Differentiation

. Chain Rule You met this at Higher!

If k(x) = f(g(x))
then & (x) = f(g(x)) @ g'(x)

Example

. : o :
Differentiate y = sin”(5x — 1) with respect to x.

y = (sin(5x —1))°

% = 2(sin(5x - 1)) ® OOS(Sx — 1) ®5

=10sin(5x —1) ® cos(5x — 1)
= 5sin 2(5x — 1)

* Since sin2a = 2sinacosa



B Product Rule

D : :
Y = X Sinx is the product of two functions # and V.

3
= X sinx

/ N\

where ¢ = x and V = sinx

In general, if y = uv , where # and v are functions of X :

[ f(x)=uv+vu ]

Example 1

3. - I
y = X7sinx where u= x u=3x
V = Sinx V = cosx

dy —
— uv+vu

_ ) 3
= 3x ® sinx +cosx e x

= 3x?sinx + xX>cosx



Example 2

Y =Xcos2x  where U= Xx u =1

V=cos2x vy = —2sinx

dy -
x uv +v'u
= Ccos2x — 28in2x e x

= cos2x — 2xsin2x

Example 3

2 10 .
y=x(x—1) where u=x2 u=2x

v=x-D"° v=10x-1

% =uv+iyu
=2xe(x—D"+10(x 1) ox’
=2x(x =)' +10x%(x = 1)”

= 2x(x — 1)9§ 6x —1)



Example 4

Y .
Y = Sin xcos™x
5 3 2 : ! .
y = (sinx) (cosx) where u= (Smx)3 u = 3cosxsin’x

V= (cosx)2 v = — dcosxsinx

dy — 4 ,
x uv+vu

D D : 3
= 3cosxsin x ® cos x — 2cosXSinx ® Sin x

) .4
= 3cos XSin X — 2co8XSin ' x

Example 5

y=x(2x + 5)5 where U= x u=1

v=(2x+5° v =10(2x +5)°

Z,;’ = uv +Vu
=(2x+5)°+10(2x +5) o x
= (2x +5)° +10x(2x +5)°

= 2x+5)4g 12x +5)



Example 6

Find the equation of the tangent to the curve y = x\“;“‘" x +1 atthe point where X =3 .

y=x\fx+1 where U= x u'=1
1 ! =L
v=(x+1)? v=;(x+1) ?
_ 1
)
2(x+1
d——;‘:=u’v+v'u
1
=(x+1)2+ 1 -0 X
2x+1)2

= et 1)1 + X :
2(x+1)2 2(x+1)2
Srhnah
2/ x+1

— 303)+2
2|/ 3+1

=l
4

Gradient at y = 3: m

Point on line whenx = 3: y= 3\/ 3+1=6

Equation of line: = b= m(x = Cl)
y=6= 4 (x—3)

So.  1lx—4y—9=0



. Quotient Rule

If V= % ,where ¥ and V are functions of X then:

CEE

Example

JU= fji where %= 2+3x u=3

v=1—2x v= =2

dy _ uv—vu
dx — 2
= 1 —2x)—(—2)2+3x)
(1-2x)°

=
(1=2x)"




