1)

2)

The following diagram represents a large Ferris wheel, with a diameter of 100 metres.

—

100 1 )

P

Let Pbe apoint on the wheel. The whedl starts with P at the lowest point, at ground level. The
wheel rotates at a constant rate, in an anticlockwise (counterclockwise) direction. One
revolution takes 20 minutes.

(&  Write down the height of P above ground level after
(i) 10 minutes;

(i) 15 minutes.
?

Let h(t) metres be the height of P above ground level after t minutes. Some values of h(t) are
given in the table below.

—

h(t)
0.0
2.4
9.5

20.6

345

50.0
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(b) (i) Show that h(8) = 90.5.
(i)  Find h(21).
4

(c) Sketch thegraph of h, for 0 <t <40.
©)

(d) Giventhat h can be expressed in the form h(t) = a cos bt + ¢, find a, b and c.

©)
(Total 14 marks)

Let f(x) = 6 + 6sinx. Part of the graph of f is shown below.



3)

The shaded region is enclosed by the curve of f, the x-axis, and the y-axis.
(@  Solve for 0 < x<2m.
(i) 6+6snx=6;

(i) 6+6snx=0.

(b)  Write down the exact value of the x-intercept of f, for 0 < x < 2.

(c) Theareaof the shaded region is k. Find the value of k, giving your answer in terms of .

Letg(x) =6+ 6sin (x— gj . The graph of f is transformed to the graph of g.
(d) Giveafull geometric description of this transformation.

3n
(e) Giventhat J'm? g(x)dx =kand 0 < p < 2m, write down the two val ues of p.
p

®)

@

(6)

2

©)

(Total 17 marks)

The graph of y=p cos gx +r, for -5 < x < 14, is shown below.



4)

5.)
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There is a minimum point at (0, —3) and a maximum point at (4, 7).

(@ Find the value of

()
i) «q
Gii) .

(b) Theequationy = k has exactly two solutions. Write down the value of k.

3x X
Letf(x) = > +1,9(x) = 4cos(§j —1. Let h(X) = (g ° H)(X).

(@  Find an expression for h(x).
(b)  Write down the period of h.

(c)  Write down the range of h.

Let f(X) = 3sinx + 4 cos X, for —2m < x < 2m.

(8  Sketch the graph of f.

(b)  Writedown
(i) theamplitude;

(i) theperiod;

(6)

)
(Total 7 marks)

©)

@

2
(Total 6 marks)

©)



6.

7)

(©)

(d)

(€)

(f)

(iii) the x-intercept that lies between —g and 0.
©)

Hence write f(x) in the form p sin (gx + r).
©)

Write down one value of x such that f'(x) = 0.
@)

Write down the two values of k for which the equation f(x) = k has exactly two solutions.
2

Let g(x) = In(x + 1), for 0 < x < 1. Thereisavalue of x, between 0 and 1, for which the
gradient of f isequal to the gradient of g. Find this value of x.
®)
(Total 18 marks)

Letf(x) = 5cos% X and g(x) = ~0.5%° +5x— 8, for 0 < x< 9.

(@

(b)

(©)

(d)

On the same diagram, sketch the graphs of f and g.
©)

Consider the graph of f. Write down
(i) thex-intercept that lies between x = 0 and x =3;
(ii) theperiod;

(iii) the amplitude.
4

Consider the graph of g. Write down
(i) thetwo x-intercepts;

(ii)  theequation of the axis of symmetry.
©)

Let R be the region enclosed by the graphs of f and g. Find the area of R.

©)
(Total 15 marks)

Consider g (x) =3sin 2x.

(@

(b)

Write down the period of g.
1)

On the diagram below, sketch the curve of g, for 0 < x < 211



8.)

9)

1 m 3 o X
-1 7 53
-2
-3
-4

©)

(c)  Write down the number of solutionsto the equation g (x) = 2, for 0 < x < 21T
2
(Total 6 marks)

Letf:x ¥ sn°x

(a (i) Write down the range of the function f.

(i)  Consider f (x) =1, 0 < x < 21t Write down the number of solutions to this equation.

Justify your answer.
©®)

p

(b)  Find ' (X), giving your answer in theforma sin® x cos’ x wherea, p, q € Z.

@

1
() Letg(®)= /3g4n X (CoSX) 2 for0<x< % . Find the volume generated when the curve of

g isrevolved through 21 about the x-axis.
(7
(Total 14 marks)

The following graph shows the depth of water, y metres, at a point P, during one day.

Thetimetisgiven in hours, from midnight to noon.
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Use the graph to write down an estimate of the value of t when
(i)  thedepth of water is minimum;
(ii)  the depth of water is maximum;

(iii)

(b)

the depth of the water isincreasing most rapidly.

Show that A = 8.

(i)

The depth of water can be modelled by the functiony =Acos (B (t—1)) + C.
(i)

Write down the value of C.

(iif)  Find the value of B.

(©)

(6)

A sailor knows that he cannot sail past P when the depth of the water islessthan 12 m.
Calculate the values of t between which he cannot sail past P.

10.)

&)
(Total 11 marks)
Let f(t) =acosb (t-c) +d, t = 0. Part of the graph of y = f(t) is given below.

©)
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When't = 3, thereis amaximum value of 29, at M.
Whent =9, thereisaminimum vaue of 15.

@ (i) Findthevalueof a.
(i) Showthatb= %.

(i) Find the value of d.

(iv) Write down avauefor c.

()

The transformation P is given by a horizontal stretch of a scale factor of % , followed by a

) 3
trand ation of (_ 10) .

(b) Let M’ betheimage of M under P. Find the coordinates of M'.
@)

The graph of g istheimage of the graph of f under P.

(¢) Findg(t) intheform g(t) =7 cos B(t — C) + D.
4

(d) Giveafull geometric description of the transformation that maps the graph of g to the
graph of f.

©)
(Total 16 marks)

The graph of afunction of the formy = p cos gx is given in the diagram below.



40

30k -~
20
10F
oy

/2 s

10

20+

30F

-40

(@  Write down the value of p.
2

(b) Cadculate the value of q.
(4
(Total 6 marks)

12.) A spring is suspended from the ceiling. It is pulled down and released, and then oscillates up and
down. Itslength, | centimetres, is modelled by the function | = 33 + 5cos((720t)°), wheret istime in seconds
after release.

(8 Find thelength of the spring after 1 second.
@)

(b)  Find the minimum length of the spring.
©)

(c) Find thefirst time at which the length is 33 cm.
©)

(d) What isthe period of the motion?
2
(Total 10 marks)

13.) Thediagram below shows part of the graph of y = sin 2x. The shaded region is between x = 0 and x =
m.



0 m ¥

(8  Write down the period of this function.

2
(b)  Hence or otherwise write down the value of m.

2
(c) Find the area of the shaded region.

(6)

(Total 10 marks)

14.)  Thediagram below showsthe graph of f (x) = 1 + tan (g) for —360° < x < 360°.

| |

o=

(@  On the same diagram, draw the asymptotes.

?
(b)  Write down
(i)  theperiod of the function;
(i) thevaue of f (90°).
2

(o) Solvef(x) =0 for -360° < x < 360°.



2
(Total 6 marks)

Consider the equation 4¢ + kx + 1 = 0. For what values of k does this equation have two

15) @
equal roots?
©)
Let f bethe function f () =2 cos 201+ 4 cos 1+ 3, for —360° < [1< 360°.
(b)  Show that this function may be writtenasf (1) =4 cos’ [1+4 cos]+ 1. »
(c) Consider the equation f () = 0, for —360° < [1< 360°.
(i)  How many digtinct values of cos [ satisfy this equation?
(i)  Find all values of [1which satisfy this equation. -
(d) Giventhat f (1) = cissatisfied by only three values of [, find the value of c.
(Total 11 mar lg

Let f (x) =asnb (x - c). Part of the graph of f is given below.

16.)
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Given that a, b and ¢ are positive, find the value of a, of b and of c.
(Total 6 marks)

17.) Thegraph of afunction of the formy = p cos gx is given in the diagram bel ow.
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(@  Write down the value of p.

(b) Cdculate the value of .
(Total 6 marks)

18.) Considery= sin(X+%) .

(@ Thegraph of yintersects the x-axis at point A. Find the x-coordinate of A, where
0<x<m.

(b)  Solvethe equation sin(X+%) = —% ,for0<x< 21

Working:

(Total 6 marks)

19.) Letf(x) = %sin2x+cosxfor0£xs 21



@ (i) Findf'(x).
Oneway of writing f ’(x) is -2 sin®x—sin x + 1.
(i) Factorize2 §in®x+sinx— 1.

(iif) Hence or otherwise, solvef’(x) = 0.
(6)
The graph of y =f (x) is shown below.

A
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There is amaximum point at A and a minimum point at B.

(b)  Write down the x-coordinate of point A.
@
(c) Theregion bounded by the graph, the x-axis and the lines x = a and x = b is shaded in the
diagram above.

(i)  Write down an expression that represents the area of this shaded region.

(i)  Cdculate the area of this shaded region.

©)
(Total 12 marks)

20.) Letf(x)=6sinmx,andg(x)=6e -3, for 0 <x< 2. Thegraph of f is shown on the diagram
below. Thereisamaximum value at B (0.5, b).

y
N

(@  Write down the value of b.

(b)  On the same diagram, sketch the graph of g.



(c) Solvef(X)=g(x),05<x<15.

Working:

21) Letf(x)=sin(2x+1),0<x<Tm.
(@  Sketchthe curve of y = f (x) on the grid below.
yA

(Total 6 marks)

2

15

0.5

(b)  Find the x-coordinates of the maximum and minimum points of f (), giving your answers

correct to one decimal place.



Working:

(Total 6 marks)

22.)  Part of thegraph of y = p + g cos x is shown below. The graph passes through the points (0, 3) and
(r -1).

D
y

N

Find the value of
@ p
(b a



Working:

(Total 6 marks)

23.) Consider thefunctionf (X) = cosx + sin x.
@) (i) Show that f (—%) =0,

(i)  Findintermsof T, the smallest positive value of x which satisfiesf (x) = 0.
©)

The diagram shows the graph of y = € (cos x + sinX), — 2 < x < 3. The graph has a maximum
turning point at C(a, b) and a point of inflexion at D.

Ya

67 C(a, b)

[
i\
= —
N —
—
w —

X




) Find Y.

dx

©)
(c)  Find the exact value of a and of b.

4
(d) ShowthatatD,y= J2e4 -

©)
(e) Find the area of the shaded region.

&)

(Total 17 marks)

24) Letf(X)=sin2xand g (X) = sin (0.5x).
(8 Writedown
(i)  the minimum value of the function f ;
(i)  theperiod of the function g.

(b)  Consider the equation f (x) = g (x).

. . : . 3
Find the number of solutions to this equation, for 0 < x < EH .

Working:

(Total 6 marks)



25.) Thedepth, y metres, of seawater in abay t hours after midnight may be represented by the function

2y

y=a+ bcos(T tJ , where a, b and k are constants.

The water is at a maximum depth of 14.3 m at midnight and noon, and is at a minimum depth of
10.3 m at 06:00 and at 18:00.

Write down the value of

(@

(b)

(©)

a
b;

k.

Working:

(Total 4 marks)

26.) Note: Radians are used throughout this question.

(@

(b)

(©)

(d)

Draw the graph of y = 11+ X cos X, 0 < x <5, on millimetre square graph paper, using a
scae of 2 cm per unit. Make clear

(i) theinteger values of x and y on each axis;

(i)  the approximate positions of the x-intercepts and the turning points.

©)
Without the use of a calculator, show that Ttis a solution of the equation
T+ xcosx=0.

©)
Find another solution of the equation Tt+ x cosx = 0 for 0 < x < 5, giving your answer to
six significant figures.

2

Let R be the region enclosed by the graph and the axes for 0 < x < 1t Shade R on your
diagram, and write down an integral which representsthe areaof R.



@)
(e) Evaluatetheintegral in part (d) to an accuracy of six significant figures. (If you consider

. d, .
it necessary, you can make use of the result &(xsm X+ COS X)=XCO0S X.)

©)
(Total 15 marks)

27.)  Aformulafor the depth d metres of water in a harbour at atimet hours after midnight is
d=P+Qcos (%t} 0<t< 24

where P and Q are positive constants. In the following graph the point (6, 8.2) isaminimum
point and the point (12, 14.6) is a maximum point.

d4
15+ (12, 14.6)
101
(6,8.2)
54
0 6 12 18 24t

(@ Find the value of
i Q

(i) P
©)

(b)  Find thefirst timein the 24-hour period when the depth of the water is 10 metres.
©)

(© (i) Usethe symmetry of the graph to find the next time when the depth of the
water is 10 metres.

(i)  Hencefind thetimeintervalsin the 24-hour period during which the water isless

than 10 metres deep.
4

28.)  Thediagram shows the graph of the function f given by
f(x)=Asin (%x)+ B,

for 0 < x <5, where A and B are constants, and x is measured in radians.
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The graph includes the points (1, 3) and (5, 3), which are maximum points of the graph.

(@  Write down the values of f (1) and f (5).
(b)  Show that the period of fis4.

The point (3, —1) is a minimum point of the graph.

(c)  Show that A= 2, and find the value of B.

(d)  Show that f¢(x) = cos (% x) .

Theliney =k -TIx isatangent lineto the graph for 0<x < 5.

(e Find

(i)  the point where this tangent meets the curve;

(i) thevalueof k.

(f) Solvetheequationf (x) =2for0<x< 5.

2

@

®)

(4)

(6)

©)
(Total 24 marks)



