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Instructions to candidates

e Write your name in the box above.

¢ Do not open this examination paper until instructed to do so.

e A graphic display calculator is required for this paper.

e Section A: answer all of Section A in the spaces provided.

e Section B: answer all of Section B on the answer sheets provided. Write your name on

each answer sheet and attach them to this examination paper.

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

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

e The maximum mark for this examination paper is [110 marks].

worked solutions: 19 pages

© InThinking — 1B Maths: Analysis & Approaches



IB Mathematics: Analysis & Approaches HL HL P2 Mock D/ 2022v1 /TG

Full marks are not necessarily awarded for a correct answer with no working. Answers must be
supported by working and/or explanations. In particular, 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 (57 marks)

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

1. [Maximum mark: 6]

A study is conducted to compare the monthly e-commerce sales of nine separate online stores to
their monthly online advertising costs. The table below shows, in units of $1000, the monthly
e-commerce sales (Y) of each online store and their monthly online advertising costs (X).

The relationship between the monthly e-commerce sales and the monthly online advertising costs
can be modelled by the regression line with equation y=ax+Db.

Online
Advertising | 14 | 17 | 23 | 11 | 47 | 22 | 29 | 38 | 19
Costs (x)
E-Commerce | 5,4 | 374 | 587 | 320 | 921 | 492 | 646 | 835 | 413
Sales (y)

(@) (i) Find Pearson’s product moment correlation coefficient, r.
(i) Write down the value of a and the value of b. [3]

One of these nine online stores decides to increase their budget for monthly online advertising
costs by $500.

(b) Based on the given data, determine how the store’s monthly e-commerce sales could be
expected to alter. [2]

An online store separate from the study has monthly online advertising costs of $7000.
(c) Comment on the appropriateness of using your regression line to predict the monthly

e-commerce sales of this separate online store. [1]

(This question continues on the following page)
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(Question 1 continued)

(@) (i) Using GDC, r ~0.985

(i) Using GDC, a=~183, b~99.6

(b) finding the difference in'y for x and x+0.5:

Ay =(183.26...)(x+0.5)+99.577...[ (183.26...)x+99.577... ]

Ay =05-(183.26...)

Ay =91.631...

Thus, the online store can expect an increase in monthly e-commerce sales by $91,600

(c) This is extrapolation which is not appropriate.
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2.

[Maximum mark: 6]

Triangle FGH has FG =8 cm, GH =9 cm and area 24 cm?.

(a) Find SiNG.

(b) Hence, find the two possible values of FH, giving your answers correct to two
decimal places.

HL P2 Mock D/ 2022v1 /TG

@) aceas 5 FG GsinG

B Tl w2
........... Wl e Wl
cos G = J;§ or cos G =_J§
i e o RO e B g p—
Grcos'(3) 003" er Gi.f?f_..(.'..?.).7.1.3.?.-. A I

Fi = 6.11 cm
;L‘——___‘

oR FB= J gt +q" - 2(8)(q) cos (1:3.16:...")

Fh = 15.9 em
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3. [Maximum mark: 6]
The sum of the first n terms of a series is given by
S,=3n°+n, neZ*
(@) Find the first three terms of the series. [3]
(b) Find an expression for the n™ term of the series, giving your answer in terms of n [3]
2
@) Sa= 3n t A
.h:1 S"=u‘: ?f1='-f M‘:l{
. R L .
.......... 221 Sas UMy = 1242 S HR e
................................. = Moa =p=a= 10  Vizi0
. S;-u.*\)\?flA’:?.?*?:?o ........................................
G U= 30-u 4,2 30-4710 =16 U= 16
PR
() Wa= S Saen
2
.............. U ,,?n*fn‘{?(n\*"'}
z R 0 |
.................... it ?V\ fv\-S(“‘lh".‘)A
Uy = bn-2
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4. [Maximum mark: 6]

Using the substitution 2x =sin®, or otherwise, find I(\/1—4x2 )dx.

:l lsin2€0+0‘3 +C
4\ 2

Ix =5SIA® =¥ O = arcs (?-X)

Cos @= i 1- sin’6 < JT-(ZX)z "'JT-‘M‘
' -
su\os+?*u“iv\3 3‘Nes f(! 1-'-[,(") gx = 'Z’_[Zx 1-4x* + arcs.u(zxﬂ+c

um—
—
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5. [Maximum mark: 6]
In the figure below, the shaded sector has a perimeter that is equal to the circumference of
the circle. The location of a point inside the circle is chosen at random. Find the probability
that the randomly chosen point is located inside the shaded sector.
s /\
=
r
b b . (‘ areaq s‘LadeJ sector
ro | Wb tn shaded secter =
oo AR a ...«..‘.‘.r.7..e.<.>m....~.v.\...&..5....4....29—..9 ............. T —— e T
....... (et O = angle of sheded sector,
= radius of c(l‘c(e G»u( S= [en‘){—l\ o{ qarc o{: yLaiea( Yed‘ar
....................................... P R AR R
| f‘erim-.fﬁr...s.‘.\.e.el.e.d...f.e.sff!‘!f...‘:...lr...’f..-? .......................................
i
TR . .- | 1. 1. | S
solve for 8 @=2®%-2
:
)
...... afeko{-SLaldﬂ.chri?_t__/e—-
T = L Ry
iR o€ citcle 7 .- O
........................................................... ) R
§u“51"+“+‘\\3 = 2T
POt 1
i\ frobubl I"‘y - 1
—
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6. [Maximum mark: 7]

The line L is given by the parametric equations x=1-A4, y=2-31,z=2. Find the coordinates

of the point on L which is nearest to the origin.

Heo positon geckar for the peint nearest fo e

{ ction of ke [Mwe
oricy\\ s ‘u.r‘m*il(.w(ar 4o +he  dire i he O

_ o=t . T} )
(°|°|°) ';'D‘f l‘V\Q L - r’; Z-;l (y):{z)‘{' 2(-2)
A R ol
—‘
L\,%c&' o J;N‘:{.Nf\ vaetye Hr me L 3§ ( )

Lk pcs-+-°'~ veeber of oy Pom— ow Il L 5 ( )

= 1-2
4”&&;' (~g).(23’2 =0 =» '(l-'?- ‘?(2‘341)7'0
-1 +% -6 92 =0
0a=7 = 2773
1, y=2- 3/ )

- y
fe A7 % s xer-% i
B

\
2. oL
A Pol\+ of u\+<r;cdt°“ is (“’l ’°’2)
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7. [Maximum mark: 6]
Consider the function f (x)= In(l—xz).
(@) () Determine the domain of f (X).
(i) Find the first three terms in the Maclaurin series for f (x) [3]
x| 272N 4
(b) Hence, show that the exact value of HZ:; - is In(gj. [3]

@ (@) 1-x*>0 = x*>1 = -1l<x<1

(i) from formula booklet, the Maclaurin series for In(1+ x) is:

2 3
In(1+x):x—x?+x——...

3
Substituting to find the Maclaurin series for In (1— xz):

4 6
. . . . X X
Thus, the first three terms in the Maclaurin series for f (x) are —x?, —— and ——

) -2n © 2n 2 4 6
(b) 22 = 1.(1) :}.(l] +1.(1] +l.(l} ..
= h =En\2 112 2 \2 312

Substituting x:% into the Maclaurin series for In(l—xz):
1Y’ 1Y 1 (1) 1(1Y
njl—|=| |=—|=| —=|=| -==]| —...
2 2 2 \2 312
So izizn =—In 1—(1J2 ——In(l—lj——ln(Ej —In(ﬂ) Q.E.D
"~ n 2 4 4 3 o
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8.
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[Maximum mark: 8]

If @ and S are the roots of the equation 2x*+6x—5=0, find a quadratic equation with

integer coefficients whose roots are:

@ 2a,2pB (4]
(b) L L [4]
a+l p+1

For the equation 2x* + 6x—5=0,a=2,b=6and c = —5.
+B8=—-b=—-6=— G D>
Thus, « + B < : 3and af =4 ===

a) Sum of the new roots-=20 +2B=2(a+ B) =2(—3) = —6.

Thus for the new equation, =8 = —6,

a
Product of the new roots = 2a - 28 = 4af = 4(—_5_)- = —10.
Thus for the new equation,% = —10. E

The new equation we are looking for can be written as ax? + bx + ¢= O or
b

a5
5+ =t 7 =0
Therefore, the quadratic equation with roots 2e, 28 is x> —(—6)x — 10 = 0
=ix*+6x—10=0

1 1 _Bt+lt+a+1l

b) Sumofthenewrootsa+ T +ﬁ+l “GFDBFD
af+a+p+1 -5-34+417 -9 ¢
2 2
Thus for the new equation, =2 = %
a
1 1 = 1
Productofthenewroots(a+ 1)(ﬁ+ 1)_aB+a+B+l
- 1 i et il
et 3 =% 9
A a1 3 9
Thus for the new equation, -g = -2
9

The new equation we are looking for can be written as x2 + %x + -g = (.

Therefore, the quadratic equation with roots
l ] -~
L 2—%x—%=Oor:9x2—2x—2=_0;_~

VT et s
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9.

[Maximum mark: 6]

There are 25 marbles in a bag. Some of them yellow and the rest are blue. Two marbles are
simultaneously selected at random. Given that the probability of selecting two marbles of the
same colour is equal to the probability of selecting two marbles of different colour, determine the
number of yellow marbles in the bag.

[et n= ff )‘ﬁ(/ow marbles, aud 25-1n = # o blue marbles

................ cvssessvsssoffececscesrssasssessncencne '..‘.....
Fs“meco‘our)-v\ (A_13 (25—'\)(2“‘" .................................
........................ oG RI Moy virn e DB A @M essensssvmssrsssssesssovsessosesusses
.................................. n (25—-‘\ 25-.‘ '\

2 2
A -n 600-49n +n 25n-n 25a-n

......... O oA~y .. SO LTI, |+ OO . .. SO
6 00 6 OO 600 600
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Do not write solutions on this page.

Section B (53 marks)

HL P2 Mock D /2022v1 /TG

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

10.

[Maximum mark: 21]

Consider the quadratic function defined by f (x)=x*—7x+13 with domain x 2%.

(@) Sketch the graph of f.

(b) State the range of f.

(c) Find the inverse of function of f, that is find f™(x).
(d) Write down the domain and range of f ™ (x).

(e) Find all values of x such that f (x)=f(x).
Consider the function g(x)= xi—l :

(f) Sketch the graph of g( f (X)) clearly indicating any asymptotes.

(g) Determine the domain of g( f (X))

(h) Determine the range of g ( f (X))
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Do not write solutions on this page.

11. [Maximum mark: 16]

It has been determined that the volume of fluid in a bottle of olive oil filled by a robotic dispenser
in a factory is normally distributed with a mean of 748 ml and a standard deviation of 2.4 ml.

(@) Show that the probability that a randomly selected bottle of olive oil from the factory
contains more than 750 ml is approximately 0.202 [1]

(b) The amount of olive oil is measured for each bottle in a random sample of 12 bottles.
Find the probability that exactly 4 of them contain more than 750 ml. [3]

(¢) Find the minimum number of bottles that would need to be sampled so that the
probability of getting at least one bottle containing more than 750 ml of olive oil is
greater than 0.98. [3]

The same factory produces bags of flour, such that the weight, A grams, of flour in a bag is
normally distributed with mean x4 grams and standard deviation o grams.

(d) Giventhat P(A<850)=0.09 and P(A<900)=0.97, find the value of x and the

value of o . [6]

A bag of flour is deemed to be insufficient if it contains less than m grams of flour. It is known that,
out of every 1000 bags, 15 are deemed insufficient.

(e) Calculate the value of m. [3]

[ exam continues on next page ]
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Do not write solutions on this page.

12. [Maximum mark: 16]

Consider the graph of the function h(x)=(x—-1)e* shown below.

(a) Point C is the x-intercept of h. Find the equation of the line tangent to h at C. [4]

(b) Point A, with Xx-coordinate of a, lies on the graph h. Show that the equation, in terms

of X and a, of the line that is tangent to h at point A is y =ae®x+e* (—a2 +a—1). [3]
(c) Find the equation, in terms of X and a, of the line that is normal to h at point A. [4]
(d) Calculate the x-coordinate of the point on h that is closest to B. [5]
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10. (a) 11' .
fl(\‘)ﬂ{,\-z_%_\wl?,,.\‘z? (b) ran3Q . 72 ﬂ

~)

t

(<) x: Fx+ 13
x= y - 7y + 13 switch domain (x) and rasge(y)
Yz‘ 77 t ‘iz— e ‘L;Lg X solve 'For y b, Couﬂplt'l'h\j the sjuale

(y-3)+ % =~
(v-%) = %%

Squware [‘oo“ o'(: bo'\-k s?de;‘— “‘l)’

-2 & [wad
Y = X-q positive square rest  becawse range

§50) 15 y2% (doman of Fo)

-
f‘\
K
N
"
n\N
+
*
\
2\w

K-Fx+ 3=
X = 5.
_—.—’—_—

[Q10 worked solution continued on next page]
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10. [continued]

! i a !
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J‘; v /’H
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[Q11 worked solution on next page]
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2
11. X"‘N(?"fﬁ' 2.") /4:?‘19) o’=2.Y

(a) P(x>#50) = 0.202328 ... P(x>#50) = 0. 202 QEP

(b\ Y~ 3(72,0. 202.--) n=12, p=o0.202...

p(y=q) = (142) (o.zoz...)q[i-o,zoz...)e ~ 0.13596¥%...

((Y-‘f)c:o.l?é

cumulative binomial Probqlc“tﬁff

(c> set wp @ +qb(e st\owx\j

) to r \f‘ e Q. x= 1000
S+ar\’t\\) at x=1 aad 30\3 a lﬁj( alue, ?

1000 n % .
F(Y = ‘3 = Z ( x) (0.202...) (1_0,202”_)
k=1
o N x-f
X) -0,202...
= 0.202..) [1-0- )
wovcr y7 2 (r)0m
r=1 'Q |
Ao MY (¢ commaad
OR wse Cunu\ai'we bn\bl\hd( ?ro‘oa 7
=~ qe6321
‘f‘a‘o\Q % X = {5 ) y ~ 0
X= 16 ; Y“ 0 Q37175
x= 14, y ~ 0,9718571
2 90
=R, Y= O 982406
> < 18 i.e. n=18
“’L.QrQ'FoTQ‘ MO U 4 o'f' b +.ﬂ€)' )

[Q11 worked solution continued on next page]
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11. [continued]

(d)

(€)

Find Z values for corresponding probabilities using GDC:

P(A<850)=0.09 = Z=-1.3407...

P(A<900)=097 = Z=1.8807...

Using the formula for standardized normal variable Z =X_—M:
o}
13407, =97 (13407..) 0 =850
o
1.8807...= 00— 4 = ,u+(1.8807...)0:900
o}

Solving system of linear equations on GDC:

u~=871g, o~15.59g

15 out of 1000 bags are insufficient, so P(A<m)= % =0.015

HL P2 Mock D /2022v1 /TG

Solving for m on GDC using inverse normal command with ¢ and o from part (d):

m=~837¢g

[Q12 worked solution on next page]
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12. (@ h(x)= (x-1)ex
Joe eF + (e = e‘[”“"% X e

X

Fand x'co.r&\\ku"t of ;(-M*\—mqf G
(x-)e*=0 = x=1 = C(1°)
h(f)=@

panguit ot Ct y=gx~1) =¥ Y=€A"C
_;f

G) ()= (a-1)e"= ae™-e® =5 A (a,ae“-e“)
W (a)= ae®  gredied & tomged ot A
tangent ot A y-(ae®e?)=ae’(x-a)
y-ae+ e®=ae’x-ae® = )’=a€qx-azea+aeq—e“
Y:qeax+e“(-az+a-1) Q.E.D.

—

1

(C) 3"&&1(;\.’(" Of “OPM&( Qf A‘ IS' — —a—;'?

A R

ea+ea_ X +/1_ '? ~ % . /1_ +aeq_ ea
Y—q . qea ea >/— aea ea -

5[\0(““@'4‘ distaace 'Ff"’M B(fo, °) e 3rapl~ of l\

(d) the Iwe sec:)mud- of Bl

must be '\orm( 4o +he 3ro¢k; +‘“"1 Fond valie of a
renal fovw-.\ h") (c) pussers f-kro.‘jl‘ 6(10’0).

L + "'L— +aea-e° = q= 1.38727...

ae® e

+kl Ao

solve: (= -

clesert o B s qﬂO(‘oﬁ. I.Z‘i

e
Premm—

+(~n.ro.":of‘(, ¥ - coord Mate of (o’ivd‘ om h
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