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Section A
Pure Mathematics

Answer all questions in the spaces provided.

12 04-p

1 The matrix A is defined by A=
04+p 1.8

} where p is a constant.

1 (a) Find in terms of p the determinant of A

[2 marks]
1_2)(1_8—[9.4—;3:}3{0.44';3:}
2+ pz
Answer
. . , 10 ,
1 (b)  The matrix B is defined by B= Py where k is a constant.
1 (b) (i) Describe the transformation represented by the matrix B
[1 mark]

Shear parallel to y-axis

1 (b) (ii) The point (3, 2) is mapped to the point (3, —4) by the transformation represented by B

Find the value of k&

NIy

= 3k+2=-4

[2 marks]

k=-2

Answer
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1 (c)

The matrix C represents the following sequence of transformations:

¢ the transformation represented by B
followed by
¢ the transformation represented by A

Find in terms of p the matrix C

[3 marks]

o[ 12 04-p1 0
“|04+p 18 ||-2 1

p-32 18

_[D.4+2p 0.4—p}

Answer
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Turn over for the next question
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A curve passes through the point (2, 5) and satisfies the differential equation box

dy 1

e 25—y

Use Euler’s step-by-step method with a step length of 0.05 to estimate the value
of y when x=2.1

Give your answer to three decimal places.
[5 marks]

hf (2, 5)=ﬂ.05>»:22_1 -

=0.02834576...

¥, =9+0.02834576.. =5.02834576...

1
2205_,[5 02834576

V5 =5.02834576+0.05x

[=5.05468009 ]

5.055

Answer

Turn over for the next question

Turn over »
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3 The variables x and y are related by the equation

y= Ax? + Bx
where A and B are constants.
3 (a) Show that there is a linear relationship between x and Y where Y 2

X

el

=Ax+B

= |

[2 marks]

which is a linear relationship [between x

and 2]
X

3 (b) Six pairs of x and y values are obtained in an experiment.

The values of x and Y are plotted on the grid below.

YA
3
X
2
1
2.3
0 1 2 3 4 5 ¥

3 (b) (i) Draw a line of best fit on the grid above. -]

-
]
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3 (b) (ii) Use your line of best fit to estimate the value of 4 and the value of B

3 ()

gradient =-0.47
v-intercept = 2.46

A=-047
B =246

B1

B1

AWFW [-0.5,—0.44] for A

[2 marks]

Gradient or intercept seen for their
straight line of best fit

Half a square tolerance for identified
points

AWFW [2.38,2.55] for B

Mote an award of B0 B1 is possible

B:

Use your answer to part (b)(ii) to estimate the values of x for which y =1

Give your values to two significant figures.

1= —047x%+2 46x

x=47898 or x=0.4442

x=48 or x=044

M1

m1

A1lft

[3 marks]

Correct substitution of their values
and y=1 into original relationship

Pl Solves resulting quadratic

ft their 4 and B

Answers must be given to two
significant figures and not rejected

Do not write
outside the
box

Turn over for the next question
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4 (a) (i)

The equation 2x° —4x? —12x+21=0 has areal root « intheinterval 2<a <3

Interval bisection is used once with the interval 2<a <3 to find an improved interval

for a

Linear interpolation is also used once with the interval 2<a <3 to find an improved

interval for a

Explain why using interval bisection and linear interpolation with the interval 2<a <3

result in the same improved interval for «

3x=3-2x%3
=m0 M1
-3-3
Linear interpolation also gives the mid point A1

Applies linear interpolation once, [2 marks]

must see the calculation of x, or
equation of line y =6x - 15

or evaluates both f(2)=-3 and

f (3) = 3 which must be seen in part
(a)(i)

Correct conclusion oe

eg |f(2)|=|£(3)| so linear

interpolation divides the interval in two
[as does interval bisection]

4 (a) (ii) Show that the improved interval for « is §< a<3

5

Change of sign, so g <a<3

{(2)e-275 wa 1(5)=3

M1

A1

[2 marks]

_ 5 -
Correct evaluation of f(E] and £(3)

One or both may be seen in part {a}{i}_

Correct conclusion

Must state or show that that thereisa

change of sign and concludes thata
is present in the interval

5 _
Reference to f(E] and £(3)must

seen but not necessarily evaluated in
part (a)(ii)

0 8
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4 (b)  Starting with the interval g< o <3 use linear interpolation once to

show that @ <a<3
23

M1

m1

[5 marks]

Obtains comect equation in terms of .1'1 or obtains

equation of linear interpolation line

23 63 _ P 2.75
¥V ==—X—— or obtains =—

2 2 05-p 3

o

5
Condone use of f(i] and T {3) instead of

values

ft their values from (a)

Obtains comect linear equation in terms of X,
o

Correct calculation of Xy scores M1 m1, eg

5 1 275
X =—t=x
2 2 275+3
25%x3-3x-275 5 11
Xy = = — —
! 3+2.75 "2 48

5
Condone use of f(a] and £ {3) instead of

values

ft their values from (a)

09
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5 The matrix M is defined by M= 1{

5
Find M?

w2 2k=3 4-k |[2k-3 4-k
C 25| 4k+4 3-2k || 4k+4 3-2k

5 (a)

A @k 3)% +(4-k)(4k+4)

(4=k)(2k=3)+(3-2k)(4-Fk)
A=k 4k+4)+(3-2k)7 |

125 0
" 925/ 0 25

1

Answer

5 (b)
transformation represented by M

1[2k-3 4-k [ x
5| 4k+4 3-2k|| 2x

[ (2k—3)x+(4-k)=2x
| (4k +4)x +(3-2k) % 2x |

[ 5x
s1ﬂx

M

So y=2x Is a line of invanant points

| =

| =

2k-3 4-k
4k+4 3-2k

M1

M1

A1

} where k is a constant.

[3 marks]

For éx a2 = 2 matrix oe withat

least one correct algebraic entry
Pl

For one correctly evaluated entry ——

CAO

Show that, for all values of &, theline y =2x is a line of invariant points of the

M1

A1

A1

[3 marks]

Applies M correctly to a general point
on the line y=2x

) X
Obtains {

5 ] with an intermediate
X

line and no errors seen

Correct conclusion —

170
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5 (c) Itis giventhat £ =0

5 (c) (i) Describe the single transformation represented by M
[3 marks]

, 1[-3 4 : -
E=0 gives M=— M1 Substitutes k=0
g 5[ 4 3}

Reflection A1
Condone y =(tan #)x where

[with mirror line] vy =2x A1 & = AWRT 63.4° or 1.11 radians
or tan & = AWRT 2.0 E—

5 (c) (ii) The line with equation y =ax+7 is an invariant line of the transformation represented
by M

State the value of a a=——
2 [1 mark]

2. BiZiE « AZEAEM ( Key Logic: Definition of Invariant Line )

AZFHEFNBOFILRE B LEE—SSdTlE , BRIWERFEEZ L ( For any point on the ling, its image

after transformation still lies on the same line ) .

i -+ i

wREHE FEE—SFA(r,ax + 7)) , EE8E&HM - { ,.,} iBErIkiER (2, y)  WEBRY —ax' + 7

3. 1S ( Detailed Derivation )
(1) iH&E=(2, ax + T)HMZERE ( Calculate the image of (x,ax + 7))

' @ 1{-3 4 -
M- |:1‘.L:L'+T:| 5 |:4 :J , |:(.L:I:+T:|

. } : 1 {—:;J,- + 4(ax + ?)}

5 | 4z + 3(azx + T)

= | (413a)z12
3

| 1B/G/Jun25/FM02

ar + T

RiEEREEAN |, it EM - {

Do not write
outside the
box



Administrator
放置图像

Administrator
放置图像

Administrator
放置图像


—. (~31da)z |28 (44 3a)c 21
Et , @Ry < ol = L2 B (8 e 3

(2) H‘;)gﬂiﬁﬁ%ﬁ:y* — ar' + T ( Substitute into the invariant line condition y’ —ar +7)
Be'fly' Ay = ax' + 7, FELEFESEESE (4 +3a)e + 21 =a - [(—3 + 4a)x + 28] + 35
EFFEEESRain : (4+ 3a)z + 21 = (—3a + 4a®)z + 28a + 35

(3) S AmDES ( Compare coefficients on both sides )
HFEIEMA: ki , Bl EERESHINAm o 5ESE | 835 EE
1, rHOEE 4+ 3a = —3a + 4a® ( Coefficient of )

2. 28I 21 = 28a + 35 ( Constant term ) "
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Section B
Statistics

Answer all questions in the spaces provided.

6 A spinner has 11 sections, numbered 1, 2, 3, ..., 11
After the spinner is spun there is an equal probability of it landing on any one section.

The spinner is spun once.

The random variable X represents the number that the spinner lands on.

6 (a) State the name of the distribution of X

[1 mark]
[Discrete] uniform [distribution] B1 Must see uniform
Answer
6 (b) Find P(X>6)
5 [1 mark]
1

Answer

12

IB/G/Jun25/FM02

Do not write
outside the
box


Administrator
放置图像

Administrator
放置图像


13

6 (c)

It is given that

E(aX+b) =13 and Var(aX+b) = 90

where a and b are constantsand a >0

Find the value of a and the value of b

[5 marks]
n+1
E(X)=—
CE(X) >
Ex)=1 6
AT 3
2
-1
Var(X)="2
Var(x) 12
2
'vmpm=11‘1=m
- 12
Ga+b=13
10a% =90
a=23
b=-5

Do not write
outside the
box

Turn over for the next question
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7

7 (a)

Do not write
outside the

The probability generating function G, (¢) of the random variable Y is given by box

Gy (t)=0.318 +0.512¢ + ar®

where a and b are constants.

Show that the value of a is 0.17

For the PGF of any random variable, Gy (1) = 1.

Reason: By definition, Gy (t) = E(t') =Y. P(Y = y)t¥. Whent = L Gy(1) =3 P(Y =y) =1

vy .

(the sum of all probabilities is 1).

7 (b)

The mean of Y is 1.872
Use differentiation to find the value of b
[3 marks]
Differentiates Gy () correctly
G}[r]:D.S‘IE:—U_‘I?bti"' M1 May be in terms of a 1
Condone Gy (1)=0512+0.17bx 1~
oe
Forms correct equation to find b
1.872=0512+017b M1 oe
Pl
Must see
b=8 Al | Gy(1)=0512+0176"" ce
Answer

1 4
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7 (c) Use differentiation to find the variance of Y

G} (1)=952°

Var(Y)=9.52+1.872-1872?

Var(¥)=7.887616

The variance Var (Y') of the random variable Y is given by:Var(Y') = G} (1) + G} (1) — [G}-(1)]?

Answer

M1

mi

A1ft

Do not write
outside the
box

[3 marks]

Differentiates their Gy, (f) correctly
May be in terms of @ and b

oe
Applies correct variance formula with
their G, (1) and Gy (1)

AWRT 7.89
ft their 0.175(b - 1) - 1.632384

Turn over for the next question
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8 (a)

Akeel

1-(1-04)

or

(1-0.4)°

0.784

0.216

Akeel takes part in a contest that has two rounds.

In the first round, he makes repeated attempts to throw a ball into a hole until he is

successful.

For each attempt, the probability that Akeel throws the ball into the hole is 0.4

If Akeel throws the ball into the hole within the first three attempts, he then plays a game
in the second round of the contest where the probability of winning is 0.88

Otherwise, he plays a different game where the probability of winning is 0.19

Draw a tree diagram to represent all the information for the contest.

contest with two rounds

repeated attempts until success

0.88
N<3
0.12
L
0.19
N>3
0.81
L
W
0.88
s

0.88

Correct calculation of
P(ball in hole < 3) or P(ball in hole = 3)
M1 | p| By sight of 0.784 or 0.216 oe

Correct structure oe

eg N < 3 branch split into three

M1 branches (probabilities 0.4, 0.24 and
0.144)

Allow any sensible notation

Al Fully correct oe

[3 marks]

0.4

Do not write
outside the
box
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Do not write
8 (b) Akeel wins the contest if he wins the game in the second round. ity
Find the probability that Akeel throws the ball into the hole within three attempts given
that he wins the contest.
Give your answer to three decimal places.
[3 marks]
2. XEAH : WHHGET ( Key Formula: Bayes' Theorem )
WEEA = AoASEARED", 35D = REEFLE FitEP(AB) (Si4EE) . RENHEEE :
P(4|B) = HEZEA
B
« P(A): si=REiKAEIHEEEE ;
« P(B|A): SiITRmhREET  RiStkEm=E (IS5 SnaEiiEx)
« P(B): RiE=FhENSEE (A 2L e, IFSSEEFERNESRESM) .
(1) iH&EP(A) : gi=x 2 AEThEIEEEE ( Calculate P(A): Probability of success within first three L
attempts ) 6

o TWIES : P(A) is the sum of probabilities of success on the 1st, 2nd, or 3rd attempt:

P(A) = P(1st success) + P(2nd success) + P(3rd success) = 0.4 + 0.24 + 0.144 = (.784

o RS : P(A)RE 1 2. 3 RSEMIAEES

P(A) = P(BLRAETY) + P(E2i0RETh) +— P(FE3RAET) = 0.4 + 0.24 + 0.144 — 0.784
(3) it P(B) : mISRIHLEZASEE ( Calculate P(B): Total probability of winning the contest )
- EXIES

By the law of total probability, P(B) is the sum of probabilities of "success in first three attempts and win

second round” and “fail first three attempts and win second round™

P(B) = P(ANB)+ P(ANB) = P(B|A)P(A) + P(B|A)P(A)

Where:

P(A): Probability of failing first three attempts = 1 — P(A) = 1 — 0.784 = 0.216;
P(B\E) Probability of winning given first three failures = 0.19 {low-probability game).

Substitute values:P(B) = 0.88 x 0.784 + 0.19 x 0.216 = 0.68992 + 0.04104 = 0.73096

« RS
RESEEATN , P(B)R siTrmmBEE Rl 5 si=aEMEE " R5h s

over »

P(B) = P(AN B) + P(AN B) = P(B|A)P(A) + P(B|A)P(A)
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EHroh
P(A): si=sesemeizz = 1 — P(A) = 1 — 0.784 = 0.216 ;

P(B|A) : si= M EESHENMEE = 019 (EZ=tkE).

HABETE : P(B) = 0.88 x 0.784 + 0.19 x 0.216 = 0.68992 + 0.04104 = 0.73096

(4) €ANMHEEERITE P(A|B) ( Substitute into Bayes' theorem to calculate P(A|B))

i AT P(BA)P(A) 0,88 = 0.784 L6RI92 __ o a4,
« EWIES: P(AB) = P5) = Siame = nmanes = 0.944
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Section C
Mechanics

Answer all questions in the spaces provided.

9 (a) State the dimensions of force.

[1 mark]
length over time”, so a = % - ﬂ‘:;m — LT 2
Thus, dimensions of force: F' = M = LT 2 = MLT 2
Answer
9 (b) State the dimensions of momentum.
1 mark]
Momentum is defined as p = mwv (momentum = mass = velocity).
Dimensions of mass (m): M (fundamental quantity).
Dimensions of velocity (v): Velocity is "change in length over time", so v = Y A

At
Thus, dimensions of momentum: p = M x LT ' = MLT .
9 (c) A student claims that:

the resultant force exerted on a body is equal to the rate of change of its momentum.

Determine if this claim is dimensionally consistent.

Rate of change of momentum™ means "change in momentum over time”", L.e. l—ﬁ;

Dimensions of momentum (Ap): From part (b), p = M LT ! so Ap = MLT ! (change in a quantity
has the same dimensions as the quantity itself).

Dimensions of time (At): T (fundamental quantity).

Thus, dimensions of "rate of change of momentum™ % = % = MLT 2.

Dimensions of resultant force: M LT 2:

Dimensions of rate of change of momentum: M LT 2,

Since the dimensions on both sides are identical, the student's claim is dimensionally consistent.

Turn over »
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10 Two particles A and B are moving towards each other in a straight line on a smooth box
horizontal surface.

The particles then collide directly.

Particle A has mass 3 kg and particle B has mass 7 kg
Particle A is moving with a speed of 5 m s~! before the collision.

Particle B is moving with a speed of 2 m s~ before the collision.

The coefficient of restitution between the two particles is 0.1

10 (a) Find the speed of A after the collision.
(2) S-$agiiEEEE ( Newton's Law of Restitution )

EEEH T HHER T HBIERE ( relative speed after collision ) SHEHERHEITERE ( relative speed before
collision ) B9HHE , B EEEAASEREEAEER 1 e = 24

Uy ug

The coefficient of restitution € is the ratio of the relative speed after collision to the relative speed before

collision, with the relative speed after collision opposite in direction to that before collision:e — :Tﬁ}l'

o SRS EEATRE ( Newton's Law of Restitution Equation )

irhe =01, ug =5, ugp=-2:0.1= 5"”[ r"é"-,l = "”T”

IR 7 : vy —v4q = 0.7 (Equation 2)

3x5+7x(<2) =3v, +Tvg

1=3v, +1yg

v =vg ==0.1(5-(=2))

v, =—0.39

Speed of A = 0.39 [m 3-1]

Answer

IB/G/Jun25/FM02
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Do not write
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10 (b) Find the magnitude of the impulse exerted on A by B during the collision. box

Give your answer to three significant figures.
[2 marks]

1=3x(-0.39)-3x5

=-16.17

Magnitude =16.2 [Ns]

Answer

10 (c) The particles are in contact for 0.05 seconds during the collision.

Assume that the magnitude of the force that each particle exerts on the other during the
collision is constant.

Find the magnitude of the force exerted on A by B during the collision.

Give your answer to three significant figures.
[2 marks]

1617 =F =005 M1 Uses I = Ft

_ Correct value given to 3 s f.
F =323 [N] AT 1 Allow 324 [N]

Answer 9

Turn over for the next question

Turn over »
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11 Two boats P and Q are moving on a lake. box

Initially Q is 1200 metres north of P

Boat Q moves on a bearing of 100° at a constant speed of 3 ms™' relative to
the water.
Boat P moves on a bearing of #° at a constant speed of ¥ m s relative to

the water.
The boats collide 6 minutes later.

Model the boats as particles.

11 (a) Find the velocity of P relative to O

Give your answer in terms of V' and &

Ll e TP |

s P, QEAEIEEN ( move on a lake ) |, FIREERQTE PHIIEALTF 1200 34k (initially ¢ is 1200 metres north
of P) . 88QE7(A ( bearing ) 100° AELMEEERE 3 m/s iEzh ; BPEAUR SELEEEEV m/siE
=1, FARGTE 6 THREHEE ( collide 6 minutes later ) . FEIEIZEHMIGH] ( Relative Motion ) SM#ExREET
REIRVARE, oREESUE  SoWESEREPREEAN SENFUED.

Answer

] Vsin# —3cos10°
P 7| Feos@ +3sin10°

11 (b) Hence find the value of ¥ and the value of @

Obtains one correct expression in [5 marks]
terms of V'sin# or Fcos# for their

+Vsinf + 4
O
+Vcost+ B

360(¥'sinf —3cos10°) =0 vge inthe form [
) M1
360[1’(:056’ +35in1U°) =1200

+Vcosf+ B
+Vsinfl+ 4

Obtains correct expressions for Fsin#

Vsint = 3cos10” and Vcosf oe
0 A1 AWRT 2.95 for 3cos10°

120 .
Veosfl = ———3sin10 AWRT 2.81 for @-35"1100
360
360
PI

2 o
V=J[3C05100)2+[—1:60§—35in10°J —41| miaq | M1 Eliminates gor

A1: Correct = AWRT 4.1

=46 A1 Correct # = AWRT 46

2 2 IB/G/Jun25/FM02
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(1) $3BARQRYEE ) ( Decompose 1y into z- and y-components )
- BEUIES:
Boat () moves on a bearing of 100°. The angle between 'ﬂq and the positive y-axis (North) is 100°, so the

angle with the positive #-axis (East) is 90" — 100" = —10° (or 350°, equivalent for trigonometric
calculations).

Velocity components of (J:
x-component (East direction): v, — 3 sin 1007 (since sin @ — opposite/hypotenuse for -
component relative to y-axis);

y-component (North direction): v, = 3 cos 100" (since cos § = adjacent [hypotenuse for y-

component relative to y-axis).
(Note: sin 100" = sin(90° + 107) = c0s8 10", cos 100" = cos(90° + 10") = —sin 10", which
confirms the direction: ( moves East-Northwest, so Uy 15 negative.)
REQIBAUMA 100° 558 , HEESy- #EAR (L) fisefr 1000, BilkSe- $iEam ([ER ) BIER
#2907 — 1007 = —10° (8% 350° , ZAREnTESA ) .
RONEESE :

r-AE (IEFRARA) @ vg: = 3sin 100 (BENTy- 38, - 528 o, AIEZSEE) ;
y- 5B (L) : vg, — 3cos 1007 (EERTy- 3, y- 8% S5, FaZR) .
(3F :8in100° = sin(90° + 10°) = cos 10", cos 100" = cos(90° + 10°) = —sin 10" , AI¥EIES

M : QEEEAAMNLER , 8y- 78A%) .
(2) 7 #EEE PRYIRE U ( Decompose ¢ into - and y-components )

- BUES:
Boat P moves on a bearing of \". The angle between ¥p and the positive y-axis is ", so:

Velocity components of P:

x-component (East direction): vp, = V sin #;
y-component (North direction): vp, — V cos 6.

(3) it SHEMEE ) ( Calculate Relative Velocity Uy )

. EMIES:

By Upy — Up — Uy, decompose into components:

a-component of Upg: Vpg, = Vpy — Vg, = V sinfl — 3sin 1007

y-compaonent of ﬁi‘fé: Vpy = Upy — Vgy = V cosl — 3cos 1007,
Thus. the velocity of P relative to Q is Tpg = (V sin@ — 3sin100°)7 + (V cos§ — 3cos 100°)7
(where ; is unit vector East, T; is unit vector Morth).

» hNIES
RiETy = Up — ¥y , TEATER

EFPQH‘?I- yap- i Upge = Upy — Uge = Vsin® — 3sin1007;

TpBy- 58 : vpy, = vp, — v, = Veosl — 3cos100°.
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» #IME6E ( Initial Positions )
RAP : S}':‘n = (D []) r

88Q : METEPIEL 1200 3 , #Sgo = (0,1200).

« 360 ¥ERIAHEE ( Displacements After 360 Seconds ) :

BEPHINFE : sp = Up x t = (Vsinf x 360,V cos@ x 360) ;
RRQEINGE : 5y = Vg x t = (3s8in1007 x 360, 3 cos 1007 x 360).

« 360 #¥EM6IE ( Positions After 360 Seconds ) :

REPEIIE : Sp = Spo + 8¢ = (360V sind, 360V cos f) ;

BOBIIE : Sg = Son + o = (360 x 3sin100°, 1200 + 360 x 3 cos 100°).

(2) BEHSAIAIEE 52 ( Establish Displacement Balance Equations for Collision )
WFER Sp — So , Bibr- 5 Efy- 7ES5IESE .

360V sinf = 360 x 3sin 100" (Equation 1, z-component balance)
360V cos® = 1200 + 360 x 3cos100° (Equation 2, y-component balance)

V= 0=

Do not write
outside the
box

END OF QUESTIONS
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