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General e Reading time - 3 minutes

Instructions e Working time - 45 minutes

e Write using black or blue pen

e NESA-approved calculators may be used

e A Reference Sheet is provided for your use at the back of this question
booklet

e In Questions 7 - 8, show relevant mathematical reasoning and/or

calculations
Total marks: Section I - 6 marks (pages 2 - 3)
30 e Attempt Questions 1- 6

e Allow about 9 minutes for this section

Section II - 24 marks (pages 4 - 5)
e Attempt Questions 7 - 8

e Allow about 36 minutes for this section




Section I : 6 marks
Attempt Questions 1 - 6.

Allow about 9 minutes for this section.

Use the multiple choice answer sheet provided for Questions 1 - 6.

1. Which expression is equal to [ x3(x* — 1)?dx ?
A @ -1D24C B (x*-1%+C
C x(x*—1+cC D —(x*-1°+C

1
2. Which expression is equal to f\/ﬁ dx?
A sin~! (E) +C B cos™! (x—_?') +C

2

C 1n|x—3+,/(x—3)2+4|+c D 1n|x—3+,/(x—3)2—4|+c

b 1
3. Iffa—dx=1,wherea,b € R,

sin x+cosx
2b 1
What is the value of ——dx?
2a sin+cos>
1 1
A - B -
4 2
C 1 D 2
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5 —6
4, Which one of the following points lies on the liner = |-3|+ 1] 1 ] ?
- L2 6
A (11,-4,4) B (—=13,0,16)
C (—=13,-6,16) D (7,-5,-8)

2 1
5. What is the approximate size of the angle between the vectors [—3] and [ 2 ] ?

1 -1
A 57° B 93°
C 123° D 158°
6. Consider the curve drawn below:
y

—0.4

—0.6

-0.8

-1

Which of the following is the vector equation for the curve above?

A r(t)= (sint)i+ (2sint)j B ()= (sint)i+ (sin2t)j

C r(®)= @sint)i+ (2sint)j D r(t)= (2sint)i + (sint)j
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Section II
24 marks

Attempt Questions 7 - 8
Allow about 36 minutes for this section
Answer each question in a separate writing booklet.

All necessary working should be shown in every question.

Question 7 (12 marks) Starta new booklet Marks
. x? d
(@) Find [ —dx. 3

A
- dx
2
(b)  Evaluate [ — 4
© @ Let], = [, sec™ t dt, where 0 < x < = 3
secC"2xtanx | n-2
Show that [, = — -2
(i) Hence, find the exact value of 2
: 4
f03 sec’ tdt
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Question8 (12 marks) Startanew booklet Marks

(a)  Find the distance 4B, if Aand B have the respective position vectors, 2
4i —2j — 7k and —3i+6j—k
(b)  Use vector methods to show that the points: 2
A(5,3,-2) B(2,-1,3) and ((-7,—-13,18)

are collinear.

(o) @) Find the centre and the radius of the sphere which satisfies the following: 2
x2+y2+22—-2x—8y+6z+1=0

(ii)  Find the equation of the intersection between the sphere in part (i) 1
and the xyplane.

(d) ABCD is arhombus.

D C

Let P, @ Rand Sbe the midpoints of AB, BC, CD, and AD respectively.
Use vector methods for the following:

(i) Prove that the points PQRS form a parallelogram. 2
(i) LetzABC = 6.

Show that AB - AD = — BA - BC 1
(iii) Hence or otherwise, prove that the points PQRSform a rectangle. 2

End of Test
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im NSW Education Standards Authority
NI—_S_'—.W HIGHER SCHOOL CERTIFICATE EXAMINATION

GOVERMMENT .
Mathematics Advanced
Mathematics Extension 1
Mathematics Extension 2
REFERENCE SHEET
Measurement Financial Mathematics
Length A= .f"'|j1 . F'.:IH
p |
i = ﬁx 2mF
Sequences and series
Area
A-ixm-z T’;I:f:rlrn—l}.:'.“
360
h N n
A=—fa+b) S, =7[2a+(n—1)d]=2{a+1)
Surface area T = m.-.—l
A=2mt+ 20k f _ 1
1 — " n _1
A= dm’t 5—”' r}—“U Lorzl
n ] - P - 1
Volume
i
1 5= , |r| <
V=—Ah | =
3
V=—mr
3
Functions Logarithmic and Exponential Functions
v = =t b —-dar ]'".EI,“I == u'.e:r.'.l.'
2a
“ log, x
For ax’ + bx' dcx +d = []:J- mg“'r - lﬂgba
ﬂrﬁlf——é . N
at= i.": (v

.
aff +ay + fiy =—

and afy = —g

Relations

(cmh) + [y = k) =2
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Trigonometric Functions

sinAd = ﬂ. cosd = u. tanA = ﬂ
hyp hyp adj
1 .
A=—ghsinC
2 V2
o b ¢

sind  snB sinC

e =a" + b* = 2abcos C

2,2 12
oo b -
ak
= ril
l 4
A=—rg
2

Trigonometric idantities

secd = ,cosd 20
[=n LT
1 ,
cosced =——, sindA 20
A
cosA
CoA =— simA = 1)
SinA

cos®x + sin“x = |
Compound angles
Hin[ﬁt i R]I =smAcos B + cosAsin B

cos{A + B) = cosAcos B — sinAsin B

tan(A + B) = fanA + tan B

| =—fanAtan &

4 , 2t
If r=1,m1"— then sinA = "
2 1+
3

-::n.*-:A:l d
l+r1

2t
fanA = -
==

cosAcos B = El[msf:‘l - B) + coslA + H}I]
sinA sin B = %[u 5(A = B) = cos(A + B)|
sinA cos B = %[:,.inl:ﬂ b B) + sin(A — B)|
cosAsinB = %[si.nl:ﬂ + B) = sin{A — .H]I
sin”mx = %{1 —cos 2nx)

- 1
COS ML = E(l + cos 2nx)
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Statistical Analysis

X o=l An outlier is a score
1T a less than (J, = 1.5 % IQR
or

mare than {1, + 1.5 x QR

Mormal distribution

-3 —IE‘, =1 { 1 2 3 z

+  approximately 8% of scores have
7-scores betweaen —1 and 1

+  approxirmately 95% of Scoras nave

r-scores between —2 and 2

+ approximalely 98.7% of scores have
7-scores between =3 and 3

E(X)=u

Var(X) = E|(X = )] = E(X?) = &*

Probability
P(A B} = P(A)P(B)
P{AB)=P(A)+ P(B)=F(ArB)

P(a|B) =ﬂ':;|:’“T]‘5'}, P(B)#0
Continuous random variables

PiX=r)= J’ Flxhdx

L

Plaz=X=bl=| flxidx

Binomial distribution
PX=r)="Cp(1-pI'
X ~ Bin(n, p)
= P(X=x)

= (z)p“lrl—p]l"". x=0,1,....n
E(X)=np
Var(X) = np(1—p)
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Differential Calculus Integral Calculus
Function Derivative 1
, [.f’l’x][f{x‘.l]"dx‘n J[_ffx}]""ﬂ-
p W P n—-1 . '
3 - n —— i |:' I:l
y=flx) —==nf(x)[ ()] whote 11
_ . dy  dv  du i
F= ar dx U Six)sin S x)dy = =cos fix)+c
v=pglu) where w= Flx) ﬂ_d—hxd—“
- . dedudx Fixleos filx)dey = sin flx)+¢
Jdu_ v
y= u £= dx dx .
v dx vt Fix)sec® Fx)dx =tan f(x)+¢
- dy o .
v = sin #(x) bl (x)cos fx) .
Jl"'[.r]f:"':r-l:'rix s .
v=cos x) ﬂ——_,.-"'l_ﬁ:cflsirt_,n"'l'_t]
dx )
i LI_]:M =1n|_.-f'|:_'f]|+|:'
y = tan £(x) D playsectrx) |4 S
dx
) dy _ £ el HM.-"dllx]::"'-r-lz'rz"x = a’l" b
y= e/l L= e | —
7 I "
y=Inf(x) %_ J:‘{[:]} Lh’l_i]ﬂ_lﬁi' C
- J uz—[_flix]]g
y= alixl #—{]najf‘{xja’r:x;
dx ,
—_— f|{” ; -:f.t—%ta.n"'—fiﬂ—c
dy __f(x) Jat <[ rxf
r=1 — ——
y=log, f(x) dr  (Ilna) fix)
" dv du
L dy Fix) u—ix = uv= | v—ux
v =sin ]f[r:I —_— — ] odx J idx
@ i=[ra)
b
) co £x) S F(x)dx
SR 15 409 e
b= .
N - lnﬂ-{f[ajif[h]iﬂ_f[xl]l ot £z )]
y=tan~! f(x) _J=Lt.ﬂ
dr 1+ | Fx] where a=x, and b=1x
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Combinatorics

ip n!
C =
|I.r‘i"| =|I{':r=n—!.
VF Flin = ¢!
(x+a)t=x"4 fn]x"'la foos 4 {”.]1-’"’;,‘ PR
L1 ¥
Vectors

Ii-_!|-|x£+;v.g'|—~u'x1*;v:

wev =|u||v]cos8 = xx, + v,

where 4 = x]J_"'_}']_ll

and v = xyi 43y

r=ataib

Complex Numbers

r=ua+ib=rlcos® + ising)
= F'{;"ﬁ
[.I-I[ms & + isin E?]]” = rcosng + isinnd)

= i i

Mechanics

d’x dv  dv df1 ]
FE—EV—=—(—W¥
df ot dy  dx\ 2

x = acos{nt + a) + ¢
x=asin{nf + @l + ¢

i=—n{x—c)

—4_ € MEW Education Standards Authority
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Year 12 HSC Assessment Task 3
Mathematics Extension 2 - 2024 HSC

Section I - Multiple Choice Answer Sheet

Student Name

Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely.

Sample: 2+4= (A) 2 (B) 6 (C) 8 (D) 9
AO B@ cO DO

e If you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.

Ar@® B@® cO O

e Ifyou change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correct

A B C D
® ] O O
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Year 12

Mathematics Extension 2 Ass Task 3 2024 HSC

Multiple choice Solutions and Marking Guidelines

Outcomes Addressed in this Question

MEX 12-3  Uses vectors to model and solve problems in two and three dimensions.

MEX 12-5 Applies techniques of integration to structured and unstructured problems.

Question/ Solutions Marking Guidelines
Outcome
1 1
fx3(x4 —1)%dx = —f 4x3(x* — 1)%dx
12-5 l; [t — 1) .
X~ 4 3 1 mark: D
=_ - = —(x* - I 1 mark
2 3 C 1 (x*—1)°+
1 1
2 f dxzf dx —x2+6x—75
V=x2+46x—5 22 — (x — 3)? =-(2=6x+5) || | oA
12-5 x—3 e (Ct) e |
=sin‘1< >+C =4—(x-3)?
2
3 x
u=s5 x=2a > u=a
12-5 d = Ly x=2b = wu=bh
o = gx 1 mark: D
2b 1 b 1
f I — dx = j —_—. 2du
2a sinz + cos> a SINU+cosU
j —du
q Sinu + cosu
2x1=2
4 The 3 co-ordinates of the point need to satisfy the same value of A.

123 | (13,0, 16) works for A =3 1 mark: B
5 Use the dot product formulas from the reference sheet to give a .
12-3 | value of cos 8 1 mark: C

6 All options give parametrisations in sin ¢.
12-3 Hence we seek the response with the correct period and amplitude 1 mark: B

for the x and y co-ordinates.
Only B has both domain and range from -1 to +1.
Also the y values complete 2 periods along the entire curve.




Year 12

Mathematics Extension 2

Ass Task 3 2024 HSC

Question No. 7

Solutions and Marking Guidelines

Outcomes Addressed in this Question

MEX 12-5 Applies techniques of integration to structured and unstructured problems.

Part/ Solutions Marking Guidelines
Outcome
(a)
12-3 f 1+ 4x2 f 1+ 4x2 3 marks: correct solution
_ 1+ 4x? dx 2 marks: substantially
T 1+ 4x2 correct solution
= f ) dx ]
1+ 4x2 1 mark: partially correct

12-3

(b) f% _
0

2t 1+1¢t2
0
" 1+1+t2
t=tan=
jl 2 dt E*Eseczf
o 1+t2+2t el CH
=E(1+tan2—
1
= | mF/—=dt =51 +%)
—[0 (1+10)? . o
2 1l g per
-,

1
4-
1
4
1
4
1 1

Z(x — —tan~ (2x)> +c
1
4"

1
- gtan_l(Zx) +c

tan% 1 2
f X dt
t

solution

4 marks: correct solution

3 marks: substantially
correct solution

2 marks: partially correct
solution

1 mark: attempts #-
substitution, or equivalent

—14+2=1

merit




(©®

12-5

(c)(i)

Question 7 continued...

X X
I, = f sec tdt = f sec" ?tsec’tdt
0 0

let u=sec" 2t dv = sec® tdt
du=(n—-2)sec™?ttantdt v =tant

X
L, =uv —f vdu
0 X
I, = [sec™ % ttant]f — (n — 2) f sec™? ttan?t dt
Jo
=sec"?xtanx — (n—2) f sec™ 2t (sec’t —1)dt
0

X
=sec" 2xtanx — (n — 2) f (sec™t —sec™ % t)dt
0

I, =sec" 2xtanx — (n—2)I, + (n—2)I,,_,
“(m—=1I, =sec" 2xtanx + (n — 2)I,,_,
sec™2xtanx n-—2

L, = IL,_
n n—1 +n—1"2

2T, T
%zsec ztang 2

_4\/§+21
3 3%
T
3
12=f sec?tdt
0
T
= [tant]3
T
=tan§—0=\/§
43 23

3 marks: correct solution

2 marks: substantially
correct solution

1 mark: partially correct
solution

2 marks: correct solution

1 mark: substantially
correct solution




Year 12

Mathematics Extension 2

Ass Task 3 2023 HSC

Question No. 8

Solutions and Marking Guidelines

Outcomes Addressed in this Question

MEX 12-3 Uses vectors to model and solve problems in two and three dimensions.

Part/ Solutions Marking Guidelines
Outcome
@ (@[] - F G T iy | (O marks: comec
= V49 + 64 +36 = V149 1 mark: Substantially
correct.
. 2 5 -3
(b) (b) AB = —3 1|— 32 = —54 , which is the gradient vector (b)2 marks: Correct
. solution with
between the two p0111t7s. ; 1 s complete reason
AC = (_13) B ( 3 > - <_16) =4 <_4> llnfllll:l(li‘i(?.Substantial
18 -2 20 5 )
Since AC is a scalar multiple of AB the 2 vectors are parallel. PTOBIess.
Since they both share the point 4, the points 4, B, C are collinear.
(c) (1) Completing the squares and adding the equivalent amount to . .
() the RHS gives: (©)@) 2 marks: d
(x—1)2+(y—4)? + (z+3)2 = 25 ch;ect centre an
Hence sphere’s centre is (1, 4, —3) and its radius is 5 units. ;anil;i'k' One correct
(i1) The xy plane has the equation z=0. Substitute into (i) for compon.ent
intersection. '
2 2 422
S Gon is: =D+ (-9 +37=25 (ii) 1 mark: Correct
0, cquation 1s. (x—1)2+(—42 =16 equation for circle.
X — Yy — =
(d) (i) PQ = 1 AB + 1 BC (d) 2 marks: Finding
1 2 14 2 2 equal vectors and
SR = 5 AD + E DC providing the property
— of a parallelogram.
But ABCD is a thombus, so AB = AD and BC = DC P y

Therefore SR = PQ

Therefore PORS forms a parallelogram, because it has a pair of
parallel and equal sidelengths.

Note: Finding only one pair of opposite equal vectors is sufficient
to provide the above reason for a parallelogram.

(ii) AB .AD = |AB||AD| cos(180° — 6)
— |E| |ﬂ))| cos 6
— |§/_1>| |ﬁ| cos 6
Because all of the sidelengths of the rhombus are equal.
= —BA.BC

Reasoning and vector
method is required.

1 mark: One
component not
provided.

(ii) 1 mark: Correct
solution.




Question 8 continued...

(iii) PQ .PS = (4B + BC) . (BA + 4D)

- - (4B .BA + 4B .4D + BC .BA + BC. 2D)
Note: AD = BC and the dot product of a vector with itself is the
square of its length.
Sowehave:% (—|E|2 + AB. AD + BC .BA + ||BC||2)
= % (E . AD + BC ﬁ) since the sidelengths of the thombus

are equal.
Which gives % (0) from part (ii).

Therefore P—d .PS=0 so PQ 1 PS

So PORS is a rectangle, because it is a parallelogram with an angle
of 90°.

Note that showing one ninety degree angle is required to prove that
the parallelogram is a rectangle.

(iii) 2 marks: Vector
method used properly
leading to property of
rectangle.

1 mark: One
component not
provided.
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