





























North Sydney Girls High School

2020

HSC TRIAL EXAMINATION

Mathematics Extension 2

General

Instructions

¢ Reading Time — 10 minutes
Working Time — 3 hours

o Write using black pen
e Calculators approved by NESA may be used
¢ A reference sheet is provided

e For questions in Section I, show relevant
mathematical reasoning and/or calculations

Total marks: Section | - 10 marks (pages 2 — 5)

100

vame:_ SO UTIONS TEACHER:

e Attempt Questions 1 — 10
e Allow about 15 minutes for this section
Section Il — 90 marks (pages 6 — 11)

e Attempt Questions 11— 16
e Allow about 2 hours and 45 minutes for this section

STUDENT NUMBER:
Question | 1-10 11 12 13 14 15 16 Total
Mark
/10 /15 17 /16 /14 /14 /14 /100
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Section I
10 marks
Attempt Questions 1-10

Allow about 15 minutes for this section

Use the multiple choice answer sheet for Questions 1-10.

1 Which of the following is a primitive of xsinx ?
—XCOSX +sinx Slg\n’i — m,d (:_(.0 Sﬂ
B. Xcosx —sinx
| = -WCOSL A &aoudx
C. —XCOSX —sinx
D. XCOSX +sinx T — AWV LS ¢
1

2 If u=-3i+j+2tk and v=| ¢ | are perpendicular, what is the value of 1 ?

, )
& - C)le)=e

D. 1
3 Which of the following equations represents a sphere of radius 2 units?
A. (x+y+z)2 =4
x>+ y2 +z0=4
3
C. (x+y+z) =8
D. )c3+_1v'3+z3 =8
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4 Given that |a| =3, |b|=2 and a+b =5, what is the value of a+(a+b)?
A 11 q,.(l‘l_*-b)’—‘—a‘,.,"' 3
: —jol’+ .
~ ~
€ 14 - QS
D. 21 = 4
sin/
5 What is the Cartesian equation of the curve defined by () =| cost |?
cos 2t
A Pyl " q
oW = cosk-Nak
B z :2),'2 -1
(o z=1-2x*

6 A particle is undergoing simple harmonic motion and takes 3 seconds to travel between the
extremes of the motion at x =—4 and x =4. Which of the following is a possible equation for
the velocity of the particle?

2t
; o+ -
A V= ‘;m[ s J A_’ L\_

G vz4sin[£] = ﬂ- . b
3 o)
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7

The diagram below shows the locus of the complex number z.

Im

Which of the following could represent the locus of iz ?

"\\ Re
(© n
o) > Re
q
—4—
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8 What is the contrapositive of the following statement?
“If both m and » are divisible by d then m—n is divisible by .
A. If m—n is divisible by d, then both m and » are divisible by d
B. If m— n is not divisible by d, then both m and n are not divisible by d
CC> If m—n is not divisible by d, then m or n is not divisible by ¢

D. If both m and » are not divisible by d then m - n is not divisible by ¢

9 Consider the statement “There is no integer which is the largest integer™.
Which of the following statements is equivalent to this statement?

A. Ay : (Vx, y>x)

vx, (3y: y>x)

c Ix: (Vy, y>x)

D. Yy, (3x : y>x)

10 If @, b and ¢ are real numbers such that 0 <a < b <¢ which of the following is NOT
necessarily true?
’ b<c ZooorA
.. L%l S0 l—130 moi+-350
| O | Y b C abc
A —+=——=2>0
a b c
c>b Mo ¢>Q @ a:1b=l =S
1 1 1 xy
+ - >0 cta >0 bxe >G4y \ =\
c+a b+c a+b A R '@"".\_7 ’-_,)<0
Cror Onb ox oty
11
L& ———>0
a <C .
ab bc . A+ y)Ll god L »O M‘”C
;. 0b<be =0 ob> ¢ ob bC
B ot P
ab bc ac

2 1 9 9
_C,b.;-_q_ -b : cia-b PKCHJQ

dd.>o otk ©
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D Y— > .
@ E - = (2-3\) — (—1-1)
= A-12L-Q + i+
= ——L\-—\\L
) @ | Q& - 143, 4-20
T 4 +2L 4-2\

()

A -2, %12, +6

b + 4

— 0 ~+l0L
20

.

L4+ Ly
at 3

o (3) = 5

—:_Q‘((l\l - (l‘(%\f

Now arg (
: R *a&‘il

P A
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aqu=1aC3  ® amy = af (2)

=1t ()

ok

Question \\

f(a+3)=0 , S0 ax3( v awaet (?OLWWG&@

2-30 ‘w oso avwot ao {(x) e vead
(oelfs 50 Loreplox WA BCUC dn ComtugaR B
o= ) (2= (2-30) 9 a Lcter

(:)c% —ax +13) & a Lactor .

So §@) = G- axnd) (L o ad) by \nspecion

—_—

£& = (\1‘7‘/414-@ ("&r b +12)
ooy 2= b-4

b =6
§) = U:L— AX +13) U(?—‘cb:c 1)

X?'\—bi'\—\'b:o =S X = - 6 + ./3(:» "'-('[\'b)

COoF QW 2+ 3L, —2F DL

CoF) = (e (a3 (e dead) (1es-a))
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Queshion \\

sx¥+ra = A L pxxC
o (o) x o |
A4y + (Baac) x
x ()
2
SxX+2 = AN +~ B x
C CQQ@E". O = C
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Question 11 Markers Feedback

a)

b)

<)

d

e)

Some silly errors. Please avoid rushing when completing easy questions.
@) Read the question carefully and answer in correct form.

(i)  This was marked generously as the justification was often not well argued.

(Please look at the solution)
The question states ‘hence” which means students needed to use the result
from (i) in order to obtain the mark. You could not just show that

tan(LHS) = tan (RHS).

Some confusion over language here. 2+3i is a root while (x—2-3i) is a factor.

Some students found the roots but did not answer the question by fully factorising
f(x) over C.

The most common method used by students when writing a solution involved sum
and product of roots.

b)

To gain the first mark students needed to write J3+iin exponential form as asked in
the question. It was clear that some students had trouble working in exponential form.

Very well done.

Buesvion

\"L

A= 4y = 2. dx Ce )
b— X2 NG V-x.2
-
=a(3x . (Cax @-f)%&t
2 " 2
Q-
\ 'L\Ai
- 2 S\ k:’&-)'\- ggi_l—
* 3/
> §\t\'%:= R so Rz 63T
Sl 6 -6
6 2
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Question 12 Markers Feedback

(@)

(b)

(d

(e)

Generally well done although the reverse chain rule not always recognised leading to some
circuitous methods.

@) Generally done well. Students are encouraged to mark the angle rather than rely on
marking points — which is prone to error and relies on marker doing calculations to
check you got the angle right. Don’t forget the open circle.

(ii) Not well done. Many students thought the circle touches the line directly above the
centre at (6,10) and got a radius of 4 units. Some thought it touches at the x-intercept

(4,0) and obtained a radius of 2\/5 . Several others used algebra and solved
simultaneously with varying degrees of success. This is worth 1 mark so students
should be looking for an easier approach — the most efficient way was to use some
simple right angle trigonometry.

@) This type of geometric argument should have been familiar territory but for many it
proved too hard. Diagrams were seldom drawn so even when a geometric argument
was offered it was hard for the marker to follow. Some students did know how to
proceed, however, despite the allocation of two marks some very brief responses were
offered. The level of detail in responses should be commensurate with the allocated
marks, making it easier for the marker to award credit.

(ii) This was bookwork and generally was attempted well although students often offered
incorrect reasoning such as “cos is odd, sin is even”.\

(iii)  This part was not very well done. Most students struggled to apply the result from the
previous part. Those who started with the RHS could see how to use the previous
results and were generally more successful. Some abandoned any pretence of
applying the previous result and proceeded to derive the required result from scratch
by using z = cos@+isin @ and using double angle trigonometric identities. These
responses could not be awarded full credit.

This was a standard question and was well done. It was evident that a small number of
students have not adequately practised this substitution and made lamentably little progress
on what should have been a straightforward integration problem. These students are advised
to address this gap before the HSC.

Not very well done. Students who used the technique of looking at the difference of the LHS
and RHS were generally successful as the terms factorise to yield a product of two factors
whose signs can be established in order to get the desired result. A number of students tried
to unsuccessfully force an AM-GM result here. Other responses showed a lack of
understanding of inequalities for eg 0 < x <1;0 < y <1 can be combined to get

0<x+y<2 and 0<1+xy<2 but this does not allow us to conclude that x+y <1+xy.
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Question 13 Markers Feedback

@

(b)

(d)

Generally well done.

Some students wasted time by testing for two base cases. The recursive result depends
only on one prior term.

1) Well done.

(ii) A second parameter needs to be introduced for the second line. The parameters
in each vector equation will generally not have the same value at the point of
intersection. It should be understood that an equation of this form is really
X=X _y-»n_z-z

a b c
components can then be unravelled to write the vector equation of the line.

=\, where A is the parameter. Each of the three

1) Generally well done. But it is not meaningful to say “Let x=a—x".

(i)  Itis always wise to go with the ‘hence’, and use the ‘otherwise” only when this
fails or the other option appears obviously easier. Those who didn’t take the
hint generally did not succeed.

Some students wasted time re-deriving the result of part (i) for this specific
case.

A few students didn’t understand the restriction implied by this result - the two
a's must be the same.

It was disappointing that a number of students could not perform the simple 2
unit integral that arose after completing the algebraic simplification.
Quite well done.

There had to be a clear explanation of why the negative root was dropped. Simply
claiming v > 0, was not sufficient. Knowing that the velocity is initially positive is
also not sufficient - think of SHM as an example.

o)

)
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\
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Question 14 Markers Feedback

(2)

(b)

Not well done. There was no reference to gravity in the question, nor was there
anything to suggest gravity would be involved.

There were two valid ways to interpret the question. Either the object continued
indefinitely to the right, in which case you could find values for / and the
acceleration, or the given direction was only instantaneous, in which case the
acceleration would be a function of F . In either interpretation, forces needed to be
resolved both vertically and horizontally.

Many students mixed up sin and cos for horizontal and vertical components. Draw
triangles as an aid if you can’t visualise it.

Many students did not not consider that the vertical components of the two forces
were in opposite directions, and did not attribute a negative to one of those
components. Others did not consider vertical components at all, and could be awarded
little.

When two forces F| and F, cancel, do not begin by saying F| = F,. Start with
F, —F, =0 to indicate that the net force is zero, then rearrange. (This was not
penalised.)

A large number of students thought vertical and horizontal components could be

added numerically instead of vectorially. SN vertically plus SN horizontally does not
equate to a net force of 10N. Please use i and ; in your working to avoid this error.

Many students either did not convert the force to an acceleration, or multiplied by 2
instead of dividing. Please do the vector calculations on forces, and find the
acceleration at the end.

1) Please use correct notation. / is not a vector, so it is not meaningful to refer to
PA-1.

Also, be careful when translating from component form to column form,
noting when a component is missing, in this case the j component.

(i)  Naming OB xi+ yj+zk was not helpful as it does not constrain B to be on

the line. If it wasn’t linked to the line at some point using the parameter, it was
difficult to award marks.

1) Generally well done, but a number did not know what to do. This is book
work.

Start from the supplied information to derive the result. Students who
differentiated the result or introduced a trigonometric displacement function to
differentiate could not be awarded full marks.



(i)

(iii)

. . 3 4
Many students thought the ratio of 3:4 corresponded to fractions of 7 and —.

There is no quantity which is being divided in that ratio. It is not correct to
substitute the values in the ratio into the result of part (i). They are not

actual velocities, and such a statement is correct only after taking the ratios of
the velocities.

Many lost the square in the result of part (i).

Read the question - you were asked for a time difference, not the distance
travelled.
A number of students did not find the time for direct travel.

Remember to use radian mode on your calculator. As many students made the
mistake of using degree mode, answers left in exact form had to be penalised.

There was no need to introduce an a in your displacement equation. The time
difference is not affected by shifting the graph left or right.
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Question 15 Markers Feedback

@

(b)

@

(i)

@
(i)

(iif)

(i)

Generally well done. Verifying the initial case is an easy first mark — students should
ensure they gain this mark and not take liberties here. After using the assumption, the
final inductive step of the proof needs to be argued carefully.
Most students were able to make the link with the result in part (i) to claim that

1 1 1 1
ol + Pr +...<—+—+... and were able to gain the first mark. Recognising that the

ol e e

RHS is a geometric series was essential to obtain the required result.

Students who chose the correct parts were able to obtain the result easily.

The most direct way to obtain the result was to start with the result in (i) and use

algebraic manipulation (writing x% as 1+x° —1) to evaluate the integral in the RHS
of the result and many students did this successfully. A large number of students tried
to use the result from (i) by substituting 7 +1 in place of n. This was not an efficient
strategy and while it is possible to obtain the required result, it still required the
algebraic manipulation. None of the attempts using this method were entirely
successful. Students who showed the algebraic manipulation were able to gain part
marks.

Too many students lost easy marks in this part by using 7 =2. As the formula is for
1

41 » to compute /, weneed n=1.

Nearly all students who attempted this part claimed the diagonal of a parallelogram
bisects the vertex angle. It is worth reviewing basic quadrilateral properties (and also
some of the basic circle geometry theorems) as these can be presented for proof using
vector methods.

Very few successful attempts here. Students who obtained two different expressions
for the same vector are at least on their way to a solution. Common errors in notation
use included writing ratios of vectors rather than of their lengths. 4B is used to
denote the name of interval 4B and also its length and is not the same as 4B . Also
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Question 16 Markers Feedback

a) Most students could not negate this statement correctly. This led to further errors
when writing the proof.
Statement Negation

R, P(x) R: ~ P(x)

Some students incorrectly wrote the negation as Vx € R,~ P. They then found a
counterexample that “contradicted” this statement. This could not be awarded any
further marks because all they have done is find one example where the statement
given in the question is true.

When completing a proof by contradiction you are trying to disprove the opposite
rather than prove the original. The technique involves assuming the negation and then
often working with that until you arrive at an absurdity. Instead, many students just
ended up trying to complete a direct proof of the original statement in the question.
This could not be awarded any further marks because they were not demonstrating the
proof technique required.

b) (6] Many students took the long road and proved this result using Mathematical
Induction. Generally, if a question requires Induction it will be stated in the

was a much more

question. Applying a partial fractions method to
k(k+1

efficient way to show the result.

(i)  Not well done. Often students tried to introduce an inequality but had the sign
the wrong way around which meant they could not get to the result.

c) (6] Time seemed to be a factor for most students by this point in the paper as
many responses appeared rushed. Make sure that you are showing enough
steps to justify the awarding of two marks. The question says ‘use De
Moivre’s theorem’ so this suggests you need first to get the LHS in terms of
cisf.

(ii) Not well done at all. The word ‘deduce’ suggests that the use of the identity in
part (i) will be required. Some students realised that the binomial coefficients
implied a binomial expansion but then did not make much progress. While the
solution explains in detail why there are n distinct solutions, this was not
required to earn the marks, although students needed to use justify why m # 0.

(iii)  This question could be done without successfully completing part (ii) and it
was pleasing to see a number of students persevere and get this part out
successfully.
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