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[Maximum mark: 16]

Tiffany wants to buy a house for a price of 285000 US Dollars (USD). She goes to a bank
to get a loan to buy the house. To be eligible for the loan, Tiffany must make an initial down
payment equal to 15% of the price of the house.

The bank offers her a 30-year loan for the remaining balance, with a 4% nominal interest
rate per annum, compounded monthly. Tiffany will pay the loan in fixed payments at the end
of each month.

(@) (i) Find the original amount of the loan after the down payment is paid.
Give the exact answer.

(i)  Calculate Tiffany's monthly payment for this loan, to two decimal places. [5]

(b) Using your answer from part (a)(ii), calculate the total amount Tiffany will pay over
the life of the loan, to the nearest dollar. Do not include the initial down payment. [2]

Tiffany would like to repay the loan faster and increases her p Zments such that she

paysl3OOUSDeachmonth”2 6725 8 — 2\}2 )770”11

h 0 W )]/ Find the total n%ber of /ﬂhly pay nents she will need to make to,pay off the loan. [2]
ThIS strategy will res Tlffanys I al payment bein &y !a)n7 q)&é W 0}7 Z éé

/ (d) termine the amount of Tiffany's final payment, to two decimal places. [4] ‘(7

(e)” Hence, determine the total amount Tiffany will save, to the nearest dollar, by making 0
the higher monthly payments. [3]
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[Maximum mark: 16]
Tiffany wants to buy a house for a price of 285000 US Dollars (USD). She goes to a bank

to get a loan to buy the house. To be eligible for the loan, Tiffany must make an initial down
payment equal to 15% of the price of the house.

The bank offers her a 30-year loan for the remaining balance, with a 4% nominal interest
rate per annumfcompounded monthly\Tiffany will pay the loan in fixed payments at the end
of each month.

(a) m Find the original amount of the loan after the down payment is paid.

/ Give the exact answer.
(i)  Calculate Tiffany’'s monthly payment for this loan, to two decimal places.

:7 PMT: j 155‘ 5 ¢ \/(b) Using your answer fromepart (a)(ii), calculate the total amount Tiffany will pay over

———""*

the life of the loan (to the nearest dollar. Do not include the initial down payment.

_”—_'_,..--J
Tiffany would like to repay the loan faster and increases her payment&iuch that she

pays 1300 USD each month. 9Q ‘35%1 (rﬂ U” M

l/(c) Find the total number of monthly payment e will need to make to pay off the Idan.
This strategy will result in Tiffany’s final payment being less than 1300 USD.
(d) Determine the amount of Tiffany's final payment, to two decimal places.
R ————————————————————————————————————————————————

(e) Hence, determine the total amount Tiffany will save, to the nearest dollar, by making

g 87 #.34 4
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[Maximum mark: 18]

The heights, &, of 200 university students are recorded in the following table.

Height (cm) Frequency

140 < )t < 160 1 2/ .
+

160<h <170 51

170 <h < 180 68 ‘1,‘50-,.5,4

180 <h < 190 47 20 0

/ 190 < h <210 23

(a) (i)  Write down the mid-interval value of 140 <h <160. % i_s O ( S t )) e

(ii) Calculate an estimate of the mean height of the 200 students. v~ [3]

This table is used to create the following cumulative frequency graph. i 50 A 7576

N

200+

175

1503

Cumulative frequency

I I

170 180 190 200
Height (cm)

(b) Use the cumulative frequency curve to estimate the interquartile range. \/

Laszlo is a student in the data set and his height is 204 cm.

this data. Justify your answer.

(This question continues on the following page) @ V/é/é f/‘ god” :

(c) Use your answer to part (b) to e‘?f:ate whether Laszlo's height is an outlier for

Cinnoin

(Question 2 continued)

t is believed that the heights of university students follow a normal distribution with mean
. ﬁ + Xg 76 cm and standard deviation 13.5cm.

B z 3It is decided to perform a »* goodness of fit test on the data to determine whether this sample
K of 200 students could have plausibly been drawn from an underlying distribution N (176, 13.5%).

.'l. 4’! m Write down the null and the alternative hypotheses for the test. 2]

As part of the test, the following table is created.

- 1 ?6\. .?L)ﬁ Observed | Expected

Height of student (cm) frequency | frequency

h <160 23.6

160<h <170 42.1

170 < h < 180 a

180 < h <190

190<h

(e) (i) Find the value of a and the value of b.

(i) Hence, perform the test to a 5% significance level, clearly stating the conclusion
in context. [8]
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(Question 2 continued) Expecb&‘t( 0 y\ - p a fo u a,"b[o Y) - 200 .
It is believed that the heights of university students follow a normal distribution with mean
176 cm and standard deviation 13.5cm. — -
It is decided to perform a ¢* ood‘tss of fit test on the data to determine whether this sample
of 200 students could have plausibly B&&n arawn from an underlying distribution N (176, 13.5%).
(d) Write down the null and the alternative hypothesesBor the test. d A . HZ]
As part of the test, the following table is created. Mn I a, S e ’ t ‘ S w Z)t
N\
Height of student (cm) e
frequenc frequency
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(e)

/
(i)  Find the value of @ and the value of b. ‘

(i) Hence, perform the test to a 5% significance level, clearly stating the conclusion
in context.
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\/4'. [Maximum mark: 12]

A plane takes off from a horizontal runway. Let point O be the point where the plane
begins to leave the runway and x be the horizontal distance, in km, of the plane from O.
The function i models the vertical height, in km, of the nose of the plane from the
horizontal runway, and is defined by

0
——~0.06, x>0.
1+150e

h(x)

h(x)=

diagram not to scale

_0.06 9 06

v/ - 020 S 40 -

(a)‘} Find 4(0). = 14156-@)""“.0 T 4{+450-¢€°
(ii) Interpret this value in terms of the Context. / 2]
(b) (i) Find the horizontal asymptote of the graph of y = j1{(x).
(ii) Interpret this value in terms of the context. / 2]
(c) Find A'(x) in terms of x. [4]
A safety regulation recommends that /'(x) never excee
(d) Given that this plane flies a distance of at least 200 km horizontally from point O,
determine whether the plane is following this SEEWL—-K' 4]
| ’ '
WWhen the plare Insn'y swartel (ts 72
- ) - 4
ga/ffpﬂ '/’éffl/ﬁh/ﬁ//f]5z‘€/
07{ i’}]ﬁ /052 of t}vé /0/47//7:,”.

@@{nce x70 we will fnvestl? ate Mz
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4. [Maximum mark: 12]

A plane takes off from a horizontal runway. Let point O be the point where the piane
begins to leave the runway and x be the horizontal distance, in km, of the plane from O.
The function & models the vertical height, in km, of the nose of the plane from the
horizontal runway, and is defined by

er an infinite (very high) amount of km covered
ally (horizontal distance), the nose of the of the
annot pratically exceed 10km in terms of height.
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(d) Given that this plane flies a distance of at least 200 km horizontally from point O,
determine whether the plane is following this safety regulation. [4]

Note: Award A1 for correct numerator and A1 for correct denominator.

[4 marks]
: ‘. (d) evidence of a graph of A'(x) (M1)
Ex ? 11’, n everftél ”} . maximum at x =71.6 (=71.58051...) (A1)
h'(71.58051..)=0.175 A1
/, maximum _gradient is less th
NS 1 ( } - -, and hence the regulation is being followed
0 Ye A (X - O -> [4 marks]

[Total 12 marks]




5. [Maximum mark: 18]

The following diagram is a map of a group of four islands and the closest mainland.
Travel from the mainland and between the islands is by boat. The scheduled boat
routes between the ports A, B, C, D and E are shown as dotted lines on the map.
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B
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Let the undirected graph G represent the boat routes between the ports A, B, C, D and E.

(a) Draw graph G.

(b) Graph G can be represented by an adjacency matrix P, where the rows and columns

represent the ports in alphabetical order.

01 2 41

‘/ 1 25 a 2
(i) Giventhat P'=|2 5 4 6 5/, find the value of a.

4 a 6 4 6

1 25 6 2

Vé) Hence, write down the number of different ways that someone could start at
port B‘and end at port C, using three boat route journeys.

‘/(c) Find a possj lerian trail in G, starting at port A.

(This question continues on the following page)
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EQUILIBRIUM POINTS

We can describe an equilibrium point according to the behaviour of the phase portrait around it.

N N
1IN N

stable spiral centre

® ©

For example, for the coupled system in Example 1:

dy

= = 0 whenever 7wz =km, ke Z
at

z=k, k€Z
dx

— —_ l ]
= 0 when y—s2=0
for an equilibrium point, & =k, y = %A keZ.

On the phase portrait we observe two types of equilibrium
point. There is a saddle point at (0, 0) and there are stable

spirals at (—1, —%) and (1, %)

unstable fixed

N

— O —

1N

unstable spiral
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Talking: Danah Alshehhi

’\ A model speedboat has its position, at time 7 seconds ¢ = 0, defined by
- oy 5y=0.05x, —=-5x-0.05y,
* 25 - o - ) - = dr \l_l }

where x metres is the distance east and y metres is the distance north of a fixed point O.

— (-0.05 5 )
( ~ o. 0 S - a ) - - 25 V(a) Find the eigenvalues of A= . . |+ giving your answers in the form a + bi,

("0- bS“ﬁ] : (. 0-05- ﬂ)T 5 ("5 J =0 . [Maximum mark: 15]

02 where a#0, h=0.
(b) (i) State what a # 0 indicates about the path of the speedboat.\/

(i)  State what the sign of « indicates about the path of the speedboat. l/
z K 1 At time 7 = 0, the speedboat has position (20, 0).

(c) Attime ¢=0, find the value of

(d) Use your answers to parts (b) and (c) to sketch the path of the model speedboat.

I-0] = [eo5-1 s1* [B)(0) aso. <0.05-7z% 510

D ~0.05-1

It won't move vertically, It
will move in a spiral (if
either a or b was zero, the
speedboat would move in 2
different axis).

—

-1 =0.05%5

When we have a differential -4 = 0.05+35: or - 7’9, =0.05-351
equation the value of a in :
complex eigen value 7]1 - 005 =56 oOT Ax = - 0.05+ 5¢
determines if we have spiral
inward motion (to the ffixed
point of the exercise O).

01
or 40 ol ward motion (2w dy from the 413




6. [Maximum mark: 15]

A model speedboat has its position, at time ¢ seconds ¢ = 0, defined by

where x metres is the distance east and y metres isThe distance north of a fixed point O.

—-0.05 5
-5 -0.05

(Lloéyn,lse_reea;éoo b#0. t/&/ﬂé}/wlgg? a

(o) (i) State what a ¢ O indicates about the path of the speedboat.

(@) Find the eigenvalues of A :{ ] giving your answers in the form a + b1,

y (||) State what the sign of « indicates about the path of the speedboat. [2]
3N X
ALtlme t= (Pt e speedboat has position (20, 0).
—'-‘_-_'_—'

nAt time t =0, find the value of

i 0y *400/775 “(speed)

(i) dr -

. dy = d
@ o= X - 5/0; 005,‘20.- 5]
[/(d) Use your answers to parts (b) déf to sketch the path of the model speedboat.

A
% _ a/y'M - g/ = 2290

dx Tyt Ak F
d ¢ Zo0




7. [Maximum mark: 18] Pa’ er‘ II (3023)

A trapezoid, Q, has vertices (0, 1) , (sin15°, —3—cos 15°), (sin15°, —1—cos 15°) as shown.

a) Area of tra,Pezmd:; Ate- L. 1 . (BASE+ base)
Ael'g};t: snily —s—— Aer = & .(241).

base = 1 1\“’1‘“ ,
i (st'njsi -1‘60315)

2

BASE - 2 (0,'2}21\

\
\

—4-

[$in15, -3-¢0s45)

3
(@) Show that the area of the trapezoid is %sinls . @

A design is created with 24 elements. Each element is obtained by transforming the
trapezoid Q. These elements are shaded in the following diagram such that the y-axis is a

line of symmetry. /4 Z‘-[" by 0. 355 i
j‘7’ wayre e

M

\\\\\\\/ =

;12,4—_[17 0




i [Maximum mark: 18] 2223-¥207

Atrapezoid, Q, has vertices (0, -1), (0,-2), (sin15°, —3—cos 15°), (sin 15°, —1—cos 15°) as shown. . N
(Question 7 continued)

= ) -
S u I)St l t u t 6 1 1 K - 7 M 6 E—*‘ C The transformation that produces each of the elements on the right side of'the design can

be represented by a matrix of the form

"1 i "c()s(/\'XIS ) 1 iu’sin(/{xlf )
\ 12 ) b — \ 12 ) ‘

iI"sin(k‘»:]S) l‘] i.:cos[/\'><]5 )
12) " - . 12} )

where k=0,1,2,3,...,11.

a b)

(b)% Find the matrix M, . Give your answer in the form ] | where a, b, ¢, d e Q.

|
(i)  Hence find the coordinates of the image of the verteé (0, 1] afteritis

transformed by the matrix M, . [4]

(a) Show that the area of the trapezoid is %.sin 16y . . . .
2 The matrix M, can be expressed as the product of a rotation matrix and an enlargement matrix.

A design is created with 24 elements. Each element is obtained by transforming the 15“ °
trapezoid Q. These elements are shaded in the following diagram such that the y-axis is a (c) Write down, in terms of k&, 4 0 _S K - 5 l ” K

—
line of symmetry. i -

(i) the rotation matrix: 5/ h (sz-/ c oS //5/

(i) the enlargement matrix; ~——_y (2 7

(iil) the angle of the rotation; / - }T 9,
'/[{ () the scalefagtorof the enlargementh -{ lzf'_

Anole of mtatio Ylg]e
e Factor of ~
only write ¢ th 57 /< mLNe EZront of EVery e L
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s [Maximum mark: 18] - 22237207

Atrapezoid, Q, has vertices (0, -1), (0,-2), (sin15°, =3—cos 15°), (sin 15°, —1—cos 15°) as shown. . )
(Question 7 continued)

r )
{ -~ },‘ ¢cos( K-18° - ({ | o |
| The transformation that produces each of the elements on the right side of the design can
be represented by a matrix of the form
caref ull

|‘.1 E“’ms(kxl.\ ) 1‘.l EJ"\]“U\A[")

;“1 l/%.‘;sin{:kxlS ) ‘v‘l l[‘—;.:cos(:kxl." )

where k=0,1,2,3,...,

(a b)
Find the matrix M, . Give your answer in the form c dl where a, b, ¢, d € ().

(i)  Hence find the coordinates of the image of the vertex (0, —1) after it is
transformed by the matrix M, . 4]

The matrix M, can be expressed as the product of a rotation matrix and an enlargement matrix.

(c) Write down, in terms of &,

(i)  the rotation matrix;
‘ ' yi - . (i) the enlargement matrix;
o o % , . _ = (iii) the angle of the rotation;
. S (” 1 5- 5 - (1 | | ' ) i ‘ ) (iv) the scale factor of the enlargement. [4]

Using your answer to part (c)(iv), or otherwise, find the determinant of the matrix M, in

y ? - | terms of k. )
mils 45:(‘{ l/ | | | 2

Hence, or otherwise, find the total area of the elements in the whole design. l/ (4]

Each element on the left side of the design can be obtained through a transformation of the
e trapezoid Q by applying the matrix N,, where k=0, 1,2,3,..., I1.

4 13 g5
- . =Sl | 28
2 /77,}%-3‘ SIn1s It 8t 4 dist e 3%

Z Z )ZW e do the atrix \ as?roduc ftwo matrices.

[2]
47502,*2/: Ix 1 75




Hence, or otherwise, find the total area of the elements in the whole design.

Each element on the left side of the design can be obtained through a transformation of the
trapgzoud Q by applying the matrix N,, where k=0, 1,2,3,..., 11.

Write~down tt ix N, as a product of two matrices.

z] Mk
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marks are not necessarily awarded for a correct answer with no working. Answers must be supported
by working and/or explanations. Solutions found from a graphic display calculator should be supported
by suitable working. For example, if graphs are used to find a solution, you should sketch these as part
of your answer. Where an answer is incorrect, some marks may be given for a correct method, provided
this is shown by written working. You are therefore advised to show all working.

1. [Maximum mark: 13]

The mean annual temperatures for Earth, recorded at fifty-year intervals, are shown in the table.

1758 1808 1858 1908 1958 2008

9.22 9.10 9.12 9.13 9.45 9.76

3.81= 9. 57
- .
J/XOOO/ :0.00253 2:6004‘ : Year (x) 1708
ﬂ ( a X + A } — z ~ a- 00256 Temperature °C (y) 8.73
— i i
L ,n E af e/ é : ¢ f ; Tami creates a linear model for this data by finding the equation of the straight line passing
through the points with coordinates (1708, 8,73) and (1958, 9.45).
r= V) g /4 _{ / x4  { X2 2
A - = (a) Calculate the gradient of the straight line that passes through these two points.
Y= 0. 002564 4.6 b
(b) %I) Interpret the meaning of the gradient in the context of the question.
(i) State appropriate units for the gradient.
- = 0.00256-2000+4 %6
/df X: 20 0 0 = > j e r 0 2 ;A:) Find the equation of this line giving your answer in the form v = mx +¢.
== J 5 8 1/(d) Use Tami’s model to estimate the mean annual temperature in the year 2000
J % e Tha}?a uses linear regression to obtain a model for the data.
(e)#¥ (i) Find the equation of the regression line y on x.
(i) Find the value of r, the Pearson's product-moment correlation coefficient.

Use Thandizo's model to estimate the mean annual temperature in the year 2000.

(f)




@ gr way A : w(t) = € ¢ Feos (048t) 18- €.
GOC-Solvel [ Fcos(o. 488)41426) =y ¢ =482
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t([ztest time: 06:008m+ % Hwin = 10: Hanm)

'{”‘j 1- -3 Mathematics_applica X -2; Mathematics_applicati X -+

Talking

[Maximum mark: 15]

The depth of water, w metres, in a particular harbour can be modelled by the

function w(t) =acos(bt” ) + d where t is the length of time, in minutes, after 06:00.
e et N '

On 20 January, the first high tide occurs at 06:00, at which time the depth of water is_| 8m.

The following low tide occurs at 12:15 when the depth of water is 4m , This is shown in

the diagram. Un !

wi(r)
A

YIS -

T >

T - T - T - T - T - T - >

60 120 180 240 300 360 420 480, o
(mn )

Find the value of u.l/ [2]

Find the value of d. 1/ 2]

Find the period of the function in minutes. )/ [3]

Find the value of h. 1/ (2]

Naomi is sailing to the harbour on the moming of 20 January. Boats can enter or leave the

harbour only when the depth of water is at least ‘\lll.yi F 7 c0s {36”‘6) 4 Ig /yx:g

(e) Find the latest time before 12:00, to the nearest minute, that Naomi can enter the harbour. [4]

(f)  Find the length of time (in minutes) between 06:00 and 15:00 on 20 January during
which Naomi cannot enter or leave the harbour. = 2]
———————————— g L6x40< $£89.76
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[Maximum mark: 17]

A large international sports tournament tests their athletes for banned substances
They interpret a positive test result as meaning that the athlete uses banned substagees:

[5\ n ;W )mans that 1hey do not
(R

e probabuloty that an athlele Uses banned substances is estimated to be 0.06

If an athlete uses banned substances, the probability that they will test positive is 0.71.

\/‘an athlete does not use banned substances, the probability that they will test negative is 0.98.

(a) Using the information given, copy (into your answer bzoklel) and complete the

following tree diagram. ,‘ ﬂ L 0)’ re"
o P 02/, tests positive

(2]

does not <
,9 _ use banned \}
0. " Sibstances 0. e\
/ — ~ tests negative
\\ P tests positive
: 0.7 i
0.06 ™\ uses banned L

substances _
N

/ ’—Q—% tests negative
pedrrei

substances and tests negative

2 /7?7
(/{X 0) 4 f{x:-j 1 //X:’}) @@(prmme the probability that a randomly selected athlete does not use banned
-

g. 0070 F

‘/(u:) If two athletes are selected at random, calculate the probability that both athletes
do not use banned substances and both test negative

‘/(c) k'() Calculate the probability that a randomly selected athlete will receive an
incorrect test result.

m A random sample of 1300 athletes at the tournament are selected for testing
Calculate the expected number of athletes in the sample that will receive an

incorrect test result

Team X are competing in the tournament. There are 20 athletes in this team. It is known that

/nme of the athletes in Team X use banned substances
M
(d) Calculate the probability that none of the athletes in Team X will test positive

l/(e) Determine the probability that more than 2 athletes in Team X will test positive.



