R R sin(x + a)
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n Without using a calculator, find the exact value of

71 \/al\/b

a.sin T giving your answer in the form

b. tan 1—T[2 giving your answer in the form p + gv3 where p and q are integers.

«)
Selik wnko 0.4\3(.2.5 with nown values

R

—_ —

2 3 ]
su\(A + 6) = sen A cos 6 + cos A s 6

(4 marks)

T - ™ ™ m ™
SLA SLA c0% + cos SLA
12 3 Y 3 -
= -I_sxfszlx.r'z
y R 2 2 y
= -l—6+.l_z
4 L

1 ¢+d 2

b)
m =T _ T

12 3 ]
ton A - tan B
ka.n(A 6) B I+ tan A tan 6

toml = (:o.AI-{:o.nI
12 3 “
l+kma1€an1
3 Y
= 4 3=
I+ 3
Rationalise: multeply top and bottom by Ia-n
= (I 3-1)
(Fa3+ ) 2-0)
= 3-2034+)
3 -1
w-2{12

2

2-113
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n Given that sin 4 = % where % <A <mandcosB= % where 0 < B < % find the exact value of
a.sin 24
b. cos(4 - B)
a)

Use sin? A + cos2 A =1

cos2 A = \ - \é

(5 marks)

25
= 1
25
A is cn the second "um&ral\f, socos A< o
¢0% A = _3
S

SN ZA = 2 SN A c0% A

sen2fh = 5 0 8 3

S
24
SN ZA = -—
29
b)
ecn B = . 295
169
= \44
\é9
6 is acute, so sin 6 >0
sin® = 2
13

c.os(A-e))=cosAcos6+su\Asu\€)
cosA-B) = (L33 Sy,
(s)(|3)+($)('3

= \S 4%

-

S (4]
cos(A-B)= 22
és
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n a. Express 5 sin x — 2 cos x in the form R sin(x — @), where R > 0and 0 < a < %

Give the exact value of R and give the value of a in radians to 3 decimal places.
b. Write down the maximum value of 5 sin x — 2 cos x

c. Find the smallest positive value of x at which this maximum occurs, giving your answer to 3
significant figures. (5 marks)

o)
Expmmk R senlx - &)

Rosealx - ) = R sin x cos X = R cos x sen X
Compare coe g ciccents
ReosX = S
RenX = 2
Sftuo.re. ond add
R* = s> +22
R = I 29
Owvide
tan X = i
S
X = o.
{729 in(x - 0.381)
b)
The maximum of sin(x - o) sl
I 29
)
% - 0.3%0§5.. = T

2
x = I.STO0T... + 0.3%0sS...

3%0s..

= \.95\3...

x =\95
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n Prove that
nt

cot0-tanfG=2cot20, 6# — ,n€’Z
2 (3 marks)

Wrike wn terms of sen and cos
LHS = cos 0 _ sin %
SiN 9 c0S 9
Common denomenator
= cos?* O -sn? B
SiA 9 co0% 9

[X.13 19 = cos” 9 - sn? 9

siNn 9¢.os 9= l SiN 29
2

= tos 20 = (L sin20)
2

= 2 cos 2.9
sin 19
= 2 cok 20

= RHS, so the a.d.en‘k:.tj is proved
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a In this question you must show all stages of your working.
Solve, for 0 < x < 2m, the equation
cos2x =3sinx -1

Give your answers as exact multiples of 1. (5 marks)

Use cos 2x = | = 2 sen? 2
l=-2sin?x = 3stnx =1\
O = 2¢n?x+3sinxe=-2

Factorise the cl'Uad.ro.‘ku. in stn x

o

(2 scn e = I)(su\ x +t 2.) =

SNxXx =

P -

sNAX = -2

stn 2 = =2 has no solutions, stnce =\ € sin x &\

Second solukion: T - »

2= q_ W _sT

¢ <
_ T sT
T T
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n Solve, for 0 < 6 < 360°, the equation
5sin 20 =3 cos 0

Give your answers to one decimal place where appropriate. (5 marks)

Use sen 20 = 2 sin B cos B
\Osin Bcos & = 3 cos O

10sinBcos B-3ccs B = 0
Focktorise (&:.v:.d.'ma \oy cos O would Lose so(.ok:.ol\s)

oosQ(IOsme-%) = O

cos B=0

6 = 90,270

swwnbB =03

6 = sen”(0.3)
= |'7.'-|'57...°

O = 1%0 - 11451
= K2.S4..

[~ [~ [~ Q
=15 ,9 ,162.5 , 270
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Solve, for 0 < 6 < T, the equation

tan(6 + %) =6tan @

Give your answers in radians to 3 decimal places. (5 marks)

=\

EanlA + B) = ‘l:a.ﬂA-\-'(:o.nsJ'(:‘L 1
oA+ ) \-to.nAto.nB " 4

tan O 41 = é tan O
I-'tou\e
Let t = tan O

£+
£+

6t - t)
6t - 6t>

¢tr-st+1 = O

(3 -\)(2k-1) = o

t =

3

t = !

2
ko.4\9=l
)

© = o.3217s...
tom 9 = L
2

O = o.4¢36n...

tan has percod 1‘—, s0 no more solutions in0 & B < T

O = 0.322, O.464
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n a. Show that sin 3x = 3 sin x - 4 sin3 x

b. Hence solve, for 0 < x < 1, the equation
sin 3x = 2sinx
giving your answers as exact multiples of .

o)

Wrike 3x o 2x + x

(7 marks)

sin 32 = sin(2x + ac.)

= 9N 2lx cos x *+CosS 2 SN N

Oouble 0.1\3(.2. J;ormu(.ae
= 2.s&.n.zc.os.xxt:.osJt.+(l-25:.nz.x.)sm.x

= 2 sin 2 cos? x *sinx - 2 sin®
cos® x =\ = sen? x

= 2snx (1-sen? x) +oen e =2 sin x
= 2snx=2sin’x *+sinx=2sindx

= 3sinx -Ysndn

shown
b)

Josin =%oinx = 2 stAx

o

stn x = 4 sin’ =
senx (V-4 sin>x) = O

s‘mx=03:.v0.sx=00r'“-,ﬁok:.no<x.““'

senf e =
(¥
Shx = tl
2
\
s:.n.z>00c.or04.z<'“-,soon(,Js:.nx=?
== T
¢
x=q. W _sT
¢ ¢
™ sT
e ¢
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n a. Express 2 sin 6 + 5 cos 6 in the form R sin(6 + a), where R > 0 and 0 < a < 90°
Give the exact value of R and give the value of a to 2 decimal places.

b. Hence solve, for 0 < 0 < 360°, the equation
2sin@+5cosf0 =3
giving your answers to one decimal place.

«)
ﬂsan(@*O() = R sen B cos X + R cos B sen X

Compmre. cocl,occ.u.e.n‘(‘:s

ReosX = 2
RsinX = S
R* = 27+ 5> =129
R = [ 29
tan X = 5

2
X = ¢%.99%..

129 60 + ¢20 )

b)

1729 sin(6 + 68.19%...0)
sin(0 + ¢8.%8... )

(6 marks)

3
K

I 29

= 0.SST08..

[~ o
New range: ¢8.20 & 0+ X « +22.20

o
sin'(0.5570%...) = 33.854...

33.95 is below the range, so use 180 - 3385 and 36O + 3385

O+ €3.9%... = \4CAYS...
O +¢b098... = 392.954...

o

O = 17.94¢..
(~Y
0 = 325.¢ss...

Q
0=114,325.7
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m In this question you must show all stages of your working.
a. Express V3 sin x + cos x in the form R sin(x + a), where R > 0and 0 < a < %, giving the exact

values of R and a.

b. Hence solve, for 0 < x < T, the equation
V3 sin 2x + cos 2x = 1

c. Find the maximum value and the minimum value of
1
4 + V3 sinx + cosx (8 marks)

Y]
R scnle + ) = R sen 2 cos X + R cos x sen X
ReosX = 13
Rsen X =\
R* = 3+1=4
R =2
toan X =

\
2
x = T

¢

1T

2 sen(xe + —
é

b)
Same expression with 2x p(.o.c& of =

2 senl2 + ?) =

s'm(?.x.-l'I) = 1

(4 y &
Qu\ae. —$1x+14ﬂ
é

k
LEN.
i
.\‘;»|=\h

2x 4+ ——
¢
% ts not tacluded
2x = O
2x = 7-1r

3
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e)

-1 & senlx + ;) &\

Least value of the denomenator
'-}-l-?.s'm(x.-&%) =4-1=2

Greotest value of the denomenator

'-\-+?.su\(:x.+¥) =4+2=¢

Smallest denomenator 3:.\/2.5 the (.a.rabsk Va.lve

MmoximUm =

mintmum =

Nl=— M|~

| |
Mo ximMum — 5 MiAtmUMm —
VR ¢
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m The depth of water, D metres, at the entrance to a harbour is modelled by the equation
D=5+12 sin(%t) - 09 cos(%t), 0<t<12

where t is the time in hours after midnight and the angles are in radians.

a. Express 1.2 sin x = 0.9 cos x in the form R sin(x - @), where R > 0and 0 < a < %

Give the value of a to 4 decimal places.

b. Using your answer to part (a), find the maximum depth of the water according to the model.

c. Find the time when this maximum depth occurs, giving your answer to the nearest minute.

d. A fishing boat can only pass through the entrance when the depth of water is at least 5.9 metres.

Find, according to the model, the times between which the boat can pass through the entrance,
giving your answers to the nearest minute.

o)
R sealx - )
R cos X
Rsin = 0.9
Q.2

R sen 2 cos X - R cos 2 sen X

.2

.22+ 0.9 = 2.2.5

R =5
tanoX = O _ (o5
1.2

X = 0.6443S50..

.S sin(x - 0.4435)
b)

0 = s+Ls s'm(

- 0.64435)

Maximum whea sen(.) =1

O_{Mo..x} = §+Il.S

6.5 m

e)

% - 0.4350.. = a

2
Tt = 221429
¢

6 x 2.2\421...
1"

= 4.222199... hours

0.22299... X ¢O = 13.7 munutes

t
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ou:\4

d)
S + 1.5 scal t S ORER
sea( e - 0() 2 0.6

sin(0.6) = 0.44350... (the same as )

(lo.nse.:-o(‘ﬂ-O(<2.1T-0(

Te

0.64350... &

1.2%700... & g e T

¢ X \28700... .\ o,

2.45719... &t &£ ¢

o.45799... x 60 = 27.5 minvtes

From 02:27 to 06:00

X & T - o0.44350..
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m f(x)=4sin2x+6sinxcosx, O0<x=<T
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a. Show that f(x) = 2 + 3 sin 2x - 2 cos 2x

b. Express 3 sin 2x — 2 cos 2x in the form R sin(2x — @), where R > 0and 0 < a < >

Give the exact value of R and give the value of a in radians to 4 decimal places.

c. Hence state the maximum value of f(x) and find the value of x at which it occurs, giving x to 3

significant figures.

d. Find the set of values of the constant k for which the equation f(x) = k has exactly two solutions

inthe interval 0 < x < 1

«)

cos 2x =\ -2 sin’

2sin*x = \-cos2x
Yesinx = 2-2cos 2x
SiN 2x = 2 SiNA X €CO0S X

Esinxcosx = 3snlx

H)

shown

b)

Rsen(2x =) = R sen2x cos X =R cos 2x sin X

R cos X = 3
RsinX = 2

R
ton X

2

K

X = 0.S%200...

{713 sin(22 - 0.5820)

)
o°(°") = 2+ 13 sin(2x - &)

Maximum whea senl(2x = ) =\

J,_{me} =2+ 13

2x - 0.52800... = m

2

2 = 2.5871...
x = 1L.O0793»4...

2 +3sn2x-2c¢cos 2x

A+u)={"13

(10 marks)
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maximum 2 + -l—l3 ot x =1.08

d)
Le‘bu=2.x.-0(
otaxeM qeves ~X & u & 2T - O one poLt eyele

sin(-) = _ 2
I

(O) = - 2 =
F 2+ 13 x( ﬁs) o)
oC,(-“r) = O

f (eses from O to2+ 113, Folls toz - {13, reses back to O
=2+ 130rk=2-L713 0ne solution

k = O three solutions (x = 0, x = T and one th between)

o.l\:) other k between 2 = L 13 and 2 + 113; £wo solutions

2-L3<cwecz+l 3, kz0
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