CJC MATHEMATICS DEPARTMENT
2022 JC1 H2 MATHEMATICS (9758)
TOPIC: TECHNIQUES OF DIFFERENTIATION

H2 MATHEMATICS TUTORIAL SOLUTION

TOPIC TECHNIQUES OF DIFFERENTIATION 2022/3C1
ESSENTIAL PRACTICE
1 [2014/PJC/Promo/1]
Differentiate each of the following with respect to x.
(i) esecx [1]
(ii) tan‘l(xz) [2]
(iii) cos®(2x) [2]

Solution:
(i) %(esecx ) =(sec xtan x)e**
(ii) %[tanl(xz)} - 1?;4

(iii) %[cos“(Zx)] = 4c0s’ (2x)(-sin(2x))2

=-8cos®(2x)sin(2x)
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2 [2013/NYJC/Promo/2]

Differentiate the following expressions with respect to x, simplifying your answers as far as

possible:

(a) tan‘l[g],
X

1+x

(b) In /1 -

Solution:

d (2 2(—x72
@) &{tan 1@}1((2)2
+

(b) Method @:

dx

1-x

i[m H_X] =%%[In(1+ X)—In(1-x)]

T O
2\1+x 1-x

1 1
or
1—x? L+ x)(1-x)

Method @: [Not Recommended]

dx

1+x 1 X+1+X
1+x 1+X (1—x)
_1 1-x
_2 1+x (1 x)
B 1
C(1-x)@+x)

H

[3]

[3]
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3 [2013/ACJIC/Promo/3]
Differentiate the following with respect to x.

. X

M feos [Ej 2]

y (X+1)3

(i) In 71 [2]
Solution:

(i) Method @:

i{m (“1)3} d{m( xt1 ﬂ (x> 1 y(x+1)2 =x+1)

dx -1 | dx x—1

:(?_X(In(XJrl)—%m(X_l)J

_t 1
Cx+1 2(x-1)

Method @: [Not Recommended]
df, (x+17 ] 1 11 3(x+1)2(x2—1)—(x+1)3(2x)
dx \/(x+1)3 2J(x+1)3 (2 -1)
x? -1 x? -1
X—3
2(x* -1}

X% -1
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4 [2016/PJC/Promo/1]
Differentiate with respect to x, giving your answers as a single fraction,

(@) Inva?—-x?, where ais a constant,
1

b) tan7l| —|.

® (5]

Solution:

(a) Method @:

ELOWﬁ?t;?}:E{Em(ﬁ—xzﬂ

dx dx| 2

-l
2\ a? - x?

Method @: [Not Recommended]

1

i(In\/az—xz)z;.l(az—xz)_z.(—Zx)
dx JaZ —x2 2
_ X
a’—x?
X
X2 -a?
) Lt 4]t O
dx 2X (1}2 (2x)?
1+ —
2X
byl v
- 2
1+i2 4x
4x
_ 2
4x% +1

[2]
[2]
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5 [2015/CJC/Promo/1]
Differentiate the following expressions with respect to x, simplifying your answers whenever

possible.
(@) tan* (e3x ) [2]
(b) 5%, (2]
(c) , Where a is a constant. [3]
X3 +1
Solution:

dr aia]. 1 d s
(a) &[tan l(e3 )}_—H(esx)z .d_x(e3 )

3e3X
1+e5

(b) Method @:
Let y=5%

dy 2X
—2 =5%*.In5-(2
» n5-(2)

=(2In5)(5™)

Method @: Logarithmic Differentiation
Let y=5%
Take In on both sides:
Iny= In(52x)
Iny=2xIn5
1dy
y dx

3—i =y(2In5)
=(2In5)(5%)

=2In5
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(c) Method ®: Product Rule

t e

_a(x? 41) 2 +ax[—%j(x3+l)_g (32)

1 3
= a(x3 +1)_E —gaxe‘(x3 +1)_5

Method @: Quotient Rule

1 1
d [ N ]: avx® +1—ax-(2j(x3 +1) 2 (3x2)
v +1 (\/x3+1)2

1 1
a(x3 +1)E —2ax3(x3 +1)7E

dx

X2 +1

1 3
= a(x3 +1)_E —gaxe‘(xe’ +1)_E
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6 [2010/ACJC/Promo/5]
ex X
@ e COt(E) ,
b (20
Solution:
d ex X ex 1 X X ex
(a) &{e COt(Eﬂ =e {—Ecosec2 (Eﬂ +[cot[§ﬂ(e )(e)
=¥ {—Ecosec2 (5) + ecot(iﬂ
2 2 2
1
(b) Let y=(2x)x
1
Iny= S In(2x)
ldy _1(2) 1
Vo X(ZXJ 2 In(2x)

Differentiate the following with respect to x, leaving your answers in terms of X.

1

%z(zx%)x[l—ln@x)]

[3]
[4]
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7 [2012/Promo/ACJC/2]
Differentiate the following with respect to x.

(i)  cos™(sinx), where g< x<3?n, [2]
.. e’ +1
ii In . 3
(i) e [3]
Solution:
(i) i[cos’l (sinx)|= —;2 -COS X
dx J1=(sinx)
—COS X

J(cosx)’

—COS X i 3n 2
= "+ cosx <0 when — < x<=— s0 /(cosx)” =—cosx
—COS X 2 2

=1

. d X +1 d|1 X +1
(i) —|In =—1/|=In
dx 1—e7* dx|2 [(1—e7X

=1%[In(eX +1)— In(l—e‘x)}

_l et e
2 e"+1 1-e7*

1 et 1
2l e*+1 e -1
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8 [2016/CJIC/Promo/1]

Given that y* +e®"Y =cos(2x+gj , find j—y interms of x and y. [4]
X
Solution:
y3 +eY = cos(2x+gj
3y? | sec? y-etany Y —Zsin(2x+ E]
dx dx 3
dy . T
3y? +sec? y-e®@Y —=—25|n[2x+—j
( y y )dx 3
Zsin(2x+nj
dy __ 3
dx  3y?+sec’y-e®Y
9 [2014/CJIC/Promo/2]
The variables x and y are related by 3’ = xy —secx . Find j_y interms of x and y. [4]

X

Solution:
3 =xy —secx

3 In3d—y= y+ x%—secxtanx
dx dx

(3 In3—x)3—y= y —secxtan X
X

dy _ y-—secxtanx
dx 3 In3-x
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10 [2012/Promo/CJC/11(b)]

Given that y =(2x+1)" for x>0, find :_y [3]
X
Solution:
y=(2x+1)"

Iny=xIn(2x+1)

ld—yzx( 2 j+|n(2x+1)
y ) dx 2Xx+1

dy 2X
— = In(2x +1
dx y{2x+1+ n(2x+ )}

2X
2X+1

=(2x+1)*{

+In(2x+1)}

11  [2013/YJC/Promo/4a]

It is given that y* =e’x’. Find g_y interms of x and vy, simplifying your answer. [4]
X

Solution:
y*=e'x?
xiny=In(e’x*)
xIny=y+2Inx

Iny+x 1 d_yzd_y+g
y)dx dx X
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12 [2014/MJC/Promo/5]
X—2X
Inx

3

(a) Differentiate with respect to x. [2]

(b) Given that 0< x<g, show thatdi[sinl(cos x)} =k, where k is a real constant to be
X
determined. [3]

(c) Giventhat ¥ =(1+ yz)z, find :_y in terms of x and vy, simplifying your answer.  [4]
X

Solution:
(@) Method ®: Quotient Rule

i{szsj<lex2>mx(1j<xzx3>

dx{ Inx (In x)2
) (1-6x*)Inx—(1-2x)
B (Inx)’
_ (1-6x*)Inx+2x* -1
(In x)2

Method @: Product Rule

2[5 ecwn'|
=(1-6x*)(Inx)" +(X‘2X3)[_('n X GH

_1-6x" 1-2x*
Inx  (In x)2
(1—6x2)ln x—(1—2x2)
(Inx)’
(1-6x*)Inx+2x* -1

(In x)2

—sin X

\J1-cos? x
—sin x
\sin? x
-sinx , . .
=—— (since x is acute)
sin x

(b) %[sinl(cos X)|=
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(c) Method ®:
e =(1+y?)?

dy Xy 2 ( dyj
+X— ¥ =2(1+ 2y —
(y dxj ( y ) ydx

dy 2\ dy
e”¥ +xe¥ —==4y(1 —
ye +xe” y(1+y )dx

[4y(1+y?)- xexy]g— = ye"
dy_ e
dx 4y(1+y?)-xe”

Method @:
exy — (1+ y2)2
xy =2In(1+ y?)

y(1+ y2)+ x(1+ yz)% = 4y3—1

[y —x(ey) gy =v(a+y)

dy y(1+ yz)
dx 4y -x(1+y?)
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