Math 141 Fall 2017

3.7 Chain Rule

Theorem 3.7.1 (Chain Rule).

2 plg(a)) = Qi(j(%))j‘/)()

Example 3.7.1. What is % (cos(x))?? . =T cesX Sun ¥
flx)= x° £x) = 2x
—

j(x ) =Cesx j'(zch 5w X ‘(cd&) = 2cos X

G

cdx (cof)() ?i\(—C/oLS/;( 5’\)() '2C°5")<5'3)(

Common Uses of the Chain Rule
L 2@ = (30@3" J‘(;J

£fx) =x /j(x) &)
Example 3.7.2. y = (2% 4+ 2)10 n=(o, j()(') =K6f‘2

Y'ajo (xtat (ef) = éowx-éfz)"

2 e = ejcx 9 (x) = 9 ()&

.
- € 7
p(K) 6 3 4 T i—-\'!>(/ O
Example 3.7.3. y = e t7= — e = x
X "+ 7x cx

\/"(3;<2+7)6
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3. s = £ (kx)- k= k€ (kx)
9 (x) = kx

Example 3.7.4. y = sin(nz)

£(x)=six, k=TT

>"= T s (Tx)

»~Example 3.7.5. Why is the chain rule true?

Let F(z) = f(g(x)). Now, let’s use the limit definition to take the derivative.

Fe) = Jim F(z + h})L - F(z)

o Sl ) — J(g(@)

h—0 h

w5 h glz + h) — g(x)

_ i J(E+h) — fg(z) gz +h) - g(z)
A0 gz +h) —g() h

— (i fl@+0) - Flg(@) 0.
‘(}Ho 9@+ )~ g(@) )g()

= (i L0=IGEDY

u—glz)  u— g(x)

= f'(g(x)) - ¢' (=)
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der.
Example 3.7.6. y = cos (¢3**1) Oulside s COSK —> =St X
. . _3x+ den

?/ Ve o osoa (63)({-') ( 3€3x+l)

Example 3.7.7. g(e)z—w Ide” [Sezi30 = T (59’+3<9)""( (00¢3)

7 (59”39)-% (108 ¢3)(o+1) - (S8 +30)"2
(e +t)z

j'(@%
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Example 3.7.8. f(y) = sec(ye™Y)

Fp= e ) ey oo

3z \

. AR C )

y ) 3 (x%¢/) —(3x) (2x) )/': 3 6(?,.,)—1
6,,2_,_/)1

Example 3.7.9. y =
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Example 3.7.10. h(z) = (22 — 1) cos(2z)

L) = ((2x) cos(2x) = 2(x* =15 (2x]

Example 3.7.11. s = tan?(3t) = @;qﬂ[ 3-&))1
S = 2 4on(B34) Sec {(34) -3
= 6 ten(30) cecT(3¢)

53
Example 8.7.12. y = \/1 +sin?23 = (’f’SlL‘ ZK’)

y 't (tesintx?) " (25 (6% cos () (39
= '3 Ki 5in (_ch_os()( 3)

(f*}fn 'LKB

Example 3.7.13. f(a) = (3a% +a+1)72

('\\(“) : 'Z( 3012#%/)—3 (éq +f)
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)72

Example 3.7.14. y = /(2 —cott +2)3 = (-6 2 _ Cof-l:"’z

- Va
V' (4 oter2) T (2t Fese )

in(1
Example 3.7.15. y = sin +$)
i l+sinz

CosC1+K) (] +5iax) = S (1FX) Cos X
= 2
({'f’!cﬂf\ K')

? = Sl l#x) (J4smx)”

= y' = Cos(14x) (1rsmx)™ ~ snll+x) cos(x) (1#5iax) "¢

Example 3.7.16. a(b) = e + eb—12

b -
a'(b)-ee® +e®’?
d b b &b

ave e
(« b :
d sl _ glx
a—b'& *j /K)c
j()c)=eb

Example 3.7.17. y = sin(cos(sinz))
\/' = (oS (Ccs (st x)) . ('5:‘4 (5'-"\)()) *(O0s X

s —Cosx Sin(simx)cos (o3 (5o <))
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