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Questions

Q1.

(a) Prove that

HTT _
tan ! + cotf) = 2cosec2f), 0#_—,nelk

(b) Hence explain why the equation

tan{) + cotd =1
does not have any real solutions.

(Total for question = 5 marks)
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Q2.

O .\_:)
(i) Solve, for , the equation

4 sin x = sec x

(i) Solve, for 0 <0 < 360°, the equation

5sin6-5cos6=2

giving your answers to one decimal place.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(Total for question = 9 marks)
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Qs.

(a) Solve, for —180° < 6 < 180°, the equation

5sin26=9tan 6

giving your answers, where necessary, to one decimal place.
[Solutions based entirely on graphical or numerical methods are not acceptable.]

(b) Deduce the smallest positive solution to the equation

5 sin (2x — 50°) = 9 tan (x — 25°)

(Total for question = 8 marks)
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Q4.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that

cosecf — sinf@ = cosBcotf 6+ (180n)° nelk

(b) Hence, or otherwise, solve for 0 < x < 180°

cosec x — sin x = cos x cot (3x — 50°)

(Total for question = 8 marks)
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Q5.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that

cos3A = 4cos3A — 3cosA

(b) Hence solve, for -90° < x < 180°, the equation

1 - cos3x = sin2x

(Total for question = 8 marks)
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Q6.

(a) Express 10 cos 6 — 3 sin 6in the form R cos (6 + a), where R>0and 0 < a < 90°

Give the exact value of R and give the value of a, in degrees, to 2 decimal places.

-,

Figure 3

The height above the ground, H metres, of a passenger on a Ferris wheel t minutes after the
wheel starts turning, is modelled by the equation

H=a-10 cos (80 )° + 3 sin (80 ?)°
where a is a constant.
Figure 3 shows the graph of H against ¢ for two complete cycles of the wheel.
Given that the initial height of the passenger above the ground is 1 metre,
(b) (i) find a complete equation for the model,

(i) hence find the maximum height of the passenger above the ground.

(c) Find the time taken, to the nearest second, for the passenger to reach the maximum
height on the second cycle.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

It is decided that, to increase profits, the speed of the wheel is to be increased.

(d) How would you adapt the equation of the model to reflect this increase in speed?

(Total for question = 9 marks)
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Q7.

The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(30)° 0<1t<24

where t is the number of hours after midnight.

A boat enters the harbour at 6:30 am and it takes 2 hours to load its cargo.

The boat requires the depth of water to be at least 3.8 metres before it can leave the

harbour.

(a) Find the depth of the water in the harbour when the boat enters the harbour.

(b) Find, to the nearest minute, the earliest time the boat can leave the harbour.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

(Total for question = 5 marks)
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Q8.

(a) Prove that

(2n + D

1 —cos2f =tanfsin2f, 6= nefk

i i
—_ < X < —
> = 2

(b) Hence solve, for , the equation

(sec?x = 5)(1 — cos 2x) = 3 tan?x sin 2x

Give any non-exact answer to 3 decimal places where appropriate.

(Total for question = 9 marks)
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Q9.

(a) Prove

cos 30 sin 36
sin f/ cosf

2cot26 8=090m)°.ne

(b) Hence solve, for 90° < 6 < 180°, the equation

cos 36 sin 36
+ —

sinf? cosf)

giving any solutions to one decimal place.

(Total for question = 7 marks)
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Q10.

In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Giventhat1 + cos 26 + sin 26 # 0 prove that

1 —cos26 +sin2f

1 +cos28 +sin 28

= tan®

(b) Hence solve, for 0 < x < 180°

1 — cosdx + sindx .
= 3smm2x

1 + cosdx + sindx

giving your answers to one decimal place where appropriate.

(Total for question = 8 marks)
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Q11.

T
(a) Express 2cos 6 —sin 6in the form Rcos (6 + a), where R>0and0<a< 2

Give the exact value of R and the value of a in radians to 3 decimal places.

H metres

~ v Water level

Figure 6

Figure 6 shows the cross-section of a water wheel.

The wheel is free to rotate about a fixed axis through the point C.

The point P is at the end of one of the paddles of the wheel, as shown in Figure 6.

The water level is assumed to be horizontal and of constant height.

The vertical height, H metres, of P above the water level is modelled by the equation
H =3+ 4 cos (0.5t) — 2 sin (0.5¢)

where t is the time in seconds after the wheel starts rotating.

Using the model, find

(b) (i) the maximum height of P above the water level,

(ii) the value of t when this maximum height first occurs, giving your answer to one
decimal place.

In a single revolution of the wheel, P is below the water level for a total of T seconds.
According to the model,
(c) find the value of T giving your answer to 3 significant figures.

(Solutions based entirely on calculator technology are not acceptable.)

In reality, the water level may not be of constant height.

(d) Explain how the equation of the model should be refined to take this into account.

(Total for question = 11 marks)
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Mark Scheme

Q1.
Question Scheme Marks AOs
in & a
@ tan§+cotG="0" 4+ £ M1 | 21
cosd smé
Es'm_zﬂ+cos:€ Al L1b
sinfcos
_ 1
Leinoe ML 21
2
=2cosec2d * Al*® 1.1b
4
(b) States tanf+cotf=1=smn268=2 i y
AND no real solutions as —1<sin28 <1 i
@
(5 marks)
Notes:
(a)
MI:  Writes tand = 2% and cotg =529
cosd sin &
-2 2
Al:  Achieves a correct intermediate answer of w
sin & cos &
MI1: Uses the double angle formula sin28=2sin&cos 6
Al*: Completes proof with no errors. This 1s a given answer.
Note: There are many alternative methods. For example
tan® 8+1 ‘e 1 1
tand+cot@ =tan @+ L = X7 - = — then as the
tan & tan & tan & 1, 5mME  cos@xsind
cos @x——
cosé@
main scheme.
(b)
Bl:  Scored for sight of sin28 =2 and a reason as to why this equation has no real solutions.
Possible reasons could be —1<sin28 <1 and therefore sin 282
or sin26 =2 =26 = arcsin 2 which has no answers as —1<sin26<1
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Q2.
Question Scheme Marks | AOs
(i) 4sinr—secx. 0<x % (i) Ssinf-5cosf=2, 0<B<360°
(1) o 2
Way 1 For secx = P Bl 12
{4sm.\'=secx ::>} 4smycosy =1= 2sin?x =1=>sin2x =% M1 3la
! 1 . (1Y) T 5T dM1 1.16
X=_arcsing — | of —| Toarcsin| — || = X=—, —
2 2 2 2)) 1212 Al 1.1b
G
(i) oy 2
Way 2 For secx= — Bl 12
{4sinx =secx =} 4sinxcosx =1=>16smn” xcos® x =1
16sin” x(1—sm’ x) =1 16(1—cos” x)cos’ x=1
. . s . M1 31
16sin* x—16sin’ x +1=0 16cos* x—16¢cos’ x +1=0 :
sin® x or cos®x = 16192 --|= 2:""?7 or 0933 0.066.. |
32 | 4 J
<R P - £ dM1 1.1b
X = arcsin 2_"6. O X = arccos| i = x=ZL 2%
4 | 4 | 12 12 Al 1.1b
[C)]
(i1) Complete strategy. 1.e.
o Expresses 3sm&—5c0s#=2 in the form Rsin(f-a)=2,
finds both R and @, and proceeds to sm{f— ) =1k, |Fr| <1, k=0
M1 jla

e Applies (9sin8—35cosd)’ =2°, followed by applying both
cos” @+sin” =1 and sin26 = 2sinfcosd to proceed to
sin26=Fk. |k| <1. k=0

R=4{50

tamg =1= a=45°

(3sinf-5cos8)’ =2 =
25sin” 8+25c0s” 6—50sinfeosf=4 | Ml 1.1b
— 25-25sin26=4

. - 2 . 21
F-457)——— 2=
sing 5%) NG sin 26 55 Al 1.1b
dependent on the first M mark
{2 - 721
eg 6=arcsin —= ‘ +45° eg H=l' arcsin| 21 dMml1 1.1b
] J50 = 2l as))
& = awrt 61.4°, awrt 208.6° Al 21

Note: Worlang 1 radians does not affect any of the first 4 marks
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Question Scheme Marks | AOs
(i) Ssiné—Seosf=2, 0<8<360°
(ii) Complete strategy. 1.e.
Altl » Attempts to apply (3sin&)” =(2+5c0s8)" or
(5sinf-2) = (Scos8) followed by applying cos” 6 +sin’ #=1 M1 31a
and solving a quadratic equation in either siné or cosé to give
at least one of siné=F or cosd =1, |fc| =1, k=0
eg 25sin’ =4+ 20cosd+25cos” &
= 25(1-cos” §) = 4+ 20cos 8+ 25cos’ &
1, p Y M1 1.1b
oreg 25sin” £-20smE+4=25c05" &
= 25sin” #—20sin & +4 = 25(1—sin’ &)
50cos’ 8+20cos#—21=0 50sin” 6 —20sinf—-21=0
—20 4] 20 +4f
[‘0‘55=w_ oe smﬁ=w_ oe. Al 1.1b
100 100
dependent on the first M mark
[ =2+ 2+af |
eg @= :u'cc05| J ‘ eg &= arcs-i.n‘ — L | dM1 1.1b
10 10
& = awrt 61.4°, awrt 208.6° Al 21
(3)
Notes for Question
(@
Bl: For recalling that secx =
cosX
M1: Correct strategy of
* Way 1: applying sin2x =2sinxcosx and proceeding to sin2x =k, |?(| =1 k=0
*  Way 2: squanng both sides, applymg cos’x+sin’ x=1 and solving a quadratic equation
in either sin®x or cos’x to give sin’x =k or cos’x =k, |R‘| =1, k=0
dM1: | Uses the correct order of operations to find at least one value for x 1n esther radians or degrees
. . T 5 . T
Al: Clear reasoning to achieve both x = 212 and no other values in the range 0= x <—
. T 5T oo e
Naote: | Give dM1 for sn2x =% = any of T 15°. 75%, awrt 0.26 or awrt 1.3
Note: | Give special case, SC BIMOMOAO for writing down any of 1% :—j 15° or 75° with no working
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Notes for Question Continued

(ii)

MI1: See scheme

Note: [ Alternative strategy: Expresses Ssint—5c05¢ =2 in the form Reos(6+a)=-2,

finds both R and =, and proceeds to cos(8+ o) =k. |.f(| <1, k=0

M1: Either

» uses Rsin(6-a) to find the values of both R and o

e attempts to apply (5siné—5cos&)’ =2°, uses cos” B +sin’ 8=1 and proceeds to find an
equation of the form T4 £ ysm2f =+ § or T usn26==£0; u#0

« attempts to apply (Ssin&)° = (24 5cos&)* or (Ssinf—2)" = (Scosd) and
uses ¢os’ & +sin’ #=1 to form an equation in cosd only or sin& only
7 2 . 21
Al: For sin(f - 45")=———, o0.e.. cos(f +457)=———, oe. or sm26=—, oe
) f30 ! /50 25
—‘) _.i!

or cosﬂ=%_ o.e. or cos& =awrt 048, awrt—0.88
or sin.:—?=1'0':lT ":600_ oe . or sind = awrt 0.88, awrt—0.48

Note: | sin(f—45%), cos(F+457), sin26 must be made the subject for Al

dM1: | dependent on the first M mark

Uses the correct order of operations to find at least one value for x 1 erther degrees or radians
25))

) 2], | - |
Nate: | dM1 can also be given for 9=180”—arcsm!lﬁ:|+4:“ or E’:EEISU“—Mcsml

Al: Clear reasoning to achieve both & =awrt 61.4%, awrt 208.6° and no other values in
the range 0= & < 360°
Note: | Give MOMOAOMOAO for writing down any of & = awrt 61.4%, awrt 208.6” with no working
Note: Alternative solutions: (to be marked 1n the same way as Alt 1)
¢ Ssinf—5cosf=2 = Stanf -5 =2secd = (Stand-5)* = (2secd)’
= 25tan” #-50tan 8+ 25 = dsec” § = 25tan” - 50tan &+ 25 = 4(1 + tan” £)
~ 50:4‘;'% B :221‘[4_6 — 1836405445

= 21tan” #-50tan8+21=0 = tané
= & = awrt 61.4°, awrt 208.6° only

* Ssind—S5cosf=2 = 5—5cotd = 2cosecd = (5—Scotf)’ = (2cosecd)’
=25—50cot &+ 23cot’ & = deosec’d = 25— 50cot 8+ 25¢cot” 8 = 4(1 + cot’ &)

X 50+ +f 25+ 24
= 2lcot” F—-50cotf+21=0 = cotd= 20 _4??36 = =2 _?21 46 =1.8364 . 05445 .
= & = awrt 61.4° awrt 208.6° only
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Q3.
Part | Working or answer an examiner might | Mark | Notes
expect to see
(a) |5sn28=9%tan P = M1 | This mark 1s given for a method to
i substitute terms to form an equation
10 sin @ cos =9 x = terms of cos &
cos#f

10 cos? 8=9 M1 | This mark is given for a correct equation

in terms of cos &
0 M1 | This mark 1s given for finding a a value

¢=arcos £, — for & 1n terms of arccos

g=1184° +161.6° Al | This mark is given for any one value of
18 4° or 161.6° found.

Al | This mark 1s given for four values of &

found correctly

g=40"°_180° Bl | This mark 1s grven for the deduction of
the two other solutions for &

(b) 10 cos® (x—25)=9 M1 | This mark s1 grven for finding an

x has smallest positive value when equation to solve for x

x—25"=-184"

x=6.6° Al | This mark is given for correctly finding
the smallest positive solution to the
equation
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Q4.

Question Scheme Marks AOs
@ States or uses cosecd = r Bl 12

sin &

: 1 . 1-sin’@
cosecf—smmb=——-snf = sm M1 21
sin & sin &
6 8
=C0_S =cosﬁxcés =cosfcotd * Al® 2.1
s & sin &
3

(®) cosec x—sin x = cos x cot 3x—50°)

=> cos xcot x = cos xcot 3x—50°)
cot x=cot(3x—50°) = x=3x-50° M1 3la
x=25° Al 1.1b
Also cotx=cot(3x—50°)= x+180°=3x-50° M1 21
x=115° Al 1.1b
Deduces x =90 Bl 22a

(3
(8 marks)
Notes:

(a) Condone a full proof in x (or other variable) instead of §'s here
1 | o
B1: States or uses cosec& = —— Do not accept cosec & =— with the £ missing
sin & si

M1: For the key step 1n forming a single fraction/common denominator
E.g. cosect/—sind =_L—51'11 g =l_<.j—m6 . Allow 1f written separately — ! —sinf =— L _ 51?1‘ 6
sind sind sin & sind smnf
Condone missing vanables for this M mark
Al*: Shows careful work with all necessary steps shown leading to given answer. See scheme for necessary
steps. There should not be any notational or bracketing errors.
(b) Condone £'s instead of x's here
M1: Uses part (a), cancels or factorises out the cosx term, to establish that one solution 1s found when
x=3x-50°.
You may see solutions where cot A—cotB=0=cot(4d—-B)=0or tand—tanB=0=tan(4—B)=0.
As long as they don't state cot 4 —cot B =cot(4d—B) or tan 4 —tan B = tan{4 — B) this 1s acceptable
Al: x=125°
M1: For the key step in realising that cot X has a period of 180° and a second solution can be found by solving
x+180°=3x—50°. The sight of x=115°can imply this mark provided the step x = 3x—350°has been
seen. Using reciprocal functions 1t 15 for realising that tan x has a peniod of 180°
Al: x=115° Withhold this mark 1f there are additional values in the range (0,180) but 1gnore values outside.
B1: Deduces that a solution can be found from cosx = 0= x=00°. Ignore additional values here.

Solutions with limited working. The question demands that candidates show all stages of working.
SC: cosxcotx=cosxcot|3x—50°)= cotx =cot(3xr—50°) = x=25°115°

They have shown some working so can score B1, Bl marked on epen as 11000
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Question Scheme Marks AOs
(@) States or uses cotf = C?"-ﬂ Bl 1.2
sin &
cosBeorg - 05 & _17sm' @ M1 21
sin & sin &
1 . .
=———sinf=cosec @ —sin & * Al* 21
sin &
(3)
Alt 2- Works on both sides
Question Scheme Marks AOs
(@) States or uses cotf = C?"'ﬂ or cosecf = —_1 Bl 1.2
3 sin &
LHS =1 —sing =%= c‘f"";
s f;n s M1 21
RHS =cosfcot 8= cc.ps
sin &
States a conclusion E.g.
"HENCE TRUE",
Al* 21
IlQEDII
or cosecf-smf=cosfcotfé o.e. (condone = for =)
(3)
Alt (b)
Question Scheme Marks AOs
) . cos(3x—-30°
cotx =cot|3x-50°)= C?ﬁ = —_]
sinx s |3x—50°)
sin|3x—50%)cosx —cos(3x—50°)sinx =0 M1 ila
sin((3x—50°)-x)=0
2x—-50°=0
x=25° Al 1.1b
Also 2x-—350°=180° M1 21
x=115° Al 1.1b
Deduces cosx =0= x=20° Bl 22a
(5)
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Q5.
Question Scheme Marks AOs
(@) cos 34 =cos (24 + 4) = cos 24cos A — sin 2dsin 4 M1 31la
=(2cos? 4-1)cos A—(2sin Acos.4)sin 4 dM1 1.1b
=(2c05‘3A—l}cosA—Ecos,-l['l—coszA) ddM1 2.1
=4cos’ A—3cosd* Al* L.1b
)
®) l—cos3x=sin’x = cos’x+3cosxy—4cos’x=0 M1 1.1b
:>cosx{4coszx—cosx—3:]=0
= cosx(4cosx+3)(cosx—1)=0 dM1 31a
= CosSX=._.
Two of —00°, 0, 90°, awrt 139° Al L1b
All four of —90°, 0, 90°, awrt 139° Al 21
)
(8 marks)
Notes:
(a)

Allow a proof in terms of x rather than A
M1: Attempts to use the compound angle formula for cos(24 + 4) or cos(d + 24)
Condone a slip in sign
dM1: Uses correct double angle identities for cos 24 and sin 24
cos24 =2cos” 4—1 must be used. If either of the other two versions are used expect to see an attempt to
replace sin"4 by 1 — cos>4 at a later stage.
Depends on previous mark.
ddM1: Attempts to get all terms in terms of cos 4 using cormrect and appropriate identifies.
Depends on both previous marks.
Al*: A completely correct and rigorous proof including correct notation, no mixed variables, nussing brackets etc.
Alternative right to left is possible:
4cos’ A—3cos4d=cos Al 4cos’ _-i—3]| =cos A[:E cos’ A-1+ 3[:1—si.ﬂ: .4]— 2) =cosd(cos24 — 2sin’ .-l]
=cosAcos24d—-2smdcos Asm A =cos dcos2d—smn2dsin 4 =cos(24+ d)=cos34

Score M1: For 4cos’ 4—3cosd= cos;l[:—1 cos’ A—3]
dM1: For cos A(2cos® A—1+2(1-sin’ 4)-2) (Replaces 4cos’ 4—1by 2cos’ 4—1 and 2(1-sin’ 4))

ddM1: Reaches cos Acos24—sm24sm 4

Al cos(24+ A)=cos34

()

M1: For an attempt to produce an equation just in cos x using both part (a) and the identity sin® x =1—cos® x

Allow one slip in sign or coefficient when copying the result from part (a)

dMM1: Dependent upon the preceding mark. It is for taking the cubic equation in cos x and making a valid attempt to
solve. This could include factorisation or division of a cos x term followed by an attempt to solve the 3 term
quadratic equation in cos x to reach at least one non zero value for cos x.
May also be scored for solving the cubic equation in cos x to reach at least one non zero value for cos x.

Al: Two of —00°, 0, 907, awrt 130° Depends on the first method mark.

Al: All four of —00°_ 0, 90°, awrt 130° with no extra solutions offered within the range.

Note that this is an alternative approach for obtaining the cubic equation in (b):
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l-cos3x=sin’x=1-cos3x= %(l—cos Ex:}

= 2-2cos3x=1-cos2x
=1=2cos3x—cos2x

=1= 2{4(:0533:— 3(:::)5:[]—(2::052 x—l]

3 2
= 0=4cos" x—3cosx—cos x

The M1 will be scored on the penultimate line when they use part (a) and use the correct identity for cos 2x

Q6.
Question Scheme Marks AOs
(a) R=.J109 Bl 1.1b
3
tang =— M1 1.1b
10
a=16.70° so /109 -:05(6‘+16.70°} Al 1.1b
(3)
(h) (1) eg H=11-10c0s(80r)"+3s5m(80r)°or
H=11-/109 c05(80I+16.?0}° . -
(i) 11++/109 or2144m BIift | 34
(2)
(c) Sets 80r+"16.70" =540 M1 34
540-"16.70"
t=————=(6.54) M1 | 1.1b
80
t =6 mins 32 seconds Al 1.1b
(3)
(d) Increase the “80° in the formula .
For example use H =11-10c0s(901)°+ 3sm(901)° )
(1)
(9 marks)
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Notes:
(a)
Bl: R=4+/109 Do not allow decimal equivalents
M1: Allow for tana = J_r%
Al:  a=16.70°
(b)(@)
Bl: seescheme
(b)(ii)
B1ft: their 11+ their 4f/109 Allow decimals here.
()
MI1: Sets 80r+"16.70"= 540 Follow through on thewr 16.70
M1: Solves their 80t +"16.70" = 540 correctly to find ¢
Al: {=6 muns 32 seconds
(d)
Bl:  States that to increase the speed of the wheel the 80°s 1in the equation would need to be
mncreased.
Q7.

Question Scheme Marks AOs

(a) D=5+2sin(30x 6_5)"* =awrt 448m with units B1 34
1)

(b) i o M1 1.1b

38= 5+23m{:302‘}° = sm[\30r)° =—0.6

Al 1.1b

t=10.77 dmM1 3la

10:46 am or 10:47 am. Al 32a
4)

(5 marks)
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Notes:
(a)
B1: Scored for using the model 1e. substituting  =6.5into D=5+ 2s1n(30¢)° and stating

D =awrt 4.48m . The units must be seen somewhere in (a) . So allow when D=4482. . =45m

Allow the mark for a comrect answer without any working.
(b)

M1: For using D =3.8 and proceeding to si.u(30f)° =k, |Fr| =1

Al: sin(302‘ )®=—0.6 This may be implied by any correct answer for f such as r =7.2
If the Al mmplied, the calculation nmst be performed 1n degrees.

dM1: For finding the first value of 1 for their sin(30r)°=F after + =8.5.

You may well see other values as well which 1s not an issue for this dM mark
(Note that sin(30¢)°=—0.6=>30f =216.9° as well but this gives # =7.2)

For the cormrect sm{30f)° =06=30r=3231=r=awrt10.8
For the incorrect si11{30f:]° =+06=30r=3969=rt=awrt13.2

So award this mark 1f you see 30f = 1nvsin their —0.6 to give the first value of ¢ where 30 ¢ = 255
Al: Allow 10:46 a.m. (12 hour clock notation) or 10:46 (24 hour clock notation ) oe

Allow 10:47 a.m (12 hour clock notation) or 10:47 (24 hour clock notation ) oe
DO NOT allow 646 munutes or 10 hours 46 nunutes.
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Q8.
Question Scheme Marks | AOs
DT
1-cos20=tanBsin26, 8- DT o7
(a) - _(sin@ , .
Way 1 tan fsin 28 —|._ wsﬁil(Qsmﬁcosc?) Ml 1.1b
( sing | M1 1.1b
=\: ol J|(zsm9mﬁ)= 2sin? 8 =1-cos28 * i
3
(a) _ IR TI? BT, PO I
Way 2 l—cos26=1-(1-2sin" &)=2sin" & M1 1.1b
(sing" . . . M1 1.1b
ol Cosa;|(2sm6cmc?)=tanc?sm25 * NG 21
)
(sec’ x—5)}1—cos2x) = 3tan” xsin 2, —%-:::x-:::g
(b) (sec” x — S)tan xsin 2x = 3tan® xsm 2x
Way 1 or (sec x—5)(1-cos 2x) = 3tan x(1 —cos 2x)
Deduces x=0 Bl 22a
Uses sec’ x=1+tan’ x and cancels/factorises out tanx or (1—c0s2x)
2
g (I+tan” x—3tanx—5)tanx =0
eg (1 2 x—3tan x—3)tanx Ml 21
or (1+tan” x—3tanx —3)1—cos2x) =0
or l+tan” x—5=3tanx
tan’ x—3tanx—4=0 Al 1.1b
(tanx—4)tanx +1) =0 = tanx=... M1 1.1b
7 396 Al 1.1b
i Al 1.1b
(6)
(9 marks)
Notes for Question
(a) Way 1
. siné , . .
M1: Applies tan& = and sin28 =2sinScosd to tan Fsin28
cos
M1: Cancels as scheme (may be implied) and attempts to use cos2¢ =1-2sin" &
Al*: For a comrect proof showng all steps of the argument
(a)
Way 2
MI: For using cos28=1-2sin" §
Note: | If the form cos26=cos’ §—sin’ @ or 00526 =2cos’ 61 is used, the mark cannot be awarded
until cos’ & has been replaced by 1-sin’ §
MI1: Attempts to write their 2sin’ & in terms of tan® and sin 28 using tan & = t;mc; and
cos
sin 28 = 2sin fcos & within the given expression
Al*: For a correct proof showing all steps of the argument
Nate: | If a proof meets in the middle: e g they show LHS = 2sin® & and RHS = 2sin’ & ; then some
indication must be given that the proof is complete. Eg. 1-cos2¢=tand sin26, QED. box
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Notes for Question

Continued

(b)

Bl:

Deduces that the given equation yields a solution x=0

MI:

For using the key step of se¢” ¥ =1+ tan” x and cancels/factorises out tanx or (1—cos2x)

or sin2x to produce a quadratic factor or quadratic equation in just tanx

Naote:

Allow the use of £sec’ x = +1+ tan’

x for M1

Al:

Correct 3TQm tanx. E.g tan’ x—3tanx—4=0

Naote:

Eg tan’ x —4=3tanx or tan’ x—3tanx =4 are acceptable for Al

MI1:

For a correct method of solving their

3TQn tanx

Al:

Any one of —i awrt —0.785, awrt 1.326, —45°, awrt 75.964°

Al:

Only x= — ? 1.326 cao stated in the range —

|
B8] | =

—<x<

=]

Naote:

Alternative Method (Alt 1)

(sec® x— S)tanxsin2x = 3tan” xsin2x
or (sec’ x—3)1—cos2x) =3tan x(1 —cos 2x)
Deduces x=0 Bl 22a
e e o . ol sinx ) Complete process
sec’x—>=3tax = costx 3=3 cosx ) (as shown) of using the
B . _ wdentities for sin2x and
1-5cos” x=3smxcosx c0s2x to proceed as far as M1 21
Y o Por — L e
1_5;1+c§>sdl ;=zsinlx +4+Beos2y =+ Csin2x
3.3 35 3
————c0s2x =—smn2x — T —Zcos?x="sm2x
573 3 5 2:03_.\ 2311]_1 Al 11b
{3sin2x+5c0s2x=-3} oe.
Expresses their answer 1n the
3asmn(2x+1.03) = -3 form Rsin(2x+ o) =k k=0 M1 1.1b
with values for R and &
. 3
sin(2x+103) = -——
( ) e
T Al 1.1b
r=——,1326
! Al 1.1b
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Q9.
Part | Working or answer an examiner might | Mark | Notes
expect to see
(2) cc:s 3 e 39 = £ 39‘COSH < sin 36 M1 | This mark 1s given for a method to form a
sin # cosf sin B cos B single fraction
= w M1 | This mark is given for a method to use a
sin 6 cos 6 compound angle formula on the
numerator
cos248 . .
= M1 | This mark is given for a method to use a
7sin 26 compound angle formula on the
denominator
=2cot28 Al | This mark 1s given for a fully correct
proof to show the answer required
(b) |tan28= L M1 | This mark 1s given for deducing that the
2 value of tan 2 &
180° + 26.6° M1 | This mark is given for finding the
solution 1n the third quadrant for arctan %
&=1033° Al | This mark is given for finding a correct
value for &
(Total 7 marks)
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Q10.
Question Scheme Marks AOs
(@) 1—cos 28 +sin 28 1—(1—2:..1‘11349]—2@9::0@3
1+cos260+sin28 1+ cos26+sin 26
or M1 21
l-cos28+smn28 1-cos28+sm28
1+c0s26+sm260 1+(2cos’6—1)+2sinfcosf
1—cos 28 +sin 26 l—[:1—25h136}+25m6c056
1+cos28+sin28 _1—{2::0536‘—1}—251'113::053 Al 1.1b
25in” 8+ 2sinfcosfd 2sinf(sinf+cosf)
= 3 - = - - dM1 21
2eos” B+ 2smfbeosf  2cosfcosf+smnd)
=$m5=t:mﬁ* Al* 1.1b
cosé&
(62
(b) 1_::034}-4_31_1141=33i112x:>tan33'=35i112_\' o.e M1 3 1a
1+cosdx+sindx
= sin2x —3sin2xcos2x=0
=sin2x(1-3cos2x)=0
( 2z} Al | 1.1b
j[siulrz[).}coslxz%
x =90° awrt353% awrt 144.7° Al L.1b
Al 21
(4
(8 marks)
Notes
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(a)

M1: Attempts to use a correct double angle formulae for both s5in 28 and cos28 (seen once).
The application of the formula for cos2# must be the one that cancels out the "1”
So look for cos26 =1 — 2sin’@ in the numerator or cos28 = 2cos’8 — 1 in the denominator
Note that cos28 =cos’6 — sin’@ may be used as well as using cos’@ +sin’@ =1
1-(1-2sin’6)+2sinBcos®  2sin® @+ 2sin Bcosd
: or "
1+(2c0539—1)+25j_119c059 2cos’ 8+ 2sinfcos
dM1: Factorises numerator and denominator in order to demonstrate cancelling of (sinf + cosf)
A1%*: Fully correct proof with no errors.

2sin@(sinf+co58)  na 2 ein 8
——or ven
2cosf(cosf+smbl)  cosd 2cosf

You must see an intermediate line of

Withhold this mark 1f you see, within the body of the proof,
* notational errors. E.g. cos28=1— 2sin’ or cos@ for cos’@
* mixed variables. E.g. cos28 = 2cosx—1

(b)
M1: Makes the connection with part (a) and writes the lhs as tan2x . Condone x <+ & tan28=3sin26

1 1 2
Al: Obtains cos2x =—o.e. with ¥ <> & . You may see sin® x =§ or cos” x =§ after use of double

angle formulae.
Al: Two "correct” values. Condone accuracy of awrt 907, 35° 1457
Also condone radian values here. Look for 2 of awrt 0.62. 1.37. 2.53
Al: All correct (allow awrt) and no other values in range. Condone X < & if used consistently

Answers without working in (b): Just answers and no working score 0 marks.
If the first line is written out, i.e. tan 2x = 3sin 2x followed by all three correct answers score 1100 .
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Q11.
Question Scheme Marks AOs
@) R=+5 Bl | 11b
taua‘=% or sj_naf=% or cosa’=%=>a'=... M1 1.1b
a =0.464 Al 1.1b
3
(b)(i) 34245 B1ft 34
(i) cos(0.5t+0.464) =1=> 0.5t +0.464 = 2
M1 34
=t=..
t=116 Al 1.1b
3)
© 3+2+/5¢c0s(0.51+0.464) = 0
3 Ml 34
cos(0.5f+0.464)=— 5
24/5
cos(0.5¢+0.464) 3 0.5¢+0.464=co -1|r' 3
s(0.1 A64)=— A 464 =cos™ | —
C2s L 245
, : dM1 | 1.1b
; . 2 ) \
—_7 -1 __ - A
=1=2] cos [ N |-0.464 ]
So the time required 15 e.g.
2(3.977...—0.464) — 2(2.306...— 0.464) dM1 | 3.1b
=334 Al 1.1b
&)
(d) e.g. the “3” would need to vary B1 3.5¢
(1)
(11 marks)
Notes
(a)
B1: R =5 only.
M1: Proceeds to a value for a from tan or = J_rl O siner = iL Or cosea = ii
2 I.R " “.R "
It is implied by either awrt 0.464 (radians) or awrt 26.6 (degrees)
Al o=awrt 0.464
(b))
Bift: For (3 + E\E]m or awrt 747 m and remember to 1sw. Condone lack of units.
Follow through on their R value so allow 3 + 2 Their R. (Allow in decimals with at least
3sf accuracy)
(b))
MI1: Uses 0.5r£"0.464" = 2x to obtain a value for r
Follow through on their 0.464 but this angle must be in radians.
It is possible in degrees but only using 0.5¢£"26.6" =360
Al-Awrt11.6
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Alternative for (b):

. dH ,
H=3+4c05(0.5t)—25m(O.SI}DT=—25111(0.5!}—::05(0.5:):O
di )

1
= tan(_O.SI}=—T:>O.5f=2.6??....5.819...:}f=5.36. 11.6

-

t=11.6=>H =747
Score as follows:
M1: For a complete method:

dH dH
Attempts & and attempts to solve 7y =0 fort
t

Al:Fori=awrt 11.6
Blft: For awrt 7.47 or 3 + 2 Their B

(@)
M1: Uses the model and sets 3+ 2"~/5"cos (...)=0 and proceeds to COS(...;} = k where ‘k

Alloweg 3+ 2"£"c05(...] <0
dM1: Solves cos (0.5 £"0.464") = k where |F.'| <1to obtain at least one value for ¢

<1.

.
I

.y (1)) ( 1))
This requires e.g. 2(:«?+cos" (k)£tan™ (EJJ or .. 2[ ;T—cor;l(k}itan—lL;U
: \

Depends on the previous method mark.
dM1: A fully correct strategy to find the required duration. E.g. finds 2 consecutive values of 1
when A = 0 and subtracts. Alternatively finds r when A 15 mimimum and uses the times found
correctly to find the required duration.
Depends on the previous method mark.

Examples:
Second time at water level — first time at water level:

{ Y I Y
2| w+cos™ 3 —tall'l[l —2| r—cos™ 3 —tan™" l =T7.02685...—3.68492...
NG L2 245 2

2 (first time at minimum point — first time at water level):

{ 3
2 2{?{—1311'1(1N—2[ﬁ—c0\;'1{—I—tan'l(l]]]=2(5.35589...—3.68493...]
L 2 2J5 2))

NER
Note that both of these examples equate to 4cos™ [ E J which is not immediately obvious

but may be seen as an overall method.
There may be other methods — if you are not sure if they deserve credit send to review.
A1l: Correct value. Must be 334 (not awrt).
Special Cases in (c):

Note that if candidates have an incorrect & and have e g 3+ ;Z\Ecos(ﬂjf— 0.464 ), this has no

umpact on the final answer. So for candidates using 3+ ExE cos [:G.SF n n a} in (c) allow all the

marks includmg the A mark as a correct method should always lead to 3.34
Some values to look for:

0.5r="0.464"==x2.306, =3.977, £8.598, £10.26
(d)

B1l: Correct refinement e.g. As in scheme. If they suggest a specific function to replace the “3”
then it must be sensible e g. a trigonometric function rather than e.g. a quadratic/linear one.






