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Mathematics Methods Revision Series
Units 1 & 2

The Mathematics Methods Revision Series Units 1 & 2
provides a comprehensive set of revision/review questions
for the new year 11 Mathematics Methods Units 1 & 2
course.

The review questions are written at test/examination level
for both the Calculator Free and Calculator Assumed
Sections and presented in a write-on format in topical order.

This book exposes students to questions and problems at
test/examination level.

These questions are suitable for end-of-topic reviews and
pre-test and pre-examination reviews.

It is accompanied by a set of fully worked solutions with
which students can measure their solutions. These solutions
are often not the only solutions but they provide a model for
students to work with. Students, interrogate your solutions
to understand your errors and your successes. It may
sometimes be possible to achieve a correct numerical answer
with faulty reasoning!

Do not memorise solutions. Understand the techniques and
processes used in relation to the questions asked.
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Mathematics Methods Revision Series Units 1 & 2

Notes

Notes

Linear Functions

Equation of a line with gradient m and vertical
intercept cisy = mx + c.
Equation of a line with gradient m and passing
through the point (h, k) is y — k = m(x — h).
Two lines with gradients m  and m,
respectively are

(i) parallel if m, =m, .

(ii) perpendicular if m xm, =-1.

Polynomials

¢ To find the equation s

of the given curve:

use roots with a

multiplier k. a [P
y=k (x—a)’(x—b)

Root is repeated

when the curve

bounces off the x-axis at that root.

Quadratic Functions

For the parabola y = a(x — hy? + k:
turning point is (4, k).
For the parabola y = ax’ +bx + c:

b
line of symmetry isx = —— .
2a
(this is the x-coordinate of the turning point)
For the parabola y = a(x — p)(x — q) :

. N |
line of symmetry is x = .

(this is the x-coordinate of the turning point)
Parabola has a minimum point if the coefficient

2 . .. . .
of the x” term is positive, maximum otherwise.

For the equation ax’ +bx +c=0

-b+\b? - dac

2a
Roots are real and different if b* > 4ac.

roots are x =

Roots are real and repeated if b’ = 4ac.

Functions

e A relation r between sets X and Y is a rule that
associates (maps) elements in set X with
elements in set Y.

e A function f between sets X and Y is a rule that
associates each element in set X
with a unique element in set Y.

¢ A function f has either a 1 to 1 rule or

a1 to many rule.

The graph of function f passes the

“vertical line” test’.

Functions Domain | Range
y=~x—a +b x=a yzb
y=a" +b R y>b
k
y= x#a y#0
x—a

e Circles are relations with equations that can be
written in the form:
(x—ay+@y-b’=r.
o centre (4, b) o radius r.
o Fory=—kf(-ax+b)+m:

Roots are complex if b’ < 4ac. 1. Translate b units left along the x-axis |T
2. Dilate along the x-axis by factor 1/a |D
Cubics 3. Reflect about the y-axis R
e For the cubic y = ax® + bx® + cx + d: 4. Reflect about the x-axis R
Factors of ax® + bx® + cx + d No. of roots 5. Dilate along th(? y-axis by factor k . ?
3 distinct lincar factors 3 6. Translate m units up along the y-axis
3 linear factors with 2 the same 2
all 3 linear factors the same 1 Non-Right Triangles
1 linear and 1 L2 __b
1 non-reducible quadratic A sinA sinB
C
Rectangular Hyperbola b 5 ° @’ =b"+c - 2bccos A
- . b +c’ —d
y= has: c a ¢ CcOsA= ——
X—a

a horizontal asymptote with equation y = 0.

a vertical asymptote with equation x = a.

2bc
Area of Triangle

= %absinC




Mathematics Methods Revision Series Units 1 & 2

Notes

Arcs and Sectors
Angle 0 is in radians
o Arclengths=r0

e Area of sector = % 70
e Area of segment

= %r2(6—sin9)

Exact Values

9° | Orad | sin® | cos® | tan©
0° 0 0 1 0
60° | & @ % V3
90| & 1 0 0

Trigonometric Identities
e sin (A £ B) =sin A cos B + cos A sin B
e cos (A +B)=cos AcosB F sin AsinB

tan A + tanB
e tan(A+B)= ————

1 ¥ tanA tanB

Combinations

. ncr E(’:)En,
rl(n-r)!

r terms

_onx(n=1)x(n-2)x... x(n—-r+1)

r!

) m)-2)

e ritems can be chosen from 7 items all different:
o without replacement in "C, ways

« with replacement in n” ways.

° (x +y)n - [g} xn + (;lj xn_ly + (Zj xn_2y2

e Trig Graphs

y=asin (bx +c) +d
y=acos (bx+c)+d

Mean Line y=d
Amplitude |al
. Min: d - |al,
Min./Max. y Max: d + |al
Period 360°/b or 2n/b
] Shifted ¢/b degrees/radians
Phase shift to the left

y=atan (bx+c)+d

Probability
e 0<P(A)<1.
e P(A UB)=P(A) + P(B) - P(A N B)
e P(A N B)=P(A) x P(B|A)
P(A N B)
P(B)

e P(A)=1-P(A)

e Two events A and B are mutually exclusive if
P(AnB)=0.

e To show that A and B are mutually exclusive,
show that P(A N B) = 0.

e Two events A and B are independent if
P(A|B) = P(A) or P(B) = P(B| A).

e To show that A and B are independent:
« show that P(A|B) = P(A) or P(B) = P(B| A)
« or show that P(A n B) =P(A) x P(B) .

e P(AIB) =

Mean Line y=d

Period 180°/bor n/b

. Shifted c¢/b degrees/radians
Phase shift to the left
Set Notation

Symbol Meaning
€ is an element of
c is a subset of
N intersection
) union
n(A) or |A|l | No. of elements in set A
A’ or A Complement of A

Indices
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Mathematics Methods Revision Series Units 1 & 2

Notes

Arithmetic Progression
e General Rule for the nth term:
T.=a+n-1)4d
e Recursive equation:
T =T,+d Ti=a
e Sum of first n terms:

S, = g[2a+(n— Dd] = “@+1)

N R

Features of graphs

y=f y=f'x

max point x-intercept (crosses x-axis
from above to below)

min point x-intercept (crosses x-axis
from below to above)

inflection point | turning point

Geometric Progression
e General Rule for nth term: T =ax " !

e Recursive equation:

T =T, xr Ti=a
° 7 terms:
a(l—r"
S, = g wherer =1
1-r
e Sum to infinity for -1 <r <1:
a
S =
1-r

Stationary & Inflection Points
e For max pointatx=a: y'=0,

Exponential Growth and Decay
e P(t+1)=P(t) x r where P(0) = initial value
o P(t) = P(0)/'

Differentiation

o i) = L ry= tim| LOH-f)
F() = 4=t JOTIE]

e y=ax' = y=nxax" '

Rate of change
¢ The instantaneous rate of change of Q at time
t=ais Q'(a) .
e The average rate of change between ¢t = 2 and
Qb)-Q(a)
b-a

t=bis

x a a ar
Y * 0 -
e For min pointatx=a: y'=0,
X a a a
Y - 0 *
e For horizontal inflection pointatx =a:
X a a at
y' + 0 +
Integration
n+1
ax
. J.axn dx = +C [n#-1]
n+l
Rectilinear Motion

¢ Displacement at time £, x = J.v dt
. _dx
Velocity v = i Ia dt

Acceleration a = @
dt

¢ Body changes direction whenv =0 and a # 0.
¢ Body returns to origin when x = 0.
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01 Lines

Calculator Free
1. [5 marks: 1,2, 2]

A line passes through the points (1, 2) and (5, 22).
(a) Find the gradient of this line.

(b) Find the equation of this line.

(c) Is (3, 25) on this line? Justify your answer.

2. [3 marks]

The points (-2, 5), (3, k) and (5, 12) are collinear. Find the value(s) of k.

3. [3 marks]

The line ax + by = 18 passes through the point (1, 4) and has a gradient of 2.
Find a and b.

© O.T. Lee 1



Mathematics Methods Revision Series Units 1 & 2 01 Lines

Calculator Free
4. [8 marks: 2,4, 2]

(a) Find the equation of the line passing through the point (-2, 4) and parallel to
the line with equation -x + 2y = 6.

(b) Find the equation of the perpendicular bisector of the line joining the points
with coordinates (1, 4) and (-3, 8).

(c) In the axes provided, sketch the line with equation %-ﬁ- 2—5y =1.
y
10+
1
} F———— % = X
-10 -5 ] 5 10
L1
-10 _-_

© O.T. Lee 2



Mathematics Methods Revision Series Units 1 & 2

01 Lines

Calculator Free
5. [7 marks: 3, 2, 2]
The lines 2x + 3y = 12 and 4x + 5y = 20 meet at the point P.

(@) Find the coordinates of P.

(b) Find the equation of the line through P and parallel to the
line with equation 2x + y = 10.

(c) Find the equation of the line through P and perpendicular to the
line with equation 2x + y = 10.

6. [3 marks: 2,1]
Consider the line 2x + by = c where c is a constant.

(a) Find b if this line has gradient —4.

(b) Find c if this line has an x—intercept of 6.

© O.T. Lee 3



Mathematics Methods Revision Series Units 1 & 2 01 Lines

Calculator Free
7. [6 marks: 2,2, 2]
Suggest one possible equation each for the lines L1 and L2 if:

(@) L1 and L2 are each parallel to x + 2y = 0.

(b) L1 and L2 meet at the point with coordinates (0, 4) and are perpendicular
to each other.

(c) L1 and L2 do not intersect.

8. [0 marks: 3, 2]

The line with equation 7x + 5y = 70 intersects the x-axis and y-axis at A and B
respectively.

(@) Find the coordinates of the mid-point of AB.

(b) Find the distance between A and B.

© O.T. Lee 4



Mathematics Methods Revision Series Units 1 & 2 01 Lines

Calculator Free

9. [9 marks: 4, 5]

n

(6]

4=

~10

(@) On the axes provided above, sketch the line L1 which passes through the
point A (1, 2) with gradient % . Also sketch the line L2 which passes through

the point B (-4, 7) and perpendicular L1.

(b) Use your graph to find the coordinates of C the point of intersection between
the lines in (a) and (b). Hence, find the area of A ABC.

© O.T. Lee 5



Mathematics Methods Revision Series Units 1 & 2 01 Lines

Calculator Free

10. [7 marks: 3, 2, 2]

y

A

101

an
pv

The diagram above shows the lines with equations y = -2 and y = 4.

(@) On the diagram above draw the line L1 passing through the point (0, —4) with
gradient 2. Also, draw the line L2 parallel to L1 but passing through the
point (5, 0).

(b) The line L1 meets the lines y = -2 and y = 4 at P and Q respectively. The line
L2 meets the linesy = -2 and y =4 at S and R respectively.

(i) On the diagram above, clearly mark the points P, Q R and S. Find the
area of PQRS.

(ii) Find the perimeter of PQRS.

© O.T. Lee 6



Mathematics Methods Revision Series Units 1 & 2 01 Lines

Calculator Assumed

11. [10 marks: 2,1, 3, 4]
Bill, a plumber charges a call-out fee of $100 plus $80 per half hour or part
thereof. Ian, another plumber does not charge a call-out fee but charges $180 per

hour or part thereof.

(a) How much will Bill charge for a job that is estimated to take exactly 4 hours?

(b) How much will Ian charge for a job that is estimated to take exactly 4 hours?

(c) Determine, which plumber will be cheaper to employ if a job is estimated to
take 3 hours and 20 minutes. Justify your answer.

(d) Under what conditions will it be cheaper to employ Bill?
Justify your answer.

© O.T. Lee 7



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

02 Quadratics

Calculator Free

1. [9 marks: 3, 3, 3]

Consider the parabola with equation y = —x*+ 6x - 2.

(@) Rewrite the equation of this parabola in the formy = a + k(x + b)?,

stating the values of a, b and k.

(b) Find the coordinates of the point(s) of intersection of this parabola and the
line y = 3.

(c) On the axes provided, sketch this parabola. Indicate the essential features of
this curve.

© O.T. Lee 8



Mathematics Methods Revision Series Units 1 & 2

02 Quadratics

Calculator Free

2. [4 marks]

Sketch the parabola with equation y = 21" + x — 6. Indicate clearly the intercepts

and the turning point.
y

-
o

(4]

B

-t0+

3. [3 marks]

Find the equation of the parabola shown in the
accompanying diagram.

10+

(1,7)

© O.T. Lee 9



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Free
4. [8 marks: 3,2, 3]
A parabola has equation y = (x — 2)(5 — x) .

(a) Find the coordinates of the x and y intercepts of the parabola .

(b) Find the equation of the line of symmetry.

(c) Find the coordinates of the turning point of the parabola and state the nature
of the turning point.

5. [6 marks: 3, 3]

A parabola has equation y = 10 — 6x — 3x”.
(a) Find the coordinates of the turning point and state its nature.

(b) Find the exact x-intercepts.

© O.T. Lee 10



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Free
6. [3 marks]

A parabola has equation y = —x*+ bx + ¢ . Find the values of b and ¢, if the
parabola has a turning point at (-1, 4) and an intercept at (0, 3).

7. [4 marks]

A parabola has equation y = k(x — a)(x — b) where k, a and b are constants with
a <b. Find a, b and k if the parabola has an x-intercept at (-3, 0), a turning point
at (1, 32) and a y-intercept at (0, 30).

8. [6 marks: 1,1, 2, 2]
Consider the parabola with equation y = f (x) = (x — 2)(x + a) where a is a constant.
(a) Find a if the parabola has exactly one root.

(b) Find a if £ (2) = f (4) = 0.

(c) Find a if £ (0) = 10.

(d) Find a if the parabola has a turning point at x = 3.

© O.T. Lee 11



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Free
9. [12 marks: 2,3, 3, 2, 2]
A parabola has equation y = f (x) where f (x) = k(x + a)2 + 16 where a is a constant.

(a) Find a and k if the parabola has a turning point at (1, 16).

(b) Find a and k if the parabola has a turning point at (-2, 16) and f (0) = —4.

(c) Find a and kif f (3) = f (-5) = 0.

(d) Find k if the parabola has no roots.

(e) Explain clearly why the parabola cannot have exactly one root.

© O.T. Lee 12



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed
10. [6 marks: 2,1, 1, 2]

The efficiency rating, E, of a spark plug when the gap is set at x mm is given by
E =3x(1 - x).

(@) In the given grid, sketch the graph of E against x for 0 <x <1.
E

1
I

@
t

0.5 1

(b) What values of x would give an efficiency rating of zero?

(c) What is the value of the maximum efficiency rating?

(d) Find the values of x between which the efficiency rating is 0.6 or more.

© O.T. Lee 13



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed
11. [7 marks: 3,1, 1, 2]

The height (h metres) of a cricket ball in flight is given by h = 1+ %x —51—0x2

for x > 0, where x (metres) is the horizontal distance travelled from the point
where the ball was struck by a bat. Assume that the ball travels in a vertical
plane.

(@) On the axes provided below, sketch the path of the cricket ball.
h

10+

!
T X

10 20 30 40

Use an appropriate method, showing clearly the method you have used, (either
using algebra or using your CAS/ graphic calculator) to find:

(b) the height at which the ball was struck.

(c) the maximum height reached by the ball.

(d) the horizontal distance travelled by the ball if it was caught when it was 2 m
above the ground.

© O.T. Lee 14



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed
12. [7 marks: 2,1, 2, 2]

Gemma owns a hobby farm and needs to create a fenced up area for her sheep
using the back wall of her shed as one of the sides of the fenced up area. She has
200 metres of fencing available. From what she could recall from her
mathematics class when she was a student, to maximise the fenced up area, she
would need to maximise the function A(x) = x(200 — 2x) where x is the width of
the fenced up area.

(@) On the axes provided below sketch A(x) = x(200 — 2x).

A
N
5000 +
4000 +
3000 +
2000 +
1000 +
t t + + + > x
50 100

(b) Find the coordinates of the turning point of function A(x).

(c) Find the maximum possible area that can be fenced and the
dimensions of that fenced up area.

(d) Find the possible dimensions of the fenced up area if its area is 3200 m’,

© O.T. Lee 15



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed
13. [8 marks: 3,1, 1, 3]

A ball is thrown off the top of a cliff, 100 m above sea level. Taking the point of
projection as the origin of the coordinate axes, the path taken by the ball is given
as y = 0.1x(30 — x). The ball hits the surface of the sea at A.

(@) On the axes provided below, sketch the path of the ball. Mark the point A
on your sketch.

y

A

10 20 30 40 50

w
D

100
—=1IUU

(b) Write the equation for the surface of the sea.

(c) Find the distance from A to B, the base of the cliff .

(d) Find the horizontal distance from O when the ball is 110m above sea level.

© O.T. Lee 16



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed
14. [8 marks: 4, 2, 2]

The accompanying diagram shows the pathofa  »

ball with equation y = ax® +bx+c. Ground
level is modelled by the x-axis. The ball is hit
from a height 1.14 m above ground level. The
ball reaches a maximum height of 6 m after
travelling 18 m horizontally. The ball hits the
ground after travelling 38 m horizontally.

(a) Provide the necessary calculations to show x
that a =-0.015, b =0.54 and ¢ = 1.14.

(b) The ball is caught when it is 2 m above the ground. Determine the horizontal
distance travelled by the ball before it is caught.

(c) Determine the vertical distance travelled by the ball when it has travelled a
horizontal distance of 10 m.

© O.T. Lee 17



Mathematics Methods Revision Series Units 1 & 2 02 Quadratics

Calculator Assumed

15. [9 marks: 5, 2, 2]

The curved part of an arch is in the shape of a y

parabola with equation y = ax® +bx+c .

The curved part of the arch starts at the point -
with coordinates (0, 2) and ends at the point cable

with coordinates (40, 2). It passes through the
point (10, 8). All coordinates are distances
measured in metres. Ground level is modelled
by the x-axis.

arch

(@) Determine the values of the constants a, b and c.

(b) How high above the ground is the highest point on the arch?

(c) A horizontal cable of length 20 m is strung across the arch so that it is
symmetrical about the vertical line through the highest point of the arch.
Find the coordinates of the start and end of the horizontal cable.

© O.T. Lee 18
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03 Cubics

Calculator Free
1. [4 marks: 1, 3]
A curve has equation y = — (x — 1)(x + 2)(3 — x).

(@) Find y when x = -3 and x = 4.

(b) Find the intercepts of this curve and sketch this curve for -3 < x <4.
y

N

1 i
T T T T

-
(o]

-+
-+
-+
-+
<+
-+
-+
-+
v

© O.T. Lee 19



Mathematics Methods Revision Series Units 1 & 2

03 Cubics

Calculator Free

2. [7 marks: 4, 3]

A curve has equation y = 2% - x? - 2w + 1.

(@) Find the coordinates of the x-intercepts of this curve.

(b) Sketch this curve for -1.5<x < 2.

y
V\

101

T

A\

T

-10-

© O.T. Lee 20



Mathematics Methods Revision Series Units 1 & 2

03 Cubics

Calculator Free

3. [6 marks: 3, 3]

Give a possible sketch for each of the following cubic curves:

(a) A cubic with roots x = -2, 4 and y-intercept (0, -5).

y

- 10_—

=10+

(b) A cubic with root x =1 and y-intercept (0, 7).

y

101

© O.T. Lee 21



Mathematics Methods Revision Series Units 1 & 2 03 Cubics

Calculator Free
4. [9 marks: 3, 3, 3]

Determine the equations of each of the following cubic curves.

(a)

© O.T. Lee 22



Mathematics Methods Revision Series Units 1 & 2 03 Cubics

Calculator Free
5. [7 marks: 1, 2,2, 2]
Equations of cubic curves can be written in the form y = k(x — a)(x — b)(x — c) or

y = k(x — a)(x — b)* or y =ax’ + bx* + cx + d. Find a possible equation of a cubic
curve if this curve has:

(a) exactly three rootsx =1, 2, -1.

(b) exactly three roots x =1, 2, -1 and y-intercept at (0, —6)

(c) exactly two roots x = -1, 1 and y-intercept at (0, —6).

(d) has exactly one root x =1 and y-intercept (0, 2)

6. [6 marks: 1,1,2,1,1]

Consider the cubic curves :
I y=@x-1)+2)’ I y=@+DE -1)
M y=@x-1)"+1 IV y=(x+1)1-x)x+3)

Il
—~

(a) Which of these curves have negative y-intercepts?

(b) Which of the given curves has three distinct (different) roots?

© O.T. Lee 23



Mathematics Methods Revision Series Units 1 & 2 03 Cubics

Calculator Free

6. (c) Which of the given curves has two turning points?

(d) Which of the given curves has one turning point?

(e) Which of the given curves has no turning point?

7. [6 marks: 2, 4]
Find all possible equations of a cubic curve with:

(a) roots x =1, 2, -3 and vertical intercept (0, 12).

(b) exactly two roots at x = -2 and x = 4 and vertical intercept (0, 16)

© O.T. Lee 24



Mathematics Methods Revision Series Units 1 & 2 03 Cubics

Calculator Free
8. [12 marks: 2,3, 2, 5]

Consider the cubic equation y = f (x) = k(x + 2) (x2 —3x + ¢) where k and c are
constants.

(a) Find the valueof cif f(4) =f(-2) =f(-1) = 0.

(b) Find the value(s) of c if the cubic curve has three roots.

(c) Find the value(s) of c if the cubic has exactly two roots.

(d) Find the values of k and cif f (—4) =f(-2) =0and f(0) = 4.

© O.T. Lee 25



Mathematics Methods Revision Series Units 1 & 2 03 Cubics

Calculator Free
9. [7 marks: 2,2, 3]

The line L meets the curve with equation y = x> + 2x? + x — 1 at the points P and Q
where x =1 and x = —1 respectively.

(a) Determine the coordinates of the points P and Q.

(b) Determine the equation of the line connecting P and Q.

(c) The line passing through P and Q meets the curve y = x>+ 2x? + x — 1
again at the point R. Determine the coordinates of the point R.
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10. [8 marks: 2,1, 2, 3]

The displacement, s metres, t seconds after a particle passes a fixed point O, is
given by s = £ — 4+ + 3t for 0 <t <4 . The graph of s against t is given below.
The graph has turning points at (0.45, 0.63) and (2.22, -2.11).

s
S+

(0.45, 0.63)

\/ ;
AN

(2.22, -2.11)

(@) Find when the particle returns to O.

(b) Find the displacement of the particle when ¢ = 2.

(c) Find the farthest distance out from O reached by the particle
in the interval 0 <t < 1.

(d) Find the distance travelled by the particle in the first 2 seconds.
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11. [13 marks: 1, 2,2, 3, 2, 3]

Teal has a piece of rectangular cardboard measuring 100 cm by 60 cm as shown
in the diagram below. She wishes to make a closed box with the cardboard. She
removes a square of side x cm from the corners A and B of the cardboard. She
removes a rectangle x cm by y cm from the corners C and D. She folds the

remaining shape into a closed rectangular box.

X

x [A] [8] 4

60 cm

100 cm

(a) Explain why the length of the box is given by L = 100 — 2x.

(b) Explain why the width of the box is given by w = 30 — x.

(c) Show that the volume of the box is given by V = 2x” - 160x> + 3000x.
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Calculator Assumed

11. (d) Inthe axes provided, sketch the graph of V against x for 0 < x < 50.

(e) Use your graph to determine with reasons the possible values of x.

(f) Find to the nearest cm3, the maximum volume of the box and the
accompanying dimensions of the box (to the nearest 0.1 cm).

20000

15000

10000

5000

-5000

-10000

y

4

h

11 1
y g ¥

| R R B

11
L |
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12. [12 marks: 2,2,2,3,1, 2]

The accompanying diagram shows a cylindrical container

open at one end (closed at the other end) of height i cm

and base radius r cm. The surface area of the cylinder is

1967 cm?. h

196 — 2

(@) Show thath =
2r

cm

(b) Show that the volume of the container is given by V = %r(l% - 1’2) cm?®.

(c) Explain clearly why 0 <r <14 cm.
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12. (d) On the axes provided below, sketch V against r.

y
2000 A

T 1

T+

1500 -
1000

500 T

5 10

(e) Use your graph to determine the maximum possible volume (nearest mm?)
of this container.

(f) Determine the dimensions of the container when the volume is a maximum.
Give all answers to the nearest mm.
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04 Rectangular Hyperbolas

Calculator Free
1. [4 marks: 2, 2]

Sketch in the axes provided, the graph of y against x. Show clearly all intercepts
(if any) and asymptotes (if any).

2 4
(@) y= — for4<x<4. (b) y=———for-3<x<5
X x—-1
y y
X > X
-5 5 -5 5
-5+ -5+
2. [3 marks]
The hyperbola drawn in the y
accompanying diagram has equation st
y= b +cC. :zizfntal Asymptote
Determine the values of 4, b and c. \
}\‘ + + ——f———+— X
-5 / \ 5
X Intercept 1 I y Intercept
(=2,0) (0,-1)
5 Vertical Asymptote
x=2
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3. [9 marks: 3,3, 3]

Find the equation of each of the following rectangular hyperbola.

()
y
10+
5 -+
P
s D
(+3)
45 -+
(b)
y
5 -~
5 5 0
ey
w81
10+
(©)
y
5 -+
e .
5 (& 10
(3,0)
_5 -+
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4. [3marks: 1,1, 1]

Consider the following curves:
I y= 1 II y=
x

n  y=— IV = xy=-+4

SHENY
—_

(@) Which of the given curves passes through the point (-1, -2)?

(b) Which of the given curves has the property that when x is positive,
y is negative?

(c) Which of the given curves has the property that as the value of x increases,
the value of y decreases?

5. [8 marks: 2, 2,2, 2]

A rectangular hyperbola has asymptotes with equation x = -2 and y = 4.

(a) Write two possible equations for this function.

(b) Write the equation of this function if it has a y-intercept at (0, 5).

(c) Write the equation of this function if it has a x-intercept at (-3, 0).

(d) Write the equation of this function if it passes through the point (3, 5).
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6. [8 marks: 2,2,2,2]
Find y in terms of x if:

(a) yisinversely proportional to 2x —5 and y = 8 when x = 4.

(b) vy is directly proportional to 1 and y =5 when x = 20.
X

(c) vy is directly proportional to -1F6 and y = -2 when x = 4.
X

(d) y is inversely proportional to x’ and y = 80 when x = 2.
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7. [4 marks: 3, 1]

P is directly proportional to x and inversely proportional to y.
If P=5whenx=1andy =4, find:

(@) Pinterms of x and y.

(b) y when P =100 and x = 20.

8. [6 marks: 3, 2]

P is directly proportional to % and inversely proportional to y3.
If P=20 whenx =4 and y = 2, find:

(@) Pinterms of x and y.

(b) x whenP=2and y =5.

9. [6marks: 1,1, 3]
A project can be completed by 50 workers in 200 days.

(@) How many workers would be required to complete the job in one quarter of
the time?
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9. After 20 days, 10 workers were retrenched (sacked).

(b) What fraction of the project has been completed after 20 days?

(c) How many days would the remaining workers take to complete the project?
Justity your answer.

10. [7 marks: 3,1, 3]

The variable x varies directly with variable y and inversely with the variable z.
Whenx=5,y=2and z=4.

(@) Determine the algebraic relationship between x, y and z.

(b) Calculate the value of x when y = 100 and z = 100.

(c) Hence, calculate the percentage change in x if y is halved and z is doubled.
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11. [4 marks]

A food drop can feed 24 hikers for 6 whole days. Assuming the daily rations per
hiker remains constant and given that there were at least 6 hikers, what are the
possible numbers of hikers if the food is to last at least 10 whole days. Justify

your answer.

12. [6 marks]

A project can be completed by 18 workers in 5 weeks. The same task is to be
completed in exactly a whole number of weeks. How many workers would be
required to achieve this? State all the possible combinations.
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05 Exponential Functions I

Calculator Free

1. [7marks: 1,1, 2, 3]

Consider the curve with equationy = 2* - 4.

(a) State the equation of the horizontal asymptote of this curve.

(b) Find the coordinates of the vertical intercept of this curve.

(c) Find the coordinates of the horizontal intercept of this curve.

(d) On the axes provided below, sketch this curve.
Indicate clearly the intercepts and the asymptote(s).

y

10T

>

..10 -
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Calculator Free

2. [7 marks: 1,1, 2, 3]

Consider y = 4-3"*

(a) State the equation of the horizontal asymptote of this curve.

(b) Find the coordinates of the vertical intercept of this curve.

(c) Find the point of intersection between this curve and the line y = 5.

(d) On the axes provided below, sketch this curve.

y

10T
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Calculator Free

3. [3 marks]

The diagram below shows the sketch of y = a + 47

Determine the values of 4, b and c.

y Intercept
(0,1)

x

T~

Horizontal Asymptote
y=-3

4. [3 marks]

The diagram below shows the sketch of y

Determine the values of 4, b and c.

=g _5bx+c'

y Intercept
(0,4)

\

Horizontal Asymptote
y=15

-5

X Intercept
(1,0)
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Calculator Free

5. [7 marks: 2, 5]

(@) The curve drawn below has equation of the formy = a4 * +b. Find a and b.

y

101

(-1,0) sl

N

-10 5 10
=\

S+

-10 +

(b) The curve drawn below has equation of the form y = ka" + b. Find 4, b and k.

y

10+

(0,2)— \
t t 4 = X
-10 -5 \5 10

(1,0)

(2,-6)

101

6. [4 marks: 2, 2]

(a) State two possible equations for an exponential curve with asymptote
= -2 and vertical intercept (0, -1).

(b) State two possible equations for an exponential curve with asymptote
y = 2 and vertical intercept (0, -3).
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06 Square Root Functions

Calculator Free
1. [9 marks: 2, 2,2, 3]
Consider the curve with equationy = Vx—4.

(a) Explain why it is not possible for this curve to exist for values of x < 4.

(b) Find the coordinates of the horizontal intercept of this curve.

(c) Determine the point of intersection between this curve and the line y = 2.

(d) On the axes provided below, sketch this curve.
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2. [9 marks: 2,2,2,3]
Consider the curve with equationy =2 + +x+9.

(a) Explain why y = 2.

(b) Find the coordinates of the vertical intercept of this curve.

(c) Determine the point of intersection between this curve and the line y = 6.

(d) On the axes provided below, sketch this curve.

y
10T

© O.T. Lee 44



Mathematics Methods Units Revision Series 1 & 2 06 Square Root Functions

Calculator Free

3. [4 marks: 2, 2]

(a) State two possible equations for the curve with equationy =a + kvx+5b
if the curve has x <2 and y < -3.

(b) State two possible equations for the curve with equationy =a + kvx+b
if the curve has x> -3 and y > 5.

4. [6 marks: 3, 3]

(a) Find the equation of the curve drawn below with equationy =a + kvx+5.

-10 -5
(-2, —3)—/

ST

(b) Find the equation of the curve drawn below with equationy =a + kvJx+5b.

(1,5)
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5. [7 marks: 2,2,1, 2]

The daily Profit (in hundreds of dollars) for a small Lunch Bar is modelled by
P=-1+ +t-5 for 5 <t<30, where t is time in days after 1st July.

(a) Sketch P against ¢ in the axes provided below. Show clearly all essential
features of the graph.
p

S5+

10 20 30

-5+

(b) On what date did the Lunch Bar open for Business and what was the
profit for that day?

(c) How many days did the Lunch Bar take to make its first profit?

(d) What was the profit, three weeks after the Lunch Bar first opened.
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07 Circles & Parabolas

Calculator Free

1. [9 marks: 2, 2,2, 3]

Consider the circle with equation (x — 1)2 +(y- 3)2 =10.

(@) Find the coordinates of the x-intercepts.

(b) Find the coordinates of the y-intercepts.

(c) Determine the coordinates of the centre of this circle and its radius.

(d) On the axes provided below, sketch this circle.

y
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Calculator Free

2. [10 marks: 2, 3, 2, 3]

Consider the circle with equation (x + 2)2 +(y+ 3)2 = 25.

(@) Find the coordinates of the x-intercepts.

(b) Find the coordinates of the y-intercepts.

(c) Determine the coordinates of the centre of this circle and its radius.

(d) On the axes provided below, sketch this circle.

y

10T

._10 -
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3. [4 marks]

State two possible equations for a circle with radius 5 and passing through the
point with coordinates (4, 4).

4. [6 marks: 3, 3]

(a) Find the equation of the circle drawn below.

y

5+

)

5+

(b) Find the equation of the circle drawn below.

y

10T

A \\// 0
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Calculator Free

5. [3 marks]

On the axes provided, sketch the parabola 4
101

with equation y2 = 16x.
S -

o =5 1 b

-5+
=10+

6. [6 marks: 3, 3]

Consider the parabola with equation y2 =3(x + 3).

(a) State the coordinates of the x and y intercepts.

(b) On the axes provided sketch this parabola.

y

10T

-10 +
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Calculator Free
7. [4 marks: 2, 2]

State a possible equation for a parabola passing through the point (1, 4):
(a) symmetrical about the y-axis.

(b) symmetrical about the x-axis.

8. [4 marks: 2, 2]

Find the equation of the parabola drawn below.

(a)

y
5

(3,3)
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Calculator Free

1. [6 marks: 1 each]

Determine with reasons if each of the following graphs represent functions or

relations.
@ y (b) y
; a ..
N T
(©) (d)

© O.T. Lee 52



Mathematics Methods Revision Series Units 1 & 2 08 Functions & Relations I

Calculator Free
2. [9 marks: 2,2,2,3]
In the axes provided, make a sketch of:

(a) the graph of a function which has a .
horizontal asymptote.

(b) the graph of a relation that is not
symmetrical about the x-axis.

<

(c) the graph of a function that exists only for
certain values of x.

(d) the graph of a relation which is not symmetrical
about the y-axis but symmetrical about
the x-axis.
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Calculator Free

3. [4 marks: 1 each]

Match each of the following graphs with an equation from the given list.

Y

5
5. Graph B
y
s
5 s i
54 GraphC _5_-- Graph D
. 1 : 2
Equation I: y= o Equation II: y=x"-2x-3
x
Equation III: y=2""1 Equation IV: yY=x-1
Equation V: y=(x+ 1)° -4 Equation VI x= yz 1
Equation VII: y=2" Equation VII: y= 1
x
Graph Equation
A
B
C
D
54
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Calculator Free

4. [5 marks]
Match each of the following equations with one (or more) of the given curves.
Equation A: y= %(16 —-x7)
Equation B: y=x"-3%+3x-1
Equation C: y= %
Equation D: x =(y+ 5)°

Equation Graph
A

B
C
D
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5. [8 marks]
Find the equation of the curves labelled I, IT and III:

A I
I i
10 i I |
19 La T
I
T ]
{
(1,4)
1 I
/ |
1 I
!
- I
9 I
/
+ /
7 -+
/ K /
/ \ /,
:L/ \\ /
7 T N /
1 1 1 1 1 l 1 1 L 1 -l / L 1 1 1 1 > X
Ll Ll T T T ’ T L L) Ll L) L] L] L] L) >~
-10 - S— 1 5 10
"'o l ~~~~
o" ’ \\ T
'l' 'I ‘\‘
'o' ] \‘.- 1
! I s 2,
{ I : 2
H | g
{ I >
H I |
1R I I
‘\ ' l’
> , S
\s , o" T
~“~~ , a"
el - 4
I
I 10
] o
I
I
Curve Equation
I
11
111
56
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6. [6 marks]

Find the equation of the curves labelled I, IT and III:

Equation

II

III
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Calculator Free

7. [7marks: 2,1, 2, 2]

The graphs of f(x) = 3+ 2 5 g(x) = V25-x2 and h(x) = 3vx+5-5 are drawn

X+

below.

-10T

(a) State the domain and range for g(x).

(b) Use the diagram above to estimate the solution(s) to g(x) = h(x).

(c) Use the diagram above to estimate the solution to f(x) > g(x).

2+8

(d) Use the graph to estimate the solution(s) to 3vx+5 = 5
X+
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8. [9 marks: 2, 2,2, 3]

The graphs of f(x) = 1-3vx—-4,g(x) = 4- and h(x) = -5+2° *2 are drawn

below.

x+2

v | ¥

(a) State the graphs with asymptotes.
(b) Use the diagram above to estimate the solution(s) to g(x) = h(x).
(c) Use the diagram above to estimate the solution to g(x) = - f (x).

(d) On the diagram above, sketch and label the graph of y = g(-x).
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9. [6 marks: 2,2, 2]
In the axes provided sketch:

(a) aline with negative gradient and a positive
y-intercept.

(b) a parabola with a positive y-intercept with
no roots.

(c) areciprocal function where the x and y
values have opposite signs.

© O.T. Lee 60



Mathematics Methods Revision Series Units 1 & 2 08 Functions & Relations I

Calculator Free
10. [12 marks: 4, 4, 4]
(a) Make a sketch of ax + by = c where a, b and c are constants if:

(i) a<0andb=0andc>0 (i) a=b=c
y y

-2+

(b) Make a sketch of y = ax + bx + ¢ where a, b and c are constants if:
(i) a<0andb=0andc=0 (ii) a>0and b = dac
y y

(c) Make a sketch of y = k(x + a)(x + b)(x + c) where k, a, b and c are constants if:
(i) k<Oanda=b=c=0 (ii) k>0anda=-bandc=0

y y
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11. [7 marks: 2, 3, 2]

(@) The graph of ax + by = c where a, b and c are
constants is given in the accompanying
diagram. If 2 <0 and b > 0 determine with
reasons if c is positive or negative.

(b) The graph of y = ax + bx + ¢ where a,band c
are constants is shown in the accompanying

diagram. Explain clearly why a>0,b>0
and c > 0.

(c) The graph of y = k(x + m)(ax2 + bx + c) where
k, m, a, b and c are constants is shown in the
accompanying diagram. Explain clearly
why b - 4ac < 0.
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Calculator Free
1. [12 marks: 2,2,2,2,2,2]

The graphs of several relations/functions are shown in the accompanying
diagrams. In each case, state the domain and range for each relation/function.

(a) y (b) y

101 10+

5 -+
-10 -5 /5 10 -10 -5 5 10
- ,5 -+

<10+

_10 -+
(© y (d) y
10t 10
5 5
S ox -"_’_'7'/ t x
S 1'0 -10 -5 5 10
.5 -+
.10 -+
(e) y (£) y
10T 10t
aill
" SEASRIREETN
51 5 ..\
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2. [20 marks: 1 each]

State the natural domain and range for each of the relations/functions below.

Function

Natural Domain

Natural Range

y=(x+1)"-5

y=4—2(3x—1)2

y=+x-5

y=+x+3 —10
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3. [12 marks: 3,2, 2, 2, 3]

Consider the function with equation y = v16—x~ .

(@) The coordinates of the x-intercepts of this curve are (a, 0) and (b, 0)
where a < b. Find a and b.

(b) Explain why this curve only exists for values of x in the interval a < x < b.

(c) What is the minimum and maximum value of y?

(d) Determine the domain and range of this function.

(e) On the axes provided, sketch this curve.

.5 4
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4. [10 marks: 2,1, 2,2, 3]

Consider the function with equation y =5+ 9 —-x* .

(a) Explain why this curve exists only for -3 < x < 3.

(b) Explain why the y-value must always be at least 5.

(c) What is the largest possible value of y?

(d) Determine the domain and range of this function.

(e) On the axes provided, sketch this curve.

Y
10t
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5. [9 marks: 3, 3, 3]

Consider the function f(x) = x + 1.

(a) Expressintermsofx, y=f (x3).

Hence, find the domain and range for y = f (x3).

(b) Express in terms of x, y = f ((x — 1)2).
Hence, find the domain and range for y = f ((x — 1)2).

(c) Expressintermsof x, y =f(~x+2).
Hence, find the domain and range for y = f (Vx+2).

6. [4 marks]

Consider the function f(x) = v4—-x.
Express in terms of x, y = f(2). Hence, find the domain and range for y = f (2°).
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7. [9 marks: 3,2, 2, 2]
Consider the function f (x) = x* —=3x> —x + 3 for 2<x < 2.

(@) In the axes provided below, sketch the graph of y = f (x) within the specified

domain.
y

x

-20

(b) State the range for f (x) for the domain specified. Give your answer correct to
one decimal place.

(c) State the coordinates of the horizontal intercept(s) of y = f (x) for the domain

specified.

(d) State the coordinates of the turning point(s) of y = f (x) for the domain
specified. State the nature of this point. Give your answer correct to one

decimal place.
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1. [8 marks: 2,2, 2, 2]

(@) Describe the order of the transformations required to map y = f (x) to

y=f2-x).

(b) Describe the order of the transformations required to map y = 3" to

(c) Describe the order of the transformations required to map y = (3x — 2)3

toy= .

(d) States two different transformations that can map y = x2 to y = 16x2.
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2. [4 marks: 2, 2]

Describe a sequence of transformations required to transform:
(a) 2+ yz =100 into (x + 5)2 +(y - 6)2 =100

(b) (x—2)>+ (y—1)*=64into (x +7)* + (y + 3)* = 64

3. [4 marks: 2, 2]

The curvey = 1+

> is transformed into y = g (x).
x —

2
x—2

(a) State the sequence of transformations involved if g (x) =

(b) State the sequence of transformations involved if g (x) = -1+ 5
X+

4. [10 marks: 2,2, 2,2, 2]

Identify the sequence of transformations required to map:

(@ y=f(x)toy=2f(2x)
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4. b)y=ftoy= f2x+1)

© y=f(toy= f2x+1)

(d) y=ftoy= f(1-x)

@ y=f@toy=1- f(x)

5. [6 marks: 2; 2, 2]
A parabola has equation y = ¥ +2x—3. Find the equation of the resulting curve:

(a) if the parabola is dilated by a factor of 2 along the x-axis.

(b) if the parabola is reflected about the x-axis and then translated 2 units along
the negative y-axis.

(c) if the parabola is translated 1 unit along the positive x-axis and then reflected
about the y-axis.
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6. [6 marks: 2,2, 2]

The curve y = 5% is mapped to y = g (x) by the following sequence of
transformations. Find g (x).

(a) atranslation in the direction of the positive x-axis by 3 units followed by a
translation in the direction of the positive y-axis by 2 units

(b) a dilation in the direction of the positive x-axis by a factor of 2
followed by a translation in the direction of the positive x-axis by —2 units

(c) areflection about the y-axis followed by a dilation in the direction of the

positive x-axis by a factor of % .

7. [4 marks: 2, 2]

(@) The curve with equationy =

3 +2is reflected about the y-axis and then
X+

translated 2 units to the left along the x-axis. State the equation of the
resulting curve.

(b) The curve with equationy = 2% +x is dilated parallel to the x-axis by a factor

of 2 and then shifted 2 units downwards parallel to the y-axis.
State the equation of the resulting curve.
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8. [10 marks: 2,2, 2,2, 2]

A curve with equation y = /x is transformed into y = k+/(ax+b) + c by the
following sequences of transformations. State the values of k, a, b and c.

(a) A translation 5 units in the direction of the positive x-axis followed by a
dilation parallel to the positive x-axis of factor 2.

(b) A dilation parallel to the positive x-axis of factor 2 followed by a translation
5 units in the direction of the positive x-axis.

(c) A translation 5 units in the direction of the negative y-axis followed by a
reflection about the x-axis.

(d) A reflection about the x-axis followed by a translation 5 units in the direction
of the negative y-axis

(e) A reflection about the y-axis followed by a dilation of factor 3 parallel to the
positive y-axis.

© O.T. Lee 73



Mathematics Methods Revision Series Units 1 & 2 10 Transformations

Calculator Free

9. [4 marks: 2, 2]

The circle with equation (x + 6)2 +(y - 7)2 = 81 is transformed into the circle with

equation (x — a)2 +(y - b)2 =7 by the following sequences of transformations.
State the values of 4, b and r.

(@) A translation 3 units in the direction of the positive x-axis followed by a
translation 5 units in the direction of the negative y-axis.

(b) A dilation of factor 2 parallel to the x-axis followed by a dilation of factor 2
parallel to the y-axis.

10. [6 marks: 2, 2, 2]
Circle C has radius 7 and its centre is located at (3, -4).

(a) State the equation of circle C.

(b) Circle D is obtained when Circle C is translated -3 units in the direction of
the x-axis and then 4 units in the direction of the y-axis. State the equation of
the circle D.

(c) Circle D is dilated parallel to the x-axis by a factor of 2.
Explain why the resulting curve is no longer a circle.
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11. [4 marks: 2, 2]

The parabola with equation y ? = x is transformed into the parabola with

equation y 2= k(x — a) by the following sequences of transformations.
State the values of a2 and k.

(a) A reflection about the y-axis followed by a reflection about the x-axis.

(b) A translation 4 units in the direction of the positive x-axis followed by a
reflection about the y-axis.

12. [6 marks: 2,2, 2]

(@) In the axes provided, y
sketch and label the graphs of 5+

y=+x-2 andy=—-+Jx-2.

(b) The two equations y = Vx—2 and y = —v/x—2 can be expressed as a single

equation of the form y” = kx + b. State the values of 1, k and b.

(c) Consider the curve with equation y2 =4 - x. Express the equation of this
curve as two separate equations of the form y = f (x).
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13. [10 marks: 1, 2, 3, 4]
Let f(x) = (x—2)2 -9.

(@) Determine the coordinates of the turning point of the curve with
equationy = f(x).

(b) Determine the coordinates of the turning point with
equationy = f(x +3) + 4.

(c) Determine the coordinates of the vertical intercept of the curve with
equationy = -2 f (x).

(d) Determine the roots of the curve with equationy = f (%) .

14. [14 marks: 3, 3, 4, 4]
The curve y = f (x) has a minimum turning point at (-2, 1) and a maximum

turning point at (4, 6). Find the minimum and maximum turning points of the
following curves. In each case, explain clearly how you obtained your answer.

(@) y=r(2%)
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14. (b) y=2f(%)

© y=1-f()

@) y=£{1-x).

15. [8 marks: 2,2, 2, 2]

The curve y = f (x) has an only maximum point at (1, 5), an only minimum point
at (-5, 2) and only has intercepts at (0, 4) and (5, 0).

(a) State the coordinates of the horizontal intercept(s) of the curve y = f (—x — 1).

(b) State the coordinates of a horizontal intercept of the curve y = f (x + 1) - 2.

(c) State the coordinates of the vertical intercept(s) of the curvey =2 f (x + 1).

(d) State the coordinates of the maximum and minimum point of y = —f (—x).
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16. [5 marks]

Given that f (x) = x%, solve f(x) =f(2x + 1). Describe clearly how you obtained
your answer.

17. [10 marks: 2, 2, 2, 4]

Let f(x) = 2 +3x2.

(@) Determine the roots of the curve with equationy = f(x).

(b) Determine the roots of the curve with equationy = f(x —4).

(c) Determine the roots of the curve with equationy = f(—2x).

(c) Determine the roots of the curve with equationy = f (x) — 4.
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18. [6 marks: 3, 3]

The sketch of y = f (x) is given in the
accompanying diagram.

f(x)

Sketch:
3
a =—J X
@ y=2f®
f(x)
101
=1L
{ ————+— }
-10 -5 T 5
.
sl
X
®) y=7[3+1]
f(x)
101
=1L
} ————— }
-10 = 1 5
gl
_10_.._
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19. [6 marks: 3, 3]

The sketch of y = f (x) is given in the accompanying diagrams. On the same axes
sketch:

@) y=f(7-x)

f(x)

(4]
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20. [6 marks: 3, 3]

The sketch of y = f (x) is given in the accompanying diagrams. On the same axes
sketch:

(@ y=2f(x)-8

flx)

=10+

(b) y= f(2x+8)

© O.T. Lee 81



Mathematics Methods Revision Series Units 1 & 2 11 Equations

11 Equations

Calculator Free
1. [17 marks: 2,2, 3,3, 3, 4]
Solve for x:
(@ 2x-5=-3x+4

(b) x-5)(4-3x)=0

() 4x° —49=0

(d) ¥ +1=4x-3

() @x-1)"-25=0

(f) x> +4x-3=0
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2. [20 marks: 2,2,1,3,3,5, 4]
Solve for real values of x:
(@ (x=5x+3)(1-4x)=0
(b) (x+3)(x" —36) =0

(©) (" +1)(2x—5)=0

(d) (x"—5x+6)(3-2x)=0

(e) X o= +2x

(f) X +4x*—7x-10=0

(8) 22" + 52" —4x -3 =0
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3. [15 marks: 3,3, 3,3, 3]

Solve for x:

(@) §=x+2
x

-1 _
(€ 7 =x*3
@ L=x+1
X
1
5= _-
(e) x 1

© O.T. Lee 84



Mathematics Methods Revision Series Units 1 & 2

11 Equations

Calculator Free
4. [13 marks: 2, 3, 2, 3, 3]

Solve for real values of x:

(@) vx+1 =5
(b) Vx*+16 =5

(c) J2x+3 =2

(d) v5—-4x =x
(e) x=+4x-3

5. [9 marks: 2, 2,2, 3]

Solve simultaneously for x and y (where possible):

(@ x+y=10,x=-4

(b) x+y=10,x-y=8
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5. (c) 2x+y=10,4x+2y =8

(d) 2x+3y=4,3x+y=-1

6. [10 marks: 2,2, 2,2, 2]
Solve simultaneously for x and y where x and y are both integers:

(@) x2+y2=10,x=—1

(b) (x-1) +(y+2) =13,y=1

2 2
() x +y =2,x+y=0

(d) x2+y2=5,x+y=3

2 2
() x +y =41, x+y=9
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7. [7 marks: 3,2, 2]

Let f(x)= x> —3x+2

(a) Solve f (x) = 0.

(b) Hence, or otherwise solve f (-x) = 0.

(c) Hence, or otherwise solve f(x +1) =0.

8. [0 marks: 4, 1]

The accompanying diagram shows the graphs
of a cubic function and a reciprocal function.

(@) Determine the equations of these two
curves.

(-2,0)

2 -

.

Horizontal Asymptote
y=1

N

Vertical Asymptote
x=2

L

(b) Use the graph given above to determine how many times the two curves

intersect.
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1. [5marks: 1,1, 3] A
For triangle ABC as shown, find : 1
(@) BCin terms of x. X
C B

(b) tan ZABC in terms of x.

(d) the exact value of x if tan ZABC = % .
2. [4 marks] B
For triangle ABC as shown, find the exact value A
of x if cos ZBAC = é 1
5 X
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3. [8 marks: 3,2, 3]

The pole AT is perpendicular to the ground. The point K lies on the ground and
is x m away from the foot of the pole. From T, the top of the pole, the angle of

depression of the point K is 60°. From K, the angle of elevation to the point B on

the pole is 30°.

(a) Draw a clearly labelled diagram for the situation described above.
Identify the points and angles mentioned.

(b) Express the distance AB in terms of x.

(c) Show that AT = 3AB.
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4. [7 marks: 3, 4]

The poles AB and PT shown in the diagram below are perpendicular to the
ground. The point K lies on the ground and is in the same vertical plane as AB

and PT. From B, the angle of depression of the point K is 30°. From B, the angle
of elevation to the point T on the pole is 45°.

A P

(@) On the diagram above, mark and label the position of the point K,
the angle of depression from B to K and the angle of elevation from B to T.

(b) Given that ABis 5 m and PT is 18 m, calculate the distance between K and P.
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5. [9 marks: 1, 2, 6]
A light aircraft flies horizontally at a speed of 120 kmh™'. During the flight, the
pilot noted that it took the plane 30 seconds to fly from being at an angle of

depression of 40° to a farmhouse to being directly overhead.

(@) Find the horizontal distance between the aircraft and the farmhouse at the
instant the angle of depression to the farmhouse is 40° .

(b) Find the altitude of the aircraft.

(c) Immediately after passing the farmhouse, the aircraft climbs at an angle of

15° to the horizon for 2 minutes. Find the angle of elevation of the aircraft
from the farmhouse at the end of the two minutes.
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6. [4 marks]

A ball is caught between the branches of a tree. The angle of elevation of the ball
from a point A on the ground is 40°. From a second point B on the ground, 4
metres closer to the foot of the tree than A, the angle of elevation of the ball is 45°.
Assume that A, B and the ball are in the same vertical plane. Find the vertical
distance between the ball and the ground.
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7. [10 marks: 2,2, 2, 4]
In the rectangular box shown, M and
N are the midpoints of BC and FG
respectively. AB =16 cm, AD =4 cm
and HC =4 cm. Let K be the
midpoint of AB. Find:

(a) the exact length of MK.

(b) the exact length of MN.

(c) the angle between MN and the plane ABCD.

(d) the acute angle between the planes EFBC and ADHG.

~
~

4 cm
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8. [7 marks: 4, 3]

VABCD is a right pyramid with a rectangular
base 3 cm by 4 cm. K is the foot of the
perpendicular from V to the base ABCD with
VK =5cm

(a) Find the exact length of VC

(b) Find the angle between the edge VC and the plane ABCD.

9. [4 marks]

Triangles ABC and CDE are right-angled
triangles with BC parallel to DE and AB
parallel to CD. DE =x and AB = 3x..

ProvethatAE=x{ _1 + 3 }
sin® cosH

A
0
=l |_C
B
pH E
X
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1. [6 marks: 2,2, 2]

In triangle ABC drawn below, find: A

(a) the exact value of x if cos 6 = %

B 12 C

(b) cos 6 in exact form if x = 12.

(c) Find the area of AABC if sin 6 =

V2
=3

2. [5 marks: 2, 3]
In the accompanying APQR:

(@) find the exact value of sin ZQPR.

(b) show that the length of the side PQ satisfies the equation x*— 83 x - 336 =0.
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3. [10 marks: 3, 3, 4]
From the point T, at a height of 1 metres of a tall building, Joey observes Max

walking in a straight line away from the building. Initially, Max was at A, 40 m
from Joey. Max stopped when he reached B, 80 m from Joey. The angle of

depression from T to A and from T to B changed by 60°.

(a) Draw a clearly labelled diagram indicating Joey’s position and Max’s initial
and final positions.

(b) Show that the distance between A and B is 40+/3 .

(c) The angle of elevation of T from B is 6. Calculate the value of 6.
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4. [7 marks: 3,1, 3]

P, Q and R are three spots on a large level farm land. Q is located 1 km from P
along bearing 150°. R is located 2 km from Q along bearing 210",

(a) Draw a clearly labelled diagram indicating relative positions of P, Q and R.
State all relevant angles and distances.

(b) Find the bearing of P from Q.

(c) Find in exact form the distance between P and R.
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5. [3 marks: 2, 1]

In triangle ABC shown, find:
(a) the exact value of cos 6.

10 18
0
B 12 C
(b) 0 giving your answer(s) to the nearest 0.1 of a degree.
6. [3 marks: 2, 1]
In triangle PQR shown, find: P
(a) the exact value of sin ZPRQ.
14 22
45°
Q R

(b) £PRQ giving your answer(s) to the nearest 0.1 of a degree.

7. [4 marks: 2, 2]

In triangle ABC shown, find:
(a) the length of BC in terms of 6.

(b) the size of ZACB if 6 = 80°.
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8. [11 marks: 3,3, 3, 2]

In the accompanying diagram:
(@) Find BC to 4 decimal places.

A
v

(b) Find AC to 4 decimal places.

(c) Find CD to 3 decimal places.

(d) Hence, find x to 2 decimal places.

9. [4 marks]

Use the cosine rule to prove that it is impossible to have a triangle with sides
measuring 10 cm, 12 cm and 26 cm.
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10. [5 marks]

Find the area of quadrilateral ABCD

given that ZBDC = 40°. 10cm

15cm

20cm

11. [5 marks]

An aeroplane flying at a constant altitude (height) of i1 km is sighted at an angle
of elevation of 40°. A few minutes later the plane had a flown a further 5 km and

is sighted at an angle of elevation 30°. Find h.
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12. [9 marks: 3, 3, 3]

From A, a boat sails 2 000 m to B along bearing 200°.
The boat then sails a further 5 000 m to C along bearing 130°.

(@) Draw a clearly labelled diagram showing the positions of A, B and C.

(b) Find the distance between A and C (to two decimal places).

(c) Find the bearing of C from A (to the nearest degree).

© O.T. Lee 101



Mathematics Methods Revision Series Units 1 & 2 13 Non-Right Triangle Trigonometry

Calculator Assumed
13. [6 marks]
From P, a boat sails 500 m to Q along bearing 305°.

The boat then sails a further 600 m to R along bearing 075°.
Calculate the bearing of P from R (to the nearest degree).
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14. [5 marks]

From the top of an observation tower of height d metres, a kangaroo is spotted on
the ground on an angle of depression of 25° along bearing 030°. A dingo is also
spotted on the ground on an angle of depression of 70° along bearing 110°. The
dingo is estimated to be 120 metres away from the kangaroo.

-
—_—
—_

T -
—_—-— ’_’250
d K
H
____:,
-’ 120 m
D

Find the height of the observation tower.
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1. [4 marks: 2, 2]

A minor circular sector is removed from a circle of radius 4 cm.

(a) Find the angle of this circular sector if the area of this sector is 2n cm’.

(b) Find the angle of this circular sector if the perimeter of the sector is 16 cm.

2. [8 marks: 2,2, 4]

A and B are points on the circumference of a circle

centre O and radius 5cm. £ AOB = 60°.
(a) Find the exact area of triangle OAB

(b) Find the exact area of the minor segment formed by the chord AB.

(c) Find the exact perimeter of the minor segment formed by the chord AB.
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3. [6 marks: 3, 3]

A and B are points on the circumference of a circle
centre O and radius 2n cm. £ AOB= =

(@) Determine the exact perimeter of the major
segment formed by the chord AB.

(b) Calculate the exact area of the major segment formed by the chord AB.

4. [7 marks: 4, 3]
The circle with centre P has radius 10 cm and the
circle with centre Q has radius 8 cm. The two

circles intersect at A and B such that AB =10 cm.

(a) Calculate the area of the shaded region.

(b) Calculate the perimeter of the shaded region.
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5. [11 marks: 3, 2, 2, 4]
The accompanying diagram shows a circle of

radius 11 cm enclosed within triangle ABC.
The circle touches all three sides of the triangle.

(@) Find the size of ZACB.
Give your answer to the nearest degree.

(b) Hence, find the obtuse ZFOG. Give your answer to the nearest degree.

(c) Find the area of the minor sector FOG.

(d) Find the area of the shaded region.
Show clearly how you obtained your answer.
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6. [10 marks: 5, 5]
Three circles of radii 5 cm, 3.5 cm and 2 cm are ;

drawn touching each other as shown in the
accompanying diagram.

(a) Find the size of all angles within triangle ABC.

(b) Find the area of the region trapped by the three circles.
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1. [6 marks: 1,1,1,1,1,1]

The accompanying diagram shows a unit circle
with centre O. A is a point on the unit circle A (h, K)
with coordinates (h, k). The ray OA is inclined
at an angle of 0° to the positive x-axis. Use the

unit circle to find in terms of h and/or k: 6°

(a) sin 6°

(b) tan 6°

(c) cos (180° - 6°)

(d) cos (-6°)

(e) sin (180° + 6°)

(f) tan (360° - 6°)
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2. [8 marks: 1,1,1,1, 2, 2]

The accompanying diagram shows a unit circle
with centre O. A is a point on the unit circle
with coordinates (p, q). The ray OA is inclined
at an angle of 25° to the positive x-axis as
shown in the diagram. Use the unit circle to
find in terms of p and/or g: o 5°

Alp, q)
(a) cos—25°

(b) sin (25°)

(c) cos (155°)

(d) sin (205°)

(e) tan (75°)

(f) tan (~155°)
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3. [9marks: 1,3,1, 2, 2]

The angle 0 is defined by the ray OR where O is
the centre of the unit circle and R is a point on

the unit circle with coordinates (—% k).

(@) Find cos 0.

(b) Find the two possible values of k.

(c) Hence, find:
(i) sin 6.

(ii) tan 0.

(iii) sin (180° - ).

o/m
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4. [10 marks: 1,1, 2, 3, 3]
The angle B is defined by the ray OB. The 1 B (p, q)

angle a is the angle trapped between the rays
OA and OB. O is the centre of the unit circle.

A is a point on the unit circle with NG A (m, n)
coordinates (m, n ). Bis a point on the unit
circle with coordinates (p, g). m, n, pand q 0 1

are all positive numbers.

(a) Find cos (180° — ).

(b) Find sin (—p).

(c) Find sin (90° - B).

(d) Find cos (90° + B).

(e) Find tan (p — a).
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5. [17 marks: 3, 3, 3, 4, 4]

Solve for 0 within the given domain:

(a) sin© = ? where 0° < 0 < 360°

(b) cos 6 =—— where 0< 6 <2n

(c) tan 0 = \/3 where—t<0<n

(d) sin (26) =-0.5 where -n<0<m.

(e) sin® =cos 6 where —180° < 6 < 180°
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6. [14 marks: 3, 3, 4, 4]

Solve exactly for 6 within the given domain:

NG

(a) sin (0 +10°) = - where 0° < 0 < 360°

(b) v2cos20=1 where —-90° < 0 < 90°

(c) (2sin O - 1)(sin 6 + cos 0)=0 where 0< 6 <2n
(d) 2sin”0-3sin®—-2=0 where 0< 0 <2n
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7. [17 marks: 4,4, 4, 5]

(a) Given that cos 66.4° = 0.4, solve for 0 in cos (6 + 30°) = 0.4
where 0° <0 <360°.

(b) Given that tan 26.6 = 0.5, solve for 6 in 1 — 2 tan 6+ 6.60) =0
where 0 <0 <360 .

(c) (sin®—-2)(2sin6-1)=0 where 0° < 0 < 360°

(d) 2cos® 6 +3cos 6 —2 =0 where 0< 6 <2n
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8. [5 marks: 2, 3]

(a) The line shown in the accompanying y

diagram makes an angle of 60° with the
positive x-axis and has a vertical intercept of
(0, -4). Calculate the equation of this line.

60°

X
(0,-4) /

(b) Determine the acute angle between the lines with equations y = - x

and y = ?Sx

9. [6 marks: 3, 3]

Given that tan 15 = —+/3 + 2, find the equation of the line passing through:

(a) the origin and inclined at an angle of 165 with the positive x-axis.

(b) the origin and inclined at an angle of 75° with the positive x-axis.
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Calculator Assumed
10. [4 marks: 2, 2]

(a) Find the angle the line with equation y = 2x + 5 makes with the
positive x-axis.

(b) Line L has equation 3x + 4y = 12.
Find the angle this line makes with the positive x-axis.

11. [5 marks]

Lines L1 and L2 have equations x + y =10 and y = 4% — 3 respectively.

Find the acute angle between these two lines.
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16 Trigonometric Graphs

Calculator Free
1. [6 marks]

Complete the following table.

Function Period

Amplitude
(where applicable)

y =2 sin (2x°)

=—4 COS(% +30°)

v =10 tan (3t + m)

=5sin (=~ —
Q—SSm(2 f)

y= %cos (nt) + 100

T
T=5-sin(— -0
(5 -9)

2. [5 marks]

Complete the table below.

Minimum value

v . .
unction of function

Maximum value
of function

y=3sint

y =20 cos (2?9( —45°)

v=b5tan 0

M=251n(g—3t)+4

y =5 —cos (2nt)
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Calculator Free

3. [8 marks: 4, 4]

A trigonometric function has equation y = —4 sin (2x + 30°) for 0° < x <360°. Find:

(a) the maximum value for y and the corresponding value(s) for x.

(b) the minimum value for y and the corresponding values for x.

4. [4 marks]

A trigonometric function has equation P = a cos (bt + g). Find the values of

a and b given that P has a maximum value of 4 and a period of 4.
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Calculator Assumed

5. [6 marks: 2, 4]

The graph of y = a + b sin (kx + a) is y
shown in the accompanying 10
diagram.

(a) State the period and amplitude
of y=a+ bsin (kx + a).

y Intercept
(0,-4) -10
(b) Determine the values of 4, b, k and a.
6. [6 marks: 2, 4]
The graph of y =a + b cos (kx + a) is y
shown in the accompanying 10
diagram. x Intercept

(90,0)

(a) State the period and amplitude
of y=a+bcos (kx + a).

(b) Determine the values of 4, b, k and a.
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7. [8 marks: 1 each]

The diagram below shows the graphs of:

y = a cos(bx)
y =dcos(x +e)
y = g sin(hx)

y = sin(kx) + m.
Determine the values of the constants a, b, d, ¢, g, h, k and m.

101

—-180
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Calculator Assumed
8. [11 marks: 1,1, 2, 2, 5]

The body temperature 6 (Celsius) of a reptile in summer at time ¢ hours after
midnight is given by 0 =15 -5 sin (%) .
(a) State the period for 6.

(b) What is the range of body temperature experienced by the reptile?

(c) Find the minimum body temperature of the reptile and state when this first
occurs after midnight.

(d) Find the maximum body temperature of the reptile and state when this first
occurs after midnight.

(e) Use an algebraic method to find the first time when the temperature of the

reptile is 16° Celsius.
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17 Trigonometric Identities (Add/Sub Formulae)

Calculator Free
1. [12 marks: 1, 2,3, 3, 3]

The accompanying diagram shows a unit circle
with centre O. A is a point on the unit circle Ala, b)
with coordinates (g, b). The ray OA is inclined

at an angle of 70° to the positive x-axis. Use the .
unit circle to find in terms of a and/or b: 0

_ 0 i
(a) cos70° j

(b) tan 110°

(c) sin 100°

(d) cos 130°

(e) tan 115°
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Calculator Free
2. [16 marks: 4, 4, 4, 4]

Use an appropriate trigonometric identity to find the exact value of :

(a) sin 75°

(b) cos 165°

(d) tan (Ethan_l 1)
n 2
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Calculator Free
3. [6 marks: 3, 3]
Given that 0 = sin”! (%), use appropriate trigonometric identities to calculate

the exact value(s) of:
(a) cos O

(b) sin(ngGj

4. [5marks: 1,1, 3]

Given that sin A = % and 0< A< g, find the exact value of:

(@) cos A

(b) tan A
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Calculator Free

4. (c) cos (% - A)

5. [8 marks: 1,1, 3, 3]

Given that sin A = 3 and cos B = i, where A and B are acute, find the exact

value of:
(@) cos A

(b) sinB

(c) cos (A -B)

(d) tan (A + B)
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Calculator Assumed

6. [13 marks: 2,2,3,3,3]

Given that sin P = % and cos Q = —%, where P and Q are each obtuse angles,

find the exact value of:
(@) cosP

(b) sin Q

(c) sin(P-Q)

(d) cos (P +Q)

(e) tan (P-Q)
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18 Trigonometric Equations II

Calculator Free
1. [13 marks: 3,5, 5]

Solve for x within the given domain:

(a) cosx +V3sinx =0 0<x <360
(b) 2sinx—3sinx—2=0 for 0 < x <360°
(c) cosx — -2=0 for0<x<2n

COS X
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18 Trigonometric Equations II

Calculator Free
2. [16 marks: 5, 5, 6]

Solve for 0 within the given domain:

(a) cos (0 +30°) = sin O for 0 <0 < 360°

(b) sin(e+§)=ﬁcose for0<0 <2

() sin(@—%)=—\/§ cos(6+%) for0<6<2n
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Calculator Free
3. [14 marks: 2,5, 7]

(a) Use the formula for sin (A + B) to show that sin 2A = 2 sin A cos A.

(b) Use the formula in (a) to solve for x in cos x + sin 2x =0 for 0 < x < 360°.

(c) Use the formula in (a) to solve for x in sin 2x —sinx =0 for 0 <6 <2m.
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19 Sets

Calculator Assumed
1. [6 marks: 1,1, 2, 2]
Given that U = {x | 50 <x <70, x is an integer},
A ={51, 53, 65,68} , B={62, 64, 65,66} and C = {51, 53, 66, 70}.
(a) Find |U].

(b) Find A U B.

(c) Find n(C N B).

(d) |Find ANBAC |.

2. [7 marks: 1, 2,2, 2]

Given that U= {x | 0 <x <20, xis an integer} ,
P={x|5<x<14} , Q={x | 3<x<9} and R={2,4, 6}.

(@) Is2 e R?

(b) Is Q — P? Justity your answer.

(c) Find n(Q").

(d) Find |U A P|.
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Calculator Assumed
3. [6 marks: 1,1, 2, 2]

Given that U= {x | =10 <x <10, x is an integer} ,
A={x|-10<x<-1} ,B={x | 0<x<10} and C={2,3,5,7}.
(a) Find A "N B.

(b) Find A U B.

(c) Find n(B N A).

(d) Find|(AUB) N C|.

4. [8 marks: 2,2,2,2]

Giventhat U={x | 1<x<20, xis aninteger}, A ={x |xisa prime number} ,
B ={x | xis asquare number} and C={x | xis a multiple of 3}.

(@) Find BN C.

(b) Find A U B.

(c) Find [AU BN C)].

(d) Find [(AUB) N C)].
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Calculator Assumed
5. [9 marks: 2,2, 3, 2]

Given that U= {x | 0<x <20, xis an integer}, A = {x | x is a factor of 24},
B={x |xisa prime number} and C = {x |x is a triangular number}.

(@) Find BN C

(b) Find CUB

(c) n(A N B)

(d) An element is chosen at random from U. Find the probability that this
element is from set B, given that it is from set C.

6. [5marks: 1,1, 1, 2]
GiventhatA=1{1,2,3} , B={0,1,2} and C={(x,y) | x€ A,y € B}.

(@) Find AnB

(b) Find AUB

(c) Is(1,2) e C?

(d) €]
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20 Combinations

Calculator Free
1. [10 marks: 1,2, 2,2, 3]

Evaluate each of the following:
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Calculator Free
2. [ 7marks: 1, 2,2, 2]

Determine the value of integer r (Where r > 0) in each of the following equations:

o 3)-(
o ()%

3. [4 marks: 2, 2]

(@) Expand (1- x)4 in ascending powers of x.

(b) Show how you would use your answer in (a) to calculate the value of 0.99%.
State this value correct to 4 decimal places.
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Calculator Free

4. [13 marks: 1,4, 5, 3]

12
: . 27, .
Consider the expansion for (x2 - —j in descending powers of x.
x

(@) How many terms are there in this expansion?

(b) Find the third term in this expansion.

. . . - .1
(c) Find a mathematical expression for the coefficient of the term in —I7 -
x

(d) Find a mathematical expression for the term independent of x.
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Calculator Free
5. [5 marks: 1, 2, 2]

Amy has a collection of 18 fluoro pens in her pink box and 24 fluoro pens in her
blue box. Write mathematical expressions for the number of ways Amy can pick:
(@) three pens from her pink box.

(b) three pens from the pink box and four pens from the blue box.

(c) a dozen pens from both boxes.

6. [10 marks: 1, 2, 2, 3, 2]

A committee of 9 people is to be selected from 10 Labor, 8 Liberal and 5 Green
politicians. Write mathematical expressions for the number of different ways the
committee can be selected if:

(a) there are no restrictions.

(b) all three political parties are equally represented.

(c) there are no Greens.

(d) the Liberal representatives are in the majority.

(e) the Labor husband and wife pair, Alex and Alice, cannot be in the same
committee.
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Calculator Assumed
7. [19 marks: 1, 3, 3, 4, 4, 4]

Consider the digits 0 to 9 inclusive and all the letters of the alphabet. Ten
characters consisting of digits and letters are chosen. Determine the number of
ways of choosing;:

(a) all the even numbers and all the vowels.

(b) any six digits and any four letters.

(c) exactly four vowels.

(d) atleast four odd digits.

(e) four vowels and four odd digits.

(f) four vowels or four odd digits.
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21 Probability I

Calculator Assumed

1. [10 marks: 1, 2,2, 2, 3]

The table below shows the voting trend of a random sample of 250 voters for the

two previous Federal elections.

Party voted for in the 2003 elections ‘

Party voted for Labor Liberal Total
in the 2001 Labor 50
elections Liberal 130
Total 250

(a) Find the probability that a randomly chosen voter voted Liberal in

both elections.

It is known that 62.5% of those who voted Labor in the 2001 elections voted

Labor again in 2003.

(b) How many in the sample voted Labor in 2001

(c) Complete the table above.

(d) Find the probability that a randomly selected voter from this sample
voted for different parties at these elections.

(e) A political analyst claimed that the Liberal supporters were more loyal
to their party than the Labor supporters were to their party. Use the
information in the table to comment mathematically on this statement.
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Calculator Assumed
2. [13 marks: 3,1,1,1,1, 4, 2]

In 2009, a group of High School students at a school were interviewed and the
subjects they were enrolled in were recorded in the following table. No student
was enrolled in more than one mathematics course at any one time and no
student was enrolled in more than one Science course at any one time.

Maths A Maths B Maths C Total
Science A 0 10 16
Science B 2 38
Science C 3 10
Total 24 32

(a) How many students were interviewed?

Find the probability that a student randomly chosen from those interviewed:

(b) was enrolled in Maths C

(c) was enrolled in Science B and Maths B

(d) who were enrolled in Maths A was also enrolled in Science B

(e) who were enrolled in Science A was also enrolled in Maths C.
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Calculator Assumed

2. (f) Ten years later, a similar survey was conducted on 50 students. It was found
that:

e the probability of a student enrolled in Maths C
and Science A was 0.4
e the probability of a student enrolled in Science A was 0.6

e there were 15 students that were not enrolled in either Maths C
or Science A

Complete the table below showing the number of students in the various
stated categories.

Maths C Not Maths C Total
Science A 10
Not Science A 5 20
Total 25 25

(g) Hans, the Head of the Mathematics Department lamented that there are
now fewer students enrolled in Maths C than 10 years ago. Comment

mathematically on the accuracy of his statement based on the data
given in this question.
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Calculator Assumed
3. [8 marks: 2,2,2,2]
In a group of 40 students, there are 10 boys who are colour vision impaired
(CVA) and 15 girls who are not colour vision impaired. There are as many boys
who are not colour vision impaired as there are boys who are colour vision

impaired.

Use a Venn Diagram or a two-way table to the answer the following questions.

(@) How many girls were colour vision impaired?

(b) A student is randomly chosen from this group. Find the probability that this
student is a girl.

(c) A student is randomly chosen from this group. Find the probability that this
student is either a girl or is colour vision impaired.

(d) A student is randomly chosen from this group. Given that this student is
either a girl or is colour vision impaired, find the probability that this student
is colour vision impaired.
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Calculator Assumed
4. [7 marks: 4, 3]

In a group of students: 19 had previously visited Singapore, 25 had previously
visited Bali and 10 had previously visited New Zealand. 20 had previously
visited Bali only, 2 had visited New Zealand only. One student had previously
visited Bali and New Zealand but not Singapore. 8 students have never
previously visited Singapore, Bali or New Zealand.

Calculate the probability that student randomly selected:

(@) from this group had previously visited Bali and Singapore.

(b) from those who had previously visited Bali or Singapore had not previously
visited Bali.
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Calculator Assumed

5. [6 marks: 4, 2]

80 students were enrolled in at least one of Mathematics, Chemistry and Physics.
6 were enrolled in all three subjects, 56 were enrolled in Mathematics, 26 were
enrolled in Chemistry, 25 were enrolled in Physics and there were equal numbers
of those enrolled in exactly two of these courses. Let x represent the number of
students enrolled in Mathematics and Chemistry but not Physics.

(@) Complete the Venn diagram below to determine the number of students who
were enrolled in exactly one of these subjects.

Mathematics Chemistry 80

Cas

Physics

(b) Calculate the probability that a student randomly chosen from those in this
group enrolled in exactly one subject is enrolled in Mathematics.
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Calculator Assumed
6. [10 marks: 1, 3, 3, 3]

A red box has four books and a blue box has eight books. All books are different.
A total of five books are chosen from these two boxes.

(@) In how many ways can this be done?

(b) What is the probability that all the books from the red box are chosen?

(c) What is the probability that at least one of the books chosen is from the
red box?

(d) What is the probability that more books from the red box are chosen?
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Calculator Assumed
7. [15 marks: 3,3, 3, 3, 3]

Consider the digits 0 to 9 inclusive and all the letters of the English Roman
alphabet. Twelve characters consisting of digits and letters are chosen.

(a) What is the probability that all the characters chosen are letters?

(b) What is the probability that all the digits are chosen?

(c) Given that all the characters chosen are letters, what is the probability
that all the vowels are chosen?

(d) What is the probability that no vowels or even digits were chosen?

(e) What is the probability that at least one vowel or even digit was chosen?
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Calculator Assumed
8. [11 marks: 1,1,1,2, 3, 3]

Last year, Malcolm was late to school on average, 5 days out of 100 days.
Write mathematical expressions (but do not evaluate) for the probability that in a
school week of 5 days, Malcolm is:

(a) late only on the first day.

(b) late on the first three days.

(c) late only on the first three days.

(d) late only on exactly three days.

(e) late on at least three days.

(f) late only the first and the fifth day given that he was late on exactly two
days in the school week.
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Calculator Assumed
9. [9 marks: 1,2,3, 3] [TISC]

Zico practices kicking a soccer ball from the penalty spot. From previous
practices, on average, he scores 70 goals from 100 attempts.

(a) Find the probability that Zico’s first two kicks do not score goals.

(b) Find the probability that Zico’s first kick scores a goal but the next two kicks
do not score goals.

If Zico has 10 kicks of the ball from the penalty spot, find the probability that,

(c) he scores exactly 5 goals.

(d) he scores goals only on the first, fifth, seventh and ninth kick.
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Calculator Assumed

10. [11 marks: 2, 3, 3, 3]

The Collett Boat Company has a fleet of three boats. From Company records for
the last two years, the Jupiter is chosen by 55% of customers, the Venus by 28% of
customers and the Mars by the remaining customers. The probabilities that each
boat breaks down during a two-hour trip are Jupiter 0.2; Venus 0.15; Mars 0.3.

(a) If all three boats are out on hire for a two-hour trip, find the probability that:
(i) none breaks down.

(ii) the Mars and one other boat in this fleet breaks down.

(b) Only one boat is out on hire for a two-hour trip. What is the probability that
it will break down.

(c) News comes through that the one boat out on hire has broken down.
What is the probability that it is the Jupiter?
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21 Probability I

Calculator Assumed

11. [9 marks: 4, 2, 3]

A box has five red balls and four green balls. Two balls are drawn without
replacement from this box. The tree diagram indicates the associated outcomes

and the corresponding probabilities.
4  Second ball is Red

8
5 First ball is Red
9
o Second ball is Green
Second ball is Red
e
d
First ball is Green
f Second ball is Green

(a) State the probability values c, d, e and f.

(b) Find the probability that both balls are red.

(c) Find the probability that both balls are of the same colour.

Show clearly how you obtained your answer.
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Calculator Assumed

12. [10 marks: 2, 4, 4] [TISC]
Chin either drives to work or takes a train to work. The probability that he is on
time for work is 0.86. The probability that he is late for work given that he drives
to work is 0.3. The probability that he is on time for work given that he takes a

train is 0.9.

(a) Find the probability that he is on time for work given that he drives to work.

(b) Find the probability that he drives to work.

(c) Given that he was late for work, what is the probability that he took the train
to work.
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Calculator Assumed

13. [9 marks: 1,5, 3]
At a certain airport, the probability that a plane takes off on time given that
weather conditions are fine is 0.9. The probability that a plane takes off on time
given that weather conditions are bad is 0.7. The probability of weather

conditions being fine or the plane taking off on time is 0.955.

(@) Find the probability that a plane does not take off on time given that weather
conditions were bad.

(b) Find the probability of a plane taking off on time in fine weather conditions.

(c) Find the probability of weather conditions being fine given that a plane took
off on time.
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Calculator Assumed
14. [8 marks: 1,4, 3]

Danny, Elizabeth and Freya share the same office and an office telephone. When
the office phone rings, the probabilities of the call being for Danny, Elizabeth and
Freya are respectively 0.2, 0.5 and 0.3. When the office phone rings, the
probabilities that Danny, Elizabeth and Freya are in the office are respectively
0.7,0.9 and 0.8.

(@) Determine the probability that when the office phone rings, the call is for
Danny and Danny is in the office.

(b) Determine the probability that when the office phone rings, the person being
called is not the office.

(c) Find the probability that Freya was not in the office for her call given that the
person being called is not in the office.
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22 Probability I1

Calculator Free
1. [5 marks: 3, 2]
Given that P(AUB) =0.2,P(B) =0.4 and P(A nB)=0.2:

(a) find P(B| A).

(b) determine with reasons if the events A and B are independent.

2. [6 marks]

Given that P(A) = 0.4, P(C| A) =03, P(C| A)=0.2, find P(A|C).
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3. [8 marks: 2,2, 4]
It is known that P(A) = 0.6 and P(B) = 0.3. Find:

(@) P(B | A) given that A and B are mutually exclusive.

(b) P(A | B) given that A and B are independent.

(c) P(B| A) given that P(A | B) = 0.2.

4. [4 marks]

Given that P(A) = 0.5, P(B) = 0.8 and P(A N B) = 0.05 and that the events A and
B are independent, determine if these results are consistent with the rules of
probability. Justify your answer.

© O.T. Lee 154



Mathematics Methods Revision Series Units 1 & 2 22 Probability 11
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5. [5marks: 1, 1, 3]
P(A) = 0.3, P(B") = 0.4 and P(A N B) = k:

(@) find in terms of k,
(i) P(AnB.

(i) P(A” N B).

(b) find k given that P(A U B) = 0.18.

6. [9 marks: 1,2, 3, 3]

Given that P(A) =p + 0.2and P(B) =p + 0.3 and P(A N B) =p,
calculate the value of p if:
(@) A and B are mutually exclusive events.

(b) P(A U B) = 0.6.

(c) A and B are independent events.

(d) P(A|B)=04.
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7. [8 marks: 4,2, 2]
: 3 2 1
GmmmmHAFIaHHM=;mﬁHMm=E:

(@) find P(B).

(b) find P(A'n B).

(c) determine with reasons if A and B are independent.
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8. [9 marks: 4, 3, 2]

A supply company checked its accounts and found that 8% of accounts were in
arrears. 60% of the accounts were for sole traders while the other 40% were for
companies. Only 2% of accounts were both in arrears and were accounts of sole
traders.

(a) Find the probability of an account not being in arrears belonging to a
sole trader.

(b) Of accounts in arrears, find the probability of the account belonging to
a sole trader.

(c) Is the account status independent of the type of trader?
Justify your answer.
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9. [7 marks: 1,2,2,2] [TISC]

John drives to work each weekday morning. The route he takes passes through a
set of traffic lights where he either has to stop at the lights or move through
without stopping.
e If he has to stop at the lights, the probability that he will be late for work is 0.7.
e If he does not have to stop at the lights, the probability that he will be late for
work is 0.2.
Overall, the probability that John will be late for work is 0.25.

(a) Find the probability that he will not be late for work if he did not have to stop
at the traffic lights.

(b) Find the probability that John has to stop at the traffic lights.

(c) Determine with reasons if John being late is independent of whether he has to
stop at the lights.

(d) Find the probability that John had to stop at the lights given that he was late
for work.
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10. [10 marks: 2, 3, 3, 2] [TISC]
England and Germany play a series of two soccer matches. Each match does not
end in a draw. The probability that Germany will win both matches is 0.42 and

the probability that Germany will lose both matches is 0.135. The probability
that Germany will win the first match is 0.7.

(a) Find the probability that England wins exactly one of the matches.

(b) Find the probability that England win the second match.

(c) Find the probability that Germany lose the first match given that they won
the second match.

(d) Determine with reasons if the events that Germany win match one and the
event that Germany win match two are independent.
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1. [12 marks: 2,2, 3,2, 3]

Simplify each of the following given that x, y and z are all positive numbers.
Leave answers with positive indices:

5 \2
(a) (&J
y
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2. [6 marks: 2,2, 2]

2

Given thata = Xy and b = xzﬁ wherex >0,y >0and z> 0,
z z

simplify each of the following leaving answers with positive indices:

() b2

(c)a+b

3. [12 marks: 2, 2, 4, 4]

Simplify each of the following, leaving answers with positive indices:
57’1"’2 _ 51’[+1

@ — s

2677)

711—1 +7N
4 X 71’1—1
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27’l+1 + 8

> 9 32" + 12

52n—1 n 5n+1

5" 4 52

4. [7 marks: 5, 2]

741’1 + 4921’1—1

(a) Simplify completely Ty

(b) Simplify 2.1x 107 +4.5%x107 giving your answer in standard form.
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5. [12 marks: 2,2, 2, 3, 3]

Solve for t.

(b) 4' =32
2+ _ 1
() 5= 125

(d) 5 x25' '=0.04

6. [11 marks: 3, 4, 4]

4
3

(a) Solve forxin X 8—2 .
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6. (b) Solve for t given that 27 2t =943,

(c) Solve for x in (2¥)% +2(2") -8 =0.

7. [5 marks]

Solve for x, 3”1 -10(3") +3=0.
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1. [7marks: 1, 2,2, 2]

A sequence is defined by the general term rule ¢, =4 +2n forn=1,2,3, ....
(a) List the first 5 terms of the sequence.

(b) State the recursive rule for this sequence.

(c) Consider the first 100 terms in this sequence.
How many terms are there that are multiples of 5?

(d) How many terms are there that are less than 200?

2. [9marks: 2,2,1,2,2]

(@) Consider the sequence of numbers: -54 -52 -50 -46 -44 -42
Explain clearly why this sequence is not an arithmetic sequence.

(b) Consider the sequence of numbers: 57 54 51 48 45 42 ...
(i) State the general term rule (nth term rule) for this sequence.

(ii) Determine the 40th term in this sequence.
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2. (b) (iii) Which term in the sequence equals - 15?

(iv) Determine the sum of the first 50 terms in this sequence.

3. [5 marks: 2, 3]
An arithmetic sequence is described by the rule Ty+1 =T, + 6 with T1 = -96.

(@) Find the general rule of this sequence in the form T, = a + bn , wherea and b
are constantsandn =1, 2,3,4,5, ..... .

(b) How many negative terms are there in this sequence?

4. [7 marks: 4, 3]

Sy =3n”—21n is the sum of the first 1 terms of an arithmetic progression.
(@) Find the recursive rule of the sequence.

(b) Find the sum of all terms between the 11th term and the 20th term inclusive.
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5. [10 marks: 2, 3,1, 4]
An arithmetic sequence has first term a and common difference d.
The difference between the seventh term and the third term of an arithmetic

sequence is equal in value to the third term.

a rite £y an respective e third and seventh term in this sequence
Write t5 and t; respectively the third and th term in this seq
in terms of a and d,.

(b) Show clearly that a = 2d.

(c) Provide one possible arithmetic sequence of seven terms with the property
that “the difference between the seventh term and the third term is equal to
the third term”.

(d) The sum of the first seven terms is 105. Determine the first term and
common difference of this sequence.

6. [5 marks]

The eighth term and twelfth term of an arithmetic sequence are 24 and 40
respectively. Find the recursive rule for the sequence.
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7. [8 marks: 3, 4, 1]

The sixth term of an arithmetic sequence is double its fourth term. The first term
of the sequence is 20 and the common difference is d.
(@) Show that T4 =2 x d.

(b) Hence, find the general rule for the sequence.

(c) Find the three consecutive terms of this sequence that sum to —60.

8. [9 marks: 4,1, 4]

The sum of the first 10 terms and the sum of the first 20 terms of an arithmetic
sequence are respectively 540 and 680.
(a) Calculate the first term 2 and common difference d of this sequence.

(b) Show that the sum of the first n terms of this sequence S(n) = 74n -2 n?,

(c) Determine the maximum value of S(n) and the corresponding value(s) of n.
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9. [6 marks: 3,1, 2]

An arithmetic sequence has first term —20 and common difference 3.
(@) Find the 20th term of the sequence and the sum of the first 20 terms.

(b) Find the first positive term in the sequence.

(c) Find n so that the sum of the first n terms is positive for the first time.

10. [5 marks: 3, 2]

An arithmetic sequence has first term 200 and common difference —10.
(a) Find which term is the first negative term in the sequence.

(b) The sum of the first n terms is 900. Find n.
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11. [9 marks: 2,2,3,1,1]
A special filter is installed to remove airborne particles from a dust-free room.
The filter has to be changed every 10 weeks. In the first five weeks of operation,
it removes 10 000 particles each week and thereafter its filtering capacity reduces

by 500 particles each week.

(a) Write a recursive equation that describes the filtering capacity of the
filter for the first five weeks.

(b) Write a recursive equation that describes the filtering capacity of the
filter from the sixth week to the tenth week inclusive.

(c) Write in terms of k, an equation that describes the number of particles
filtered in week k, if 6 <k <10.

(d) Find the total number of particles filtered in the first 5 weeks.

(e) Find the total number of particles filtered by the end of the 7th week.

© O.T. Lee 170



Mathematics Methods Revision Series Units 1 & 2 24 Arithmetic Progressions

Calculator Assumed

12. [11 marks: 2,2, 3, 4]

cross-sectional view
Joe runs a hardware store. He stores 25mm
diameter cylindrical polyurethane pipes
(each of length 10m) used for reticulation <« row
systems in the yard and stacks the pipes up
in piles similar to the one shown in the accompanying diagram. Each pile has
one pipe at the top of the pile.

(@) The bottom row of a pile of pipes has 50 pipes. How many pipes are
there in this pile?

(b) Another pile has 18 pipes in its 5th row (row 1 is on the ground).
How many pipes are there in this pile?

(c) There are 465 pipes in a pile. How many rows are there in this pile?
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12. (d) A new shipment of 100 pipes was delivered. How can the pipes be
stacked so that a minimum number of piles are used?

13. [6 marks: 3,1, 2]
Brooke invests $50 000 in an account that pays simple interest at a rate of 5% per
year. The interest is paid at the end of each year and is not added to the

principal. Let B(n) be the account balance at the end of n years.

(a) Find the recursive rule and general rule for the account balance after n years.

(b) Find n when the account balance is $75 000.

(c) Find the minimum number of years required for the balance to
exceed $150 000.
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14. [9 marks: 2,2, 5]

Xand Y are two campsites 200 km apart on the Bibbulman Track. Paige is the
leader of a group of hikers that start off from Camp X towards Camp Y. This
group of hikers walk 5 km on the first day, and thereafter increase their rate by
an extra 0.6 km each day until a rate of 8 km a day is achieved. They then walk
at this rate for the rest of the trip.

a) On which day did Paige’s group attain the maximum walking rate of 8 km
y ge s group g
per day?

Jasmine is the leader of a second group of hikers that start off from Camp Y
towards Camp X. This group of hikers walk 5 km on the first day, and thereafter
increase their rate by an extra 0.5 km each day until a rate of 8 km a day is
achieved. They then walk at this rate for the rest of the trip.

(b) On which day did Jasmine’s group attain the maximum walking rate of 8 km
per day?

(c) If Paige's and Jasmine's group start off on the same day, when and where will
the two groups meet along the Bibbulman Track?
Show clearly how you obtained your answer.
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1. [5 marks: 3, 2]

The terms of a sequence are defined by % - % = 0 with T1 = 1024
n

(@) Show that this sequence is a geometric sequence.

(b) How many terms greater than 32 are there in this sequence?

2. [5 marks: 3, 2]

A sequence is described by the rule Ty+1 =T, x5 with Ty = 2.

(a) Find the general rule of this sequence in the form T, =a x b" , where a and b
are constantsandn =1, 2, 3,4,5, ..... .

(b) How many terms less than 1000 are there in this sequence?
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3. [7marks: 1, 2,2, 2]

A sequence is given by the recursion equation t,,,; =5t,, where the t; =4.
(a) List the first five terms in this sequence.

t, t, ts ty ts

(b) State the n™ term (general term) rule for this sequence.

(c) Complete the table below that lists the difference between two consecutive
terms.

th -1 tz =ty ty —t3 ts — 1ty

Difference

(d) The difference between two consecutive terms is 50 000.
Identify these two terms. Justify your answer.

4. [4 marks: 1, 3]
The sum of the first 9 terms of a geometric sequence is 39 364.
The sum of the first 10 terms of the same sequence is 118 096.

The first term of this sequence is 4.

(a) Find the 10t term of this sequence.

(b) Calculate the 11t term of this sequence.
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5. [8 marks: 3,2, 3]

The sum of the first n terms of a geometric progression is S, = 4" 1oy

(@) Find the first three terms of the sequence.

(b) Find the general rule of the sequence.

(c) Find a mathematical expression for the sum of all terms between
the 10th term and the 15th term inclusive.

6. [6 marks: 3, 3]

(a) The third and sixth terms of a geometric sequence are 63 and 1 701
respectively. Determine the first term and common ratio of the sequence.

(b) The sum of the first 2n terms of this sequence is 82 times
the sum of the first nn terms of this sequence. Calculate the value of n.
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7. [4 marks]

4

,wheren =1, 2, 3,
10"

The general rule of a geometric sequence is given by T, =

Find the sum to infinity of this sequence if it exists. Justify your answer.

8. [4 marks: 2, 2]

(@) The sum of the first n terms of a geometric progression is given by

Su =5%2.5" — 5. Determine the sum to infinity of this sequence if it exists.

(b) The sum of the first n terms of a geometric progression is given by

S.=0.25(1-0.2"). Determine the sum to infinity of this sequence if it exists.

9. [3 marks]

The sum to infinity of a geometric sequence with first term 10 is 40. Find the
recursive rule of this sequence.
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10. [10 marks: 3, 2, 2, 3]

A sequence is described by the rule T, = 1500(1.04)" , wheren =1, 2,3, ...

(a) State the recursive rule of this sequence.

(b) Find the first term that exceeds 2 000.

(c) Find the least value for n for which the sum of the first n terms is greater than
50 000.

(d) Find the sum of the second set of ten terms.
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11. [13 marks: 2, 3, 2, 3, 3]
A robot submarine was released from a depth of 100 metres. During the first
minute it descends a vertical distance of 20 metres. During the second minute it
descends (vertically) a further 16 metres. The vertical descent each subsequent

minute is 80% of the descent of the previous minute.

(a) Find the vertical descent during the 5th minute.

(b) Find the depth of the robot submarine at the end of the 5th minute.

(c) During which minute did the robot submarine descend by 2.147 m?

(d) Find when the robot submarine reached a depth of 180 metres.

(e) The seabed is 250 metres below sea level. Will the robot submarine ever
reach the sea bed? Justify your answer.
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12. [8 marks: 1,2, 3, 2]
Ian fires a bullet horizontally into a specially constructed water tank. In the first
microsecond, the bullet travels 100 cm horizontally; in the subsequent
microseconds the horizontal distance travelled is 60% of the horizontal distance

travelled in the previous microsecond.

(a) What is the horizontal distance travelled by the bullet in the 5th ps?

(b) What is the total horizontal distance travelled by bullet at the end
of the 5th ps?

(c) During which microsecond does the total horizontal distance travelled
tirst exceed 245 cm?

(d) A target is located 300 cm horizontally from the point where the bullet
penetrates the water. Will the bullet hit the target? Justify your answer.
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13. [12 marks: 2,2, 2, 3, 3]

An object P travels in a straight line. The distance travelled (in metres) by P in
each of the first four minutes is given in the table below.

Minute 1 2 3 4
Distance travelled (m) 30 27 24.3 21.87

(a) Assuming that the pattern continues, calculate the distance travelled in the
6h minute.

(b) Write a recursion relation for the distance travelled by P in the n** minute.

(c) Determine with reasons when P first travels less than 5 m in one minute.

(d) When does the difference in distance travelled between minutes first differ
by less than 1 m? Justify your answer.

(e) Describe what happens to the object PP as t — « (for very large values of ).
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14. [10 marks: 2,2, 3, 3]

A rubber ball is dropped from a height of 200 cm. Each time it hits the ground it
will bounce vertically upwards to a height that is 80% of the height it reached in
the previous bounce. It bounced to a height of 150 cm after it hit the ground the
tirst time.

(@) Find the height reached by the ball after it hits the ground for the 3rd time.

(b) After how many times would the ball have to hit the ground before it first
rebounds to a height less than 50 cm.

(c) Find the total distance travelled by the ball just before it hits the ground for
the 5th time.

(d) Find the total distance travelled by the ball before it comes to rest on the
ground.

15. [7 marks: 2, 3, 2]
An investment account pays 15% interest compounded annually over a 15 year
period. Brad invests $100 000 in this account for 15 years. No new money was

added to and no withdrawals were made from the investment account.

(a) Calculate the value of the investment account after 10 years.
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15. (b) Calculate the increase in value of the account during the 10th year.

(c) Calculate the minimum number of years required for the initial amount
invested to double.

16. [10 marks: 2,3, 3, 2]

$1 000 000 is invested in an account that pays interest at a rate of 5% per annum
compounded annually. Let B(1) be the account balance at the end of n years.

(a) Find the general rule for the account balance at the end of n years.

(b) Find the growth in the account balance in the first 10 years.
Hence, find the average percentage growth rate in the first 10 years.

(c) Calculate the average percentage growth rate in the first 20 years.

(d) Give an explanation for the different answers in parts (b) and (c).
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17. [8 marks: 3, 2, 3]

To fight an infection, Steele has to take a course of medication which consists of
10 tablets to be taken over 10 days. One tablet is to be taken at the same time
each day. Each tablet contains 50 mg of a particular drug. At the end of each 24
hour period, only 20% of the drug remains in the body. The table below models
the amount of the drug in the body for a period of 5 days.

Day Amount of drug in the body (mg)
Just before tablet is taken Just after the tablet is taken
1
0 50
2
50 x 0.2 50 +50 x 0.2
3 2 2
(50 x 0.2) + (50 x 0.2°) 50 + (50 x 0.2) + (50 x 0.2%)
4 50 + (50 x 0.2) + (50 x 0.2
(50 x 0.2) + (50 x 0.2) + (50 x 0.2%) (50>0.2) + (30 0.2
+ (50 x 0.27)
5 1(50x0.2)+ (50 x 0.2%) + (50 x 0.2%) | 50 + (50 x 0.2) + (50 x 0.2%)
+ (50 x 0.2%) + (50 x 0.2%)+ (50 x 0.2%)

(@) Find the amount of drug left in the body just before the 6th tablet is taken.

(b) Find the amount of drug in the body just after the 10th tablet is taken.

(c) Find the amount of drug left in the body one week after the last tablet
was taken. Comment on your answer.
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1. [7 marks: 1, 3, 3]

The amount of radioactive substance at time ¢ years is given by A =200 (0.75)" g.
(@) How much radioactive substance was there at the start?

(b) Find the amount of radioactive substance that has decayed after 5 years.

(c) How long will it take for half the original amount to decay?
Show clearly the method you used. Give your answer to the nearest month.

2. [5 marks: 2, 3]

The number of dolphins in a river is modelled by N =200 x 0.98
where t is number of years after January 2016.
(a) Determine the decrease in the number of dolphins in the third year.

(b) At the end of the third year, the river was declared part of a nature reserve
and the number of dolphins in the river is now modelled by the equation

P=A x 1.04". Determine to the nearest year when the dolphin population
reaches 250.
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3. [10 marks: 2,1, 2, 5]
At the commencement of the use of a desalination plant, the number of dolphins

at a cove near the desalination plant was estimated to be 2000. The number of
dolphins, N, was monitored for several years and is displayed in the table below.

Number of N

dolphins, 2000 1
N
0 2000
1 1750 1500
5 1050
10 550

Years
after, t

1000 T

The accompanying graph
plots the points from the
given table onto a set of axes. 00T

The relationship between N

and tis of the form N = a(kt). 5 1:0 t

(@) Use an appropriate method to find the values of 2 and k.
Give the value of a to the nearest 100 and the value of k to 2 decimal places.

(b) Predict the population after 20 years.

(c) How many years will it take for the dolphin population to reach 100?

(d) The population of another marine animal in the area was also studied over
t+1

the same time period and its population, Q, is given as Q = 500 (1.05)
Draw the graph of Q onto the diagram given and use the graphs drawn to
determine when the two populations are equal?
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4. [9 marks: 3,2,3,1]

The amount of water, W

Megal.itres, in a newly MR
constructed dam at time t weeks
is shown in the graph below.
Three models were suggested for
this data:

W=80x125"
W=100x1.26"
W=50x126"

tweeks

(@) Which of these three models best represent the data given?
Justity your answer.

(b) Use your chosen model to:
(i) estimate the amount of water in the dam after 20 weeks.

(ii) find when the amount of water in the dam will first exceed 3 000 ML.

(c) What is the most important assumption underlying the model you
chose in part (b)?

© O.T. Lee 187



Mathematics Methods Revision Series Units 1 & 2 26 Exponential Functions 1

Calculator Assumed
5. [12 marks: 3,2, 2, 2, 3]

The fox population (in thousands) in a forest in the South West of the state is
displayed in the table below:

Population (thousands) A
After t Population, P oA B
years (thousands)
1 5.3
2 5.5
3 5.9 T C
4 6.4
5 6.9
6 7.8 5T
5%
Three models are proposed to L > Time(years)
describe the fox population as oot e
tabulated.

P=491x1.08" P=511x1.04'  P=477x1.08'
The graphs of the proposed models are drawn above.
(a) Match the curves drawn with the models given.

A. B. C.

(b) Plot the values of P as displayed in the table onto the given graph.

(c) Which of the three given models best describe the tabulated data.
Explain clearly how you arrived at your answer.

(d) Use your chosen model to find:
(i) the population after 10 years.

(ii) when the population reaches 9 000 (Give answer to the nearest month).
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1. [14 marks: 1,2,2,3,3, 3]

d
Determine —Z for each of the following leaving answers in positive indices
X

where appropriate.

(a) y =5

(c) y = ~100x
3 9
(d) y= 2x —73x
x

6 y=(2x+1)>
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2. [13 marks: 1,2,2,2,3,3]

Given y = f (x), find Z—y leaving answers in positive indices where appropriate.
x

(@ y= 0.1x°

() y=+19x
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3. [2 marks]

Find the gradient of the curve iy = x> + 2+/x + 1 at the point where x = 1.

4. [4 marks]

2 3

x4

at the point where

Find the equation of the tangent to the curve y = il

x=-1.

5. [5 marks]

Find the coordinates of the point(s) on the curve y = L x with a gradient of 0.
x
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6. [8 marks]

A curve has equation y = (x — 2)(2x* — 5x + 2). The points A and B lie on this
curve. The tangents to the curve at A and B are parallel to the line 12x —y = 5.
Find the coordinates of the points A and B.

7. [7 marks]

The tangent to the curve y = xs(x + 2) at the points where x =1 and x = -1 meet at
the point Q. Find the coordinates of the point Q.
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8. [9 marks: 6, 3]

3

Find the equation of the tangent(s) to the curve y = % X

- l that are:
3

(a) parallel to the line x + y = 6.

(b) perpendicular to the line x —y =1.

9. [5 marks]

The curve y = ax’ + bx* + 4x + 1 has a gradient of 2 at the point (-1, —4).
Find a and b.
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10. [6 marks]
The curve with equation y = x* + ax® — bx* —8x + ¢ has a vertical intercept of 12

and has a root at x = 1. The tangent to this curve at x =1 has equation
y =-12x +12. Find the values of 4, b and c.

11. [7 marks]

The curve with equation y = x* + ax’> + 2x” + bx + ¢ has a vertical intercept at y = 4
and a tangent with equationy = - 8x -1 at x = -1.
Calculate the values of a4, b and c.
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12. [3 marks]

Use first principles to determine the derivative of y = 5x%,

13. [4 marks]

1
x2’

Use first principles to determine the derivative of y =
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1. [6 marks: 2,2, 2]

Use the sketch of y = f (x) to determine the gradient of the curve at the points
corresponding to the indicated values of x

(@) (i) x= -2
|
|
(i) x=1
|
L
P X
4
(b) (i) x=-2 y
A
4-— /
(i) x=0 i
— —P x
2 1 2
ol |
Yy
(© (@) x=0
2
(i) x=2
: \;p X
-2 2
-2
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2. [4 marks: 2, 2]

The graph of y = f (x) is given in the accompanying y
diagram. 10
(a) Find the x-coordinate of the point(s) where the 5T

gradient of the curve is 0.

-101r

(b) For what values of x is the gradient of the curve negative?

3. [5 marks: 2, 3]

The graph of y = f (x) is given below.

.......
.,

~,
.

. 5
......

(a) For what values of x is the gradient negative?

(b) Sketch on the same axes, a possible graph of y = f'(x).
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Calculator Free
4. [3 marks]
The diagram below shows the graph of y = f(x). Sketch on the same axes a

possible graph of y = f'(x).

y

NS |

5. [3 marks]

The diagram below shows the graph of y = f(x). Sketch on the same axes a
possible graph of y = f'(x).

y
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Calculator Free
6. [6 marks: 2,1, 3]

The graph of y = f'(x) is given in the
accompanying diagram.

(a) State the x-coordinate of the
point(s) where the gradient of ' '
y = f(x) is zero. : ——— - > x

(b) State the x-coordinate of the
point(s) where the gradient
of y = f (x) is a minimum.

(c) Sketch on the same axes a possible graph of y = f (x).

7. [4 marks]

The curve y = f (x) cuts the x-axis at the origin and nowhere else.
Y —gatx=1landx=2 ¥ <Oonlyforl1<x<2.
dx dx

Give a possible sketch of i = f(x).

f(x)

x
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Calculator Free

8. [3 marks]

Given the sketch of y = f (x), on R "

the set of axes given, give a

possible sketch of y = f'(x).

9. [3 marks]

Given the sketch of y = f'(x), y
give a possible sketch of y = f (x).
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29 Stationary Points & Graphs

Calculator Free

1. [9 marks: 7, 3]

¥ x? 1

Consider the curve with equation y = Sty g

(a) Find the coordinates of the stationary point(s) on this curve. Use an
appropriate analytical method to determine the nature of these point(s).

(b) Sketch the curve. Indicate clearly the turning points.

y

-2
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Calculator Free

2. [14 marks: 3,7, 4]

Consider the curve with equation y = X —3x+2.

(@) Find the roots of this curve.

(b) Use a calculus method to determine the minimum and maximum points
on this curve.

(c) Hence, sketch this curve. Indicate all intercepts and turning points.

y
$X
i 2
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Calculator Free

3. [11 marks: 5, 3, 3]

Consider the curve with equation y = X — 6x% +12x - 9.

(a) Find the coordinates of the stationary point(s) on this curve. Use a calculus
method to determine the nature of these point(s).

(b) Find the coordinates of all the intercepts.

(c) Hence, sketch this curve. Indicate all intercepts and turning points.

10

5

=5

-10

(il
i
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Calculator Free

4. [5 marks]

Determine the coordinates of all stationary points on the curve y = 43224,
Use an appropriate test to determine the nature of these points.

5. [4 marks]

The curve y = 3x> + ax® + bx + chas a y-intercept at (0, 4) and stationary points at
x=0and x = 2. Find the values of 4, b and c.

6. [6 marks]

Consider the curve with equation y = ax® + bx® —12x + c.
The curve has a turning point at (-1, 15) and another turning point at x = 2.
Find a, b and c. Show clearly how you obtained your answer.
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Calculator Assumed
7. [6 marks]
A curve has equation y = ax® + bx* + cx + d. The curve has a turning point

at x =1, a y-intercept at (0, -33) and a tangent with equation y = -24x — 37
at x = —1. Find the values of a, b, cand d. Justify your answer.

8. [7 marks]

A curve has equation i = x* - -4
Use a calculus method to find the coordinates of all the stationary points on this
curve. Use the sign test to determine the nature of each of these points.
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Calculator Assumed
9. [10 marks: 2,5, 3]
A curve has equation y = (x — 2) (x2 +1).

(@) Find the coordinates of the horizontal and vertical intercepts.

(b) Use a calculus method to find the exact coordinates of the turning points.
Use the sign test to determine the nature of these points.

(c) Sketch the graph of this curve in the axes below.
y

5.._
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Calculator Assumed
10. [10 marks: 2, 5, 3]
Consider the curve with equation y = 2x® — 9x* + 12x — 4.

(a) State the roots of this curve.

(b) Use a calculus method to determine the turning points on this curve. Use an
appropriate method to determine the nature of each of these points.

(c) Sketch this curve for 0 < x < 3 in the axes provided below.
Label all intercepts and turning points.

y

/
10 1

]

_10 -
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Calculator Assumed

11. [11 marks: 2,5, 4]

Consider the curve with equation y = 3xt—4xd 41

(a) State the coordinates of the x-intercepts and y-intercepts.

(b) Use a calculus method to determine the coordinates of the stationary points.
Use the sign test to determine the nature of these points.

(c) In the axes provided below, sketch y = 3xt—4x® +1.
Indicate all essential features of this curve.

y

4

10
14U

\
x

[0
D
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Calculator Assumed

12. [11 marks: 2,5, 4]

Consider the curve with equation y = x*—4x3 +16x-16 .

(a) State the coordinates of the x-intercepts and y-intercepts.

(b) Use a calculus method to determine the coordinates of the stationary points.
Identify the nature of these points.

(c) In the axes provided below, sketch y = x*—4x® +16x-16.
Indicate all essential features of this curve.

y

101 1

_20 -

w
(<]
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30 Rates of Change

Calculator Free
1. [8 marks: 2,2,2,2]

The diagram below shows the temperature T (degrees Celsius) of an object at
time t minutes for 0 <t <50.

T

40
30

20

(a) Estimate the lowest and highest temperature (nearest degree) in the
first 50 minutes.

(b) Find the rate of temperature change when ¢ = 25 minutes.
[Hint: Find the gradient.]

(c) Find when the temperature is dropping at a rate of 1 degree Celsius per
minute.

(d) Find the average rate of change in temperature in the first 50 minutes.
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Calculator Free
2. [6 marks: 2,1,1, 2]

The diagram below shows the water depth (h cm) in a small pond for 0 <t <50
hours.

104

S
5 10 15 20 25 30 35 40 45 50

(a) Estimate the lowest and highest depth of water in the first 20 hours.

(b) Estimate the rate of depth change at ¢ = 25 hours.

(c) Find when the water depth is increasing at a rate of 0.5 cm per hour..

(d) Find the average rate of change in water depth in the first 50 hours.
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Calculator Assumed
3. [10 marks: 1,2,1,1,2, 3]

The mass (M g) of a crystal being grown in a laboratory at time t hours is given

by M = L L P i50i+5 foro<t<20.
30 20

(a) Find the change in mass of the crystal between t = 0 and ¢ = 10 hours.

(b) Find the average rate of change of mass of the crystal in the first 10 hours.

(c) Find an expression for the instantaneous rate of change of mass of the crystal
with respect to time.

(d) Find the instantaneous rate of change of mass of the crystal at t = 10 hours.

(e) Comment on the difference between your answers in part (b) and (d).

(f) Find the mass of the crystal when the instantaneous rate of change of mass
is 48 g per hour.
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Calculator Assumed
4. [10 marks: 2,1,2,1,3,1]
The volume (V cm”) of a spherical balloon is given by V = %nr?’ , where r is the

radius of the balloon. The radius of the balloon changes with time t (seconds)
according to theruler =10 - ¢.

(a) For what values of t is the rule r = 10 — ¢ valid? Why?
(b) Find V in terms of t.

(c) Find an expression for the rate with which the radius changes with time.

(d) Find the rate at which the volume is changing when t = 5 seconds.
An exact answer is required.

(e) Find the exact value of t when the rate at which the volume changes

. 3.1
1IS—mTcms .

(f) Hence, find the exact volume of the balloon when the rate at which the

. 3.1
volume changes is -t cm’s .
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31 Optimisation

Calculator Assumed
1. [11 marks: 5, 3, 3]
Consider the curve with equation y = (x — 5)(x + 1)* = x* — 3x* - 9x - 5.

(a) Use a calculus method to determine the turning points on this curve.
Use an appropriate method to determine the nature of each of these points.

(b) Sketch this curve for -3 < x < 6 in the axes provided.
Label all intercepts and turning points.

y
50+
40+
30+
20+

101

-2 2 4 6
-10-

T

-20

T

=301

T

40+

© O.T. Lee 214



Mathematics Methods Revision Series Units 1 & 2 31 Optimisation

Calculator Assumed

1. (c) Fory = (x-5)(x + 1)>=x* - 3x* = 9x — 5 in the domain -3 < x <6, find:
(i) the largest value of y and the corresponding x-value

(ii) the lowest value for y and the corresponding x-value.

2. [8 marks: 1, 5, 2]

The number of litres, V (kL), of unleaded petrol, sold at an outlet each day, is
3
modelled by V = %— 9t* + 65t +50, for 0 < t <14, where t is the number of days in

the given fortnight. Use an analytical method to find:

(@) how many litres of unleaded petrol was sold at the start of the fortnight

(b) the minimum amount of unleaded petrol sold per day and the corresponding
t value

(c) the maximum amount of unleaded petrol sold per day
and the corresponding t value.
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Calculator Assumed

3. [7 marks: 2, 5]

The organisers of a charity ball believe that if the ball tickets are priced at $80
each they would be able to sell 500 tickets. For each $5 increase in the price of
each ticket, they expect the sales to decrease by 10 tickets.

(a) Find the revenue when the price of each ticket is raised by x lots of $5.

(c) Use Calculus to find the price per ticket that will maximize the revenue of the
organisers. Give the maximum revenue.

4. [7 marks: 5, 2]

The population of dingoes in a large nature reserve is modelled by

P = —35¢ + 275t + 875 for 0 <t <25, where t is time in years after Jan 2000.

(a) Use Calculus to find the population at its lowest level. Give the year when
this occurred.

(b) Use Calculus to find the population at its highest level between 2000 and
2025 inclusive. Give the year when this occurred.
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Calculator Assumed
5. [8 marks: 3, 5]

A rectangular sheet of cardboard, 10 cm by 15 cm, is to be made into an open
rectangular box. Four squares, each of side, x cm, are removed from each corner
of the cardboard to form the net of the box.

(@) Show that the volume, V, of the box is given by V = x(15 — 2x)(10 — 2x).

(b) Use a calculus method to find the dimensions of the box that will maximise
its volume.

6. [6 marks: 2, 4]

The figure shown in the diagram is obtained by ) 20 cm
removing a semi-circle BKC from the rectangle )
ABCD. AB =20cm and AD = 4x cm. The
perimeter of the figure ABKCD is 200 cm.

4xcm

(a) Show that the area of figure ABKCD is given
by A = 80x — 2nx* cm”.

(b) Use calculus techniques to find in terms of &, the value of x that will
maximise A. State this maximum value, in terms of .
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Calculator Assumed

7. [10 marks: 4, 6]

The total surface area of a closed rectangular box is 2 000 cm” The length of the
box is four times its height x cm.

(a) Show that the volume of the box is given by V = 800x — 3.2x>

(b) Use a calculus method to find the maximum volume of the box and the
corresponding dimensions of the box.
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Calculator Assumed
8. [7 marks]

Given that A = xy2 and 2x +y =5, use a calculus method to determine the
maximum value of A. State the corresponding values of x and y.

9. [8 marks]

A closed rectangular box, has a volume of 10 000 cm?3. The height of the box is
twice its width. Use a calculus method to find the dimensions of the box that

will minimise its surface area.

© O.T. Lee 219



Mathematics Methods Revision Series Units 1 & 2 31 Optimisation

Calculator Assumed
10. [10 marks: 1, 2, 2, 5]

ABCDEEF is a uniform wedge. The base NOT DRAWN TO SCALE b
CAB is an equilateral triangle with side
length 2x cm. The top DEF is also an
equilateral triangle with side length 2x cm.
DEF is vertically above CAB with

AE =BF = CD =h cm. CKis perpendicular
to AB.

(a) Show that the volume of the wedge is
given by V = h3 em’.

(b) Show that the total surface area of the wedge is given by T = 2x23 + 6xh.

(c) Use a calculus method to determine the minimum total surface area of this

wedge if the volume of the box is fixed at 1000 cm’.

(You are not required to verify that a minimum has been obtained.)
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32 Anti-Differentiation

Calculator Free

1. [9marks:1,1,1, 2,2, 2]

Find the anti-derivative of each of the following:

(a) 3x% + 4

(e) (¥ +1)

250 +5x%
3x2

© O.T. Lee 221



Mathematics Methods Revision Series Units 1 & 2 32 Anti-Differentiation

Calculator Free
2. [5 marks: 2, 3]

Evaluate each of the following:

() [x(1+2x)dx

(b) [(1+x)° dx

3. [3 marks]

dy

The gradient function of a curve is given by e 2x + 5. Find the equation of
X

the curve if it passes through (-1, 3).

4. [4 marks]

3
The gradient function of a curve is given by % S S 2x —1. Find the
X

equation of the curve if it passes through (1, 2).
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Calculator Free

5. [4 marks]

Find f (x) if f'(x) = x* + 2x + kand f (0) = —2 and f (-1) = 7.

6. [7 marks: 4, 3]

A curve has equation y = f (x) where f'(x) = 6x” + bx + ¢ has a maximum point at

(=2, 20). The tangent to the curve at the point x = 0 has equation y = -12x.
(@) Determine the values of b and c.

(b) Hence, determine the equation of the curve y = f (x).

7. [6 marks]

The gradient function of a curve y = f (x) is given by f'(x) =ax + b.

The vertical intercept of the curve is located at (0, —4). The curve has a turning
point at (2, 4). Determine the equation of this curve.
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33 Rectilinear Motion

Calculator Assumed
1. [9 marks: 2,3, 3, 1]

The particle P travels in a straight line. The displacement of a particle P from a

tixed point O at t seconds is given by s = t3 — 9t + 1 metres.

(a) Calculate the velocity of P at t =1 second.

(b) Calculate when and where the P is travelling with velocity 3 ms .

(c) Calculate when P is travelling with speed 3 ms .

(d) State one instance when P is 9 metres away from O.
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Calculator Assumed
2. [10 marks: 1,2,2,1,2,1,1]

The displacement of a particle moving along a straight line at time f seconds is

givenby s = £ — %t2 + 6t metres.

(@) Find the displacement of the particle at time f = 1 seconds.

(b) Find the change in displacement in the first 2 seconds.

(c) Find the velocity of the particle at t = 2 seconds.

(d) Find when the particle changes direction.

(e) Find the distance travelled in the first two seconds.

(f) Find the average speed in the first two seconds.

(g) What does the difference between your answers in (b) and (e) imply?
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Calculator Assumed

3. [7marks: 1, 3,1, 2]
The displacement of a body at time t seconds is given by s = 4t + % metres.
_l_

(a) Find an expression for the velocity of the body at time t seconds.

(b) Show that the body is never stationary.

(c) Find an expression for the acceleration at time ¢ seconds.

(d) Hence, describe the motion of the body for large values of ¢.
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Calculator Assumed
4. [10 marks: 4, 2, 4]

The displacement of a body moving along a straight line is given by
s=—t +at’ + bt + 3 metres where ¢ is time in seconds. The initial velocity of the

body is 5ms . The body is momentarily at rest when ¢ = 1 second.

(@) Find the values of a and b.

(b) Find when the body changes direction.

(c) Find the instantaneous speed at t = 2 seconds and the average speed in the
first 2 seconds.
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Calculator Assumed
5. [6 marks: 1, 5]

A particle P moves along a straight line. The velocity of P, t seconds after
passing a fixed point O is given by v = at + b cms . The initial velocity of P is
1cms . The initial displacement of P from O is - 4 cm and the change in
displacement in the first two seconds is 6 cm.

(@) Determine the value of b.

(b) Determine the displacement of P after 5 seconds.

6. [5 marks: 2, 3]

The acceleration (ms °) of a particle moving along a straight line is given by
a =4t + 1, where t is time in seconds. At t =1, the velocity of the particle is

5ms ' and the displacement of the particle is 10 m.

(a) Find an expression for the velocity of the particle at any time ¢.
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Calculator Assumed

6. (b) Find an expression for the displacement of the particle at any time .

7. [8 marks: 2,3, 3]

The acceleration of a particle P at time t seconds is given by a = 6¢ cms ~. The
initial displacement of P from a fixed point O is =10 m and the initial velocity

) 1
is 1 cms

(@) Determine an expression for the velocity of P at time t seconds.

(b) Show that P travels only in one direction.

(c) Calculate when P is 100 m from O.
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Calculator Assumed
8. [10 marks: 1, 6, 3]
A particle starts off from a fixed point 0 with an acceleration (mms °) of
a =mt — 24, where t is time in seconds. The particle travels in a straight line and
returns to O at t = 4 seconds and has a change of displacement of -9 mm in the

third second (it moves in the same direction during this time).

(@) Find in terms of m an expression for the velocity of the particle at any time ¢.

(b) Find the displacement of the particle at any time ¢.

(c) Find when the particle is at O the third time (if it does).
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