Lecture 11







let N

CHAWN RULE

o ihol & e derivahve of the funchion F(x) =2+ 4
The formulas we have learned in previous sechon doesnt work .
Otserve thot F is a comPosﬁe function .

ek y = flu) =u

lt u = glx) = x4 1

Then we can wrife y = F(x) = flq0) bat 5 F = f°f]

We Know how to differentiate both f and q @ the queshon 15
how denvahive of F = foS depende on Hhe derivative of { and q -

Tois & where the Chain rule comes into Ploﬂ .

CHAWN RULE

It § ond q are both differentiable and F = foa is the composn}e
E = 4(qL), then F i dfferenhable

funchon defined bj
ond Fls gven bj the Produc)c

P = $lg0) . g'x)



ln lerboiz notation , If y = flu) and u =3(x\ are both
Afferentiable funchons , then -

dy _ 4y &
(;% ﬁ'dx

B Flx) =4x2+1  Fad Flix)

Sl F(x) = (foq)(x) = Flg0x))

where () -yu, qx) = xly |

i S Y a‘(x) = ax

Since | f'(u) = —;- o
a\u

Then F'(x) = f|(3(x)) .3‘(“

- __l—————"“ ° ax = X -
alx?+4 Vx2+
Alternate Sol”
et u=x2+1 and y =Ju
F'(x) =_o_\%_,g_u_=___\,_.&x=_\__.._ . dx
da dx alu M rvEY)

M

Ux24 4



In g the Chain rule ;we work from outside do nside
What we are don‘nj is we dif ferentiate the outer qunc*hbn £ ot

the ner func“on glx)] and +hen we muH(Plj bﬂ the derivatve

of the wner funchion

e

N\

4§ (g)) = £ (gt . 9'(x)

) N N md N
outer  evaluated denvative  evaluated pmo\uc{ derivative
ot nner Ofou*ef at nner oj nner
funchon  function function

Ex  Differentate a) y - en(x*)

Outer funchon 16 the sine funchon

lnner  Junchion 15 the squaning funchon .

Then bj Chain rule :

53_3_ - d  anx (i) = :‘i (’f:)ﬂ * \,{L
dx dx ;;; ovaluated devivahve evaluated dervative of
func ot wner of wner  at \nner Inner fU"C
func func funchon

= Ax.cos(x?)



b) thﬂ = ain?x = (smx)2

Outer funchion 15 the squan‘na function

lmer funchon 15 the sine function

S0
)
2
QS. . d (smnx) = a- (sinx) , 005X
nney derivative  evaluated dervahve
funchion o]t outer at nner of wner
function funchon funchbn

In Examp\e a) we combined the Chain rule with the rule for dn‘ﬁerenhbh'rg
te aine funchbn . In 3€h9¥0| 5 lf ﬂ =any ,where u 1 o\lﬁ‘mnh‘ab\e funchbh

of x , then bﬁ he Cham rule ;

dy . du,du _ 4
-&::}(- gu%-dx_cosu._a_;_

Thus | PL(S"W) - cosu_C_‘g__
X dx

5 we can differenhiale +njonome+n‘c funcw‘fon bﬂ combnnmj t with Chain Rule



Cpecial Cage of Chain rule

Let 4 = [(j(x)]n , then we aan write Yy = fuw =u" where u =q(x)

Bﬂ usl\nﬂ the Cham rule and then the power rule  we 39%

dy - au—nu\u_nf(x)]n"
;\% :)-L%dx Ay 3

This 16 the power rule combmg_d _wn‘h Cham Ru\e

e P e

Ex  Differentiate Y - (x3 - l)m

TaKmtj u s 3[)(] =x3 =] and n =100

dy . Ao - 00 (30T d 1x3o1) =1000E=1)" . 3x
dx dx ax

q
< 200x%. (xg—-\) !

\ 1
Ex  Fd f'0) of {00 =
3% + x4 1

STEP L Rewnite f(x) as  flx) = -—l———"‘,‘ = (XQ+X+1)-
— (x*+x+4)""8

f(X = _|_ x+x+1)‘4/3.g\_(x2+x+i)
3 dx
= _3!_ (x2‘+x+1)~4/3.(3x—;1)



s ———

Ex Find the dervative of the funchbn j(t) - ( t-2 )q
at+l

We are comh(ninj Power rule, Chan Rule jlrsjc

Toen, q'lE) = q(;gj{,‘ﬁ "i't b-2 )
at +1 dt ldt+l

Now we would like fo use Guotient ru le

. g ({_Q )% v (i{m,_ (t—n)'—- (t~2\(3{-+1)'
(a1

C(atsn. 1 - (t-d).2
(at +1)® (aL+1)?

coqle-)F L apel-aied
(ap+1) (A+1)




Ex D;ffemni’lb}e 3'—' (JX-\\)S- (Xa‘x"'l)q

S In s example we rnust use he Pmduci rule bejore usfnj the Chain rule

i} _ {axH)S- i[(xa_x+1)4] + (xg-x+1)4-i [(&xH)SJ
dx dx dx

-
-

3
(&Hl)5 Cd(x3-x+ 1) 4 (x3-x+i) “+ (xa—x+i)q,5(ax+l)4ad_ (gm)
dx X

=?(Q_x+\)5. (3x2-1). "lbgg-x-».'t\3 3 5(x33x+1)4‘ (ax o2

al(ébufl)".(xz‘-xﬂ)3 [ alaxs1).(3x-1) +50x3-xs 1)]

L O3x+ 1)? [ 3163 43x%~ Qx-1)+ 5x3~Bx +5 )—J

i

2 (Qxa)

2 (Qx’f”q (x3oxs 1)3 [|7X3+6xQ -qx + 3]



s called "chalh cwle . when we make a )Onjer chain ha addfnj extra link
Suppose Y = fluy,u = 3(’0) , t =h(x)

where { 1qoh are A ff . funchons

Then 1o compu}e the denvathive o{ ) with respod lo x  we use the Chain rule twice

Ex = sin (cos (tanx )
f[ %) s \__i an )
outey inner

flx) = os (cos (fanx)) o d {cosHanx))

dx =~ “—

denvative of evalualed ob ot inside
OU}S|de Ine'de
= 05 (05 (tanx)) « (=80) (fan(x)) , secx
MH{ eval ol dervatve
g e

= - co¢ (cos(’ronx)) .sin(tanx) . 5ec X



7
& oy-= ~ ec (x3) = (sec (x3))*

Then autside 18 square rool | nside 15 sec(x3)

Then, ‘.J.i L (sec Xg)) (sec(xa))
dx 2 dx ouklde ‘"9")9

(«"

L4 ec(3)dan(x?) | 3

Nertmegmrnmon

Nsec(x3) derivative of dervatve
outside evaluated of neide
at neide

3x% sec(x?). tan (x3)

3{S@c(xa)

1 (1449

Then bj quohent rule

Lap) B b A1)

O\S: 0\

ot [t )




=]

= (141?) - 32 \

- —
P

(1412). [142%)"

y = an (sin (a0 x)))

- cos (s (5INX)) » cos (X ) . COS X

iy



