Pure Mathematics Year 2

Differentiation 9C
1 a y=(1+2x)*
Let u=1+2x; theny=u*

W5 and d—y=4u3
dx du

Using the chain rule,

dy _dy du_ =4u®x2=8u® = 8(1+2x)*
dx du dx
b y=(3-2x°)"

Let u=3-2x% theny=u"

WM gy oand Yo sy
dx du

Using the chain rule,

dy _ dy du
dx du dx
=20x(3-2x%)"°

— = (-5u"®) x (—4x) = 20xu®

c y:(3+4x)%
Let u=3+4x; theny:u%

d—u=4 and d_yzl 2
dx du 2

Using the chain rule,

d—y=d—y><d—u=1u_%><4
dx du dx 2

=2ut =2(3+4x) "

SolutionBank

d y=(6x+x%)’

Let u=6x+x> theny=u’

OI—u:6+2x and ﬂ=7u6
dx du

Using the chain rule,

ay _gdy, d_u 7u® x (6+ 2X)
dx du dx
=7(6+2x)(6x+x*)°
1
= =(B3+2x)"
y 3+2x ( )

Let u=3+2x; thenyzlzu’l
u

W5 and d—y:—u’2
dx du

Using the chain rule,

dy _ dy du __u?x?

dx du dx

2 _ -2
(3+2x)?

y=A7-x=(7-x)

Let u=7-x; thenyzu%

d—u=—1 and ﬂzlu%
dx du 2
Using the chain rule,
dy dy du 1 =
a _ady x (1)
dx du dx 2
1 1
=——(7T—-Xx) ?=—
2( ) 2\T—X
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1 g y=42+8x)*
Let u=2+8x; theny=4u’

d—u:8 and d—y:16u3
dx du

Using the chain rule,

ﬂ ﬂ d—u—16u x8=128(2+8x)*
dx du dx
h y=38-x)°

Let u=8—x; theny=3u®

(;_u =-1 and dy _ -18u”’

X du

Using the chain rule,

dy _dy AU e (1) —188- %)
dx du’ dx
2 a y — eCOSX
Letu=cosx; theny=¢"
OI—u:—sinx and ﬂ:e”
dx du
Using the chain rule,
dy _dy du
dx du dx

COsX

=e"x(-sinx)=-sinxe

b y=cos(2x-1)
Letu=2x-1, theny=cosu

d—u=2 and d—yz—sinu
dx du

Using the chain rule,

dy _dy d_u

dx du dx

=—sinux2=-2sin(2x-1)

SolutionBank

¢ y=+Inx
Letu=Inx; theny=+u=u’
du_ 1 and dy 1,4
dx x du 2

Using the chain rule,
dy _dy du lu_%x( 1)

dx du dx 2 %

d y=(sinx+cosx)’
Let u=sinx+cosx; theny=u®

3—u=cosx—sin X and ﬂ=5u4

X du
Using the chain rule,
ay _ dy du =5u* x (cos X —sin x)
dx du dx

=5(cos x —sin x)(sin x + cos x)*

e y=sin(3x* —2x+1)
Let u=3x*—-2x+1 theny=sinu

du_6x 2 and ﬂ:cosu

dx du

Using the chain rule,

dy _d—yxd—_cosu><(6x—2)
dx du dx

= (6x—2) cos (3x* —2x +1)

f y=In(sinx)
Letu=sinx; theny=Inu
d—u=cosx and a1
dx du u
Using the chain rule,
dy _dy d—u=1xcosx:Cf)ﬂ=cotx
dx du dx u sin x
g y=2ecos4x
Let u=cos4x; theny=2¢"
d—u=—4sin4x and d—y=2eu
dx du
Using the chain rule,
dy _dy du_Ze x (—4sin 4x)
dx du dx
=-8sin4xe“*
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2 h y=cos(e*+3) 5 y=(1+In4x)?
Letu=e”+3; theny=cosu Let u=1+In4x; theny =u?
du dy . d
— =26 and —->=-sinu du_1 and d_y:§u%
dx - du dx X du
Using the chain rule, Using the chain rule,
dy dy du . 2x d dy d 3
— =—x—=-SInux2e _y:_yx_uz_u% 1:i~/1+ln4x
dx du dx dx du dx 2 x 2x

=-2e*sin (e +3)
1 Whenx:%e3,
y= 2
(4x+1) dy_ 3 fime =L iT3-127
—Z =" _J1+Ilne’* =—=1+3=12¢
Let u=4x+1; theny=u" dx 1¢é° e’
d_U=4 an d_y=_2u_3 6 a X=y*+y
dx du dx
—=2y+1
W g8
" (4x+1)° L1 1
. Cdx o dx o 2y+1
Whenx ==, dy
4
ﬂz_—83=_—38=—1 b x=e’+4y
dx  (4xi+1) 2 dx
—=e’+4
3 dy
4 y=(5-2x) dy 11
, Tdx o dx e¥+4
Letu=5-2x; theny=u dy
d—u=—2 and d—y=3u2
dx du C Xx=sin2y
Using the chain rule, dx
— =2c0s2
ﬂ:d_yxd—u=3u2><(—2)=—6(5—2x)2 dy >
dx du dx d 1 1 1
Yy_- - ==—sec2y
When x =1, dx dx 2cos2y 2
dy
y=3°=27 and %=—6x32=—54
X
d 4x=Iny+y?®
Equation of tangent at point P (1, 27) is _1 1 5
y—27 = —54(x~1) x=5Iny+7y
or y=-54x+81 dx 1 3 , 1+3y°
dy 4y 4 4y
Sy 1 4y
Codx dx 143y°
dy
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7 x=3y*-2y 10a x=4cos2y
1
dx When x = 2, c052y=E
d—=6y—2 S
’ 802y=£,—n,...
3 3
d_yzi:—l _m Sm
dy

Hence Q (2, %) lieson C.
At (8, 2) the value of y is 2.

Tdx 12-2 10 dy dx  8sin2y
T
1 1 AtQ, y=—
8 x=y*+y* QY 6
- dy 1 1 1
x_14_ 1.4 [ N BN -
dy Y 5y 85|ng 8><7
¢ Equation of normalto C at Q is
dy 1 T A
POV E—— ——=44J3(x-2

or 4ﬁx—y—8ﬁ+%=0

11a y=sin®3x=(sin3x)?

. dy _ 1 — 1 Let u =sin3x; theny =u’
@@t i du dy
— =3c0s3x and -Z=2
111 ™ cos3x an i u
T1_17 3 3 Using the chain rule,
4 16 16 d d du
—y:—yx—=2u><3cos3x
9 a x=¢’ dx du dx
=65in3xcos3x
dx
=-—=¢€ (x+1)?
dy b y=e
Let u=(x+1)*; theny =¢"
b y=Inx = e’ =x du dy

—=2(x+1) and —==¢"
dx du

dx
Fromparta, —=¢’ . .
dy Using the chain rule,

S I . ﬂ=d—yxd—u=e“><2(x+1)=2(x+1)e(”1>2
dx dx e x dx du dx
dy
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11¢ y=In(cosx)’

Let u=cosx; theny=Inu®*=2Inu

OI—u:—sinx and d_y:g
dx du u
Using the chain rule,
by 2 G
dx du dx wu
:—Zﬂ:—Ztanx
COoS X
d vo_ 1
3+c0s2X

Let u =3+cos2x; thenyzlzu
u

d—u=—23in2x and d—y=—u‘2=
dx du
Using the chain rule,
&y _dy du_ 1. (asin2x)
dx du’ dx u
_ 2sin2x
(3+cos 2x)°
"3
e y=sin| =
X
1
Letu==; theny=sinu
X
du —iz and ﬂ=cosu
dx X du
Using the chain rule,
dy dy du

L =2 x——=cosux S
dx du dx ( xzj

1 1
=——-Cos| =
X X

12 y=

-1

4
(2—-4x)?

Let u = 2—4x; then y:i2=4u‘2

OI—u=—4 and ﬂ=—8u‘3=——
dx du u

Using the chain rule,

dy_dy du_ 8 o, 32
dx du dx u® (2-4x)°

4
oy 0%

=-0.032

Whenx=3, y=

dy 32
dx (-10)°
Equation of normal atAis

y—0.04= (x=3)

0. 032
Multiplying through by 100 and rearranging
gives
100y —4 =3125x—9375

3125x-100y -9371=0

13 y=3°

Letu=x% theny=3"
d—u:3x2 and Q:S“InB

dx du

Using the chain rule,

Y _ & AU a3a —3x23° In3
dx du dx

When x =1, %=3x12><313 xIn3=9In3
X
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Challenge

a y=1/sinx
Letu=+/x = x?; theny =+/sinu
du 1 ..
I
dx 2

Letv=sinu; theny=\/\7=v%

1

—V:cosu and ﬂziv 2

du dv 2
Using the chain rule,
dy d_y ﬂ 1v‘%xcosu
du dv du

_cosu _ cosﬁ

2y 2ysin/x

Using the chain rule again,
dy dy du cos~/x 1 o

d du dx ) sm«/_ 2
_ cosx
4 xsin/x

b Iny=sin®3x+4)
Hence y= esin3(3x+4)

Let u =sin (3x+4); theny =e*

du =3cos(3x+4)
dx

Letv=u? theny=¢"

ﬂ—3u and dy =e'

du dv

Using the chain rule,

Y_H N ez —aue
du dv du

Using the chain rule again,

d_y L7 d—u—3ue %30S (3x+4)
dx du dx

=3sin?(3X + 4)e"" ¥ x 3c0s (3% + 4)

= 9" x4 cos (3 + 4) sin? (3x + 4)
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