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Question 1
(i) Express the equation 2 cos®8 = tan” @ as a quadratic equation in cos” 6. [2]
(ii) Solve the equation 2 cos” @ = tan® @ for 0 < 0 < &, giving solutions in terms of 7. [3]
Question 2
(i) Sketch, on the same diagram, the curves y = sin2x and y = cosx — I for 0 < x < 2. [4]

(ii) Hence state the number of solutions, in the interval 0 € x € 27, of the equations

(a) 2sin2x+1=0, [1]
(b) sin2x—cosx+1=0. [1]
Question 3

It is given that @ = sin @ — 3 cos B and b = 3 sin 0 + cos 6, where 0° < 8 < 360°.

(i) Show that a® + b* has a constant value for all values of 6. 3]
(ii) Find the values of 8 for which 2a = b. [4]
Question 4
sin 8 cos B 1
i) Show that + = . 3
@) Show tha sin@+cos@ sinB@-cos@  sin?6 — cos?H [3]
sin 0 50
(ii) Hence solve the equation Sn 512 Py + wn EO_SCOS 5= 3, for 0° < 8 < 360°. 4]
Question 5
(a) Find the possible values of x for which sin_l(_x2 -1)= %JT. giving your answers correct to
3 decimal places. [3]

(b) Solve the equation sin(28 + %:r) = % for 0 < 6 < &, giving 6 in terms of 7 in your answers.  [4]

Question 6
Given that cos x = p, where x is an acute angle in degrees, find, in terms of p,
(i) sinx. [1]
(ii) tanx, [1]
(iii) tan(90° —x). [1]
Question 7
(i) Solve the equation 4 sin®x + 8cosx — 7 = 0 for 0° < x < 360°. [4]

(ii) Hence find the solution of the equation 4 sin’ (%6) + 8 cos (%9) —7=0for0°<0<360°. [2]



Question 8

tanx + 1

(i) Prove the identity = sinXx + CoOs.X.

sinxtanx + cosx

. . tanx + 1
(ii) Hence solve the equation —
sinxtanx + cosx

Question 9
cos @

—— ——— =tan#.
cos® 14+sin@ an

(i) Prove the identity

I 50
(i) Solve the equation O 42 =0for0°< < 360°.

0s8 1+sinf

Question 10

The reflex angle 6 is such that cos 8 = k, where 0 < k < 1.

(i) Find an expression, in terms of k, for
(a) sin#,
(b) tan6.

(ii) Explain why sin 28 is negative for 0 < k < 1.

Question 11

=3sinx—2cosxfor0<x<2m.

sin 8 1 1
i) P the identit = = .
(i) Prove the identity l-cos@ sinf tan@
. . sin @ |
(ii) Hence solve the equation ——— — —— = 4tan 0 for 0° < 6 < 180°,
l-cos@ sin@
Question 12
y
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The diagram shows part of the graph of v = a + bsinx. State the values of the constants a and b. [2]

Question 13
(i) Show that sin*0 — cos*6 = 2sin®0 — 1.

M
w
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o
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(ii) Hence solve the equation sin*@ - cos*6 = % for0° <0



Question 14

(i) Show that the equation 1 + sinxtanx = 5cosx can be expressed as

6cos’x —cosx—1=0. [3]
(ii) Hence solve the equation | + sinx tanx = 5 cosx for 0° < x < 180°. [3]
Question 15
Find the value of x satisfying the equation sin"'(x — 1) = tan™!(3). [3]
Question 16
13sin” 6
Solve the equation oy +cos 8 =2 for 0° < 68 <180°. (4]
2+cosH

Question 17

(i) Express the equation 3 sin @ = cos 8 in the form tan 6 = k and solve the equation for 0° < 8 < 180°.

(2]

(ii) Solve the equation 3 sin®2x = cos” 2x for 0° < x < 180°. [4]
Question 18

(i) Prove the identity ::2 g / zzzg = :i;‘ g: : . [

(ii) Hence solve the equation SEaCos 0 . 9, for 0° < 6 < 180°. [4]

sin@+cos® 6
Question 19

Given that 6 is an obtuse angle measured in radians and that sin 8 = k. find, in terms of k, an expression
for

(i) cos®, [1]
(ii) tan @, [2]
(iii) sin(@ + m). [1]



Question 20

1
(a) Show that the equation
cos @

3cos’@—4dcos@—4 =0,

and hence solve the equation
cos

(b)

+3sinBtan 8 + 4 = 0 can be expressed as

1
6+3sir19tan€+4:OforO"éGS 360°.

y=acosx—b

[6]

The diagram shows part of the graph of y = acosx — b, where a and b are constants. The graph
crosses the x-axis at the point C (cos™' ¢, 0) and the y-axis at the point D (0, d). Find ¢ and d in

terms of a and b.

Question 21

1 )2 _ I—cosx

(i) Prove the identity ( = .
1 +cosx

sinx tanx

1 2
sinx tanx) -
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(ii) Hence solve the equation (

Question 22

op B I SN |
Solve the equation sin ~ (4x™ + x7) = ¢m.

Question 23
cos @

+ 15 = 0 can be expressed as

4
(i) Show that the equation
4sin’6 - 15sin@—4 =0.

4 0
(ii) Hence solve the equation % +15=0 for 0° € 6 < 360°.

Question 24

(a) Solve the equation sin™' (3x) = f%ﬂ:, giving the solution in an exact form.

(b) Solve, by factorising, the equation 2cos 0sinf —2cos 0 —sinf+ 1 =0for0< 8 < 7.

[2]

(4]



Question 25

(i) Show that 3 sinxtanx — cosx + 1 = 0 can be written as a quadratic equation in cos x and hence
solve the equation 3sinxtanx —cosx+ 1 =0forO<x < [5]
(ii) Find the solutions to the equation 3sin2xtan2x —cos2x+ 1 =0forO0<x < 7. [3]

Question 26

I+cos@® 1-cosB 4

i) P the identit - = . 4
(i) Prove the identity l-cos@® 1+cosB sinBtand 4]

(ii) Hence solve, for 0° < 8 < 360°, the equation

l+cos@® 1-cosB
in 0 - =3. 3
s (1—0059 1+<:059) (31
Question 27

Solve the equation 3 sin%0 = 4cos 0 — 1 for 0° < 0 < 360°, [4]

Question 28

Showing all necessary working, solve the equation 6 sin’x — 5cos’x = 2sinx + cos’x for

0° < x < 360°. (4]
Question 29

(i) Express the equation sin 2x + 3 cos 2x = 3(sin 2x — cos 2x) in the form tan2x = k, where k is a
constant. [2]

(ii) Hence solve the equation for —90° < x < 90°. [3]

Question 30

(i) Show that costx = 1-2sin’x +sin*x. [1]

(ii) Hence, or otherwise, solve the equation 8 sin®x + cos*x = 2 cos?x for 0° < x < 360°, [5]

Question 31

2sinO +cos O

~nficosh - 2 tan @ may be expressed as cos? 8 = 2 sin” . [3]

(i) Show that the equation

(ii) Hence solve the equation M =2tan O for 0° < 8 < 180°. [3]
sin@ +cos O

Question 32

1 2 1-sin8
i) P the identit —tanf) = ——. 3
(i) Prove elenly(cosg an ) Y] [3]
1 2
(ii) Hence solve the equation (7 —tan 9) =1 for0° <0< 360° [3]
cos @ 2



Question 33

1 +cosB sin @ 2

i) P the identit + = . 3
(i) Prove the identity sin 8 I +cosB sin@ 3]

B, D 3 for 0° < 0< 360°. 3]

o a
(ii) Hence solve the equation 00 + 3o ooal

Question 34

0+4
(i) Show that the equation % +5sin@— 5 = 0 may be expressed as 5cos’8 —cos 8 —4 = 0.
sin
[31]

6+4
(ii) Hence solve the equation C?S

——— — +5sin8-5=0for0°< 8 < 360° (4]
sin@ + 1

Question 35

(i) Show that the equation cos 2x(tan22x +3)+ 3 = 0 can be expressed as

2cos?2x +3cos2x + 1 = 0. 3]
(i) Hence solve the equation cos 2x(tan’2x + 3) + 3 = 0 for 0° < x < 180°. [4]
Question 36
(a)
y
A
[
5 > X

v=a+bsinx

The diagram shows part of the graph of y = @ + b sinx. Find the values of the constants a and b.

(2]
(b) (i) Show that the equation
(sin@+2cosB)(1 +sinB —cosB) =sinB(1 + cos )

may be expressed as 3 cos>6—2cos6— 1 =0. [3]

(ii) Hence solve the equation

(sin@ +2cos0)(1 +sin 6 — cos 0) = sin B(1 + cos O)

for —180° < 6 < 180°. (4]



Question 37

5+ 2tanx
(a) Express the equation 3 2 tany 1 + tanx as a quadratic equation in tan.x and hence solve the
equation for 0 < x < 7. [4]
(b)
y
A

y=ksin(8 + a)

2 /
> 0

9] 150° o

The diagram shows part of the graph of vy = ksin(6 + «), where & and o are constants and
0° < o < 180°, Find the value of « and the value of k. [2]

Question 38
2
-1

tan© @
a i) Express
@ o P tanZ 8 + 1

(9%}

in the form asin®@ + b, where a and b are constants to be found. [

]

(ii) Hence, or otherwise, and showing all necessary working, solve the equation

tan?6—-1 1
tan26+1 4
for —90° < 0 < 0°. 2]
(b)
y
A
(%)
—TT
B

The diagram shows the graphs of y = sinx and y = 2 cosx for —z € x < n. The graphs intersect
at the points A and B.

(i) Find the x-coordinate of A. [2]

(ii) Find the y-coordinate of B. 2]



Question 39

(i) Solve the equation 2 cosx + 3sinx = 0, for 0° € x < 360°. [3]

(ii) Sketch, on the same diagram, the graphs of y = 2cosx and y = =3 sinx for 0° < x £ 360°.  [3]

(iii) Use your answers to parts (i) and (ii) to find the set of values of x for 0° < x < 360° for which

2cosx +3sinx > 0. [2]

Question 40

The function f is such that f(x) = a+ bcosx for 0 < x € 2x. It is given that f(%:r) =5and f(x)=11.

(i) Find the values of the constants @ and b. [3]
(ii) Find the set of values of k for which the equation f(x) = £ has no solution. [3]

Question 41
(i) Prove the identity (sin 6 + cos 8)(1 — sin 6 cos 0) = sin® 0 + cos> 6. [3]
(ii) Hence solve the equation (sin 8 + cos 8)(1 — sin 8 cos 8) = 3 cos’ 8 for 0° < B < 360°. [3]

Question 42
tan6+1 tan6-1 2(tan 6 —cos 6) ;3]

i) Show that + =
(i) Show tha 1+cos® 1—cosB sinZ @

(ii) Hence, showing all necessary working, solve the equation

tan 6 + 1 N tan 6 — 1 B
1+cos@® 1—cos6

for 0° < 6 < 90°. [4]

Question 43
Functions f and g are defined by
f:x—2-3cosx for0<x<2nm,

g:x|—>%x for 0 < x <2m.

(i) Solve the equation fg(x) = 1. [3]
(i) Sketch the graph of y = f(x). [3]
Question 44
B
20cm
-
4 9cm D g

The diagram shows a triangle ABC in which BC = 20 ¢m and angle ABC = 90°. The perpendicular
from Bto AC meets AC at D and AD =9 cm. Angle BCA = 6°.

(i) By expressing the length of BD in terms of 0 in each of the triangles ABD and DBC, show that
20sin*@ = 9 cos 6. [4]

(ii) Hence, showing all necessary working, calculate 6. [3]



Question 45
(i) Show that the equation
cos -4 4sin 0
sin®  S5cosf-2
may be expressed as 9cos>6 —22cos 0 +4 = 0.

0

(ii) Hence solve the equation

cosf—-4 4sinf
sin 0 5cos9-2

for 0° < 0 < 360°.
Question 46
(a) Solve the equation 3 sin%26 + 8c0s26 = 0 for 0° < 6 < 180°.

(b)

y
A

y =a +tanbx
J3/

(3]

(3]

(5]

The diagram shows part of the graph of y = a + tan bx, where x is measured in radians and a and
b are constants. The curve intersects the x-axis at (—%n, 0) and the y-axis at (0, v3). Find the

values of a and b.

Question 47

T — X
[0} |
ST n

(3]

The function f : x ~ psin® 2x + ¢ is defined for 0 < x < 7. where p and ¢ are positive constants. The

diagram shows the graph of y = f(x).

(i) Interms of p and g, state the range of [.
(ii) State the number of solutions of the following equations.
@ fx)=p+q
(b) f(x)=gq

(© fx)=1p+gq

(2]

(11
(1]
(1]

(iii) For the case where p = 3 and ¢ = 2, solve the equation f(x) = 4, showing all necessary working.

[5]



Question 48

Angle x is such that sinx = @ + b and cosx = a — b, where a and b are constants.

(i) Show that a® + b? has a constant value for all values of x.

[3]
(ii) In the case where tanx = 2, express a in terms of b. [2]
Question 49
The equation of a curve is y = 3 cos 2x and the equation of a line is 2y + 37)6 =5.
(i) State the smallest and largest values of y for both the curve and the line for 0 < x < 27. [3]
(ii) Sketch, on the same diagram, the graphs of y = 3 cos 2x and 2y + 3_x =5for0<x<2m [3]
T
Question 50
1 2 1-sinx
(i) Prove the identity (— —tan x) =—. (4]
cosx 1 +sinx
1 2
(ii) Hence solve the equation ( —tan 2x) = % forO<x < [3]
cos 2x
Question 51
The function f is defined by f(x) =2 — 3 cosx for 0 < x < 27
(i) State the range of f. [2]
(ii) Sketch the graph of y = f(x). [2]
The function g is defined by g(x) = 2 — 3 cosx for 0 < x < p, where p is a constant.
(iii) State the largest value of p for which g has an inverse. [1]
(iv) For this value of p, find an expression for g=! (x). [2]

Question 52

(i) Show that the equation 3 cos*0 + 4sin6 — 3 = 0 can be expressed as 3x> —4x + 1 =0, where
X = cos’6. [2]

(ii) Hence solve the equation 3 cos*@ +4sin’0—3 =0 for 0° < 6 < 180°. [5]
Question 53

(a) Given that x > 0, find the two smallest values of x, in radians, for which 3 tan(2x + 1) = 1. Show
all necessary working.

[4]

(b) The functionf : x — 3 cos?x — 2 sinx is defined for 0 < x < 7.
(i) Express f(x) in the form a cos?x + b, where a and b are constants. [1]
(ii) Find the range of f. 2]

Question 54
1
(i) Given that4tanx+ 3cosx + —— = 0, show, without using a calculator, that sinx = —%. [3]
COS X
(ii) Hence, showing all necessary working, solve the equation
1
4tan(2x —20°) + 3cos(2x —20°) + —————— =0
an(2x ) + 3 cos(2x ) cos(2x —20°)

for 0° < x < 180°. (4]

10



Question 55
Solve the equation

tanO+3sin@+2
tan®—3sin@+1
for 0° < 6 <90°. [5]

Question 56
(a) Solve the equation 3 tan®x — 5tanx — 2 = 0 for 0° < x < 180°. [4]

(b) Find the set of values of k for which the equation 3 tan’x — 5tanx + k = 0 has no solutions. [2]

(¢) For the equation 3 tan®x — 5tanx + k = 0, state the value of k for which there are three solutions
in the interval 0° < x < 180°, and find these solutions. [3]

Question 57

tan 6 tan 6 2
Sh that = . 4
(@) ow tha 1+cos€+1—c056 sin O cos 6 4
an 6 tan 0 6
H Ive th i = for 0° 180°.
(b) Hence solve the equation T cosB + T—cosB _ tan® or 0° < 0 <180 [4]
Question 58
(a) Express the equation 3 cos 6 = 8 tan 6 as a quadratic equation in sin 0. [3]
(b) Hence find the acute angle, in degrees, for which 3 cos 6 = 8 tan 6. [2]
Question 59
y
A
y =1f(x)
0 T &
The diagram shows the graph of y = f(x), where f(x) = %cos 2x + % forO<x<m
(a) State the range of f. 2]

A function g is such that g(x) = f(x) + k, where k is a positive constant. The x-axis is a tangent to the
curve y = g(x).

(b) State the value of k and hence describe fully the transformation that maps the curve y = f(x) on
toy = g(x). (2]

(c) State the equation of the curve which is the reflection of y = f(x) in the x-axis. Give your answer
in the form y = acos2x + b, where a and b are constants. [1]
Question 60

1+sin6 cos 6 2

P the identit + = :
(a) Prove the identity cos 6 14+sin@® cos6

(3]

1+sin6 cos 6

b) Hence solve the equation + = >
(b) v quatt cos 0 1+sin6® sinf

for0< 6< 2. [3]

11



Question 61

2
Solve the equation 3tan’6 + 1 = 7% for 0° < 6 < 180°.
an

Question 62

(a) Prove the identity (L —tan x) (— + 1) =
cosx

1 1
(b) Hence solve the equation (— — tanx) (— + 1) =2 tan’x for 0° < x < 180°.
cosx X

Question 63

(a) Show that - sm.O - sm’B = 2tan? 0.
l-sin® 1+sin®
sin 6 sin 6

b) H Ive th ti -
(b) Hence solve the equation -———— — ———

Question 64

tan 6 + 2sin @
Solve the equation it i an =3 for0° < 6 < 180°.
tan 68— 2sin 0

Question 65

(a) Show that the equation

tanx + sinx

tanx —sinx
where k is a constant, may be expressed as

1 +cosx
l—cosx

(b) Hence express cosx in terms of k.

. tanx +sinx
(¢) Hence solve the equation ————— — =4 for -1 < X < T.
tanx — sinx

Question 66

. . l+4+sinx 1-sinx 4tanx
(a) Prove the identity - =
I —sinx

I +sinx  cosx

1 +si i
(b) Hence solve the equation +smx STHER

l—sinx 1+sinx
Question 67

1 -2sin’0
(a) Prove the identity # =1 - tan®0.
1 -sin“ 6
1-2sin’6
(b) Hence solve the equation l—g“;e = 2tan” 0 for 0° < 6 < 180°.
— Sin

=8, for 0° < 6 < 180°.

=8tanxfor0€x€%n.

[5]

(4]

[2]

[3]

(3]

(4]

(2]
(2]

(2]

[4]

(3]

(2]

(3]
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Question 68

3 tanx + cosx 5
(a) Show that the equation ———  — = k, where k is a constant, can be expressed as
tan x — cosx

(k + 1) sin®x + (k — 1) sinx— (k+ 1) = 0. [4]

" L. (<
(b) Hence solve the equation ke A 4 for 0° < x € 360°. [4]
tanx — cosx

Question 69

The first, third and fifth terms of an arithmetic progression are 2cos.x, —6v3 sinx and 10 cos x
respectively, where %n <xX<m

(a) Find the exact value of x. [3]
(b) Hence find the exact sum of the first 25 terms of the progression. [3]
Question 70
3
Solve the equation 2cos 8 =7 — cos O for —90° < 8 < 90°. [4]
Question 71
by
A
12
10
8 y=acos(bx)+c

-4

The diagram shows part of the graph of y = acos(bx) + c.

(a) Find the values of the positive integers a, b and c. [3]

(b) For these values of a, b and ¢, use the given diagram to determine the number of solutions in the
interval O € x < 2= for each of the following equations.

(i) acos(bx)+c = %x [1]

(ii) acos(bx)+c=6- %x [1]

13



Question 72

Solve, by factorising, the equation

6cosBtanB—3cosO+4tanf -2 =0,
for 0° € 6 < 180°. [4]

Question 73

sin@+2cosB sinB-2cosb 4
a) Show that = = . 4
(@) oW I cos0—_2sin8 cosO+2sind 5¢c0s20 -4 4]
sinf@+2cosB® sinB-2cosb
b) H lve th ti - =5 for 0° < 6 < 180°. 3
(h} Henoesolve:the equation cosB—-2sin@ cosO+2sinb or [3]
Question 74
2
(a) Solve the equation 6\/5 + T -7=0. [4]
y
2
(b) Hence solve the equation 6+v/tan x + m —7=0for 0° < x < 360°. [3]
Question 75
y
A
1
0 > 0
0 / 7 \ om 3n 4n
-1
-2
-3
\ /y:psin(q@)+r
-4
-5

The diagram shows part of the curve with equation y = psin(g6) + r, where p, g and r are constants.

(a) State the value of p. [1]

(b) State the value of g. [1]

(c) State the value of r. [1]
Question 76

The function f is given by f(x) = 4 cos*x + cos?x — k for 0 < x < 2x, where k is a constant.
(a) Given that £ = 3, find the exact solutions of the equation f(x) = 0. [5]

(b) Use the quadratic formula to show that, when k > 5, the equation f(x) = 0 has no solutions. [5]

14



Question 77

(a) The curve y = sinx is transformed to the curve y = 4 sin(%x - 30").

Describe fully a sequence of transformations that have been combined, making clear the order

in which the transformations are applied. [5]
(b) Find the exact solutions of the equation 4 sin(%x - 300) = 24/2 for 0° < x < 360°. [3]
Question 78
sin° 0 sin’ 6

(a) Prove the identity i = —tan’ o1 + sin’ 0). [4]

6—1 1+sin®
(b) Hence solve the equation

sin® 6 sin% 6
sin@-1 1+sinf

= tan®0(1 — sin>0)
for 0 < 8 < 2m. [2]

Question 79
Solve the equation 8 sin?0 + 6¢cos O+ 1 =0 for 0° < 6 < 180°. [31]

Question 80

It is given that a = cos™! (1‘%)

1
Find, without using the trigonometric functions on your calculator, the exact value of — :
simno  tan o
[5]

Question 81

(a) Find the set of values of k for which the equation 8x% + kx + 2 = 0 has no real roots. [2]
(b) Solve the equation 8¢cos20— 10cos@+2 =0 for 0° < @ < 180°. 3]
Question 82

(@) P P sin @ N cos 0 tanZ 0 + 1 3]

a rove the identi = 2 3

Y GinB+cosO | sin®_cosd tanZ0— 1
. . sin 8 cos @
(b) Hence find the exact solutions of the equation + =2for0<6<

sin@+cos@ sinf —cos B

Question 83
(a) Show that the equation

1 1
S0+ oD Sn0—osl

may be expressed in the form a sin’6 + bsin @ + ¢ = 0, where a, b and ¢ are constants to be
found. [3]
1

b) Hence solve th ti *
th} Henoe:selve the equduan sin@+cos®  sinf - cos O

=1 for 0° < 6 < 360°. [3]
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Question 84

(a) By first obtaining a quadratic equation in cos 8, solve the equation
tan Osin 6 = 1

for 0° < 6 < 360°. [5]

tan® sin0
b) Show that —— — ——
(b) SR sinf tan®

Question 85
(a) Show that the equation

= tan O sin 6. [3]

3tan’x —3sinx-4=0

may be expressed in the form acos*x+bcos?x+c = 0, where a, b and ¢ are constants to be

found. [3]
(b) Hence solve the equation 3 tan’x — 3 sin”x — 4 = 0 for 0° < x < 180°. [4]
Question 86

(a) (i) By first expanding (cos 8 + sin 0)2, find the three solutions of the equation
(cos 8 +sin 0)? = 1

for0< O< [3]

(ii) Hence verify that the only solutions of the equation cos 6 + sin @ = 1 for 0 < 8 < & are

0 and 1r. [2]
sin @ 1 —cos@ cos B +sinb—1
b) P the identit = 3
(h) Preve elenlycos9+sin(-)+c059—sin6 1 -2sin%0 31
(c¢) Using the results of (a)(ii) and (b), solve the equation
sin O 1 —-cos8 .
cos B +sin 6 * cos O —sin O R cos 8+ sindl )
forO0<O<m. [3]
Question 87
Solve the equation 4 sin 6 + tan 6 = 0 for 0° < 6 < 180°. [3]
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