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1. (a) Prove that

tan @ + cot@ = 2cosec20, 0 # n—”, Ne 7

(b) Hence explain why the equation

tano + cotg =1

does not have any real solutions.

Sm0
o-) tan® + Got @ = dCosec 2® tan® = Cos® Cos®
]
£ S0, G0 = Sin ' ©+ Cos™ 0 Cot®= o = Soe
o smp D Swmecsy O
| 2 S?n10+ s o= |
= ! e Sn(20) = Fs:
38n 200  Sinao »(26) = Zsin0Cose

)
Cosec 20 = Sn 26

: QCosec 20
=> fan® + Gt® = QCozec O 0S  requirek. @

—

(b) Hence explain why the equation

tand + cotd =1
does not have any real solutions.
fun®+ Cot @ = Cosec (10) = & =)
Sin20
)
=> dinad® = & \T/\ A -1=Sm20 1 @©

20 = S (3] A w ? 25|

-‘l ..... => No Oolwkion
RX/dt5.-

—_—
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2. (1) Solve, for 0 < x < %, the equation

4sinx = secx

“4)
(i1) Solve, for 0 < € < 360°, the equation
5sinf — S5cosf =2

giving your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)
(3)

'l ) S5 (ﬁj g |
(s )
4 o [ ) ! /,
(.AY')(I;)

46'w1(9C)Wa()n)‘— ‘ Qsm(ac)m(x)ifbm (ro)
Q\Si/vx(n)\»’:()t)" L 0¢ xc %
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6\/”(}%)’ ,l_ 7 S
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(i1) Solve, for 0 < 8 < 360°, the equation
5sinf — Scosf =2
giving your answers to one decimal place.

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

i) (6o )= Gun(B)usle) ~ bimlauus(p) *
Roum (6 -l Rom (6] s (al-Romla|unls)
Rom(8)urs (o) - Rsinles) s [8) = Som(8]- Gus(e)
Ginlg): wsle) - G [1]
(w3 (8] /Rsm(o| " /S (2]
(-1~ Rawml) - S
L) )
*wn(ox\" ] _
- 45"
(20 01> Qe Qs la) 67 9
R[W] 50
Gm'(e] + usle) - | = 50
R e - 513 /]
A omle-45) - 2 0 0260
5im g-45)° & _
- 45 (b 4211, (65 5.
\(742'4“( 1b-927...

g
O 64,2066 (1dp)/ T

————
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3. (a) Solve, for —180° < 6 < 180°, the equation
5sin26 = 9tand
giving your answers, where necessary, to one decimal place.

[Solutions based entirely on graphical or numerical methods are not acceptable.]

(6)
(b) Deduce the smallest positive solution to the equation

5sin(2x — 50°) = 9tan(x — 25°)
(2)

) Ssn29- At
) usin sing. 520 250/\&)(059
S(2snewse): Ume

Juswﬁ tme=
10 SaP O = %meo

0 5N ws® = 9 Sing

10 310 6% - Y5108 = O
SN (10ws*0-9) =9

Se-0 OR 100 -9:-00 From(alwlw(prl\

0688

| 100x%©= 9

- <n Z0- q -l r -°
o0 ey omn()-ms
N 939K
From Codoudobor ﬁﬁ-/’QCOS( )'6'6
qo0°

-180° /r >V’\clo"
00 l8°° \yqoe oﬂ
(2]
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) ubons
S Yoty
P® Cwves

0= 0,180 -180] 184" -18.4
161.6°, -161.6°
&,

b) ©=x-25°
x=01+125° .
) sub @184
A=-18.4 + 28° @
= 6.6°0
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4. (a) Show that
0+ (180n)° nelZ
3)

cosec —sinf = cosBcotl

'y Cosec® - Sin® = Sno - Sin®

= |-Smn® ® Cosc@0= 1 ©
Sin® §in®

s Cos' ® SmW+Cos® =)
Sin® => |-SinG = c»"0

= (os® - 50 (os® = Coto

Sin® S0
Cowc0-5in® = GosOGtO o5 requied: ©

(b) Hence, or otherwise, solve for 0 < x < 180°

cosecx — sinx = cosx cot(3x — 50°)
(3)

b) pain 0 : Cowc0-5in® = GosOGtE

=) (osxCotx = Cosx - Cot (3x-$o°)
+Cosx

+Cosx

=) Cotx = Gt (3x-50%) = =x=13x-50 ©

~—< ax = §0°
Cqual
9 I ,_—aso @

cotx has a pv:u:l gf B0°  we  Qun gh\c[ o Oecond  Soludion

Smee
=5 X+1%0:3x-60 O
=) = 230° = x= |Is° O)

et wil R o thid Sdubion whn Cosx=0 =2 x = Cos' (o)
=) x:_qa"@

—

ond - lis®

-> X=25°, x= f°
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5. (a) Show that

cos34A=4cos’A—3cosA

WP A €))
\

Cos 3A = Cos(aA+A) Compourd  Argle_Formuta :
* Cos(xy) = Cosx Cosy - Sin‘sS’ma

We n um e Cowmpound angt fomule With

x=3A ond y= A. Double Analﬁ. Formulo :
=) Cos3A = Cos 2A CosA - SinaASinA © * Cos A = QCos A -
= (Rcos*A-1) G - (@5inACEIA) SinA © * SindA = 32SinACosA
\-;)
= 2Cos’A - CosA - 38in ACosA + Sa’x+ Cosk = V.
= ACos’A-CosA - \a- Aws'A)CosA © =) ASin'x = A- Aox%e

ACos’A -CosA - 2CosA + aCos A

=) Cos3A

11}

WCos’A - 3CosA O ay required.

(b) Hence solve, for —90° < x < 180°, the equation

1 — cos3x = sin’x

(C))

I-Cosdx = Sin'x *  Sinxas Cos’x =)

e Part o : CosdA = MCos’A - 3CosA
=) |- Cos3x = |- Cos*x

leb Cosx = B
=7 \-('-!Coasac-3(‘osx) = |- Cos*x =) -hy+ry+d
-(uy-v-2)
2> 1-UCo’x + 3Cosx - | +Qos’x =0 => Co5'x + 3Csx-kCosx =0 O -\ly+3)(v-1)
=) C'osx(&s1+3-\icosix) =0
~
=> _C'lsi(hCosx-&s)\Cosx-l) =0 S| A
T| )
2) Coox =0 hCosx+3=C Cosx-1=0 ©
x= 90° Coyx = ’-E- =) x=139° x=0
=-70 ©

=) Soluksas om : X = -90° 0% %° and 139°. O
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6. (a) Express 10cos@ — 3sinf in the form Rcos (6 + 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:nB = RcosOcosx - R sin@ sined
10cos8 = Rcos& cos X -3¢0 = - RSInBsinX
Reascx =10 - Rsinx - 3 "@
R cps2x = 100 R2sin?7 ¢ = A
Ricos'X + R sin*® =100+ 9 COSTR +8in ¢ = |

R2 (cos?x 431 ) = 1O9
R? =109
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o) R=Jo9 -
@+0®

Rsink =~ 3
Bsink

R.co s (O

tonck = 3 -CD

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®)
0§ cos (ROt +16.30)°
Fl= 11 - J139 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 _
30 @
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c) t= 6-5% Mminmres
t= 6 minntes 32 seconds -(1)

d) H=11-J08 cos (B0t + 1630

Whe woowld  iacrecse  the ‘ROt valwe _%, P)‘QW\PUZ
o 90t. -(1)
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7. 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 8In( 30+ 6.5)
= L(vugm v~
e
b) D= $4 28ia (308&) Jindk ok ok € fs D= 2dnn
3.8 : $+928in(206€) 360"
=L = 2 8in (308D
— 0.6 = SinC308&) v /, ~
Sin (208 = - 0.6 =
206 = Sin' (F0.6)= -36.869... €20
30k : ~236.86... Y360 | 2. 30k>0
-~ 31218,
E= 2220%0.-. 210375 |0l 0.77x60 min
10 = QW (& ™in

Fhe koak can leave &t 10: Lo v~
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8. (a) Prove that

0+ 2n+r

1 — cos26 = tanfsin 20, , ne4

(€))

(b) Hence solve, for —% <x < %, the equation

(sec’x — 5)(1 — cos2x) = 3tan’xsin2x

Give any non-exact answer to 3 decimal places where appropriate.

) HS = tonOsw2 Q0 = %L% (20D

c76

= 2210

(6)

buk  S20 =\ —1saAtS . 280 = \—Cos28

\"Q/\Q_Q @\’LS'E PRINLISEY | — cosSZe

.// L —
b) (sec*x - S) (\/coszx) = 24tan x SSndx

(se*x =) (Fonx s}/ 1x) = Ei—nv\x(”rmy@mx)

Ty — —_
Sec"x =S = & Yoanx 2 Sectx = \rEantx
L+ 4oty —S = 3Jtonx

Yon™x — dranx — % =0

Cranx = 4) (hmx 1) = O

anX = Y .« INERS
X =t (W) = 1326 X= ran (-1\) = -T_LE

P 5 8 3 4 9 A 0 3 4 4 4
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9. (a) Prove
cos36 N sin30 5ot 20 g % (90m° 7
sin@ cosd - * O0n)", n €
4)
(b) Hence solve, for 90° < 6 < 180°, the equation
cos 36 N sin30
sinf cosf
giving any solutions to one decimal place.
3
a) (o830 . Sind0 = Qcotdo Ariay_ldendites
Sin® Cos®
* Cos(a-b) = Gmolosb + SinaSinb
2> Cos30Cos® + Sinp®sine © L5 a=30,b=-0
SinOCos0O
=) C@(&@-Q) = Cos(26) @ * Sind® = JSinOCos®
SnOCos® Sm 0 Cos® =Y ZSn R0 = TD Cos®
* Cos® . v = Cot®
= COS(&@) = oL Snd ton®
‘%’, 8°m(20) ton 0
= 2Cot2 ®

=) Cos30 . 5ind® = QACotAS a3 repuind (D

Sin® Cos®
b) Cos30 ., Snd® =W Pork o : Cos3® .+ Sinde = ACot2o
Snd Cos® S§nbd Cos® =
@ tando
) A
2> A0k => _ 2 oW 3) temd®= T He
tan 2O =) 40 = ('o.n.\(%.) O) ¢ '%o+2¢6

=) 30 = 26.6° and 20 = 206.6°

=) 0= 13.3° ond 0=1033°

=7 13.3° is pot @ -
Vodid Solwhion Since

cwk cP Pange > O= 1_9.3~3°®

—
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CRAEKK

In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
10. (a) Given that 1 + cos26 + sin20 # 0 prove that

1-c0s20 + sin 260 _

- = tané
1+ cos26 + sin 20

(4)
(b) Hence solve, for 0 < x < 180°

1 — cos4Xx + sin4X
1+ cos4Xx + sin4Xx

= 3sin2X

G
25
ol

%
%

giving your answers to one decimal place where appropriate.

(4)
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N 1= (V-250%0) +26mPws® = +anb
V4 (280 1) + 2500 05 O
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2 0s™G + Loin O s @
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(b) Let 0 =21x

< X
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OO
L
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R
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XXX
KL

H H T proseseteses
11. (2) Express 2cosé —sind in the form Rcos(6 +a), where R>0and 0 < o < 5 G
KBS
. . . . SIS
Give the exact value of R and the value of « in radians to 3 decimal places. §§‘§g
%

<5
-

3) S

o) %

H metres oo

QG
58535

S S Water level

<
R
S
<5 :%%,
K0

<>
<
&
bo%

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(0.5t) — 2sin (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,

(i1) 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) 5

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

(d) Explain how the equation of the model should be refined to take this into account. %g;g;
(1) i

B
SRS

R AR 000 O R mm
P 6 8 7 3 2 A 0 4 4 4 8
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Question  continued

Coos (0 + &) N\
f.cosBcost. — Qs sin K '2 converk \Ls'mcj’ focmula:
cos(A£8) = asAcos® F sinfAisin®

) 2cosH - sinb

o oS e +* psind

Q5K
SRR,
D)

GO
L
| S
2

2!

Jora b*
J 12 « (-D?
(" 0

™
\

o fnde X, compore hlke ferws:

%
e
35

0ot
et
%
LA
258
$00%
betet

<
S
Q30

X8
000%8s
R

G
SRR
RLRKS

<535
45
S5
Rolotototelets

cos 7 = Reoste fon® = S\i\?

COSO

oSt = /¢
Sin B ¢ | = &sink = '/
sink = /2 J /e

<
S
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X8
29
5
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0559
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S
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= ko' (Z) = 0.ubg (2.4.p)
!: Mmust be wathin %'Nen (om&@]

) 1) 3+ Lreos (0:5t) - 150 (0-5E)
2+ 9 [%cos(0:5t) - 5n(0:56) ) using_answer from a)

2+ 25" cos [0St + 0-tbyy)
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Question

continued

i

s (0=t + 0-4b4) =1 < ws'ms mox. value from %rapla

05t + 0 a6l = o5 (D) = 2w O

09t = 7+ - 0-4bY

b= 202+ -0 apu)

L= Wbs @

c)

2 +1(35 o505t + 6-abt) = O

05 (0-Sk + 0-4blt) = —L% J
T3
0:St + 0 Ubly = (o5 (-—=
2{s -/
Y -2 N\ N\
E = 1\(05" -9_‘)5) - o-qeq/ 0

So He HKme rea',u{\(cdu S

0

2(3-13 -0-aby) - 2(2:30b-0-tba) = 2.24 ()

O The ‘3 wowd weed o oy 0

.

P 6 8 7 3 2 A 0 4 6 4 8

| [

LSRR
KRS,
LRI,
SRR
G,

5
o
X
o
S0t

KRR IHR

”
%

%

KERRLEARLKEARRLEK

o

s
BRI,
oo oot e tetetotetetetotetete!

<>
s%’
5L
2
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<
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