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Section I

10 marks
Attempt Questions 1-10

Use the multiple choice answer sheet provided on page 17 for Questions 1-10.

1 Let z = 7 4+ 10i. What is the value of iz?
A. —-10+7i
B. —-10—7i
C. 10+ 7i
D. 10 —-7i
2 Consider the Argand diagram below.

Which inequality could define the shaded area?

A. 1<|z+1| <3
B. 2<|z+1| <4
C. 1<|z-1|<3

D. 2<|z—-1|<4
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3 What are the equations of the asymptotes of the hyperbola 9y? — 25x2 = 225?
25
A. =+ —
y=I43gx
9
B =+ —
y=I5:X
5
C =+
y=I3x
3
D =+ -
y=Igx
L : .. 3
4 The sum of the eccentricities of two different conics is >

Which pair of the conics could this be?

A. Circle and ellipse
B. Circle and parabola
C. Parabola and hyperbola

D. Hyperbola and circle

5 Which of the following parametric equations represent 3(x — 5)2 + 4y? = 12

A. x=2cosf+5,y=3sinb
B. x=2cosf —5,y=3sinb
C. x =v3cos@+5,y=2sinb

D. x=3cosO+5,y=4sin6
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6 Given that f(x) = |x| and g(x) = x.

Which of the following statement is true for the graph shown above?

1@
A T
5 g

C. y=fx)xgk)

D. y=—f()xgx)

7 The Argand diagram below shows the complex number z.

Im(z)

2
Which Argand diagram best represents —Z ?
i

A. B.
Im(2) Im(2)

N / Re(=)
Re(z2)

Im(z) ' Im(z)

Re(z)
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8 There are 9 identical boxes on a table. One person comes to the table and takes three
boxes. 2 more people do the same as the first person.
How many ways can this happen?

A. 362880
B. 60480
C. 3360
D. 1680
9 The following diagram shows the graph y = P'(x), the derivative of a polynomial

P(x). P'(x) hasroots at x = a and x = b where a < 0 and b > 0.

/

Y y = P'(x)

N/

If ¢ is a root of P(x), where ¢ > b. Which of the following could be P(x)?

A. P(x)=(x—a)(x—c)
B. P(x)=(x—a)(x+c)
C. P(x)=(x+a)(x—c)

D. P(x)=(x+a)(x+c)
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a
10 Given that a is a constant, which of the following is equivalent to f x(a—x)?dx ?
0
N a
' 100
B a
' 101
100
c. =2
10000
101
p. 2
10100
End of Section I
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Section II

90 Marks
Attempt Questions 11-16

Answer each question on a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11-16, your responses should include relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks)  Use a SEPARATE writing booklet.

a) Simplify 2919, 1
X2 y?

b) Sketch 5 + = = 1, indicating the coordinates of its foci and equations 2

of the directrices.

c) i) Express V2 — v/6i in modulus-argument form. 2
ii) Hence evaluate (v2 — \/gi)s in the form x + iy. 2
4
d) Evaluate f 16 — x2dx 3
2
e) 1) Find the domain and range of f(x) = x sin™! x. 2
ii) Determine whether f(x) is even, odd, or neither. 1
iii) Sketch y = f(x), showing clearly the end values. 2

End of Questions 11

-8-
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Question 12 (15 marks)  Use a SEPARATE writing booklet.

a) Given that P(x) = x° + 6x* + 16x3 + 32x2 + 48x + 32.

1) Show that x = —2 is a root of P(x) of multiplicity three.
1) Hence, or otherwise, factorise P(x) completely into linear factors.
X
b) Use the substitution t = tanE, or otherwise, show that
V4
f? de 3w
o 2+sinx 9
c) The function f(x) = (x — 3)2e*~? has stationary points at x = 1 and x = 3
as shown in the diagram below.
°ly
5
4
2

1

6 -5 4 -3 -2 -10 1 2 3 4

=1

Draw separate half-page sketches of the following graphs. In each case,
label any asymptotes and the coordinates of any turning points.

i) y = f(xD
) 1
11) y—m

i)y = [f(0)]?

v) ¥y =f()

End of Questions 12

9.



BBHS 2019 HSC Mathematics Extension 2 Trial Examination

Question 13 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

The equation x3 — 5x + 25 = 0 has roots «, # and y. Find:
1) the polynomial with roots —a, —f3, =Y.
ii) the polynomial with roots a?, f2,y2.

iii)  the value of a3 + B3 + y3.

In the Argand diagram below, intervals AB, OP and OQ are equal in length,
T
OP is parallel to AB and 2P0OQ = = . If A and B represent the complex

2
number 1 + 3i and 7 + 5i respectively, find the complex number which is

represented by Q.

N

Im(z)

A/B

P

7

@) Re(z)

Question 13 continues on page 11

-10-
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Question 13 (continued)

In the diagram P(cp,cp™1) and Q(cq, cq™1) where 0 < p < g, are points
on the hyperbola xy = c2.

M is the midpoint of PQ and the line PQ cuts the x-axis at A. OM cuts the

hyperbola at T'.

0 A\

1) Show that gradient of OM is —1 X gradient of MA.

11) Hence, or otherwise, show that OM = MA.

111) Show that the tangent to the hyperbola at T is parallel to the chord
PQ.

v) Find the coordinates of R and S where the tangent to the hyperbola
at T cuts the x and y axes respectively.

V) Prove that the area of the triangle ORS is a constant.

End of Questions 13

-11-
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Question 14 (15 marks)  Use a SEPARATE writing booklet.

a) The region bounded by the curve vx + ﬁ = 2 and the x-axis between
x = 0 and x = 4 is rotated about the line x = 4.

1) Use the method of cylindrical shells to show that the volume V' of the
solid formed is given by:

4
V= 27rf (16 — 16vVx + 4xv/x — x?)dx
0

11) Hence find the exact volume V.

b) A solid has ellipse 16x2 + 49y? = 784 as its base. If each section
perpendicular to the major axis is an equilateral triangle, find the volume of
this solid.

c) A eleven-member Wellbeing Committee consists of five students, four
teachers, and two parents. The committee meets around a circular table.

1) How many different arrangements of the eleven members around
the table are possible if the students sit together as a group and so do
the teachers, but no teacher sits next to a student?

1) One student and one parent are related. Given that all arrangements
in part 1) are equally likely, what is the probability that these two
members sit next to each other?

Question 14 continues on page 13

-12-
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Question 14 (continued)

2

1
By considering <\/_ - ?) , where x > 0, prove that the sum of
X

a positive real number and its reciprocal is never less than 2, and is
only equal to 2 when x = 1.

1 1
Hence, or otherwise, find the smallest value of (a + b) (— + E)
a

where a and b are positive real numbers. For what values of a and b
does this minimum value occur?

End of Questions 14

-13-
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Question 15 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

A particle of mass 3 kg moves under the action of a force F so that the

velocity is given by v = 10V4 — x2 ms™ L.

1) Find the force F in terms of the displacement x. 2
1) If the particle is initially 2 metres to the right of the origin. Find the 3
displacement of the particle at any time .
A particle of mass m falls from rest under gravitational acceleration g ms™2
and air resistance proportional to the speed v ms~?1. If the constant of
proportionality is k.
1) Explain why the acceleration is g — kv for this particle. 1
i1) Find the velocity of the particle at time t. 2
1ii) Find the terminal velocity. 1
v) Express the distance the particle has fallen at time t in terms of t. 2
1 2
Given that I,,,, = f x?"+1leX"dx , where n is a positive integer.
0
. 1
1) Show that [,,,, = Ee —Nlyp_q . 3
1 2
ii) Hence, or otherwise, evaluate f x3e* dx . 1
0

End of Questions 15

-14-
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Question 16 (15 marks)  Use a SEPARATE writing booklet.

a)

b)

A sequence Uq, Uy, Us, Uy, ... satisfies the relationship u, = u,_1 +u,_, for
n = 3.

1) ShOW that U Uy + U Uz = U32 - ulz . 1

ii) For n > 1, use mathematical induction to show that 4
— 2 2
UsUp + UpUz + Uslly + -+ Upp_1Uzp + Uppllonir = Uzpsr” — W

The triangle ABC is inscribed in a circle. From an external point D, tangents
are drawn to the circle, touching it at A and C. The chord ED is drawn
parallel to BC, meeting AB at F and AC at G. The line CF is produced to
meet the circle at H.

o A
E
D
B C

1) Prove that AFCD is a cyclic quadrilateral. 2
i1) Prove that HF = AF. 3
1) If 8x + 4y = m, show that 2

. _1—2tanx —tan’x

Y Y Jtanx — tan2 x

.o 7T . .
1) Hence deduce that tan 3 is a root of the equation 3

T
t? 4+ 2t — 1 = 0, and find the exact value of tang.

End of Paper

-15-
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Section 1

1 B 1 Mark
z=17+10i
iz=-10+7i

iz=-10—-7i

2 C 1 Mark
Circle centre at (1, 0), inner circle radius 1 and outer circle radius 3
1<|z—-1|<3

3 C 1 Mark
9y? — 25x2 = 225
y2 X2 ~

25 9

Asymptotes:

4 D 1 Mark
Circlehase =0
Ellipse hase < 1
Parabolahase =1
Hyperbola hase > 1

3
€=3

Circle and ellipsee < 1

Circle and parabolae =1
Parabola and hyperbola e > 2
Hyperbola and circlee > 1

-~ Hyperbola and circle could be the pair

5 A 1 Mark

x=2cosf+5y=13sin6
Subinto 3(x — 5)% + 4y? =12

LHS = 3(2cos 0 + 5 — 5)% + 4(V3sin @)’
LHS = 12 cos?6 + 125sin% 9

LHS = 12

LHS = RHS

6 B 1 Mark

7 C 1 Mark
2z is doubling the length of z and then dividing by i indicates rotating

it clockwise by %, so the resulting vector should be in the 4" quadrant.




D

First person can select 3 out of 9 boxes = 96‘3 ways

Second person can select 3 out of 6 remaining boxes = 663 ways
Last person can select the remaining 3 presents in 1 way = 3C3 way
Number of ways = °C; X ®C; x 1 = 1680

1 Mark

A

P'(x) has a double root at x = a, so P(x) could have a triple root at
x = a and a turning point at x = b, and given that x = c is a root of
P(x) to the right of b.

~ P(x) = (x — a)3(x — ¢) is the possible solution

1 Mark

10

D
a
f x(a — x)*%dx
0

a

:f (a —x)x%dx
0
a

:f (ax® — x199)dx
0

a
[ax100 x101

100 101 .
a X alOO a101
= - -0
100 101)

a101 a101
=<100"101>

__(101a101 100a“”>

10100 10100
101

_a
"~ 10100

1 Mark




Section 2

Ql1la) {2019 1 Mark
= 2016 % 3 Correct solution
= (i%)5%% x {2 x |
=1x(-1)xi
=—i
Q11 b) x? y? 2 Marks
CRE 1 ly Correct graph with all
6 25 key features shown
a=3,b=5 L clearly
a? = b%(1 —e?)
9 =25(1 —e?) 1 Mark
i =1 —e2 Obtains the correct
25 9 value of eccentricity
2 1——
¢ s
2 12
T
_ 4
¢=3
Foci: (0, +4)
Directrices: y = iE 25
4 y=—=2
-6 4
Qllc)i) ] 2 2 2 Marks
V2 —=Ve6i| = [(vV2)" + (V6) Correct solution
[V2 — V6i| = 2v2
1 Mark
-6 Correct modulus or
arg(V2 —V6i) = tan™? (f) argument
T
arg(V2 —oi) = — =
. 7T . - 7T
V2 —V6i =22 (cos (n— g) + L;m (— g))
V2 —6i = 2\/§(cos§ - ising)
Q11 c)ii) 8 2 Marks

(\/— \/gl [2\/_ (cos— — isin n)]

3

Using De Moivre’s theorem

(\/f—\/gi) —(2\/_) (cos——tsm%)
(V2= V&)’ = (242) <—--lx§)

(V2 = V6i)° = 212 (—1—§i>
(VZ = V6i)° = —211(1 +3i) or — 2048(1 + V3i)

Correct solution

1 Mark
Applies De Moivre’s
theorem correctly




Qiid) 4 > 3 Marks
I'= _L 16 — x*dx Correct solution
Letx = 4cos@ 2 Marks
dx = —4sin 6 do Finds a correct primitive
x =4, 0=0 1 Mark
T
x=2 g = — U‘ses correct‘
3 trigonometric
o substitution
I = J;T 716 — 16 cos?0 x —4sin8 do
3
T
3
I = 16f 71 —cos?20 xsinfdf
071'
3
= 16[ sin® 6 d6
0
Vs
16 (3
I=—| (1—cos20)db
2 Jo
Vs
[ 1 3
=816 ——sinZH]
I 2 0
Tt 1 | T
=8 _§—§sm(2 xg) —0]
= 3
[=8|-——
3 4
8n
I=—-2V3
3
Qlle)i) f(x) =xsin"tx 2 Marks
Correct solution
Domain: —1 <x <1
y 1 Mark
Correct domain or
w2 range
X
-2 -1 1 2
-m/2
For =1 < x <0,y = xis negative, y = sin~! x is also negative, so
x sin~! x must be positive.
For0 < x <1,y = x is positive, y = sin~! x is also positive, so
x sin~! x must be positive.
Forx =0,y = xiszero,y = sin~! x is also zero, so x sin~! x must be
zero.
Range: 0 <y < %
Q11 e)ii) f(x) =xsin"tx 1 Mark

f(=x) = (=x) x sin™*(—x)
f(=x) = (=x) X —sin™1 x
f(=x) = xsin"1x

f(x) =f(=x)

~ f(x) is an even function

Correct solution




Q11 e) iii)

2 Marks

y
Correct sketch
m/2
1 Mark
Sketch shows f(x) is
X even with correct
2 1 0 1 2 domain and range
Q12 a)i) P(x) = x5+ 6x* + 16x3 + 32x2 + 48x + 32 2 Marks
P'(x) = 5x* + 24x3 + 48x% + 64x + 48 Correct solution
P"(x) = 20x3 + 72x2 + 96x + 64
1 Mark
P"(=2) =20(=2)3 +72(=2)? + 96(=2) + 64 Show that P''(=2) =0
P'"(-2)=0
P'(=2) = 5(=2)* +24(-2)3 + 48(—2)% + 64(-2) + 48
P'(-2)=0
P(=2) = (-2)° + 6(=2)* +16(=2)3 + 32(—2)? + 48(-2) + 32
P(-2)=0
~ x = —2is a root of multiplicity 3.
Q12 a) ii) Roots of P(x) are a, 8, =2, —2, —2 2 Marks
Correct solution
Sum of roots:
a+p+(=2)+(-2)+(-2)=-6 1 Mark
a+p=0 Finds product and sum
of remaining two roots
Product of roots:
af x (—2)% = -32
aff =4
Let  and B are the solutionstox? — (@ + B)x + af = 0
x2+4=0
x =42
2 P(x) = (x+2)3(x — 20)(x + 20)
Q12 b) £ = tanf 3 Marks
2 Correct solution
dt 1 , X
— = —sec’—
Ccll)tf % 2 X 2 Marks
-z 27 . o
(Zix = % (1 + tan 2) Finds a correct primitive
t
— ==(1+1t?) 1 Mark
dx 2 .
2dt Attempts to obtain an
X = 1+¢2 integral in terms of t
_I t=1
X = > U=
x=0 t=0
] 2t
sinx =




o
NE!
QU
=

+ sinx
3 1 2dt
B 2t (Tt
0
2+1+t2
_jl 1+t2 2dt
A 2+2t2+2t 1+ ¢2
1
_fo t2 +t+1
fl
- 1 3
0 t2+t+ 4+ )
1
=f0 ——
2) +<T>
1 1
2 t+§
=|—=tan"!| —%
B\ B
2 0
2 1(21:+1>]1
= |—tan
NE V3 /],
2 L (2x1+1 2 1 (2%0+1
e T
7 B RS
=—tan"'V3 — —tan"~ 1( )
V3 V3
_ 2 xn Xn
V3 3 V3 6
_om
3v3
_\3n
9
Q12 c)i) y = f(x]) 2 Marks
Correct sketch
1 Mark
Recognises reflection
along the y-axis
--- X
4 3 2 10| 1 2 3 4
-1
Q12 ) ii) 1 2 Marks
Y= f(x) Correct sketch

5 4 -3 2 10
-1

1 Mark
Recognises and labels
the asymptote




Q12 ¢) iii) y = [f()]? 2 Marks
Correct sketch
1 Mark
Correct key points
shown
Q12c)iv) y? = f(x) 2 Marks
Correct sketch
1 Mark
Correct key points
shown
=y -4
-1
-2
-3
-4
-5
Ql3a)i) x3—5x+25=0 1 Mark
Letx = —a Correct solution
a=—x
(—x)3 =5(—x)+25=0
—x345x+25=0
x3—5x—-25=0
Q13 a) ii) x3—5x+25=0 2 Marks

Let x = a?

a=+x

(+vx)’ = 5(+Vx) + 25 =0
+Vx(x —5) = =25

x(x —5)%2 = 625

x(x? —10x + 25) = 625

x3 —10x% + 25x — 625 =0

Correct solution

1 Mark

Recognises the
relationships of the
roots and makes the
correct substitution




Q13 a) iii) x3—5x+25=0 2 Marks
a’—5a+25=0 (1) Correct solution
B3—=56+25=0 (2)
y>—=5y+25=0 (3) 1 Mark

Recognises the
(1) +(2) +(3) relationships of the
al+p3+y3—-5@+pB+y)+25%x3=0 roots and makes the
a+p+y>=5(a+B+y)-75 correct substitution
a’+p3+y3=-75

Q13 b) AB = (7 4+ 5i) — (1 + 3i) 2 Marks
AB =6 + 2i Correct solution
OP = 6+ 2i 1.Iv(ljarkh |
O_Q)=im’) Finds the complex
— . . number that represent
0Q =i(6+ 2i) p
00 =-2+6i

Q13 c¢)i) cLc 2 Marks
M @ +cq’ P_4 Correct solution

2 2
1 Mark
c c(p+
M (E p+9q), 5 (M)) Finds the gradient of
Pq OM or MA
c(pta)_
_ 2( q ) 0
oM — ¢
5 +q -0
1
m = —
oM = o
Myg = Mpq
c_c
p_q
mya = cp—cq
q9—p
bq
m —_—
L
1
m [ —
MA vq
-1 Xmyy =—
MA =
Moy = —1 X mey
Q13 ¢) ii) tan ZMOA = myy, 1 Mark

1
tan ZMOA = —
bq
tan ZMAx = my;4
1
tan £ZMAx = ——
pq

LMAx = — £MOA
~ LMAO = £MOA

~ OM = MA (equal sides opposite equal angles in a triangle)

Correct solution




Q13 c) iii)

Equation of OM
1
y=—x
pq
2

T is the intersection point of OM and hyperbola xy = ¢
1
x X —x = c?
rq
?=c’pq

x
x =c/pq

Gradient of tangent at T

—C
mr = ———
(cV/pq)
1
mr = _E
mr = me

~ tangent at T is parallel to chord PQ.

2 Marks
Correct solution

1 Mark
Find the x value of T

Q13 c)iv) At T 2 Marks
x=c /pq Correct solution
c./
= Pa 1 Mark
Pq Finds the equation of
. tangentatT
Equation of tangentat T
c,/
=—— (x —¢\pq)
qu—C q=—x+ cyPpq
x+pqy —2¢c/pq =0
AtR,y=0
x = 2¢,/pq
R(2¢,/pq,0)
AtS,x=0
pqy — 2¢y/pq =0
_ 2¢ypq
pq
2c
(05
pq
Q13 c)v) 1 Mark

1
AZEXORXOS

1 ZC\/E
pq

A=§><20 pq X
A=2c?

-~ Area of triangle ORS is a constant since c is a constant.

Correct solution




Ql4a)i)

A(x) =2n(4 — x)y

Jy=2-+x
y=02-%)’

AV = 2n(4 — x)yAx
AV = 21(4 — x)(2 — Vx) ' Ax

V =2n j4(4 — (2 —x) dx
0

V= 2nf4(4—x)(4-—4\/§+x)dx
0

4
V=2nf (16 — 16vx + 4x — 4x + 4xx — x?)dx
0

2 Marks
Correct solution

1 Mark
Finds the correct area in
terms of x

4
V= 27rj (16 — 16vx + 4xvx — x%)dx
0
Q14 a) ii) * 5 1 Mark
V= 2”_[0 (16 — 16Vx + 4xvx — x )dx Correct solution
i 3 5 4
P Py 16x2 4x2 x3
B e TR
2 2 0
3 5
Vool 16 x4 16X 42 4X42 43 0
R | 5 3]
| 2 2
V=2 (128)
~“"\ 15
B 2561 e
=z units
Q14 b) 51y 3 Marks
Correct solution
I
2 2 Marks
1 g Makes significant
: e p B g — >; progress in finding the
volume
2
1 Mark
Finds the correct cross
sectional area




Cross-sectional area
1
A =§><2y><2y><sin60°

A =/3y?
AV =+/3y?Ax

x?
=143 X -
AV 3xX16 (1 49) Ax

—16\/_f <1——>dx

= 16\/_[x—m

73 ( 7)3
V= 16\/§[(7—m>—<(— )= )]

28
V=16\/§><?

4483
-3

units?3

Q14 c)i)

If S and T denote the sets ‘students and ‘teachers’ respectively, and
P;, P, are the parents, then all the possible arrangements are shown
below.

Pl P2
SQT SQT
P2 Pl
There are 5! ways of arranging the students and 4! ways of arranging

the teachers. So the total number of arrangements of the 11
members is 2 X 5! X 4! = 5760.

2 Marks
Correct solution

1 Mark

Recognises the
arrangement of
students and teachers

Q14 c) ii)

Let S; be the related student. They could be related to either P; or P,.

Let S, denote the remaining set of students and T be the set of
teachers. Then the possible arrangements are shown below.
S.P

020,

S.Py
There are 4! Ways of arranging the students S, and 4! Ways of
arranging the teachers T. Thus the number of arrangements of the 11
membersis 2 X 4! x 4! = 1152

Hence the probability of this pair of people sit together is:
1152 1

5760 5

2 Marks
Correct solution

1 Mark

Finds the correct
number of
arrangements




Ql14d)i) 1\2 1 2 Marks
(‘/; - ﬁ) =x—2+ o Correct solution
112
(\/_ — ?> >0 1 Mark
X
1 Deduce x +% =2
— 24>
X + = 0
1
x+—2=2
X
Hence the sum of a positive number and its reciprocal is never less
than 2.
If x =1, then
1
X+-—=2
X
Q14 d) ii) (1 1) _a b 3 Marks
(a+b) a + b)] b + a t+2 Correct solution
Let A = a4 2 Marks
1 b b Show that the minimum
T - _ value is 4
a
Using Part i) 1 Mark
1 Shows
A+—=2 a b
A —+—-=2
a b ) b a
—F=>
b + a
a b
—+—+22>4
b a
1 1
*M+m0+ﬁ24
a b
Hence the minimum value is 4 and this minimum value occurs when
a=h.
Q15 a)i) v =104 — x2 2 Marks

1
v=10(4 —x?)2

dv 1 1 1
¥F=v—= 10(4—x2)i><10><§><—2x><(4—x2)_7

dx
¥ = —100x
Or
1 1 12
Evz = 5 X (10(4 — xZ)E)
1
Evz =50(4 — x?)
d (1 2)—50>< 2
dx ZU B x
L (1,2) = 100
dx Zv - x
F =mx
F = —300x

Correct solution

1 Mark

Expresses acceleration
in terms of
displacement




Q15 a) ii) _dx ot 3 Marks
Ve T 10(4 - x%)z Correct solution
ﬁ _ 1 2 Marks
=— .
dx 10(4 — x2)2 Finds the correct value
1 of C
- [——a
10(4 — x?)2 1 Mark
t = if 1 dx Expressest as a
110 V4 — x2 primitive function in
x
t =Esin‘1§+c terms of x
Whenx =2,t=0
0= L in-12 +C
=10 sin >
fo_ T
20
‘= 1 _x m
~10°" 2720
- T 1 . x
20 100" 2
10t + = = sin? X
x 2 nz
> = sin (10t + E)
~x = 2sin (10t + E)
2
Q15 b) i) Take O as the point of release of the particle P. Take motion 1 Mark
downwards as positive. There are two forces acting on P: its weight Correct solution
force acting downwards and its resistance of mkv acting upwards.
O
mkv
P
mg
+
F =mg —mkv
mi = mg — mkv
X=g—kv
Q15 b) i) dv 2 Marks
—=g- kv .
dt Correct solution
a1
dv  g—kv 1 Mark
Find the primitive
‘= f 1 dv function of t in terms of
g—kv v with correct constant

1
t= —Eln(g —kv)+C

value




t=0,v=0
0= 1l C
——kng+

C—ll
_kng

t= 11( k)+11
=z In(g —kv) +7Ing

1 g
-im(e)
t Kk g—kv

kt =1 ( )
" g—kv
Y
kt _
¢ g—kv
g—kv 1
g ~ okt
g—kv=_ge*t
—kv= ge*t —g
kv = g(1—e~kt)
v= %(1 — e~kt)
Q15 b) iii) t > o00,e k50 1 Mark
Correct solution
9
—(1-0
v - k( )
v g
k
Q15 b) iv) d—x=g(1—e‘kt) 2 Marks
dt k Correct solution
Y= Qf(l — e k) dt 1 Mark
k 1 Find the primitive
_9 Z —kt] function
X 2 [t + X e +C
t=0,x =
dorie]
0==10+-—- c
X + ke +
9
T k2
— Q[ 1 —kt] 9
X X t+ Iie {62
_ Q( 1okt __)
X X t+ ke X
Q15 c) i) 2 3 Marks

Correct solution

2 Marks
Applies integration by
parts correctly




1 Mark

Correctly identifies u
and v’ and finds
corresponding u’ and v

1
Lny = Ee nlyn_q
Q15 c) ii) R 1 Marks
I; = jo x“e™ dx Correct solution
1
13 = Ee - 1 X Il
1
I =f xe* dx
° 1
1
-
1 2 o 1
1 1
L =|zet ——eo]
! 12 2 o
L ==(—-1
=51
I 1 1 1( 1)
= —e — X —(e —
372 2
L= 1
372
Q16 a) i) Uy, = Up_1 + Up_y 1 Mark
Uz = Uy + Uy Correct solution
U = U3 — Uy
UgUy + Uy Us
= up(uy + uz)
= (uz —uy)(uz +uy)
- u32 - u12
Q16 a) ii) uluz + u2u3 + u3u4 + °ee + uZn_luZn + uZnu2n+1 = u2n+12 - ulz 4 Marks

1. Prove statement is true forn = 1

LHS = uqu,; +uyuz

RHS = Upyq141° — uy®

RHS = u3? —u,?

U U, + UpUs = Uz% — Uy 2 (proven in part i))
LHS = RHS

~ statementis trueforn =1

2. Assume statement is true forn = k

_ 2 2
UglUy + UpUz + Ugly + o+ Upp_qUpp T UppUppr1 = Uzge1” — Uy

3. Prove statementistrueforn =k + 1

i.e. (u1u2 + U Uz + Uz Uy + -4 Uzk—1Uzk + ququ+1) +
_ 2 2

Upg+1Uzk+2 T Uog+2Uzk+3 = Upp+3” — Ug

LHS = (ujuy + upug + ugly + -+ + Upp_qUpg + UzgUzks1)
t Uppp1Uzi+2 T Unk42Uzk+3

LHS = tpj41® — U1® + Upjean(Uppeaq + Uppes3)  (from step 2)

Correct solution

3 Marks

Makes significant
progress in the body of
proof

2 Marks
Correctk +1
statement

1 Mark
Prove initial statement
is true




Since up, = Up_1 +Up_y
Upk+3 = Uzk+2 T Uzk+1
Uzg+2 = Ugk+3 — Uzk+1

LHS = Uy — u1® + (Uprs — Upks1) Uz + Uzges1)
LHS = Upji1? — Uy + Uppes3® — Upjesr

LHS = upp43® — uy?

LHS = RHS

-~ statement is true by mathematical induction foralln > 1

Q16 b) i) H 2 Marks
A Correct solution

1 Mark

E Makes significant
progress

D
B C

£CAD = £ABC (Alternate segment theorem)

£LABC = £AFD (corresponding angles are equal, ED || BC)

AD = CD (tangents from an external point are equal in length)

£CAD = £ACD (angles opposite equal sides of AACD are equal)

~ LAFD = £LACD

Since angles in the same segment are equal

~ AFCD is a cyclic quadrilateral

Q16 b) ii) Join HA 3 Marks
Correct solution
= A

2 Marks
Shows AHFA|||ACFB

E
1 Marks

D Shows 2FBC = £FCB
£ C

Since AFCD is a cyclic quadrilateral

£DAC = £DFC (angles in the same segment are equal)
£LFCB = £DFC (alternate angles are equal, ED || BC)
Since £FBC = 4FCB (proven above that ZCAD = £ABC)
~ AFBC is an isosceles triangle

£HAB = £HCB (angles in the same segment)
2AHC = £ABC (angles in the same segment)
~ AHFA|||ACFB (equiangular)

~ AHFA is also an isosceles triangle

~ HF = AF (equal sides of isosceles triangle)




Q16 c) i) 8x+4y=m 2 Marks
T .
Correct solution
=——2x
Y=q
T 1 Mark
tany = tan (Z - Zx) Finds
T 1 —tan2x
tanz — tan 2x tany = ——
tany = T 1 + tan 2x
1+ tanztan 2x
) 1 —tan2x
any = ——
y 1+ tan 2x
2tanx
1- 1 —tan?x
tany = >
14 tan x
1 —tan?x
1—tan?x — 2tanx
1 —tan?x
t =
MY = tan?x + 2tanx
1—tanx
. 1—tan?x — 2tanx
a =
ny 1—tan?x + 2tanx
Q16 c) ii) fy=20 3 Marks
0= T_ 2x Correct solution
4
T
X = 3 2 Marks
Deduce tan% is a root
1—tan?Z — 2tanZ and finds the values of t
tan0 = g g
1—tan2§+ 2tan§ 1 Mark
s s T .
1 — tan? 5~ 2 tan§ =0 Deduce tang is a root of

Lett = tan%

1—t2-2t=0
t242t—-1=0

tan%must arootofoft2+2t—1=0

2422 -4 x1x(-1)

2x1
,_T2%VB
2
t=-1%+2

t n>0

an8

T
tang =—1+2

the equation




	blacktown boys E2 2019
	2019 Yr12 Ext2 AT4 Trial
	2019 Yr12 Ext2 AT4 Trial sln


