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EXAM PAPERS PRACTICE

Trigonometric Functions & Graphs Mark Schemes

Question 1

The graph below shows the curve with equation y = sin 2x in the interval

—60° < x < 270°. sia (1) = 90" e sia(30°) =1
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(a) Point 4 has coordinates (—45°,—1) and is the minimum point closest to the origin.
Point B is the maximum point closest to the origin. State the coordinates of B.
[1]
(b) A straight line with equation y = — % meets the graph of y = sin 2x at the three
points P, Q and R, as shown in the diagram.
Given that point P has coordinates (—15°, —%), use graph symmetries to determine
the coordinates of @ and R.
[2]
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(@) Point 4 has coordinates (—45°,—1) and is the minimum point closest to the origin. { -1 5 41 80

Point B is the maximum point closest to the origin. State the coordinates of B.
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(b) A straight line with equation y = — % meets the graph of y = sin 2x at the three
points P, Q and R, as shown in the diagram.

Given that point P has coordinates (—15°, — %), use graph symmetries to determine Note: Reme m\; ee that you con vse 70 ve GDC
the coordinates of Q and R.
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Question 2

(1)

(i) Sketch the graph of y = cos (8 + 30°) in the interval —180° < 6 < 360°.

(ii) Write down all the values where cos (6 + 30°) = 0 in the given interval.
[4]
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Question 3
A dolphin is swimming such that it is diving in and out of the water at a constant speed. Sl N OC A " (B t
On each jump and dive the dolphin reaches a height of 2 m above sea level and a depth S M
of 2m below sea level. periop = 27T PE_ZI‘W; 2T
Starting at sea level, the dolphin takes ZT" seconds to jump out of the water, dive back in £\ (4
MAX /N = £
and return to sea level. M A ¥ /m W = + 2_
Write down a model for the height, h m, of the dolphin, relative to sea level, at time
t seconds, in the form ‘h = Asin(Bt) where A and B are constants to be found. \ L
[3]
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Question 4

. L
A section of a new rollercoaster has a series of rises and falls. The vertical displacement C 1 ) O£t&30 meons o L24t&120 yeeS
of the rollercoaster carriage, y, measured in metres relative to a fixed reference height, P M‘,IJQ : 7
can be modelled using the function y = 30 cos(24t)°, where ¢ is the time in seconds. o1 &2
i) Sketch the function for the interval 0 < ¢ < ietihes mox: and mv
(i) Sketch the function for the interval 0 < t < 30. £ 70 el ~%0 o lef}o) (15'30) (30,30)
(ii) How many times will the rollercoaster carriage fall during the 30 seconds? .
(iii) How long does the model suggest it will take for the rollercoaster carriage to reach
the bottom of the first fall?
19
(6] i’
b 0 Lﬂ.S,a?DJ (22.5,-3°)
C'”) Twice feom ‘\’EE_B‘“‘?'\"
B
QOFW T = o
- W) 2L =180
t=180+-24="1.5
Note: Remember thal you can uvse your GDC
Note ! y 7.5 secends

to ‘xe\f you skeleh o ﬁra‘a‘n like This.

Question 5

The height, h m, of water in a reservoir is modelled by the function

h(t)=A+Bsin(%t),t20, Q
where ¢ is the time in hours after midnight. A and B are positive constants. N A’T ML H E‘ G ” T= A "
(a) In terms of A and B, write down the natural height of the water in the reservoir, as
well as its maximum and minimum heights. M AY - (A + B) M
3]

=(A- B) M
(b) The maximum level of water is 3 m higher than its natural level. M ' N (

The level of water is three times higher at its maximum than at its minimum.
Find the maximum, minimum and natural water levels.

13

(c) (i) How many times per day does the water reach its maximum level?
(ii) Find the times of day when the water level is at its minimum?

3]
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The height, h m, of water in a reservoir is modelled by the function
. (m
h(t)=A +Bsm(gt), t=0,
where t is the time in hours after midnight. A and B are positive constants.

(a) In terms of A and B, write down the natural height of the water in the reservoir, as
well as its maximum and minimum heights.

3]

(b) The maximum level of water is 3 m higher than its natural level.
The level of water is three times higher at its maximum than at its minimum,

Find the maximum, minimum and natural water levels.
3]

(¢) (i) How many times per day does the water reach its maximum level?
(ii) Find the times of day when the water level is at its minimum?

131

The height, h m, of water in a reservoir is modelled by the function
. (1
h(t) = A+Bsin(Zt), £20,
where ¢ is the time in hours after midnight. 4 and B are positive constants.

(a) In terms of A and B, write down the natural height of the water in the reservoir, as
well as its maximum and minimum heights.

13

(b) The maximum level of water is 3 m higher than its natural level.
The level of water is three times higher at its maximum than at its minimum.

Find the maximum, minimum and natural water levels.
3]

(c) (i) How many times per day does the water reach its maximum level?
(ii) Find the times of day when the water level is at its minimum?

(31

b) MAX =A+R  MIn=A-B
NATRAL = A

magx = A +3 B=3

May = 3(miw)
3(A-3)
A +3 3A-4

2A =12
A =6
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Question 6

Alifejacket falls over the side of a boat from a height of 3 m. )
The height, h m, of the lifejacket above or below sea level (h = 0), at time t seconds after falling, D\
is modelled by the equation h = 3e~%7* cos 4t.

7Txo T
=37

(a) The lifejacket reaches its furthest point below sea level after 0.742 seconds.

Cos (Ll' *0'7“’?9

Find the total distance it has fallen, giving your answer to three significant figures.

=—-1.757 &1--

BeLow

SEALEVEL
[2]
(b) Write down the value of t for the first three times the lifejacket is at sea level.

ToTrhAL

DISTAWCE
[2]
(c) (i) Find the value of 3e™*" when ¢ = 6.2.

(if) Hence justify why, from 6.2 seconds on, the lifejacket will always be within 4
centimetres of sea level.

2417578, = L. 7578 .

[3]

L. 76 m (3s)

A lifejacket falls over the side of a boat from a height of 3 m.

The height, h m, of the lifejacket above or below sea level (h = 0), at time t seconds after falling,
is modelled by the equation h = 3e™%7 cos 4t.

w }\:j==o

(a) The lifejacket reaches its furthest point below sea level after 0.742 seconds.

Can vsé GD¢
To SoLVE

Find the total distance it has fallen, giving your answer to three significant figures.

ps 3277 #0

[2]
(b) Write down the value of t for the first three times the lifejacket is at'sea level.

1L

(@ ®

[2]
Find the value of 3e™®7" when t = 6.2.

(ii) Hence justify why, from 6.2 seconds on, the lifejacket will always be within 4
centimetres of sea level.

cos(t)

cos'(0)

\

+ 17 +2T7
3]
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A lifejacket falls over the side of a boat from a height of 3 m.
The height, h m, of the lifejacket above or below sea level (h = 0), at time ¢ seconds after falling, | ‘
is modelled by the equation h = 3e~%7 cos 4t.

_o7¢t
As € werenses 3e
(a) The lifejacket reaches its furthest point below sea level after 0.742 seconds.

Find the total distance it has fallen, giving your answer to three significant figures. W Lt D ECREA S =]
2
2] Se ror € > 6.2
_07 €
2] 2e < 0-0OL
(c) (i) Find the value of 37" when t = 6.2.

(if) Hence justify why, from 6.2 seconds on, the lifejacket will always be within 4 G ’ vVE N T HAT - | ~<. C o) (‘{-‘t) Q \

centimetres of sea level.

(b) Write down the value of t for the first three times the lifejacket is at sea level.

13 watT L7 6L THEN

c) ,,1) t=6.2

36— o0 7% 62 3@_@.7e C/GS(LPt> &ro. Ol

= 0.0391095 ...

0.0349)| (3s¢) SO LIFE SACKET WiLL
ALWAYS BE WITHIN Lem
OF SeA LEvEL AFTER b.-23

For more help, please visit www.exampaperspractice.co.uk



http://www.exampaperspractice.co.uk

=

EXAM PAPERS PRACTICE

Question 7

The number of daylight hours, h, in the UK, during a day d days after the spring equinox (the day
in spring when the number of daylight hours is 12), is modelled using the function

9 2
h—12+25m(365d)

(a) (i) Findthe number of daylight hours during the day that is 100 days after the spring
equinox.

(ii) Find the number of days after the spring equinox that the two days occur during which
the number of daylight hours is closest to 9.

151

(b) For how many days of the year does the model suggest that the number of daylight hours
exceeds 15 hours? Give your answer as a whole number of days.

131

o) dzioo
0 h=12 + 2 Z S (365 loa)

=16.449...

| b.4 MOURS

'|'\) SET Fu,ucnofu Te EQUAL A AND SJoeve

] (Sw a\) c;\ (AN VSE

GDC
NN (365 ): —SK%:-%

To SoLve
5'm"[~ %) = -0 7297...

Tyo0 729... 27T -0729.
- 21 S &87).. ,5555.
153
> 2904 €91.. , 322.609...
CANNOT RELY SUST ON RoOvNDINe JALVES

AS ONVLY INTEGER VALVES ©F d cAwv
BevsepD

Four PoscigLe PAYS = 224,225, 322,323

CHECK EACH VALVE 1wv FUnNCTIion To FIND
EXALT NUMBER OF HouRrS

h(zzq.):q.osl h(22s)= 8994
h(322): £4965 h(323)= 4.023

TWO DAYS CLOSEST To 9 HovRS

22S awp 323 bAvyg
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The number of daylight hours, h, in the UK, during a day d days after the spring equinox (the day CANN oT RkeLY S Js 7 on rov Nvl N I vﬂ LvE LY
in spring when the number of daylight hours is 12), is modelled using the function
AS ONVLY INTEGER VALVES ©F d cAn
9 2
h=12+= sm(B:5 ) Be vs ED

(a) (i) Find the number of daylight hours during the day that is 100 days after the spring Sa DA7 LIGHT WilLL BE < IS For & 2_
equinox.

Z1S TR L3
(ii) Find the number of days after the spring equinox that the two days occur during which
the number of daylight hours is closest to 9.

£ 1S TFTor 14|
[5] IS TFor 14O
(b) For how many days of the year does the model suggest that the number of daylight hours
exceeds 15 hours? Give your answer as a whole number of days. DAY LIGAT GREATER THAN 1S BETWEEN

b) 12 + % SM[% J) = g ) 43 go OAY AWD 1UOTH DAY TNCLUSIVE

D\ & (AN VSE,
(£4)=5  epc, 98 oAYS
| Py (3) G T297--

TMT-0-7297... BEcnaveFuL NoT To VvSE I4o- 43=97
2T ) — AS THI S 1S NOT INC LUS(VE
j/bs"l' T 0 - il p 27 L11€ ... e Lus Ve

TN
25 L2387 Jko.lo€ -

Question 8

Felicity is a keen ice skater and has entered a competition that requires her to skate in a circular 0\)
pathway in front of three judges. Her distance, d metres, away from the judges table, t seconds .
after commencing her routine can be modelled by the function !) AT START oF RovTive L=0
d=12cos35t + 15
T hecoszg : d= 12 cos(0) +15 ExAcT VALVE
. . N . - Cos 0= |
(@) (i) State the distance Felicity is away from the judges table at the start of her routine.

A= 12+ 15 =27

(ii) State the distance Felicity is away from the judges table after 15 seconds.

3] A= 27m

(b)Find, in terms of 7, the circumference of Felicity’s circular pathway on the ice rink.

2] II) t= (5
(c) Find, in terms of m, Felicity’s average speed for each lap on the ice rink. - l ST _I-S—Tr— =1 E

Ad= |2 Cos + 18 3 - 2
[2] Exwrcr vawe
ici i i i i ‘T.:I—-) =

Felicity’s routine took three laps in total around the ice rink. | d =15 " Cos (1 o

(d)Find the times during Felicity’s routine where she was at a distance of 21 metres from the
judges table.

[3]
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Felicity is a keen ice skater and has entered a competition that requires her to skate in a circular
pathway in front of three judges. Her distance, d metres, away from the judges table, t seconds
after commencing her routine can be modelled by the function

_ s
d= 12cos—3ot +15.
(@ M

State the distance Felicity is away from the judges table at the start of her routine.

(ii) State the distance Felicity is away from the judges table after 15 seconds.

[3]
(b)Find, in terms of 7, the circumference of Felicity’s circular pathway on the ice rink.

(2]
(c) Find, in terms of 7, Felicity’s average speed for each lap on the ice rink.

[2]
Felicity’s routine took three laps in total around the ice rink.
(d)Find the times during Felicity’s routine where she was at a distance of 21 metres from the

judges table.
[3]

Felicity is a keen ice skater and has entered a competition that requires her to skate in a circular
pathway in front of three judges. Her distance, d metres, away from the judges table, t seconds
after commencing her routine can be modelled by the function
d=12cos7~t + 15
- 30 )

(a) (i) State the distance Felicity is away from the judges table at the start of her routine.

(ii) State the distance Felicity is away from the judges table after 15 seconds.

[3]

(b)Find, in terms of 7, the circumference of Felicity's circular pathway on the ice rink.
CIRCUMFERENCE = LLpTl [2]

(c) Find, in terms of m, Felicity’s average speed for each lap on the ice rink.

[2]
Felicity’s routine took three laps in total around the ice rink.
(d)Find the times during Felicity's routine where she was at a distance of 21 metres from the

judges table.
[3]

5) Lap cipcomrerence C= 2qr =174

CiReLE DIAME TER = 4 B i

Mok

-\ ¢ LA <
\\_Cosgo{:\_\

O )2([)+IS:7_7M
Adpypy = V2 (1) ¥ 1S = 3 .,
DIAMETER = 27 -2 = 2.4
C= 241
CIRCUMFERENCE = LU 1T m
€
¢) speep= PETARZE

DISTANCE From (b) = 24T

TIme TAKEN TFoR ONE (AP 1S PERI6D OF Fumenon

_ I = PeRiop = L1
21 = 3015 Time on Bl
E= 2% 22 _ o
12l
SreeEp = ZHTT S

60_ s

SPgep=
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Felicity is a keen ice skater and has entered a competition that requires her to skate in a circular d) EACH LAP TAKES LO cECcon o5 (p€£ 10D FRom C.)
pathway in front of three judges. Her distance, d metres, away from the judges table, t seconds
after commencing her routine can be modelled by the function

3)LAPS = | O SEConDS
d=12cos%t+15.

d=2 O<t £\%0
(a) (i) State the distance Felicity is away from the judges table at the start of her routine. SOLVE Fok - \

(i) State the distance Felicity is away from the judges table after 15 seconds. 12 Cos EZD £ +I1S = 7 \
=15 -1s
[3] T
2 Cos 5 = b

(b) Find, in terms of 7, the circumference of Felicity’s circular pathway on the ice rink.

sl —I12
(2] Coc T B
°s 35, £ = 2
(c) Find, in terms of m, Felicity’s average speed for each lap on the ice rink.
L AfL) T
2] ExAcT vALVES Cos(%) =7 Ok Cos (ﬂ =3
Felicity’s routine took three laps in total around the ice rink.
T T s 7T 10 12T (7711
(d)Find the times during Felicity’s routine where she was at a distance of 21 metres from the 30 3 _"g/“ 3 e
judges table. / / z 3 / g ) 3
13] 7 3 _ 30
T /e = = = E€ConvDs . - -
t=3 "% ik

o
"

,OS/ Sog', 705, ‘IOS’ ‘303-1 ,70_5'
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