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Section A: Recap

Linear equations Definition

» Definition: Equations where the highest power of a variable is 1.
& Gradient-intercept form:
y=mx-+c

Where m = gradient = — =

run

andc =
» No singular solution for a linear equation in two variables.

& All pairs of coordinates (x, y) that satisfy the equation lie on a line. (Hence, linear equations.)

Sub-Section: Inequality

Inequalities rule Definition

b
x>£,wherea<0

» Multiplying both sides by a negative number the inequality sign.
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Sub-Section: Midpoint

MIdeInt T

("2.' )

("1'. )

» Definition: The midpoint, M, of two points A and B is the point halfway between A4 and B.

M(xm»ym) = ( )

» The midpoint can be found by taking the of the x-coordinate and
y-coordinate of the two points.
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Sub-Section: Distance Between Two Points

T

Distance between two points

» Definition: The distance between two points (x,, x;) and (y,,y,) can be found using Pythagoras’
theorem:

Distance =
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Sub-Section: Vertical Distance Vs Horizontal Distance [

Horizontal distance

(" 2 52)
®

[ ]
("1:' 51)

Horizontal Distance = x, — x; where,

¥ Find the difference between their x-values.

What about vertical distance then?

Vertical distance

("zr ﬂz)

@
("1: ':]1)

Vertical Distance = y, — y; where, y, > y;.

» Find the difference between their y-values.
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Sub-Section: Parallel and Perpendicular Lines ®

Parallel lines Definition

g=M1K+Q’

g:sz'l'(—z

7]
» Parallel lines have the gradient.
m; =m;
Perpendicular lines Definition

g=m2x+oz

» Aline that is perpendicular to another line has a gradient, which is the
of the gradient of the first line.

m; = ——
. m
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Sub-Section: Angle Between a Line and the x-axis [ ‘

How do we find the angle between a line and the x-axis? .

The angle between a line and the x-axis

N
WV

/

4

AN

» The angle between a line and the direction of the x-axis (anticlockwise) is given by:

tan(@) = m

NOTE: Angles from the x-axis measured anticlockwise = angles. ﬁ/

» Don't worry about it too much, it's just convention! (More on this in circular functions.)
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8’ >
Sub-Section: Angle Between the Two Lines ® ‘
Slightly more complicated now! '

How about an angle between two lines?

The acute angle between two lines

» Alternatively:

tan(0) =

& For your understanding, note that this formula is derived from the tan compound angle formula
covered in SM12.

NOTE: |x| just takes the positive value of x. ’/

TIP: Make sure your CAS is in degrees. =
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Sub-Section: Finding Simultaneous Equations for Two Variables @

Simultaneous linear equations Definition

P Elimination method:

& Add or subtract one equation from the other in order to one of the variables. Then
have an equation in one variable that can be solved easily.

¥ Substitution method:

& Make one of the variables the subject (generally x or y) and that value into the
other equation.
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Sub-Section: Number of Solutions for Two Variables @ ‘

What does the geometry look like for each number of solutions? '

Exploration: Geometry of the number of solutions between linear graphs

» Unique solution:

mlrf:mz

& They just need to have
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» Infinite solutions:
m; =m, and Ci1 = C
Y
N
Z > X
S o 7
A\ 4
& They just need to have the same and the same
& In other words, they have to be the
» No solutions:
my; =myandcy # ¢,
Y
N
N
> X
& They need to have the but +c.
& They have to be two different lines.
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General solutions of simultaneous linear equations

» Two linear equations are either:

& The same line is expressed in a different form. In this case, they have solutions.
& Unique lines which are parallel. In this case, they have solutions.
& Unique lines which are not parallel. In this case, they have solution.

TIP: It's a good idea to substitute your answer back into the equations to see if the criteria are met for g
each part.
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Section B: Warmup

INSTRUCTION: 5 Minutes Writing.

Question 1

a. Find the horizontal distance between the points (2,6) and (5,6).

b. Find the equation of the line parallel to y = 2x — 5 that goes through the midpoint of (1,2) and (5,4).
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c. Find the distance between the points (1,3) and (5,7).

d. Determine the value of k for which the equations:
3kx -2y =k

6x—4y =6
Have no solutions.
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Section C: Exam 1 (23 Marks)

INSTRUCTION: 23 Marks. 30 Minutes Writing.

Question 2 (2 marks)

Solve the following simultaneous linear equations for x and y.

5x + 3y = 41
—2x — 3y = —20
4x + 6y = 40

Question 3 (4 mark)

a. Point B (2,1) is the midpoint of A (—1,—1) and point C. Find the coordinates of C. (2 marks)
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b. Find in the form y = ax + b the equation of the line that makes an angle of 45° anticlockwise from the
positive direction of the x-axis and passes through B. (Hint: tan 45° = 1) (2 marks)

Question 4 (3 marks)

Sketch the following inequality: 2x > 4y + 3

N
rd

-2

3 3 . 3 3
Aty =0,x = > andatx =0,y = -7 Hence, intercepts at (0, _Z) and (5, 0).

=
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Question 5 (6 marks)

Sam’s home is at the point (—1, —2). He wants to walk straight from his home to a river bank which is given by
the linear line 3x + 4y — 12 = 0. The units are kilometres.

a. Find the equation of the straight-line path taken by Sam if he walked the least distance. (2 marks)

b. Find the coordinate of the point on the riverbank where Sam reaches. (2 marks)

c. Calculate the distance travelled by Sam. It is given that V692 + 922 = 115. (2 marks)
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Question 6 (2 marks)

The distance between two stations is 320 km. Two trains start simultaneously from different stations and travel on
parallel tracks towards each other.

If the speed of one of them is greater than the other by 10 km/hr and the distance between the two trains after 2
hours of their start is 20 km, find the speed of each train.

Question 7 (3 marks)

Jeff is creating two chemical solutions, Solution A and B, by mixing two key ingredients:
Chemical X and Chemical Y. Each litre of Solution A requires 3 grams of Chemical X and 2 grams of Chemical Y,
while each litre of Solution B requires 2 grams of Chemical X and 5 grams of Chemical Y.

Jeff has 38 grams of Chemical X and 49 grams of Chemical Y available. How many litres of each solution should
the lab prepare to use up all the chemicals?
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Question 8 (3 marks)
Determine the value of k so that the following linear equations have no solution.
Bk+1)x+3y—5=0

k?+3)x+(k—-2)y—5=0

Let’s take a BREAK (standard stream)/ '
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INSTRUCTION: 5 Minutes Writing.

inl

AS

Calculator Commands: Graphing

¥ Mathematica

& Plot [function, {x, xmin,
xmax}.
Plot Range — {ymin, ymax}]

& Plot Range is optional but
makes the scale appropriate
for the question.

Plot[x"3-2x"2, {x, @, 2}, PlotRange - {-2, 2}]
2

& Menu - 6 (Analyse) to find
min/max x and y-intercepts.

& Restrictdomainto 0 < x <

2 use the bar can get it

P< +
fromctrl+ =12 = | |

f1 (x)=x3—2x2|0<x<2|

» TI-Nspire

& Open a graph page and plot
your function.

6.424Y

& Zoom settings: Menu - 4
(window/zoom) — 1 enter
your x and y ranges.

m | \;\lindow Settings W
<Min: {2105 |
®Max: [10.5031446540881 |
XScale: [ auto [+]
Too— YMin: [-6.9182389937107 | 2“1::’
¥Max: |6.4150943396226 |
YScale: |Auto I » |
OK Cancel

& Can also click the axis
numbers on the graph and
alter them directly.

1]

{ t‘l(\')=x3—2-x“

x
-—
10.5

L |

» (asio Classpad

& Click Graph & Table,

and enter the

function.
MENU £
L
SN [a7l Main
- L3
Dﬁ eActivity Statistics
Spread- i Graph&
E sheet %] Table
L3
EEED Graph @ Geometry
L
@Plctura w7z M Interactive
Plot _ DiffCalc
i vl Diff
Conics . gmp%q'
= L1

& Edit Analysis * (%]
Yi- | )i Box
1 Factor =
Zoom In 145
Zoom Out Ls
Auto 19}
Original 11
Square 10p
Round :*
Integer ol
| Previous st
| Initialize st
Quick »ar
— |l
2.
it
x
-12 5
2.
a_
%[
Deg  Real amn
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& Analysis - G- Solve
to find intercepts.

& Use this button ]EE[
to set the view
window.

Yiew Window

File Memory

[ Ix-log [ ]y-log

¥min =4

max 5

scale: 1

dot :0.0324675324675325
ymin :—=1.765

max :0.563

¢ Use | torestrict
domain — Find it in
Math 3.

Myl=x3_2.x2|0<x<2

CAS

Calculator Commands: Solving Equations

» TI-Nspire

& Menu-3-1

solve(x2—4- x—9=0,x)

x=-(J§—2) orx=\/E+2

» (Casio Classpad

& Action —» Advanced — Solve

solve (x"2-4x-9=0, x)

{x=—V'13+2, x=V13+2}

In[122]:= Solve[x"2 -4 x -9 =0, x]

[x52+VI3})

outf122]= {{x>2- V13 b |
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CAS

Calculator Commands: Simultaneous Equations

» Mathematica

& Just do && between.

, {var1, var2}]

out[128)= {{x =5, y=-2}}

& Solve[equation&&equation

n[128)= Solve[2x -3y =16 && x+y =3, {X, y}]

» TI-Nspire
& Menu371

Solve a System of Equations

Number of equations: | E }%l

Variahles: | X,y |

Enter variable names separated by commas

OK Cancel

/)' -3- = X= =-2
solve({“ x-3y=16 ,{x,y}) x=5and y
xty=3

[2x—3y=1 6
x+y=3 X, ¥
{X=5 ’ Y=—2 }
D
Mathl e | = | vm | 7 | »

Math2 |[

7 et ‘ In (loggl| VT

Mathd i | [losa)solve
Trig -

. B00 toDMS‘ = {y| O

» (asio Classpad

& Math1 - Click
highlighted box— Enter
equations and variables
you are solving for:

HWaw

Question 9 Tech-Active.

Solve the equations 2x + 7y = 16 and 5x + 3y = 20 for x and y.
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CAS

Calculator Commands: Finding the Angle between a Line and x-axis

» Mathematica

In[124]:= ArcTan[2] /Degree // N

out[124]= 63.4349

» TI-Nspire

& Trig button. Check that
you are in degrees.

tan(2) 63.4349

» (asio Classpad

& Keyboard -Trig. Change
to decimals and degrees.

tan™(2)
63. 43494882

.Mathﬂ Line| 2 | vE | = >

[
Math2 sin | cos | tan i o
Math3 |~
sin™ |cos™ [tan™' | 8 t
Trig

sinh |cosh |tanh | °

|| sinh* | cosh* | tanh™®| O ‘
v * | |
Real Deg m

ans | EXE

Alg Decimal

CAS

Calculator Commands: Finding the Angle between Two Lines

» Mathematica
& Use the Abs[] function.

n[126]:= Abs[ArcTan[2] - ArcTan[1]] /Degree // N

out[126]= 18.4349

» TI-Nspire

& Find the modulus sign.
2

ARG AP R Y o
oo B oo ] B Ee fio 4o $o o fu
[udn ﬂ"_;'g

ltan*(2) ~tan(1)| 18.4349

» C(asio Classpad

& Modulus sign under

Math1.
|tan™(2)~tan™ (1) |
18.43494882
D
|:__M'=“h1 Line| & | vm | = | 2
|: Math2 ™| e | In loggl Vo
!: Mathd "\ @ T 2 | 5t lloggh) solvel
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Question 10 Tech-Active.

Find the obtuse angle, correct to 3 decimal places, between the linesy = —2x —9and y = x + 5.
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Section E: Exam 2 (27 Marks)

INSTRUCTION: 27 Marks. 34 Minutes Writing.

Question 11 (1 mark)
The linear function f (x) = 3x — 2 has a maximum value of 3 and minimum value of —5.

The function can only take x values in the range:

Question 12 (1 mark)
The gradient of the line that is the perpendicular bisector of the points G —4) and (g 3):
A =7

B. 7
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Question 13 (1 mark)
The simultaneous linear equations:
mx + 12y = 24
3x+my=m
Have no solution for:
A . m=60orm=-6
B. m=12orm =3
C. m#—-6andm#6

D. m=2orm=1

Question 14 (1 mark)

In a cinema, adult tickets cost $10 each while child tickets cost $6. For a certain film, there were 125 people in the

cinema, having paid in total $878.

Find how many adults and how many children were watching this film:
A. 15 children and 67 adults.

B. 32 children and 90 adults.

C. 45 children and 16 adults.

D. 93 children and 32 adults.
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Question 15 (1 mark)

Find the graph that represents the 2 inequalities 3y + x < —4 and 2.5x — 1 < y.

5]
_____ ]
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xxxxx
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Question 16 (10 marks)

Alex, Jacob and Sam are playing a game on the beach. The play zone is in the shape of a triangle and each player
starts by standing at a vertex. These vertices are A(6,6),/(10,2) and S(2, 3).

Measurements are in metres.

a. Sketch the play zone border on the axes below. Label all vertices with their coordinates. (1 mark)

Z
N 1 T T

ol 1 2 3 4 5 & 2 8 49 10 #H 12

A 4

b. Find the equation of the line segment S/ in terms of x and y. (2 marks)
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c. Find the equation of the line perpendicular to SJ that goes through A. (2 marks)

d. Hence, find the area of the play zone. (2 marks)

e. Find the angles 2AS], £A]S and angle 2JAS of the triangle. Give all angles in degrees correct to two decimal
places. (3 marks)
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Question 17 (12 marks)

The coordinates of three points on the Cartesian plane are given by P(—19, 24), Q(—23,—37) and R(38, —41).

a. Find the coordinates of A the midpoint of PQ. (1 mark)

A( 21 13)
2
b. Show that ZPQR = 90°. (2 marks) = Gradient of PQ
-37-24
In[127]:=
-23+19
61
utl127]= —
= Gradient of QR
-41 4+ 37
In[128]:=
38 +23
a
ut[128]= -
61

c. Giventhat PQRS is a rectangle, find the coordinates of the point S. (3 marks)

= Let S be the point (a,b)

= Gradient for SR
b+41

a-38
u Gradient of SP

b-24
a+19

= Using side lengths PQ is the same as RS

32]:= Solve[
bs+al -1
{ - , EuclideanDistance[p, q] = EuclideanDistance[{a, b}, r]},
a-38 b2
a+19
{2, b}]
- Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce fo
comp ete solution information.

32- {{a—~-23, b -37}, {a—>42, b—>20}}

= S:(42,20) as (-23,-37) is point Q

d. Find the coordinates of B, the midpoint of the diagonal PR. (1 mark)

(19 17)
2’ 2
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e. Find the equation of the line that connects AB. (2 marks)

f.  Find the perimeter of the rectangle PQRS. (2 marks)

In[155]:= EuclideanDistance [s, r]

out(155]= /3737

In[156]:= EuclideanDistance [p, q]

out[156]= /3737

4x /3737

g. Find the area of the rectangle PQRS. (1 mark)

[1571:= 4/ 3737 % 4/3737

t[157]1= 3737

Let’s take a BREAK (Extension Stream)! .
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Section F: Extension Exam 1 (16 Marks)

INSTRUCTION: 16 Marks. 20 Minutes Writing.

Question 18 (4 marks)

Consider the system of linear equations:
(k+1Dx+5y=0
3x+(k—-1Dy=k

a. Find the value(s) of k for which the system of equations will have no solution. (3 marks)

b. Find the value(s) of k for which the system of equations will have a unique solution. (1 mark)
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Question 19 (5 marks)
Consider the line L with equation y = 2x — 1 and the point A(6, 1).

a. Find the equation of the line perpendicular to L passing through the point A. (2 marks)

b. Use this perpendicular line to find the coordinates of the point B, which is the reflection of A in the line L.
(2 marks)

c. Point A can also be mapped to point B if it is reflected in the line x = p and then reflected in the line y = q.
Find the values of p and q. (1 mark)
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Question 20 (4 marks)

Consider the quadratic function f(x) = 2x% — 4x + 5.

a. The point P has a horizontal distance of 2 units from two different points on f(x) and a vertical distance of 0

units from the same two points. Find the coordinates of the point P. (2 marks)

b. Find the possible value(s) of ¢ such that the vertical distance between f and (c, 2) when x = c is 4. (2 marks)
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Question 21 (3 marks)
The point P(a, b) where a and b are positive real numbers, lies on the line y + 2x — 6 = 0.

Find the minimum distance between the point P and the origin, without using calculus.
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Section G: Extension Exam 2 (20 Marks)

INSTRUCTION: 20 Marks. 24 Minutes Writing.

Question 22 (1 mark)

George and Lucy are preparing for a Mathematics exam by doing the same set of practice papers. They both have
one practice paper left to do and their mean scores are identical.

Lucy scores 47% on her last paper and her mean score drops to 69%. George scored 83% on his last paper and
his mean score rises to 72%. Determine the number of practice papers in the set.

A. 36
B. 10
C. 42

D. 12

Question 23 (1 mark)

The two lines px + qy +r = 0 and p%x + g%y + r? = 0 are perpendicular when:

Question 24 (1 mark)

Two simultaneous linear equations are 4x — 6y = 2k and mx + 6y = 10. Which of the following statements is
false?

A. Ifm # —4and k € R, there is a unique solution.
B. If m = —4 and k = —5, then there is an infinite number of solutions.
C. Ifm = —4and k # —5, then there is more than one solution.

D. Ifm = —4and k € R, there is no unigue solution.
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Question 25 (1 mark)
The minimum distance between the origin and a point on the line y = 4 — x is:

A. 2
B. 2V2
C. V6
D. V10

Question 26 (1 mark)

The obtuse angle formed by the lines y = 3x + 5 and y = mx + 3 is 135°. The possible value(s) of m are:

Space for Personal Notes
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Question 27 (15 marks)

Suppose that Amy is standing at the point A (2,6) and Sachin is standing at the point B (—3,2).

a. Show that the distance between Amy and Sachin is v/41. (1 mark)

b. Find the equation of the line segment AB in the form ax + by + ¢ = 0, for integers a, b, c. (1 mark)

4x—5y+22=0

¢. Find the perpendicular bisector of the points A and B. (2 marks)

d. Sketch this perpendicular bisector along with the points A and B. (2 marks)

N
4
x
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e. Give an example of a point that is equidistant to both A and B. (1 mark)

Any point on the line that is a perpendicular bisector of A and B.

f. Explain why there are infinitely many points with this property from part e. (1 mark)

Because there are infinitely many points on the perpendicular bisector of A and B.

Also, suppose that strict social distancing measures have been enforced so that no person is allowed within a %
radius of any other person.

g. Michael stands at a point P to talk to Amy and Stuart stands at a point Q to talk to Sachin. Point Q has only
positive coordinates.

i. Find the coordinates of P and Q such everyone is as close as possible to each other while still meeting
social distancing requirements. (4 marks)
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ii. Find the angle £BQA in degrees correct to two decimal places. (2 marks)

iii. Hence, find the angles £QBA and £QAB in degrees correct to two decimal places. (1 mark)

Space for Personal Notes
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