6. (a) Use the double angle formulae and the identity -
cos(A+ B) = cos Acos B —sin Asin B |
to obtain an expression for cos3x in terms of powers of cos x only. I
@ |
i 5
(b) (i) Prove that ;
cos.;x +I+SmeZSecx, x¢(2n+1)£. |
I+sinx  cosx 2 ’;
4)
2L ’
(i) Hence find, for 0 < x < 27 , all the solutions of g, 4 (X 1
ced X 3
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7. Acurve C has equation
y=3sin2x+4cos2x, -n LX &L
The point 4(0, 4) lies on C.

(a) Find an equation of the normal to the curve C at 4.

&)

(b) Express y in the form Rsin(2x+c), where R > 0and 0 <q < g- :

Give the value of « to 3 significant figures.

@
(c) Find the coordinates of the points of intersection of the curve C with the x-axis.
Give your answers to 2 decimal places.
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6. (a) (i) By writing 30 = (20 + 6), show that | |
sin36 = 3 sinf — 4 sin4.
(ii) Hence, or otherwise, for 0 <6 < % , solve

8 sin*f —6sinf+1=0.

Give your answers in terms of 7.

)

(b) Using sin(d —a) = sin fcosa —cosfsin a, or otherwise, show that
sin15°=i-(\/6—\/2).
4) !

S{-\ (ﬂ' ‘f@) — ;‘L-‘\A QQ_:'B * Il\l-"\GLQI’A ’

Sin {20 4@) 2 502 cos€ + in€ cor2@
j‘«lwkt‘\."a J"i\.’\ ZC', = 2.[‘1‘:’\@ Coes G‘ i
ces @ = (1-2ginte)

eon (1€ $€) ™ 20inCeccl . cos@ + in0 (- 2siae)

]

= 2¢in0 @ * fne -2 cin'@ . '

!

L. cor'e 2 (-5i6 i
j

§ia (19 te) - ZJ‘{AC’ (" Sia'¢) <+ 0n@ - Leid6 _i

= Qgnl - 2000 1@ - Leid@

= Soin@ - Lk cide

i,

!

O R



(“) G‘Mfov‘l §finJ€ = a0 - ginte
Ea (FJ*:'AJG’ e | é_{‘rﬂ@ il } = Q

Mo’f f.f"“-’ fl‘ﬂ 3@ = ?r i 6 \l’ L('.r‘f'n '?€ 4¥7 e 2

—

9

'23_"“1 TG - E'_(‘f'/\gg - éfl./‘e?

P i 25".“!\ e+l =0
"\ AY G l
Lyﬂ.t;- e {e Lxh .flr ZC :;_
e =x Iz
| 61 &
-(% fx“‘ @ : -75 | g‘z\.
(& 15
L . e _ A 1 ¢ | e ~ . - o ) [ o
) Sin IS = Ly (QO LY ) > fia 60 corkS cor 60 gin S

A4

afwm—(r ff“’ u;m)

‘»@ki T A5l
Gof, «f - 20 2 | A 1| 41
- L (Ve- )



| Leave |

| blank |
8. (a) Express 3 cosé+ 4 sinf in the form R cos(6 — a), where R and « are constants, R> 0 | '
and 0 < a < 90°.
C))
(b) Hence find the maximum value of 3 cosé + 4 sin @ and the smallest positive value of ,| f
@ for which this maximum occurs. I i
3)
The temperature, f(¢), of a warehouse is modelled using the equation J
£(1) =10 + 3 cos(15¢)° + 4 sin(157)°, '
where 7 is the time in hours from midday and 0 < 7 < 24,
(¢) Calculate the minimum temperature of the warehouse as given by this model.
(2)
(d) Find the value of  when this minimum temperature occurs.
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. (a) Express 5cos x —3sin x in the form Rcos(x + a), where R>0and 0 < a < 37

"
Leave
blank

l

(O]
(b) Hence, or otherwise, solve the equation
Scosx—3sinx =4
for 0 < x < 2n, giving your answers to 2 decimal places.
(5)
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8. Solve
cosec?2x —cot2x =1

for 0 < x < 180°.
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1.

(a) Express 7 cos x — 24 sin x in the form R cos (x + &) where R>0and 0 < ¢ < %

Give the value of & to 3 decimal places.

3
(b) Hence write down the minimum value of 7 cos x — 24 sin x.
(1)
(c) Solve, for 0 < x <27, the equation
7 cos x — 24 sinx =10,
giving your answers to 2 decimal places.
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3. Find all the solutions of

h 2cos20=1-2sin @

in the interval 0 < 8 < 360°.
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5. Solve, for 0 <8< 180°,

2cot? 39="7cosec36-5

Give your answers in degrees to 1 decimal place.
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8. (a) Starting from the formulae for sin(4+B) and cos(4+B), prove that

tan(A+B)= tan A+tan B
l—tan Atan B

“)
(b) Deduce that

7\ 1++3tanéd
tan| 6+— |=
( 6) J3—tan @

3

(¢) Hence, or otherwise, solve, for 0< 8 < 7,

1+V3tan6=(V3-tan9)tan (7 -0)

Give your answers as multiples of 7.
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6. (a) Express 3 sinx + 2 cos x in the form R sin(x + a) where R>0and 0 < ¢ < %

L]

Leave
blank

4)
(b) Hence find the greatest value of (3 sin x + 2 cos x)*.
(2)
(c) Solve, for 0 <x < 2m, the equation
Jsinx+2cosx=1,
giving your answers to 3 decimal places.
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Question 6 continued
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7. (a) Prove that

sinf cos#
+

= 2cosec 26, g = 90n°.

cosf) sinf
4)
(b) On the axes on page 20, sketch the graph of y =2 cosec 26 for 0° < 8§ < 360°.
(2)
(¢) Solve, for 0° < # < 360°, the equation
sinf  cos@
=3
cosf sinf
giving your answers to | decimal place.
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Question 7 continued
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fx) =5 cos x+ 12 sin x.
Given that f(x) = R cos (x — a), where R > 0 and 0 < ¢ < —;E,
(@) find the value of R and the value of & to 3 decimal places.

(6) Hence solve the equation
Scosx+12sinx=6

for 0 <x <2z
(¢) (i) Write down the maximum value of 5 cos x + 12 sin X

(ii) Find the smallest positive value of x for which this maximum value occurs.
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5. (a) Given thatsin® 6+ cos” = 1, show that 1 + cot’ 6 = cosec’ 6.

: )
(b) Solve, for 0 < 8 < 180°, the equation
2 cot’ 6—9 cosec 6 =3,
giving your answers to 1 decimal place.
(6)
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(a) Use the identity cos’@ + sin?6 =1 to prove that tan?6 = sec?d — 1.
(2)

(b) Solve, for 0 < 6 < 360°, the equation

2tan?f + 4sech + sec2f =2
(6)
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6. (a) Use the identity cos(4+ B) = cos 4cosB — sin 4sin B, to show that

cos2A4 =1- 2sin’*4

The curves C, and C, have equations
C: y=3sin2x
C,: y = 4sin’x — 2 cos 2x

(b) Show that the x-coordinates of the points where C, and C, intersect satisfy the
equation

4cos2x +3sin2x =2

3)

(c) Express 4cos2x + 3sin2x in the form Rcos(2x - a), where R > 0 and 0 < g < 90°,
giving the value of @ to 2 decimal places.

3)
(d) Hence find, for 0 < x < 180°, all the solutions of
4cos2x + 3sm2x =2
giving your answers to 1 decimal place.
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8. (a) Write down sin2x in terms of sinx and cosx.

(b) Find, for 0 <x <=, all the solutions of the equation
cosecx — 8cosx =0

giving your answers to 2 decimal places.
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(a) Show that

sin 28
1+cos26

(b) Hence find, for —180° < 8 < 180°, all the solutions of

2sin 26 _
1+cos28 ’

Give your answers to 1 decimal place.

=tan 4.
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(a) Express 2 sin @— 1.5 cos @ in the form R sin (§ — @), where R>0and 0 <o < %

Give the value of a to 4 decimal places.
(&)

(b) (i) Find the maximum value of 2 sin #— 1.5 cos 6.

(i) Find the value of 6, for 0 < @ < x, at which this maximum occurs.

&)

Tom models the height of sea water, H metres, on a particular day by the equation

H=6+2sin bicid — 1.5 cos ol . =<,
25 25

where £ hours is the number of hours after midday.

(c) Calculate the maximum value of H predicted by this model and the value of ¢, to 2 decimal
places, when this maximum occurs.

)

(d) Calculate, to the nearest minute, the times when the height of sea water is predicted, by this
model, to be 7 metres.
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2. f(x)=2sin(X*)+x-2, 0<x<2r

~(a) Show that f(x)=0 has a root & between x=0.75 and x=10.85

2
1
The equation f(x) =0 can be written as x = [arcsin (1- O.Sx)] e
(b) Use the iterative formula
1
A [arcsin (1-0.5x, )] e Fy =08
to find the values of x,, x, and x,, giving your answers to 5 decimal places.
3
(c) Show that a = 0.80157 is correct to 5 decimal placeé.
3
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6. (a) Prove that

f-l——M =tanf, 0#90n°, ncZ
sin2f sin 20 4)

(b) Hence, or otherwise,

(i) show that tan 15° = 2—+3,
3)

(i1) solve, for 0 <x < 360°,

cosec 4x—cot4dx =1

)
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Question 6 continued
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8. (a) Express2cos3x—3sin3x in the form Rcos(3x+a), where R and « are constants, R >0

w . F i
and 0<a < = Give your answers to 3 significant figures.

C))
f(x)=e" cos3x
(b) Show that f’(x) can be written in the form
f'(x)=Re* cos(3x+a)
where R and « are the constants found in part (a).
)

(c) Hence, or otherwise, find the smallest positive value of x for which the curve with
equation y = f(x) has a turning point.
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Question 8 continued
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bv . Hx-) = < cos Sos
A B  Av_ = - SsinSoc
Ao hor.
| P’Cx) =ad cbc: e VQS&..._
}/Cx] = e - . ( —-';S‘W\'SI-) D e s

= Z'x( 33\.?\33&.4—2%3%3@)

T *7_.3 <

= _ 4 C 2ass 3:::: -BS e oo )
m

o») W war-bea\ ot

"""‘(('“ oS CK-DC—&—O C’\E’Z%

c.-\ We  Laas —I:.urm.ng pau«{- wde,
__ {: ‘GAH=o i -

-3

< e

” O:‘_’_E xJ 1R »x TS CS.:::_*—- - C’l&_’_ZL)
= é__uc' Cmv;c:\: o 7

s (< +o0-aR?) =

— A=
e 3,; co.q83 < 3T ,o0-9R3

BT TP =

.

21

v
BT —
: Turn over
P 3 81 5 9 A 0 2 1 2 4



et e

5. (a) Express 4cosec’20 —cosec’d in terms of sinf and cos 6.

2)

(b) Hence show that

4 cosec’ 20 —cosec’d = sec’6

O]

(c) Hence or otherwise solve, for 0 <6 <r,

4 cosec®20 —cosec’d = 4
giving your answers in terms of 7.

3)

(ov e |
N

Cin'19 Cint @&

= o X b
{n a .hll S"u'r\?'0
(LsnOtesrSy

Leave
blank

16

= ] -~ -~ -~ -~ — I3 -~ a4 ~ - ~




o =2 TNunme 22012,

(uestion 5 continued
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8. f(x)=7cos2x—24sin2x
Given that f(x) = Rcos(2x+a), where R >0 and 0< a < 90°,

(a) find the value of R and the value of a .

(b) Hence solve the equation
7cos2x—24sin2x=12.5

for 0< x<180°, giving your answers to 1 decimal place.

(c) Express 14cos’ x —48sinxcosx in the form acos2x+ bsin2x+c ,
where a, b, and ¢ are constants to be found.

(d) Hence, using your answers to parts (a) and (¢), deduce the maximum value of

14 cos® x — 48sin xcos x
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Question 8 continued
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Question 8 continued

£ ol

|L(-w1J( — 8 rinxcesn

B 1cer21 —L¥srnle + 3

= ch.cr(?,u 39y 3

il

=8

_—_-__..-' -

N



o TITAN 21X

4.

~
Leave
blank

(a) Express 6cos0+8sind in the form Rcos(f — ), where R >0 and 0 <a < -z

2
Give the value of a to 3 decimal places.
“)
4
= 2 et
®) p(9) 12+6c¢cosf+8sinf’ O dsin

Calculate
(i) the maximum value of p(0),

(i) the value of @ at which the maximum occurs.
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6. (i) Without using a calculator, find the exact value of

(s 22.5% +¢os 22 5°)

You must show each stage of your working.

(6))
(if) (a) Show that cos 26 + sin @ = 1 may be written in the form
k sin? @ — sin O = 0, stating the value of k.
(2)
(b) Hence solve, for 0 < € < 360°, the equation
cos28+sind=1
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3. Given that
2cos(x + 50)° = sin(x + 40)°
(a) Show, without using a calculator, that
1
tan x° = 3 tan 40°
4)
(b) Hence solve, for 0 < 8 < 360,
2cos(26 + 50)° = sin(26 + 40)°
giving your answers to 1 decimal place.
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Figure 2
Kate crosses a road, of constant width 7 m, in order to take a photograph of a marathon
runner, John, approaching at 3ms .
Kate is 24 m ahead of John when she starts to cross th¢ road from the fixed point 4.
John passes her as she reaches the other side of the road at a variable point B, as shown in
Figure 2.
Kate’s speed is ¥ms™' and she moves in a straight line, whlch makes an angle 6,
0 < 6 < 150°, with the edge of the road, as shown in Figure 2.
You may assume that ¥ is given by the formula
21
= : A 0<6#<150°
24sinf + Tcosl
(a) Express 24sin@ + 7cos@ in the form Rcos(6 — a), where R and a are constants and
where R > 0 and 0 < a < 90°, giving the value of a to 2 decimal places.
3)
Given that @ varies,
(b) find the minimum value of V.
2
Given that Kate’s speed has the value found in part (b),
(c) find the distance AB.
3
Given instead that Kate’s speed is 1.68 ms™!,
(d) find the two possible values of the angle 6, given that 0 < 6 < 150°,
(6)
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