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!"# (a)  ([Sress �� cos ș − � sin ș in the forP ! cos (ș!"!Į), Zhere !!> � and � <!Į!< ��� !
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  7he heiJht aEove the Jround, $ Petres, of a SassenJer on a )erris Zheel " Pinutes after 
the Zheel starts turninJ, is Podelled E\ the eTuation

$ = % − �� cos (�� ")� + � sin (�� ")�

  Zhere % is a constant� 

  )iJure � shoZs the JraSh of $ aJainst " for tZo coPSlete c\cles of the Zheel� 

  *iven that the initial heiJht of the SassenJer aEove the Jround is � Petre, 

  (E)  (i)  find a coPSlete eTuation for the Podel,

    (ii) hence find the Pa[iPuP heiJht of the SassenJer aEove the Jround� 
$-%

  (c)  )ind the tiPe taNen, to the nearest second, for the SassenJer to reach the Pa[iPuP 
heiJht on the second c\cle�
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$"%

  ,t is decided that, to increase Srofits, the sSeed of the Zheel is to Ee increased� 

  (d) +oZ Zould \ou adaSt the eTuation of the Podel to reflect this increase in sSeed"
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8. The depth of water, D metres, in a harbour on a particular day is modelled by the formula

D = 5 + 2 sin (30t)°   0 - t < 24

 where t is the number of hours after midnight. 

 A boat enters the harbour at 6:30 am and it takes 2 hours to load its cargo.
 The boat requires the depth of water to be at least 3.8 metres before it can leave the harbour. 

 (a) Find the depth of the water in the harbour when the boat enters the harbour.
(1)

 (b) Find, to the nearest minute, the earliest time the boat can leave the harbour. 
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)
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=F-⇒*•aa%

""÷÷÷÷¥ . .sn
ÑhµµÑ&

= 4.48 m_ ✓ µµfµ
b) D-Éi3fidWhatÉiD=3-8m µµfµ

µ ÷:÷÷¥÷÷÷÷÷÷÷÷÷÷mkµ
not 60} - :

- sot > 0

MM
tf

c- = "0.77h Yfhn min µµfµ
µ the boar can leave at 10:46am✓

µµµ
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12.                                                  f (x) = 10e–௘0.25x sin x,   x . 0

 (a) Show that the x coordinates of the turning points of the curve with equation y = f (x) 
satisfy the equation tan x = 4

(4)

y

O x

Figure 3

 Figure 3 shows a sketch of part of the curve with equation y = f (x).

 (b) Sketch the graph of H against t where

H(t) = Ň10e–௘0.25t sin tŇ   t . 0

  showing the long-term behaviour of this curve.
(2)

 The function H(t) is used to model the height, in metres, of a ball above the ground 
t seconds after it has been kicked.

 Using this model, find

 (c) the maximum height of the ball above the ground between the first and second bounce.
(3)

 (d) Explain why this model should not be used to predict the time of each bounce.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 12 continued
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Question 12 continued
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(Total for Question 12 is 10 marks)

g-
☒☒ inn

. :÷:÷÷;÷; ÷Gµ⑧fµ " 14471%0e-"""""✗ sin 14474=3 -18m
d)

The tomes between each bounce should not stay the sameµ_-@8 each bona us getting smaller ① µµ 1
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a) Sink + 2Cosx > Rsin@ + a) 1 Find a

2 Find R

Rsinfx -12) = RSinxcosx-RCosxs.int ⇒ sink = Rsinxcoss = > Rasa = I

2Cosa = Rcosxsina ⇒ Rsins = 2

⇒ tana = ? ⇒ ✗ = tan
- '

(2)
2 = 1.10714 . . .

I =3 2 = 1.107 13 d.p) I

=

R=Ñ-(2Ñ= 55 I

=) 2=1.10 radians) , R5 =) sinx-2cosx-IS-S.in/x- 1.107)

t.b.BG
b) 01=5 -15in/ Ya - 3) +26s' - 3)
let ✗ = 1T¥ -3 , we can use our answer from part a. ( BSinlx-1.io?-)--Sinx+2cosx)

=) ① = 5 + F5Sin(¥ -3+1.107) ,
we have a maximum when Sinai = I

=) ① =/5 -181°C or 0=7-24-00 13s.f) I
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a. bag
c) - ① = 5 -1555inz-3+1.107)

In part b, we said the maximum temperature occurs when Sinx =L
.

⇒ ✗ = Siri't )
=) ✗ = 1712
=

⇒ 1T¥ -3+1.107=121

=) Tyg = ¥+3 - 1.107 0.2 of an hour is

equal 0.2×60 = 12 mins

=) Tht = 121 + 3- 1.107) =) 1- = 13.2 hours 1

Tl , =) t = 13 hours and 12 minutes after midnight . I

=

PhysicsAndMathsTutor.com
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  

15. (a) Express  2cos θ – sin θ  in the form  R cos (θ + α),  where R > 0 and 0 < α < 
π
2

  Give the exact value of R and the value of α in radians to 3 decimal places.
(3)

Water level

H metres

P

C

Figure 6

 Figure 6 shows the cross-section of a water wheel.

 The wheel is free to rotate about a fixed axis through the point C.

 The point P is at the end of one of the paddles of the wheel, as shown in Figure 6.

 The water level is assumed to be horizontal and of constant height.

 The vertical height, H metres, of P above the water level is modelled by the equation

H = 3 + 4 cos (0.5t) – 2 sin (0.5t)

 where t is the time in seconds after the wheel starts rotating.

 Using the model, find

 (b) (i) the maximum height of P above the water level,

  (ii) the value of t when this maximum height first occurs, giving your answer to one 
decimal place.

(3)

 In a single revolution of the wheel, P is below the water level for a total of T seconds.

 According to the model,

 (c) find the value of T giving your answer to 3 significant figures.

(Solutions based entirely on calculator technology are not acceptable.)
(4)

 In reality, the water level may not be of constant height.

 (d) Explain how the equation of the model should be refined to take this into account.
(1)
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Question 15 continued
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Question 15 continued
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