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HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and marking guidelines

SECTION |
. Syllabus content, outcomes and
Answer and explanation
targeted performance bands
Question 1 B MEX-V1 Further Work with Vectors

2a-b=2(3i-4j+k)—(-i+2/-3k)
=6£—8Z+2]g+£—2]~'+3]g

MEX12-3 Bands E2-E3

=7i-10/ +5k
Question 2 C MEX-N1 Introduction to Complex
\/_ . Numbers
_N3-i MEX12-4 Bands E2-E3
1+1
2
Ji2 4 (1)
_2
2
=2
arg(\/g—_j = arg(\/§ — 1) - arg(l + i)
__r_r
6 4
__3r
12
Question 3 A MEX-V1 Further Work with Vectors

The parametric equations are x =—5+24 and y =6-3A.

x:—5+22:>/1:x+5

Substituting A = X+5

x+5
—6-3 .
g [2j

Multiply all terms by 2:

into y =6-31 gives

2y =12-3(x +5)
2y =12-3x-15

Rearranging gives 2y +3x =-3.

MEX12-3 Bands E2-E3
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HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and marking guidelines

Answer and explanation

Syllabus content, outcomes and
targeted performance bands

Question 4 B

The centre of C is the midpoint of AB, which is given by

1-5i+3-i
2

=2-3i.

AB =\(3-1) +(-1+5)
=22 +42
=20
=25

So the radius of Cis /5.
The equation of C is
|2 —(2-3i)|=+/5. and s0 |z —2+3i[ =+/5.

MEX-N2 Using Complex Numbers
MEX12-4 Bands E2-E3

Question 5 B
2—”=7z =>n=2
n

Using v2 =n? (a2 —x2) with v = 2.40, 7 = 2 and x = 0.50:

240 = 4(a2 ~0.50? )

2
a2 =240 6502
a=+1.69
=1.3(m)

Let the maximum speed be v .., which occurs at the centre

of motion (Where X= O).

Using v =na withn =2 and a =1.30:

max

v =2x1.30

max

=2.60 (m/s)

MEX-M1 Applications of Calculus to
Mechanics

MEX12-6 Bands E3-E4

Question 6 D

J'S’z‘”dx:ztf ,fx dx+j 21 dx
x“+9 x“+9 x“+9

=4ln(x2 +9)+ltam_1 £+c
3 3

MEX-C1 Further Integration
MEX12-5 Bands E2-E3

Copyright © 2021 Neap Education Pty Ltd
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HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and marking guidelines

Answer and explanation

Syllabus content, outcomes and
targeted performance bands

Question 7 C

C s correct. When x =1,y = %, which is not a natural
number, and so this counterexample demonstrates that C

is a false statement. A is incorrect. For all x there exists

ay such that x —y =0. Consider y =x. B is incorrect. For
all x there exists a y such that 3x —y =0. Consider y =3x.

D is incorrect. For example, x =2 and y =6.

MEX-P1 The Nature of Proof
MEX12-2 Bands E3-E4

Question 8 D

D is correct. In a negation of the statement, the phrases ‘for
all’ and ‘there exists’ must be interchanged, and ‘=" must
change to ‘#’. The negation of the given statement will
therefore be: ‘There exists odd primes p <g such that for all
positive non-primes » < s,p2 +q2 #r* +52°.A,Band C

are incorrect. These options do not show an accurate negation
of the statement.

MEX-V1 The Nature of Proof
MEX12-2 Bands E3-E4

Question 9 D

D is correct. Let the square roots of z be z; and z,.
. 0, .. 0
z =r(cos€+zsm¢9) and so Nz =+/r cosEHsmE .
Hence, z; =r COSQ-H'SinQ
2 2
0 .. 0
and z, =—+/r| cos—+isin— |.
2 2
If z; has coordinates (x,y;), then z, has coordinates
0 .0
(=x1,— 1), where x| =\/;COSE and y, =\/;sm? Points

C and E satisfy this condition. A, B and C are incorrect.

These options do not satisfy the above condition.

MEX-NT Introduction to Complex
Numbers
MEX12-4 Bands E3-E4
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HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and marking guidelines

Answer and explanation

Syllabus content, outcomes and
targeted performance bands

Question 10 A

. d d
A is correct. As a=vx and v & a, we have & x. Thus,
dx dx

2
Ij—vdx = dex and so v =x7 +c. The graph of v against
X

x must be a parabola. B, C and D are incorrect. These options

do not show a parabola as required.

MEX-M1 Applications of Calculus to
Mechanics
MEX12-6 Bands E3-E4

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021
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SECTION Il

Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Question 11

MEX-NT Introduction to Complex

(a)  The other root is J5+i. Numbers
The sum of roots is (\/g - i) + (\/g + i) =2./5. MEX1.2_4 _ Bands E2-E3
e Gives the correct solution ........ 2
The product of roots is (\/E - z)(\/g + i) =6.
\/— e Attempts to find the sum
So, p=-2v5 and g =6. and product of roots OR
equivalent merit. ............... 1
(b) Integration by parts takes the form MEX-C1 Further Integration
MEX12-5 Bands E2-E3
dv du
ju—dx =uy - IV ——dx. e Gives the correct solution ........ 3
dx dx

Let u =sin"'x and d—vzl.

dx
So, du \/;andv:x.
J.sm xdx =| xsin~ x —Il i

B
(5o df e

1
=£+1{21—x2}
22 0

—§+®—U
_T
2

e Correctly applies integration
by parts OR equivalent merit. . . . .. 2

e Correctly identifies the two
functions to be used in
integration by parts OR
equivalent merit. ............... 1

TEN_Y12_MExt2_SB_2021
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

© W xzi(lvzj

=x+3witht=0,x=0andv =3

%vz = I(x + 3)dx

2
v2 =2[x—+3xJ+c
2

=x? +6x +c
Applying the initial condition
x=0andv =3 gives c =9.

v2=x% +6x+9
:(x +3)2
y :i(x+3)

Asv=3whenr=0, v=x+3 (taking the

positive root as v > 0).

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E2-E3

e QGives the correct solution . ....... 2

d(1
e Attempts to use —[—v 2}
dx\2

. . 2
to find an expression for v

OR equivalent merit. . ........... 1

% =d—x=x +3witht=0,x=0
dt

(i)

ﬁ_ 1
dx x+3
:>t=J. ! dx
x+3
tzln(x+3)+d
™ =x 43

x=Ae' —3, where A =e_d

Applying the condition ¢ =0,x =0 gives 4 =3.
So x =3¢ 3.

Note: The value of the constant can be
determined immediately after integrating.

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E2-E3

e @Gives the correct solution . ....... 2

*  Attempts to integrate

a correct expression for

ar OR equivalent merit......... 1
dx

TEN_Y12_MExt2_SB_2021
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Syllabus content, outcomes, targeted
performance bands and marking guide

MEX-V1 Further Work with Vectors

Sample answer

(d) Given u=xi+ Y +zk, form three equations involving | MEX12-3 Bands E2-E3
e Gives the correct solution ........ 3
x,yand z.
|
e Findsu=—4«=(i—j—k) ......... 2
bi=0=2x+3y—z=0  (I) . \E(~ i~k)
¢u=0=4r-y+52=0 ) *  Attempts to form three
il=1=x>+y* +z7 =1 3) equationsinx,yandz ........... 1

For example, 2x(1)—(2) gives y =z.
Substituting z =y into (1) and solving gives x =—y.

Substituting y =z and x =—y into (3) and solving

1

3x* =1for x gives x =5 since x > 0.
1 1
So, y=——andz =——.
V3 3
1

As a= V3 i, a is perpendicular to both b and c.

Hence, g,b and ¢ are mutually perpendicular.

8 TEN_Y12_MExt2_SB_2021 Copyright © 2021 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(e) Method 1:
1-e*? = (1-cos26) ~isin26.
1-¢%0 = (1-cos20)+isin20
2 2((1 —00520) + isin26’)

20 (1 - cos20)* +sin® 20

2 ((1 - cos249) +isin 20)
2 (1 - cos20)

l1—e

(since sinZ26 + cos® 26 = 1)

isin20
=14 —
1—cos26
2isin@cos @
=1+

1-(1-2sin’ 0)
(use of double-angle formula)

=1+zc050

sin @

So z=1+icotd.

Method 2:
2 2
1_621‘9 eiH (e—ig _ei9)
2671’19
= o0 _ o0

2(cosf —isinf)
(cosé’ —ising)—(cos@+isind)
2(cos0 - isin0)

—2isin@
1
=1—-—cotd
i
=1+icotd

MEX-N2 Using Complex Numbers
MEX12-4 Bands E2-E4

e @Gives the correct solution . ....... 3

«  Uses sin?260+cos?20=1
and appropriate double-angle
formulae OR equivalent merit. . . .. 2

*  Multiplies and divides by
1-e210 = (1 - 00329) +isin26

OR equivalent merit. . . .......... 1

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Question 12

(a)  The equation of motion has the form x =acosnt. MEX-MI Applications of Calculus
5 to Mechanics
a=4 and ZZ = 1, so n=6. MEX12-6 Bands E2-E4
no3 e  Gives the correct solution ........ 3
X =4cos6t and so v =—-24sin6¢.
The maximum speed is 24 m/s and so half the *  Attempts to formulate
the required equation
maximum speed is 12 m/s. 24sin6t =12 .. ... ... 2
Find the first two values of 7 such that 12 = 24sin 6¢. )
1 * Findsa=4and n=6........... 1
sin6f =—
2
6t =% %
6 6
So, ¢ = l, 5—”
36 36
(b) (1)  The equation of motion for particle A is: MEX-M1 Applications of Calculus
Smo T =28 to Mechanics
me—L = MEX12-6 Bands E2-E4
e  Gives the correct solution ........ 2
T =5mg - smg
4
_ 15mg *  Attempts to apply
Ty (newtons) Newton’s second law
OR equivalent merit. . . .......... 1
(ii)  The equation of motion for particle B is: MEX-M1 Applications of Calculus
i to Mechanics
T —kmg =""& MEX12-6 Bands E2-E4
s . *  Gives the correct solution .. ...... 2
i 4 *  Attempts to apply
15mg = Skmg Newton’s second law
4 4 OR equivalent merit. . ........... 1
Therefore, k =3.
10 TEN_Y12_MExt2_SB_2021 Copyright © 2021 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(iii)

Firstly consider the descending motion

of particle A:
i=£
4
)é :g_t+c1
4

When ¢ =0,x =0 and so ¢; =0.
t

Hence, x :g_.
4

When ¢ =1,x =% and so particle A impacts
the floor at % m/s.

2
4
X Zg—+02

8

When ¢ =0,x =0 and so ¢, =0.

2
t
Hence, x = %

g

When t=1,x = 2

and so particle A descends

metres before impacting the floor.

oo |0

Let s, be the initial height of particle A above

the floor.
So, s = % (m).

Let & be the greatest height reached by particle

B above the floor.

h=2s| +s,, where s, is the distance particle

B travels under gravity.

(continues on page 12)

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E3-E4

e QGives the correct solution . ....... 3

*  Attempts to find the
distance particle B travels
under gravity . .......... ... ... 2

e Attempts to find the
velocity of particle A
when it impacts the floor
AND its initial height ........... 1

Copyright © 2021 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(iii)

(continued)

Now consider the ascending motion of particle B

under gravity:

d lvzj__
dx\ 2 &

v? =—gx+d

N | —

2
When x =0, v _& and sodzg—z.

2

g
=—gx +°—.
& 32

1
So, —v2
2

When v =0,x =s, and so s, =§%(m).

Substituting s =5 and s, =5 into
8 32
h=2s| +s, gives:
h=2&|+&
8) 32

_og
32

So, the greatest height reached by particle

Bis — m.

(c)

we

272 + 5

MEX-N2 Using Complex Numbers

MEX12-4

Bands E2-E3
Correctly sketches the relation ... .1

12
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(i)  Let d be the distance from O to the centre

of the circle C.

d =\/(2\/5)2 +(2J5)2

=4

The radius of the circle is 2.

So, the minimum value of | z| 1s4-2=2

and the maximum value of | z| is4+2=6.

MEX-N2 Using Complex Numbers
MEX12-4 Bands E2-E3

¢  Finds the minimum AND

maximum value of | z| ........... 2

¢ Finds the minimum OR

maximum value of | z| ........... 1

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021
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Syllabus content, outcomes, targeted
performance bands and marking guide

MEX-N2 Using Complex Numbers

Sample answer

(iii) OC makes an angle of % with the x-axis. MEX12-4 Bands E3—E4
Either: ¢ Finds the minimum AND
) maximum value of Argz......... 2
sin ZCOT = z
4 ¢ Finds the minimum OR
1 maximum value of Argz......... 1
2
= 2c0T =2
6
Or:

Form a right-angled triangle with OC, the radius
of the circle, and 7, the point of tangency

to the circle.

OT =+/4% =22
=23

tan ZCOT = 2

243

L
J3
= /COT ==

6

Then:
yl\
22 S
2
4
T
2\3, R
I »
(0] 212 X
So, the minimum value of Argz is ZZ_Z2
4 6 12
By similar considerations, the maximum value
of Argz is £+£=5—”.
4 6 12

14 TEN_Y12_MExt2_SB_2021 Copyright © 2021 Neap Education Pty Ltd
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Syllabus content, outcomes, targeted

Sample answer performance bands and marking guide

Question 13

. . 2 . MEX-P1 The Nature of Proof
(a) (1) Ifxiseven,then x“ —6x +5 is odd.

MEX12-2 Bands E2-E3
*  Gives the correct contrapositive . . .1
(ii)  Suppose that x is even. MEX-P1 The Nature of Proof
) MEX12-2 Bands E2-E3
Let x =2k for integer k. *  Proves the contrapositive. . ....... 2

Substituting x =2k into x2—6x+5 gives

(Zk)z —6(2k)+5. *  Substitutes x =2k into

5 ) x% —6x +5 AND attempts

(2k)" —6(2k)+5=4k"-12k +5 .

to express it in the form 26 +1 ... .1
=2(2k% 6k +2)+1

Therefore, x2—6x+5=2b+ 1, where

b is the integer 2k? — 6k +2.

Hence, x% —6x +5 is odd and the statement

is proven by proving the contrapositive.

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021 15
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Sample answer

Syllabus content, outcomes, targeted

performance bands and marking guide

(b)

Let OP be the point of intersection of

MEX-V1 Further Work with Vectors

MEX12-3 Bands E2-E4
OC and MB e Gives the correct solution ........ 3
OC=04 +AC *  Equates equations of lines
=a+b OC and MB.
. _ . AND
The equation of line OCis r = ﬁ(g +Q) «  Attempts to solve.
. . . OR
The equation of line MB is . Attempts to write OP
r=0—M+y(O?—O—M). as a multiple of OC =g +b.
OR
P =la+,u(—la+bj e Equivalent merit ............... 2
L=5¢ PR
Equating: *  Finds equation of line OC.
) OR
7] S
Aa+Ab = EQ _g‘} + b e Writes OP in terms of
- | OA and MB.
A= 5” and A=p= A= OR
1 e Equivalent merit ............... 1
The point of intersection is OP = g(g +Q).
So, OP = %O—C and P is a common point of OC
and MB.
Hence, P lies on OC.
B —_— ] — MEX-V1 Further Work with Vectors
(i) OP=—-0C MEX12-3 Bands E2-E4
OP-PC=1-5 e Gives the correct solution . ....... 1
; ind | —inf s MEX-N2 Using Complex Numbers
+ = 0+ 0
© @ ™+ =(cosnb+isinn )_ MEX12-4 Bands E2—E3
+(cosn —isinnd) ¢ Gives the correct solution . . ... ... 1

=2cosnf

16
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Syllabus content, outcomes, targeted

Sample answer performance bands and marking guide

B . NS , . . MEX-N2 Using Complex Numbers
(i) (ele +e 19) =™+ 5(64’9)(e ’9) MEX12-4 Bands E2-E4
+10 (esie )(e_zig) *  Gives the correct solution .. ...... 3
+10 ( o210 )( o310 ) e Correctly uses binomial
_ . . theorem and groups
+5 (610 )(e_4’0 ) +e0 conjugate pairs OR
equivalent merit. .. ............. 2
_ (651'9 450 ) n 5(631'9 n e—3i9)
- ; *  Obtains (eia +e710 )5 =32¢co0s” 0
+10 (e“g e 10 )

OR attempts to use binomial
=2c0s560 +10cos36 +20cos b
theorem OR equivalent merit . . . .. 1

. a\5
Also, (e”g +e_19) =27 cos’ 0.

So, cos> O = %(00550 +5co0s36 + IOCOSH).

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021 17
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(iii) Method 1:

T v

J.Ecoss 6do = J.ZL(00559+50053¢9
0 0o 16
+1000s0)d6
:L lsin50+§sin30
16| 5 3
4
+10sin9}2
0

+IOsin%—(O+0+0)j

1615 3
_8
15
Note: Consequential on answer to

Question 13 part (c)(ii).
Method 2:

T T
= = 2
J.z cos® 9d¢9=J-2 (cos2 9) cosOdo
0 0
z 2
:_[2(1—sin2 9) cos0d0
0

Let u =sin@ and so d_u: cosd.
do

When 6 =0,u =0 and when ng,uzl.

Iol(l—uz )2 du =.[;(1—2u2 +u4)du

MEX-N2 Using Complex Numbers
MEX12-7 Bands E2-E4

e @Gives the correct solution . ....... 2

e Uses part (c)(ii) and
attempts to integrate OR
equivalent merit. .. ............. 1

18 TEN_Y12_MExt2_SB_2021
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Sample answer

Syllabus content, outcomes, targeted

performance bands and marking guide

(iv)

16cos> 0 = cos 50 + 5¢0s360 +10cos O
16c0s° 6 — cos @ = cos 56 + 5c0s36 + 9 cos @

Hence, to solve the given equation we solve

the equation 16cos> @ —cos@ =0.

Gives the correct solution

MEX-N2 Using Complex Numbers

MEX12-7 Bands E2-E4

Determines that
16cos> @ —cosf=0 . ...

cos@=0,=+ l
2
T 1 T 27
cosd=0=>0=—and cosf=t—=0=—,—
2 2 3°3
g~ % 2%
3'2°3
Question 14
(@) (i) Method 1: MEX-P1 The Nature of Proof

Since squares cannot be negative,
2

(\/5 ~b ) >0,

Expanding the LHS gives:

a—2-Jab +b>0
a+b22\/a_b

So a;b Zx/a_b.

Method 2:

Consider:

a;b —x/a_zé(a+b—2\/cg)
=5 () + (B 248

MEX12-2

Gives the correct solution

Bands E2-E3

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(ii) From the AM—-GM inequality:

a+bz¢a—b,b;2@and cta, Jea.

2 2
Multiply together:

[ o (e )
%(a+b)(b+c)(c+a)z(m)

So, (a+b)(b +c)(c +a) > 8abc.

\4

MEX-P1 The Nature of Proof
MEX12-2 Bands E2-E3

e @Gives the correct solution . ....... 1

(iii) Leta+b=z,b+c=xandc+a=y.

a=y+z—x
2

b=z+x—y =x+y—z.

and ¢

b

Using the result (a +b)(b + c)(c + a) > 8abc

with the above substitutions:

nyzg[y +z—xj(z +);—yj[x+; —zj

So, xyz Z(y +z —x)(z +x—y)(x +y —z).

MEX-P1 The Nature of Proof
MEX12-2 Bands E3-E4

¢ @Gives the correct solution . ....... 2

e Correctly uses the result
(a+b)(b +c)(c +a)28abc ...... 1

(b)

Assume there exists an x € {0,%} for which

sin@ +cos@ < 1.

Since x € {O,E} neither sin@ nor cos@ is negative,

so 0<sin@+cos@<1.
02 S(sin&+cos'9)2 <12
02 <sinZ 6+ 2sinHcosf + cos® O < 12

As sin® 6 +cos® 6 =1, this becomes

0<1+2sinfcosf<1.
So, 1+2sinfcosf <1. Hence, 2sinfcosf < 0.

This contradicts the fact that neither sin@ nor cos@

is negative.

So, sin@+cos@ >1 for Oﬁﬁﬁg.

MEX-P1 The Nature of Proof
MEX12-2 Bands E3-E4

e @Gives the correct solution . ....... 3

*  Attempts to establish that
the assumption leads to
2sinfcosf <0 OR
equivalent merit. .. ............. 2

e Assumes there exists
4 .
an x € {O,E} for which
sind+cosf <1 OR

equivalent merit. .. ............. 1

20
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Bk
dt
Separating variables gives:
1 .
J.—.dx =—k j dt
X
Inx =—kt +Cl

x=A4 e_kt, where 4 =

When ¢t =0,x =v; andso 4 =v;.

X =vle_kt
x =Ivle_ktdt
vy _
=——le kt +d1
k

When ¢ =0,x =0 and so d; =%.

So, x =%(1 —eikt).

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E2-E4

e QGives the correct solution . ....... 2

e Correctly separates variables,
attempts to integrate to find
x as a function of 7 and
evaluates the constant OR
equivalent merit. ............... 1

Copyright © 2021 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(ii)

dy :
A
d Y —&
Separating variables gives:
J- Ldy = —kjdt
.. 8

+7
Yk

ln(y +§J =—kt+c,
k
¥y +% =Be ¥ where B =

When t =0,y =v, andso B=v, +%.

. g\ -kt &
= + = _—
y (Vz kje X

y= I[(vz +§je_k’ —%Jdt

= —l(VZ +§]€_kt —gt +d2

k k
1 g
When t =0,y =0 andsod, =—| v, += |.
k k
1 g) -k g, 1 g
=——| vy += e " —=t+—|v,y,+=
4 k(z kj KR Tk

:%(vz +%)(l—e_kt)—%t

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E2-E4

e @Gives the correct solution . ....... 3

*  Attempts to integrate to
find y as a function of ¢
and evaluates the constant
OR equivalent merit. . . .......... 2

e Correctly separates variables
attempts to integrate to find
y as a function of ¢ and
evaluates the constant OR
equivalent merit. ............... 1

22
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

. _Yi(y -kt . .
(111)) Rearranging x s I-e gives:

_ kx
l—e kit 222
Vi

Solving for 7 gives:

tz—lln l—k—x
k Y1

1 k
Substituting ¢ = —zln(l - _xj into y gives:
Vi

y =kv2% 1—[1—1‘—’6} +%ln(1—k—x]
k Vi k Vi

So, y =[M]x +%ln[1—k—x}
kvl k Vl

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Bands E2-E4

e QGives the correct solution . ....... 2

*  Attempts to solve

xz%(l—e_k’) fort........... 1

(iv)  Substituting
x=6,vi=v, =10,k =0.1and g =9.8 into

y gives:
y =4.1621...(m)

Hence, the particle will clear the wall.

MEX-M1 Applications of Calculus
to Mechanics
MEX12-7 Bands E2-E3

e (Gives the correct solution . ....... 1

Question 15

() (1)  Equating components:
1+22,=4+1, @
20 =-2+424, (2)
2-341=9-24, (3)
(1) = (2) gives:
I=6-1, =>A1,=5

Substituting A, =5 into (1) and solving gives:

MEX-V1 Further Work with Vectors
MEX12-3 Bands E2-E3

e @Gives the correct solution ........ 3

e Correctly finds A, and 1,
OR equivalent merit. . ........... 2

*  Finds at least one equation
linking A, and 1, OR

1+24;=9=>1,=4 equivalent merit................ 1
Substituting A; =4 and A, =5 into (3) gives:
-10=-1
Since the equations are inconsistent, the lines
/; and [/, do not intersect.
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

2
(3-24, +/12 +(-2-24,+22,)
(i1)

+(7+32, - 2/12)

1722 +94,> 242,24, +384,
=304, +62

9/12 —2424, +161% +404,
~302, +25)+ (112 =27, +1)+36
92,2 =244, +161,% +4024, —301, +25
= (34, ) —2(32,) (4, +35)+ (42, +5)’

~ (32, -44, -5)

So d = \/(312 —ay-5) (2, -1) +36.

Note: The result
a* +b% +c? =(a+b +c)2 —2(ab +ac +bc)
can be used where a=3-2A;+A,,

b=—2—2),1 +22,2 and C:7+3/11_2A2.

MEX-V1 Further Work with Vectors
MEX12-3 Bands E2-E4

e @Gives the correct solution . ....... 4

e Attempts to factorise an
expression for d into the
required form.................. 3

e Attempts to find an
expression for d in
expanded form................. 2

*  Finds a correct expression
fordintermsof A; and A, ...... 1

i) (34, -4 —5)2 >0 and (2, —1)2 >0
forall 1, 4,.

The minimum value of d is obtained by setting

312—4)‘1—520 and 2,1—120.

A -1=0
A =1
3, —4x1-5=0
34, =9
Ay =3

So, the minimum value of d is 6.

MEX-V1 Further Work with Vectors
MEX12-3 Bands E3-E4

e @Gives the correct solution . ....... 1

TEN_Y12_MExt2_SB_2021
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

1 2 MEX-V1 Further Work with Vectors
(iv) When A;=1,r=|0|+1| 2 | and so the MEX1_2_3 'Bands E2-E3
- 5 3 e Gives the correct solution . ....... 1
corresponding point is (3, 2, —1).
4 1
When A, =3,r=|-2 |+3| 2 | and so the
9 -2
corresponding point is (7, 4, 3).
The points that are the minimum distance apart
are (3, 2,-1) and (7, 4, 3).
(b) (i) The parametric equations are: MEX-M1 Applications of Calculus

x =vtcosd (1)

: 1
y =vtsm9—§gt2 2)

From (1), ¢t = ad

v cosd

into (2) gives:

Substituting ¢ = al
v cost

g x
v2 cos® 0

gx?

2v2% cos? 0

_vxsing 1

vecos@ 2

So, y =xtanf —

to Mechanics
MEX12-6 Bands E2-E3

e (QGives the correct solution . ....... 2

e Attempts to eliminate ¢
OR equivalent merit. . . .......... 1

Copyright © 2021 Neap Education Pty Ltd
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2
(i) y=rtang-—=—— ()
2v - cos” 0

Substituting x =d; and y =d, into (1) gives:

2
84,

d2 :dl tanH—
202 cos? 0

)

Substituting x =d, and y =d; into (1) gives:
2
gd,
dy=d,tanf——==—— (3)
b 2v2 cos’ 0

Rearranging (2) and (3) gives:

2
%:dltana—dz (4)
2v©cos” 0

2
%:dztane—dl (5)
2v - cos” @

Multiplying (4) by d,?, multiplying (5) by d;>
and equating the RHSs gives:
(dy tan@ —d, )dy* =(d, tan @ —d, )d,*

Expanding gives:
didy* tan@ —d,® =d;*d, tan 6 —d,’
(d1dy? ~di*d; Jtan0=dy® ~d)’

(continues on page 27)

MEX-M1 Applications of Calculus
to Mechanics

MEX12-6 Bands E3-E4

e @Gives the correct solution . ....... 4
. 3 3

e Factorises dy” —d;”............. 3

Attempts to form

an equation involving

dy,d, and tan@ only

OR equivalent merit. . . .......... 2

Substitutes into the

Cartesian equation

to form two equations

OR equivalent merit. . ........... 1
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Syllabus content, outcomes, targeted

Sample answer performance bands and marking guide

(i1)  (continued)

Factorising the LHS and applying the result
@ —b> = (a—b)(a2 +ab +b2) to the

RHS gives:
_ 2 2
didy (dy —d; )tan 0 = (d, —dl)(d2 +dydy +d, )

Dividing by dyd, (dy —d;)(#0) gives:

_d? vdidy +dy?
did,

tan @

2 2
So 6’=tan_l[a’1 tdidy +dy J

dyd,

Copyright © 2021 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2021 27
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Sample answer performance bands and marking guide

Question 16

(a) Let p( n) be the given proposition. MEX-P2 Further Proof by Mathematical

Induction
Consider P(4) : MEX12-2, 12-8 Bands E2-E4
e @Gives the correct solution . ....... 4

If n = 4, the polygon is a quadrilateral, which has
e Determines that there

two diagonals. 1
are Ek(k —3)+(k—-2)+1

1 1
Also, fi =4,—n(n-3)=— =2.
so, for n =4, 2 n(n=3) 2 (4)(1)=2 diagonals ..................... 3
So, P(4) is true.
*  Assumes true for n =%
Suppose P (n) is true for n = k. and attempts to prove
1 truefor n=k+1............... 2
A convex polygon with k vertices has Ek (k-3)
diagonals for k > 4. *  Establishes the
initial case (n=4) .............. 1

It is required to show that P(k + 1) is true.

That is, a convex polygon with (k + 1) vertices has
%@+U«k+n—ﬂ=%ﬁ+n@ﬁl)&@mM&
When another vertex is added, we have %k (k - 3)
existing diagonals + (k — 2) extra diagonals (formed
from the added vertex to all other vertices except the

two adjacent vertices) + 1 diagonal (formerly a side
of the polygon that is now a diagonal).
Hence, we have %k (k - 3) + (k - 2) +1 diagonals.
1 1
—k(k-=3)+(k-2)+1==—(k(k-3)+2k-2
Lk =3)+ (k=2) 41 =2 (k (5 =3)+ 24 -2)

1
=—(k>-k-2

> )

)
2
Hence, P (k + 1) is true.

So, P (n) is true for (all integers) 7 =4 by induction.
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performance bands and marking guide

(b) (i) Method 1:

0 X

X dt
t=tan——=> —=—sec” —
2 dx 2 2

The identity sec? % =1+ tan? % t= tan% gives

j—iz%(lﬂz).
dx 2

So, o=
dt 1442

Method 2:

1

X _
t=tan5:>x =2tan ¢

MEX-C1 Further Integration
MEX12-5 Bands E2-E3

e @Gives the correct solution . .......

29
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Sample answer

Syllabus content, outcomes, targeted
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(ii)) Method 1 (starting on the LHS):

2tan *
LHS=
1+ tan2 x
2

2tan£
2

x
sec? =
2

. X X
2sm—cos2 —
2 2

X

cos—

2
. X X
=2sIn—Ccos—
2 2

=sinx
=RHS
Method 2 (starting on the RHS):

RHS =sinx

=2sin£cos1
2 2

gt b

2t
1422
X
2tan—
Astztanﬁ, 2 2 = LHS.

==
2 1+t 1+tan2§

MEX-C1 Further Integration
MEX12-5 Bands E2-E4

e @Gives the correct solution . ....... 1
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(ii1))  When x—% t=1 and whenx=0,1=0.

2
2

1+¢
—dt
2kt
1+¢2
el 2
= T
0t +2kt+1
ol 2

@ k

T

ol 1 o1
|
0 l+ksinx Joqy,

2
1—k2

- 2

Vl—kz

—tan 1{

tan4 —tan B
l1+tan4 tan B

tan4 —tanB
1+tan4 tan B j '

—
I
byl
&}
~—
P

tan(A —B)=
=A-B =tan_1(

(continues on page 32)

MEX-C1 Further Integration

MEX12-5 Bands E3-E4
e @Gives the correct solution . ....... 4
e Applies
A —than_1 M 0.3
1+tanA4 tanB
1
. 2 -1 k+t
e Obtains tan
Vl—kzl [Jle}]O
OR equivalent merit. . ........... 2

¢ Makes a substitution
to convert to a definite
integral involving t OR

equivalent merit. .. ............. 1
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(ii1))  (continued)

T

IE 1_ dx = 2
0 1+ksinx 1— k2
k+1-k
ctan-| _V1=K>
an_ | ——
k(k+1)
+ 2
1-k
B 2
1- k2
gl V1=k?
xXtan ) )
1-k“+k+k
2

1+k

xtan ™! (—mmJ

T

5 1 2 _
So,j = tan .
0 1+ ksinx ,;1_k2 1+k

T 1 a

P (A — s n
. sin” " x sin” x
(iv) [1,.4+2I,= 2—.dx+2 2—.
Jo 2+sinx 0 2+sinx
T
L oo n+l -n
sin” x +2sin” x
=2 - dx
Jo 2 +sinx
. )
'Esm"x(smx +2)
= - dx
Jo 2 +sinx
x
Smlm4+ﬂﬁzjszxmz
0

dx

MEX-C1 Further Integration
MEX12-5 Bands E2-E4

¢ @Gives the correct solution . ....... 1
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T

(v) Using I, +2[, = J. 2 sin” xdx with n=0

0

gives:

[ .
0 2+sinx

1 eZ 1
L I

2J0 1+lsinx
2

using result from
part (b)(iii) with k :%

= itan_l L

NG 3

SO, [0 ZL

33

Using [; =§—2IO with [, S gives

33

iw5-455)

(continues on page 34)

MEX-C1 Further Integration

MEX12-5 Bands E2-E4
e Gives the correct solution . ....... 4
e Correctly uses
z
I, +21, :J.Z sin” xdx
0
with n =1 OR equivalent merit. . . .3

*  Correctly applies the
part (b)(iii) result to find
I, OR equivalent merit. .......... 2

e Forms [, +21, :% OR

equivalent merit ............... 1
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)

(continued)
z

Using I, +21, = j 2 sin" xdx with n =1
0

gives:

T

I, +21, = .[ 2 Sinxdx
0

i
I, =~[cosx]? -2,

z_(o—l)—2[§‘2[%ﬂ
So, Iz=”[$_l]+1'

34

TEN_Y12_MExt2_SB_2021

Copyright © 2021 Neap Education Pty Ltd



	HSC Mathematics Extension 2 Year 12 Suggested Solutions Booklet 2021 (1).pdf

