Differentiation by the Chain Ruie ~ Classwork

~ Suppose you were asked to take the derivatives of the following. Could you do sor

2) flx)=(2x+5) b) fF(x)={2x+5) ¢ f(x)=(2x+5) d flx)=+2x+35

a} causes no problem, b} is zlso not a problem but multiplying it out so you can take the detivative is 2 bit of 2

pain. You are capable of doing ¢) but clearly do not wish to. But d) can’t be done with the knowledge you have.

We now introduce a method of taking derivatives of more complicated expressions. It is called the chain rule.
Ify=f (u) is a differentiable function of u and u = g(x) is a differentable function of x, then y = f (g(.x)) isa
dy dy du

differentable function of x and T du dr ot equivalently, -f;[ f( g( x))] = f’( g( x)) g'( 3;).

Example 1) If f(x)=(2x+ 5)2, find f'(x) without and with the chain rule. Show they are equivalent.
" a) without chain rule b) with chain rule

o

 Example 2 If f (x) = (2x + 5)3, find f '(x) without and with the chain rule. Show they are equivalent.
a) without chain rule b) with chain rule

Fisample 3) If f(x)=(2x+5)", find f'(x) Bxample 4) Tf f(x) =255, find f'(x)

Example 5) Find y'if y= —ﬁé— Example 6) Find y' if y = (3)62 -2x+ 1)3
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Differentiation by the Chain Rule - Homework

Find the derivatives of the following:

1. 3,;=(33c—8)4

4.y =-5(4-9x)"

52 2
7. y=]—"
' (Z—x)

10. y = x*(5x-1)"

2
13, ¥y=
2x+3
MasterMatbMeutor. com

2 y= (33«:2 + 2)5

> y*sxl—z

> y“(x?z)z

11. y=w[1_——t |

H y“«/;»rl
4.

3. ym= 4(x2 + x-l)m

12, y=3/3x" - 4x+2

3x

15, v =
M Py
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Kuta Software - Infinite Calculus
Differentiation - Chain Rule
Differentiate each function with respect to x.

1 y=0(+3)

3) y={(-5x"-3)°

5 fl=v-3x*-2

7 f(x] = \/3 2+ 5

Name

Date

2) y={~3x*+1)’

4 y=(5x*+3)*

6) flx)=~-2x>+1

8) y={—="-3)"

Period




—_

3.

Worksheet # 13: Chain Rule

{a) Carefully state the chain rule using complete sentences.
) 1
{(b) Suppose [ and g are differentiable functions so that f(2) = 3, f(2) = —1, g(2) = T and
g'{2) = 2. Find each of the following:
i. A'(2) where hiz) = /[f{x)]2+ 7.
it. 1'(2) where I(z) = f(z® - g{z)).

. Given the following functions: f(r) = see{r), and g(x) = 7 — 22 + 1. Find:

(a) f(g(fr)

{b) f'(z) =

(€) ¢'{z) =

(d) f'le(a)) =
(€) {(feg)(a)=

Differentiate each of the following and simplify your avswer,

(a) flz)= V223 + 72 +3
{b) g(t) = tan{sin(1))

(¢) h(u) = sec?(u) + tan®(u)
(d) f(z) = zelds"+2)

(e

YV g{x} = sin{sin(sin{z)))

. Find an equation of the tangent line to the curve at the given point.

(a) flz) =22, o =2
(b) f(z) =sin{x )%qlnz(T) o=

. Compute the derivative of m in two ways:

(a) Using the quotient rule.

(b) Rewrite the function %~ = 2{x? + 1)~ and use the product and chain rule.

Check that both answers give the same result.

I B{2) = 4+ 3f(x) where f(1) =7 and f'(1) =4, find h'{1).
. Let h{z) = f o glz) and k(z) = g o f{z) where some values of f and g are given by the table

z | flz) olz) ['(z) 9'(z)
1] 4 4 1 1
2] 3 4 3 -1
3] 1 -1 3 -1
41 38 2 2 -1

Find: b'(~1), #'(3) and &'(2).

. Find all x values so that f{z) = 2sin(x) + sin®(x) has a horizontal tangent at x.

. Comprehension check for derivatives of trigonometric functions:

(a) True or False: If f'{8) = —sin{6), then f{#) = cos(#).

2
(b} True or False: If 4 is one of the non-right angles in a right triangle and sin{#) = 3 then the
hypotenuse of the triangle must have length 3.
sin{z)

os(x)

{c} Differentiate both sides of the identity tan(x) = to obtain a new trigenometric identity.




Differentiation by the Chain Rule - Classwork

Suppose you were asked to take the derivatives of the following. Could you do so?

RSP S St o0

2) f(x)=(2x+5) b f(x)=(2x+5Y e Flx)=(2x+5)° Q) flx)= m

7 & e,
o AT g

-

a) causes no problem. b) is also not a problem but multiplying it out so you can take the detivative is 2 bit of 2
pain. You ate capable of doing c) but cleatly do not wish to. But d) can’t be done with the knowledge you have.

We now introduce a method of taking derivatives of mote complicated exptessions. It is called the chain rule.
If y = f(u) is a differentiable function of ¥ and u = g(x) is a differentable function of x, then y = f (g(x))is a

) . dy dy du . d ) ,
d1ffcrentablle function of x and ?i% = d—i ‘5 o equivalently, -Exn-[ f(g(x))] =f (g(x)) g'(x).

Example 1) If f(x)=(2x+5)’, find f'(x) without and with the chain rule. Show they ate equivalent.

2) without chain rule b} with chain rule

T R T Y N T

2,

Fxample 2) Tf f (x)=(2x+ 5), find #'(x) without and with the chain rule. Show they are equivalent.
a) without chain tule b) with chain rule

Example 5) Find y' if y= T3
x-—

Szt

P
A
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Differentiation by the Chain Rule - Homework
Find the derivatives of the following: ﬁ
1. y=(3x-8)" 2 y= (’Enx2 + 2)5 3 ys= 4(;;2 + X -»I)m e
[g gé@j @ﬁ b 5:? / -
n..J
' 3 i -1
4 y=-s@a-ox)s 5. 3= 4 .
Y ( %) Y 3x-2 {”“'}’}” <4 7 (x -5x 6)
9 y= =3
(x -xt 4 3)
10. y =x'(5x-1)" 11, y=+1-¢ 12, y=43x" - 4x+2
: 2 |
. i
g J
13, yum—e = 7 { 5};&;; eyt
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Kuta Software - Infinite Calculus
Differentiation - Chain Rule
Differentiate each fumection with respes::t to x.

D y=(*+3)°

PR to i e T %
34/? = %{f’{, :..3!;% Y y (}

i..’g N

3) y={-5x*-3)°

Name

Date.

2) y=(-3x"+1)°

6) flx)=-2x2+1

Period

]
14




