Mathematics: analysis and approaches
Standard level
Paper 2

Save My Exams Model Answers

1 hour 30 minutes

Instructions to candidates

e A graphic display calculator is required for this paper.

e Section A: answer all questions.

e Section B: answer all questions.

o Unless otherwise stated in the question, all numerical answers should be given exactly
or correct to three significant figures.

e A copy of the mathematics: analysis and approaches formula booklet is required for
this paper.

e The maximum mark for this examination paper is [80 marks].
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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. 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.

Section A

1. [Maximum mark: 6]

A circular pond with radius 0.8 m contains 16 lily pads. The diagram below shows the shape
of each lily pad as part of a circle with centre O and radius 5 cm, AOB = 6.

The lily pads cover 5 % of the pond’s surface.

(a) Find the surface area of each lily pad. [2]
(b) Find the value of 8, giving your answer in radians. [2]
(c) Find the area of the triangle AOB. [2]
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a) areo of pond = wc® = w(0.8)" = 0.64T Wt = (HOOT em’

USE F\fea ,‘? o c‘\r(.\k ‘?ormdla ‘:rom

. _ 2
570 o% t\/\‘-\t \ 5 O* OS (quo_n_ - SloTr < t‘f\& o X oum Formu\m Boo\«\e_t

420"

So the acea of one \'\7 roul S T = ?_O'TT' le (-’- 0.0027T ml)

b) T he o\r\j\e. ’?or )[\ne. \\\7 ?M\'s seclor of The ciccle s (’L‘\T—e) codions.
’r\ne ofos o‘\: t\no.t sector .\5 Use RAceo ‘jo szc.'tor %ofmﬂl& ffom
the exom Formu\m Boo\&\e_t
Lt (am-0) = & (5) (aw-0) = 22 (am-8) ot
So
—7‘%(1‘\'\’—9)= 20W = 2TW-6 = -2 *20T =—85—Tr = f-= lW—%TV

9=2'~Tr raé.\o.ns (:%—E:O."\’W)

C,) T\AQ PR XN Of t\r\i tf‘\o.nj\e '\S

Use RAceo o'\: o cioangl j{of‘rﬂdlm from
’;__: (OA) LOB> s"“e = ‘\I— (5)(8) sin Q}_STL) = 11.888206... st\\e exXxom F‘r;rmu\smeaoo\(\et

11.9 c¢m? (3 SS\:)
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2.  [Maximum mark: 6]

3
A six-sided biased die is weighted in such a way that the probability of obtaining a “one” is ; .

The die is tossed 10 times. Find the probability of obtaining

[3]

(a) at most four “ones”.

(b) the fourth “one” on the tenth toss. [3]
0\> Let X be the womber o% “ones " ro\\ec\ va 10 Tosses. T hen X"’ B(\O, %)
From the GDC, P(X&4)=P(0EXEM)= 0.56009189
W/ .
Yol most 'Ec.ur
P(XE4) = 0.5601 (% dp.)
b) T‘nls means Satt§n3 3 vones” ia the ""\rat q tns&e.ﬁ, AﬂA '\'_\nev\
Satt'mc> o “one’ on the tealth Toss.
Let \/ be the womber o% “ones” colled 1n 9 Tosses. Then 7/N B(c,: 3‘[)
; _ q a ) u G ~ You LQU‘A a\so Set
P(y=2)="C, (2) (£)" = 0.2202081149... T
So t\ne ‘Jro\uos\o'\\}t\/ o% 3e.tt(v\3 Twe '\:oort\—\ “one” on The Tenlh Toss 15
P(y=2)*r= = (qu (%)s (%)é)x% - 0.09866062283..= 10.0987 (4 d.p.)
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3. [Maximum mark: 5]

A car safety expert is investigating a possible link between the tread depth of a car’s tyres
and the car’s stopping distance.

Using the same car on the same track under the same weather conditions the expert records
the average tread depth, (x mm), from the car’s four tyres and the stopping distance, (y m),
when the car’s brakes are applied at a particular speed.

Tread depth (x) 6.8 1.4 4.1 0.9 5.7 1.9 3.5 2.6 2.9

Stopping distance (y) 29 45 33.5 | 495 31 42 34 36.5 36

(@) (i) Calculate the Pearson product moment correlation coefficient for these data.

(i)  State the type of linear correlation that is shown between tread depth and stopping
distance. [2]

Let L be the regression line of y on x.
(b) (i) Find the equation of L in the form y = a + bx.

(i)  Give an interpretation of the values of a and b in the context of the investigation.  [3]

&) (i) From the GDC, [ ¢=-0.917789%

(W) 15 cLu'\‘\'_Q close to -\, so Tthece s 5'{(0(\3 najat'\va corcelaTion
ketween ‘tfeaé Ae‘)t\n ou\A Stof?;nj A'\stance - ‘t\ae. Bfeo-tir
the tcead Ae?t\«‘ the shorler The s'to“);nj distonce.

b) (1) Frowm the GDC, o= 41.892507T and b= -3.1722338%

C_)O tQGS.'?.I \/z‘-\-_lq-’j\_!x

({{) o= 47.9 meRong e wou\c\ ex‘)ect o coat wilh on o.vecm;Q_ trqo.A Ae_ft\,\
of O mm o have o 5’\:5??'\“3 distance 6f 47.9 m (]_e_, the STOTTH“D
A‘usto.nt.e ‘eof o co.¢ w"t\r\ ’Four lkm\A‘ t;fQS .\S ?reA'\gteA to \JQ \‘\'—'q " > .

b= -3.171 means that the s‘\fof?'\nj disTance decreoses \97 B3V T e

’Yoc Q\/ny \ mm lngcaase n o.vefose thmA Aeft\«\
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4. [Maximum mark: 6]

On 1st January 2021, Nerys invests $P in an account that pays a nominal annual interest
rate of 4.2 %, compounded monthly.

The amount of money in Nerys’ account at the end of each year follows a geometric
sequence with common ratio, 7.

(a) Find the value of r, giving your answer to four decimal places. [3]
Nerys makes no further deposits to or withdrawals from the account.
(b) Find the year in which the amount of money in Nerys’ account will become double

the amount she invested. [3]

O\) T \W\e '\ntgrgst (O_te ":or one wmonlh s

_L\"\Zi = 0_3570'

60 over one w\no\e 7Qo(‘, tha \bo\\c\nce, o:t 't\ne. e_ncl o‘\: t\ne, 7eox mo,y \,a
‘FO\)*’\C\ \971 MUlt\?\y‘\ﬂj t\’\e \7&.\0«'\(.2 o:t t\r\e \)Qj;r\f\‘\f\ﬁ o'% t\f\e. 76&( \97’ B

.15 L
r= (l i °\§o > = (\.0035)‘1: 1.0t 2318...

r=1.0428

b) We f\QQA to _?:nr\A t\r\e \/o\\ue o’? n 72&(’5 '?o(‘ w\'\,-c\q:
(\‘ooas\l)n «P = 7P
(\.0035‘1)n =7

\2n
1.00735 = L

r

a = b = x = \og b

(20, b>0, cx#\)

"Zn = \Oj 1.0035 (l) [:_‘frnm the exom Forr«\J\m Bno\(\tt]

\03 \.003S (’L) _
= '———T,L—’_ = \6.532363... yeass

NE“?’SI money w%“ \oer.ome :100\7\0. t\nQ. omnount S\ne
invested Jur;ns the \/ecn' 2037.

© Copyright 2015-2021 Save My Exams Ltd. All Rights Reserved.


http://www.savemyexams.co.uk?utm_source=practice%20papers&utm_medium=pdf&utm_campaign=ib_maths

#Fsavemyexams

Head to savemyexams.co.uk for more awesome resources

5. [Maximum mark: 6]

Ali makes cone shaped candles which have a radius of 63 mm and a height of 122 mm.

(a) Find the volume of each candle expressing your answer in the form a x 10,
1<a<10andk €Z.

(b)

[3]
Ali melts three cones down and remoulds them to make one candle in the shape of a sphere.

Find the radius of the sphere, correct to 2 significant figures. [3]
a) V=g meth = 5w (63)"(122) = 161406 = 507071.903...

S 3 Use Volume of o r;s\\t cone %o(‘rﬂ-)l@
= (o) X
\/ 5 07 x \ wm (3 5 'F) feom the e xowm \:o‘_mu\m Boo\(\e.t

\o) 3 cone — S\r\mYeA. ccxv\é\es \l\aVQ o \/o\umz o%

32 \6\4006 T

U3U2LIS T vren
T\r\e \/o\qw\Q o% o~ S'\P\nera '\5 \/ - 2

A Use Volome of o SYL\CfQ focmolo
— ,5,—“-(
{'rom t‘ne exXxowm FO(‘MU\O\ Boo\<\2—t
So
u 3
= e’ = W848
Rt L TAY:
e %F 484218 = 363163.5
c=2363163.5 = 71.345653..,
r -
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6. [Maximum mark: 7]

1 0.5t

The velocity, v m s~*, of a particle, at time t seconds, is given by v(t) = 10e”>"sin 2t,

0<t<m.
(a) Find the maximum speed of the particle and at what time this occurs.
(b) Find the initial acceleration of the particle.

(c) Show that the distance travelled by the particle is 48.0 m to the nearest 0.1 m.

0‘) G(“\)\’\““j 7’: \/(JC) on Lhe GDC j'\\/eg B

%= 0.907887503)\
[ ¥ = 15.2749851

(‘L ‘03

1

(1, 0)

'_\/xzi.‘&‘ISQESSOS
y= -733.50232009
T\r\a s‘JQaA' .\S Sceo:\:est w\/\an t\/\e_ \/cx\\JL of \l(tB '\5 %\)\’t\nﬂ.st %f‘om
2evo (v.oe., when \\/(t\)\ has 1T mm)g'xmum)_
\

To G 5.“:.) t\r\Q mckx'\mum SYQQA ;5 33.5 ms—
of Time T =72.48 sec-onc\s.

whicw oceurs

b) Accelecolion 15 The decivoalive of \rg\oc'\ty. Us;‘nj Thwe GOC To colevlate

the C‘.Q""\\/O\t.\\le o:t t'\ma t=O .

n

0.5 & .
(\OQ swxlx) 2.0

2
Ix

*x=0

The '\nltio\\ acce\ara’tion s 20 ms_l
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D'\sto\v\ce trava\\eA ;5 t\nt ore o ena\osacl \)7 t\r\Q \/Q\oc'\ty curve omé t\nz
Time oxis on oo \/a\oc_'\‘\'_7'tima Df&?\'\.
Us;nﬁ T_\ne_ G‘DC to Qo.\cu\o\tQ t\r\& o eos .\nT.Ujfo\\ 3'\\135'-

b
e Use A'—‘Sm \7’\ I Feom
S \\OQO‘S" sin2x| dx = 47.986058T4
o 't‘r\e exXxowm FOfr"\U\Os BooL\et

\

1}

Y8.0 » To the neacest
ttﬂt\r\ o% o~ me.tre.
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Section B

[Maximum mark: 15]

For cans of a particular brand of soft drink labelled as containing 330 ml, the actual volume,
V ml, of soft drink in a can is normally distributed with mean 330 and variance c?2.

The probability that V is greater than 336 is 0.1288.
(@) Find P(330 <V < 336). [2]
(b) (i) Find o, the standard deviation of I/.

(i)  Hence, find the probability that a can of soft drink selected at random will contain
less than 320 ml of soft drink. [5]

Tilly buys a pack of 24 cans of this soft drink. It may be assumed that those 24 cans
represent a random sample. Let L represent the number of cans that contain less than
320 ml of soft drink.

(c) Find E(L). [3]
(d) Find the probability that exactly two of the cans contain less than 320 ml of soft drink.  [2]
A can selected at random contains more than 320 ml of soft drink.

(e) Find the probability that it contains between 330 ml and 335 ml of soft drink. [3]
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&) %7’ 57lmw\q'tr7 o? )f.\r\e. nocmol A;stc'\\gut'\on, P(\/>330>= 0.5.
So P(330< V< 236) = P(v>330)-P(N>33L)=0.5-0.1288 = 0.37\2

b) () Using The inverse normal fonclion an the GDC Sor The sTandacdiced

v\o(mck\ \/ou*'-c»\o\e S.\\IQS-

P(z>2z)=0.1288 => - =1.1320819)

e SRR A X=p 236-330 _
2= 5 => o= —=—* T 3wegual - 5-299969.
-
T‘«us formu\a .IS .\v\ ‘t\,\
. c=5.30 (3.1,
exom Foemulo Booklel S ( )

(i) Feom the (rDC_,

P(V<«320)=0.02959%4%01% = | 0.0296 (4 )

C) L s c\:str‘t\)utac\ \b'\v’\om‘\o\“7 with =24 ond ?=P(\/<3’LO)_

E(L) = np=24% = P(v¢320) = 0.m0241.. | E(L)= 0710 (3s5.)
N~

This focmola 15 1a The exom Foemola Boo\c\e_t

Cl) Us;«r\j t\r\e (‘)‘DC %o( t\/\e. \)l\nom‘»o\\ A‘\&t{“\\)\)t‘\aﬁ 3‘\/25

P(L=2) = 012481913 = 0.1248 (4 d.¢.)

e) P (V>»320)= 1-P(Vv<320)=0.9T04065986

US:ﬂj t\'\e (J’DC— %o“ t\'\e normm\ A'\Stf;\nation 31«&5

Use Condilional fra\;m\;K\'\’Cy
P (3304 WV <¢335) = 0.2272622353

‘Eormu\m 'Fftm'\ t\'\e exoawm

P(i3304\/< 335} n i\/7gzo'§> Formula Booklet
P (V> 1320)

Se P(330¢V < 335\\/>G’Lo>

P(2302v< 335)

= 0.337247 ...
P(v>320) ot

n

0.3372 (4 dp.)
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[Maximum mark: 13]

Consider a function f such that f(x) = 3sin(2x + @) where 0 <x <2m and 0 < a <

NI

(@) Write down the amplitude of f. [1]

The graph of y = f(x) passes through the point (%' %)

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

(i)  Find the x-coordinates of the three other points where the graph of f(x) = % [4]

The function g is given by g(x) = pf(x) + q¢ where 0 < x < 2m and p,q € R.
The graph of y = g(x) passes through the origin and intercepts the graph of y = f(x) at the
points where f(x) is at its maximum value.

(c) Find the values of p and q. [5]

(d) Inthe case where a = 0, show that g can be written in the form
g(x) = k(msinx cosx + n), where k, m and n are integers to be found. [3]
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0\) am?htuc\e = 73

b\) (\) 71:":(74) ?o-SSQS 't\n(‘ous‘r\ (’TGL,%)) t\nere'\:ora

F(5) = 050 (230 a) = 3uin@s )= F = sin(wr ) -

AnJ S'hr\" (Ji) = —_EE } 50 L)I Symm&t(‘y of ’t\-\g 511\& ‘?uf\t_t:gn Yoss;\,\a VG\\UQS a‘g‘ At l';—r- ofe °
™ T T _ T ST 3T 77w ST
Toamw, (ar-p)vaw, oanmw, .. = = 2T

(<]

T 2T w SwW 270
Bul 04 & 5 5o o(’f—zr=%;’—‘>

(i) Ot xe2m => = L9yx+T o 25T

RnA we know -ﬁ-«om Ym“t ) t,\ﬂo:t

. T SN . T S 13T 7T 1S
Dsia(1nr ) =5 = 2x+T o= 4 5 B TR T

SUBtCGQt;"\3 JZ;: o.nA A,tv'\él\r\j ¥7 ’2_ D'\\/es'.

_ 118 Ut
X = O’TIW"‘TI’LW

C) \/=3(X) yoes ‘t\nrouj\n the of'as'\n, 5o 3(0)= P-\:(o)-\—cL:o, ThereToce *

f(gs;ﬂ(')_(oh%))-\ri = ?(35;“%)+ﬁ—= %?-HL: o0 = q/:‘%\)

‘\:(X) \/\aﬁ o mo\ximum vm\ue o* 3, omc\ 't\/\o.'t occuY S w\:\ar\

™ _ 1T ST - I Jm
Q.X“'z‘—,)_o(f)_ — X=7G o &

\/,f- 3(74) '\«—\Te(cefts 7=‘F(><) oL those moximo 50 5@{,—)= ?‘?(%)*1:3- ThereFToce *

pOREI RN ¢ = p3sinE)rq = Bprq =3 = q= 273

Com\)l\n.\nj c‘]/:—%? omc\ CL= 3‘/}? %'\\lesi

”%F:?}"S? =7 -%_’P=3 = ‘3=2

Then q = 3-3p =3-3()=3-6 = q = -3
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d) When «=0 ) £(x) = 3sin2x.

: . . . ¥ . *T\n;s formu\m 5 1n The
Then vsing the double angle Hdenlily for sine™ gives exom Focmola Booklet

§()= Bsialx = B(2sinxcosx) = (5 sinn cosx

T\’\Q"\
3()«) = ?-F(x)-hl: 2 (Gsiaxcosx )= 3 = 12 siaxcosx — 3

S(X) =3 ("\'sh\xcosx - \)

Note . \/our GDC cou\c\ \'\E\Y 7’00 wl‘t\r\ \Josi‘t5 0’? JCL\\S c‘/ue,st'\on.

Bul the entice cLoe_st"ov\ covld also be emsvered witheul
on Yy colcolator ol o\l 05'\4\3 on\\/ ‘Fo.ml\'\ox'\‘ty with
‘\Z\ne slxr\e 'Func,t;o«\ ox\A o \o\t o% Q\Se\y(a!
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[Maximum mark: 16]

Lucy sets out for a bike ride from her house at point A to her friend Heather’s house at
point B. She rides at an average speed of 7.4 km/h for 15 minutes, travelling in a straight
line on a bearing of 333° from her house.

(a) Find the distance from point A to point B. [2]

B

333°

Lucy and Heather both leave point B on a bearing of 102° and continue to ride in that
direction for a distance of 2.8 km until they reach a nature reserve at point C.

N
4
B4

333°

At the nature reserve, Lucy gets a puncture so decides to walk back to her house directly
from point C. She is able to walk along a straight line the entire way from C to A.

(b) (i) Show that ABCis 51°.

(i)  Find the distance from the nature reserve to Lucy’s house at point A. [5]
(c) Find BAC . [3]
(d) Find the bearing that Lucy must take to go home to point A. [3]

It takes Lucy 48 minutes to walk home.

(e) Find the average speed Lucy must have walked on her journey home. [3]
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a) J'\stour\c.e = QVQije sveeA %t:ma) and 15 winvles = 0.25 hours 5o

AB= 7.4 *0.2%5 =[1.85 kwm

. s o
b) (i) N Y beacing of 02° " BAD = B6LO-23%3 =77

The Two vnorfh’ lines oce ‘)txfm“e\, 50
N P °
EBA = RAD = 27

(because t\ney o Ce Q\tQCﬂAtQ aﬂj\€§>_

T\f\a(‘eﬁ"ofa

N o
ABC =180-102-21= 5|

(\\) 8)’ t\"E cosine fu\:\e: ¥ This focmola 15 tn the exoam Formula Booklet

AC =\/(ae)z+ (Bc)* - 2. (AB)(8C) cos (ABL)

= [1.85% +2.8% - 2(1.835)(2.8) cos(51°) =2.177783...

AC = 2.18 ke (3 s.5.)

a\eT\n;s ‘\:orm of the Focwmoula is also

C) US'“j t‘nt cosine ru\e o~3cxu'\ ) .w\ ‘t\r\a exXxowm Formu\m BooL\e_t
A~ AB) (A" - (e0)” ~ o [ (aB) (A" - (e0)”
o cC = — C =co
cos BA 2 (rB)(AC) 7 Bh ’ ( 2. (rB)(AC) )

Putt:v\D tL\e_ cxbox/e, V&\\Jeﬁ 'Fof HB, HC, o..nJ BC ‘\ﬂtu t\r\mt %ofmu\a. 3'\\12,5'-

AN
BAC = 87. 6867\ 4...
N o
BAC = 87.7 (3 s.’f.‘)
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N °
ACB® = \80-51-87.7 = 41.3
A~ I~ o
BCF = 180-CBG =180-\02="13

(SuTY\emantqry ouf\j\e.ﬁ)

\aeo\r:nj

9o The \gw;mj s GO~ T8 - 41.3 = ?_‘-¥0.7° (\ A.Y.}

e) averosge SFQ&A = A(stmr\ce - t:w\e) anA “\'8 m'\nutes = 0.3 \r\oot‘_sl so

AC 2.177783 ..
avef‘osge syeec\ = =

0.8 0.8 =72 .7722229..

averaae s?e_eé = 2.1 \&m/\_\ (3s.§.)
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