HIGHER MATHEMATICS
Trigonometry
1.
Non-Calculator (Multiple Choice)

          [image: image1.png]‘What is the value of sin (%) - cos|





2.
Non-Calculator (Multiple Choice)

         [image: image2.png]The diagram shows the graph with equation of the form y = acos bx for 0 < x <21
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What is the equation of this graph?

A y=2cosdx
B y=2cos2y
C y=3cos2y
D y=4cosdx





3.
Non-Calculator (Multiple Choice)
          [image: image3.png]"The diagram shows the graph with equation of the form y = acosbx for 0 <x<2m.
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What is the equation of this graph?
A y=-3cos2y
¥==3cos 3x

¥=3cos 2x

o o=





4.
Non-Calculator (Multiple Choice)                                                          

           [image: image4.png]Find the minimum value of 3sin2x + 5 and the value of x where this occurs in the
interval 0 x <.

min value x





5.
Non-Calculator (Multiple Choice)

          [image: image5.png]‘Which of the following shows the graph of y = 4cos 2v= 1, for 0S xS &7
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6.
Non-Calculator (Multiple Choice)

          [image: image6.png]The diagram shows the curve with equation of the form y = cos(x + a) + b
for 0<x < 2m.
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‘What is the equation of this curve?




7.
Non-Calculator (Multiple Choice)

           [image: image7.png]What is the solution of the equation 2sinx =13 =0 where % <x<m?
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8.
Non-Calculator (Multiple Choice)
          [image: image8.png]Solve 2 cos x =3 for x, where 0 < x < 21
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9.
Non-Calculator (Multiple Choice)
          [image: image9.png]Solve 2cosx + 1= 0 for x, where T<x s%.
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10.
Non-Calculator (Multiple Choice)

          [image: image10.png]How many solutions does the equation
(@ sinx=+B)(sinx +1)=0

have in the interval 0 < x < 212

A4

B 3

c 2

D 1




11.
Non-Calculator (Multiple Choice)

           [image: image11.png]Solve (an(%) ==l for0<x<2m
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12.
Non-Calculator (Multiple Choice)
          [image: image12.png]1 0 < a < 90, which of the following is equivalent to cos(270 - a)°?
A cosa®

B sina®
C —osa®
D

—sin a®




13.
Non-Calculator (Multiple Choice)

          [image: image13.png]Given that 0<a<
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and sina= % , find an expression for sin(x + a).




14.
Non-Calculator (Multiple Choice)

         [image: image14.png]iagram shows two right-angled triangles with sides and angles as given.
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15.
Non-Calculator (Multiple Choice)

          [image: image15.png]The diagram shows a right-angled triangle with sides and angles as marked.
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Find the value of sin2x.
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16.
Non-Calculator (Multiple Choice)

          [image: image16.png]A right-angled triangle has sides and angles as shown in the diagram.
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What is the value of sin2a?





17.
Non-Calculator (Multiple Choice)

         [image: image17.png]find the exact value of cos 2x.





18.
Non-Calculator (Multiple Choice)
          [image: image18.png]17
3

, what is the value of cos 2x?




19.
Non-Calculator (Multiple Choice)

          [image: image19.png]"The diagram shows a right-angled triangle with sides and angles as marked.
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20.
Non-Calculator (Multiple Choice)
          [image: image20.png]‘What is the value of 1 = 2sin15°?
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21.
Non-Calculator (Multiple Choice)

          [image: image21.png]kand a are given by

ksina®
keosa®=+3
where k> 0and 0< a < 90.

‘What are the values of k and a?





22.
Non-Calculator (Multiple Choice)

          [image: image22.png]If 3sinx — 4cosx is written in the form kcos(x — a), what are the values of
keosa and ksina?

keosa ksina
A -3 4
B 3 -4
c 4 -3
D 3





23.
Non-Calculator (Multiple Choice)

          [image: image23.png]sinx+ 3 cos.x can be written as 2coslx—"J
“The maximum value of sinx++3cosx is 2.

What is the maximum value of Ssin2x+5y3 cos2x
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24.
Non-Calculator (Multiple Choice)

          [image: image24.png])+5, what is the range of values of f(x)?

If f(x) = 2sin 3+
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25.
Non-Calculator (Multiple Choice)
          [image: image25.png]Find the maximum value of

z-ssin(x-ﬂ

and the value of x where this occurs in the interval 0 < x <21





26.
Calculator

             [image: image26.png]The diagram shows a sketch of part
of the graph of a trigonometric
function whose equation is of the
form y = asin(bx) + c.

Determine the values of a, b and c.

y=asin(bx) + ¢




27.
Non-Calculator
          [image: image27.png]The diagram shows part of the graph of the function y = pcos gx + r.

Write down the values of p, g and r.




28.
Calculator

             [image: image28.png]The sketch represents part of the graph of a trigonometric function of the form
= psin(x-+7)°+q. Itcrosses the axes at (0, 5) and (+,0), and has turning points
at (50,-2) and (u, 4).

@) Write down values for p, ¢, r and u.

(if) Find the values for sand 1.

y=psin(x+r)+g





29.
Non-Calculator

[image: image29.png]‘The diagram shows an incomplete graph of
y=ain{x- ), fo 05525 i the coondinaes o
[ ——

i

B




30.
Non-Calculator
          [image: image30.png]Find all the values of x in the interval 0 < x < 27 for which tan’(x) = 3.




31.
Non-Calculator

            [image: image31.png]Find the exact solutions of the equation 4sin’ x=1, 0<x<2r.




32.
Non-Calculator

            [image: image32.png]Solve the equation 2cos” x=4, for 0<x<x.




33.
Non-Calculator

             [image: image33.png]Solve 2sin3x°~1=0 for 0<x<180.




34.
Calculator            [image: image34.png]‘The diagram shows part of the graph of y =asin 31
and theline with equation y = 3a.

Find the 2-coordinates of A and B





35.
Non-Calculator
            [image: image35.png]‘The diagram below shows the graph of y=2sin2x+1 for 0<x<=x.

(@ Find the coordinates of A and B (as shown in the diagram) by solving
an appropriate equation algebraically.

() The points (0, 2) and (, 0) are joined by a straightline L. In how
many points does 1 intersect the given graph ?

() Cisthe point an the given graph with an v-coordinate of 5. Fxplain
whether C is above, below or on the line I.




36.
Calculator

              [image: image36.png]The diagram shows the graph of a sine function
from 0° t0 90"
(@) State the equation of the graph.
(&) ‘The ine with equation y = -1 intersects the
curveat Aand B
Find the coordinates of A and B.





37.
Calculator

[image: image37.png]Find, correct to one decimal place, the value of x between 160 and 270 which satisfies the.
equation 3cos(2x— 40P ~1=0.




38.
Non-Calculator

              [image: image38.png]The diagram shows the graph of a
cosine function from 0 to 7.

(a) State the equation of the graph.

(b) The line with equation y =
intersects this graph at points A
and B.

Find the coordinates of B.





39.
Non-Calculator

[image: image39.png]‘The diagram shows the graph of the function y=a+bsinex for 0<xs7.

@ Wite down the values of 4, band ¢
) Find algebraically the values of x for whichy = 25.





40.
Non-Calculator
            [image: image40.png]Solve the equation 2sin{21-





41.
Non-Calculator

[image: image41.png]‘The diagram shows a sketch of the graph of
y=sin(2v-3), 0=xs7,and the straightline y = 0.
These graphs ntersectatPand Q.

Find algebraically the coordinates of P and Q.





42.
Non-Calculator

            [image: image42.png]‘Find the values of £, where 0 < t < 2, for which 4cos(2 - §) has its maximum value.




43.
Non-Calculator

              [image: image43.png]Find algebraically the exact value of

in@" +sin(6+120)" + cos(@ + 150)".




44.
Non-Calculator

           [image: image44.png]In triangle ABC, show that the exact value
of sin(a+b) is

N




45.
Non-Calculator

Triangle ABD is right-angled at B with angles BAC = p and BAD = q and lengths as shown in the diagram below.

                       [image: image45.png]




Show that the exact value of 
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46.
Non-Calculator

            [image: image48.png]‘The diagram shows two right-angled triangles ABD
‘and BCD with AB = 7cm, BC = 4cm and CD = 3.
Angle DBC = * and angle ABD = 1.

20-646

Show that the exact value of cos(x+)" is
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47.
Calculator

           [image: image49.png]“T'riangles ACD and BCD are right-angled at D
with angles p and ¢ and lengths as shown in the
diagram.
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(@) Show that the exact value of sin(p + q) is 3%

(b) Calcularte the exact values of:

(i) cos(p+q);
(ii) tan(p +q).
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48.
Non-Calculator
          [image: image50.png]On the coordinate diagram shown,
Ais the point (6, 8) and B is the
point (12, -3). Angle AOC = p and
angle COB = q.

Find the exact value of sin(p + )

B(12, -5)




49.
Non-Calculator
   [image: image51.png](a) Diagram 1 shows a right angled triangle, 4

where the line OA has equation

3x=2y=0. A
(i) Show that tana
(ii) Find the value of sina.
V) o a
0| %
Diagram 1

EN

(b) A second right angled triangle is added
as shown in Diagram 2.

The line OB has equation 3x = 4y = 0.
Find the values of sinb and cosb.

(o) () Find the value of sin(a=5).

State the value of sin(b—a).





50.
Non-Calculator
           [image: image52.png]Functions f(x) = sin x, g(x) = cos x and h(x) = ¥+% are defined on a suitable
set of real numbers.

(@) Find expressions for:
@) flh(x);
(i) glh(x)).
@ () Show that f(h(x)) = Jysinx +Lcos

(i) Find a similar expression for g(h(x)) and hence solve the equation

Sf(h(x)) - glh(x)) = 1 for 0 S x < 2.





51.
Non-Calculator

[image: image53.png]#3+3
)

1% am acute angle such that tan = &, show that the exact value of sinx+ 30) 15




52.
Non-Calculator

            [image: image54.png]For acute angles Pand Q, sinP = i and sinQ=3.
Show that the exact value of sin(P +Q) s .




53.
Non-Calculator

  [image: image55.png](a) Using the fact that é

.4

© @) Express 2 in erms of Z and Z.

(ii) Hence or otherwise find the exact value of sin{





54.
Non-Calculator

             [image: image56.png]Using triangle PQR, as shown, find the exact value of cos 2x.




55.
Non-Calculator

           [image: image57.png]A is the point (8, 4). The line OA is inclined
at an angle p radians to the x-axis.
(a) Find the exact values of:

(i) sin(2p);

(ii) cos(2p).

The line OB is inclined at an angle 2p radians
to the x-axis.

(b) Write down the exact value of the
gradient of OB.





56.
Calculator
            [image: image58.png]The diagram shows two right-angled

triangles with angles ¢ and d marked as
shown.

(a) Find the exact value of sin (c + d).

() (i) Find the exact value of sin 2¢.

(i1) Show that cos 2d has the same exact value.




57.
Non-Calculator

             [image: image59.png]Given that sin A= 3, where 0< A<, find the exact value of sin 2A.




58.
Non-Calculator

             [image: image60.png]2 x
iven that 05D ind 0<D <%, find the exact values of sin D a
Given that F 3 find the exact valuesof in D and cos 2D.




59.
Non-Calculator

            [image: image61.png]0<ae}x, find the exact vlueof sin 20




60.
Non-Calculator

            [image: image62.png]Aand B are acute angles such that tan A = § and fan B
Find the exactvalue of

(@) sin24

® cos24

© sin@A+B).





61.
Non-Calculator

           [image: image63.png]In the diagram
angle DEC = angle CEB = x° and
angle CDE = angle BEA = 90°.
CD = 1 unit; DE = 3 units.

By writing angle DEA in terms
of x° find the exact value of
cos(DEA).




62.
Calculator

            [image: image64.png]The diagram shows a right-angled triangle with
height 1 unit, base 2 units and an angle of a® at A.

(a) Find the exact values of:
(@) sina®
(i) sin2a°.

(b) By expressing sin3a® as sin(2a + a)°, find the
exact value of sin 3a°.




63.
Non-Calculator

            [image: image65.png]I cos=%, 056<%, find the exact value of
@ sin20
® sindo.




64.
Non-Calculator
           [image: image66.png]If cos2x=-L and 0 < x < % , find the exact values of cosx and sin x.




65.
Non-Calculator
          [image: image67.png]Giventhat tan2x= l 0<x <X, find the exact value of
(@) cos2x

(b) cosx.




66.
Calculator

    (a)
Show that 
[image: image68.wmf]x

x

x

2

cos

1

tan

2

sin

-

=

, where 
[image: image69.wmf]2

3

2

p

p

<

<

x

.

    (b)
Given that 
[image: image70.wmf]x

x

x

f

tan

2

sin

)

(

=

, find 
[image: image71.wmf])

(

x

f

¢

.
67.
Non-Calculator

             [image: image72.png]Solve algebraically the equation sin2x” +sinx”

05 x<360.




68.
Non-Calculator

           [image: image73.png]Solve the equation sinx ®= sin 2x °=0 in the interval 0 < x < 360.




69.
Non-Calculator

           [image: image74.png]Solve the equation sin 2x° = 6cos x° for 0 < x < 360.




70.
Calculator

   [image: image75.png](a) Solve the equation sin 2x° = cos x° =

in the interval 0 < x < 180.

(b) The diagram shows parts of two ¥
trigonometric graphs, ¥ = sin 2x°

and y = cos x° .

Use your solutions in (a) to write
down the coordinates of the point P.




71.
Non-Calculator

           [image: image76.png]Functions f and g are defined on suitable domains by f(x) = sin (x°) and g(x) = 2x.

(a) Find expressions for:
@) flel);
(i) g(Ax)).
(b) Solve 2f(g(x

= g(f(x)) for 0 < x < 360.




72.
Calculator

           [image: image77.png]Solve algebraically the equation

sin2v=2cos’x  for 0<x<2m




73.
Calculator
           [image: image78.png]"T'wo functions, f and g, are defined
by f(x) = ksin2x and g(x) = sinx
where k> 1.

The diagram shows the graphs of
¥ =f(x) and y = g(x) intersecting at
O, A B, Cand D.

Show that, at A and C,cosx = ﬁ





74.
Calculator

   [image: image79.png]®)

©

Solve the equation 3sin 2x°= 2sin x° for 0<x <360

The diagram below shows parts of the graphs of sine functions f and g
State expressions for fx) and g(x).

Use your answers to part (a) to find the co-ordinates of A and B.
Hence state the values of x in the interval 0 < <360 for which
3sin26°< 2sinx" .





75.
Non-Calculator
             [image: image80.png]Solve algebraically the equation cos2x” +cosx’ =0, 05 x<360.




76.
Non-Calculator

             [image: image81.png]Solve algebraically the equation cos2x +5cosx -2=0, 0<x<360.




77.
Non-Calculator

             [image: image82.png]‘The diagram shows two curves with equations
y=cos2¢" and y=1+sinx* where 055 360

Find the z-coordinate o the point of intersection at A





78.
Non-Calculator

  [image: image83.png](a) Solve cos 2x°=3cosx®+ 2 =0 for 0 <x < 360.

(b) Hence solve cos4x°=3cos2x®+ 2= 0 for 0 <x < 360.




79.
Calculator

           [image: image84.png]Solve the equation 3 cos2x° + cosx® =1 in the interval 0 < x < 360.




80.
Calculator

          [image: image85.png]Solve the equation cos 2x° + 2sin x° = sin’x® in the interval 0 < x < 360.




81.
Calculator

          [image: image86.png]Solve 2cos 2x =5 cosx=4=0for 0 < x < 2m.




82.
Calculator

          [image: image87.png]Solve the equation 3cos(2x) + 10cos(x) — 1 =0 for 0 < x < T, correct to 2 decimal
pla





83.
Calculator

           [image: image88.png]Solve the equation

sinx=2cos2x=1 for 0<x < 2m.




84.
Non-Calculator
     [image: image89.png](@) Write the cquation c0s26 +8c0s0+9 =0 in terms of cos@ and show that, for cosg, it has
cqual roots.
(&) Show that there are no real real roots for 6.




85.
Calculator

          [image: image90.png]For 0 < x <%, sequences can be generated using the recurrence relation
U, = (sinx)u, +cos2y, withu, =1.
(a) Why do these sequences have a limit?

() The limit of one sequence generated by this recurrence relation is Lsinx .

Find the value(s) of x.




86.
Calculator

    [image: image91.png](@) Show that 2c0s2x°~cos” x*=1-3sin" x°.

(B) Hence solve the equation 2cos2x°~cos” x°= 2sinx” in the interval 05 1< 360




87.
Calculator

[image: image92.png]If f(@)=68in” a- cosa, express f(a) in the form peos” a+qcosa+r.

‘Hence solve, correct to three decimal places, the equation 6sina—cosa=5 for 0SaST.




88.
Calculator

              [image: image93.png]Solve the simultaneous equations  ksinx”

keosx =2 where k20 and 0% x<360




89.
Calculator

             [image: image94.png][Express 2sin x° - 5cos x° in the form ksin(x-a)°, 0<e@ <360 and k> 0.




90.
Calculator

          [image: image95.png]Express 8cosx®— 6sinx® in the form kcos(x +a)° where k>0 and 0 < a < 360.




91.
Calculator

              [image: image96.png]Express 7 cosx—3sinx in the form kcos(x+a) where k>0and 0<a< % .




92.
Non-Calculator
    (a)
Write 
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93.
Calculator

     [image: image103.png](a) Express sinx*-3cosx” intheform ksin(x—al® wherek>0and 0sa<360. Find
the values of kand 2.

(&) Find the maximum value of 5+sinx'~3cos ¥* and state a valuc of x for which this
maximum occurs.





94.
Calculator

           [image: image104.png]Part of the graph of

¥ = 2sin(x°) + Scos(x°) is shown in

the diagram.

(a) Express y = 2sin(x°) + Scos(x°)
in the form ksin(x° + a°) where
k>0and 0<a<360.

(b) Find the coordinates of the
minimum turning point P.

¥=2sin(x) + Scos(x





95.
Calculator
   [image: image105.png](@) 12cosx®=5sinx® can be expressed in the form kcos(x + a)°, where k > 0 and
0<a<360.
Caleulate the values of k and a.

() (i) Hence state the maximum and minimum values of 12 cos x° = 3 sinx°.

(if) Determine the values of x, in the interval 0 < x < 360, at which these
‘maximum and minimum values occur.




96.
Calculator

             [image: image106.png]‘The function £ is defined by f(x) = 2cosx° - 3sinx°.

(@) Show that f(x) can be expressed in the form f(x) = kcos(x +@)° where
k>0 and 0 <@ <360. and determine the values of k and a.

(b) Hence find the maximum and minimum values of f(x) and the values of x
at which they occur, where x lies in the interval 0 < x < 360.

(c) Write down the minimum value of (f(x))’.




97.
Non-Calculator
   [image: image107.png](a) The expression (3sinx®—cosx® can be written in the form k sin(x - a)°,
where k>0 and 0 < a < 360.

Caleulate the values of k and a.

(b) Determine the maximum value of 4+5cosx®~5v3sinx® , where
0<x<360.




98.
Non-Calculator

          [image: image108.png]Find the maximum value of cosx — sinx and the value of x for which it occurs
in the interval 0 € x <27,




99.
Calculator

             [image: image109.png]f(x)=2c0sx" +3sinx’.
(@) Express f(x) in the form kcos(x—a)’ where k>0 and 05 <360.
(b) Hence solve algebraically f(x)=0.5 for 0<x <360.




100.
Calculator
   [image: image110.png](a) Express 3cos(x®) + 5sin(x°) in the form kcos(x® — @®) where k > 0 and
0<a<90.

(b) Hence solve the equation 3 cos(x °) + 5 sin(x°) = 4 for 0 < x < 90.




101.
Non-Calculator

   [image: image111.png](@) The expression cosx - V/3sinx can be written in the form kcos(x +a)
where k> 0and 0<a < 2x.

Caleulate the values of k and a.

() Find the points of interscction of the graph of y = cos.x = V3 sin x with
the x and y axes, in the interval 0<x<2m.





102.
Calculator

    (a)
Express 
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[image: image116.wmf]x

x

y

sin

2

cos

5

10

-

+

=

 and the line with equation 
[image: image117.wmf]12

=

y

.


The line cuts the curve at the points P and Q.

             [image: image118.png]y =10+ 5cosx - 2sinx
y=12






Find the x-coordinates of P and Q.
103.
Calculator

    [image: image119.png](a) Express 3sinx —cosx in the form ksin(x - a)
k>0 and 0s@<90-

(b) Hence find algebraically the values of x between 0 and 180 for which
3sinx’ - cosx’ =5,

(©) Find the range of values of x between 0 and 180 for which
3sinx” —cosx” <45.

 where





104.
Calculator

  [image: image120.png](@)  Show that 2cos(x +30)° - sinx” can be written as+/3 cosx® - 2sinx°.

(b)) Express \3cosx°~2sin° in the form kcos(x + a)° where k>0 and
0<a <360 and find the values of k and .

() Hence, or otherwise, solve the equation 2cos(x+30)° =sinx°+1,

0<x<360-




105.
Calculator
[image: image121.png]"The blades of a wind turbine are turning at a steady rate.

The height, i metres, of the tip of one of the blades above the ground at time,
£ seconds, is given by the formula

= 36sin(1°51) = 15cos(1°51) + 65.
Express 36sin(1°51) - 15cos(1-51) in the form
hsin(1-5¢=a), where k>0 and 0<a < 5,

and hence find the two values of ¢ for which the tip of this blade is at a height of
100 metres above the ground during the first turn.




106.
Calculator

             [image: image122.png]The displacement, d units, of a wave after t seconds, is given by the formula
d = cos20°+/3sin 20t

(@ Express d in the form kcos(20t ~)°, where k > 0 and 0 < a <360.
() Sketch the graph of d for 0.5+ < 18.

(9 Find, correct to 1 decimal place, the values of t, 0 < ¢ < 18, for which the
displacement is 1-5 units.




107.
Calculator

             [image: image123.png]Solve the equation 2sin x*—3c0sx° =25 in the interval 0 < x < 360.




108.
Non-Calculator

    [image: image124.png](@) Write sin(x) — cos(x) in the form ksin(x — a) stating the values of % and a
where k>0 and 0 < a < 2m.

(b) Sketch the graph of y = sin(x) = cos(x) for 0 < x < 2, showing clearly the
graph’s maximum and minimum values and where it cuts the x-axis and
the y-axis.




109.
Non-Calculator

   [image: image125.png](a) Express sinx—+3cosx in the form ksin (x—a) where k> 0 and 0 < a < 27

(b) Hence, or otherwise, sketch the curve with equation y = 3+ sinx - 3 cos x
in the interval 0 < x < 2,




110.
Non-Calculator

    [image: image126.png](a) Express f(x) =V3cosx + sinx in the form kcos (x — @), where & > 0 and
0<a<Z.

(5) Hence or otherwise sketch the graph of y = f(x) in the interval 0 < x < 2.




111.
Calculator
  [image: image127.png](a) (i) Diagram 1 shows part of the
graph of y = f(x),where
fx) = peos x.
Write down the value of p.

(ii) Diagram 2 shows part of the

graph of y = g(x), where 3"
#(x) = gsinx.
‘Write down the value of g. Diagram 2
o n m x
-3

(b) Write f(x) + g(x) in the form kcos (x + a) where k> 0 and 0 < a <%.

(c) Hence find f(x)+ g(x)as a single trigonometric expression.




112.
Calculator

     [image: image128.png](@ (i) Diagram 1 shows part of the
graph of the function f defined by
fx)=bsinax’, wherea and bare
constants.

‘Write down the values of a and b.

Rt
s

i) Diagram 2 shows part of the
graph of the function g defined
by g(x)=dcoscx’, where c and d
are constants.
‘Write down the values of c and d.

Diagram2

(&) The function his defined by A= f(3)+g(2).
Show that A(x) can be expressed in terms of a single trigonometric
function of the form gsin(px +7)’ and find the values of p, ¢ and 7.




113.
Calculator
           [image: image129.png]A curve has equation y = 7sinx — 24cos x,
(a) Express 7sinx — 24cos x in the form ksin (x— @) where k> 0 and 0 < a < £

(b) Hence find, in the interval 0 < x < 7, the x-coordinate of the point on the
curve where the gradient is 1.




114.
Calculator

    [image: image130.png](a) The expression 3sinx = 5cosx can be written in the form Rsin(x+a)
where R> 0 and 0< a < 2m.

Caleulate the values of R and a.

(b) Hence find the value of £, where 0 <1 <2, for which

‘
I(Smsx+55inx) dx=3.
°
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