The Chain Rule: Derivatives of Composite Functions October 22, 2018

3.6 Chain Rule: Derivative of Composite Functions

Goal:
Find derivatives of composite functions.

Examples:

y= (28 + 1)1 g(x)=V9 - 4x Y = [sin(2x3+1 NG

Study 3.6 # 215 - 237, 241, 243,
253, 255 or 257, 259

Homework

®

Class Notes: Prof. G. Battaly, Westchester Community College, NY Extra problems
Calculus Home Page @

3.6 Chain Rule: Derivative of Composite Functions
y=(2x +1)
(3:(«9)(3# Y Qx>+ D

% = (ax N (6 (&~ ) <f <

o = )

F: dy/dx

\

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

Extra problems

®
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3.6 Chain Rule: Derivative of Composite Functions

y=(2x>+ 1y F: dy/dx

y=(2x° + 1)(2x° + 1)

dy/dx = (2x3 + 1)(6x?) + (2x® + 1)(6x?)  Use Product Rule
dy/dx = 2(2x° + 1)(6x°)

dy/dx = 12x*(2x° + 1)

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions
y = (2)(3 + 1)2 F: dy/dx

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

N
%)(7{&@’( + l) ? dyldx = 122x + 1)
K (é xa Qﬁ from previous

NO! Not alorie.
NEED FACTOR: (% = d [2x°+1]

-— d
Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @
Calculus Home Page Extra problems

© G. Battaly 2018


http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s4.htm
http://www.battaly.com/calc/homework/3_6_chain_rule.htm
http://www.battaly.com/calc/wcccalc1.htm
http://www.battaly.com/calc/hw/ch2s4.htm
http://www.battaly.com/calc/homework/3_6_chain_rule.htm

The Chain Rule: Derivatives of Composite Functions October 22, 2018

3.6 Chain Rule: Derivative of Composite Functions

What makes this a composite function?

y= (20 + 17

u is a function of x and
letu=2x’+1, theny = u? y is a function of u
OR: letf(x) =2x>+ 1, and g(x) = x° From Chapter 1

then y = g(f(x)) a W&» < (a:('i S\

Homework

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

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions
y = (2X3 + 1)2 F: dy/dX

Find dy/dx again, from the beginning to the end.

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

®
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The Chain Rule: Derivatives of Composite Functions

Calculus Home Page

gyz

3.6 Chain Rule: Derivative of Composite Functions
y=(2x+1)"°

F: dy/dx

For composite functions where y = f(u) and u = f(x),

dy.du

dx du dx

- LI & & & ¢ & & & &

Homework

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

Extra problems

Ok

~d 100\ éx
= /o(ax"-,m‘éx"

(2x°+1)"°
|0
= (A

ﬁ
= /0O w

W,

3.6 Chain Rule: Derivative of Composite Functions

y:

F: dy/dx
3
LLto_ZX + |

P -
ay = 6X

2& Sy /o(élx -«l)(éx\

Homework

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

Calculus Home Page

Extra problems
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3.6 Chain Rule: Derivative of Composite Functions

y=(2x*+1)" F: dy/dx

Directly : Using u substitution for inner function

: — 10 — 3
dy/dx=10(2x°+1)° (6x?) | YU U= 2xH1
L dy=10u® du = 6x

dy/dx= 60x*(2x°+1)° | qu o
E dy =dy . du
dx du dx
= 10u° (6x°)
= 10(2x>+1)° (6x?)
= 60x*(2x°+1)°
Class Notes: Prof. G. Battaly, Westchester Community College, NY @Homework e

Calculus Home Page Extra problems

3.6 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

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

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

®
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3.6 Chain Rule: Derivative of Composite Functions

4 F: dy/d
228. y=(3x2+3x—1) T

Homework °
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions

4
228. y= (3)62 + 3x — 1) F: dy/dx

Directly :  Using u substitution for inner function
. y=u' u=3x%+3x-1

dy/dx=4(3x*+3x -1)° (6x+3)
dy =4u®> du=6x+3

dy/dx=4(6x+3)(3x+3x 1) | gy Ix
: dy =dy _ du
dx du dx

= 4u3 (6x+3)

= 4(3x*+3x-1)° (6x+3)

Homework

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

Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite Functions

222, y = sin” (x) F: dy/dx

Rewrite: ‘a — 23 " K:}C

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

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions
222, y =sin’ (x) F: dy/dx

Rewrite: Yy = [sin X]5
:Using u substitution for inner function

Directly .
y=Uu’> u=sinx

dy/dx = 5(sin x)* (cos x) dy =5u* du = cos x

du dx
dy =dy . du
dx du dx
= 5u”(cos x)

= 5(sin x)* (cos x)

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite Functions

y = sin x° F: dy/dx

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

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions

Y = sin X° F: dy/dx

i <(cos X)( 5x')

<
= §><"c,osx

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

Calculus Home Page Extra problems

®

© G. Battaly 2018


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

The Chain Rule: Derivatives of Composite Functions October 22, 2018

3.6 Chain Rule: Derivative of Composite Functions

y - (Sln X2)3 F: dy/dx

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

3.6 Chain Rule: Derivative of Composite Functions

. * y = (sinx?)° F: dy/dx
\&-‘- (S._'l‘.’é-)_

3
= ( ! Outer function is cube of something: ([])°
a 3
3: S‘ z Inner function is sine of something: sin[ ]
3

- Sl X Innermost function is
3 — - square of something: ([7] )?
Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @
Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite Functions
y = (sin x%)°
y=fu)=u

u=g(v)=sinv

v=h(x)=x?

@Q@@@@@@Q@@Q@@
dy =dy .du .dv

then y=1(g(h(x)))

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

Homework
®

Extra problems

3.6 Chain Rule: Derivative of Composite Functions

— : 2\3 .

y = (sm X ) F: dy/dx
y=fu)=u?
u=g(v)=sinv
v =h(x) =x?

then y=1f(g(h(x)))

ﬁ%: = 3(sn x‘)a:(Cos x?('lx)
= (x (wsxﬂ(imx%

2 x
NOTE: Sim X # S‘"&Xl
Smix = (six)

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

®

Extra problems

Homework

®
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The Chain Rule: Derivatives of Composite Functions

3.6 Chain Rule: Derivative of Composite Functions

%: +Cos xk)(&x>

< +2¥x otk

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

= Shx Sh% X Smx*
a - (smxT X Smx©

3.6 Chain Rule: Derivative of Composite Functions
co-functions
*
: |
d(sinx) =cos x +« d(cos x) = -sin x
dx x dx
*
= —
*
* ]
d(tan x) = sec’x ~ » d(cotx)
ax x dX
*
=
*
d(sec x) = sec x tan x « d(csc x) =* csc x cot x
*
ax * X
*
*
*
*
Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @
Calculus Home Page Extra problems
®
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3.0 Chain Rule: Derivative of Composite Functions _
co-functions

*
*

d(sinu)=cosudu % d(cosu)=-sinudu

ax dx +  dx dx

= === T@
*

d(tan u) = sec?u du ~ d(cotu)="*csc®u du

ax dx » dx ax
= - =)
d(sec x)=secu tanu du ; d(csc U2=¥ cscu cotu du

dx dx 5 dx dx
*
.

Q *x R
St (33-Yx+1) + cos (3 ou 1) > |
~ ; . Homework
— PZI:;SS Notes: Prof. G. Battaly, We.stche.ster Commlfmty College, NY ®
s derivative practice Extra problems
®
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3.6 Chain Rule: Derivative of Composite Functions
_ 2
226. y=cot x

1
232, y=——
sinz(x)

234. y = x2cos?x
224. y = tan(secx)

242. [T] Find the equation of the tangent line to
2
y= (3x + %) at the point (1, 16). Use a calculator to

graph the function and the tangent line together.

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions

226. y = cot? x

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite Functions

226. y = cot? x

A
Ay

Q ot X (— u-c,zx\

Il

= - cotyu—ch

Homework
®

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Extra problems

Calculus Home Page

3.6 Chain Rule: Derivative of Composite Functions

1

232. y=
sin?(x)

Homework
®

Class Notes: Prof. G. Battaly, Westchester Community College, NY
Extra problems

Calculus Home Page
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3.6 Chain Rule: Derivative of Composite Functions

P
232. y = 1 = CLe X
sinz(x) )
_ - Q———_ amxémxoo'(x
= (Sinx . ), 2

A9 _qlgmx) cosx m
anl Co §%
- SMm'x 443
< = cos¥
T
LN ¢
Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions

234. y = x?cos* x

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite Functions

234. 'y =u<x2 cos4x>

=5 ¥ d (cosx) “ M

= x) 4 QoS

A AL AL
=X Y cosx(-smx) T IAXCD I

Y
= — 4% shx covx +AXCoIX

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

3.6 Chain Rule: Derivative of Composite Functions

224. y = tan(secx)

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Calculus Home Page Extra problems

®
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October 22, 2018

3.6 Cha

A

in Rule: Derivative of Composite Functions

224, y = tan(secx)

Calculus

A

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY @

Home Page Extra problems

Sec (secx) Stex o

3.6 Chain Rule: Derivative of Composite Functions

242. [T] Find the equation of the tangent line to
2
y= (3x + %) at the point (1, 16). Use a calculator to

graph the function and the tangent line together.

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

Calculus Home Page Extra problems
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3.6 Chain Rule: Derivative of Composite

242. [T] Find the equation of the tangent line to
2
(3x+ 1) at the point (1, 16). Use a calculator to

graph the function and the tangent llﬁgelher

<s>« %)

e+ X 3

%, A 3x+ x") (3-x2)

% = &(Sx*‘;'z\(B - Jf,\

e Yy g u)

§

Functions

/6= m,(x—l
/é=lé(x—\

---------------

%'

————
’

gtﬁ.r

Homework
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page Extra problems
3.6 Chain Rule: Derivative of Composite Functions
Follow-up
2
236. y = \/6 + seczx
T -
v 3in ¥

¢

Class Notes:
Calculus Home Page

Jlb-l' Sec X

Prof. G. Battaly, Westchester Community College, NY

Homework
®

Extra problems

®
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3.6 Chain Rule: Derivative of Composite Functions

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

derivative practice

V3
= (éx‘«tb U= 6y |
-,

Homework

This is the beginning of
extra problems that were
not done in class.

Y.
Lt
% N R
- 2
= ﬂ 1~‘/)(

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

3.6 Chain Rule: Derivative of Composite Functions

%

Homework

© G. Battaly 2018
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3.6 Chain Rule: Derivative of Composite Functions

h(é):(?}:_:_)l F. h(t:7f

4. %';; o
o = 3tte gt -3¢

f(""t) (&{)‘
(ﬁ%&) GOl = #¥

(t’u)s

ss Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home P age Homework

®

= ()@ T Ee)

& t3 (LI- 1) «!Q) L@der‘ivaﬂve practice

3.6 Chain Rule: Derivative of Composite Functions

h()= /c")1 F. hit)
13,9

then use Quotient Rule

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

(tz‘f "}L t"'- ‘it"" 7 @derivaﬁve practice

© G. Battaly 2018
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The Chain Rule: Derivatives of Composite Functions

October 22, 2018

(x*3)

=~ (s
*‘(X\ = -2 (x- 3% “(ax-9)
= -a(ax—l)

Calculus Home Page

o

(9= -=a(s) .
(IL-RY

Notes: Prof. G. Battaly, Wes!
derivative practice

3.6 Chain Rule: Derivative of Composite Fungse
: ) ( '. m
¢ - . by

tchester Community College, NY

/gﬁ/)

.&-‘-‘ ax-3

L

Homework

2.4 Chain Rule: Derivative of Composite Functions
|
-
f 2% (

(A.
L
X

2 X

+

[

f
.
it

dan
T

-2‘1—*

Q
AR (x|

~ I
=
~ . ( ‘
Class Notes: Prof. G. Battaly, Westchester Community College, NY
Calculus Home Page derivative practice

)(+|

oY%

K~—~

X+ |

( X )2- < (1)
()™

”

A
oy

S AX+A-aX
(xsf)*

2
Qer )t

0 e
Qe f (**')

- ——[;(5((,<+|)"*

—-—
-

© G. Battaly 2018
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2.4 Chain Rule: Derivative of Composite Functions

a((—):\ (Q;H) -r—I)
q(2)= 4 [(t“;% ,ﬂ— et

3 1[@ ,,,] [(M LJ(M)] dite)_,
_1[@0 4;1 [(ﬁ\ )

-
-

\,_\

QJ + + Qe+

=~ |
—_—
Hen NE,—.,"

Class Notes: Prof. G. Battaly, Westchester Communit;
Calculus Home Page

y College, NY

2.4 Chain Rule: Derivative of Composite Functions

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