
__Calculus Home Page derivative practice __Homework

8 a

2.4 Chain Rule: Derivative of Composite Functions

h(x)= Seex™ Fihiy)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page _derivative practice _ Homework
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2.4 Chain Rule: Derivative of Composite Functions

h(x)=seex”™  Flh(y)
h '(x)=<$ec X 'hmxtjax)

Class Notes: Prof. G. Battaly, Westchester Community College, NY
_ Calculus Home Page ~ Homework
B\

_derivative practice

2.4 Chain Rule: Derivative of Composite Functions

Z/f): B F' /(%)

e

l JE—
03,39k o)f
L35)- @

Class Notes: (lj’ruf, G. Battaly, Westchester Community College, NY
_ Calculus Home Page 3 erivative practice ~ Homework
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2.4 Chain Rule: Derivative of Composite Functions

I "'/7..
3,_ W :(Y-U)

e &R
_— =
| - P
+X
AHE s _=(n Cﬂx)f‘_ -
Class Notes: Prof. G. Battaly, Westchester Community College, NY | _

__Calculus Home Page Homework

derivative practice

fop
T

2.4 Chain Rule: Derivative of Composite Functions

&,'{(z% 3 s (-1 F«'{'/f)
{(@55&&(776-/{

(r s %‘9”’5 L9 =
& (-39 ltjbas {\I ;U”-] Cls

Class Notes: Prof. G. Battaly, Westchest¢r Community College, NY

_ Calculus Home Page L. . _ Homework
_derivative practice @

)}
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