.50 3.7 The Chain Rule

ctives
1) Use the chain rule to find the derivative of a composition y = f(g(x))

a. Various notations all mean the same process
b. Composition of three or more functions

¢. Combined with other derivative rules

Procedure for using the Chain Rule
Given a function y = f(g(x)) where fand g are differentiable.

Step 1: Identify the composition by finding an outer function fand an inner function g. Call u = g(x).

Step 2: Use a u-substitution.
Replace g(x) by u to express y in terms of u.

y = f(g(x)) becomes y = f(u)
Step 3: Find derivatives

%@y taking the derivative of the result from step 1, “the derivative of the inside™) and

—?’—( by taking the derivative of the result from step 2, “the derivative of the outside™)
u

Step 4: Remove the u-substitution.
In ?ifound in step 3 (“the derivative of the outside™), replace u by g(x).
u

. .. dy du dy
Sten 5: Maltinly 2. 2 o get 2
o S T

As you become proficient at the chain rule, you will be able to combine some of these steps and skip the #-sub.

Examples and Practice:

1) Given f(x)=x"and g(x)=x"*+3x"-5,
find f(g(x)).

find g(f(x))
Differentiate f(g(x))

. Differentiate g( f(x))

P

e oo

2) Given f(x)=tanxand g(x)=x’, find
f(gx).

b. g(f(x)

¢. Differentiate f(g(x))

d. Differentiate g(f(x))

P




3) Given f(x)=x", g(x)=sinx and A(x) = 4x,
a. Find f(g(h(x)))
b. Differentiate f(g(h(x)))

p—

4) Differentiate.
a f(x)= sec(3x2 )

-3
b. 8(f)=m)7

c. f(@D=4@E°+2)°
d f(x)=x*V3-x’

3t

e. f(H= o
2
£ el 2co‘£5 (7x)

*-2Y
o y=[4x+l}
h. f(x):csc3(5x?+4x—1)

i. y=cos(sin(x*))

=

2

z_ﬁJ

5) Find the equation of the tangent line to y = cos3x at {4

6) Find the second derivative of y = sec’ =



Basic Differentiation Formulas

In the table below, u = f(x) and v = g(x) represent differentiable functions of x

1. Derivative of a constant: %( cy={
2. Derivative of a constant multiple:
d
—fe- f () =c-1(x)
dx[ J&X)]=c-f

3. Derivative of a sum or difference:

dx dx dx

General Formulas:

4. Product Rule: i[u'v']:u-gl’—+ v.if_lf
dx dx

du dv
dlel' " "2
5. Quotient Rule: ——[_:‘=___j_i
dx| v ;e
: d : du
6. Chain Rule: — R
20 ine dxlf(u)] S () T

With the chain rule . . .

d n n-1 d " H=1 du
—x" =nx —u =nu" —

dx dx dx

d X X d i n dy
—e'=¢ —e =g —

dx dx dx

d :

—a'=(na)a’ £ o = (naya’ -

d

—(Inx) =l i(lnu) =-1—£f£

dx x dx u dx

g ..

Ex—(sm X)=COoSX ?j;(sin u) = cos uﬁ
—d—(cos X)=-sinx i(cosu)——sinu@
dx dx dx
d . 3
Ex—(tan Xj=s5ec ¥ E(tanu):sec‘u%

d 2
—(cot x) = —csc? x
dx( )

—d—(cotu):—csc:u—dﬁ
dx dx

d
—(secx) =secxtan x
dx

d du
—(secu) =secu tany —
dx dx

d
—(escx) =—cscxcot x
dx

. (cscu) =—cscucotu o
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