(o VAIEEY 2 Differentiation
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Fully-Worked Solutions

Self Test 2
1 (a) y=2x*+3x"—8x
dy =2(4x>) +3(3x%) - 8
dx

=8 +9x* -8

(b) y =203x+1)(x-2)

=2(3x*-5x-2)
=6x>—10x—4
dy _
dx—12x—10
© y=B=
_3x-3x
|
dy _ (3 - 6x)(2x — 1) — 2(3x— 3x?)
dx 2x—1)?
_6x—3— 126"+ 6x — 6x + 6
= (2x— 1y
-3 62
2x—1)?
_3@r-20-1)
(ox— 1y

(d) y=(Gx+4)*2x+3)
% =2(3x +4)(3)(2x +3) + 2(3x + 4)?

=6(3x+4)(2x +3) +2(3x + 4)?
=203x+4)[32x+3)+ Bx+4)]
=203x+4)(6x+9+3x+4)
=2Bx+4)9x +13)

2 f(x) =(x+3P%=5(x+1)
S0 =20+ 3)(1)=5(1)
=2x+6-5
=2x+1
f/(H=2(H)+1=3

3 f=E0 =21

f'@ =
4P+ 6) - (P+6)°
B £

2(£ + 6)20(1) = 1(£+ 6)°
IS

P+ O)4r - (P+6)]
- 2

(P +6)3L-6)
G

3+ 1272 - 36
- £
f@==21

3¢+ 124 =36 =217
3t +33£-36 =0
#+11£-12 =0
= D)(F+12) =0
£ =—12 (undefined)
L P=1=t=-1,t=1
4 y=3z—%» ctr=1
t=1-2x

FULLY-WORKED SOLUTIONS



ﬂ = bl —x
@ =3 a2
dy _dy dt
dx dt dx
- (3 +%)(—2)
4
=—6- p
4
(1 - 2x)?
(b) t=2,1-2x=2
2x =-1
=L
T2
- _6- 4
dx 1-o-Lyf
2
4
=767?
=7
Self Test 3
28—t
1 s= 37
_2
3 37
21
=373
2,1,
3 3
ds 2. 1.,
dt 33
ﬁ =_2t—3
d 3
__2
37
32
2 ™=
sy 6x(2x +5) = 2(3x)
f = v oy
_12x7 + 30x — 647
T (2x+5)
_ 6x7 +30x
T (2x + 5)?
Py =120+ 30)Qx + 5)2 — 2(2x + 5)(2)(6x* + 30x)
B (2x + 5)*
_(12x + 30)(2x + 5)> — 4(2x + 5)(6x> + 30x)
B 2x + 5)*
x4+ 5)[(12x + 30)2x + 5) - 4(6x° + 300)]
B 2x + 5)*
_ (12x + 30)(2x + 5) — 4(6x> + 30x)
B 2x + 5)°
e oy (=24 +30)(=4 + 5) — 424 - 60)
f=2) = [22) + 5
=6-4(-36)
=150

3 y:—%+2x—1=—4x’2+2x—1

ﬂ=8x'3+2

2 FULLY-WORKED SOLUTIONS

Self Test 4
1 f(x)=3x*+5ax-12
=-3

M ormal = E = mlangenl -

f'(x)=6x+5a
f'(2)=6(2)+5a

-3=12+5a
S5a=-15
a=-3

S f) =37 -15x-12
f(2)=32)1-152)-12
—-30

Equation of tangent: *;Lzo =-3

y+30=-3x+6
y=-3x-24

2 y=ax’+bx
(a) gX=2ax+b
dx

x=1’dl=2a(1)+b
dx

2=2a+b- O
(1,-3), =3=a(1)’+b(1)

a+b==3 @
O-@:a=5

b=-3-a=-8

) L =25 +(-8)
dx
=10x-8
. o dy _
Stationary point: I 0

10x-8=0
L4
5
y=5x*-8x
A os(AV g4
=5 r=s(s) -5(3)
__16
s
Thus, the stationary point is (%, —15—6)
ﬁ=10>0
dx*

L(A,_16 is a minimum point
iy b
3 5=147t-49¢
ds
—=147-9.8¢
(@) 7
Minimum point: 147 -9.8¢ =0

9.8t =147
t =15 seconds

(b) Maximum height,
s =147(15) - 4.9(15)*
=1 102.5 metres

4 (2) AC’=AB>+BC>
y=x+1

1
y=@+1y
1
) L2 @+ 1) 220
X

JP+1
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=-1.97 m per second

__ 4 _ 5
5 y—(x+2)2—4(x+2)

Do ge+23(1)
dx
8

TTGr2y
___ 8 _ 8
T +273 27

=
sl

@y b 4
Y2997 T (2 + 0.99)
x=0.99,x,=1, &r=—001

& =2 &

= 1
7( 0.01)
_0.08

4 4
®) Y=F03r =2 5 1.03)
x=103,x,=1,8=003

8
=-57(0.03)
__024
27
-4 (024
N=T ( 27 )
_12-0.24
T27
1176
27
1176
2700
_ 98
T 225
Paper 1 1
1 f)= =52x-1)2
2x—1

3
fw=-2e-1’0)
3
=-52x-1)2
3

£y ==5(1) 2=
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2 s=6x+x,1=3-x

ds
—=12x+1
dx o

dx
xX= 3—[:)5——1
ds _ds  dx
dt dx dt
=12x+ 1)(-1)
=—12x-1
=-123-1-1
=-36+12t-1
=12r-37

y=G-0)2+x)’

(a) Gradient of the curve = %

% =(-DR+x) + (G -0B3)2 +x)?

=—Q2+x)+(15-3x)(2 +x)

=—1 éX:
" dx

-2-1’+(15+3)2-1)

=17

(b) m =17, m

tangent

x=-1,y=05+

1

normal == ﬁ

DR2-1)y=6

Equation of normal: r=6 = _L
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A( 2, —15—6>

x+1 17
17y-102=—x-1
17y +x=101

y=%(—12 _4=-18

5

(@) f(x)=2x"+ax*—24x+1

f®)=0

6x* +2ax—24=

f=4=0

0

6(—4)2 +2(-4)a—24 =0

(b) y=2(5x-2)*
dy
dx

8a =72
a=9

=8(5x-2)’(5)

=40(5x - 2)°

de

=600(5x —

y=ax’+bx+c

%=2m+b

dy =120(5x -

27 (5)
2

x==2, D oy 2)+b
dx

0=-4a+b

FULLY-WORKED SOLUTIONS



4

(-1,5), 5=a(-11+b(-1)+c
S=a-b+c
S=a-4a+c

(=2,2), 2=a(=2)*+b(-2) +¢
2=4a-2b+c
2=4a-8a+c
2=c—-4a

Substitute 3) into ),
3a=2+4a-5
a=3
b=4a=12
c=2+4(3)=14

7 (a) pV= 500,%= -10,p=20

V=500p"

4V _ 500

dp
500
2

)4
dv 500
=72 —_—= =
P=20 0y = 20y

av_av_ dp
dt _dp” dr

-3
=-710

= % units/s

(b) A=n’
d. .
aa _»s
a7

. dA

=14, —=2r(14)=28

J s dj m(14) T

dA_dA di

di —dj dr
=28m x 0.55
=15.47 cm¥s

8 y=(Bx-4)
ox=2-p-2=-p
D _r3x-4)3)
dx
=6(3x-4)
x=2, & =6(6-4)=12
dx

5y~ (30
= 12(-p)
=-12p
9 y= I =(x-1)"
X =1
d ;
j:—l(f— 1)2(32%)
__ 3
-1y
oy dy __ 327
=L T TRy
__12
49
1
yO 23 _ 1
_1
7
FULLY-WORKED SOLUTIONS

& =92 (5x)
dx
12
=-=2(0.1
49(0 )
__12
T 490
__ 60
T 245
1 _ 1./ 6
2017 (245)
_29
245
. -5 . x -5
10 1 = =1
@ lim s 5= e 56+ D
:llm
=5 (x+ 1)
_1
"6
2 5
2T 2
4 . X X
(0 lim 252 =10 e
X—> x2 xz
%—sz
. X
_lim
Rl g
x2

Paper 2

1 (@ y=-

VY =36

2

_7—37)57 5 BN )]
@O-O:
2 2
5y=_3—x—5x+3—x
23 -x0) 423 -x- &)
T B-0@-x-&)
_—6+2x+6—-2x—-20x
T B-x)B-x-6&)

Oy _ —20x
Ox
d

TG-0G-x-00)

lim -2
= -0

gy
dx (B -nB-x-d)
2

T G-

(b) y=2x(x-3)
() % =2(x=3)"+2x(2)(x - 3)(1)
=2(x—3)2 +4x(x - 3)
=(x—3)[20x = 3) + 4x]

=(x-3)(6x—-06)
=6(x-3)(x-1)
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(i) Gradient of the curve =—6
6(x-3)(x-1)=-6
x=3)x=-1=-1
X=4x+3+1=0
X —4x+4=0
x=27%=0
x=2

(c) y=—6x+1=m=-6
y=x+ax*-5x+1

Lil=3x2+2ax—5

dx
-6 =3x"+2ax-5
x=-1, 3(=1)*+2a(-1)-5=-6
—-2a-2=-6
2a=4
a=2
x==1,y=(=1*+2(=1-5(-1) + 1
=7
. -7
Equation of tangent: =—
x+1
y—=-T7=-6x-6
y+6x=1

2 (a) y=2"+(x+2)7
@) 2 =4x+(-2)(x+2)7
dx

2
=4x —
vy
2 W a2
x=-3 dx =4 3)-'-(—3»+2)3
=-10
(11) mnormal = E
1
3y L
x=-3,y=2(-3) +(_3+2)2
=19
Equation of normal: -1 _ 1
q © Tx+3 10
10y—190 =x +3
10y—x =193

1 oAV,
(b) V—3ﬂx(21 X), dt_2’x_2

V=Tmx - %ﬂf

av

av _ )
el 147x — mx
=2 Y 1407 - my
dx
=24r
dx _dx dv
dt ~dv’" dt
1
= 247[><2
—Lcm/s
T 127
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3@ qo-3x 3x
b N

10 -2x

2x

A B

(i) Areaof AAMN

=10(10) -%(10 ~3x%)(10) -%(2x)(10) —%(3x)(10— 20)

=100- (50— 15x) — 10x = 3x(5 —x)
=100-50+ 15x — 10x — 15x + 3x?

=(50 — 10x + 3x%) cm* (Shown)

(ii) Areais minimum, thus LAY =0

dx
dA
dx 6x-10

6x—-10=0

X=

W |

o dA?
2 6>
(iii) 0 6>0

.~.A=50-10<§)+3(§>2

3
(b) (i) y=5-35, s=5x+1
dy ds
ds ==0s dx_s
b _dy i
dx  ds” dx
=-30s
=-30(5x+1)
=-150x-30

(i) 0x=3.98-4=-0.02
ds
(@) P 5
ds
Os = I (6x)
=5(-0.02)
=-0.1
dy
(b) 8y~ (8

=[-150(4) - 30](-0.02)
= (=630)(=0.02)
=12.6

FULLY-WORKED SOLUTIONS
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