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1. (a) Express 10cos8 — 3sinf in the form Rcos (0 + a), where R > 0 and 0 < a < 90°
Give the exact value of R and give the value of a, in degrees, to 2 decimal places.

Figure 3

The height above the ground, H metres, of a passenger on a Ferris wheel ¢ minutes after
the wheel starts turning, is modelled by the equation

H=a— 10cos(807)° + 3sin(80¢)°
where a is a constant.
Figure 3 shows the graph of H against ¢ for two complete cycles of the wheel.
Given that the initial height of the passenger above the ground is 1 metre,
(b) (1) find a complete equation for the model,

(i1) hence find the maximum height of the passenger above the ground.

(c) Find the time taken, to the nearest second, for the passenger to reach the maximum
height on the second cycle.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

It is decided that, to increase profits, the speed of the wheel is to be increased.

(d) How would you adapt the equation of the model to reflect this increase in speed?

o) Rcos (0+x) = ReosBcosk = Rsin@sinx

10cos @ - 38:inB = RcosOcosx - R sin@ sined
10cos8 = Rcos& cos X -3¢0 = - RSInBsiniX
Reascx =10 - Rsinx - 3 "@
R (o2« = 100 R2sin?7 ¢ = A
R%cos'X + R sin*® =100+ 9 COSTR +8in ¢ = |

R2 (cos?x 431 ) = 1O9
R? =109
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o
Rz 16-30° (2a.p)

-

= Jioa cos (8 +16-30°)

b) D 1T o-10cosS(0) + 3sin(O)

l—a-10
o= 1l
Flz 1l - 10 cos (80t )" + 3sin (8OL)°
10cos @ -33in B ~10cos(B0E) + 3 gin (2o e)°
= J09 coy (@ +16-730° =- (10 cos(30)° - 35 (B0eN®)
10§ cos (ROt +16.30)°
Fl= 11 - 139 cos (got +16301° -() "
o
U) cos (¥0&+ (630) 2= Y
Fl= 1] (Joaq % -1)
HFl=11+Ji09 - @
o -
c) cos (%Ot + 16-30) Tp' frest
YOL +16-20=180 ¢, c.\\j cle
180 +360 =SSO {‘o.—second 0-94% x 60
U - )
: 32 (2s+f

0L +16:30 = S+0O - @

E=S40-167 _
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c) t= 6-5% Mminmres
t= 6 minntes 32 seconds -(1)

d) H=11-Ji08 cos (80t + 1630

Whe woowld  iacrecse  the ‘ROt valwe _%, P)‘QW\PUZ
o 90t. -(1)
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2. The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(30r)° 0<¢t<24
where ¢ 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.

@
(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.)
C))
&) 630 a2 6h 3Oomin or €.Sh
S+ 2 8InC 30+ 6.5)
= L(vugm v~
e
b) D= $4 28ia (308&) Jindk ok ok € fs D= ddnn
3.8 : $+928in(206€) 360"
=L = 2 8inC308)
— 0.6 = SinC308&) v /, ~
Sin (208D = - 0.6 =
206 = Sin' (F0.6)= -36.869... €20
30k : ~26.86... Y360 | S.30k>0
-~ 31218,
E = 2220%0.-. =103 — |0l 0.77x60 min
10 = QW (& ™in

Fhe koak can leaye &t 10: Lo v~
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f(x) =10e "> sinx, x>0

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

C))
v A
/ O\ N
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 ¢ where f f (% )
H(t) = | 10e 0% sint| t>0
showing the long-term behaviour of this curve.
(2)

The function H(?) 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.

(&)

(d) Explain why this model should not be used to predict the time of each bounce.
1)
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O = -25snxe®**+ 10wsze "
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4. (a) Express sinx + 2cosx in the form Rsin(x + @) where R and a are constants, R > 0

T
and 0 < a < B
Give the exact value of R and give the value of a in radians to 3 decimal places.
3)
a) dinx + Anx — RSn(x+a) [J Fnd
Bl Fad R
RS'm(I*-d-) > RSinx(oso. + KCosxSinek. => Simx = RSinxCosal. => RCosat = |
ACost = RCosaSine => RSina = 2

o = 1an'(2)

=y tmo= 2 =
' 110t Da> o= 1107 (3dp) D

ol
R=|+@ - 5 ©

& = LY (fadians) , R= I8

—

=D =) Dinx+dlosx = \ES‘.'.(xa- l.lo?)

The temperature, °C, inside a room on a given day is modelled by the equation

0—5+‘(”—t—3)+2 (m 3) 0<t<24
= Sin 12 Ccos 12 St<

where ¢ is the number of hours after midnight.
Using the equation of the model and your answer to part (a),

(b) deduce the maximum temperature of the room during this day,
1)

) © =5+ S -2)e awos(2-3)
b x = %-3, We Qan U OCur Onswev J}w\ part . (ES.n(xn.w): Sin).-o-.'?t.‘csx)
= |

> @= 5+ ESin(%f—-zH.low) ,We hae o Mavimum when Sinx

2 0:($+E)'C o ®=7Cc (3550
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(c) find the time of day when the maximum temperature occurs, giving your answer to
the nearest minute.

) ©=5+{5Sin (T—,':-soc Llo?) 3)

In port b, W& Sad HR moximum lempermbwe ccows wWen Sinx =1 .
= X =8n()

X =1/
=2 TNt-3+r03= T
12 X
=) Tk = T +3-L107 0.2 of an how s
B a

equak 0.3x €0 = 1&mins

=) #t

R(T+3-16D =5 £=13.2 hows @
@ £ = 13hows and |2 nmindes  afkey m:dn.’au-ﬁ)
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‘5. (a) Express 2cosf —sinf in the form Rcos(0 + a), where R >0 and 0 < a < %

Give the exact value of R and the value of a in radians to 3 decimal places.

Water level

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+4cos(0.5¢) — 2sin(0.57)

where ¢ is the time in seconds after the wheel starts rotating.
Using the model, find
(b) (1) the maximum height of P above the water level,

(i1) the value of # when this maximum height first occurs, giving your answer to one
decimal place.

In a single revolution of the wheel, P is below the water level for a total of 7" 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.)

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.
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Question 5 continued

eos (6 + &) N\
LcosBeosit — Rsind sin K '2 converk usng Hemula:
cos (A+8) = osPcos® F sinfAsinB

) 2cosH - sinb

o oS0 T pand

= Jatso®
= J 12+ (07
& 0

Yo fnde %, compare hlke terms:

cos®: 7 = Qcost Fonb = ;22
oSt = 2/¢
Sin b : | = £sink = /e
sink = /2 J /e
=
7
o = l:cm"("i) = 0-4bha (3.4.p)

f must be wthin gwen (anqe-\
L [©) U J

b) 1) M = 2+ Geos0:5E) - 15n(0-56)
H = 2+ 2[%0s(0:5t) - an(0:560 7] using_answer fom a)
H = 3+ 2{5 cos(0-St + 0-4b4)
J. g . max. cosx = | so max H = 3-23 (1D

xL

N\
AN

Hmay = 3 + 'L@ @
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Question 5 continued

I\ o8 (0-St + 0'-460—) = | & ws'ms mox. volue Lrom %rapl«

0S5t + 0 a6l = o' (D) = 2+ O

X -y -
st

T
’fz 2%

09t = 7+ - 0-4bY

b= 202+ =0 asy)

E = Wbs @

¢) 3-2(5 cosl0St + Gabt) =0

O &
0S50Sk + 0-4bl) = - — Bl
LD
S N\
-1
03t + 0 4bly = oS |- 7=
LS /]
Y2 , 2 AN N\
3 = 0
£ = 2[0S = ) - 0 4bl
A S v/ /
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