THE

HEFFERNAN
GROUP

P.O. Box 1180
Surrey Hills North VIC 3127
Phone 03 9836 5021
Fax 03 9836 5025

info @theheffernangroup.com.au
www.theheffernangroup.com.au

SPECIALIST MATHS 3 & 4
TRIAL EXAMINATION 1
SOLUTIONS
2016

Question 1 (4 marks)

5, -2 1-i
= X
1+i 1+i 1-i
_—2i-2
1+1
S

b. Let P(z) =z —3z* +4z-12.
Substitute z;, = 2i into P(z).

P(2i) = (2i)° —3(2)* +4(2i)—12

=-8i+12+8i—-12

=0as required

(1 mark)

(1 mark)

c. Since the coefficients of the terms in the equation are real we know that —2i is also a

solution (conjugate root theorem).

So z—2i and z+2i are factors.

So (z—2i)(z+2i)=27"+4 is also a factor.

Method 1 — using the constant term

P(z)=z7" -3z +4z7-12
P(3)=27-27+12-12=0
So z =3 is the third solution.
The solutions are z =212i, 3.

Method 2 — using long division

So  72-372+4z-12=0
becomes(z2 +4)(z—-3)=0
The solutions are z =212i, 3.

z—3

Z2+4>z3—3z2+4z—12

z> +4z

-3z -12
-3z -12
0

(1 mark)

(1 mark)

(1 mark)
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Question 2 (4 marks)
a. Mark in the forces. The tension force in the string is 7.
TA TA
a=1ms’2T | | | | a=1ms” i
v \ 4
mg 2g
Around the m kg particle Around the 2 kg particle
T-mg=mx1 2¢-T=2x1
T=m+mg T=2g-2 (1 mark)
So m(l+g)=2g-2
= 2g -2
1+¢
(1 mark)
b. Mark in the forces.
TA  Tp
ams’2¢ | »|| | ams’zT
\/ \ 4
3g 2g
Around the 3 kg particle Around the 2 kg particle
3g—-T =3a T-2g=2a
T=3g-3a T=2g+2a (1 mark)
So 3g—3a=2g+2a
Sa=g
st
5
(1 mark)
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Question 3 (3 marks)

f(x)=arcsin(3x)

Method 1 Method 2
f')= + Let y =arcsin(u) whereu =3x
3) 7F
Q = ﬂﬂ (chain rule)
_ 1 dx du dx
1- 9x2 = ! %3
9 1-u®
3 B 3
B 1-9x* 1-9x7
1 1
=3(1-9x%) 2 =3(1-9x7) 2 (1 mark)

3

' (x) = 3><—%(1 —9x?) 2x—18x (chainrule)
27x

= m (1 mark)

T

~
N
|~
NG

Il
S
|

|.
=
MW

2.2
2 Vo4
_9..8
2733
2
V3
=43
(1 mark)
Question 4 (3 marks)
xy? +ylog,(x)-2y-3=0
dy d d
422+ Dog (n+2-22 =0 (1 mark)
dx dx X dx
@xy+log, (-2 P =2 Y
dx X
-y
X
dy _ —xy'-y
dx  x(2xy+log,(x)—2)
At(l, 3), dy = =93
dx 6+log,(1)-2 (1 mark)
12
4
=3 (1 mark)

© THE HEFFERNAN GROUP 2016 Specialist Maths 3 & 4 Trial Exam 1 solutions



Question 5 (6 marks)
_ s - s
a. The approximate 95% confidence interval for u is | x—1.96 , X+1.96—|.
[ 100 100
So x-1.96-—=15.02 —(I)
10
- s
and x + 1.96E =16.98 —(2) (1 mark)
Solve these two equations simultaneously.
M+ (2) gives 2x =32
x=16
In (1), 16-0.1965 =15.02
—0.196s =—0.98
0.98
§=—
0.196
980
§=—
196
s=5
(1 mark)
b. i H,: pu=52
H: u>52
(1 mark)
ii E(X)=u=52 sd()?)—£
' ' V25
_Ls
5
_ =03
p value =Pr(X >5.8lu=5.2) (1 mark)
_ Pr(Z > 5.8—5.2)
0.3
= Pr(Z > %j
0.3
=Pr(Z 22)
=0.025 7 0 5
(1 mark)
iii. From part ii., p value = 0.025.
Since p value < 0.05 there is good evidence to reject the null hypothesis at the
5% level.
(1 mark)
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Question 6 (3 marks)

=R L]

cos? (x)sin(2x)dx
4
= J.ZSin(x) cos® (x)dx since sin(2x) = 2sin(x)cos(x) (1 mark)
0
1
¢ L du
=—2.[ u' —dx Let u = cos(x) also x =~ 50 u=L
1 X 4 2
1 du .
7 Ez—sm(x) andx=0 sou=1
- _2 J.u3du (1 mark)
1

(1 mark)
Question 7 (3 marks)

a. Do a quick sketch. Y

2
volume = njyzdx

2
=7 dx
~([x2 +4 0 2
(1 mark)
)
b volume= —I 5 dx
o X4
2
_m tan~" (ﬁj (1 mark)
2 2)1,

= %t(tan_l (1)—tan"'(0))

:%(E_OJ
2\ 4

T ..
= ? cubic units

(1 mark)

© THE HEFFERNAN GROUP 2016 Specialist Maths 3 & 4 Trial Exam 1 solutions



Question 8 (5 marks)

a. We require aeb =0
2+m+8=0
m=-10
b a=2i+ j-2k

:6x%{2y+j—2@)

—4i+2 j—4k

c. If a, b and c are linearly dependent then ota+ fb=c where ciand fe R.

So werequire oU2i+j-2k)+ B(i+m j—4k)=—i+3 .

For the i components,

200+ =-1 (1)
For the j components,
oa+mpf=3 2)
For the k components,
—-20-44=0
So oa=-2p
In (1) -38=-1
1
=3
So o= 2
3

If you have time, check your answer.

(1 mark)

(1 mark)

(1 mark)

(1 mark)

(1 mark)
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Question 9 (5 marks)

dy _xx’—1

dx e

J-ezydy :Jx x? —ldx

e ldu ~

+c = |——u’dx
2 2 dx
1
L,
—EJ‘u du
3
:%uz><—+c2
2y 3
So ¢ -
2

e? :%(xz—w +1

3

2y= log{%(xz ~1)2 +1J

(separation of variables) (1 mark)

u=x*-1

(1 mark) — left side
(1 mark) — right side

(1 mark)

2, 2
y=log, E(x -1)2+1

Soa=2,b=3and c=1.

(1 mark)

© THE HEFFERNAN GROUP 2016

Specialist Maths 3 & 4 Trial Exam 1 solutions



Question 10 (4 marks)
A sketch of y = x;lz for x >0 is shown below.
(x+D(x"+1)
y
A _
y= x—lz for x>0
(x+D(x" +1)
0 1 o

The shaded region shown above is equal in area to the shaded region shown in the question,
but is below the x—axis.

The x-intercept for both graphs occurs when x—1=0 i.e. at (1,0).

Let (x—lz) = A B);+C (1 mark)
(x+D(x"+1D)  (x+1)  x“+1
_ A 4D+ (Bx+CO)(x+1)
- (x+1)(x> +1)
Trueiff x—1=A(x* +1)+(Bx+C)(x+1)
Put x =-1, —2=2A, A=-1
Put x =1, 0=-2+2B+2C )
Put x =0, —1=-1+C, Cc=0
In (1) so B=1 (1 mark)
x—1 -1 X
TN T
(x+D(x"+D) x+1 x°+1
1
area required = —I(_—l Zx )dx (1 mark)
0 x+1 x“+1
1 1 !
= [log, |x+1] —[—mge(xz +1)}
0 2 0
1 1
=log,(2)-log,(1) —Eloge 2) +§loge €))
=log, (2)~log, V2
~ log (ij
‘W2
=log, (\/5 ) square units
(1 mark)

© THE HEFFERNAN GROUP 2016 Specialist Maths 3 & 4 Trial Exam 1 solutions



