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SOLUTIONS
Question 1
y
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When, y = il — 2(—1)2
Maximum at (—1,-6) [AT]
Asymptotes: x =0, y = —2x? [A2]
Total S marks
Question 2
a.
P(z) =z +(1+iN2)z +4i2 -12
P(—4)=16-4—4i2 +4ir2 -12 [M1]
=0
b.
2 H+1+iN2)z+4iN2-12=0
22+ (1+iV2)z +4(iN2 =3) = (z +4)(z + a + bi) [M1]
=2z +az+biz+ 4z +4a+ 4bi
=z +(a+4+bi)z+4a+4bi [A1]
Equating coefficients of z: [M1]

1+ i\/E =a+4+bi equating real components and equating imaginary components

a+4=1 andbzx/E

a=-3

Therefore the other factor is (z —3+ iN2 ), hence the other solution is 3 — iN2 [A1]
Total S marks

Question 3

The three forces P, T, and 24g will be in equilibrium.
2
cosf =—

6 =60°
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Adding the forces head to tail.

Y 24g [M1]

From the triangle of forces
sin(0° )= L and cos(30° )= 24
T T
48
P=L1 (1 r=_238 £ —16v3g .

2 - cosGOO): NE)

Substituting (2) into (1)
P= %x 16+/3g

e [A1]

P=8J3 g newtons [AT]

Total 3 marks
Question 4
cot(2x)—cot(x)=2
cos(2x) cos(x) _
sin(2x)  sin(x)
sin(x )cos(2x)— cos(x )sin(2x) _9 [M1]

sin(2x )sin(x)
sin(x — 2x)

_sinly—2x) _, M1
sin(2x )sin(x) o

2

sin(—x) _
sin(2x)sin (x) 2

—sin (x) _
sin(2x)sin (x) 2
-1

S
sin(2x)
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: 1
sin(2x)= 5 [A1]
hY/4 r Tr &
2x:__’ > T -
6 6 6 6
yo F_m o Tn llz ALl

Total 4 marks

Question 5

There is a turning point on y = f(x) at x = a that touches the x-axis, so y = F(x) will have a
stationary point of inflexion atx = a . [A1]

There is a maximum turning pointon y = f(x)at x = ¢, so y = F(x) will have a non-stationary point
of inflexion at x = ¢ . This is the point of steepest slope on y = F(x) for a<x<d [A1]
There is an x-intercept on y = f(x)at x = d cutting the x-axis from positive to negative, so

y = F(x) will have a local maximum at x = d . [A1]

Total 3 marks
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Question 6
y= Cot(x)
B cos(x)
sin(x)
dy _ sin(x )x (= sin(x))— cos(x )x cos(x) 1]
dx sin” (x)
_- (sin2 (x)+cos? (x))
sin” (x)
-1
sin” (x)
= —cosec” (x) [A1]
Total 2 marks
Question 7

Use implicit differentiation and apply the product rule.
5y=2xy* —3x

£ 69)=4L @ )< ()
sji [y — )+2x—(y )j——(3x)

Q=[2Xy2+2xx2yxﬂj—3 [M1]
dx dx

dy > dy
552 =292 + 4xp—=—3
dx Y ydx
G—4x) Y =2y -3
dx

dy 2y’ -3
dx 5-4xy

[A1]

Total 2 marks
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Question 8
1
£a’x Let u =+/x = x? hence x =u’
x+1
du_1 -
dx 2
1
24x
_ L [M1]
2u

J “ ou @dx

u+1  dx

2 2 2 2
= j 22u du 22u = @ +1) +2(u th=2 Alternatively, perform long division.
u® +1 u® +1 us+1
2
Y- [M1, Al]
u” +1
= J(Z - 22 ]du
u” +1

=2u—2tan™ (u)+ c
=2x —2tan” (x Jr e [A1]

Question 9

et
1+ cos(x)
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Total 4 marks

cos®(x)= %(1 +cos(2x))

2cos’ [g): 1+ cos(x)

[M1]

[A1]

[A1]

Total 3 marks
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Question 10

a.
Finding a relationship between the radius and height of the solution in the filter:
tan(60°):% = r=+3h..()
Volume of cone: V= %n’ r*h
. 1
Substitute (1) Vzgﬂ 3h)h
V=rh’ .. Q)

Related rate equation:

ﬁ = ﬁx@ Given ﬁ = —8\/5 and from (2)

dt dh dt dt

—8Jh =3mh*x dah

dt
@ _ 8
dt 2
3rh?

@ =— 8 as required

N
b.

dt 3ah

dh 8

3w 2
t=—"" [ dr
8

5
t=—3—7r><gh2 +c
8 5

5
t=—3—ﬂh2 +c
20

5
When t =0, h=4 = O=—32—7(§><(4)2+c

3

c="x2°
20
24r
= c=—"—-
5
Hence t=—3—ﬂ-h2+24—ﬂ
20 5

Solution will have passed through filter when 4 =0
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[A1]
a_ 3nh’
dh
[A1]
[M1]
[A1]
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3,5 24rm
tr=——"-(0 —_—
20( )2+ 5

241

{ = —— minutes

24w
The solution will have completely passed through the filter after minutes. [A1]

Total 5 marks

Question 11

a.
Finding an expression for v in terms of x.

3x

8

A1)
dx\ 2 8
1, ='[—£ dx [M1]
2 8

1
lv2 :—ijz dx
2 8

3

lv2 :—Ex—xE +c
2 8 3

Initially x =0, v=-2
1 1,3
—-2)=—(0
SE2) =0k +c

c=2
3
lv2 :2—lx2 [A1]
2 4
3
V=4 ——x2
2
1 2
v=—l4 —Exz Negative root since v =—2m/s when x =0 [A1]

b.
3

Acceleration valid for 4 — Exg >0

8- (x) >0

x=20 and\/; <2
0<x<4 [A1]
Total 4 marks
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