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

1. [Maximum mark: 6]

On the first day of 2024, Noah deposited h dollars in a bank account that earns a nominal
annual interest rate of 4.8% compounded monthly. Interest is added to the account on the
first day of each month. Interest is added for the first time on 1% February 2024.

The amount of money in Noah’s account on the first day of each year follows a geometric
sequence with the common ratio r.

(a) Find the value of r, giving your answer to four significant figures. [3]

(b) If Noah makes no further deposits into or withdrawals from the account, find the
year and month when his account has at least 2h dollars in it for the first time. [3]
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132,633 L 14,462 = 14 yrs * 6 mouths
12 2h dollars Tirst ‘n account Juwe 2038
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2. [Maximum mark: 4]
Prove the following statement:

If m and n are both odd integers, then m+n is an even integer. [4]
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3. [Maximum mark: 6]

Consider the diagram below with the measure of the angle at vertex A and lengths of line
segments [AB], [BC] and [BD] indicated. Find the length of line segment [CD].

C

diagram not to scale

=.C=sin( _".?';“ 10) G414

X (Mees )%t 2920 % X (10.72.)A124= 0

+ 2
X = - T (032" 4(z) = X= 1543, or X382,

2
. o ™ uation
et A=y g =y DB et 550k ]

N H.5U3., e Y*3.182..
hence, AC*3.943,.. and AD%3.182..
CO = AC-AD = F.547.. - 3,182.. = (V= 4.3

© InThinking — IB Maths: Analysis & Approaches



IB Mathematics: Analysis & Approaches HL -5- Mock E HL P2 2024 SOL KEY_v2 / TG

4.

[Maximum mark: 7]

A particle moves in a straight line. At time t seconds, the particle’s displacement from a fixed
point O is s meters. The particle’s velocity v (in meters per second) is given by v =sin (%j t>0.
When t =0, S=2 meters.

(a) Express the displacement s as a function of time t. [5]

(b) Find the total distance the particle travels from t =0 seconds to t =10 seconds. [2]

v x
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5. [Maximum mark: 6]

When (1-1-2—;] .ne N, is expanded in ascending powers of x, the coefficient of x” is 68.

(a) Find the value of »n. [5]
(b) Hence, find the coefficient of x°. [1]
v N\ wn-t| ¢
(@ (arby = > (F)a "
T"T=D

© InThinking — IB Maths: Analysis & Approaches



IB Mathematics: Analysis & Approaches HL -7- Mock E HL P2 2024 SOLKEY_v2 /TG

6. [Maximum mark: 6]

Find the equation of the line that is tangent to the curve X’y =cos(zy) at the point (-1,1).
Express your answer in the form y=mx+c.

................................... d dr

.......... ey 2y ge =TT M) e
2 ~3x5*

;ZX (ZY 7 -!-}TS-M (ﬂ.yD.:- XY %i}:_'__.‘ ....... 7 ..........

....................................................................... dx  2x’y *Vsin(my)

dy _ —3()() 33
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7. [Maximum mark: 7]
A continuous random variable X has a probability density function given by f (x) such that

k(x+2)2, -3<x<0
f(x)= K, 0<x<?2

0, otherwise
(@) Find the value of k. [2]
(b) Hence, find
(i) the mean of X;
(i) the median of X. [5]
a] 2 T
(@) K| (>.<.fr.%)...4?@...?‘...[??,4%..,?..,1 .................................................
=3 o
| [T

............................................................................

.......... sine 5| (0t dx = 2y g then 23<m<O
-3
............................................................. TP
™M 2 5
....... El f(x.!.z)dx_é_.,_ ()(.}2\&)(—2
-3 -3

m
1 1
nSolve|=—- (\+.’2)2 dx==—m
5 |-3 2

-0.133744421591
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8. [Maximum mark: 7]

(a) Aregular tetrahedron is a pyramid where all four faces are equilateral
triangles. Show that a regular tetrahedron where each edge is 2 cm

2,

has a volume of T cm

(b) A sphere encloses the tetrahedron from (a) such that all four vertices of

the tetrahedron are on the sphere’s surface. Find the volume of the sphere. [4]

Vo\umn_ of o t“sk{' P,t‘ah‘tth I?A\f\
A= area & base

=3 cm?

2 2 f23\
~ /W h=2- (‘3’)
?-:?; '—'2_1:2_“_216'“

25
Vhlun? = ’;(ﬁ)(%{‘gy
- 353+ 2(m)

Volume = 212 .2 Q.E.D.

———

3

\volume & sphe re:”‘/g'ﬂ' r
\
> cos = 7

I BERSPVR I YT I

" cos(35.26.°)

g

- 3
Volume = LT (1.2243)

3
~ 1.¢453...% 1.0 e
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9. [Maximum mark: 7]

If C =arctan(3)+arcsin [%) , find the exact value of cosC . [7]

........................................................................................................

need o Fid exact values for  ces A sces Boand s A

YA A0 A TIPS guadrant
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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.

10.

Worktd So‘,u.i‘;uw. on next Pacje —
[Maximum mark: 19]

A large farm produces eggs that are packaged in boxes with 12 eggs in each box. The
probability that a single egg is cracked is 0.017. A random box is selected and the 12 eggs
in it are inspected.

(@) Find the probability that exactly one egg in the box is cracked. [3]

(b) A box fails inspection if at least two eggs in it are cracked. Find the probability that
the randomly selected box passes (does not fail) inspection. [3]

The weights of individual eggs are normally distributed with a mean of 58 grams and a
standard deviation of 4.7 grams. Before the eggs are packed in boxes a very large number
of them are placed in a sorting bin.

(c) One egg is chosen at random from the bin. Find the probability that this egg
(i) weighs less than 64 grams;

(i) weighs between 52 grams and 64 grams. [4]

(d) 10% of the eggs in the bin weigh less than w grams.

(i) Copy and complete the following normal distribution diagram, to represent this
information, by indicating w, and shading the appropriate region.

(i)  Find the value of w. [4]

(e) An egg selected from the sorting bin is accepted to be put into a box if its weight
lies between 52 grams and 64 grams. 12 eggs are randomly selected from the
sorting bin. Find the probability that all the eggs are accepted to be put in a box. [2]

(f) Eggs from the farm are either white or brown. The colour of an egg has no effect on
its weight. The probability an egg is white is 0.28. Find the probability that an egg
randomly selected from the sorting bin is accepted to be put in a box and is brown. [3]
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[59.& GDC ?mqaes for Q.10 solution on wnex?* chjp_]

10.

(ﬁ) X ir random vaciable repre:e-d'-\\j *of cracked th: in a box
X~ B(12,0.003)
P (x= ') =G ("'on)i(’"o' °’7)”

P (x= l) ~ 0,169

(b) prebability a box pasres iaspection = P(xé 1) = P(x=o)+ P(x= f)
¢ (x=0) = (1- 0.0) = (0.983)"" = 0.814033...
f;roba‘o:mw’ box passes = 0.Q14073... + 0.168935. ~ ©,982968...

~ 0.983
F

(c) X is ranoa vcrtal-(e nﬂ‘e:?u\“f‘:\tj uef\,/«f; olc c,g;
X~ N (58,47°) =58, o=4.7
() P(x<64) = 0.819
@, P (52« xcgq) ~ 0.798

(al) F(x<w)=0.10

([i 2-value ‘;or f’(x‘w): o.f s Z=z-l.28155

(() _X=m - X-5§
Z= — &> = [, 18159 = W - Xz 5.9763%
' W= 52.0
-'l ‘
w ‘1.;“59

(@) P(s2<x<6€4)=0.798255...
Froba'o; lI{-Y all 12 R99s are "aue(fd “(we'\“gl\'f- befuceq 52 aud G‘fafam) s
Iz
equd T (0.398265.) "~ 0.0669
—_—
(‘f) P(broua)-_- 1-06.28 = 0.%2
lo(lprown. N acce({‘ec')-" P(brow\}' P(acceplltcl)
= (0.72) (0. 798255..)
X 0.574%

—
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[0 X LUl 2: Permutations Num Trials, n: | 12 [ » |
a ugl9: Inverse x*... i
(@) g Binomianf... 3: S L 1 Prob Success, p: [0.017 |
#1|B: Binomial Cf... 5: Distributions X Value: | 1 >
C:Inverse Binomial... | 1 p——
|0K| |Cancel|
binomPdf(12,0.017,1) 0.168935
ncr(12,1)- 0.017- (1-0.017)11  0.168935
b h{ B: Binomial Cdf... 2 i:";;r-r;l..l't—a‘ti‘t.)ns _
®) (32 C:Inverse Binomial...  |3: Combinations Num Trials, n: [ 12 |
$dD:Inverse Binomial N... }4: Random » Prob Success, p: | 0.017 _|
it E‘E Edf 5: Distributions b Lower Bound: | 0 |
Upper Bound:l 1 _I
binomCdf(12,0.017,0,1) 0.982968 (oK | [Cance
© | Nomatcar |
f¢{3: Inverse Normal... Lower Bound: | -9e999 I
4:t Pdf. 1: Factorial (1)
2: Permutations il I 64 _I
3: Combinations u|ss
a: | 4.7 |
|&| |cancel|
normCdf(-9.6999,64,58,4.7) 0.899127 ——
normCdf(52,64,58,4.7) 0.798255
invNorm(0.1,0,1) -1.28155
:|s8
d > | invNorm(0.1,58,4.7) 51.9767
a: I 4.7 j
|&| |cance|
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11. [Maximum mark: 20]
(a) The plane I, contains the points A(2,4,2), B(-3,5,0) and C(-1,5,1). Show that

x+y—2z =2 is a Cartesian equation for plane I1,. [3]

(b) A second plane I1, has Cartesian equation 3x+ y+2z=-4.
(i) Deduce that planes II, and II, intersect at a line.

(i) Find the angle between planes I1, and I1,. [5]

(c) Athird plane I, has Cartesian equation 2x+ y+cz =k where ¢,k € R. Find the

conditions on ¢ and k for which

(i) the three planes have no point of intersection (i.e. no points lie on all three planes);

(ii) the three planes intersect at a single point;

(iii) the three planes intersect at a line. [8]
(d) For the case where the three planes intersect at a line, find a Cartesian equation for

the line. (4]
- worked solution -

"n ® FB‘(E)('E)
R () - |l frar s

"

] ]
=™
>
Y
]
f_\|\
-u il
——
)
N
Y
——
n
i }
™

plane TTy 2 X ¢y -22=d substitate a ot e.q. A, 1o find of
2+4-2(2)=d = d=2
-ellu.q'{rof\ For Tr' is X+ 7— 22 =2 G.E D

E—

thws

(L}(i) Tr‘ and Trz ale 4n+ ()ara”el sce -fl\e.ff" noqu[ uednrs,
(‘:2) and (z)) ar€ wnot /)qr‘d{e/_ T‘ergﬁre( 'ITl and 1T,

must atersect at a lﬁ'\e.

Es::ltd?an for Q.1 contimued on aext ptaje]
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qulud-?on for Q.1 cu-l-'mu.ad]

(ii) the auqle © between the plases T, aud T, will be

cqwal to +the anale betfweea #he normal vectors of the planes

¢ 3
O= cos ('ll)(’l') = CO;‘G-?—(‘),TT) > O = ‘?Ou

ety Jq+1+4
(C) usinﬁ row OPQPA‘*'I\CM; with ang meated matrix
R3-2R1» R3 R1-3R15 R2
N 1 1 -212 i 21 2
34 72 |-H 11
1 ¢ ‘4 3 1 2 "1 0o -2 B -IO
: 0 -1 ¢ | KA 0 -1 c+d |
e
R2 -2 R2 R3+R2~ R3
P 1 -2 2 1 1 -2 2
o 1 -q‘ 5 o t -4 5
K4 o o0 ¢ K*L

o -1 ct4
(O) no point of wtersection (no 50!“““'\) when €¢=0 and K#-1

(EE) plo.ner intersect at a sfnjle ’o?n'l‘ wheu € #0 and K €R

(;‘;‘E) P[anef intersect at a (e whew Cc=0 qud k=-1

(d) 11 -2) 2 planes tntersect 14 -2 2
{ -4 5 at a (e wheu _

0 c=o and K=-1 0 1-4}15

0 0 c | K+ ({nf?n:*e solxl-?bus) o o o!lo

|e£ Z= A +[\eu\ OX+7-4A=S e )’:5"“{2‘.
and x + (5t42)-2222 S x=-3-22

parametric egar for lie of interschion ; ;:5::{2:
SIOIU( f"’r 2- Y egr,(. Qiugf"bn 7 = A

A: f:.;JA'_' Y-S 2.:2
I e
X+3 _ 1'.;,2

e

thuy , & Cartesian equativa of liwe of intersection is 3

[nete: +his equationfor ke i wot waique; there are other cortect a-\swe!‘f]
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12. [Maximum mark: 15]

(a) Using the appropriate double angle identity for cosine, prove that

00536=l+100529. (2]
z 2
(b) Hence, find j cos® xdx. 3]
. ) 5 , 3 ) .T s
Consider functions f(x)=cos’x and g(x)=sec’ x=> each with domain —5 <<
(c) Find the exact values of the x-coordinates of the points where the graphs
of fand g intersect. [5]
(d) LetR be the region enclosed by the graphs of f and g. Find the exact area of R. [5]

(@) cos 26 = 2ces 6 -1

1 i . .
2. _ L4 L 26 Q.ED
y — * Cos Lot o0
D cec?® = | + cos 20 7 050 =7 TG —

() fuoszx dx =f(‘5.' +gcos2x)dx = -%_fdx + _;ffcos 2y

2 £
(c) ces X T Sec X~ %
2y 1 %
c 6l - — = R
= costX
2. - - X
Cos“¥ = z 3“’5_
L cos X

2cos X ¥ 3cos*x =270

(2 CGSI)C ‘()(COS 2y +2.) =0

. 1 i, 4 -
co‘;l)(:'{ cos'x F-2
ccoordinates of poits of
. " f\r;. X ve Fdrne f’
. -t == 2 NE - ; TT J
oy X = = 17 z mtersection @t xz-K and X= =
T ! :
X = =g

Y '{; .
{l 2 | 2 . 3
= 2 J Cog ')(dx-féec X ;,)c!x
(&}
- . 1;
. - . ‘;' q
- 2{ [‘Ex +-}1‘$|\12x]"_ [fﬁl\)ﬁ" L)(]L }

4o _ 2 _ RW-F Lt Q,E.D.
- 2( 2 "f) = uwits
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