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HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and Marking Guidelines

SECTION |
Answer and explanation Syllabus content, outcomes
P and targeted performance bands
Question 1 B MEX-N1 Introduction to Complex

B is correct. Multiplication by —i will cause a rotation of 90°
clockwise, and multiplication by 3 will cause an enlargement
factor of 3.

A is incorrect. This option would cause a rotation of
90° anticlockwise.

C and D are incorrect. The correct solution in Euler form

Numbers
MEX12-1, 12-4 Band E2

Zi
is w=-3e? .
Question 2 C MEX-M1 Applications of Calculus

x =5sin3¢t +12cos 3¢

=13 isin3t +£cos3t
13 13

=13(sin@sin 3t + cosHcos 3t ),

where sin€:i and cosH:2
13 13

:13cos(3t+0)
o.% ==39sin(3r +6)
X ==117cos(3t +0)
0=-1 17cos(3t +49)

T
3t+60)=—
(3+0)=7

SXx=-39

Hence, the particle’s greatest speed (and its speed as it passes
through the centre of its motion) is 39 m/s.

to Mechanics
MEX12-6, 12-7 Band E3
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Answer and explanation

Syllabus content, outcomes
and targeted performance bands

Question 3 A
12x -3 3 12x -3
(x-2)(x2-3x+2) (-2 -D(k-2)
o 12x-3
(x —2)2 (x-1)

A B C
+ -
x=1 x-2 (y-2)

212x=3=A(x=2)* +B(x —1)(x =2)+C(x 1)

When x =2, C =21.
Whenx=1,A=09.
When x = 0:
-3=4(9)+2B-21
B=-9
12x -3 9 9 21

a2 e2) x-1 x-2 (r_2)

MEX-C1 Further Integration
MEX12-5 Band E3

Question 4 C
C is correct.

-1 2

x:1=-1+24
A=1
y:3=0+34
A=1
z:-2=2-44
A=1
As the dot product of the direction vectors is zero, the

two vectors are perpendicular. As the value of 4 is consistent
for x, y and z, the line passes through point (1, 3, -2).

A and B are incorrect. The direction vectors do not produce
a dot product of zero.

D is incorrect. Solving for x gives 1=—1—-4, 1 =-2.
However, substituting this value into the y-coordinate
gives y = -2, which is inconsistent with the y value of
the given point.

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

Syllabus content, outcomes
and targeted performance bands

Question 5 D
Rewriting the locus gives:

arg (i) =arg(z —2)—arg(z +2i)
z+2i

7
4

Therefore, the angle formed by ray z — 2 has to be bigger than
that of z + 2i.

MEX-N2 Using Complex Numbers
MEX12-4 Band E3

Question 6 C MEX-M1 Applications of Calculus
3 to Mechanics
a=e MEX12-6 Bands E2-E3
V= Jadt
1 _
=——e M 4C
3
1
t=0,v=2,C=2-
3
Y= le_3t +2
limv=2—
X —>00
=233 m/s
Question 7 C MEX-V1 Further Work with Vectors
C is correct. MEX12-3 Bands E2-E3
xX:1+24=2—-pu
Vi2+A=3+pu
SA=2, u=-3

zZ: 4(2) # 1—2(—3)

As the solutions are inconsistent, the lines will not intersect.
PANES
1l 1 |=-9
4) =2

cosf =

9
V2212442 \/(—1)2 12 +(=2)
0 =2.50 rad

A and B are incorrect. These options state that the lines will
intersect, which is incorrect.

D is incorrect. Two skew lines will still have an angle
between them.
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Answer and explanation

Syllabus content, outcomes
and targeted performance bands

Question 8 C MEX-P1 The Nature of Proof

C is correct. In a negation statement, the phrases ‘there exist’ | MEX12-2, 12-8 Band E2

and ‘for all’ must be interchanged, ‘and’ and ‘or’ must be

interchanged, ‘=" must change to ‘#” and ‘>’ must change

to ‘<.

A, B and D are incorrect. These options do not show an

accurate negation of the statement.

Question 9 C MEX-P1 The Nature of Proof
MEX12-2, 12-8 Band E2

C is correct. This option is the contrapositive of the original
statement. As the contrapositive of a statement ‘A implies B’
is ‘not B implies not A’, this option is the contrapositive

of the original statement and, hence, is logically equivalent.

A is incorrect. This option is the converse of the original
statement.

B is incorrect. This option is the inverse of the original
statement.

D is incorrect. The correct statement is ‘I will have the flu
only if you have the flu’.

Question 10 A

A is correct. The particle’s path is a spiral as the amplitudes

of the sine and cosine functions are increasing with . When
T T

t=—, x:E andy =0. When ¢t =7, x =0 and y =—7.

2
Hence, the direction of movement is clockwise.

B is incorrect. This option gives the incorrect direction

of travel.

C and D are incorrect. The path is not a helix.

MEX-V1 Further Work with Vectors
MEX12-1, 12-3 Bands E3-E4

Copyright © 2022 Neap Education Pty Ltd
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SECTION 1l

Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Question 11

(a) LHS -RHS:
cosx —1+x
Letf(x)=cosx —1+x
f'(x)=—sinx +1
—1<sinx <1
—1<—sinx <1

0<-sinx+1<2

S f(x)=0

Hence, f(x) is either increasing or stationary.

Finding the minimum point at x = 0 gives:
f(0)=cos(0)—1+0

=0
S f(x)>0 whenx >0

Since cosx —1 —x>0, cosx>1—x.

MEX-P1 The Nature of Proof
MEX12-1, 12-2, 12-8 Band E3

e Provides the correct solution . . . . . 3

e Proves that f'(x)>0.
AND

*  Provides the correct reasoning. . . . 2

e Proves that f'(x)>0
OR equivalent merit. . .......... 1

(b) (1—V6}Y1=2”cm(—1§5j

“Re(z)=0

é;—likmkez
3rt 6k
niw =
2
+
n=3_26k, kel

MEX-N2 Using Complex Numbers
MEX12-1, 12-4 Band E3

e Provides the correct solution . . . . . 3

*  Applies De Moivre’s theorem.
AND

e  Provides the correct general
solution for cosine . .. .......... 2

e  Applies De Moivre’s theorem.
OR

*  Provides the correct general
solution for cosine.

OR
* Equivalent merit .............. 1

TEN_Y12_MExt2_SB_2022

Copyright © 2022 Neap Education Pty Ltd



HSC Year 12 Mathematics Extension 2 Trial Examination Solutions and Marking Guidelines

Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(c) LetOQ =a+bi.
QP =0P-00
=(-1+5i)—(a+bi)
'.'Q—éziéﬁ:

—(a+bi)=i[ (-1+5i)—(a+bi)]

MEX-N1 Introduction to Complex
Numbers
MEX12-1, 12-4 Band E3

e Provides the correct solution . . . . . 2

* Uses @ = i@ AND equates
the real and imaginary parts.

= (b-5)+(-1-a)i R '
 Equivalentmerit .............. 1
-a=b-5
~-b=—-1-a
a=2,b=3
00 =2+3i
@ J‘ 4x —1 4 J~ 4x +4-5 4 MEX-C1 Further Integration
X = x _
x2+2x+6 x2+2x+6 MEX12 5 . Band E3
*  Provides the correct solution.. . . . . 3
2x +2
~2f
2
xX“+2x+6 .
| *  Separates the expression
-5 ;dx into two fractions.
Jx212x+6 AND
:21n|x2+2x +6| e Derives 2In|x? +2x +6|........ 2
o 1 d
-5 J 2 5 X *  Separates the expression
(x + ) + into two fractions.

=21nlx? +2x + 6|

— \/gtan_l (X—Hj +C

NG

OR

e« Derives 2In|x? +2x +6].

OR

* Equivalentmerit .............. 1

Copyright © 2022 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(e)

F=ma,m=1, " F=a

a =—kv,a=40,v=10 .. k=-4

resistance —

v de ]

ot ;_g—4v

jdt:_l. ! dv
g—4v

tz_Tlln|g—4v|+C

v,

t=0,v=0

.'.0:_—11n|10|+C, c=1m1o
4 4

z=_—11n|10—4v|+11n10
4 4

1 10
=—In
4 |10-4v
10 _ 4
10—4v
10—4v=£
4
e
S
2 2e4t

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6, 12-7 Band E3

e Provides the correct solution . . . . . 4

e Provides the correct integral.
AND

*  Provides the correct integration.
AND

e Provides the correct value of r.
AND

*  Provides the correct expression
ofvintermsoft. .............. 3

*  Provides the correct integral.
AND

*  Provides the correct integration.
OR

e Provides the correct value of 7.
OR

*  Provides the correct expression
ofvintermsof s .............. 2

e Provides the correct integral.
OR

e Provides the correct integration.
OR

*  Provides the correct value of ¢.
OR

*  Provides the correct expression
of v in terms of .

OR
* Equivalentmerit .............. 1

TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Question 12

(a) LetP(z)=z> +6z —42i.
P'(z)=322 +6
0=3z2+6
z =i\/§i
P(V21) = (V2i) +6(N2i) - av/2i
=-2\2i +632i —42i
=0
P(21) =(2i) +6(~2i) - 4421
=221 —6:52i — 42i

=0
~.2i is a root
.'.a=\/§i
(z—a) =22 -2(J2i): +(\/§i)2
=22 -22zi-2
23+ 6z — 421 = (22 2221 - 2)(z + 24/2i)
s B=-2:2i

MEX-N2 Using Complex Numbers
MEX12-1, 12-4, 12-7 Band E3

e Provides the correct solution . . . .. 3

*  Equates the differential to zero.
AND

e  Provides the correct value for c.
AND

e Provides the correct value for g .. 2

*  Equates the differential to zero.

OR

*  Provides the correct value for a.
OR

e Provides the correct value for £.

OR

* Equivalentmerit .............. 1

(b)) ©

If the square of the sum of x and y is odd, then x
is odd and y is even.

MEX-P1 The Nature of Proof
MEX12-2 Band E2

e Provides the correct solution . . . . . 1

Copyright © 2022 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(ii)  Proving the original statement ‘if x is odd and y
is even, then the square of the sum of x and y
is also odd’:

Letx =2M +1landy =2N, where M,N €Z.
2
(x+y)* =(2M +1)+2N)
—(2M +1)* +4(2M +1)
2N)+(2N)?
=4M? +4M +1+4
(M +D2N)+N?)
=202m? +2Mm +2
(M +D@N)+N2))+1
- (x +y)’is odd
Proving the converse statement ‘if the square
of the sum of x and y is odd, then x is odd and y
iseven’:
The contrapositive statement is ‘if x and y are

both even or both odd, then the square of the
sum of x and y is even’.

Letx =2M andy =2N, where M, N €Z.
(x+y) =M +2N)?

=4M? + 4MN +4N?

-2(0m? +2mN +2N2)
(x +y)2is even
Letx =2M +1 and y =2N +1, M, N € Z.
(x+y) =@M +D+ N +1)

-(M +1)* +202M +1)

(2N +1)+ QN +1)

=(4M2+4M+1)+
2(4MN +2M +2N +1)+

(4N2 44N +1)

=4M? +8M +8MN +4N? +
8N +4

=2(0M2 +4M +4MN +
2N? +4N +2)

2.
S (x+y) iseven

Therefore, the statement is true by contrapositive.

MEX-P1 The Nature of Proof

MEX12-2, 12-8 Band E3

e Provides the correct solution. . . .. 3

e Proves the original statement.

AND

*  Proves that if x and y are both even,
then (x +y)° must be even.

AND

*  Proves that if x and y are both odd,
then (x +y )2 must be even. . ... 2

*  Proves the original statement
OR equivalent merit. . .......... 1

10 TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

. 1 MEX-CI1 Further Integration
(©) Letu=sin x, ..du= > dx MEX12-5 Band E3
I-x e  Provides the correct solution.. . . .. 4
1
dv =X, ..V = —x?
dx 2 e Changes 8back into x and arrives
. -1 1 o . J' 1 » 1 1 1
xsinxdy =—xTsin T x = | X7 X ———=dx at —sin x ——xV1-x2 +C, ...3
I 2 2 2 2 2 ?
1)czsin_lx II X’ dx
=5 Y *  Uses by parts AND substitution.
2 2 /1 _x2 Y P
Letx =siné, ..dx =cos@d0 AND
I x? dy — J‘ sin? @ cosOd0 * Integrates and arrives at
2 - 2
V1-x \V1-sin“ @ lg_lsin2¢9+c ............ 2
.2 2 4
- _[ sin? 046
! { 20)do e Uses by parts OR substitution.
-~ j (1-cos20) or
1 0 1 §in20+C  Equivalent merit .............. 1
2 4 !
:%sin_lx —%x\]l —x2 +C,
Ix sin~! xdx =lx2 sin"!x 1
2 2
lsin_1 X —lxxll—x2 +C,
2 2
= lx2 sin”'x ——sin" x
2 4
+ %X\/ 1-x2 + Cs
3\ (6 MEX-V1 Further Work with Vectors
@ G 0408 =30 MEX12—.3 . Band E3
31 o *  Provides the correct solution.. . . .. 2
=18 e Uses the dot product to find the
18 =/27+/36 cos LA OB cos angle OR equivalent merit. . . . 1
..c0sZAOB = L

N
NG

sin ZAOB = T

Copyright © 2022 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(i) ~ area= %|OA |0B|sin 24 0B
=l>< 27 x6xﬁ
2 3
=1|03|h
2

.'.lx\/ﬁx6x£=lx\/%xh
2 3 2
h=32

Note: Consequential on answer to Question

MEX-V1 Further Work with Vectors
MEX12-1, 12-3, 12-7, 12-8 Band E3

e Provides the correct solution . . . . . 2

e Uses the area of the triangle
to find /2 OR equivalent merit.. . .. 1

12(d)(i).
Question 13
(@ () L: (3 +t)l' + (4 ¢ )j n (t _ l)k MEX-V1 Further Work with Vectors
~ ~ ” MEX12-3 Band E3
Pix=3+t,y=4-2 z=t-1 e Provides the correct solution . . . . . 3
2 3+¢
P—Q =(1|-|4-2¢ e Finds the vectors @
3 t—1 AND
11—t e Uses the dot product of PQ
| 342 and the direction vector of
=| oA line Ltofinds ................ 2
4—¢
1 *  Finds the vectors P—Q
PO« -2|=0 OR .
1 *  Uses the dot product of PQ
and the direction vector of
(-1-2)—2(-3+21)+(4-1)=0 line L to find .
9-6t=0 OR
3  Equivalentmerit .............. 1
t==
2

12 TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(ii)

\PQ|:|PR|=1:3

If PR is in the same direction as P—Q,

|PO|:|OR|=1:2.
-~ OR =2P0
3
X 2 2
yvi-11]=2| 0
z 3 5
2
X -3
y|=l1
z 8

If PR is in the opposite direction to FQ,
PR =-3PQ.

Prx=3+2=2 yoa-of 2o =20
2 2

2 2 2
9 5
2 2
y|-|1|=-3] 0
z 1 5
2 2
b 12
y =1
z -7

S R:(-3,1,8) or (12,1,-7)

Note: Consequential on answer to Question

13(a)(i).

MEX-V1 Further Work with Vectors
MEX12-3 Band E3

e Provides the correct solution . . . .. 2

*  Finds ONE possible coordinate
of R OR equivalent merit. . . ... .. 1

Copyright © 2022 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(b) Lettztang-

1-¢2

1+t2

NN P4
Tdx 2 2
d—x=2coszi
dt 2
2
t2+1
2
dt
dx _I 241
1+2sinx —cosx
1+2( %2]—
1+1¢
A 22 dt
_ t“+1
J 142 + 4t -1442
1+t2
= 21 dt
e+ 2t
-1 &
Ji(r+2)
Let ! =£ B
t(t+2) ¢ t+2
1=A(+2)+B(t)
ca=t gL
2 2
j dx L
1+2sinx —cosx 2Jt t+2
:llnL'l'C]
2 |t+2
1 tan—
=—In +C2
2 tan£+2

|

MEX-C1 Further Integration

MEX12-5 Band E3
e Provides the correct solution . . . . . 4
e Substitutes ¢ and arrives
22 dt
atj 1= +1 .
2
1+2( 22]_ 1 2
1+¢ 1+¢

AND
e Performs the correct simplification

AND factorisation, arriving

dt.

1
a |
tt+2)
AND
e Uses partial fractions to

. . 1
integrate into 5 In

! +C; ....3
2

e Substitutes ¢ and arrives

2dt

at J- t 2 +1 .
21 1-¢2
1+2 5= 3
1+1¢ 1+1¢
AND
e Performs the correct simplification

AND factorisation, arriving

atJ‘ ! dt
tit+2)
OR

e Uses partial fractions to

integrate into l1n L +Cy ... 2
2 t+2

e Substitutes ¢ and arrives

22 dt
at t“+1 ]
2
1+2[ 2t2j_ 1 t2
1+1¢ 1+1¢
OR
e Equivalent merit .............. 1

14
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

© @ MEX-M1 Applications of Calculus
to Mechanics
MEX12-6 Band E2
*  Draws a correct diagram
F=mg with all forces labelled. . ........ 1
= 100 newtons
(i1) T, c0s80° + T,cos65° MEX-M1 Applications of Calculus
to Mechanics
MEX12-6, 12-7 Bands E2-E3
T, \SO"Q@O/ T, *  Provides the correct solution . . . . . 2
T, sin80° T sin65° e  Provides the correct equation

100 newtons
Vertical forces:

T4 cos80°+Tpg cos65°=100
Horizontal forces:

T, sin80° =Tp sin65°

_ Tpsin65°
47 sing0°
Tp sin65°
o ZBERD 08800+ 75 cos65° = 100
sin80°
Ty = — — 100
(s%n )cos 80° + cos65°
sin 80°

=171.70 newtons
T, =158.01 newtons

for the vertical forces and
the correct equation for the
horizontal forces.

OR

* Equivalentmerit .............. 1

Copyright © 2022 Neap Education Pty Ltd
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(d  F=9x2
d[l .2]
=— —X
dx\ 2

lxz = J.9x2dx
2

w2 =6x>+C

X=—6,x=1,C=0

-

1
'.'d—x=— 6x>, £=—
dt dx 6x3

t__LJ'de
AN
1

=ix_5 +C

NG

MEX-M1 Applications of Calculus
to Mechanics
MEX12-6, 12-7 Band E3

e Provides the correct solution . . . . . 3

*  Provides the correct integration

and substitution of limits

to derive % =—6x°.
AND
e  Provides the correct integration

and substitution of limits

to derive ¢ = 22 2
T Jo
*  Provides the correct integration
and substitution of limits
to derive X =—/6x> OR
(=2 2
Jox 6!
OR
* Equivalentmerit .............. 1

16
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

Question 14

n-1
@ () Letuzln"x,;i—uznln—x.

x X
dv m xm+1
—=x",v=
dx m+1
xm+1
jxm In" xdx = In"x —
m+1
m+1 n—1
X nln" " x
J‘ dx
m+1 X
m+1
X n
= In" x —
m+1 m+1
J‘xmln” U xax
m+1
X
= In" x - 1,4
m+1 m+1

MEX-C1 Further Integration
MEX12-5 Bands E3-E4

e Provides the correct solution . . . .. 2

e Provides the correct integration
by parts.

OR

e Provides the correct algebra
for the proof.

OR
e Equivalentmerit .............. 1

Copyright © 2022 Neap Education Pty Ltd TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

2

2 4
(ii) j x3ln4xdx=[—x4 ln4x:| -1
1
1

r 2
4
13: x—ln3x} —12
L 1
r 2
4
122 x—lnzx ——11
L 1
2
4
[1—{x—lnx} _—IO
1
1
]OZJ xdx
0
4[]
=—| X
4 1
1_5
4
4 4
I, = 2—1n2—1—ln1 1
4 4 e
—41n2—E
16

4 4
I, = 2 2 L2y
4 4
Yama -1
2 16

— 422 -2m2+ 2
32

3 41n%2 - 21n2+1—5
4 32

=41n32—31n22+%1n2—£

128
4 4

I, = 2 oLt
4 4

fam32-3m2243m2- 2
2 128

45
128

—41n*2-41n32+3In%2- —1n2

MEX-C1 Further Integration
MEX12-5 Bands E3-E4

e Provides the correct solution . . . . . 3

e Provides TWO correct applications
of the recursive formula. . ....... 2

e Calculates I, =% OR

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

18 TEN_Y12_MExt2_SB_2022
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Sample answer

Syllabus content, outcomes, targeted
performance bands and marking guide

(b) 4 ) MEX-N2 Using Complex Numbers
o =(0-2) MEX12-1, 12-4, 12-7  Bands E3-E4
el 2k 4 — (- 2)4 Jk=1,2,3 e Provides the correct solution . . . . . 3
kz 2k
e 2 w=w-2 e Multiplies by e'“*”.
i AND
KT
a)(l _ 6’7 ) ) e Uses the correct method
5 tofindw..................... 2
=
L © s i2km
1— 6’7 *  Multiplies by e .
2 OR
0= 1-; e Uses the correct method
) to find w.
=1+
) OR
wy = a1 e Equivalent merit .............. 1
=1
e =2
3 1+
=1-1i
Note: Alternatively, responses can expand
the polynomial and solve for the roots.
) () a=i—-j-2k MEX-M1 Applications of Calculus

t=0, v=3i+4,/+10k
S C=3i+4)+10k
v=(t+3)i+(4-1)j+(10-2¢)k

to Mechanics
MEX-V1 Further Work with Vectors
MEX12-1, 12-3, 12-6, 12-7

Bands E3-E4

e Provides the correct solution . . . . . 2

* Integrates a to obtain v
OR equivalent merit. . .......... 1
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Syllabus content, outcomes, targeted
performance bands and marking guide
(i) v= (t + 3) i+ ( 4— t) j+ (10 _ Zt)lg (from part (i) MEX-M1 Applications of Calculus

~ to Mechanics
x= I(; + 3)£' + (4 —t)j + (10 — 2t)lgdt MEX-V1 Further Work with Vectors
- MEX12-1, 12-3, 12-6, 12-7 Band E4
= 1 (t +3)2 i _1(4 —t)2j _1(10 —2t)2 k+C |* Provides the correct solution,
L3 4 i

Sample answer

2 ~ with the negative value rejected . . 3
t=0, x =12k
6 9 e Integrates to obtain x.
g/g=5£—8j—25/g+c AND
e Substitutes the initial conditions
9. .. 131 _ .
C= _EL +8j+ ?IS to obtain the correct expression
. 9 for x.
x =(—(t+3)2 ——)1 AND
2 2 *  Equates the k componentto 0 ....2
1
(Lap-s),
2 ” * Integrates to obtain x
OR equivalent merit. . .......... 1
—(l(lo—m)z—ﬂj@ 4
Yooy -Blog
4 5
10-2t =42 11
5
=10.237

t =—0.12 (rej), t =10.12 seconds

Note: Consequential on answer to Question

14(c)(i).
(iii)) 10-2¢ =0 (from part (ii)) MEX-M1 Applications of Calculus
(=5 to Mechanics
MEX-V1 Further Work with Vectors
_1(10_2(0))2 L1831 131 MEX12-1, 12-3, 12-6, 12-7
5 Bands E3-E4
=26.2 metres *  Provides the correct solution.. . . .. 1
Note: Consequential on answer to Question
14(c)(ii).
' 1 » 9 MEX-M1 Applications of Calculus
(iv) |xh0rizontal| = ‘(5(1 0.12+ 3) - E)L - to Mechanics
MEX-V1 Further Work with Vectors
1 2 . MEX12-1, 12-3, 12-6, 12-7
(5(4—10-12) —SM Bands E3-E4
.. *  Applies Pythagoras to the
fi rt
(from part (i1) i and j components of the

=82.27 metres displacement function to
Note: Consequential on answer to Question obtain the correct solution . . . .. .. 1
14(c)(ii).
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Syllabus content, outcomes, targeted
performance bands and marking guide

Question 15

) 2 MEX-P1 The Nature of Proof
@ O (Ja-b) >0 MEX12-2, 12-8 Band E2
a-— 2@ +h>0 *  Provides the correct proof . . . . ... 1
a+b> 2@
(i) a+b=2Jab MEX-P1 The Nature of Proof
MEX12-2, 12-7, 12-8 Bands E3-E4
4,2 4.2 [ 4,6 2
a’b”+b’c”22Va'b’c e Provides the correct proof
a*b? +b%c? 224%b%¢ for a*b? +b*c? >24%b%c.
Without loss of generality: AND
b2 v ctd? > 2ab2c3 e Adds all three inequalities.
cta® +a*b? 2 2a°bc? AND
Adding all three: e Provides the correct algebra
to finish the proof ............. 2
a*b? +b%? +b4c? +c*a? +cta? +ap? P
2 2 2
>2a%b3c +2ab’c? +2a’be e Provides the correct proof
2(a*p? 1042 +c442) for a*b? +b*c? >24%b%¢
> 2(a2b3c +ab2e3 +a3bc2) OR equivalent merit. . .......... 1
~a*b? bt +ctad?
>ab’c +a*b’c +a’be?
(b) () (1+itan 0)" +(1-itan 9)" MEX-N2 Using Complex Numbers
" o MEX12-1,12-4,12-7, 12-8
:(0056’ isinHJ Jr(cosé’_isin&} Bands E3—-F4
cosf cosd cos cosf ) [«  Provides the correct solution . . . . . 2
_(cosO+isinf " (cos@—isindY'
- cosf + cos@ *  Uses trigonometric identity.
cisn + cis(—n6) OR .
= - *  Uses de Moivre’s theorem
cos” 0 to derive the required result.
_ 2cosnf OR
cos” 6 e Equivalentmerit .............. 1

Copyright © 2022 Neap Education Pty Ltd
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Syllabus content, outcomes, targeted
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(i)

Letz =itané.

(1+i‘[an6’)2 +(1—itan0)

20:§ik7r,keZ
ezﬂi2k7r
T RY/4
0 =—,0=—
AR
. T
Sozp=itan—
z —itan3—”
2 4
. -7
=itan| —
&
.7
=—jtan—
4

2 2cos20
cos? @
:.2¢0820=0

MEX-N2 Using Complex Numbers
MEX12-1, 12-4, 12-7, 12-8

Bands E3-E4
e Provides the correct solution.. . . . . 2

2c0s20

5 to derive 2co0s268 =0.
cos“ 0

e Uses

OR

e Solves the cosine function to
derive the required solutions.

OR
e Equivalent merit .............. 1
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Syllabus content, outcomes, targeted
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(©)

PQ):T, =a, T, =ax2a’h
ST +Ty =a+2ab =all+24%)

ZT

a— 22 22)+1p2

124
ali-224%?)
1-24%b
a(1-242p)(1+24%)
1-24%b
—a(1+24%)
P(2) is true.
k k 2k+1,k
-2 b
If P(k) is true, ZTk ==
- 1-2a°b
n=1
Pk + 1):
k+1

k
ZTn zTn +Tk+1
n=1 n=1

A2 2k+1,2
_4-z4 0 2a 5 b +(Tk ><2a2b)
1-2a"b
This is a geometric progression series with 7' = a and
5 5 (k-1
r=2a"b, Tk:ax(2a b) .

(continues on next page)

MEX-P2 Further Proof by Mathematical
Induction

MEX12-1, 12-2, 12-7,12-8 Band E4
e Provides the correct solution . . . .. 4

*  Provides the correct proof for P(2).
AND
e Expands the summation notation
AND uses P(K) in P(k + 1).
AND
*  Finds the closed form for 7},
using geometric progression
or equivalent.
AND
e Provides the correct algebraic
manipulation of powers
toprove P(k+1) .............. 3

e  Provides the correct proof for P(2).
AND
*  Expands the summation notation
AND uses P(K) in P(k + 1).
AND
*  Finds the closed form for 7,
using geometric progression
or equivalent.
OR
e Provides the correct algebraic
manipulation of powers
toprove Plk+1) .............. 2

e Provides the correct proof
for P(2) OR equivalent merit. . . . . 1
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(¢) (continued)
k+1

2.7
n=1

=M+((ax(2a2b)kl)x2a2b)
1-2a"b
=M+((1x(2a2b)k>
1-2a°b
g -2k L2kH1pk
C1-24%
_a_zka2k+1bk +2ka2k+lbk (1-24%)
C1-24% 1-24%
_a_zka2k+1bk + 2k 2k (12 242p)

1-2a°b
~ a—2k a2k+1bk +2ka2k+1bk _2k+1a2k+3bk+1

+2k a2k+1bk

1-2a%b
a_2k+1a2k+3bk+1

 1-24%
a_2k+1a2(k+1)+1bk+1

1-24%b

As P(2) is true, and P(k) implies P(k + 1), P(n) is true
forall n>1.

-1 5 MEX-V1 Further Work with Vectors
d) BA=|-2| BC=|0 MEX12-3, 12-7 Bands E3-E4
) ’ 0 *  Provides the correct solution.. . . .. 2

‘BA ‘ =3, ‘B C‘ =5 e Uses the correct method to find
the direction vector of the line

Therefore, the angle bisector of ABC will have a by looking at the diagonal of

direction vector of:

| 5 a kite OR equivalent merit. . . .. .. 1
BA +§ﬁ =| -2 +2 0
5 5
2 0
2
=| -2
2
2 1
L:| 5 |+1] -1
-1 1
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(e)

Let ¢ be the time after 12:00 pm when one submarine is
directly above the other.

-120 30
A:| 210 |+1| 45
-265) |10
100 _195
B:| 458 |+(1—0.5) -
-151 13

For one submarine to be directly above the other,

MEX-V1 Further Work with Vectors
MEX12-3 Band E3
e Equates the x and y coordinates.
AND
e Arrives at a correct equation

for the relationship between

the  values for each submarine.

AND
e Provides the correct time. . ...... 2

*  Equates the x and y coordinates

) R ivalent it 1
the x and y coordinates must be equal. OR equivalent meri
For x:

—120+30f =100 + (t - 0.5)(—15)
—-120+30¢r =100+ 7.5—15¢
o 227.5
45
_455
90
=5.05
Checking with y:
210 +45¢ =458+ (1 — 0.5)(%)
45¢ = 248—21‘ +2
2 4
% 1001
4
. 1001
198
=5.05
Therefore, one submarine will be above the other
at 17:03 (05:03 pm).
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Question 16

(a) Let/= J.sec3 xdx
_ I 2
= | secxsec” xdx

du dv 2
Let u =secx, d_ =secx tanx, d_ =sec” x, v =tanx

X X

I =secx tanx — | tan? x secxdx

=secx tanx — (sec2 X — l)secxdx

=secx tanx — | sec> xdx + Isecxdx

2
sec” x +secx tanx
.21 =secx tanx + J. dx

secx +tanx

=secx tanx + ln|tanx + secx| +C

I =l(secx tanx + ln|tanx + secx|) +C
2

MEX-C1 Further Integration
MEX12-5 Bands E3-E4

e Provides the correct solution . . . .. 3

e Provides the correct integration
by parts.

AND

e Uses trigonometric identity to find
the correct expression for 21.

AND

*  Provides the correct integration
ofsecx ..... ... . il 2

e Provides the correct integration
by parts OR equivalent merit. . . . . 1

b) () x=A+l
y=A2
z=2A+3
p=d|-
A+1 2
A |- -1]=+29
2443 0
A-1
A+1 [=+29
2A+3

(=17 +(2+1) +(22+3) =29
642 +1224-18=0

12 424-3=0
A=-3, =1

S P:(=2,-3,-3), 0:(2,1,5)

MEX-V1 Further Work with Vectors
MEX12-1, 12-3 Band E3

e Provides the correct solution . . . .. 2

e Forms the correct quadratic
equation OR equivalent merit . . . . 1
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(i)  Since the line is parallel to L and tangent to the | MEX-V1 Further Work with Vectors
sphere at R, CR will be perpendicular to L and MEX12-1, 12-3, 12-7 Band E4
bisect PQ. Let M be the mid-point of PQ and, Provides the correct solution . . . . . 2
hence, the intersection point of PQ and CR.

Therefore: *  Finds the direction vector
B (_2’ -3,-3), 0:(2,1,5), C: (2’ -1,0) of CR OR equivalent merit. . . . . . 1
M:(0,-1,1)
-2
CM=| 0
1
As CR is an extension of CM with a length
of 29 :
I
CR=,~| 0
5
5 -2 2
OR = 2 0 |+] -1
5
1 0
R: 2—2‘[§, -1, fﬁ
5 5
Note: Consequential on answer to Question
16(b)(i).
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(C) 21=—+

Zl+22:€ 3+e 2

Zl —22 iz iﬁ
ed—e?
To obtain:
. T
o fcos
icot—= 12
12 . T
sin-—
12

We want
. s
— _li 1A
z+z e 12 4o 12
z-7 T T
e 12_p 12
4 T T T Y4
—+l0=——, —+O0=——, 0=——
3 12" 2 12 12
T hY/4 V4 4
i— i— —i— —i— i—
e +ezxe 12 e 12412
T Sr T V.4
i— i— —i— —i— —i—
e3_e2 o 12 o 12_, 1

MEX-N2 Using Complex Numbers
MEX12-1, 12-4, 12-7, 12-8 Band E4
e Provides the correct solution,

using algebra to cancel out

the negative in the argument

using the fact cosine is even

andsineisodd................ 4

*  Expresses the complex numbers
in cis OR Euler form.

AND
5T
12
*  Multiplies by pp
Y
e 12
AND
. UsesM ................ 3
2ilm(z)

*  Expresses the complex numbers
in cis OR Euler form.

AND
Sr
_i
12
e Multiplies by P
Y
OR
e Uses 2Relz) 2
2ilm(z)

e Expresses the complex numbers
in cis OR Euler form.

OR
*  Equivalentmerit .............. 1
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1 1 MEX-C1 Further Integration
(d Letu= ; X = ; MEX-P1 The Nature of Proof
de -1 MEX12-2, 12-5, 12-7,12-8 Band E4
Lom=— e Provides the correct solution . . . .. 4
du
Whenx =0, u =00 and whenx =1, u =1. . Substitutes to derive
L) 3]
u —| +1
e R [l
0x” +1 ( j . ( | j 5 p 7 .
—| +1
u
! 1
© 3 + AND
- L 1 5 du e Changes the limits.
S AND
1413 *  Uses algebra to derive
© 3
:J.OO u3 du j 1+u5du ................. 3
U 1+u® U l+u
u3 . .
© 1413 e Substitutes to derive
=j 5 du 1 3
I 14+u 1 [j +1
1 3 0 3 u _ __1
J' dx J‘ 1+u5du LO 1 3 (uszu.
0x>+1 1 14+u (j +1
0 u
[ ()], =l @)];
Theref h der th h for f(x) b AND
erefore, the area under the graph for f(x) between . .
0 to 1 is half that from O to oo. Changes the limits.
OR
e Uses algebra to derive
© 3
.[ Itu 5 du ... ... . ..... 2
I T+u
e Substitutes to derive
3
| [lj +1 !
J- —M 5 (—szu
0 1 u
(j +1
u
OR equivalent merit. . .......... 1
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