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Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. 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.

Section A (56 marks)

Answer all questions in the boxes provided. Working may be continued below the lines, if necessary.

1. [Maximum mark: 5]

The box and whisker diagram below illustrates the IB grades for a group of 20 students.
IB grades are an integer from 1to 7. The mode grade is 6.

o —

1 3 4 5 6 7
(a) Write down the median grade. [1]
(b) Find the number of students who obtained a grade greater than 3. [2]

(c) Determine, with a reason, the maximum number of students who could obtain a
grade of 7. [2]

hence, when lisked i ascending order +he 5#h grade
must be 3 and +he Lth grade wusr b 4

(€) the 3rd guartle (354 percestile) = 6
since mode = b6 them phere murs be at laas+ tuws 63
’ﬂEnC?. when listed in O.Fcendi'nj clf‘c:‘@l"l loo+h the 754k 'jf'f»\de
and +he 16+k nge must (e § - and simce +he maximum
jraalo. IS 7‘1 +hen +he l?+L,J'B+k, 194+, *+ 20tk 31’\«!2}'
could be 7
thus the Maximum Fof studonds ch'I'cL'm‘.,\j a 7 s Y
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2.

[Maximum mark: 6]

. 1
The angle 0 lies in the first quadrant and sm6=§.

(a) Write down the value of c0s0 . [1]
(b) Find the value of c0s20. [2]
| . | avb .
(c) Find the value of tan 20, giving your answer in the form —— where a,b,ceZ". [3]
C

(o) SN0 t cos O =1

(bBCbsze = C osze_’ e [;r wse Cas-ze .= 1 ..25-:“‘6] e

............................ Yy 612D = 2 5D cog B
( ...... fanze ........ Cosza ............................. =2 ?;\ —-3-_) ...........
g 42
............................. q_q
.................... _-1'_
q
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3. [Maximum mark: 6]

If y=x"In(x),

(@) find the x-coordinate of the point M where % =0; [3]
(b) determine whether M is a maximum or minimum point. [3]
dy d 2 ) 2 |
_— = — = + . — = +
(). Jx-= Fx L X lx) = 2¢lax + X 5 = 2xdnx +x

o lax=-% =x=e:
- |
xCaol‘ .,‘na.{.eo M‘lsx:el ...... Erx:-.-férap. :%]
.......... z‘
....... dy® A
1
........ Ax=2\“x+g
dy?
.................. 16‘2)( 1/1-
ot x=€3: 3r=2h@E™|*3=2(3)+3=2>0
2 _ _ 2 -~
S-‘-ﬁcai_:x.>0¢+x:e/2'lﬁrqpl\a¥ ..... —X’V‘X ..... 1S
! - A 50,2 = 0)
Céncqvaupﬁ’\‘xzcz(“ rHEe...Q $°'&"— ..............

-l'l'\uf, | IES=N MIUALM W poTV\'f
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4.

[Maximum mark: 7] L@ \?ﬁ

A game consists of a contestant rolling three fair six-sided dice. If a 4, 5 or 6 turns up on any of
the three dice, then the contestant loses $2. If none of the dice turn up a 4, 5 or 6, then the
contestant wins $20.

(&) Show that the contestant expects to win $3 if the contestant plays the game four times.  [4]

One change is made to the game. If none of the dice turn up a 4, 5 or 6, then the contestant
wins X dollars.

(b) Find the value of X so that the game is fair. [3]

[ ! 1
......................................... ;f.i.i'f
.......................................... BRI U T

= x=14

'f‘nmsl +he 9ame is Fair \F coantestant wins ﬁl"] when
none of +he 3 dice #urn up a 4 5 or 6
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5. [Maximum mark: 7]

The graph of f(x)= acos[b(x—n)] for the interval 0 < x <4m is shown below.

P
2__
1__
| | Jf
T [ >
T 29T im 47T
_1._
_21l

(a) Write down the value of a and the value of b.

[2]

. . 3n
(b) Find the gradient of the graph of f at x=—. [3]
(c) Given that 0<c <4, explain why f f(x)dx=0. 2]

......................... T
L thes gradient o graph af X2 w05 X235
c) The ceatre of +Hlo mberval < £ x%4m-c s 27
Pue to Hae symmetry of the grapk abeut the

Po.‘nf‘ (211“0) +he areas of fhe +wo f‘ej}'nns eaclosed 67
+he 3!&/1\ of f aad fhe x-axis For sha M tFerve (s

C ¢xz 20 and 2Mex€4m-c Wl be 2qual.
Houv.wr‘ the defimcte :\\‘kjf‘af From x=¢C to x=27 will
be pos tive, while the definite integral from x =2c to X='Hm-C
will be argative | TL‘“%'QI +he dafimte Wtegraf

'ﬁ‘ow\ X=¢ to X=>¢0-C will be Zero,
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6.

[Maximum mark: 7] — 'y

The graph of y =g(x) is shown. [ \

(| ]

4
1 :
(@) On the set of axes below, sketch the graph of Yy = m , Clearly showing any asymptotes
and indicating the coordinates of any local maxima or minima. [4]
w=' ., x=2 x=95

vertical asyn-.o'l'n’(‘es T4

at x=-1, x=2, x=5 >
[}
Vocal maximum at (0:' 1—)

|ocal mitimum at (31 1)

— T — w— -
LI
—— A — L —

L=

o0

=Y
i

—— - — — )

|
|
1l
l
|
|
|

(b) On the set of axes below, sketch the graph of y = g(2x—2), clearly showing any asymptotes

and indicating the coordinates of any local maxima or minima. [3]
‘L

loca) minimum at (],‘2) A

: 5
local magimum at f,’)

| ]
P
wp\u
—
~ L7

P
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7. [Maximum mark: 6]

Prove, using mathematical induction, that for any positive integer n,

1 1 1 1 n
Sl R E P = [6]
1.2 2.3 3-4 n(n+1) n+1
_1_4._1...1-_'-..{....-'. ! - n
et P(n) be the stabement that T2%23 T3 " Tafed) e
1 _—

hence, P(n) s #rue for n={

\-
\

1 1 K+
con. o _+ L=
K(kt) (ko)) (x+141) k#1141

substituting assumption L A 5 B
K+1 (k+1)(k+2) K42
................ O
............. —-lz:f_lc-!-)_(l(“)(K*?.)—K"'Z
........................... 2 st 1 b b
......................... (K""‘)(k*'Z)K"'Z
.......................... 64;1)0(4.1)1“_1
(e+4)(k +2) ktz

K+l Kkt heuce, P[K-rf)?s truwe

I +2 K+2

The statement s true for n= 1; and 3ivau i+ 15 +rawe
For some n=k, it Follows +hat i1+ must be +Tue for n=k+1
Tkzrefore. by +he PP"‘"‘:P"‘- oF mathematical indwction
Hhe statement is +ruc For all PO;H.;“_ EvL"'&jQrS,
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8. [Maximum mark: 7]

Solve the following differential equation. Write your solution as an equation where y is
expressed in terms of X.

dy 2 2\ AX
—+3xy=(1+3x")e 7
o Iy =(1+3¢) [7]

The chuq.')‘;ovl is in the Form y""P(X)y = &(X) which

1s solved Ly mulh\fly?nj bs'l"t ST“‘-ef L\, qn [u'\‘e_jl‘aﬁn 'Facf'ar I

§)
e eXY:

.............................. éx*xxumm”mmut:”m”mm”mm”mm”mm””
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9.

[Maximum mark: 5]
Given that k >0, find the values of k such that kx* —4x+k +3>0 for all real values of x.

-10- HLP1 Mock E /2024 v2 /TG

[5]

Fex)= gkx=H¥x+k*3

K2>0, se f]"“f’l‘ of Ftx)is a /Jaraloafa cfemb\g upwqu
F Hhe ezka—‘f‘f‘“h KX = 4x+K+3=0 has no real reots, Fhew +he j‘*“}“g

of :F()C) has ne X-;M'}Q!‘c"'pﬁ" aael ‘F()()’O Yzf(?‘)/\-/

P
~

F(X) will have wo real root s
whew i+s discriminant (s neqgative

2 -
Adiscrimmant = (""f) -4 k(K+3) <0
> dkrr12Kk-16>0

5 (k+4)(K-1)>0

1b-4k=i2K <0

KZ+3 k-4 >0
- 1
< } ¢ > K
i X
K44 -o t ¢ ¥
K- 1 -y -0 ¥ \ |
Q(**H)(K-I\ + C:) - O. + %CA;SCF;N;\A G.v'l+ LS neaq{'lUQ
For K<-Y4 , K> 1

Hs given that K >0J therefore +he values T K
such that KX -4x + <k+3 >0 Yor x€[R ¢ k=1
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Do not write solutions on this page.

Section B (54 marks)

Answer all the questions on the answer sheets provided. Please start each question on a hew page.

% Wﬂfked Salu+;nn an Nnext Paje —_
10. [Maximum mark: 16]

In a class of 85, all of the students must study French or Spanish. Some of the students
study both French and Spanish. 51 students study French and 43 students study Spanish.

(@ (i) Findthe number of students who study both French and Spanish.
(i)  Write down the number of students who study only Spanish.

(i) Write down the number of students who study only French. [4]

One student is selected at random from the class.

(b) Find the probability that the student studies only one language.

(c) Given that the student selected studies only one language, find the probability that
(i) the student studies Spanish;

(i) the student studies French. [6]

Let F be the event that a student studies French and S be the event that a student studies
Spanish.

(d) Determine, with explanation, whether
() FandS are mutually exclusive events;

(i) FandS are independent events. [6]
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0. (a)(i) 85=51+43-n(Fns) = n(FN5S)=9

13
C{' students $+w0{7 ‘Do'”\ Franch € S{xxnlcll

(l:i.) 34 Studenty S'I‘ULJY on'\, Sl)q.p{‘,;l,\
(LII.) L}l S'{'Mc'.@ﬂ,'l's §+u.d7 oul\, FPQHC'/\

42+9+34 =85

42+34 76
(L\) PGJH.E Janﬂuaﬂe) a5 = —8—5—

. P(AN B)
(c) (;) Conditional Prabalo.lf'h, P{A/(?): ‘T(BT

P(Sf\cme Icmj.\ '3"’/5-_ _3_:-}- -]?

PS nish ane lan ua52): - —— 8 _ T
(Pa / J P(one lang.) 7‘:%? 76 38

(l’f\ P(F"QV\CL}Dng 'a"g“ﬁje) P(F N\ one Ifmg\ _ Ll""?%/g i =__1—
76

— ———

P (one lang.) ?%g 29

E)-R P(Flone \ang.) + P(5]ame tang.) =1 = P(F |onelang) = _-:3%

(d)({) TS F aswl S are M\a‘\'uqu\{ exclqs‘.uel Hten P(F u'S)'-‘ P(—)+P{S’]

However, P(F US\"'\ awd P(F) ¥ P(s) ';81'5 + 1?5 -+ 1

Therefore | f and S are ot mw\-uq\ly exc lusive events

("LBIF Faud S are mclepeacleyd Qvew}; +hew P(F (\9) F) (—"(g)

However P(Fﬂg) " aud P(F) P(S‘) 95 :32:}:' h

Tl«ere'FﬂPe‘ F and S are not MclepQche.wl- v eunts
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T
11. [Maximum mark: 17]

. 21 f
: . 5w . & 3w
Consider the complex numbers z, = 2013? and z, =—1+i 9
, \—— Re

g

(a) Calculate A2 . Express your answer in both modulus-argument form and Cartesian form. [8]

sy

(b) Prove that sin =cos| ~—0 |. 3]
2

(c) Using your results from (a) and (b), find the exact value of tan o . Express your answer

In the form a++/b , where a,beZ". [6]

(0*\7. Z(Cuf, +15n “52(—-4}2—-}-%1):-]_3—_‘.{

7, -G+l -t _TeteiEZ-i (31 [3-1: Cartesian
- - — —_ = — + L Folm
T2 141 A f+1 40— 2 2

?_2: J2 (::05 ‘5{:{ +1sin %ﬂ—) = J9 cis -?'..LT (s@e complex plane skeich aloove)

. 57
il -2_2:*_&_-_-_2.—%:5(&’?-- 3r) = [7 s I modelus-anmuent
n = 6 ¢ 12 Form
—Zz. \\—7_ 7_;' 2

(lo} COf(AiB):Cns(’\CosB: ‘SEIIAS“H\R
swB= COS(E'B\

= Cos3 CoS'B + Sm-’SmQ

= O-cosd + 1'sinB
sin = sm B Q.E.D.

(9 also, cos O = Sin(’%'e) E“"—‘-"“‘“e sia(ALR]=sinA et °°5“5=“@

1y
“ ﬂ Ir-_s—_..‘{-—r -
5 sin 5% COS( 17_.\ _ cos T2

heace, tan =5 = - . T
TR LT S (E ) ek

e@ua+-‘uj +he two expressions For 2 (a) 5?\1&5'
%

'2 Cos_--{-t‘Slug.)____ ﬁ-kj'l'ﬁz-;‘ll
2
E—‘EH W o {3
-Hu.sl s oE and sz = =
2= G B
o 3+L B335+
-HA.el‘e_‘l::ar‘eI tq“-[f; "o \E‘\ Gel 37 = 21'\[—3
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12. [Maximum mark: 21]

(a) Obtain the Maclaurin series for f(x) =e”"up to, and including, the x* term. [5]
(b) Let g(x)=tanx.

(i) Find an expression for g'(x). g"(x) and g"'(x).

(i) Hence, obtain the Maclaurin series for g(x) up to, and including, the ¥ term. 9]

(c) Hence, or otherwise, obtain the Maclaurin series for e** tanx up to, and including,
the x° term. (2]

(d) Find the first four non-zero terms in the Maclaurin series for 2¢** tan x + ¢** sec’ x . (5]

’ z 3
Maclawsin series  F(x)= Flo)+ x Fto) + :?:—_I—f'(o) 'f‘%)t(o) F oo

@) F (=2 F'(x)=4e™  F'(x) - G
2(e)

3
2 X 2(0) 2( e 20 , X
JP(X)ZQ A "+ x:2e °)+3_—'L’€ *‘é‘“'B@

~ 1 + 2x + 2x* +%X3

(o) (i) j!(x): Sec’x
j”(") =2 sac X (SQ‘:X tan X>: 2 5ec1x tan X
9“”(’() = ffsec x (Secx f"'"x)tcmx + 2Sec X Se c*x

3”’(&) = Ysec?*x tan"x + 2 sec"'x

z 3 2 Y
((LI) fi(x)g 'tqn(o) + X Secz(u) t %"(232:.1(0) -[:Cm(.gb -t—-z-@ sec (0) t'Ctvl-l(O) t+2sec (o])

~ . o+ 2\ A 1 .3
A_.O'-"X""O'f‘—@—( )MX'}'S,—X

2X 2,4 3) 1 ?)
(<) e fq,,xz,(f+2x+2x+?x (X+‘$X
2 72 .3
::X-P';'Xa Tt 2x2+ 2xF = X +2x +.§-)(

[ )= sectx = W' ()= 2 sec’s tanx ) h(x)= 4sec’x taax + 2se ' E:fzﬂ(ﬁ(i_)]

iqm(k\ = Fsecx (SEcx tqnx> tan'x + Ysec % (Ztanx Sec!x) + ngch(g‘ecx ‘tanJ

= Bsec?x fc\ngy + 165ec™x tany

1 Yy
§ec2)< i~ Secz(o} + X [2 secz(o) fa,.f(o)) + ?.:..z@‘;ec (D)tt:cn.z(o) *2s5ec (oj +
’ ’23 (3 sec(d) tan’ () + 16sec (@) taw(")

2 3
sec’x = 1+XKO)+%(O+2)+§£(0+0) = secx 2 1 +X

(con’r'\nued on next Pgﬁa)
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12. Cc°n+;"\ M-Q.d)

(o[) Coatinued ,, .

3 2 3
2, 9,3 2)~ : Y, 4
*Xsec’ :»:(HZx*Zx’f}"X )(Hx).\. [+x 42y +2x" +2x #2x '+ X ..

e
3
SRR SR SRS L NS

2 PA 1_, 2 )]0 ?
Zelxianx + e’ sec’ X » 2()(-;2)421&%3( ) + 1 +2% * 3x T3 X

~ 7 4 x + ?-K"l.{. 8)(3 (‘Firﬂ- % nou-32Cro ‘I'err-\c)
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