Section 3.5: Chain Rule

QQuestion: How to find the derivatives of the following functions:

y = (2% 4+ 422 + 12)'%; y = sec(122?) + tan® () y=vVi+z
| S —

Taner
If f(x) =2 and g(r) = 2% + 422 4 12 then F (3(7{))

-

Review of Composite Functions:

Chner ‘P«neh'..,

[f o g] () = f(g(x))

15 'tl—? outer -ﬁmcl-io.‘
> [fogl(@) = (x6+ 4 x%+12)

Conversely, if [f o g] (x) = sec(122°) then f(x) = sec x and g(x) = [2x*



The CHAIN RULE: If the derivatives g'(x) and f'(x) both exist, and F = f o g is the composite
defined by

v
F(z) = f(g())

then Caner

Newe b

In Leibniz notation: If the deriwvatives of y = f(u) and uw = g(x) both exist then

y=fg(z)) = £ (w)
is differentiable function of x and

dy dydu _ ¢
de  dudz f-u
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Generalized Power Rule




EXAMPLE 1. Find the derivative:
— 20\

(a) f(z) = ! G+ 5t e)

(1% + 522 +12)2012 =

Py Gehercx\igzel Power Rule (n=-2012)
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(b) h(x) = 5(3YT— 115 = (x (3Ix _M)) (%% - 115x)

h(l}:(.} X?”"M’f\e
‘r\‘ (=)= 8 (3x}/‘, 447()7( ax -4 x)
L
=g -un (%X - 1)

; s
() f(r)=cos(5r) +cos”r = Con (SX) + (C.cv) )L)

Suter inner
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(d) fx) = /23 + /T vz ( )’ \(@3
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EXAMPLE 2. Find F' and G if

ounler
F(x) = f(sin), G(x) = sin( (),
Saner

where f(xr) is a differentiable function.

o)
F@) = £ (sinx) = f(ue)
W

(:' Yﬁ\'—‘-jd—g— w (%) =£c~5x,
w dw

where A ()= s

T luskra kiown
Fi) = tan (ginx)

G o) = Sin [fem ]
G'(x) = cor (£¢x)) £'(x)

Illushrakon © &)

Gex) = sin (¥on ¥

(
G D= M(t‘“*) (—l;a.hx)

(2
= Cop (Xanx)" ¥4 g

F = Gl corx = sed (Sinx)casx



EXAMPLE 3. Let f(x) and g(x) be given differentiable functions satisfy the properties as shown in the
table below:

o | fle) | fe) | gte) | §'(x)
1| =5 8 @ @ Suppose that h = fog. Find h'(1).
301 [ (2] -2 8

hey= £(3@) . By Chain Rule

W@ = £' (g) g'(x)
h ()= £'(s) ¢3'(4) = F'G) = 212529
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