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RAFFLES INSTITUTION
H2 Mathematics (9758)
2025 Year 5

C6A: Differentiation Techniques (Additional Practice)

Differentiate each of the following with respect to x:

(@  (x-1)’e™
(b) ( 71']
cos| x+—
_\_4)

Jx
(©) 1
1+sinx
@ (ln (ED tan”"' (v/x)
X
(e) 1+x?
In >
1-x
(f) exlnx
©® o'

(h)  x?sec?2x

(i)  cotxcosec 2x
()  sin'(tanx)
(K)  x*cos™'(e")

(l) xsinx

Solution:

@ %[(x-l)zeh]:z(x_l)e“+(x_1)2e2xxz
= Z(x—l)ebC (1+x—1)
=2x(x —l)ez’“

b —
® d cos(x+%) _\/;{—Sin(erZH—cos(HZjBx

de|  Jx Jx

=— ! {2xsin£x+£}+cos(x+£ﬂ
- 2(Wx) 4 4
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© i( 1_ )z—(1+sinx)2 COS X
dx\1+sinx
_ cosx
(1+sinx)’
(d) 1 -+
d(. (2 1 2\ 2*°
— ln(—jtanlx/; =—~tan""Jx + (ln—] .
dx X x X ) 1+4/x
1. 1 2
=—tan'Vx + ————In=
x 2\/;(1+x) x
© | a4 [1+4x 14
—1In =——[In(1+x*)—In(1-x*
Siny [ =2 n(l+x7) ~In(1-x")]
_l{ 2x _(—Zx)}
21 1+x% 1-x7
_ 2x
1-x*
(f) i(exlnx) — exlnx [l‘lnx+X'lj
dx x
=¢™ (1+Inx)
(8 q |
_[etan’l \/§X] — etan’l«/gx - \/3
dx 1+(\/§x)
— \/g etan"x/gx
1+3x7
(h) d 2 3 3 2 2
a(x sec’ 2x) =2xsec” 2x+ x"(3sec” 2x)(sec2x tan 2x)(2)
=2xsec’ 2x(1+3x tan 2x)
i | d 2
( —(cot x cosec2x) = —cosec”x cosec2x + cot x (—cosec2x cot 2x) 2)
= —cosec2x(c0sec2x +2cot xcot 2x)
1 2
W i[sin’l(tan x)] e X
dx J1—-tan® x
® | 4 1
—[x*cos™'(e")]=2xcos (") + x| —————c"
dx 1_(eX)2
=){2cosl(e")— X }
1-e*
M | Let y=x".
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Taking In on both sides, In y =(sinx)Inx .

Differentiate with respect to x,

1d

ly sin x
——=(cosx)(Inx)+
) dr (cos x)(In x)

dy | Sinx
— =x"" —=+(cosx)(Inx
m { . (cos x)( )}

Alternatively,
y= elnxsm" _ e(sinx)lnx

d_y — e(sinx)lnx
dx

[(cos x)In x + (sin x)(l)} = x"" [(Cos x)In x + sin x}
X x

2 Find %(x\w —x> +9sin™ (gD , leaving your answer in the form a+/b— x> , where the values of

a and b are to be found.

Solution:

%(x\/9 —x* +9sin”! (g)) =9 x? + x(%)(9 - xz)_% (—2x) +

9—x’

_ 2
o 42 xz —2J9-x°

na=2,b=9.

3 For each of the following, find % in terms of x and y.
@ X +2y°+3xy=0
(b) x+tan(xy)=0
(© cos(xy)—In(x+y)=0

Solution:

@ | ¥+2y°+3xy=0
Differentiating w.r.t. x,

3x? +6y2d—y+3xd—y+3y=0
dx dx
6y’ +3x)%=—3x2 -3y

dy _ X +y

dx x+2y°
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(®) | x+tan(xy)=0
Differentiating w.r.t. x,

1+sec {x—erJ

xsec” (x y)dx:_l ysec® (xy)

d_y__1+ysec2 (xy)

dx xsec’ (xy)

(¢) | cos(xy)—In(x+y)=0
Differentiating w.r.t. x,
dy

d 1+—
—sin(xy)[x—y+y}——dx:0
dx x+y

. dy . dy
—x(x+ y)sin(xy)—-y(x+y)s -1-—=0
x(x + y)sin(xy) 1 y(x+ y)sin(xy) 1

d_y _ _1+y(x+y) sin(xy)

dx 1+ x(x + y)sin(xy)

JPJC Promo 9758/2021/Q3
.. ) o 3 . ody .
It is given that x“y —tan~ y = Zﬂ' . Find ™ interms of x and y. [4]

Hence, find the exact value of % when y = 1, given that x > 0. [3]

Solution:

xzy—tan’lyzgﬁ
4

Differentiate with respect to x, x’ : & + y(2x (d_yj 0
dx 1+ Ldx
2xy (147
drf 1 ~—x’ =2xy:d—y= 2%y y( J:
dx(1+y

dx ( 1 2) 1-x*—x"y*
o —x
I+y

wheny =1, xz(l)—tan11=%7z3 xz—%=%7z:> == x=tJr.

Since x>0, x= \/;
dy _ 2\/_(1+12) N

dx 1-z-z(1)} 1-2x

(exact).
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5 SRJC/2007/1/Q5
@ ping Y i
dx
. 3
1 =
. 2x+1
(ii) —In X +x+1
oy I+cosx
(b) Given that ye’ = (x—5y)’, find % in terms of x and y.
Solution:
(@)
1/ =3 (2x+l) 2
(i)
- f(z TR p——
dx (2x+1)
X 4+x+1 )
y=In| —— |=In(x" + x+1)—In(1 + cos x)
. I+cosx
(ii)
dy _ 2x+1
dx  x*+x+1
) | ye' =(x-5y)
dy . L d 2( dyj
—e’ +ye’ —=3(x-5 1-5—
3 T g T i
1+y)e” +15(x-5 3(x-5
[(1+y)e” +15( y)]dx (x=5y)°
dy _ 3(x-5y)°
dx  (1+y)e’ +15(x—5y)
6 ACJC Promo 9758/2021/Q3 (modified)
2 4.2
A curve C has equation & , xeR, x#-8.
x4+ xy° +100
2
Show that & = X"V 2]
dx  2xy+16y°
Solution:
2x* -8y’ = x* + x> +100 . Differentiate with respect to x,
4x— 16yd—— 2x+2xyd—+y = — dy = (shown).
dx dx dx 2xy+16y
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2
7 If sin y =2sinx, show that (jﬁ) =1+3sec’y.

Solution:

If sin y = 2sin x, differentiating both sides with respect to x,

cosyd—y:2cosx
dx

Q =2cosxsecy
dx
Squaring both sides,
s 2
(d—y)2 =4cos’ xsec’ y =4(1-sin’ x)sec’ y = 4sec’ y— 4s1112 al
dx cos” y
.2
:4seczy—smzy, since 2sin x =sin y
cos” y
=4sec’ y—tan’ y = 4sec’ y—(sec’ y—1)
=1+3sec’y (Shown)
8 CJC Promo 9740/2013/Q4
(@) Given that y = tan"' V/x, find % [2]
(b) Given that ’i/; = Vx, where x > 0, y > 0, find % [4]
Solution:
@ | d , 1 1 - 1
—(tan'Vx)=———x P=————
dx( ) 1+(Wx)* 2 2Jx(1+x)

® | =

Taking logarithm on both sides,

llnyzllnx
X y
ylny=xlnx

Differentiating both sides,

(1+1ny)%:1+lnx

d_y_ 1+Inx
dx I+lny
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Given the curve with equation x> —4xy +3y” +1=0, find the gradient of the curve at the point
where the y coordinate is 1.

Solution:

Differentiate x* —4xy+3)* +1=0 with respect to x,
dy dy
2x—(4y+4x—)+6y—=0--(1
(4y dx) Y ix )
When y =1, the equation of the curve gives x> —4x+4=0,s0 x=2.
Put the values into (1) to get
4—(4+4(2)QJ+6d—y:0.
dx dx

So —2d—y:0 = d—y:0.

dx dx
Hence the gradient at (2, 1) is 0.

2
(3  Find an expression for % in terms of ¢ for x=¢2 —tﬁz, y= %4‘%, where t = 0.
(b) DHS Mid Year 9758/2021/Q8 (modified)
A curve C has parametric equations
x=sin2t, y=cos’t+l, 0<r<T.

Express % in the form « tan bz, where a and b are constants to be determined. [2]

(©)  MJC Promo 9740/2013/Q2

The parametric equations of a curve C are x = sin’l(l —-1), y= eV
Find d—yin terms of 7. (4]
dx
Solution:
1
@ [ 8 @y,
t dr t
8 dy 16
:—-‘,——, —=f——
YT £
16
dy _d_y>< dt £
dx dr dx 2 ?
t
_1'-16
2t* +16
g=20032t, d—y=—2costsint
t dt
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d_y: —2costsint _ —sin 2t :—ltanZt (where a :_l’ b=2).
dx 2cos2t 2cos 2t 2 2
x=sin"'(1-1) y=e Vas
1
ﬁ:;(_g Y _ s l(2z—t2) 2(2-2¢)
dr 1—(1—1)2 dt 2
de_ 1 d_e (1)
dr 2 — ¢ dr 2t -t
dy
Ly dr s
.a: dx =¢C 2t (f-l)
dr
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