
Christmas Examination

Maths SL IB2
Part 2

( 7 Problems 55 marks )

Wednesday 11 Dec.2024

ANSWERS

———————————————————————————————————————————

A calculator is allowed for this second part

Problem 1 [ / 6 marks ]

The function  f  is defined as  f �x�   ln �xex � 1� � x4 , for  0 d x d 2 . The graph of  f  is shown 
in the following diagram. 
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The graph of  f  has a local maximum at point  A . The graph intersects the  x-axis at the origin 
and at point  B .

(a) Find the coordinates of  A . [2]

(b) Find the  x-coordinate of  B . [1]

(c) Find the total area enclosed by the graph of  f  , the  x-axis and the line  x   2 . [3] 

f ′(x)= ex+xex

xex+1
� 4x3

a) f ′(x) =0 for x=∼ 0.708

b) f(x) =0 forx=∼ 1.09885

c)

Problem 2 [ / 2 marks ]

A particle moves along a straight line. Its displacement,  s  metres, from a fixed point  O  after 
time  t  seconds is given by  s (t ) s t t( ) . sin= +( )4 3 3 5 , where  0 ≤ t ≤ 10 . 

The particle first comes to rest after  q  seconds.

(a) Find the value of  q . [2]v(t)= 4.3cos( 3t+5
√

) · 3
2 3t+1
√ v(t)= 0 for t= q= 18.895s
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Problem 3 [ / 4 marks ]

A particle moves in a straight line such that its velocity,  v m s-1, at time  t  seconds is given 

by  v v t tt

( ) = −⎛
⎝⎜

⎞
⎠⎟

−
4

2 4
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cos π
, for  0 ≤ t ≤ 4π . The graph of  v  is shown in the following diagram.
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Let  t1  be the first time when the particle’s acceleration is zero.

(a) Find the value of  t1 . [2]

Let  t2  be the second time when the particle is instantaneously at rest.

(b) Find the value of  t2 . [2]
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t1=∼ 5.88839s

t2= 10.9956 s

4.71239 s t2t1

Problem 4 [ / 16 marks ]

;",)&<(%#/#=+,>'&",##!#1##?-(#*&,(##"!##$&'-#(@+/'&",###$ ""%"#"!##&)#/#'/,0(,'#'"#'-(#0%/.-#"=##!#
$-(,##%$ "##1

# A/B# A&B# C%&'(#<"$,##!$c"$#%&1

# # A&&B# D&,<##!$$#%&1 2E:

F('##&$$%%& ""!$$%#&'&!%##/,<#(#G(#'-(#."&,'#",#'-(#0%/.-#"=##&$#$-(%(##%$ "!#1

AGB# H-"$#'-/'#'-(#0%/.-#"=##&##-/)#/#0%/<&(,'#"=#)#/'#(1 2I:

A>B# F('##"###G(#'-(#'/,0(,'#'"#'-(#0%/.-#"=##&$#/'#(1&&"!&#&,'(%)(>')##"#&#/'#'-(#."&,'#*1##
# D&,<#'-(###J>""%<&,/'(#"=#*1 2K:

f(2)= 7

f ′(2)= 3 (as 3 is the gradient of the tangent at x=2)

AtP , g ′(x) = f ′(x2+1)× 2x=6

intersection at (0,1)
L1: y=3x+1
L2: y=6x+1
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Problem 5 [ / 13 marks ]

 A rectangle is inscribed in a circle of radius 3 cm and centre O, as shown below.

The point P ( , )x y  is a vertex of the rectangle and also lies on the circle.  The angle 

between (OP) and the x-axis is T  radians, where 0
2

! !T
" .

 (a) Write down an expression in terms of T  for

  (i) x  ;

  (ii) y . [2 marks]

Let the area of the rectangle be A.

 (b) Show that A #18 2sin T . [3 marks]

 (c) (i) Find d
d

A
T

.

  (ii) +HQFH%& øQG& WKH& H[DFW& YDOXH& RI& T  which maximizes the area of  
the rectangle.

  (iii) Use the second derivative to justify that this value of T  does give  
a maximum. [8 marks]

diagram not to 
scale

x=3 cos(θ)

y=3 sin(θ)

A=xy=9 cos(θ)sin(θ) = 18 sin(2θ)

dA

dθ
= 36 cos(2θ)

cos(2θ) =0 for 2θ= π

2
⇒ θ= π

4

d2A

dθ2

� π
4

)
=�72sin

� π
2

)
< 0 ⇒max !

and d2A

dθ2
=�72 sin(2θ)
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Problem 6 [ / 8 marks ]

Notice (f ◦ g)(x) is a notation for f(g(x))

./0!!!!""#! !"$!"!%!!DQG!!#!""#! !"$!"!$!%!IRU!!"!è!\!)

*D+! 6KRZ!WKDW!!"!!!q!##!""#! !!"
&!"!&"$!%!'!) "1-

*E+! 2Q!WKH!IROORZLQJ!JULG%!VNHWFK!WKH!JUDSK!RI!!"!!!q!##!""#!%!IRU!!(!d!"!d!$)$*!) "2-

!"

#

" ! $

!

"

*F+! 7KH!HTXDWLRQ!!"!!!q!##!""#! !$!!KDV!H[DFWO\!WZR!VROXWLRQV%!IRU!!(!d!"!d!$)$*!)!!)LQG!WKH!
SRVVLEOH!YDOXHV!RI!!$!) "2-

a) f(g(x))= (x2� 2)2� 1=x3� 4x2+3

b) see the curve
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Problem 7 [ / 6 marks ]

s(0)= 15m

s=0 for t= 6.79321s

v(t)=�1� 18t2e�0.8t+ 4.8t3e�0.8t

v(t) =0 at t= 10.0145s

Bonus [ + 5 ]

The figure below shows the graph of f(x)= x3

4
� e

x

5 , for �1<x< 1
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Using your calculator, we find the x of the inflexion point, with four significant digits.
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