SADLER MATHEMATICS
METHODS UNIT 3

WORKED SOLUTIONS
Chapter 1 Differentiation

Exercise 1A

Question 1

&g
dx

Question 2

OI—y=6x—2
dx

Question 3

d—y=6x2 —2X
dx

Question 4

v_,
dx

Question 5

dy _1
dx 5
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Question 6

Question 7

3
y = 3X2 —7
=3x?-3x72
dy -3
—=6X—(-2)x 3x
dx
6
= 6X+F

Question 8
y:10\/;
1

=10x2
1
ﬂ = 1>< :I.OX_E
dx 2

5

Jx
Question 9

y =10+4/x
1

=10+ 4x2
dy_1 ,.
dx

2
2
Jx
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Question 10

<<
1l
&

N |-

8x

3
gx=:1ﬂﬂi
dx 2

4 4

or -
I

T3
X2

Question 11
y=3x
1

dy_1

=—xX?3
dx 3

1 1

:—2 or

3x3

Question 12

X X
=5x-8
&,
dx

Question 13

y:6+l
X

=6+x7"

Y _ gy
dx
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Question 14
y =35x*-10

v =70x
dx

Question 15
y=3x*-3x+2x* -2
Y gy _344x
dx
=9x* +4x-3

Question 16

y=X

ﬂ:ZX
dx

2
dy_,
dx

Question 17

Question 18

y =3x"+X

ﬂ:6x+1

dx

2
dy
dx
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Question 19
y =2x°+2x-34

ﬂzGXZ +2
dx
d’y

™ =12x
X

Question 20
y =2x°
d—y:4x

dx

d’y

dx? =4

Question 21
y =4x% +3x% +2x

ﬂ:lZXZ +6X+2
dx

2
d ¥:24x+6
dx

Question 22
y=+x
1

1

dy 1.
dx 2
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Question 23

y =8vx
1
=8x2
1
ﬂ=1X8X_E
dx 2
1
=4x ?

or -

2 2
3
2

Question 24

Question 25

1
=—X+7
Y 5

dy _1
dx 5
d’y

dx?
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Question 26

d? _
dx2y = (-2)(-5)x*
10

XS

Question 27

= x? +4x

-2
=2x+8x7°

d
dx?

ay
dx
2y

=2 (-3)@®)x™

24
:2+7

Question 28

f(x):3x—1
X

=3x-x"!
F(X) =3 (~)x 2
1

=3+—
X2

Question 29
f () =5x% +8y/x
1
=5x° +8x2
1

f'(x) =10x+4x 2

_10x+ 4

Ix
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Question 30

4
Jx
£

=4x2

f(x) =

1

3 =
f'(x)=—=x4x2
(=7
=6VX

Question 31

f(x) =3x* +4x°
f'(x) =12x% +12x°
f"(X) = 36X* + 24X

Question 32
3
f(X)=—
() ™
3

=—X_3

2
f'(x) = (-3) xgx“‘

= —g X_4
2

9
f(X) = (~4)x—=x"°
(x) =(-4) >
18

X5

Question 33

f(x)=5x3—%

=5x>—x7
f'(x) =15x* — (-2)x°
=15x%+2x°
f"(x) =30x + (=3)x 2x°

6
= 30X—7
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Question 34

Question 35

y=8->
X

=8-5x"

dy _  vmyy2
&—( D(=5)x
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Question 37

f(x)=2x>-3x"+4x+2
f'(x) =6x> —6x+4
f"(x)=12x—-6
f"(=3)=12(-3)—6
=-42

Question 38
a f'(x) =5-6x°

b f'(2) =5-6(2)
=5-24
=19

Cc f"(x) =-12x

d f"(=2) =-12(~2)
=24

Question 39
y = 5x°

ﬂlex
dx

at x =-2,

dy
—~ _10(-2
” (-2)

=20

Equation of tangent
y =-20Xx+cC
Using (-2, 20)
20=-20(-2)+c
20=40+c
c=-20
. y=-20x-20
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Question 40

6

y=X+—

X
=X+6x"

ﬂ:l—(—l)x 6x72
dx

dy__, 6
dx 2°
=-0.5

Equation of tangent
y=-0.5x+c
Using (2, 5)
5=-0.5(2)+c
5=-1+c
6=c
S y=-0.5x+6
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Question 41

1
x*  2x2
X X

1
_ 2 2
= X" +2X

3
Y _ons (—l) x 2X 2
dx 2

=2X— 1
e
Atx=1
dy 1
o) ———
N
=1

Equation of tangent
y=1x+cC

Using (1, 3)
3=11+c

c=2

LYy=X+2
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Question 42
a y =2x*+6x° —8x+4

dy =6x>+12x -8
dx

10=6x*+12x-8
0=6x"+12x-18

0=x*+2x-3
0=(x+3)(x-1)
SoX=-3,1

atx =-3,

y =2(-3)> +6(-3)* —8(-3) + 4
=28

Atx=1

y=2(1)°%+6(1)*-8(1) +4
=4

s.at (=3, 28) and (2, 4)

b W a2
dx

3

5—_2
Jx

3

X==

\/_ 5

9

X =—

25
0.3

6

Atx=0.36

y =5+640.36
-8.6
-.(0.36, 8.6)
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Question 43

X3
a y:E

dy 3%

dx 12

=225
(3, 2.25)

b y=x>-2x°

Y _ 3x* —4x
dx

2

d ¥:6x—4
X
2=6x—-4
6 =6X
Xx=1

Atx=1,

y=1-21)°
=-1

~ @ -1
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Question 44

Using (-1, 4)
4=a(-1)°+b(-1)°* +c(-1) +5
-1=-1+2-c - Equation 1

dy
dx
At x=-1,

=3ax?® +2bx+c

d_ 3a(-1)%+2b(-1) +c
dx

8=3a-2b+c — Equation 2

2

d y—6ax+2b

X2

At X =-1,

d’y
—=6a(-1)+2b
e (-1

—24=—-6a+2b
-12=-3a+b — Equation 3

By ClassPad, solving Equation 1, 2 and 3 simultaneously gives
a=50Db=3c=-1
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Exercise 1B

Question 1

y = (x)(x*)
y_ X(2X) + X x1
dx

=3x?

Question 2

y=(X+6)(x+1)
ﬂ=(x+6)xl+(x+l)x1
dx

=2X+7

Question 3

y=(Xx+7)(x-3)
ﬂ:(x+7)x1+(x—3)xl
dx

=2X+4

Question 4
y=(3x+1)(x+4)
ﬂ: (Bx+1)x1+(x+4)x3
dx
=6X+13

Question 5
y=(x+1)(3x+4)

ﬂ: (X+D)x3+(3x+4)x1

dx

=3X+3+3x+4
=6X+7
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Question 6
y=(2x+3)(5x+1)

%=(2X+3)x5+(5x+1)>< 2
X

=10x+15+10x+2
=20x+17

Question 7
y=(6x+5)(2x+3)

%=(6X+5)><2+(2X+3)><6
X

=12x+10+12x+18
=24x+28

Question 8
y=(Xx+4)(x*+2)
dy 2
——=(X+4)x2x+ (X" +2)x1
dx
=2X% +8X+X* +2

=3x> +8x+2

Question 9
y = (x+5)(x*-3)
ﬂ:(x+5)x2x+(x2—3)xl
dx
=2x* +10x+ x> -3

=3x*+10x-3

Question 10
y=(x+7)(x*+1)

d_ (X+7)x 22X+ (X* +D)x1

dx

=2x2 +14x+ x* +1
=3x> +14x+1
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Question 11
y = (x—10)(x* +8)
dy 2
—=(Xx-10)x 2x+ (x“ +8)x1
dx
=2x*>-20x+x%>+8
=3x*—-20x+8

Question 12
y=(2x-D(x* +7x-2)
%: 2x=D2x+7)+ (x> +7x-2)x 2
=4X? +14X - 2X -7 +2x* +14x -4
=6X° +26x-11

Question 13
y = (3x+4)(x* —3x+4)
%: (3x+4)(2x —3) + (x> —=3x+4)x 3
=6X* —9X+8X—12+3%x* —9x +12

=9x* —10x

Question 14
y = (2x—3)(x* +5x 1)
%:(2x—3)(2x+5)+(x2+5x—1)x2
=4x% +10X —6X —15+2x* +10x — 2

=6x>+14x-17

Question 15
y=(Bx+1) (x> =7x+1)

%: Bx+1)(2x=7)+(X* =7x+1)x 3
X

=6X% — 21X+ 2Xx—7+3x*—-21x+3
=9x* —40x -4
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Question 16
y=(x+3)(x-2)
ﬂ=(x+3)x1+(x—2)><1
dx

=X+3+Xx-2
=2Xx+1
Atx =3,

v =2(3)+1
dx
=7

Question 17

y =(3x+1)(x-5)
ﬂz (3X+1)><1+(X—5)><3
dx

=3x+1+3x-15
=6x-14
At x =3,

Y _63)-14
dx

=4

Question 18
y=(3x-2)(2x+1)

ﬂ= (3X—2)>< 2+(2X+1)><3
dx

=6Xx—-4+6x+3
=12x-1
Atx=1,

Y _1o0)-1
dx
~11
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Question 19

Y= (x=4)(¢ -1)
_ (X—4)x 2x+ (x* =) x1
dx

=2x*—8x+x* -1
=3x?-8x-1
Atx=2,

y_ 3(2)2-8(2)-1
dx
=-5

Question 20
y=(3x-=5)(x+2)
ﬂ:(3x—5)><1+(X+2)x3
dx
=3X-5+3x+6
=6x+1
Atx=2,
ﬂ:6(2)+1
dx
=13
4=13(2)+c
4=26+cC
-22=¢
S y=13x-22
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Question 21

y =(1+2x)(5x-1)
ﬂ = (1+ 2X)>< 5+ (5X—1)><2
dx

=5+10x+10x-2
=20x+3
Atx=1

ﬂ =20(1)+3
dx

=23
12=23(1)+c
12=23+c
-11=c
S y=23x-11
Question 22

y=(2x-1)(3x+4)

ﬂ=(2x—1)x3+(3x+4)x2
dx

=6X—-3+6X+8
=12x+5
12x+5=-1
12x=-6
1
X=——
2
1
S (==,-5
(2 )
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Question 23
y = (x-3)(2x* -11)

dy 2

Fv (X—=3)x4x+(2x =11 x1
X

=4x? —12x+2x* -11
=6x*-12x-11

6x° —12x—11=37
6x° —12x—48=0

6(x*+2x-8)=0

6(x—4)(x+2)=0

SX=-2,4

At x=-2,
y=(-2-3)(8-11)
=-5x(-3)
=15
- (=2, 15)

At x =4,
y=(4-3)(32-11)
=1x(21)
=21
- (4, 20
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Question 24

y = (x=3)(x* ~8)
ﬂ:(x—B)x 2X+ (x> —8)x1
dx

=2x*—6X+x* -8
=3x*-6x-8
y=xy'=1

3x*-6x-8=1

3x* -6x-9=0
3(x*-2x-3)=0
3(x-3)(x+1) =0
Sox=-=-13

Atx=-1,

y=(-1-3)1-8)
=—4x (-7)
=28

- (-1, 28)

At x =3,
y=(3-3)(3-8)
=0x (-5)
=0
= (3,0)
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Question 25

a y=\/F><(2X+l)
3

= X2 x (2x+1)
3 1

ﬂzxix2+(2X+l)x§XE
dx 2
3 3 1
:2x5+§x2x5+§xE
2 2

3 3 1
= 2X% +3x? +EX2

1
3

3 2
=5x2 +3% or 5\/F+g\/§

b y:\/F(2x+1)
3

=x2(2x* +1)

3 1

EXZQXS 2,32
dx

3

3 2
=5x2 +3% or 5\/F+§\/§
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Exercise 1C

Question 1
X5
y :F
dy _ x*x5x* —x*x3x’
dx x®
5x’ —3x’
2%’
v
=2X
Question 2
1
y=—
X
dy  x"x0-Inx"*
dx x2"
_an—l
= N
-n e
= or nx "t
Question 3
22X
X+3
ﬂ_ (X+3)><2—2X><1
dx (x+3)?
_ 2X+6-2X
(x+3)?
6
(X +3)?
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Question 4

33X
e
dy (5x-1)x3-3xx5
dx  (5x-1)7°
_ 15x-3-15x
~ (5x-1)?
3
 (5x-1)?

Question 5

_ bx
Y =3
dy (4x-3)x6-6xx4
dx  (4x-3)°
_ 24x-18-24x
© (4x-3)?
18
(4x-3)’

Question 6

_TX

Y =10k
dy (1-2x)x7-7xx(-2)
dx (1—2x)?

_ 7-14x+14x

© (1-2x)?

7

 (1-2x)?
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Question 7

_5x+1
Y= ox+3
dy (2x+3)x5-(5x+1)x2
dx (2x +3)?
_ 10x+15-10x-2
T (2x+3)?
13
T (2x+3)?

Question 8

_ 5x+1
Y= ox=3
dy (2x—3)x5-(5x+1)x2
dx (2x—3)?
_10x-15-10x-2
T (2x-3)?
17
(2x-3)’

Question 9

_ 6x-1
Y =52
dy (5x+2)x6—-(6x-1)x5
dx (5x +2)?
_ 30x+12-30x+5
T (5x+2)?
17
~ (5x+2)?
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Question 10

_3x-1
Y= oxa
dy (2x-1)x3-(3x-1)x2
dx (2x —1)?
_ 6x—-3-6x+2
T (2x-1)?
1
(2x-1)?

Question 11

_1-3x
Y a1
dy  (3x+1)(-3)—(1-3x)«3
dx (3x+1)?
_ —9x-3-3+9x
T (Bx+1)?
6
(3x+1)°

Question 12

_ 5x
= x* +1
dy  (X*+1)x5-(5x)(2x)
dx (x* +1)°
_ 5x*+5-10x°
(1)
_ —5x*+5
(X2 +1)?
_5(1-x%)
(3 +1)°

© Cengage Learning Australia Pty Ltd 2019

28



Question 13

2%

= x*+1
dy  (x°+1)(4x)—(2x*)(3x?)
dx (3 +1)°

_Ax" +4x—6x"

()2

_=2x* +4x

(X +1)?

_2x(2-x%)

(¢ +1)?

Question 14

S

y= X°+3
dy  (x°+3)(6x)—(3x°)(5x")
dx (x® +3)2

_ 6x°+18x—15x%°

(X +3)?

~ —9x° +18x

C(x°+3)?

_9x(2-x°)

T (X +3)?
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Question 15

3x
6Xx—2
dy (x—=2)x3-3xx1
dx  (6x-2)°
_ 3x—-6-3x
~(6x—2)?
6
(6x-2)?

y:

Atx =4,
dy -6

dx  (4-2)°

Question 16

_4x
y= x? -1
dy  (x*—1)x4—(4x)(2x)
dx (X2 —1)?
_AxP—4-8%
G
_Ax -4
(-1

Atx=3,
dy —4(3)°-4

dx (3 -1)?
_—40
64

= —E or -0.625
8
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Question 17

_ 3x+5

~ x-3
dy (x=3)x3-(3x+5)x1
dx (x—3)°

~ 3x-9-3x-5

o (x=9)

. -14

(x=3)

At x =5,
dy -14
dx  (5-3)°
14
(27
;

=—— or =35
2

10=-3.5(5)+c

10=-17.5+c
c=275

S y=-3.5x+27.5

© Cengage Learning Australia Pty Ltd 2019



Question 18

_ 2x-1
V=5 ax
dy (5-4x)x2—(2x-1)(-4)
dx (5—4x)°
_10-8x+8x-4
~ (5-4x)°
6
 (5-4x)?
_ 6
(5-4x)°
(5-4x)* =1
5-4x=1 or 5-4x=-1
—4x =-4 —4x =-6
x=1 x=15
Atx=1 Atx=15
21 _2(15)-1
V= 5 4(1) ~ 5-4(1.5)
1 2
1 ]
(11 - (15,-2)
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Question 19

2X—3
X
dy_ Xx 2—(2X—3)><1
dx X2
_ 2X—2x+3

a y=

b y=(2x-3)x"

EX:(2x—3)(—x‘2)+x‘1x2
dx
~(2x-3) 2

X X

—2X+3+2X
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Exercise 1D

Question 1

dy_dy o

dx du dx
_ 7(4x+5)

Question 2

dp _dp ds

dt  ds  dt
=6Sx2

=12(2t +1)

Question 3

dh dh dp

dr dp dr
=10px (—4r)
=—-40r(1-2r?)

=40r(2r® -1)

Question 4

dy dy du dp

dx du dp dx
=2Uux4x3
=24u
=24(4p-3)
=24(4(3x+2)-3)
=24(12x+8-3)
=24(12x+5)

Question 5

y=u’,u=3x+2

dy dy du

dx  du dx
=5u*x3
—15(3x +2)*
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Question 6

y=uu=x*+2

dy dy du

dx du dx
:3U2><2X

=6X(X* +2)°

Question 7

y=u"tu=8x-3
dy dy du
dx du dx
=-1u’x8
-8
~ (8x-3)?

Question 8

yzu%,u =2X+3
dy dy du
dx du dx
I%U_%XZ
=(2x+3)%
1

J2X+3

Question 9

yzu’%,u:6x+l

dy _dy du
dx du dx
=—1U_%><6
2
3 -3
(6x+1)°
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Question 10

y=u?,u=3x"+2x+1
dy dy du
dx du dx
=20« (6x+2)
2(6x +2)
(3% +2x+1)°
3 4(3x+1)
T B+ 2x+1)°

Question 11

91:46x+a?5
dx

=20(5x+2)°
Question 12

Y _37x-327
dx

=21(7x—-3)°
Question 13

gy =3(2-3x)°.(-3)
dx

=-9(2-3x)°
Question 14

dy =2(4+7x).7
dx
=14(4+7x)

Question 15

v _ 3(3x* +5)%.6x
dx

=18x(3x* +5)
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Question 16
v _ 6(2x° +1)°.6x°
dx

=36x°(2x° +1)°
Question 17

Y _ “3(x+2)*1
dx

___ 3
(x+2)*

Question 18

Y _ ~1(2x+5)?.2
dx

___ 2
(2x+5)°

Question 19

Y _ ~1(x+2)7?
dx

___ 1
(x+2)?

Question 20

Y _ —2(7x-3)>.7
dx

___ 14
(7x-3)°

Question 21

L =3+5(2x+3)*.2
dx

=10(2x+3)* +3
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Question 22

ﬂzl(x +l)_%.1
dx 2

1

24x+1

Question 23

y_ 5(10x +1)*.10
dx

=50(10x +1)*
When x =0,
dy =50(1)*
dx

=50

Question 24

ﬂ =3(6x-1)°.6
dx

=18(6x —1)°
When x =1,
&y =18(5)
dx

=450

Question 25

@ 3(L+x*)%.4x°
dx

=12x3(L+x*)?
When x = -1,

vy =12.(-1).22
dx
=-48
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Question 26

91:-4Qx—$52
dx

=-8(2x-3)"
When x = 2,
dy 5
—~ =-8(1
™ @
=-8

Question 27

_ —3(2x* +1) ™ 4x
dx

B 12x
T2 +D*
When x =0,
dy 0

a1
=0

Question 28

_ 2x+5(x-1)".1
dx

=2X+5(x-1)*
When x = 2,

9¥=4+an4
dx
=9

Question 29

& Edit Action Interactive

diff ( (3+2+x+3+x72)"(-1),x,1,1)

—_
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Question 30

# Edit Action Interactive
2| b [ 5 [+ ]+ [

diff(‘ll—o,x, 1,3)

V1+x
_5
2
Question 31
#+ Edit Action Interactive
B 1 w2 simp [ 05 | v | AL+ L
. 36
diff ¢ 1+\/§'X' 1,4)
-1
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Miscellaneous exercise one

Question 1
a
x | £(x) | gf(x)
2| 4 5
1| 1 -1
0 0 -3
1 -1
4 -5
b
x | f(x) | gf(x)
2| -7 49
-1| -5 25
0| -3 9
-1 1
1 5
c
x | f(x) | gf(x)
2| 4 2
-1 1 1
0 0 0
1 1
4 2

{-3,-1, 5}

{1, 9, 25, 49}

{0,1, 2}
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Question 2

a % is always positive for graphs A and E.
X
dy . .
b ™ is always negative for F.
X
dy . i
c ™ is never negative for A, D and E.
X
dy . .
d ™ is independent of x for A, D and F.
X
Question 3
y=5-7x°
gy =-14x
dx
2
4 _ 14
dx
Question 4
a v =10x
dx
b vy =10x
dx

c ﬂ=2(3+5X)x5
dx

=10(3+5X)
=30+50x

© Cengage Learning Australia Pty Ltd 2019



Question 5

a y=(Xx+1)(x-3)
ﬂ: (Xx=3)x1+(x+1)x1
dx

=X-3+x+1
=2Xx-2

b y=(2x-1)(5x+4)
ﬂ=(5x+4)x2+(2X—1)x5
dx

=10x+8+10x-5
=20x+3

c y =(2x+3)(2x+3)
%I(ZX+3)><2+(2X+3)><2
X

=4X+6+4Xx+6
=8x+12

d y = (x*—4)(3x+5)
Y _ (3X+5)x 2x+ (X* —4)x 3
dx
=6x*+10x+3x*-12
=9x*+10x-12

Question 6

y =2(x*-5)’
ﬂ=7x 2(X2 —5)6 x 2X
dx

= 28x(x* -5)°
Atx=-2,

d ) 6
d—i = 28(-2)[(-2)* -5

= —56x[4-5]
=56
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Question 7

_x3-3x
X
=x? -3x

ﬂ=2x—3
dx

Question 8

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

y

ﬂz‘lx (—l)x (2X+3)72>< 2
dx

-8
(2 +3)°
Atx=-1,
dy -8
dx  (2(=1)+3)°
-8
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Question 9

_ 2x-3
V= Xx+1
dy (x+1)x2-(2x-3)x1
dx (x+1)>
_ 2X+2-2X+3
O (x+D)?
5
T (x+1)?
Atx =3,
dy 5
dx  (3+1)?
5
16
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Question 10

13x+1
2X+2

When x = 0.5,

=X+2=>x=0.5,3

13x+1
2X+2
13x+1:5
2X+2

2.5

When x =3,

The points of intersection are (0.5, 2.5)and(3, 5) .

dy 6
dx  (x+1)?
When x =3,
dy 6
dx  (3+1)?
3
8
When x = 0.5,
dy 6
dx  (0.5+1)?
8
3
Question 11
a y=(x+4)(2x-1)
dy
——=(X+4)x2+(2x-1)x1
dx
=2X+8+2x-1
=4x+7
b y =@Bx-1)[(x+4)(2x-1)]

% =(3x-1)(4x+7)+3(x+4)(2x-1)

=12X° + 21X — 44X — 7+ 3(2X* +8x — x — 4)

=12x2 +17Xx—7+6X* +21x 12
=18x%+38x-19
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# Edit Action Interactive

13341 _
solve ( 5xtd =x+2, X

130+ | _
axtg 1570.3

18%41
axa 1¥73

a2z )

B
|x=3
(x+1)2

6 5 1%=0.5
(x+1)

frs.

po|en

(x+1)2

colw

w|ee
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