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Thank you for subscribing to SmarterMaths Teacher Edition (Silver) in 2025.

Key features of the Extension 2 “2025 HSC Comprehensive Revision Series”
include:

~17 hours of cherry-picked HSC revision questions by topic.

Targeted at motivated students aiming for a Band 5 or 6 equivalent result.

Weighting toward more difficult examples.

Mark allocations given to each topic generally reflect its historical (new

syllabus) HSC exam allocation.

Attempt, carefully review and annotate this revision set in Term 3.

e This question set provides the foundation of a concise and high-quality
revision resource for the run into the HSC exam.

e This resource should be used to complement (not replace) the critical

final stretch preparation for every student — completing full practice

papers in exam conditions.

Our analysis on each topic, the common question types, past areas of difficulty
and recent HSC trends all combine to create this revision set that ensures
students cover a wide cross-section of the key areas.

IMPORTANT: If students have been exposed to questions in these worksheets
during the year, we say great. Many top performing students attest to the
benefits of doing quality questions 2-3 times before the HSC. This type of
revision set is aimed at creating confidence and speed through the exam, with
cherry picked questions that cover all important elements of revision while
avoiding low percentage rabbit hole excursions.

HSC Final Study: V1 Vectors (2 of 2) (~18.0% historical contribution)

Key Areas addressed by this worksheet

Vectors and Geometry (8.4%

Vectors and Geometry is the 600-pound Silverback in the Ext2 rainforest that
attracted multiple high mark, high difficulty questions in both 2024 and 2023.
These allocations need to be added to impressive contributions each year in
the prior period 2020-2022. In short, its revision importance for achieving a
band 5-6 result cannot be overstated.

Revision questions include multiple examples of both 2D and 3D shapes
which have both featured in new syllabus exams.

The most common question type looks at pyramids, both square (2021) and
triangular (2023, 2022).

2D quadrilaterals and triangles were the subject of 2024 Q14e, 2023 Q11d
and 2020 Q15b which deserve close revision attention.

2023 Q15¢c and 2021 Q16a look at spheres and both caused major issues.
Important revision examples.

“When the mind grows weary from vectors and
geometry, step outside and look up and let clarity

come not by force, but by space.”

~ Marcus Aurelius




EXTENSION 2
2025

HSC Revision Series

Vectors
V1 Working With Vectors (2 of 2)
Vectors and Geometry

Exam Equivalent Time: 90 minutes (based on allocation of 1.5 minutes per mark)

Questions

1. Vectors, EXT2 V12021 HSC 1 MC

Four cubes are placed in a line as shown on the diagram.

— —

Which of the following vectorsisequalto AB + CQ
—
A AQ
—
B. CP
—
C. PB

—
D. RA

2. Vectors, EXT2V1 2023 HSC 10 MC

Consider any three-dimensional vectors a = OA, b = OB and ¢ = OC that satisfy these three

conditions
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Which of the following statements about the vectors is true?

A. Twoofa, band ¢ could be unit vectors.

B. The points A, Band C could lie on a sphere centred at O.

C. For any three-dimensional vector a, vectors b and ¢ can be found so that a, b and ¢ satisfy these
three conditions. N N N o -

D. Va, band csatisfying the conditions, 9 r, s and ¢ such that », s and ¢ are positive real numbers
Na\nzi rg-;sg-i—tgzg.

3. Vectors, EXT2 V1 EQ-Bank 9
A parallelogram is formed by joining the points P( — 2,1,4),Q(1,4,5), R(0, 2, 3) and S(a, b, c).

Use vector methods to find a, band c. (2 marks)




4. Vectors, EXT2V1SM-Bank 23 5. Vectors, EXT2V12019SPEC1-N 5

A cube with side length 3 units is pictured below. A triangle has vertices A (\/§ +1,-2, 4) , B(1,-2,3) and 0(2, -2, V3 + 3) .
i. Find angle ABC' (3marks)
z
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i. Calculate the magnitude of vector AG. (1 mark)

............................................................................................................................................................... 6. Vectors, EXT2 V12023 HSC 11d

The quadrilaterals ABCD and ABEF are parallelograms.

—
By considering AB, show that CDFE is also a parallelogram. (2 marks)




7. Vectors, EXT2,V1SM-Bank 16 8. Vectors, EXT2 V1 EQ-Bank 15

Point B sits on the arc of a semi-circle with diameter AC.

Using vectors, show Z ABC is aright angle. (2marks)




9. Vectors, EXT2 V1 SM-Bank 20 10. Vectors, EXT2V1 2021 HSC 12e

The diagram shows the pyramid ABCDS where ABCD is asquare. The diagonals of the square

— —
OABD is atrapeziuminwhich OA = a and OB = b.
~ ~ bisect each other at H.

OC isparallelto AB and DC:CB = 1:2

1

o A

— = — —
i.Showthat HA + HB + HC + HD = 0 (1mark)

—
Using vectors, express DA intermsof a and b. (3marks)

— — = —  —
Let G be the pointsuchthat GA+ GB+ GC + GD + GS = 0.

— —
ii. Using part (i), or otherwise, show that 4GH + GS = 0. (2marks)

— —
iii. Find the value of A suchthat HG = LHS (1mark)



11. Vectors, EXT2 V12020 HSC 15b

............................................................................................................................................................... B
The point C divides the interval ABso that i_C — ™ The position vectors of A and Barea and b
n < <

............................................................................................................................................................... respectively, as shown in the diagram.

0

—
i. Showthat AC =

(2 — g) (2 marks)

m+n

— —
Let OPQR be a parallelogram with OP = p and OR = r. The point S'is the midpoint of QR and T’

is the intersection of PR and OS, as shown in the diagram.



12. Vectors, EXT2 V12024 HSC 14e

The diagram shows triangle OQA.
The point Plieson OAsothat OP: 0OA = 3:5.

The point Blieson OQ sothat OB: 0Q = 1:3.
The point Ris the intersection of ABand PQ.

The point T'is chosen on AQ so that O, R and T are collinear.

A

............................................................................................................................................................... NOTTO
............................................................................................................................................................... P SCALE

............................................................................................................................................................... 0 £ 0

— —
Let a = OA, b = OB and PR = kPQ where k is a real number.

. 3
iv. Using parts (ii) and (jii), or otherwise, prove that T'is the point that divides the interval PR in the i. Show that OR = 5 (1~ k)a + 3kb. (2marks)

ratio 2:1. (1mark)

— — —
Writing AR = hAB, where h is a real number, it can be shown that OR = (1 — h)a + hb. (Do
NOT prove this.)

ii. Show that k = % (2marks)



—
iii. Find OT in terms of a and b. (2marks)

13. Vectors, EXT2V1 2023 HSC 15b

On the triangular pyramid ABCD, L is the midpoint of AB, M is the midpoint of AC, N is the
midpoint of AD, P is the midpoint of CD, @ is the midpoint of BD and R is the midpoint of BC.

D

ii. It can be shown that

H 1
MQ:E(bfc+d) and

— 1
NR = 5(9 +c— g) (Do NOT prove these.)
Prove that
— 2 — 2 — 2 — 2 — 2 i
|4B|" +|ac| +|ap| +|BC| +|BD| +|CD|

— 2 — 2 — 2
:4<‘LP‘ +‘MQ‘ +‘NR‘ )(3marks)



14. Vectors, EXT2V1 2021 HSC 16a

i. The point P(z,y, z) lieson the sphere of radius 1 centred at the origin O.

—
Using the position vector of P, OP = zi + yj + zk, and the triangle inequality, or otherwise,

show that |z| + |y| + |z] > 1. (2marks)

ay b1
ii. Giventhevectors a = | as | and b = | by | ,show that
as b3

|a1b1 + asbs + a3b3| < \/af + a% + ag \/b% + b% + b% (3 marks)

iii. As in part (i), the point P(z,y, z) lies on the sphere of radius 1 centred at the origin O.

Using part (ii), or otherwise, show that || + |y| + |2| < V3. (2marks)




15. Vectors, EXT2V1 2022 HSC 14a

i. The two non-parallel vectors @ and ¥ satisfy Az + u@ = 0 for some real numbers A and .

Show that A = p = 0. (2marks)

ii. The two non-parallel vectors 4 and v satisfy A\1d + 10 = Aot + pov for some real numbers
A1, Ag, py and pa.

Using part (i), or otherwise, show that A\; = Ay and p1 = po. (1 mark)

The diagram below shows the tetrahedron with vertices A, B, C and S.

— 1 1
The point K is defined by SK = ZSB + ESC’ as shown in the diagram.

The point L is the point of intersection of the straight lines SK and BC.

AN

— — —
iv. The point Pisdefinedby AP = — 6AB — 8AC.

Does P lie on the line AL? Justify your answer. (2 marks)
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16. Vectors, EXT2V1 2023 HSC 15¢
A curve C spirals 3 times around the sphere centred at the origin and with radius 3, as shown.

A particle is initially at the point (0, 0, — 3) and moves along the curve C on the surface of the

sphere, ending at the point (0, 0, 3).

By using the diagram below, which shows the graphs of the functions f(z) = cos (7z) and
g(z) = V9 — x2,and considering the graph y = f(z)g(x), give a possible set of parametric
equations that describe the curve C. (3 marks)

y = cos(rzx)




Worked Solutions

1. Vectors, EXT2 V12021 HSC 1 MC

—_— = — —
AB + CQ = CD + DP

o
=CP

2. Vectors, EXT2V12023 HSC 10 MC
By elimination

Option A:

If a and b are the two unit vectors, a - b = ‘a‘ ‘b ‘cose = cosf

—1<cosf<1 = —-1<a-b<1

Given a - b

l1=a=b=b-c=c-a

Contradicts b-c¢c =2 and ¢c-a =3

Similar reasoning rules out any pair satisfying all conditions (eliminate A4).

Option C: If a =0, a- b = 0 # 1 (eliminate C).

Option D:

Consider the vectors below that satisfy the conditions,

1 1 2
a=11], b=10], ¢=10
1 0 1

However, ra 4+ sb + tc = O requires » = s = ¢t = 0 which are not

positive constants (eliminate D).

= B

444 Mean mark 15%.

Q
=y
w
q°]
=P
N
Q
Pl
=
~t+
jd o
Q
=
n

3. Vectors, EXT2 V1 EQ-Bank 9

0(1,4,5)

P R(0.2,3)
(-2,14)

S (a,b,c)

Opposite sides of a parallelogram are equal and parallel.

—  —
= PQ = SR
N 1+2
PQ=14-1] =
5—4 1
_> _a
SR=|2-1b
3—c¢

Equating coordinates:
—a=3 = a=-3
2-b=3 = b=-1

3—c=1 = c=2




4. Vectors, EXT2V1SM-Bank 23

i. A(3,0,0), G(0,3,3)

0 3 -3
3 0 3
—
3] o

= 3v/3 units

i. H(3,3,3)

_) 3
BH = |3
3

— —
— —

-3 3
(3) . (3) =vV9+9+9-v9+9 + 9cosd
3 3

-9+ 9+ 9= 2Tcosh

cosf

1

==

COS| 3
0 = "70.52...

= 70°32/

5. Vectors, EXT2V1 2019 SPEC1-N 5

Y AVERS (1) V3
i BA=| -2 |-[-2

= 0
4 3 1
2 1 1
—
BC = -2 —(_2) = 0
V3+3 3 V3
BA BC’
cos/ABC — ‘ H
\/_
T
. L/ABC = —
’ 6
1
ii. Area,:E ‘ HBC sin/ ABC
:l><2><2><s1n—
2
=1u




6. Vectors, EXT2 V12023 HSC 11d 7. Vectors, EXT2, V1 SM-Bank 16

Parrallelogram = Show opposite sides are equal
— —
‘ AB ‘ = ‘ CD ‘ (ABCD is a parallelogram )

— — )
|AB| = | EF| (ABEF is a parallelogram)

— —
:>‘CD‘:‘EF‘
B C E
Let A = (p,—p,—k),
A D F

—
@ =O0A=pi-pj-qgk

— = =
oE| = 38| - 36

H . .
Similarly, b= OB =pi + pj—qk
— — — —
52| - |- [3B R

— — — — N
Since | BE|=|AF| and |BC|=|AD| d— OA - — pi-pjak
(ABCD and ABEF are parallelograms) )
— —

= |pr|=|cE| atec=—2k
.. CDFE is a parallelogram 2 + g - 2qINc




8. Vectors, EXT2 V1 EQ-Bank 15 9. Vectors, EXT2 V1 SM-Bank 20

Let OA=a, and OC = ¢
D C '
— — —
DA =DB+ BA
B B BA—ab
Prove AB | BC -2
la| = [b] = [e| (racii) Since OC || AB and OA || CB
c=-a = OABC is a parallelogram
CcB
OA = =a
— — _ _ a
AB Bc—(’j 2)(2 9) 1
2 DC= 75 @
=b c—‘b —a-c+a-b
~ ~ e~ ~ o~~~ — = —
2 DB =DC + CB
:b~c—‘b +c-c—c-b
~ ~ = R R~ Ea
2 2 b
= e[ - e 2
= s
" DA:§2+(§*E)
.. ZABC is aright angle. 5
= —a-b
2~ ~




10. Vectors, EXT2V12021 HSC 12e

—
i. Since diagonal AC is bisected by H:
— —
HA =- HC
—
Similarly for diagonal BD

— —
HB=-HD

_— = — — = —
ii. GA=GH + HA, GB= GH + HB
B S T —
GC=GH+HC, GD=GH+ HD
_— = = = —
GA+GB+GC+GD+GS
_— == = — = —  —  —  —
=GH+ HA+GH + HB+ GH + HC + GH + HD + GS
— — — = —  —
= 4GH + HA+HB+HC+HD+GS)
— —
=4GH + GS
_— = = = =
GA+GB+GC+GD+ GS =0 (given)
— — -
4GH+GS =0
—_— — —
iii. HS = HG + GS
_— = —
GS=HS+ GH ¢ Mean mark 48%.
Using part (ii):
— —):0
4GH + HS + GH ~— =
—  —
5GH = SH
—
@:%SH

11. Vectors, EXT2 V12020 HSC 15b

—
AC: n
— m+n
AB
— n —
= . AB
AC m+n
n
- m+n(é_g)

P

+ Mean mark part (iii) 50%.



Consider APTO and ARTS:
/PTO = ZRTS (vertically opposite)
ZOPT = ZSRT (vertically opposite)
. APTO ||| ARTS (equiangular)

OT:TS = OP:SR =2:1

(corresponding sides in the same ratio)

—
or _ 2
— 3
oS
H
of = 305
3
_2(. .1
3\l 9P
—Er—i-l
“ 3l 3P

Mean mark part (iv) 51%.

_) T
iv. Let OT divide PR sothat —= — ™
PT n
Using part (ii):

_):
OT " m+nl m+tn

[

n

1 2
&)w =3ptgr (part (iii))

1 2

3’ 3

m+n

= m=1,n=2

. T divides PR inratio 2:1.

12. Vectors, EXT2 V12024 HSC 14e

— — — =
i. a=O0A, b=0B, PR =kPQ

— — —
OP:0A =3:5 = OP =

o] w

—
x OA
— — — —
OB:0Q =1:3 = 0Q =3 x OB

_) 3
Show OR = =(1 — k)a + 3kb

— = —
OR = OP + kPQ
— — —
= OP + k(OQ — OP)
—  —
= (1 - k)OP + kOQ
- %(1 ~ k)a + 3kb
—  —
ii. AR=hAB, heR
—
OR = (1 — h)a + hb (given)

H 3
OR = g(l — k)a + 3kb (part(i))

—
Vector a # Ab (A € R) = linearly independent and are basis vectors for OR.

Equating coefficients:

%(l—k):l—h...(l)
h=3k...(2)

Substituting (2) into (1)

3
—(1—-k)=1-
5( ) =1-3k

3 —-3k=5—15k

k 1
6
iii. &}, _ A?R + Mean mark (jii) 45%.

Using parts (i) and (ii):

- 3 1 1

=)
Il
|
—~
)
+
=
SN——



13. Vectors, EXT2V12023 HSC 15b

e S Sy Al
Find \: - LP =LA+ AC + CP

— — 11—
s — — 5BA+AC+ECD
OT = OA + uAQ

1 1

—_— — = =—-—b —(d —
(a+b) =a+u(3b—a) (notingAQ =0Q ~ 0A=3b - a) gbtetgld—c
=a(l—p)+3ub

1
= gbtetgd-ge
1
=—(—-b+c+d)
Equating coefficients: 2 ~
2 H s 6 ii M—Q>:l(b—c+d) +¢ Mean mark (i) 34%.
A 2%~ ~ '~
NRZE(b-&-c—d)
6 — =23\
3 — 2 2 — 2
L3 RHS = 4(|LP| +|MQ| +|NR|
2
e
— 3

(et (d=0))-(c+(d=b)+(d+(b-e)(d+(b—c)+
(b+(c—d)-(b+(c—d)
=lelPt2e(d=b)+1d=bF+
|dI* +2d(b—c)+|b—c|+
BF+2b(c — d) +1c—dff
=10 +lelP+]dP +[b—cl?+[d=b[ +]c—d*+
2e-d-ce-btd-bod-ctb-c—b-d)
~[4B[" +[ac[" «|aB[" +|5C[" +[BB[" +|cB[" +o

=LHS




14. Vectors, EXT2 V12021 HSC 16a

i. Triangle inequality: |z| + |y| > |z + y| o Mean mark ) 50%.

+

ol + lyl + 121 = |2 + [u] + | =]

> ‘mz—i—yz + ‘Z]j‘

> ‘ﬂ%'-f'yj-i-zk

—
>1 <OP :‘wi—l—yj—‘rzk

)

ii. Using the dot product:

2 Q

©b = a1bi + asby + asbs + Mean mark (i) 42%.

e

5= o] [3]cost

ai1by + asby + asbs = \/a%—i—a%—ﬁ-ag . \/b%+b%+b§~cosq9

|a1b1 + asby + a3b3| = \/a% + CL% + a§ . \/b% + b% + bg . |COSG‘

Since —1 < cosf <1 = |cosf| <1

oo Jaiby + agbe + aszds| < \/a% +aj+aj- \/b% +b3 + b3

iii. Using part (ii) with vectors:

1 T

‘ ‘ +¢¢ Mean mark (iii) 14%.
a= {1 b=
1 |2

|lz|+ ]yl + 2] | < V12412 +12- a2 + 42 + 22
2| + |yl + |2| < V3

15. Vectors, EXT2V1 2022 HSC 14a
i Mi+pu=0
M= — uv
A=0 or 4=— (%)T;:kﬁ (k€ R)
Since % and ¥ are not parallel

= A=p=0

ii. \d + IJI?) = Aol + [1126
)\1’& — /\2’1] + /1,1’1_)‘ — [1,2’1_)‘ = 6

()\1 — /\2)17/ + (Ml - ,uz)’?) = 6

Using part (i):
()\1 — )\2) =0 and (,ul —,uz) =0

J A1 = X9 and pg = po ... asrequired
. BI, = ABC
—  —
= A(BS+SC> ... (1)

— = —
BL = BS + uSK

— 1— 1—
- SB-HL(ZSB—&- gsc)

T S T
=~ SB+ 7B+ £SC

%Ls*_c)wr (%fl)s_é . (2)

Using (1) = (2):

- — —

ABS +ASC = Es¢ + (ﬁ - 1)53
3 4

[ _ﬁ:

E-a 1-E o

I

-

I
RS

Mean mark (i) 56%.

444 Mean mark (iii) 25%.



12 =1
T
12 1
12
k="
12
o T _ 4
3 7
— —

4
..BL = FBC ... as required

— — —
iv. AP = — 6AB — 8AC

— —
If P lieson AL, 3k such that AP = kAL

—  — —
—6AB — 8AC = kAL
— —_— — —_—
—6AB — 8<AB+Bc'> = k(AB+BL>
_> 4H e
— 14A—B> — SB_C/>” =k (AB + 7BC> (see part (iii))

—  — — 4k
—14AB - 8BC = kAB + —BC

k=—14, 4—7k:—8 = k=-14

. Plieson AL.

444 Mean mark (iv) 23%.

16. Vectors, EXT2 V12023 HSC 15c

Since the curve lies on a sphere with radius 3: +¢¢ Mean mark 22%.
?+y+22 =3

Considering the graph y = cos (7t)v/9 — 2 (as per hint)

(cos (7!'15)\/@)2 + (sin (7715)\/m)2 +t2=32 ... (1)

Since z increases and = and y change signs

=z=1t

In order to satisfy the equation in (1):

x,y must be one of =+ cos (7t)v9 — t2 or =+ sin(wt)v9 — ¢2

At z=0,t=0, z =3 (from graph):

=z = cos(7t)V9 —t2

At z=0+¢, t=0+¢, y <0 (from graph):

= y = — sin(7t)V9 — t2
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