
@lt
tlUc = 0dr h-t
(r,)dxn 

= 
i x'

d{

tr*,(rx) z ,.H=k
frx

crr) df,Iil= 4f*t) 4xi =I-''* ex 2 eff

Cs't ffu*u)=*rS
(6)Hhrr = u$**uS,

r?\&(tl zry
n) $ t^-t = olft,a (-

d{t

cq) *tblox) =1[; €r
*,e') =€X

#rtnx) = *'
(tol 

$trinx) = @sx 0z) 
$r.rr x)= -frhx

(.q) 
*C$*x) = k'x (r+tg(-{x) 

= -cotecLx

(n t (rc x) -- scxtorx ttL{(roscx)= -{tiecxcolX



.@P 
t

[r) I rdo 9=2co5x-togrX

Y: 1u(-$nl)-fu
z-siax 

{

tz) g(xl= (xls)f

V, = d-r)#er) +ex$,t*ltt

n-, tf-fles tex(zxt

(i) 
$1do b=ffi
n5 =,dr

tf*+$fu r s''r't) - eltr xto"#xbl

= 
(f"ilL, n r. $t sr) xoxfu;'-{l {* xcu'ib 161

cx?+tl

= 0&rd (rnx)(-rln rl {p, d (c"r{ - 7x6flh x ce, )t

olr -jfflr* srrxcarl
(F++F=(&r

r



tfor, o( fr,rrtctton

I -'+&\ 
L

t.- fotl = [f[

r= g(x\1

r gCx) =*

f(er*ri=fm= m"
q,r g={fu\ ,q=g(x)_A_ A

d

+f

hg De aaad 9c0. %t=lx lxe

nrtft
&hnwlel

(fqJc*t = f ter*\)ght

D

duu
&

,g a(frq)C() =fl94r)

d5 {srs
0x



5.7 The Chain Rule

A composite of functions gr : f (u) atid u :.q(r') is

{f " s)@): flgb)1.

Donrain of .f cA (denoted by D1.s) : {" I r e Dn ancl

Example 5.7.1. Find l[s(r)j for

1. f(r):r,r; g{.r):2r'3+r*5 +

{bf*r)= {(ex}rx*s) = (zx'+

s(r) e o1j.

x {5)3

.)
J.

f (.u) : sin u; s(r) : 3r -f 4

ftqrxt\ =f (zx+r+)

l(u) : e"; g(r) : -4-c2 .,_

f (1fir} -- e 
o'

r= Sfn (?x+t+)

I ur qEfEx)l

lo. ,it t)=- rG')e

*=* #

Chain Rule

If g : /(u) and 21 : g(r), then

dy dy dzL

,l* 
: 

,1"' ,1"'

Example 5.7.2. Ft'om the plevious exarnple, use the chain luie to find
d,u,: tor
d.r

l. ?j :'tt'\; u : 2:t:3+r+5

= [e^1(e r"+ r1 
a,

z e : sinu; u: rr * 4 l1 = g(z,Sx+rl(gr +t

*=s
:i. !; - *,,,.. ,, - -^.-.,i r x-_6;fi\ --(cos u) . (a)

u H=U-$q, 
*:'r =(*(*$3 "

: 3,'[:X*j;i:,::, =Bd 
t(''' r(,,n 

[,. coe,, ) *h



{q
dt = 

(zt{)'(zX-d*" )

=E["*,t]t (-r*ip)

{ql
dx [x=t =1,(r($,)lq(_

= [t) rz)(-t t =

Ir*l
-?_

dr Jzd(L



r
Example s.T.g. Let y : u2 * b. u:2u * L*-d 

E) 
Jffi:,

#=H.*, X t '\v=(x+,i,

= [ar\ - [e) .(-k+rft /H =.- (*.' ):k( Y+t )
= tail -te).(-(x+t) , /N( 

---\n. r &'
tdo x= "u,r4, u+P' {;1 ;:p-'

Frorn the above exarnple, rve have the follorving lules.

&[*=t - dq +i.(_i)a
General Derivative Rule

Let u : u(r) Jre a rlifferentiable functiorr.

General Power Rule
Ll , nr ,, tJ't

7.."",z t)Ll'' ',L,

General Derivatives of Exponential and Logarithmic F\rnctions

d . , I rlu ,l -, I du

^ll"r, 
,): ulr* ,t, ;.t,, ,l = ; i

1f,,,1 : fl, hr ,, .du lio,l : r,, . Ldt' ' dr d.r'"' - dt'

General Derivatives of Tligonorrretric Functions

d , , dtt
r fslll ul, : t', )s u ,il.r d.)'

d , tlrt
, ltittt itl - sor'- 11-

d L" d.r'

I(I .. lt't.is ul :
dl'
d
.-ft.ot ul :

d.r'
)
,:f,'sc ul :

{l)--

. tlu
- sllr ?/ 

-rl.r
,., du.

- CSr'" Y-
0.7

du
- csc ?, r.:ot u-

d:r

d. du
, fsec"l : sec uLanu ,dr' dx

Xnl6ts dnrrfrulo D,f+ W
T

1q
_tJ

={'d*lr}i



cos (srh fiha))
flrt = e-

tm f r*1 zg*' 
(:ta (*+zt' 

*^, 
co: @D

-- .*{sr)n 
d+2" 

Gr,n (sg}'J$ ( sin r'1u I I

=.* 
u" (f*? ))G$ 

o (rrrr rf-ra l)) r?*1. r$ qFq ;

= e*(o'cfiou (-:rvr(r6qr&ral)orCria) (ex). 
7[.



Fi

e

I-r

I
u

5.7.4.

-KH

x)

-cos(2rB

Example

-

=u*l'l
? dte

2. y-

for

p *a+

F".q
qe.i').
??(xl

,dy
dr

tu
dil *'
dr

3r

3z + 2)'

(f*zrf'*c*'*?xl

\ 1?(r'+zxft(:*1r;

hiN
H = -$n (zx}I

= fsn 
(zx?r

+?rrtl

tlx+zl

lex'r'lx*e)

["rrl
Example 5.7.5. Find

1. h,'(r) it h{x):3z3sin(3r)

CI W (xl :h'*(*nhxr)+ sntax*( rf I

= (*t+a) ea rl G ffbx)

z(ftu)e"x - zxe?^

ct'++;'

=bxl)or(7r$0,) *Qitt r )[qxe)

= 
(r,f) .r(zfl(r) + fibin rrx)

= fi?co{rx)*?xeen0x) fr
$ tl*l = 

t*trt{r,t ;,:i$.tt:)
(x\,+!a

; -l-r:u-t_-) _t_1
oJ.r-++

74



,ae. 
( 6+s) 

?t 
= *h(r.l+r)

/ $-t?r'(uha1'|ffiruhrttrt3.,
d,lt,

if htu') : irr(u'2 - t1f "z
bD

* =d'-'7*.t*.-'fl"r.'! 

=$e*":'{?t-"
= dktr-(r"(u'+:t')cel1
= itnt*rf-t [zr'r)

= ' -J- (zt"r)D -z' h?t
4. ff,rh(,)_-tggr,,, I"h 

=;6f,,"*f fio(fts))
= ?(n(fis))E.fo$urHb)
=- 3 ff"(*"*r))t.J- .(zH)

z Ht+s

Example 5.7.6. Flntl the slope of the tangent line to the graph of /(r) - 5.r{+2r3+t

at r:0. gf,"yt {rt=se*zf*gc*zy1+r}
,;I

.0n,"'*',,,"*,,ii/ ^ nl.ntol fixl =gExq+2f,+, (u*g*"}.*ti$'" tr,\+rft f(ot
- ) u1 T \no 

' {t(o) -- sgo+o+' ''(o+o)

=Se\(o) = O


