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SPECIALIST MATHEMATICS
Written Examination 2 - SOLUTIONS

SECTION A
Question Answer Question Answer

1 D 11 E
2 E 12 D
3 D 13 A
4 C 14 D
5 A 15 C
6 E 16 A
7 E 17 C
8 B 18 D
9 E 19 B
10 B 20 C

Question 1

T

Arg(z) = —% and Arg(w) =—

Alternatively, students can use substitution to find the values of k

Answer is D



Question 2

The conjugate 2+1 is also a root as the coefficients of the polynomial are real. If we let a denote the
remaining root, the polynomial can be written as

(z-2+i)(z-2-i)(z—a)=2"-(a+4)z° +(4a+5)z—-5a
Therefore 4a+5=17, a=3

and b=-a-4=-7

Answer is E
Question 3
If (a+i)(1—ai)=6+(b+2)i
at+i—afi+a=6+(b+2)i
Real part: 2a=6 .. a=3
Imag part: (1-3*)=b+2 .. b=-10
Therefore a+b=-7
Answer is D

Question 4

cosec(x) = 4ﬁ ~.sin(x) =

cos(x) =-1 / l_F \/7 —— negative as —<X<72'

. sec(x) = —% and tan(x) = # = _g
4

Nii

(or use the right-angled triangle below to see that tan(x) = —tan(@) = 3

sec(x) + tan(x) = —%—i . —1(4 J7)

ﬁ 4

Answer is C



Question 5

3c0s(20) +5sin(0)-2=0
3(1-2sin®(8)) +5sin(@) -2 =0
6sin’(6) —5sin(d) -1=0
(6sin(8) +1)(sin(8)-1) =0

sin(9) =1, sin(0) =—%

Answer is A
Question 6

At x = a the gradient is zero, and it is negative to the left and positive to the right. Therefore it is a
minimum this rules out answers B and C.

At x =D the gradient is positive, not zero which rules out answer D and A.

At x =c the gradient is zero and it is positive to the left and right of this point, therefore it is a point
of inflexion.

Answer is E

Question 7
f(b) = f(a)+.T f (t)at

f@)= f(0)+j f (t)dt
f@)= 2+j|n(2t +1)dt

Answer is E
Question 8

y>+2yx* =33

d_y+2d_yx4

dx  dx
dy 8yx>  4yx
dx 2(y+x)  (y+x)

wheny =1, 1+2x*=33 .. x=2 (asx is in the first quadrant)

3
s 41232
dx  (1+2%) 17

2y +8yx*=0

3 3




30]"9(2' x4'}'+}'2=33ﬁ)b»‘=1 andx>0 X2
impDif‘(E- x4'}’+}’2=33ﬁ.}') ~4e x3-y
x4+y
-4- :-: -32
Ix—') and y=1 17
x4+}
Question 9

27r 27! 27z

j(tan (x) + tan(x))dx = jtan(x)(tan (x) +1)dx = I tan(x) sec® (x)dx

6 6 6
u=tan(x), du=sec®(x)dx

Vs 1 27
X=—,Uu=—"— andx=°—, u=-/3
6 J3 3
2z 1
3 BN Ne]
J'tan(x)secz(x)dx: j udu =— I udu
z L -3
6 NG
Question 10
3
V= ﬂj x’dy
, 16x-1 1
y’ = rearranging gives x>
16-vy°

gt

> (/16— y?

Answer is B

Answer is E



solve(¥"2=(16x"4-1) fx"4, x)

LF[yiis i]
=l

ans”~2

Question 11

For linear dependence we require a = sb +tc where s,t e R
8=sm+t
—1=—-s+t
13=3s+2t solve using CAS

—1=—s+¢

8=sm+t
13=3s+2t

s,m,t

{m=2, s=3,t=2}
.

Question 12

AB+BC =AC answer A is just a rearrangement of this, therefore A is correct.

3
azf 1/(16-y~2)"0. 5dy
2

Answer is B

Answer is E

The dot product gives AB.AC = |ATB||A—C| cos(A), but |@| = |ﬁ| therefore B is also correct.

(ﬁ + E) CB=CB.CB= |@|2 therefore C is correct

Angle B is a right angle, therefore BA.BC =0 and E is correct.

Whereas for a right angled triangle |A—B|2 + |ﬁ:|2 = |R3|2 which is NOT the same as |ﬁ| +|@| = |R|

therefore D is not correct.

Answer is D



Question 13

el L
! j_ (9—x2)

2
‘. V?z.[;dx:sin‘lijtc x=0,v=2.c=2

V(O-X%)

Answer is A

Question 14

It r=2ti+(5-1)j
distance from the origin = \/((2\/5)2 +(5-1)%)

=,/(t* —6t + 25)

this is a minimum when 2t-6=0, t=3

Alternative method:

If [:2\/ﬁ+(5—t)j then v =ii—j

Jt
Now the dot product of these two vectors is zero when closest to the origin.

Hence 2—(5-t)=0andsot=3

Answer is D



Question 15

mg o 7\

Resolving perpendicular to the plane:
R=mgcosd-Fsina

Resolving parallel to the plane:
Fcosa—mgsind =0

Thus, A is wrong because the sign is wrong. B is wrong because the sine and cosine are in the
wrong positions. D is wrong because the g is missing. E is wrong because the angles are in the
wrong position. The equations above give

Fsina mgcosd-R
Fcosa mgsin g

mgcoséd—R
tang=————
mg sin @
Answer is C
Question 16

F=FE+FE+FE=02-t*+50)i+(t-3-1+2)j
Whent=3 F =8i+]

- 10 - -~
=L JiE ) - Y85
- 10 10

Answer is A



Question 17

For a 95% confidence interval

X-1.96-2 < y<xX-1.96-=

n o Un
_196< 27 <106
o
&

In a two-tailed hypothesis test at the 5% we would reject the null hypothesis if

JTE

>1.96 this would be the same as saying, reject the null hypothesis if

NS

the confidence interval does not contain ,.This is true for any confidence level.

Answer is C
Question 18

EW)=2xE(X)—E(Y)+3
=2x14.2-5.5+3=25.9

SDW) = /(2*Var(X) + (-1)*Var(Y))
=/(4x2.3+1x0.8) =+/10

Answer is D
Question 19

Both A and C are not errors because the correct conclusion is reached. Both D and E are Type |
errors because they both lead to a rejection of the null hypothesis in favour of the alternative
hypothesis, when the null hypothesis is true.

B is the only Type Il error.

Answer is B
Question 20
95% confidence interval is given by

20(; <X <800+1.96x 20

V20

800—-1.96 x

712.346 <X <887.653
712 <X <888 to the nearest pg/dL

Answer is C



SECTION B

Question 1 (11 marks)

b.

[

]

-

r(t) =2cos(t)i+(2+3sin(2t))j,t =0
x=2cos(t), y=2+3sin(2t)

cos(t) =§ , Sin(2t) =

cos(2t) = 2cos’(t) 1= X? -1

cos?(2t) +sin?(2t) = (< -2)° + (y-2r =1

L 9(X* -2 +4(y-2)*=36

QlEEL] |[DMIEELL | DNIEELD |DIIEELSG |DIIEELD |

9

yt3:
xtd:
vtd:

xtl=2-cos(t)

yt1=24+3-5in(2.t)
xt2:
vt2:
xt3:

a

1 [N s Y I [ |

Starting Point

x

5

[Al]

[Al]

ii. Starting point is (2,2). It starts moving away from this point in an anticlockwise direction. [Al]



c. The period of cos(t) is 2z and the period of sin(2t) is z, therefore it takes 2z seconds to
complete one circuit [Al]

d.
f(t) =-2sin(t)i +6 cos(2t)j

~|E()] = \/(4sin?(t) + 36 cos? (2t)) [A1]

4sin®(t) = 2—2cos(2t)

~|E(®)] =y(2-2cos(2t) + 36cos? (2t))
:\/ 2(1—cos(2t) +18cos?(2t))

e. To find the maximum and minimum points solve
%(1— cos(2t) +18cos®(2t)) =0

. 2sin(2t) —72cos(2t)sin(2t) =0
2sin(2t)(1—36cos(2t)) =0

sin(2t) =0, cos(2t) = % (M1]

sin(2t) =0 t=%,n

[(%)‘ = J(2+ 2+ 36) =+/40 = 2410
|t ()| =\/(2-2+36) =/36 =6

cos(2t)=i |[(t)| = (2_2xi+36xi)=ﬂ
36 36 36° 6 (A1]

J71

Therefore the maximum is 2+/10 ms~*and the minimum is ——ms™



o112 (2]

= \/((—2sin(t))2 +(6cos(21))2)dt

0

-| \/2(1—005(2I)+180052(21))dt (ALl
0
ii. L=8.97 [Al]
2
f(2(1—005(2x)+18(cos(2x))"2))"0.5dx
0
8. 968044233
g. Need to solve d_y=3
dx
d
dy %t 6cos(2t)
A A/ 2sin) (M1]
Xt
_ cos(2t) _ 1
" sin(t)
t =1.57 secs [Al]

The value of t can be found graphically, or by solving with CAS. If using CAS solve,
students need to ensure they select the correct root as there are multiple solutions.
P1=cos{2+x) fsih(x)

530y onp N8F8 bl a3 1NAAS 1Y
570796261 [Bs %

L,
xc=1.

solve{cos{2x) fsin{x)=-1, x)
{x=06.283185307+constn(1)-2. 61799387|H
O

solve(cos{2x) fsin{x)=-1, x)
E|=B. 283185307+constn(3)+1. 570796327}
-



Question 2
a.
AB=b-a=-3i+(2-m)j
AD =d—a=5i+(6-m)] [Al]

b. For a rhombus the opposite sides must be identical vectors

AB=DC M1
~3i+(2-m)j=(n-6)i— 4] (M1]
~n=3 andm=6 [A1]
—2 — 2
OR use |AB| :|AD|
S94(2-m)* =25+ (6-m)°
m=6 etc.
C.
.~ M1
AE = (AB.AD)AD (M1]
AD=5i . AD=i|
T g [A1]
AE = ((-3i—4).0)i =—3i
d.
Area of triangle ABE = %|ﬁ”@| [M1]
|ﬁ|:3, @:E—E=—4j,|@|:4
Area :%x3x4=6 units® [Al]
e.
6 =cos™ E
|BD||BF|
_ o [M1]
BD=8i+4j and BF=BC+§CD=51+§(31+4J)=%1+§J'
1
= (21x8+ 8x 4)
6 =cos™ 1 =5.71° [A1]
J(217 +82)/(8% +4?)

3



Question 3

All roots correctly plotted and labelled. Equally spaced by 2?” around a circle radius 3 [Al]

b.

k=w = 33cis(3x%j = 27cis() [Al]

k =-27
C.

Im(w):3sin(£j:% ,  Re(w) :3cos[£j:E [M1]

3 2 3) 2
3x3 3 6

@Im(W)—RE(W):T—EZEZ:g [Al]

d.

i. The line should go through the intercepts x=-3 andy = V3 and it should have an angle of

% to the horizontal (it goes through w and v, if they have been plotted correctly) [A1]



L

1
ii. Arg(v_v):—% Arg(_E):—%

Sketch {z: Arg(z) = —%}straight line extended from the origin, on an angle of —% to the

horizontal. (The origin should be excluded).

Tm ()

[Al]
e. 1
w_6(1+V30) _ 3(v3+1+ (+/3-1)i)
u @$+1)
£+ Edit Action Interactive [Al]

1| & |2 sime [ | v [ 114 ¥

cExpand (6{1+3°0.5&)+(1+%))
3+ 3+3+(3v3-3)i




w:3cis(%) , u :\/Ecis[%)

Aaw 4x3 . (n 7« (7
—= Cis| ——— |=6+v2cis| —
ol s

S —

cExpand (6 (1+3°0.5L)=(1+i))

3+vV3+3+(34/3-3)+¢
compToPol (3-V3+3+(3+V3-3) 1)

wr i

6v2-e 12

iil.
7) 3J3-3
“‘“(ﬁ):m
_(B3-) (f3-1)
(\3+1) (V3-1)
_4-23
2

tan(%j:Z—x/g

[Al]

[M1]

[Al]



Question 4 (9 marks)

dx

a. — = Inflow - Outflow
dt

Inflow =2x0.1=0.2

Outflow = 2%
100

.dX_

S—=02-
dt

J.de:
10—x

t=0, x=5

log, (10— x)—log, 5= _t

2X B 20—2x _10—x

100 100 50

1
j%dt

—Ioge|10—x|:%+c

10—x :ef%o

5

x =10-5¢ /%

C=-log,5

50

t=2, x=10-5e"%?=5196

x =5.20kg

d.  Sketch over domain t >0, y intercept is 5 and there is an asymptote at y =10
X

Horizontal Asymptote
x=10

[Al]

[Al]

[M1]

[Al]

[Al]



LH

Inflow =2x0.1=0.2 (same)

Outflow :3—X

100+ 2t -3t
X oo 3X [Al]
dt 100 -t

Using Euler’s method with h=1 when t=2,x=5.097

t X dx
dt
0 |5 0.05
1 | 5+1x0.05 0.04696 [M1]

=5.05

2 5.05+1x0.04696
=5.097 [Al]

Differential equation is

02—
dt 100—t
%+ 3x =0.
dt ' 100-t
If X=—(100—1)— —>(100—t)’
10 1000000
X _ 1, 15 gp-ry
dt 10 1000000
[M1]
S :%+ 3x
dt 100t
1, D g0t (iaoo—t)— > (100—t)3j
10 ' 1000000 (100—1) | 10 1000000
oD qoomrp e 2o qoo-ty
10 ' 1000000 10 1000000
; (A1)

=—=02= RHS
10



Question 5

a.
R
40 [Al]
-
15¢g
25°
b.
15a = 15g sin 25° — 40 (M1]
a=gsin25° - %
=1.47ms” [A1]
C.
u=0ms*, a=1.47499 ms?, s=6m
. [M1]
s=ut+=at’
1 2
5.6= E><1.47499 xt
t=| 12 g5secs [Al]
1.47499
Note: accept 2.85 if student has used the rounded answer from part b.
d.
15a=30-50t +15x1.47 [A1]
the acceleration is approximately a = 3.47 —%
e.
06 M1
speed v = j (3.47 —%jdt (M)
° [Al]

=1.48 ms*



0.6
] (3.47-(10/3)x)dx
0

1. 482
O

f.

1% part of journey:

v =3.4Tt —Et2

.. distance travelled in the first 0.6 secs = J. (3.47t —th]dt =0.5046

0
0.6
]U (3.47x—-(10/6)x"2)dx
0.5046

2" part of journey:

u=148ms*, a=1.47 ms?, s=6-0.5046 =5.4954 m [M1]

5.4954 =1.48t +%><1.47t2 . 1=1.9070

solve (5. 4954=1. 48x+0. 5%1. 4Txx"2, x)
{x=-3.920629486,x=1.907024043}
0

Total time =0.6+1.9070 = 2.51 secs [Al]
Question 6 (9 marks)
a. X~ N(40500,45002)

45007 [M1]

For asample sizeof 3 X ~ N(40500, )

Therefore Pr(X >42000) = 0.282 [A1]



Let Y = X, + X, +..+ X, [M1]
Y ~ N(12x40500,12 x 4500°)
Pr(Y >500000) = 0.185 [A1]

normCDf (500000, <, 4500-120-9, 405UD-H
0. 1845660079

C.

Pr(Y >480000) = 0.6498

Pr(Y >500000) [M1]
Pr(Y > 480000)

Pr(Y >500000/Y > 480000) =

0.184566 09284 [Al]
0.649844

Ui [ Jiaf s [ [+ 4] - T

normCDf (500000, <, 4500-120- 2, 4U5UU-H
0.1845660079

normCDf (480000, o, 4500.129- 9, 40500-H
0.6498443135

0.1845660079=0. 6498443135
0.2840157313

Pr(Y >500000/ > 480000) =

d. Aswe are interested in whether there has been a significant increase we use a one-sided test
H, : x=40500
0o H M1]

H, : «> 40500

2
For asample sizeof 3 X ~ N(40500, 4500

)

Pr(X > 46500) = 0.01046

p-value = 0.01046

p < 0.05 there is significant evidence to reject the Null Hypothesis
There is evidence to suggest that the advertising campaign has lead to a
significant increase in the monthly turnover

[Al]

[Al]



4500
370.95°

nanncnf[4a5nn,m, 40500]

0.01046066767
u
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