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Differentiation 9F

1 a y=tan3x 1 1
4 d yzxztan5x+tan(x—5j

Using the result

J=tanke = dy _ ksec o The first term is a product with
dx u=x’ andv=tan%x
dy 2
— =3sec” 3x
%=2x and %=%seczéx
b y=4tan’ x

Using the product rule for the first term:

Let u = tan x; then y =4u’ q : . :
ay=x2(gseczax]+tan5xx2x
d—u:seczx and d—y:12u2
du 2( 1j
+ sec X_E
Using the chain rule,
1, 5,1 1
=—x"sec —x+2xtan§x

d—y=d—yxd—u=12uzseczx
dv du dx > 1
) , +sec’| x——
=12tan" x sec’x 2
¢ y=tan(x—I) 2 a y=cotdx
%:seCZ(x—l) Let u =4x; then y =cotu
d_u:4 and d—y:—coseczu
dx du

Using the chain rule,

d
Y o _coseciux4 = —4 cosec?4x

b y=sec5x
Let u =5x; then y =secu

d_u=5 and d—y=secutanu
dx du

Using the chain rule,

%:5secutanu =5secSxtanSx
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¢ y=cosecdx

Let u =4x; then y =cosecu

d_u=4 and d—y=—cosecucotu

du

Using the chain rule,
d

&~ _4cosecucotu
dx

=—4cosec4xcotdx

d y=sec’3x=(sec3x)’

Let u =sec3x; then y =u’

d_u: 3sec3xtan3x andd—y: 2u

du
Using the chain rule,
& _dy du
dx du dx
=2ux3sec3xtan3x
=2sec3xx3sec3xtan3x

= 6sec’ 3xtan3x

e y=xcot3x
This is a product, so let
u=x and v=cot3x
and use the product rule.

du _ 1 and dv_ —3cosec’ 3x

% = x(=3cosec’3x) + cot 3xx1

= cot3x—3xcosec’3x

¢ yzseczx

x
This is a quotient, so let

u=sec’ xand v=x
and use the quotient rule.

du = 2sec x(secxtan x) and dv =1
dx dx

dy _ x(2sec” xtan x) —sec’ xx1
dx x°
_sec’x(2xtanx—1)

2
X

g y=cosec’2x
Let u = cosec2x; then y =u’

du _ —2cosec2xcot2x and & _ 3u?

du

Using the chain rule,
Y = 3u’ (-2 cosec 2x cot 2x)

dx
= —6cosec’ 2x cosec 2x cot 2x

= —6cosec’ 2x cot 2x
h y=cot’ (2x-1)
Let u =cot(2x—1); then y=u’

du_, cosec’(2x—1) and Y_ 2u
dx du

Using the chain rule,
Y_ 2u (—2 cosec’ (2x — 1))
dx
=—4cot(2x—1)cosec*(2x—1)

a f(x)=(secx)’
Using the chain rule,

f'(x)= %(sec x)% X sec x tan x

1 1
=—(secx)*tanx
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f(x)=+/cotx =(cot x)%
Using the chain rule,

f'(x) = %(cot x)? x (—cosec” x)

1 -1
= —5(cot x) " cosec’ x

f(x) = cosec’x = (cosec x)’

Using the chain rule,
f'(x) = 2(cosecx)' (—cosec x cot x)

= —2cosec’xcot x

f(x) =tan” x = (tan x)°

Using the chain rule,
f'(x) = 2tan x xsec” x = 2 tan xsec’ x

f(x) =sec’ x = (secx)’
Using the chain rule,
f'(x) = 3(sec x)* sec x tan x = 3sec’ x tan x

f(x) = cot’ x = (cot x)’
Using the chain rule,
f'(x) = 3(cot x)* (—cosec’x)

=—3cot” xcosec’x

f(x)=x"sec3x

Let u = x> and v =sec3x

d_u =2x and ﬂ: 3sec3xtan3x
dx dx

Using the product rule,
f'(x) = 3x” sec3x tan 3x + 2xsec 3x

F(x) = tan 2x
Letu=tan2x and v=x
du dv

— =2sec’2x and —=1
dx dx

Using the quotient rule,

2xsec’ 2x —tan 2x
2
X

f'(x) =

SolutionBank

2

X
¢ f(x)=
tan x
Let u=x* and v=tanx
du

— =2x and ﬂ:sec2x
dx dx

Using the quotient rule,

() = 2xtan x —x”sec’ x

tan® x

f(x)=¢e"sec3x
Letu=¢" and v=sec3x

d_u =¢" and ﬂ: 3sec3xtan3x
dx

Using the product rule,
f'(x) =3e"sec3xtan3x+e¢" sec3x

=¢"sec3x(3tan3x+1)

F(x)= Inx

tan x
Letu=lnx and v=tanx
du _1 and ﬂ:seczx
dx x

Using the quotient rule,

1 >
— [tanx—In xsec” x

f'(x) = (x

2
tan” x

_tanx—xInxsec’ x

x tan* x

tan x

€

f(x)=

COS X
Letu=e¢™" and v=cosx

du dv )
— =e"gec’x and — =—sinx

dx

Using the quotient rule,
tan x tanx
f'(x) = (

e sec’ xcos x —e™ (—sin x)

cos’ x
tan x tan x

e secx+e™ sinx

cos’ x
tan x

_ e (secx+sinx)

cos’ x

_ tanx

=e™(sec’ x +secx tan x)

__ tanx

=e"™" sec x(sec” x + tan x)
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5 a y:;.=secxcosecx c Whenx=£,
cosxsinx 3
Letu =secx and v=cosecx 1 1 4 43
y = = =
d—u:secxtanx and ﬁ:—cosecxcotx cos ¥ sin ~ lxﬁ V3
dx dx 3 3 272
Using the product rule,
d—y=secx(—cosecxcotx) d_y:_ 1 + 1 :_i+4:§
dx BY (1Y 3 3
+ cosec x(sec x tan x) B B
COS X sin x . ) ]
== + or, using the alternative expression,

cosxsinxsinx SinXxcoSXCOSX q 5 | o
1 1 _y:_4x_x(__j:_

- + dx V3LV o3

sinx  cos’x

Alternative solution: Equation of tangent is

1 2 43 8( =
y= — = — = 2cosec2x y———==|x—=
cosxsinx sin2x 3 3 3
(because sin2x = 2sin xcos x)
q 3y—43 =8x—
% — _4cosec2xcot 2x 3
24x-9y+12J3-81=0
d This is in the required form ax+by+c=0
b At stationary points ay =0 With a =24, b=-9 and ¢ =12+/3 8.
1 1
=0 1
Cos™ X sin” x 6 y=secx=
| 1 Cos X
—=— Letu=1 and v=cosx
cos“x sin"x
5 du dv
tan” x =1 —=0 anda——smx
tan x = 1 Using the quotient rule,
In the interval 0 <x < © dy  cosxx0—1x(—sinx)
there are two solutions, r and 3—7[ dx cos’ x
. 4 . 4 . sin x
So the number of stationary points is 2. =———=secxtanx
cos” x
Alternative solution:
—4cosec2xcot2x=0 7 y=cotx=
cosec2x =0 Letu—1 gan’it
but cot2x =0 has two solutions de u=tan Vv_ anx
in the interval 0 <x < 7. S0 and L =sec’x
dx dx

So there are 2 stationary points. ) !
Using the quotient rule,

dy tanxx0-lxsec’x  sec’x

dx tan’ x tan” x
1
2 1
=—L8 X = _cosec’x
sin’ x sin’ x
cos’ x
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8 x=cos2y Challenge
d_ =-2sin2y a Lety=arccosx
dy 1 So x=cosy
o~ o3 & —sin
sin2y dy Y
sin® 2y +cos*2y =1 dy 1
sin2y =+/1—-cos® 2y az_siny
B sin® y+cos” y =1

I siny=\/1—coszy=\/1—x2

dr  2y1-x7 Cdy 1

. a:—?
9 a x=cosecSy *
o = i(Sy)-(—cot 5y cosecSy) b Lety=arctanx
dy dy So x=tany
dx 2
—=-5cot5y cosecSy —=sec” y
dy dy
y_1_ m d_ 1
dx dx S5cot5y cosecSy dx sec’y
dy 1

& O l+tan’y 1+x°

dx  5cot 5y cosecSy
X =cosec Sy

cot’ 5y +1=cosec’5y

:>c0t5y=\/0056025y—1 = -1
dy -1

= < =
dx  Sxyx?-1
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