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GONTOUREDUC ATION VCE Specialist Mathematics %
Section A: Compulsory Questions
8’ ]
Sub-Section [6.1.1]: Basics of Vectors @

Question 1 )

The vector u = [Z] is defined by the directed line segment from (-2, 6) to (4, —2). Find a and b.

Question 2 )

A=(1,3), B =(4,1) and 0 is the origin. Sketch the following vectors:

—

a. OA

b. OB

c. AB Y

N

-5

4 -3

-2
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41

24

-3t
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Question 3
Ifa=1i->5jand b = —3i + 6j find in terms of i and j:

a. a+b

J

atb=-2i+j

b. 2a—3b

2a — 3b = 11i — 2§j

)

Question 4

In the triangle OAB, 04 = 4i + 2j and OB = i + 3j. If M is the midpoint of AB, find OM in terms of i and j.

| 4B — OB - 04— (1- 4)i+ (3— 2§ — (~3)i + (1)

OM = OA +AM = (

=

]
s

k3| 0o

Il
o

[-1R) [ =T

Il
o
S

-

AM = 2((-3)i+ () = (~ )i+ 33

di+ 2j) + (—%H %J)
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Q
Sub-Section [6.1.2]: Magnitude and Unit Vectors [

Question 5 )

a. Find the length of vector v = 3i — 2j.

vl = VEFEF(—2F=0Td= VI3

b. Find the unit vector parallel to v.

u= Jé{ﬂi-&j}:ii_ij

V13 V13 13

Question 6

Leta=-i + 2jand b = 3i + 5j .Vector c is parallel to 2a + b, and has a magnitude of 10.

Find c in terms of i and j.

c = k(i +9j)
2a+ b = (—2i+ 4j) + (3i + 5j) = (1i) + (95)
k(i+95)| = |k|li+9j |
[fe(i + 93)] = |K|li + 93 (ll]. QU)
- c= —1+ —]
i+95| = (1) + (9 =vI+81= vB2 VET— 10 v8z 82 -
M= 2
V82
k=20
V82
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Question 7

A(2,3),B(4,5) and C(7, 2) are the vertices of a triangle ABC.

J

—

AC=(T-2)i+(2-3)j=5i—1j

a. Find
i [4B|
AB = (4-2)i+ (5 3)j=2i+2j
[4B| = V2P + 2F =vITd=18=22
i. |BC|
BC=(T—4)i+(2-5)j=3i—3
[BC| = VB2 + (-3 =+v0+0=+vI8 =32
iii. AC

|AC| = VB + (1 = v T 1= V26

b. Identify the type of triangle.

The triangle is a right-angled triangle

Space for Personal Notes
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Sub-Section [6.1.3]: Dot Product
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Question 8

Ifu=-3i+jand=3i+2j+ k,findu e v.

)

Question 9

If Ju| = 5 and |v| = 6, and the angle between u and v is 60°, find u « v.

Space for Personal Notes
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Question 10 Tech-Active. )

Find the angle of the vector a = 2i — j + 3k makes with the positive direction of the z-axis in degrees, correct to
two decimal places.

36.70°

Question 11 )

A position vector in two dimensions has a magnitude of 4 and a direction of 120° measured anticlockwise from
the x-axis. Find the vector.

v = 4c0s(120°)i + 4sin(120")j

v =—2i+ 2+3j

Space for Personal Notes
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Sub-Section: Problem Solving 9

Question 12 )

If 04 = 5i + 2j + 7k and OB = 9i + 6j + 7k. Find 4B and hence, show that AB is parallel to the x-y plane.

AB=0B - 04

=(9+6j+ Tk) — (5i + 2j+ Tk)
=(9-5)i+(6-2j+(7T-Tk
—di+ 4j + 0k Since the k-component (the z-component) of E is 0, the vector lies completely in the Ty-plane,

meaning it is parallel to the zy-plane.

AB = 4i + 4

Space for Personal Notes
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Question 13 M

Suppose OABCDEFG is a cuboid and that 04 = 5j, 0C = 2k, and 0D = 3i.

(&

D t

a. Express, interms of i, j and k:

—

i. OF

OF = 0D + DE = 0D + 04 = 3i + 5j
i. OF

OF = OE + EF = OE + 0C = 3i + 5j + 2k
iii. GA

GA=GD+DA=C0+DO0+0A =-3i+5j—2k

b. Let M be the midpoint of face FEAB. Find OM in terms of i, j and k.

M is the midpoint of face FEAB.

The corners of face FEAR are: Add the coordinates:

+ Fat(3,5,2) » @ coordinate; £0+0 — & — 3

« FEat(3,5,0) 1 - ycoordinate: always 5

« Aat(0,5,0) »  zcoordinate: ZHE = 1 =]

-+ Bat(0,52) Thus:

R N

Take the midpoint: 1 oM = gi +5j+ 1k
. 2
OM = average of the four position vectors

SM12 [6.1] - Vectors | - Homework Solutions ‘ 9
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Question 14
Letu =4i—3jandv = 2i —j.

a. Find the length of vector u.

b. Find unit vector parallel to u.

C.

d. Find the angle between u and v.

u 1. .., 4. 3.

H_E{‘h_gﬂ_51 £
4, 3. . .

1E|}C(EI—E_])=EI—EJ
ms&:ﬁmgi

@)2) +(-3)(-1)=8+3=11

v|= V(2P + (-1} =+/4F1=5

e.

cosfl =

515

Write u as the sum of two vectors, one parallel to v and the other perpendicular to v.

u=p+gq
where:
+ pisparallel to v, so p = k(2i — j)

= qis perpendicular to v, meaning g - v =10
Thus:

p = (2k)i— (k)i

Mow, since q is perpendicular to v:

g=u-p=(4-2k)i+ (-3+k)j

(4= 2K)(2) + (=3 +K)(-1)

Expand:

Thus:

and

=0
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Question 15

Let t € R and suppose OA = ti + tj + 8k and OB = ti — 2j — 3k. Find the values of ¢ for which 04 is
perpendicular to OB.

OA-0B=0

Fo2t-24=0

Question 16
A, B, C,and D are the vertices of a parallelogram.

Giventhat A = (2,3), B = (7,6) and C = (10, 1), find the coordinates of D in vector form.

(5.-2)

(15, 4)

(-1.8)

Space for Personal Notes
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Question 17
3
The points A and B have position vectors [_11] and H respectively.
2
a.
i. Find the vector 4B. -
2
1
2
ii. Find [4B)|.
_ /26
4Bl ==

The point D has a position vector [g]

b. Find the vectors AD and DB in terms of d.

c. Ifangle ZADB is 90°, find the two possible values of d.

AD-DB=0

(d+1) (g—d) +[—1}(§) =0

b3 =

SM12 [6.1] - Vectors | - Homework Solutions ‘1 2




(S0ONTOUREDUCATION

VCE Specialist Mathematics %2

d. For the smaller value of d find the area of the triangle ADB.

Area

B3| L2

e. For the larger value of d show that the triangle is isosceles.

|

N
<
<
{1

|
<,
<
=]

B ‘vm ey

M‘

|AD| = |DB|

Space for Personal Notes
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Sub-Section: The Tech-Free “Final Boss" [VCAA Level] [

Question 18 )}}

Points A4, B, and C have position vectors:
a=i+2jb=5i+2jc=3i+6j
Let point D lie on line segment AC, and suppose its position vectorisd = (1 — k)a + kc, where 0 < k < 1.

a.

i.  Find the vectors AD and DB in terms of k.

AD = k(2i +437), DB = (4 —2k)i — 4kj

ii. Hence, write an expression of AD « DB.

‘AﬂD DB =k[(2)(4 — 2k) + (4)(—4k)] = k[8 — 4k — 16k] = k(8 — 20k)

SM12 [6.1] - Vectors | - Homework Solutions ‘14
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b. Ifangle ZADB = 90°, use your expression from part a. to find the exact value(s) of k that satisfies this
condition.

ADB.

c. For the value(s) of k found in part b., compute the lengths of AD and DB, and hence find the area of triangle

2 25 50

e
cngl
[

8/5 1 32.5 160
T e R
: [3.2]

b =

Area — %|A‘D||D‘B| -

d. Letm=b—-aandn=c—a.

Use the dot product to find the angle between vectors m and n, in degrees.

()
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e. Suppose point E lies on the line AB, with position vector e = a + t(b — a).

If the angle between e and c is 60°, find the value of t.

. 15 + 103
a 4

Space for Personal Notes
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Q>

Sub-Section: The Tech-Active “Final Boss" [VCAA Level]

O \
®

Question 19

A runner sets off on a bearing of 120° (assume east is in the direction of i and north is in the direction of j).

a. Find a unit vector for the direction the runner goes.

V) )

cos(120°)i + sin(120%)j

cos(120°) = —%, sin(120) = 3

V3,

Unit vector = —%i + -5

b. If the runner runs in this direction for 3 km, find the position of the runner with respect to their starting point.

_ 1. v3.\ _ [ 3. 83,
F—3X(—§1+T])—(—§1+TJ)

point.

c. If the runner now turns and runs 6 km south, find the position of the runner with respect to the original starting

d. Find the distance of the runner from the starting point.

2
— . 3\*, (3v3-12 —~ 7 p
Distance = J (_E) N ( 2 ) Distance = |/ :i M V 180723 _1,/180 - 7243

1 1 =3V
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e. Find the bearing of the runner from their starting point, correct to 2 decimal places.

opposite  y

tanfl= —— ==
an adjacent

A2 3312

__ 3 _
tanf = % = —3

tanf =4 — 3

0 = 66.21°

places.

f. Another runner sets off from the same starting point and runs directly east for 4 km.

Find the angle between the two runners’ final displacement vectors. Round your answer to 2 decimal

113.79°

Space for Personal Notes
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Section B: Supplementary Questions
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Sub-Section: Exam 1 (Tech-Free)

Question 20

a. Calculate the lengths of OP and 0Q.

P is the point (—1, 3), Q is the point (12,4) and R is the midpoint of PQ.

b. Find PQ and hence determine the length PQ.

|OP| =+/(-1)2 432 =1+ 0=+1
|OP| = 10

|0Q| = V122 4+ 42 = V144 + 16 = V160 = 4v10

—

PO=Q-P=(12-(-1),4-8) = (13,1)

|PQ| = V132 4+ 12 = v169 + 1 = V170

c. Show that APOQ is a right-angled triangle.

|PQ| = vI70

|OP* + 10Q|* = 10 4 160 = 170

[PQI* = |OPJ* +|0Q/*

SM12 [6.1] - Vectors | - Homework Solutions
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d. Find OR and hence show R is equidistant from the three vertices of APOQ.

2

Rz(_1+12 3+4) _ (H

b ] =1

)

2 27

Show

|PR| = |QR| = |OR| = ——

3
=
=i

V'
2

Question 21

Points 4, B, C, and D are defined by position vectors a, b, ¢, and d respectively. If AB+CD =0:

a. Expressd intermsof a, b, and c.

AB+CD=0

E:b—a, aﬁ:d—c

b. Show that AC and BD hisect each other.

(b—a)+(d-c)=0

b+d=a+¢c

c. Provethat ABCD is a rhombus if |a] = |c| and angles AOB and BOC are equal.

Since:
—_—
CD=d-c=(a+ec—b)-c=a-b

Thus:

ﬁ:a—b:—{b—a}:—_g

a+tc
2

Midpoint of AC =

d=a+c—b

b+d=b+(at+ec-b)=a+c

Midpoint of BD = —— =

—
Similarly, DA:

= All four sides have equal length.

s Therefore, ABC D is a rhombus.

—_— —_—
DA=a-d=a-(atc—b)=b-c=—{c—b)=-BC

J— —_— —
Thus, CD and E have the same length, and DA and BC' have the same length.

Because |a| = |c| and angles AOB and BOC are equal, the vectors are symmetric, so:

SM12 [6.1] - Vectors | - Homework Solutions
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Question 22

A pyramid ABCDV has a square base ABCD, with vertices 4, B, and D having position vectors: i — j + k,
11i—j+ kand i+ 5j + 9k.

a. Verify that sides AB and AD are equal in length and are perpendicular to each other.

|AB| = V10 + 02 + 0F = vI00 = 10

—_— — P —
[AD| = /07 1 62 + 8 = 36 7 64 = V100 = 10

AB - D = (10)(0) + (0)(6) + (0)(8) =0

b. Determine the coordinates of C, the fourth vertex of the square base.

C =(11,5,9)

c. Find the coordinates of P, the point where the diagonals of the square ABCD intersect.

— [+
P=(1+11, l+a:1;9)

[ &]
B

d. IfVisdefined by xi + yj + 2k, and if VP is perpendicular to the two diagonals AC and BD of the base, find x
and y.

VP=(6-z)i+(2-y)j+(5-2)k=(6-2,2—1y,3)

vP-4C =0 VP-BD=0

SM12 [6.1] - Vectors | - Homework Solutions ‘21
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1411 <14(-1) 141
M:(T’ 2( },T):(ﬁ,—l,l}

e. Let M be the midpoint of side AB. Calculate the angle VMP (in degrees).

(0)(0) + (—7)(~4) + (~1)(3) =0+ 28 -3 =125

VM =(6-6-1-61-2)=(0,-7,-1)

VP=(6-62-65-2)=(0,-43)

—_— —
VM.VP

costl = ———
[VM||VP|

f.  Find the exact volume of the pyramid.

V= % x Area of base x Height

1

V=§><10[]><3=1[]{]

Space for Personal Notes
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Sub-Section: Exam 2 (Tech-Active) ®

Question 23

If vector AB = u and vector BC = v then vector AC is equal to:

Question 24

ABCD is a parallelogram. If AB = a and BC = b, then in terms of a and b, CA equals:

Question 25
If a = 3i + 4j, then the unit vector parallel to a is:

A. 3i+4j
1 g g
B. 3(31+4])
1 . .
C. \/—5(31+4])

1 . .

SM12 [6.1] - Vectors | - Homework Solutions ‘23
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Question 26
Ifa=3i—2j+2kthenais:
A %(31‘ —2j +2k)

1 q A
= (3i—2j + 2k)

C. §(3i —2j +2k)

1 . .
D. E(Sl —2j + 2k)

Question 27

If vector a = 3i + 5j — 2k is parallel to vector b = ai + bj — 4k, then:
A. a=3andb=5

B. a=5andb =10

C. a=6andb =10

D. a=1andb =2

E. a=9andb =15

Question 28

A and B are points on a plane such that 04 = 4i + 3j and OB = 2i — 5j. If M is the midpoint of the line segment

B, then MO equals:
A Zi-4j

B. —3i+j

C. —2i+4j

D. 3i—j

SM12 [6.1] - Vectors | - Homework Solutions
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Question 29

Given |a|l = 3,|b| =4 and a « b = 5, the value of |a — b| is:
A 7

B. V15

C. 1

D. 15

Question 30

If vector b= 4i — j + 3k, the angle b makes with the z-axis is closest to:
A. 38°

B. 52°

C. 101°

D. 54°

Question 31

A two-dimensional unit vector that is perpendicular to 3i + 4j, is:

A. 3i-4j
B. Si+j
C. ci—zj
D. Zi+3j

Space for Personal Notes
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Question 32
If 2xi+ 5j + k)  (—3i+ 2xj — 4k) = 8, then x is equal to:
A.

4
3

B. 2

Question 33

Two drones depart from the same base.

a. Find the unit vector representing the direction of:

i. Drone M.

Drone M moves in the direction 4i 4+ 3j and Drone N moves in the direction —6i + 8j, where i and j are unit
vectors in the East and North directions, respectively (with 1 unit representing 1 kilometre).

PP -
wy = Z(di+ 3j) = gl‘l‘ R

|

ii. DroneN.

1 . . 3, 4,
uy = E{—ﬁl—l—&]} = —El-l— EJ

SM12 [6.1] - Vectors | - Homework Solutions
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b. Using the vector method, find the distance between the two drones if Drone M travels for 12 km and Drone N

travels for 16 km.

ry =12 (§i+ %_,) - (‘15_31+ 3_53) .' : :
3, 4 48, 64 Distance = {/ 96 + _28
=16 (-3 ) = (514 ) “\V\F 5
_ /9216 784
VT T
48 r;m_ma 64 — /10000
=(5-(%))(5-5): Vs
E—— (gﬁ)_ (23). = /400
== Jit+|-F]]
5 5
=20
c. Find the angle between the directions of the two drones. cos — %
A N

d. On a different mission, Drone M flies in the direction 5i — \/7j.
Drone N must fly at 90° to Drone M’s direction.

Find two possible unit vectors for Drone N’s direction in terms of i and j .

Suppose Drone N's unit vector is m = ai + bj. o=+ V14
- 8

Sa—vTh=0 = b= g
Ne

_ VI 52
b=t x g T E g
| a2+ =1
V14,  5/2, V14, 52,
g itgd| ot |yt g

SM12 [6.1] - Vectors | - Homework Solutions
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Question 34

Two ships leave from the same port.

Ship X sails in the direction of 5i + 12j, and Ship Y sails in the direction of 7i—24j, where i and j are unit vectors

pointing East and North, respectively (with 1 unit representing 1 kilometre).

a. Find the unit vector representing the direction of:

i. Ship X.
uy = — (5i+ 12j) = 15—3i+ %j
ii. ShipY.
ay = %{Ti—ﬁdj] — %i— %j

b. Using a vector method, find the distance between the two ships if Ship X travels for 15 km and Ship Y travels

for 10 km. Round your answer to one decimal place.

5. 12 75, 180
(5. 12\ _ (75, 180,
” 1"(131+13") (131+ 13*')

v — 10 ?i_24. _ 'mi_m. _ lali_clS.
s ) T\m ) T\

r=ry —ry

_ (7 14y, (180 (48,
“\m 3 BE) 5))!

Distance = 23.6

c. Use a vector method to find the angle between the directions of the two ships. Round your answer to one

decimal place.

SM12 [6.1] - Vectors | - Homework Solutions
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d. On another journey, Ship X again sails in the direction 2i + +/5j. Ship Y departs from and sails at 60° in the
direction of Ship X. Find two possible unit vectors for Ship Y’s direction in terms of i and j.

Suppose Ship Y's unit vector is:

n=ai+bj

Because the angle between dx and m is 60°, we use the dot product formula:

dx'l’l

cos60° =
|dx||n]

Since |n| = 1 (unit vector), this simplifies to:

cos 60° — 2a -I:g} +Bb
1 2-a+[5b F (/15 -2) [5+2- 3 15 +2 523
= = and b= or a= and b=
solvel{ 2 3 f{ab} 6 6 6 6 |
a2+b2=1
Question 35

Two cyclists leave from the same place, 0. Cyclist A heads in a direction of 3i + 4j and Cyclist B in a direction of
2.5i — 6j where i and j are unit vectors in the East and North directions, respectively with 1 unit representing 1
Kilometre.

a. Find the unit vector representing the direction of:

i. Cyclist A.
Lope ey 3. 4.
uny = 3{31+4,]]| = 51-|— =)
ii. Cyclist B.
up = E:'l— 12,
R TR Ty

SM12 [6.1] - Vectors | - Homework Solutions ‘29
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7.5, 10,
- (514 59)

= (L5i +2j)

(15,2)

=2 (51— 12j)

= (10i — 24j)

(10, -24)

b. Find the midpoint between the two cyclists after they finish their journey where each cyclist ends up after
travelling for 2.5 km (Cyclist A) and 26 km (Cyclist B) respectively. Express the coordinates.

M= (11+-‘l‘z nty

2

)

place.

c. Use a vector method to find the angle between the direction of travel of the two cyclists. Round to one decimal

(5.75, —11)

0 =cos™?! (—

16.5
5%

= 120.5°
73) = 1209

d. Another time, the cyclists again leave from the same place, 0. Cyclist A heads in the direction 3i + v/3j.

Cyclist B sets off at 120° to Cyclist A. Give two possible unit vectors in terms of i and j for the direction of

Cyclist B.
N Suppose Cyclist B's unit vector is: | 1=3'ﬂ+ﬁ'b
n—aith solve|{ 2 2: E ,{a,b}
N — 2,2
We know: a“+b"=1
da-n B 4 5= o a=0 and p=1
] P = T4 — a=—— and b=— or a=0 and b=
cos120° = A 2 :
— V3, 1,
it |-y
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Free 1-on-1 Consults

)
What Are 1-on-1 Consults? :}‘

Who Runs Them? Experienced Contour tutors (45 + raw scores and 99 + ATARSs).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after-school weekdays, and all-day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next:)

VVVYVYYVYY

SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

C

Booking Link

bit.lv/contour-specialist-consult-2025
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