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( LeaveN
blank
4. A parallelogram ABCD has area 40 cm?
Given that 4B has length 10cm, BC has length 6 cm and angle DAB is obtuse, find &
(a) the size of angle DAB, in degrees, to 2 decimal places,
3
(b) the length of diagonal BD, in cm, to one decimal place.
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2. In the triangle ABC,
e AB=2lcm
e BC=13cm
* angle BAC =25°
* angle ACB =x°
(a) Use the sine rule to find the value of sinx®, giving your answer to 4 decimal places.
(2)
Given also that 4B is the longest side of the triangle,
(b) find the value of x, giving your answer to 2 decimal places.
3)
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7

2. The triangle ABC is such that
* AB=15cm
e AC=25cm
* angle BAC=6°
« area triangle ABC = 100cm’

(a) Find the value of sin §°
2

Given that 8 > 90

(b) find the length of BC, in cm, to 3 significant figures.
3

0
K

%
<X

(%

QO
REIKL

o%
<

A



A
R -
M
9]
2
~
2
3
w
122}
- -
[o\}
=]
- p—
N
7
=
s
S
—
]
~
=
~
=
=
=
=
)
(g\]
=]
- p—
R
wn
s
I IS
QIRERILRILRIRLRSERSEKEKELEEELLIEIEERELREEELRERERELRELILIRIRIRIRIRILRILILELREEKELIELELIRILIRRLLRRSLEEKELELILIELIELILIRIRIRARIRELLELL $RRILRIERIEIRLRIILLRILIRLLRLLRLLRILRILRILRIELRILRIE,

%




ANSWER >

Not to scale

35°

Figure 3

Figure 3 shows the design for a structure used to support a roof.
The structure consists of four wooden beams, AB, BD, BC and AD.
Given AB = 6.5m, BC = BD = 4.7m and angle BAC = 35°

(a) find, to one decimal place, the size of angle ACB,
3

(b) find, to the nearest metre, the total length of wood required to make this structure.

(&)
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5.
B Diagram NOT
accurately drawn
Ym Sm
00
4 D (1+xm ¢
Figure 2
Figure 2 shows the plan view of a frame for a flat roof.
The shape of the frame consists of triangle ABD joined to triangle BCD.
Given that
* BD=xm
* CD=(1+x)m
* BC=5m
e angle BCD=6°
( h that 0° = M
a) show that cos 51 5.
2
Given also that
. x=2
» angle BAC =30°
*  ADC is a straight line
(b) find the area of triangle ABC, giving your answer, in m’, to one decimal place.
)
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3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

B
Not drawn

t 1
pm Z\Em o scale

60°
A gm C

Figure 1

Figure 1 shows the plan view of a flower bed.
The flowerbed is in the shape of a triangle ABC with

® AB = p metres
e AC = q metres
e BC =22 metres
angle BAC = 60°

(a) Show that

pPrg-pg=38
2
Given that side AC is 2 metres longer than side 4B, use algebra to find
(b) (i) the exact value of p,
(i1) the exact value of g.
)
Using the answers to part (b),
(c) calculate the exact area of the flower bed.
2
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SUB-TOPIC P1.6b

RADIANS, ARC LENGTH & SECTOR AREA

Sub-topic P1.6b - 21 questions - 193 marks - lowest tariff first
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Figure 1
Figure 1 shows a sector AOB of a circle with centre O and radius  cm.
The angle AOB is 1.25radians.
Given that the area of the sector AOB is 15cm?

(a) find the exact value of r,

2)
(b) find the exact length of the perimeter of the sector. Write your answer in simplest
form.
3
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10. A sector AOB, of a circle centre O, has radius »cm and angle 6 radians.
Given that the area of the sector is 6 cm? and that the perimeter of the sector is 10 cm,
(a) show that
30> - 130+ 12=0
“
(b) Hence find possible values of » and 6.
3
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B D Not to scale

A 10) E

Figure 2

Figure 2 shows a plan view of a semicircular garden ABCDEOA

The semicircle has
e centre O
e diameter AOE

e radius 3m
The straight line BD is parallel to AE and angle BOA is 0.7 radians.

(a) Show that, to 4 significant figures, angle BOD is 1.742 radians.
@

The flowerbed R, shown shaded in Figure 2, is bounded by BD and the arc BCD.

(b) Find the area of the flowerbed, giving your answer in square metres to
one decimal place.

&)

(c) Find the perimeter of the flowerbed, giving your answer in metres to
one decimal place.
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9. Diagram NOT
accurately drawn
Q
C
R
Figure 3
Figure 3 shows the plan view of the area being used for a ball-throwing competition.
Competitors must stand within the circle C and throw a ball as far as possible into the
target area, PORS, shown shaded in Figure 3.
Given that
e circle C has centre O
e Pand S are points on C
*  OPQRSO is a sector of a circle with centre O
» the length of arc PSis 0.72m
» the size of angle POS is 0.6 radians
(a) show that OP=1.2m
@ .
Given also that §§§
» the target area, PORS, is 90 m’ g%
* length PO = x metres §§§
(b) show that
5x% +12x —1500 = 0
3
(c) Hence calculate the total perimeter of the target area, PORS, giving your answer to
the nearest metre.
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Diagram NOT
accurately drawn

Figure 2

Figure 2 shows the plan view of a garden.

The shape of the garden ABCDEA consists of a triangle ABE and a right-angled triangle
BCD joined to a sector BDE of a circle with radius 6 m and centre B.

The points 4, B and C lie on a straight line with AB = 10.8m
T
Angle BCD = 3 radians, angle EBD = 1.3 radians and 4E = 12.2m

(a) Find the area of the sector BDE, giving your answer in m’

(2
(b) Find the size of angle ABE, giving your answer in radians to 2 decimal places.
2
(c) Find the area of the garden, giving your answer in m’ to 3 significant figures.
3
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4.
Not to scale
Figure 2
Figure 2 shows the plan view of a house ABCD and a lawn APCDA.
ABCD is a rectangle with AB = 16m.
APCOA is a sector of a circle centre O with radius 12m.
The point O lies on the line DC, as shown in Figure 2.
(a) Show that the size of angle AOD is 1.231 radians to 3 decimal places.
2
The lawn APCDA is shown shaded in Figure 2.
(b) Find the area of the lawn, in m?, to one decimal place.
@
(c) Find the perimeter of the lawn, in metres, to one decimal place.
3
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Not to scale

Figure 3

Figure 3 shows the plan view of a viewing platform at a tourist site.

The shape of the viewing platform consists of a sector ABCOA of a circle, centre O, joined
to a triangle AOD.

Given that

04=0C=6m

AD = 14m

angle ADC = 0.43 radians
angle AOD is an obtuse angle
OCD is a straight line

find

(a) the size of angle AOD, in radians, to 3 decimal places,

®))

(b) the length of arc ABC, in metres, to one decimal place,

)

(c) the total area of the viewing platform, in m?, to one decimal place.
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Figure 3

Figure 3 shows a sketch of the plan view of a platform.

The plan view of the platform consists of a sector DOC of a circle centre O joined to a
sector AOBEA of a different circle, also with centre O.

Given that

* angle AOB = 0.8 radians
» arc length CD =9m

* DA:A0=3:5

(a) show that AO = 7.03m to 3 significant figures.

3)
(b) Find the perimeter of the platform, in m, to 3 significant figures.
3)
(c) Find the total area of the platform, giving your answer in m” to the nearest
whole number.
3
\ y,

Q\?ﬂ
45



ANSWER >

Question 8 continued

%

46



ANSWER >

7

Question 8 continued

OO
10%%0%%

I
R EEIIIRKS

X
XL

INZ]
47




A
R -
M
9]
2
~
2
3
N
122}
- -
>}
=]
- p—
N
7
=
s
S
—
]
~
=
~
=
=
=
=
)
>}
=]
- p—
R
wn
s
I IS
QIRERILRILRIRLRSERSEKEKELEEELLIEIEERELREEELRERERELRELILIRIRIRIRIRILRILILELREEKELIELELIRILIRRLLRRSLEEKELELILIELIELILIRIRIRARIRELLELL $RRILRIERIEIRLRIILLRILIRLLRLLRLLRILRILRILRIELRILRIE,

48

%




ANSWER >

Figure 1

Figure 1 shows a sketch of the entrance to a tunnel.

The shape of the entrance consists of a sector BCDF, of a circle centre F, joined to
two congruent (identical) triangles ABF and EDF.

Given that
AFE is a straight line
AF =FE=6.4m

FB=FD=62m
angle BFD =2.275 radians

(a) Show that angle AFB = (0.433 radians to 3 decimal places.

@
(b) Find the perimeter of the entrance to the tunnel, ABCDEFA, in metres, to one
decimal place.
)
(c) Find the cross-sectional area of the entrance to the tunnel, ABCDEFA, in m’, to one
decimal place.
)

Diagram not
drawn to scale
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( )
5. Aplot of land OA4B is in the shape of a sector of a circle with centre O.
Given
* 04=0B=5km
* angle AOB = 1.2 radians

(a) find the perimeter of the plot of land.
2

Diagram NOT
accurately drawn

o P B

Figure 2

A point P lies on OB such that the line AP divides the plot of land into two regions R,
and R, as shown in Figure 2.

Given that

area of R, = 3 x area of R,

(b) show that the area of R, = 3.75 km’
3

(c) Find the length of AP, giving your answer to the nearest 100 m.
C))
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Figure 2

<.

The shaded area in Figure 2 shows the plan view of a helicopter landing pad.
The area consists of the major sector AOB of a circle centre O joined to a triangle AOC.
Given that

*+ AO=0B=15m

e BC=2m

* CBOis a straight line

» angle ACO = 0.6 radians

X
55

(a) show that angle COA4 is 1.847 radians to 3 decimal places.
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(b) Find the total area of the helicopter landing pad. &
. . 2 . .

Give your answer in m” to 3 significant figures. §§§
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(¢) Find the perimeter of the helicopter landing pad. 53

. . . . X

Give your answer in metres to 3 significant figures. §§§
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Diagram NOT to scale

Figure 4

Figure 4 shows the outline of a sign that is used to advertise a bird sanctuary.

The sign is composed of a triangle CPQ joined to a sector QCRTQ of a circle, centre C.
Given that

* angle QPR = 0.8 radians

e PQO=0.5m

e PC=1.84m

* PRCis a straight line

(a) find the radius, CQ, of the sector, in metres to 3 decimal places.

2

(b) Hence show that angle PCQ is 0.236 radians to 3 decimal places.
2

(c) Find the total area of the sign, giving your answer in m” to one decimal place.
3

(d) Find the total perimeter of the sign, giving your answer in metres to

one decimal place.
2
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7. &
Not to scale
Figure 2
The shape 4BCDA consists of a sector ABCOA of a circle, centre O, joined to a triangle
AOD, as shown in Figure 2.
The point D lies on OC.
The radius of the circle is 6cm, length AD is 5cm and angle AOD is 0.7 radians.
(a) Find the area of the sector ABCOA, giving your answer to one decimal place.
3
Given angle ADO is obtuse,
(b) find the size of angle ADO, giving your answer to 3 decimal places.
3
(c) Hence find the perimeter of shape ABCDA, giving your answer to one decimal place.
“
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Diagram not
drawn to scale

Figure 1

Figure 1 shows the design for a badge.

The design consists of two congruent triangles, 40C and BOC, joined to a sector AOB of
a circle centre O.

® Angle AOB=a
e AJ4O=0B=3cm
e (OC=5cm

Given that the area of sector AOB is 7.2 cm’

(a) show that o = 1.6 radians.

2
(b) Hence find
(i) the area of the badge, giving your answer in cm” to 2 significant figures,
(i) the perimeter of the badge, giving your answer in cm to one decimal place.
®)
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Figure 3

The line /, has equation 4y + 3x = 48
The line /, cuts the y-axis at the point C, as shown in Figure 3.

(a) State the y coordinate of C.

@
The point D (8, 6) lies on /|
The line /, passes through D and is perpendicular to /,
The line /, cuts the y-axis at the point £ as shown in Figure 3.
14
(b) Show that the y coordinate of E is 3
(&)
A sector BCE of a circle with centre C is also shown in Figure 3.
Given that angle BCE is 1.8 radians,
(c) find the length of arc BE.
(&)
The region CBED, shown shaded in Figure 3, consists of the sector BCE joined to the
triangle CDE.
(d) Calculate the exact area of the region CBED.
(&)
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Figure 3

Figure 3 shows the design for a sign at a bird sanctuary.
The design consists of a kite OABC joined to a sector OCXA of a circle centre O.

In the design
e 04=0C=0.6m
e AB=CB=14m
* Angle OAB = Angle OCB = 2 radians
* Angle AOC = 0 radians, as shown in Figure 3

Making your method clear,

(a) show that = 1.64 radians to 3 significant figures,

O
(b) find the perimeter of the sign, in metres to 2 significant figures,
2
(c) find the area of the sign, in m to 2 significant figures.
C))
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Figure 3

Figure 3 shows a sketch of the outline of the face of a ceiling fan viewed from below.

The fan consists of three identical sections congruent to OABCDO, shown in Figure 3,
where

*  OABO is a sector of a circle with centre O and radius 9 cm

e OBCDO is a sector of a circle with centre O and radius 84 cm

2r )
* angle AOD = ER radians

Given that the length of the arc AB is 15cm,

(a) show that the length of the arc CD is 35.9 cm to one decimal place.
3

The face of the fan is modelled to be a flat surface.
Find, according to the model,

(b) the perimeter of the face of the fan, giving your answer to the nearest cm,

)
(c) the surface area of the face of the fan.

Give your answer to 3 significant figures and make your units clear.
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Diagram NOT
accurately drawn
B C
A ) D
Figure 1

Figure 1 shows the plan view for the design of a stage.
The design consists of a sector OBC of a circle, with centre O, joined to two
congruent triangles OAB and ODC.
Given that %
+  angle BOC = 2.4 radians
« area of sector BOC = 40 m’ §§§
*  AOD is a straight line of length 12.5m S
(a) find the radius of the sector, giving your answer, in m, to 2 decimal places,

2
(b) find the size of angle AOB, in radians, to 2 decimal places.

M
Hence find
(c) the total area of the stage, giving your answer, in m’, to one decimal place,

3
(d) the total perimeter of the stage, giving your answer, in m, to one decimal place.

C))
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A
4m B C
1.5m
o = 6m D
Figure 1

Figure 1 shows the plan for a garden.

In the plan

X

* 04 and CD are perpendicular to OD

RIS

e AB is an arc of the circle with centre O and radius 4 metres

2020205 % % %%

o

DeZe020% 0% %020t 022

RIS

* BCis parallel to OD
e OD is 6 metres, OA is 4 metres and CD is 1.5 metres

(a) Show that angle A4OB is 1.186 radians to 4 significant figures.

2
(b) Find the perimeter of the garden, giving your answer in metres to
3 significant figures.
“4)
(¢) Find the area of the garden, giving your answer in square metres to
3 significant figures.
C)
. J
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1.9cm

]

Figure 1
Figure 1 shows a sketch of a design for a badge.

The design consists of a triangle OAB joined to a sector OBC of a circle with centre O
In the design

e OB=34cm
e AB=19cm

T
* angle AOB = 3 radians

* angle O4B > %radians

Making your method clear,

(a) find the size of angle OAB, giving your answer in radians to 4 significant figures,
(b) find the area of triangle OAB, in cm’, giving your answer to 3 significant figures.

Given that the ratio of the area of sector OBC to the area of triangle OAB is 3:2

(c) show that angle BOC is 0.462 radians to 3 significant figures.

(d) Hence find the perimeter of the badge, in cm, to the nearest integer.

3

2

3

©))
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8.
Diagram NOT
to scale
X
C
A
Figure 2
Figure 2 shows the plan view of a design for a pond.
The design consists of a sector AOBX of a circle centre O joined to a quadrilateral AOBC.
. BC=8m
* 04A=0B=3m §§§
* angle AOB is 3 radians A
LT
» angle BCA is G radians
(a) Calculate (i) the exact area of the sector AOBX,
(i) the exact perimeter of the sector AOBX.

)
(b) Calculate the exact area of the triangle 40B.

2
(c) Show that the length AB is 3+/3 m.

2
(d) Find the total surface area of the pond. Give your answer in m” correct to

2 significant figures.
6))
y,
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M
Figure 5
Figure 5 shows a sketch of part of the curve C with equation y = sin(%), where x is
measured in radians. The point M shown in Figure 5 is a minimum point on C.
(a) State the period of C.
@
(b) State the coordinates of M.
@
The smallest positive solution of the equation sin(%) = k, where k is a constant, is a.
Find, in terms of a,
(c) (i) the negative solution of the equation sin(%) = k that is closest to zero,
(i1) the smallest positive solution of the equation cos(i) = k.
. J
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Figure 4

Figure 4 shows part of the curve with equation
y=Acos(x —30)°
where A4 is a constant.

The point P is a minimum point on the curve and has coordinates (30, —3) as shown in
Figure 4.

(a) Write down the value of 4.
@

The point Q is shown in Figure 4 and is a maximum point.

(b) Find the coordinates of Q.
3)

Q\?ﬂ
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/
0 .
X
Figure 3

Figure 3 shows a sketch of
* the curve with equation y = tanx
» the straight line I with equation y = zx
in the interval -7 <x <7
(a) State the period of tanx

1
(b) Write down the number of roots of the equation

(1) tanx = (7 + 2)x in the interval = < x < 7
1
(i) tanx = zx in the interval 27 < x < 27
1
(iii) tanx = zx in the interval —1007 < x < 1007
ey
y,
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| 1
-360° —2/70° —-180°

Figure 2

Figure 2 shows part of the graph of the trigonometric function with equation y = f(x),
where x is measured in degrees.

(a) Write down an expression for f(x).

2
(b) State the number of solutions of the equation
(1) f(x) =2 in the interval —720° < x < 720°

(i) f(x) =-3 in the interval —720° < x < 720°
2
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Figure 3

Figure 3 shows part of the curve C, with equation y = 3sinx, where x is measured in

degrees.

The point P and the point Q lie on C| and are shown in Figure 3.

(a) State

(i) the coordinates of P,
(i1) the coordinates of Q.

3

A different curve C, has equation y = 3sinx + k, where k is a constant.

The curve C, has a maximum y value of 10

The point R is the minimum point on C, with the smallest positive x coordinate.

(b) State the coordinates of R.
2

. J

Q‘\’/ﬂ'
110



ANSWER >

Question 7 continued

(Total 5 marks)

LeaveN
blank

Q7

INZ]
111




ANSWER >

( Leave\
blank
3.
y A
0 0 X
C11
P
Figure 1
Figure 1 shows a sketch of part of the curve C| with equation y = 4cosx°
The point P and the point Q lie on C, and are shown in Figure 1.
(a) State
(i) the coordinates of P,
(i1) the coordinates of Q.
3
The curve C, has equation y =4cosx® + k, where £ is a constant.
Curve C, has a minimum y value of —1
The point R is the maximum point on C, with the smallest positive x coordinate.
(b) State the coordinates of R.
2
|\ J
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Figure 2
Figure 2 shows a sketch of the curve with equation y = f(x), where
f(x) = cos2x’ 0<x<k

The point Q and the point R(k, 0) lie on the curve and are shown in Figure 2.
(a) State
(i) the coordinates of O,

(i1) the value of k.
3

(b) Given that there are exactly two solutions to the equation
cos2x’=p in the region 0 <x <k

find the range of possible values for p.

)
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P
Figure 2

Figure 2 shows a plot of part of the curve with equation y = cos2x with x

being measured in radians. 3

The point P, shown on Figure 2, is a minimum point on the curve.

(a) State the coordinates of P.
2

A copy of Figure 2, called Diagram 1, is shown at the top of the next page.

(b) Sketch, on Diagram 1, the curve with equation y = sinx
2

(c) Hence, or otherwise, deduce the number of solutions of the equation

(1) cos2x = sinx that lie in the region 0 < x < 207
(ii) cos2x = sinx that lie in the region 0 < x < 21z
2
. J
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Figure 4
Figure 4 shows a sketch of part of the curve C| with equation
y = 3cos (f) x>0
n
where 7 is a constant.
The curve C, cuts the positive x-axis for the first time at point P(270, 0), as shown
in Figure 4.
(a) (1) State the value of n
(ii) State the period of C,

2
The point O, shown in Figure 4, is a minimum point of C
(b) State the coordinates of Q.

2
The curve C, has equation y = 2sinx° + k, where k is a constant.

. 12 . 3 .

The point R| a, r and the point S| —a, — 3/ both lie on C,
Given that a is a constant less than 90
(c) find the value of £.

2

\ y,
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Figure 2
Figure 2 shows a plot of part of the curve C| with equation
y=15cosx

with x being measured in degrees.
The point P, shown in Figure 2, is a minimum point on C,

(a) State the coordinates of P

2
The point Q lies on a different curve C,
Given that point O
* is a maximum point on the curve
* is the maximum point with the smallest x coordinate, x > 0
(b) find the coordinates of Q when
(i) C, has equation y = 5cosx —2
(if) C, has equation y =—5cosx
C))
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11. VA

Figure 4

Figure 4 shows a sketch of part of the curve C| with equation
y=12sinx

where x is measured in radians.

The point P shown in Figure 4 is a maximum point on C|

(a) Find the coordinates of P.
2

The curve C, has equation

y=12sinx +k
where £ is a constant.
Given that the maximum value of y on C, is 3

(b) find the coordinates of the minimum point on C, which has the smallest
positive x coordinate.

2
The curve C, has equation
y=12sin(x + B)

where B is a positive constant.

Given that (%, A), where A4 is a constant, is the minimum point on C, which has the
smallest positive x coordinate,
(c) find

(1) the value of 4,

(i1) the smallest possible value of B.

(0]
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Figure 1
Figure 1 shows a sketch of part of the curve with equation
y=4cosx

where x is measured in degrees.

The points P and Q lie on the curve and are shown in Figure 1.

(a) State the coordinates of P.
1

(b) State the coordinates of Q.
2

(c) State the number of solutions of the equation

(i) 4cosx =3 intheinterval 0 <x < 18000°
(i) 5+4cosx=1 intheinterval —720° < x < 720°
(iii) 4cosx—3 =1 inthe interval —1080° < x < 1080°
3)
\ y,

Q\?ﬂ
125




ANSWER >

Question 4 continued

(Total for Question 4 is 6 marks)

S
<

o8
R

%
KX
KX

%

126



ANSWER >

( LeaveW
blank
9.
YA
2
1
/ \
0 g &
90° 180¢ 270° 0° 0 : /
\ / %
//
-1 j:%‘
5
Figure 3 &
Figure 3 shows a plot of the curve with equation y =sinf, 0 < 6 < 360°
(a) State the coordinates of the minimum point on the curve with equation
y=4sinf, 0 <6 <360°
2
A copy of Figure 3, called Diagram 1, is shown on the next page.
(b) On Diagram 1, sketch and label the curves
(i) y=1+sin6, 0 <6 <360°
(i) y=tand, 0 < 6 < 360°
2
(c) Hence find the number of solutions of the equation
(i) tan@ =1 + sin@ that lie in the region 0 < 0 < 2160°
(i) tan€ =1 + sinf that lie in the region 0 < 6 < 1980°
3
- J
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Figure 4

Figure 4 shows a sketch of the curve with equation

y = tanx 2r<x<2x
The line /, shown in Figure 4, is an asymptote to y = tanx

(a) State an equation for /.

(0]
A copy of Figure 4, labelled Diagram 1, is shown on the next page.
(b) (i) On Diagram 1, sketch the curve with equation
1
y=—+1 2r<x<2x
X
stating the equation of the horizontal asymptote of this curve.
(i) Hence, giving a reason, state the number of solutions of the equation
1
tany = — + 1
X
in the region 27 < x < 27
(C))
1
(c) State the number of solutions of the equation tanx =— + 1 in the region
x
(1) 0<x <407
(i) 107 < x < %n
2
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Figure 2

The share value of two companies, company A and company B, has been monitored over
a 15-year period.

The share value P, of company A, in millions of pounds, is modelled by the equation

2
P =53-04(t-8° >0

where ¢ is the number of years after monitoring began.

The share value P, of company B, in millions of pounds, is modelled by the equation

P,=-16:+442 (>0

where ¢ is the number of years after monitoring began.

Figure 2 shows a graph of both models.

(@)

(b)

(c)

(d)

Use the equations of one or both models to answer parts (a) to (d).

Find the difference between the share value of company 4 and the share value of
company B at the point monitoring began.

2
State the maximum share value of company 4 during the 15-year period.

@

Find, using algebra and showing your working, the times during this 15-year period
when the share value of company A was greater than the share value of company B.

C))

Explain why the model for company 4 should not be used to predict its share value
when ¢ =20

)
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y=sinx

Figure 4
Figure 4 shows part of the graph of the curve with equation y = sinx
Given that sina =p, where 0 < a < 90°
(a) state, in terms of p, the value of
(1) 2sin(180° — a)
(1) sin(a — 180°)

(iii) 3 + sin(180° + o)
3)

A copy of Figure 4, labelled Diagram 1, is shown on page 27.
On Diagram 1,

(b) sketch the graph of y = sin2x
(2)

(c) Hence find, in terms of a, the x coordinates of any points in the interval 0 < x < 180°
where

sin2x =p

(&)

Q\?ﬂ
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Diagram 1
Q9
(Total 8 marks) —]
. J
INZ]

137



ANSWER >

=V

Figure 3

Figure 3 shows a sketch of
* the curve with equation y = tan (x - %} for 0 <x <27

» part of the straight line / with equation y =7 —x

(a) State the number of solutions of the equation

(1) tan (x —%j =gx —x inthe interval 0 < x < 27
(i) tan (x - %j =7 —x in the interval 0 < x < 1007

(iii) tan (x - %j — 7 +x in the interval 0 < x < 27
3

The line with equation x = a, shown in Figure 3, is the asymptote to the curve with the
smallest positive x coordinate.

(b) State the value of a
1

The line with equation x = b, also shown in Figure 3, is the asymptote to the curve with
the second smallest positive x coordinate.

The line / meets x = a at point P and meets x = b at point Q as shown in Figure 3.

(¢) Find the midpoint of the line segment PQ.
@
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Figure 3

Figure 3 shows a plot of part of the curve C, with equation

y=—4cosx
where x is measured in radians.
Points P and Q lie on the curve and are shown in Figure 3.
(a) State
(i) the coordinates of P

(i) the coordinates of Q

3
The curve C, has equation y = —4cosx + k where x is measured in radians and & is
a constant.
Given that C, has a maximum y value of 11
(b) (i) state the value of k&
(ii) state the coordinates of the minimum point on C, with the smallest positive x
coordinate.
3
On the opposite page there is a copy of Figure 3 labelled Diagram 1.
(c) Using Diagram 1, state the number of solutions of the equation
—4cosx =5 - Ex
T
giving a reason for your answer.
(2
\ y,
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Figure 3
Figure 3 shows part of the graph of the trigonometric function with equation y = f(x)
(a) Write down an expression for f(x)
2
On a separate diagram,
(b) sketch, for 27 < x < 2z, the graph of the curve with equation y = f (x + %]
Show clearly the coordinates of all the points where the curve intersects the
coordinate axes.
3
(i)
YA
/N N\ H /\
21 \/n o \/Z’ \/ﬂ X
/1 1
y=g
Figure 4
Figure 4 shows part of the graph of the trigonometric function with
equation y = g(x)
(a) Write down an expression for g(x)
2
On a separate diagram,
(b) sketch, for 27 < x < 27, the graph of the curve with equation y = g(x) — 2
Show clearly the coordinates of the y intercept.
2
\ y,
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MARK SCHEME - IAL P1 (WMA11) - October 2019 - Q4 P1.6a Sine rule, cosine rule & area of a triangle < QUESTION

Question Scheme Marks
Number
3.(a) | x*-5x+13=(x-2.5) ~2.5"+13=(x~2.5) +6.75 MIAL
Coordinates M =(2.5,6.75) Al
3
(b) Attempts the equation of / using their M y = 62—755 (y=2.7x) Mi
Attempts to solve their y =2.7x with y=x>—-5x+13
=27x=x"-5x+132x" -7 7x+13=0 = (x-2.5)(x-52)=0 Ml
x=52 oe Al
Coordinates N =(5.2,14.04) dM1 Al
6
(¢ States two of y < x> —5x+13, y>2.7x,0<x< 2.5 M1
States all three of y <x” —5x+13,y>2.7x,0<x< 2.5 Alft
2
(10 marks)
(a)
M1  For attempting to complete the square. Look for (x - 2.5)2
Al (x - 2.5)2 +6.75 or for correctly extracting x = 2.5 as the x coordinate.
Al M =(2.5,6.75) or (%%
(b)
M1  Uses their M to find an equation for /. Look for a correct attempt at the gradient, so y = ""62'—755“"x or
" ., "6.75" A on
y="6.75"=-o- (x-"2.5")

M1  Depends on having made an attempt (not necessarily correct) to use O and M to find the equation of /.
Attempts to solve their equation for / with y = x* —5x+13 Look for a full attempt leading to x = ...
Correct answers following a correct simplified quadratic is fine for the method.

Al x=5.2 or equivalent such as ,_ 26
5

dM1 Depends on second M mark. Substitutes their x =5.2 into either equation to find y = ... If a y value
follows an x value with no clearly incorrect working, then allow as an attempt.
Al Coordinates N =(5.2,14.04) oe such as (g 351 ] . Allow this to be written separately.

5725
©)
M1  States any two of y <x’ —5x+13, y>"2.7"x, 0<x< b where "2.5" < b <<"5.2"
Also allow the first two combined, or with loose inequalities, e.g "2.7"x< y< x> —5x+13
Also allow either < or < on the left hand end of 0<x< 2.5 due to the y- axis.

Use of R instead of y is M0
Alft States all three inequalities. Same conditions as above, follow through on their 2.7x from (b) and 2.5

Allow part (a) to be attempted via finding minimum point

M1  For setting % =ax+b =0 and finding a value for x, or for stating x,, =—b/2a =...
Al x=2.5
Al M =(2.5,6.75) Note: Answer with no working score MOAOAOQ
8
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MARK SCHEME - IAL P1 (WMA11) - June 2022 - Q2 P1.6a Sine rule, cosine rule & area of a triangle < QUESTION

General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation
(x* +bx+¢) = (x+ p)(x+q), where|pg|=|c

, leadingtox=...
(ax? +bx +c) = (mx + p)(nx+ ), where|pg| =|c| and |mn| = 3]

, leadingto x = ...

2. Formula
Attempt to use correct formula (with values for a, b and ¢).

3. Completing the square
Solving X +bx+c=0, (x£%)’tqtc, q=0, leading to x = ...

Method marks for differentiation and integration:
1. Differentiation

n n-1
Power of at least one term decreased by 1. (X' = X )

2. Integration
. n n+1
Power of at least one term increased by 1. (X' = X' )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent
examiners' reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from
correct working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for,
or working with surds is clearly required, marks will normally be lost if the candidate resorts
to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details
of what happens in particular cases. General policy is that if it could be done “in your head”,
detailed working would not be required. Most candidates do show working, but there are
occasional awkward cases and if the mark scheme does not cover this, please contact your
team leader for advice
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MARK SCHEME - IAL P1 (WMA11) - January 2024 - Q2 P1.6a Sine rule, cosine rule & area of a triangle < QUESTION

General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx +c) = (x+ p)(x+0), where|pqg| =|c| leading to x = ...

(ax” +bx +c) = (mx + p)(nx +q), where|pg| = c| and |mn| =|a| |eading to x = ...
2. Formula

Attempt to use correct formula (with values for a, b and c)
3. Completing the square

Solving x*+bx+c=0: (x£3)*+q£c, q#0 jeadingtox = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1 (x" — x"™*)
2. Integration

Power of at least one term increased by 1 (x" — x")

Use of a formula
Where a method involves using a formula that has been learnt, the advice given
in recent examiners' reports is that the formula should be quoted first.

Normal marking procedure is as follows:
Method mark for quoting a correct formula and attempting to use it, even if
there are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer
is asked for, or working with surds is clearly required, marks will normally be lost
if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
be done “in your head”, detailed working would not be required. Most
candidates do show working, but there are occasional awkward cases and if the
mark scheme does not cover this, please contact your team leader for advice.
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< QUESTION

Question
Number Scheme Marks
sin ZACB sin35
Attempts =
7.(a) 6.5 4.7 Ml
ZACB =awrt(52 or 53)° or awrt(1270r128)° Al
ZACB =127.5° Al
3)
(4C) 6.5 47 (
E = =
(®) g sin"17.5°"  sin"127.5°" or sin35° M1
[ ,(CD ) __ . a7 (CD)=...= (AC)+(CD)}=awrt 8.2 Al
sin"75°"  sin"127.5°"
Total length of wood =8.1+6.5+4.7+4.7 =awrt24.1 | Al
3)
(6 marks)
AC*+6.5 -4.7°
cos35= = AC* —13¢0s(35)4C +20.16=0= AC = ...
2x6.5xAC
Altl(a)
"AC"+4.7° -6.5
cos ZACB = ¢ 7263 oe Ml
2x"AC"x 4.7
(a)

M1  Uses the sine rule with the angles and sides in the correct positions.

Alternatively they may use the cosine rule on ACB and then solve the subsequent quadratic to find AC
and then use the cosine rule again

Al ZACB =awrt(52 or 53)° or awrt(1270r128)°

Al ZACB =127.5° only

17




< QUESTION

(b) Working for (b) may be found in (a) which is acceptable
Ml Uses a formula that finds part or all of the length AD (eg AC, CD , AX, XD, AD).

The minimum required for this mark is the use of angle(s) and lengths in the correct places in the
formula (which may have been rearranged to an alternative form). Condone mislabelling of the
unknown length. This is usually the sine or cosine rule but they could split the triangle into two right
angled triangles. See WAYS for additional guidance on methods. Sight of awrt8.2, awrt2.46 or
awrt5.72 would imply this mark.

Condone angles in their triangles which do not add up to 180° and condone angles found with no
working shown. For reference below these are the angles that would be found with £ 4CB =127.5°
and LACB = 52.5° although they may “restart” so check their diagram as this may help.

ZACB =127.5° ZACB =52.5°

Al awrt 8.2 Sight of awrt8.2 implies the length AD has been found. Ignore any labelling of lengths
in their intermediate working and ignore any reference to 4C (Accept "..."=8.2). May
be implied by a sum that totals awrt8.2 (eg awrt2.46+awrt5.72)

Al awrt 24.1 ISW. Do not accept 24 or 25 (the length to the nearest metre) without seeing awrt24.1
or a calculation that totals awrt24.1 (eg 4.7+4.7+6.5+8.2 (=24.1) = 24)

Candidates who assumed £A4CB = 52.5° (acute) in (a):

Full marks can still be achieved as candidates may have restarted in (b) or not used the acute angle in
their calculation which is often unclear. We are condoning any reference to 4C =8.2 so ignore any
labelling of the lengths they are finding.

18
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< QUESTION

WAY 1 | Uses triangle ABD:
(b)

4 6.5cm - ©25°P
Option 1: Cosine rule

4.7 +6.5° =2x4.7x6.5cos(180°—35°—"52.5°") M1

Option 2: Sine rule

(AD) 4.7 6.5

- == or =— Ml
sin"92.5°"  sin35° sin"52.5°"
Option 3: Cosine rule using 35°to form a quadratic
6.5 +(4D)’ -4.7°
Eg.c0s35°= (4D)
2x6.5x(A4D) M1
WAY 2 | Forms two right angled triangles ABX and BD.X :
(b)

Ml

Either of 6.5cos35°r 4.7 cos"52.5°"

19




< QUESTION

WAY 3 | Uses the triangles ABC and BCD:
(b)

Length AC
Option 1: Cosine rule
2 2 2 Ml
(AC) =4.7"+6.5" —2x4.7x6.5 cos(180° —35° —"127.5°")
Option 2: Sine rule
(40) _ 65 47
sin"17.5°"  sin"127.5°"  sin35° Ml
Option 3: Cosine rule using 35°to form a quadratic in AC
6.5 +(AC) -4.7°
cos35° = (4 Ml
2x6.5%(AC)
Length CD
Option 1: Cosine rule
(CD)* =4.7° +4.7* =2x4.7x 4.7 cos (180° - 2x"52.5°")
Option 2: Sine rule
(CD) 4.7
sin"75°"  sin"127.5°" Ml
Option 3: Cosine rule using 52.5°to produce a quadratic in CD
2 2 2
c0s"52.5°" = 47" +(CD) -4.7 Ml
2x4.7x(CD)
Option 4: Using isosceles triangle property on BCD to find half of CD
4.7¢c0s"52.5°" (they do not have to double to find CD for M1) Ml

20




MARK SCHEME - IAL P1 (WMA11) - October 2023 - Q5

P1.6a Sine rule, cosine rule & area of a triangle

Question Scheme Marks
Number
Ba 2 22 22
eg. (cosd=) 57+ (1+x)°—x _ 25+1+2X+ X" =X
2x5(+x) 2x5(+Xx) ML
oreg. X*=5"+(1+x)* - 2x5(1+x)cos @
*
oS0 = 13+x Al
5+5x
2
b O =awrtd2° (42.470747....) B1
Attempts to find AB, AD or AC:
e.g. _AB = _5 = AB=..
sin"42" sin30
or
e.g. ~ ABC =180-30-"42.5"="107.6"
SINDBC _sin"42.5" . bBc —"60.5", /ABD ="107.6"-"60.5"="47.1"
1+243 243 M1
- AD = 2\/5 = AD=...
sin("47.1") sin30
or
e.g._L: _5 = AC=...
sin™108" sin30
AB=6.75... or AD=5.07... or AC=9.53... Al
Area :lx5><"6.75"><sin(180—30—"42.5") or
2 dmi
:%XSX"9.54"><Sin("42.5")
=awrt16.1 (m?) Al
®)
(7 marks)
(@)

M1:  Uses the cosine rule to form an equation for cosé. Condone just an expression for cosé .
(You may not see €0S6 =)
Condone invisible brackets for this mark.
Be aware of longer versions which may involve splitting triangle BCD into two right angled

triangles. They would still need to proceed to an equation involving cosé to score this
mark.

Al*: Achieves the given answer with no errors seen including invisible brackets. There must be at
least one stage of intermediate working between their starting equation and achieving the
given answer. Condone C0S# not appearing in the answer line, provided it is seen correctly
as the subject on an earlier line.
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MARK SCHEME - IAL P1 (WMA11) - October 2023 - Q5 P1.6a Sine rule, cosine rule & area of a triangle

(b) Note there are a variety of different methods to finding the area of triangle ABC

8.56m?

6.75m

Sm

B1:

M1:

Al:

dM1:

Al:

507m P 4.46m
(1+ 2\/§m) 9.53m

@ =awrt42° seen or implied. Accept 42.5. May work in radians (awrt 0.73/0.74 radians)

Attempts to find AB, AD or AC using a correct method. Angles and lengths must be in
the correct positions in the relevant formula or formulae. Condone slips in any

rearrangement, calculations and substituting in X= 2\/§ provided the method is correct.

Condone working in radians provided the angles are consistently in degrees or radians
within the expression or formula.

awrt 6.75/6.76 or awrt 9.53/9.54 or awrt 5.07/5.08 (may be implied by further work).

Correct full method to find the total area (the expression is sufficient. It is dependent on the
previous method mark. Condone use of incorrectly rounded angles/slips and may work in
radians.

e.g. Area= %xSx"6.75">< sin (ﬂ—%—"O.M")
May find the areas of the two separate triangles ABD and BDC and add them together.
e.g. Area= %x"5.07"><"6.75">< sin 30+%x"4.46"><5><sin"42.5"

Use the diagrams above to help with the various methods. Invisible brackets may be implied
by further work or their answer.

Note that if, as part of their method to find the total area, they find angle ADB but
incorrectly deduce this as an acute angle then this is dMO

awrt 16.1 m? (condone lack of units)
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MARK SCHEME - IAL P1 (WMA11) - June 2021 - Q3 P1.6a Sine rule, cosine rule & area of a triangle < QUESTION

General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x> +bx+¢) = (x + p)(x +q), where|pg| =|c

, leadingtox=...

(ax® +bx +c) = (mx + p)(nx +q), Where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a , leadingtox=...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square

2
Solving X" +bx+c=0. (x4 +g+c,  ¢=0, leadingtox=..

Method marks for differentiation and integration:
1. Differentiation

n—1
Power of at least one term decreased by 1. (xn - x" )

2. Integration
n+l
Power of at least one term increased by 1. (xn - x" )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in
the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working
with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working
with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded
decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases and
if the mark scheme does not cover this, please contact your team leader for advice.
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Number Scheme —
1(a)
3
[% =) X Lx T4xT MI
3
(d_y =j 2. 5,5 8- A1AIAL
dx 3 3
“
w3
a)) %zuzuxél__nznx“_ 2 _u§nx4"—2" :% MI
4
375 -
y_3=u_iu(x_4) dM1
9
4x+9y-43=0 Al
“)
(8 marks)
(@

M1  Reduces the power by 1 on any of the following terms
1 3

X ox,xtox?x 5 .x2, 550

3
- -2
Al One of gx, -2x 2, —§x‘2 or exact simplified equivalent terms eg = or —iz
3 ( Jx ) 3x

or

—2.6x72

2 . 3
Condone —x'and condone double signs such as+—2x > The terms do not need to be on

the same line for this mark.

2 - I . -2
Al Two of —x, —2x 2 ,—§x‘2 or exact simplified equivalent terms eg > or —iz .
3 3 ( Jx ) 3x
3

2 . -
Condone Exl and condone double signs such as+—2x 2 . The terms do not need to be on

the same line for this mark.

2 < 8, N . : 2 2 8
Al —x —2x 2 ——x* or exact simplified equivalent all on one line eg —x —

3 3 37 () R

2 - : o Lo
Do not allow EXI —2x 2 —%x’z or double signs and do not isw in this part (including

rounding decimals).




MARK SCHEME - IAL P1 (WMA11) - October 2019 - Q1 P1.6b Radians, arc length & sector area < QUESTION

General Principles for Core Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles).
Method mark for solving 3 term quadratic:

1. Factorisation
(x* +bx+c) = (x+ p)(x+q), where|pg| =|c|, leadingtox= ...

(ax® + bx + ¢) = (mx + p)(nx + q), where|pg| =|c| and |mn| =|a| , leadingtox= ...

2. Formula
Attempt to use correct formula (with values for a, b and ¢).

3. Completing the square

2
Solving X +bx+c =0, (x+&)Y?+g+ec, ¢=#0, leadingtox=...

Method marks for differentiation and integration:

1. Differentiation
n n-1
Power of at least one term decreased by 1. (¥ =X )

2. Integration

n n+l
Power of at least one term increased by 1. (¥ =X )

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in the
substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working with
values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working
with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded
decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases and if
the mark scheme does not cover this, please contact your team leader for advice.
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Question Scheme Marks
Number
. 1
10. (a) | Correct equations 5}"26’ =6, 2r+rf=10 B1 Bl
2
Eliminates rzi:l i 0==6 M1
2460 2\2+60

:>50¢9=6(4+4¢9+(92):> 30 -130+12=0 * Al*

“
(b) (39—4)(9—3):0:0:%,3 Bl
4
0=§,r=3 0=3,r=2 M1 Al
3)
(7 marks)
(a)
Bl One correct equation %},29 =6 or 2r+rf=10 (may use ¢ instead of & which is fine)
B1 Two correct equations %rzﬁ =6 and 2r+r@8=10 (r+r+rf=10is acceptable)

Note you may see one of both of these equations in (b) which you can award the marks
retrospectively. They may be implied from later work:

Eg. »* :232\/E+\/E6’:10 implies B1B1
7] o o

M1  Scored for eliminating  and reaching an equation in & only. The initial equations must be of a similar

form to the area of the sector and the perimeter but possibly with errors (look for ...*6 = 6 and
2r+..r6 =10). Condone errors when rearranging but their subsequent substitution must be correct for

1
their rearrangement. Eg. 10 =r6+2r = EO =3r

A1* Reaches the given answer with no errors. There must be at least one intermediate line of manipulation
following the elimination stage and (6 +2)* must be multiplied out correctly before achieving the final
answer to score full marks.

24




< QUESTION

(b)
B1 0= %, 3 (They may just appear from a calculator)

M1  Substitutes one of their values of @ into one of the previous equations of the allowable form and
proceeds as far as r=...

Al Both results 0=§,r=3 0=3r=2

Values must be exact. Withold the final mark if they do not rule out » =—-3/r =-2 from using the area
of a sector equation and withhold the final mark if the corresponding values of  are incorrectly paired

to the other values of & (9=%,r=2 and 8=3,r=3)

25
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MARK SCHEME - IAL P1 (WMA11) - January 2022 - Q5 P1.6b Radians, arc length & sector area

Eg x° +2x72 + 2+ 9x% —30x+/8 + 25x8 = 10x? — 58x~/2 + 202 scores BIMIAI
as \/g = 2\/5 is correctly seen by the correct collection of the terms.
Eg X7 +2x2 + 24 9x% —30x+/8 +25x8 = 10x> — 60x+/2 + 202 scores BOM1A0

as \/g = 2\/5 is not correctly seen or implied as the coefficient of x is incorrect
(ii) On EPEN this is M1A1M1A1 we are marking this MIM1M1A1

MI1:  Attempts to multiply out and isolates the two y terms on one side of the equation.
Condone sign slips only in their rearrangement.

dM1: Attempts to make y or ky the subject (where £ is an integer or fraction which would simplify to an
integer). Score for y =f(x) or ky = g(x) where the function includes ~/3 but it cannot be scored
Mo, +4143
23 23 23

It is dependent on the previous method mark.
Note (43 -5)=9+3 =y _37 ;“ J3 is M1dMOddMOAO

for directly proceeding to y =

T 23
ddM1: Proceedsto y =.... with a rational denominator. The denominator does not need to be simplified.
It is dependent on the previous method mark. They must have shown the step of either
rationalising the denominator or showing how they achieve ky =... and proceedsto y =...
Al: Correct answer in the correct form with all stages of working seen

e Collects y terms on one side of the equation

e Makes y the subject

e Rationalises and proceeds to the correct answer. Somewhere in their solution they will
have had to have multiplied two brackets involving surds together and they must have
shown this being multiplied out (calculators are not allowed)

9+3 4\B+5 36\3+45+12+5\3
i aB+s 23

Condone solutions with invisible brackets to score full marks, provided the general method is
sound and the answer has not just come from a calculator or incorrect working.

57414143
23

Do not accept y =

Alt(ii)1 (main scheme alternative)
M1:  Substitutes y = p+ qx/g expands, collects terms. Condone sign slips.

dM1: Compares rational/irrational parts to form two equations. It is dependent on the previous method
mark.

ddM1: Solves 2 linear equations in p and ¢ using an acceptable method. They cannot just state the
values. Condone slips in their working. It is dependent on the previous method mark.

Al: %4_%\/7 3 (or _2%+1f\/7)w1th full working shown.

Alt(ii)2 Squaring and completing the square
MI1:  Squares both sides and multiplies out brackets (condone slips)
eg. (48> — 7243y +81=25)% +3+10+3))

dM1: Rearranges to forma3TQ =0 (23y* - 82\/§y +78 =0). It is dependent on the previous
method mark.
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< QUESTION

ddM1: Attempts to complete the square and proceeds to make y the subject. It is dependent on the
previous method mark.

57 41
Al: y232f(r—2— f)

Alt(ii)3 Dividing by\/§ , then rationalising the denominator and collecting terms:
e - r _ ' M \ 1
2 J2 55
hy-35 = JINE)
> |
ly-2J% = 503 Y33 %
>
_%6E=QWH.“
Ly _.T_Sszi.'g"—' 1+3J3
Y
5(& - c,_;-}} =430

Y = 14305 (xhrise) |
R T s 2

4= 04234 2D 4 15

M1 for isolating y terms on one side of the equation

~ dM1 for making the y the subject

ddM1 for proceeds to y=... with a rational denominator

b ~%2 1
A ht’lfﬁﬁ//&ﬁ
Y= H+%F

R "3

y 5?‘ u\ r A1l Correct answer with full working shown
7%

£
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MARK SCHEME - IAL P1 (WMA11) - October 2023 - Q9 P1.6b Radians, arc length & sector area

Question Scheme Marks
Number
9a 0.72
0.72=0Px06=0P=1.2 or 06 =12 or 0.72=1.2x0.6=>0P =12 * B1*
1)
1
EX(X+12)2 x0.6 B1
%x (x+1.2)° ><0.6—%><1.22 x0.6=90= 5x? +12x-1500=0 * M1A1*
3)
xawrt 16.2 [% JMJ o1
Perimeter =0.72+"16.2"+"16.2"+ 0.6 x (*16.2"+1.2) = awrt 43/awrt44 m M1A1l
(see notes)
3)
(7 marks)

(@)

B1*:

(b)
B1:

M1:

Either
e forms an equation using | =r& with 1 =0.72 and 6 =0.6 and concludes OP =1.2
eg. 0.72=rx06=>r=12

e states % =12
0.6

o forms the equation using 0.72=1.2x0.6 and concludes that OP =1.2
Condone the use of r or any other variable instead of OP. Condone lack of units or incorrect
units.
Allow the angle to be in degrees instead or attempts to find the diameter first, but
they must not round the value at any point in their working.

08,180
e.g. 0.72= gTﬂ'd = d =2.4=r=1.2 scores B1 (exact angle used)
0.72 .
g 721 " 27r = r =1.2 scores BO (34.4 is a rounded angle)
(50

Correct expression for the area of sector OPQRSO

%x (x+1.2)*x0.6 Missing brackets may be implied by further work.
May appear within an equation e.g. %XO.G[(X+1.2)2 ~1.2°]=90

Condone incorrect equations i.e. %x (x+1.2)*x0.6 =90

Proceeds from an equation of the form ...(x+1.2)*x0.6—...x1.2x0.6 =90 or equivalent,

(i.e. both should be positive but may be missing e.g. %2 ) and attempts to multiply out the
brackets. Condone slips and invisible brackets.
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Question Scheme Marks
4(a) X* +kx—9=-3x> —=5x+k = 4x> +kx +5x -9 -k (=0) M1
b?—4ac =0=>(k+5)° —4x4(-9-k)=0 M1
k2 +26k +169=0* Al*
(©))
(b) k?+26k +169=0=k =—13 B1
k=-13=4x*-8x+4=0=X=... M1
(1 -21) Al
(3)
Total 6
Notes:

Mark (a) and (b) together
(a)

M1: Equates both curves and collects terms to one side. Allow slips but there must be some attempt to collect
terms to one side. The “ = 0” may be implied by their attempt at the discriminant.

M1: Attempts to find the discriminant "b* —4ac" of a 3TQ. May be seen as an attempt at e.g. b*>—4ac =0 or
equivalent e.g. b> =4ac or may be seen embedded in an attempt at the quadratic formula.
It requires b and c both of the form pk+q, p,q=0 and requires a as a constant.
If clearly a wrong formula/expression is used e.g. "b*+4ac" this scores MO
Al*: Achieves the printed answer with no errors and sufficient working shown.
The “ = 0” must appear at least once before the printed answer unless they start with b® = 4ac.

(b)
B1: Correct value of k. Condone x = —13 if it is subsequently used as a value for k.
M1: Either:
o substitutes their value of k into their equation obtained by equating the curves and collecting terms from
part (a) and solves a 3TQ for x by any correct method including a calculator or
o substitutes their k into the 2 given equations, equates, collects terms to one side and solves a 3TQ for x

by any correct method including a calculator
Al: Correct coordinates. Allow ase.g.x =1, y=-21

Correct answer only in (b) scores 3/3

RA
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‘Number Scheme ek
8 . 1 ! 8 x' 1 1
. —x —=x?=-5|dr=ox——=x2x>-5x+c¢
1 j(3x 3 ) 3772 X M1 Al
2., 3
=§x —x?=5x+c Al Al
(4 marks)

n+l

M1  For raising a power of x by 1 seen at least once (i.e. x" — x"" ) or =5 — —5x.

The index does not have to be processed for this mark.
1 3

. . . 1 5 >
Award following incorrect manipulations eg ——= —...x2 —...x?

2/x

4 1
Al For two of %x% , —%x 2x2, =5x' correct (unsimplified).

This may be implied by a correct simplified answer. May be seen on different lines. Indices must be
processed. Ignore any spurious notation for any of the A marks.

1 4
Al For two of gx“, —x?,—5x correct and in simplest form. Accept forms such as 2% and —/x

1
Condone —5x', —1x2 but not _STx . Correct terms may be seen on different lines. Allow %to be

written as 0.6 or 0.6666..... only (must be exact)

Al Fully correct on one line, and simplified with +c. Accept simplified equivalents (see above)
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Question Scheme Marks
Number
4.(a) Gradient PQ = -3 Bl
Attempts to find equation of / Eg. y—13=-3(x+2) Ml
y=-3x+7 Al
3
(b) | Attempts to use minimum is (4, —5) Eg y= ...(x—4)2 -5 Ml
Attempts to use (—2,13)with y = a(x—4)2 -5=a=.. dM1
- yzé(x— )2 -5 or
1 Al
=—x"—4x+3 oe
a
3
(¢ | Twoof y>-3x+7, y<%(x—4)2—5 x<-2 Ml
All three of y>-3x+7, y<%(x—4)2—5 x<-2 Al
2
(8 marks)
(@)

B1 Finds the gradient of / to be -3
If simultaneous equations are used then it would be scored for m = -3

M1  Attempts to find the equation of the line using their gradient for PQ and one of the points. Sight of
embedded values eg (y——5)="-3"(x—4) is sufficient (allow one sign slip on one of the brackets) or

if they use y=mx+c they must proceed as far as c¢=...

If the perpendicular gradient is used it is MO.
A simultaneous method, eg solving 13 =—-2m+c and —5 =4m+ ¢ must reach values for m and c.

Al y=-3x+7 cso Condone m=-3, c=7

(b)

M1  Attempts to use the minimum point (4, —5) to form a valid equation
Way One: e.g. (y =) A(x—4)2 —5 (condoning 4 to be 1). Condone
Way Two: Letting y = ax’ +bx +¢ and either:

o finding % and setting 2ax4+b=0

e uses the minimum point and symmetry starting with —zi =4 (=>-b=8a=8a+b=0)
a

e uses symmetry about the minimum point to identify the point (10,13) and form the

equation 13=100a +10b +c
Do not award for only substituting the minimum point into a linear equation.

11
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dM1

Al

(c)
Ml

Al

Way One: Attempts to use (—2,13)with y= a(x—4)2 —S=>a=..
Way Two: Attempts to use (—2,13) and (4,-5) in y=ax’ +bx+c and using these two equations,

4a-2b+c=13and 16a+4b+c=-5, with 2ax4+b=0 to find a, b and c. Condone slips in their
working.
This may also be done using a calculator or use matrices

16 4 1\fa -5 a
4 2 1||b|=|13|=|b]|=..
8 1 O0)lc 0 c

Candidates who used symmetry with the point (—2,13)and the point (10,13) to form the equation

13=100a +10b + ¢ attempt to solve simultaneously with two other equations from either 2ax4+b=0
or 4a—2b+c=13 and 16a+4b+c=-5

y:%(x—4)2—5 or equivalent such as yz%x2—4x+3 or 2y =x"-8x+6 (cannotbe C=...)

Twoof y>"-3x+7", y< "%(x —4)2 -5", x <=2 (ignore any others for this mark)

Their line from part (a) must have a negative gradient and their curve from part (b) must be a positive
quadratic.

(Allow two of y>"-3x+7", y< "%(x —4)2 —-5", x<k where k is any value between —2 and 4)
"-3x+7"<y< "%(x - 4)2 —5" also scores M1 for having two of the inequalities.

BUT "-3x+7"<x< "E(x— 4)2 —5" with one other inequality is MO as this is insufficient to define
the inequality x < -2

Ignore any use of set notation for this mark.

All three of y>-3x+7, y< %(x - 4)2 -5, x<-2 (and no others)
(Allow all three of y>-3x+7, y< %(x— 4)2 -5, x<k where kis any value between —2 and 4)

“3x+7<y< %(x - 4)2 -5, x<-2 (or x <k where kis any value between —2 and 4) is also

acceptable.
If set notation is used, then they must use """ between any of their inequalities rather than U .
Condone attempts as long as the intention is clear.

1
Eg {x,yeR:y>—3x+7ﬁy<5(x—4)2—5mx<—2}

{x,y eR:y>-3x+7,y <%(x—4)2 -5,x< —2}would be acceptable

Allow consistent use of ><> > for all of their inequalities including the inequality x < —2

If x <kor x<kis stated where (-2 < k <4)then only the inequalities for their “-3x+7 ” and the positive
quadratic needs to be consistent with each other.

12
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Alt (a)
Some may have done WMA13 and may attempt the quotient rule

2x2><ax2—(5x3—8}><bx

2
)
So allow, for example, if you see 2x* on the denominator.
These two marks are scored together so 1000 is not possible via this route

M1, dM1 for an attempt at the quotient rule to obtain wherea >0, b >0

condoning lack of brackets

2x% x15%2 —(5x3 —8J>< 4x
Then A1l for

3
and finally Al for X +16

(ZXZJZ 2x°

Alt (b)

or other simplified equivalent

d ) . . .
Some may use the d—ifunctlon of their calculator to find the gradient of the tangent at x = 2

So if the gradient of % appears without any working AND following an incorrect or missing part (a) score

as follows
MO:  No sight of using X=2 in their%
. 7 .
M1: For sight of y—4=§(x—2) or equivalent

Al:  For 7x-2y-6=0or integer multiple
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?\Iuestion Scheme Marks
umber
4(a) 254 -2 =17x2 7 —4
Uses an index law and states or implies any of
X X+ X— Bl
4 =p?, 2 =8p or 2 1=§
Writes the given equation in terms of p
x X+3 x—1 2 3 17p Ml
2x4" —2"7 =17x2" —4=2p° -2 xp="5E—4
2
2 . 2 17p *
Proceedsto 4p -33p+8=0 via 2p —8p=7—4 * CSO Al
®)
(b) 4p"-33p+8=0=(4p-1)(p—8)=0=>p=...,.. M1
Sets ZX:%,8:>X:... M1
x=-2,3 Al
®)
(6 marks)

(a) Watch out here as this is a given answer. All stages of working are required to score the 3 marks

B1:

M1:

Al*:

X X+ -1
Uses an index law and states or implies any of 4 =p°, 2 : =8p or 2' =g

X X+ x-1 1
Allow equivalents such as 4 =pxp, 2 * —8x p,px8 or 2 =3 p,p+2,05p
Attempts to write the given equation in x to a quadratic equation in terms of p

PR -1
2x4" — 270 217x2 7 _am2p? 2 xp=/P 4 O 2p -2 xp=17px2 -4
2

All three index laws must be seen but condone slips on signs or on the 2° if there was an incorrect
attempt to process.
2x4 — 2% _17x 2 4= 2p —6xp= 1719 _ 4 would be fine for the M1
2

Allow a recovery for this M1, e.g. 2 =2" +2° =8p but not the A1*

Watch for candidates who manipulate the given equation first. This is acceptable.
2x4" =2 2172 4= 4" 2" 217k 27 22

17p ,

2

So :>p2—22><p:

CSO Proceeds to the given answer of 4p2 —-33p+8=0 with no errors or omissions.

Condone working such as 4 = ZXZ leading to p2 . It is often hard to decipher the relative heights of
the indices.

17
An intermediate line of 2p° -8p :Tp—4 0.e. must be seen.

RA
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(b) This is a non-calculator part so the use of a calculator is penalised
M1: Valid non calculator attempt at solving 4p2 -33p+8=0. Allow slips/miscopies on 4p2 -33p+8=0

for example, 4 p2 —33p-8=0. The roots cannot just appear.

1 1
Examples such as 4p°-33p +8:(p—8)[p _Zj =0= p=8,7is obvious calculator work and scores MO

Award for an attempt to
o factorise (usual rules) leading to values for (p)

33+4/(-33) - 4(4)(8)

2(4)

o use the quadratic formula condoning this calculation followed by %,8

o complete the square leading to values for (p)

M1:  Valid non calculator attempt at solving an equation of the form 2" =k, k>0

This can be implied for a correct solution for either root.

If the value of k is not a power of 2 then score for 2 =k=x= log, k

Al: Both solutions x =-2,3following the correct quadratic equation in p. There is no need to state x =

If they then go on to reject X =—2 say then AQ
Note that 011 is possible in part (b) for candidates who don't show a non-calculator solution of

4p°-33p+8=0
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?\Ilfjenfggp Scheme Marks
2.(a) | 5(x+3)>4(2x-5)=5x+15>8x—-20=ax>b or px<q M1
35
= X<— Al
3
)
(b) (i) | X —6x+1=(x—3)" +..=(x=3)" -8 M1, AL
(ii) | (x—3)°~8=0=>x=3+8 or 3-8 M1
X —B6x+1>0=>x<3-8,x>3+8 Al
4)
© X< 3-8, 3+J§<X<3—: B1
1)
(7 marks)

This is effectively a non- calculator question and methods must be clearly shown.
(@)
M1: Attempts to expand brackets and then collect terms. Look for
e SXxx15>8x£20
e followed by ax>b or px<q

Also condone with an = sign in place of the inequality

35 . 35 .
Al: X< ?or exact equivalent such as 3 > X following the award of M1.

Do not accept x <11.66 or x<11.7 but x <11.6 is acceptable and ISW after a correct answer

Mark part (b) as one question
(b) (i)
M1: Starts the process by writing X —6x+1as (x—3)2 + ¢, where ¢ is a constant (which may not be
simplified)
Al: X —6x+1= (x—3)2 —8. It is acceptable to write this down for the two marks

(b) (ii) Note that this must follow on from their (b)(i) and CANNOT be restarted via the quadratic
formula

M1: Correctly solves their (x + a)2 —b =0, b>0and finds at least one critical value.

Look for an intermediate line of working such as (x+ a)2 =bor x+a=+/b

Do not allow decimals, i.e. awrt 5.83, 0.17 but isw after a correct (exact) answer
It can be implied by an attempt to solve their inequality as long as an intermediate line is seen.

E.g. (X+a)2 ~b>0, b>0= x+a...</b = x... —a++/b where ... can even be an incorrect

inequality
Again, it is important to see an intermediate line of working.
Al: x< 3—\/5, X > 3+\/§ o.e following the award of M1

ISW if this is subsequently changed to decimals. Accept J8 as 22

X2
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©
35
Bl: CAO Xx<3-+8, 3+/8<x< 3 o0.e. It must be given as two separate inequalities.

Allow set notation{xeR:x<3—J§}u {XGRZ3+\/§<X<3—:}

. 35 .
A list X<?,x<3—\/§, x>3++/8 isBO.
There must be a correct attempt to state the two separate regions.

35
Condone a solution with ‘and’ between. E.g. x < 3-8 and 3+ \/g <X< 3

Example of how to mark:
(b)(i) M1, Al: Completely correct

(ii) MO, AO: No intermediate line.
This could have been done on a calculator

(c) B1: Completely correct answer

INZ]
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%:ﬁsgg? Scheme Marks
d 48
3.(a) (d—ij =3x’ +ﬁ M1, Al, Al
@)
d’y 24
(b) (W}GX—? M1
XZ
:>xg= . xzzg dM1 Al
@)
(6 marks)
(@)

1 1
M1: For reducing a correct power by one any term. So, award for x> —x*, x2 - x 2oreven 5—0
As in question 1, the indices must be processed

Al: One of the two terms, correct and simplified, either 3x* or +4—8 or exact simplified equivalent

Jx
1
Al: CAO 3x° +% or exact simplified equivalent such as 3x* +48x 2
X
(b)
_ . (d% B
M1: For reaching | —5 |= Ax+—; 0.e where A and B are non-zero constants
dx 2
2 5
dM1.: Sets their d—zl = AxJ_rE3 =0and proceeds to x2 =C (or equivalent working) where C is a constant.
dx 2
- - 4 2 16 5
Example of equivalent working x=— = X" =—=Xx" =16
X2 X
4 2

Al: CAO x=25 following correct 3—¥with dM1 also being scored. If it is achieved via decimals it is A0
X

5
Condone sight of correct work with correctk. E.g. x> =4=k = g
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(IQ\Iuestion Scheme Marks
umber
2
4.(a) |Sets kx+2= ;+3X—4 and attempts to collect terms or multiply through by x | M1
(k=3)x+6-2=0= (k-3)x’ +6x-2=0 * AL*
X
)
(b) | Attempts b” —4ac for (k—3)x* +6x-2=0 M1
Solves b° —4ac =0 for (k—3)x*+6x-2=0=>36+8(k-3)=0=k =... dM1
3
k=-= Al
2
®)
(5 marks)

Ignore labels here. Mark (a) and (b) as one complete question.

(a)
2 . . . .
M1: Sets kx+2= " +3x—4 condoning slips and either attempts to collect terms or else multiply

through by x
Allow for either of

2 2
. kx+2=;+3x—4:>(kir3)x+6=; 0.e condoning slips on the 6. E.g. condone 6 <> -2

2
o kx+2=S43x—4=k« +2x=2+3X —4X with correct multiplication seen on at least 3 terms
X

Al*: Proceeds to given answer showing at least the required/ necessary steps with no incorrect lines.
Examples of correct work gaining M1 Al showing a minimum number of necessary steps (three)

2 2
e By initially collecting terms: kx+2:;+3x—4:>(k—3)x+6—;:0:>(k—3)x2+6x—2:0

e By multiplying initially: o+ 2= 2 43X Ao ot 42X = 24 3X2— AX = (k=3)x" +6x-2=0
X

e Bracketing must be correct. There may be extra lines, which is fine, as long as they are correct.

(b)

M1: Attempts b’ —dac for (k—3) x* +6x—2 =0 with correct values for a and b with ¢ condoned as +2
This is implied by setting b° = 4ac butalso b’ —4ac >0and b’ —4ac < 0 as well as non-strict
versions. Note that stating and attempting b’ +4acis MO followed by dMO, A0
This cannot be scored if b’ —4ac can only be seen embedded within a quadratic formula.

dMZ: Solves b° —4ac =0 o.e. for (k—3)x* +6x—2=0=6"-4(k-3)(-2)=0=k =....

Also (k-3)x"+6x—2=0=36+8(k—3)=0=k=...

It is dependent upon the previous M1 being an equality AND correct a, b and ¢ leading to a value
for k
Don’t be too concerned by the processing of the equation leading to the value for k

3
Al: k=-—=o.e.
2

X2
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Alt (b) via gradients.

M1: Sets d—y=_—§+3=k. Look for a dy in the form %+ﬂ
dx X ax X

dM1: Attempts to find x* = (3%} , Substitutes into (k —3) x> +6x—2=0and solves to find k =...

. . -2 . .
Alternatively substitutes k = 7+3 into (k—3) x* +6x—2 = 0and solves to find x and then k.

Al: k= —g o0.e such as —% or -1.5

£
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Number Scheme arks
5 (a) 9x3—10x2+x=x(9x2—10x+1):x(axil)(bxil) with ab =9 M1
=x(9x-1)(x-1) Al
)
1
(b) States or implies that x=3" AND sets = to their 1 or 9 M1
1
Solves their 3* ="1" or 3’ = "5“ dM1
y=0,-2 Al
3)
(5 marks)
THIS IS A NON- CALCULATOR QUESTION.
(a)

M1: Takes out (or divides by) a common factor of x and attempts to factorise the quadratic factor.
In most cases this will be

o either 9x°—10x" +x = x(9x2 ~10x +1) =x(ax+1)(bx+1) withab =9
o or  9x*-10x+1=(ax+1)(bxx1) withab=9
Other methods exist such as 9x° —10x” + x = (x —1)(9x2 - x) but the method is only scored when

the factor of x is taken from the second bracket
It would be very difficult to score following an attempt to find the roots of 9x° —10x+1=0

Al x(9x-1)(x-1)o.esuchas (9x—1)(x—1)(x—0), x(-9x+1)(-x+1)or 9x(x—%)(x—1)following

the award of the M1 mark. This must be done in part (a) but use review if unsure

Watch out for these.

Example 1:  If you see 9x°~10x" +x=0=>x=0,1, % followed by x(9x—-1)(x—1)itis MO A0
(calculator use)

Example 2:  If you see 9x* —10x" + x = x(x—éj(x ~1)it is MO A0

(Incorrect and probable calculator use)
Special case:

If you see 9x> —10x" + X = x(9x—-1)(x-1)or QX(X—%j(X —1)without any other working it is SC M1 A0

X2
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(b) If a candidate has just written down the roots of part (a) =0 without having factorised it, then allow
all marks to be scored here. So, 00 111 is possible.

M1: This is awarded for linking the equation in y with the roots of the part (a)
Score for stating that x =3” AND setting x or 3'= one of the non-zero roots of their
x(9x-1)(x-1)=0

It is important to note that it is not just for the non-zero roots of their x(9x—-1)(x-1)=0

This can be implied by setting 3” =1 OR % if they write down the roots of part (a) as 0, 1 and %

1
Can be implied by x=1 OR 9 followed by a correct y value.

It is also implied by this sort of work as a =3"

dM1: Solves their 3’ ="1" or 3’ ="

1
9
To score this, the root must be either correct or else a power of 3
Al: CSO y=0,-2 only.
The solutions must follow M1, dM1. Candidates cannot just state y = 0without any working and

score marks.
Condone use of ‘or’ between the values.

1 1
Condone the use of logs in proceeding to an answer. E.g. 3’ = 3 = y=log, g =-2

Q\?ﬂ
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?\Il:ﬁgg? Scheme Marks
6(a) | Angle AFB = # -0433 * B1*
D
(b) | Attempts ré =6.2x2.275=(14.105) M1

Attempts (xz):6.42+6.22—2><6.4><6.2005(0.433):(7.36) or (x=2.71) | M1
Correct attempt = 2x+r6 +12.8 = 2x2.714+14.105+12.8=32.3(m) dM1, Al

4)
€ | Attempts %rze :%XG.ZZ x2.275 = (43.7255) M1
Attempts %absin C= % x6.2x6.4x5in 0.433=(8.325) M1
Correct attempt = 2x8.325+43.7255=60.4 (mz) dmi, Al
(4)
(9 marks)

(a)
B1*: Shows that angle AFB =0.433radians.

You may see the angle labelled & or BFA. This is not an issue, just look for the calculation
- . . 7—2.275 . i i .
It is a "show that" so it is important to see either — or decimal equivalent with at least this

3.1416-2.275
accuracy — 5 before we see 0.433 written down. The bracketing if required must be

correct. So (7z - 2.275) +2is correct but 7 —2.275+2is not. Condone a more accurate answer

: . . . . —2.275
being written down and left without rounding to 3 decimal places. E.g. ”T =0.433296327

(b)

M1: Attempts rd =6.2x2.275. Implied by sight of awrt14.1
Sight of 2x6.2x2.275would be MO as this would imply an incorrect formula. There are not two arc
lengths within the perimeter of the tunnel.

M1: Attempts to apply the cosine rule to find AB or DE.

Can be achieved for an attempt at 64" +6.2° —2x6.4x6.2 cos(0.433) irrespective of the LHS.

Condone a larger calculation that includes 2x (\/6.42 +6.2° ~2x6.4x6.2 cos(0.433)) or even

2% (6.42 +6.2° —2x6.4x 6.2005(0.433)) as both AB and DE are part of the perimeter.

The angle used must be 0.433 or a more accurate version of this
This can be implied by, for example, by sight of AB® =7.36.. OR AB=2.71...

6.2° +6.4° — AB’ ) )
Condone €0s0.433 = ———————— leading to a value for AB * or AB

Attempts via right angled triangles and incorrect cosine rules, e.g. (cz) —a +b’ —abcosC are MO

dM1: Full attempt to find the perimeter of the tunnel. 2x"2.714"+"14.105"+12.8
It is dependent upon both M's and a correct attempt at the cosine rule by square rooting their answer

to 6.4° +6.2° —2x6.4x6.2c05(0.433) 0.e.
Al: awrt 32.3(m)

N
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(©
12 1 2 .
M1: Attempts Er 6’=§x6.2 x2.275. Implied by awrt 43.7

M1: Attempts either %absinC =%><6.2><6.4><sin 0.433 or absinC =6.2x6.4xsin0.433

The angle used must be 0.433 or a more accurate version of this.
dM1: Full attempt to find the cross-sectional area of the tunnel.
It is dependent upon both M's and an attempt to add a sector and two triangles

Al: awrt 60.4 (mz)

Answers using degrees can still be awarded ALL of the marks.

In part (a) it would be difficult to score the mark but you should expect to see the following calculations

angle BFD = 2.275x@ =awrt 130.3°
T
angle AFB = 00 —1303%° it 2480 = 24.8x 7 — 0433
2 180
For parts (b) and (c) the calculations must be attempted using angles with (at least) the following
accuracy.
angle BFD = awrt 130° and angle AFB = awrt 25°
For (b)
M1: Attempts i>< 2nr = @x 271 %x6.2
360 360

ML Attempts (xz) —6.4°+6.2" —2x6.4x6.2C05 25°
For (c)

12 2 130 2
M1: Att tSs —Xx7r =— 6.2
empts XTI =2

1 . 1 . . .
M1: Attempts Eabsmc =E><6.2><6.4><sm 25 or absinC =6.2x6.4xsin25
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Question Scheme Marks
Number
. 20—-4
1. (a) Attempts gradient = =3 (-3) M1
Attempts equation of line y—20="-3"(x+5) or dM1
y+4="-3"(x-3)
y=-3x+5 Al
©)
(b) Gradient % or midpoint (—1, 8) B1ft
y-8= %(x +1) M1
x—=3y+25=0 Al
(©)
(6 marks)
(a)
M1: Attempts gradient = % condoning slips. Look for an attempt at a difference in y

coordinates over a difference in x coordinates. There is no requirement to simplify.
They may use 20——4=m(-5-3) to find m.

dM1: Full method for equation of line using gradient and either point — as shown or may use
y ="-3"X+cC proceeding as far as finding c.

Al: y=-3x+5 The coefficients must be simplified, award A0 for y = 2_‘81 X+5

Alt (a)

M1: Sets up two simultaneous equations using both points E.g 20 =-5m+c¢ and
—4 =3m+c (allow one slip).

dM1: Solves the pair of simultaneous equations to find values for m and ¢ (accept any values
following two suitable equations having been set up).

Al: y=-3x+5

(b)

B1ft: Correct mid point or gradient, allowing follow through on the negative reciprocal of their
gradient in (a)

M1: Attempts the perpendicular bisector (need not be a simplified form). Must be using £
the reciprocal of their gradient from (a) with a valid attempt at the midpoint — at least
one correct coordinate (or calculation for) must be seen for the midpoint.

Al: x-3y+25=0 but allow any integer multiple and term in a different order (but must be

on one side). Ignore if they give a label |, =x—-3y+25=0

N
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Rimber Scheme e
2
(x+3) o
3Jx
(x+3)° x*+6x+9 132 .2 .
3. - ==x* +2x" +3x M1
3Jx 3x 3
(x+3 125 .23 .23
T dx =oxoxP42x=xP +3x=x% +¢ dm1
adx . 35 3 1
2 5 45
=S+ 2x +6x7 +c Al AL Al
15 3
()
(5 marks)

MZ1: For an attempt to multiply out the numerator and divide at least two terms by the denominator with
at least one power correct. Allow if there are only two terms from squaring.
dMZ1: For correctly achieving two correct powers following integration (need not be simplified).
Al: Previous dM must have been gained (so two correct powers after integrating), at least one correct
15 1
algebraic term, allow unsimplified. E,g, allow %xz Allow 5() with one correct term inside the
2
bracket.

Al: Two correct simplified algebraic terms. May have the % factored out.
AL: Fully correct and simplified including the + ¢, accepting equivalent simplified forms. Ignore

. . . . . 1
spurious extra integral signs or dx‘s if they have the correct expression. May have the 3 factored out.

ISW if they multiply through their answer by a constant after the integration.

Note: If you see attempts at parts or substitution that look worthy of merit then send to review.
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%%ﬁtgg? Scheme Marks
4. (@) | (270°,0) Bl
1)
(b) | (-180°-4) B1, B1
)
(c)(i) | 100 B1
(i) |4 Bl
(i) | 7 Bl
3)
(6 marks)

Note: Watch for answers next to the question itself rather than in line. If different answers are given next
to a question and in the answer space then score the response in the answer space.

(@)
B1: (270°,0)but allow x =270, y =0 (degrees symbol may be missing) Just 270 without reference to

coordinates is BO. Condone missing brackets, but the order must be correct.
b
(Bi: Either (—180°, y) or (x,—4) and allow if coordinates are the wrong way round for this mark, but they must
be giving a coordinate pair. E.g. just —4 on its own is BO, but (-4, p) or (q,—180°) can score B1.
SC: Allow (—72', y) (if y is incorrect — they will score B1 regardless of if y is correct).
B1: (—180° —4) butallow x=-180,y=-4
(degrees symbol may be missing). Condone missing brackets, but the order must be correct.

(c)

B1: 100

B1:4

B1:7

Note : if there is no labelling for (i),(ii) and (iii) then score in the order listed.
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Rirmber Scheme Marks
X—=2y+25=0
1. 25
5. (a) y=§x+?:>y=—2x+... M1
y=—2x Al
)
(b) | Substitutes y =—-2x into x—2y+25=0= x+4x+25=0 M1
=x=-5y=10 Al, Al
@)
(©) | shortest distance = v5° +10° =545 M1, Alcso
2
(7 marks)
(a)

M1: Attempts the normal gradient. E.g. writes x—2y+25=0 inthe form y= px+q AND changes
the gradient (need not be correctly changed). Alternatively, may switch the x and y coordinates
and change a sign — e.g. perpendicular line is 2x+ y+k =0. Another approach is to find the
gradient of I1 by identifying two points on the line and attempting the gradient (must be change in
y over change in X) between these two points.

May be implied by the correct answer.

Al: y=-2x 0.e. Score for the correct answer even if an incorrect “q "~ was seen.

(b)

M1: Attempts to solve their y =-2x (must be of form kx) with x—2y +25=0 (or their rearrangement

of this).
Score for setting up an equation in a single variable.

Al: Xx=-50OR y=10 from correct work.

Al: Both x=-5, y =10 from correct work

(©)

M1: Attempts to use Pythagoras theorem to find the distance or distance squared between (0, 0) and

their (-5,10) or other full method to find the shortest distance.

Alcso: 55 Must be simplified surd form. Must have come from correct coordinates in (b).

X2
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Question
Number Scheme Marks
sinCAO sin0.6
- = CAO =0.6944... M1
6() 17 15
Angle COA = 7—0.6—"0.6944"=1.847 * dM1, Al*
3
() Attempts %rze = %><152 x0 where 0 =(2n—1.847) orjust1.847 OR
M1
attempts %absin C= %x15><17sin(1.847)
Attempts % r'o= %xlSz x(2n—1.847)(z 499) AND
dM1
1.1 .
SabsinC= 2 x15x17sin (1.847)(~122.7) AND adds
(awrt) 622 m? Al
3
ro=15x0 where 9=(2n—1.847) orjust1.847 OR
(c) 2\ s s M1
(AC” =)15" +17° - 2x15x17 cos(1.847) (= 653)
Attempts 10 =15><(21t—1.847)(= 66.54) AND
dM1
{AC =} /15" +17° —2x15x17 cos(1.847)
92.1+2 = (awrt) 94.1m Al
3)
(9 marks)

Note: Work must be completed in the appropriate parts to gain credit, but if no labelling is given, apply
benefit of doubt that area work is for (b) and perimeter work is for (c).
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Question Scheme Marks
Number
9(a) (cQ2 :)0.52 +1.84° —2x0.5x1.84c050.8 M1
(Radius =) CQ=1.534m Al
)
(b) sin PCQ _ sin0.8
0.5 "1.534"
or M1
05" ="1.534""+1.84° — 2x"1.534"x1.84c0s PCQ
. 0.5sin0.8
=sinPCQ=———-(=0.233....) = PCQ =0.236 *
Q "1.534" ( ) ©
or Al*
" " 2 2
cosPCQ= 234" +1.84 05 0.972..) = PCQ = 0.236*
2x"1.534"x1.84
)
© %rza = %x"l.534 "zx(2n—0.236) oee.g. 7"1.534 "2—%>< "1.534"°x0.236
(=7.114..)
OR M1
1., . 1 . L v g - _
ZabsinC=>x05x184sin (0.8) or 5x"1534"1.84sin (0-236)(=0.3299...
Attempts 1’0 = £x"1534"x (2n—0.236) AND
2 2
1 1 dm1
SabsinC= Exo.5x1.84sin(o.8) AND adds
(awrt) 7.4 (m?) Al
@)
(d) Attempts 16="1534" (21-0.236)(=9.276.. M1
Perimeter = "l.534"><(27t—0.236)+0.5+(1.84—1.534) =10.1 (m) Al
)
(9 marks)
Notes
It is acceptable in this question to work in degrees and convert if necessary.
NB 0.8 radians is 45.8366...° and angle PCQ is 13.5205...°
Note that there will be other valid methods — if in doubt use review.
See right angled triangle methods for (a) and (b) at the end of the MS
(a)
M1: Writes down the correct rhs for the cosine rule.
2 2 2
Allow e.g. c0s0.8= 05 +184 -CQ
2x0.5%x1.84
Al: CQ=1.534 This value only i.e. not awrt.
(b)
M1: A correct sine rule statement following through on their CQ which may appear as
sin PCQ = % and would also count as the intermediate step below.

&
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Al*: Correct proof with an intermediate line such as sin PCQ = % or sinPCQ =0.233....
If awarding for the value of sin PCQ then allow sin PCQ =awrt 0.23
There should be no incorrect statements in the proof e.g. PCQ = % =0.236

and no obvious incorrect work. E.g. although using CQ as 1.53 gives PCQ =0.237 to 3 dp we
will condone PCQ given as 0.236 if no incorrect work is seen as we assume greater accuracy for
CQ has been used. If CQ is used to even less accuracy in their working e.g. 1.5 score M1AOQ for
otherwise correct work.
Must be 0.236 and not e.g. 0.2360

Alternative:

M1: A correct cosine rule statement following through on their CQ which may appear as

1.534° +1.84° 05"

cosPCQ = and would also count as the intermediate step below.
2x1.534x1.84

1.534° +1.84°—05

Al1*: Correct proof with an intermediate line such as cos PCQ =
2x1.534x1.84

cos PCQ =0.972....
If awarding for the value of sin PCQ then allow cos PCQ =awrt 0.97

There should be no incorrect statements in the proof.
If they work in degrees and reach e.g. PCQ =13.5°it is acceptable to then state “ = 0.236”
Must be 0.236 and not e.g. 0.2360

(©)

M1: Correct method for the area of major sector CQR or correct method for area of triangle PQC
May be seen embedded in a calculation. Condone the use of 1.8 for 1.84 as long as the intention
is clear.

dM1: Fully correct method for the total area. E.g. finds area of major sector CQR and area triangle
PQC and adds or finds (area of circle — minor sector CQR + area triangle PQC) or
(area of circle + (area triangle PQC - minor sector CQR))

Al:  (awrt) 7.4 (m?)

Beware: The area of just the circle is 7.39... i.e. awrt 7.4 but on its own scores no marks.
There are also other incorrect methods that give awrt 7.4 so you need to check their working

carefully!
(d)

M1: Attempts r0="1.534"><(2n—0.236) ore.g. 2rx"1.534"-"1.534"x0.236
Al:  awrt10.1 (m)

For reference:

Major sector area 7.114...

Minor sector area 0.277...

/ Triangle area 0.3299...

/ Angle PQC = awrt 2.11
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Question

Number Scheme Marks
5.(a) 2x3+3x2—35x=0:>x(2x2+3x—35)=0 M1
(2x=7)(x+5)=0=x=... dM1
7
=-50, % Al
x=-5,0, >
®)
(b) | 2(y-5)"+3(y-5)~35(y-5)"=0
States that y =5 is a solution Bl
(y—5)2:“%":y:... M1
7 7 .
y:5+\/; or y=5—\/; or exact equiavlent Alft
7 7 .
Both y=5+\/; and y=5—\/; or exact equivalent. Al
(4)
(7 marks)

(@)

M1  Takes out a common factor of x. Score if each term is divided by x.

dM1 Attempts to solve the resulting quadratic via algebra (usual rules). Allow factorisation, formula or
completion of square. They cannot just write down answers from their calculator for this mark.

Al x=-5,0, ;

Note 1: Some candidates will just write down their answers from a calculator. This scores 0,0,0

Note 2: Some students will attempt to solve the cubic by the quadratic formula  Eg.

2
2x +3x° —35x=0=>a=2,b=3,c=—35and use x:_bi— “;_4‘3‘:: X =-5, ;
a

This scores 0,0,0 as the method used is incorrect

(b)
Bl States that 5 is a solution of the given equation in (b)

M1  Realises thatx = (y—5)2 and proceeds to find a value for y using (y—5) = ; = y=...Follow through

on any positive value from (a). Allow decimal answers here. Don’t be overly concerned by the
mechanics of their solution.

Alft A solution of 5+\/Z or 5—\/ZYOU should follow through on their positive root.

Allow decimals for this mark only. So accept awrt 6.87 or awrt 3.13

Al Both 5+\/; and 5—\/;Wi'[h no other solutions for part (b) apart from 5. Do not allow decimal

equivalents. Don’t allow complex solutions.

12

N
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(@)

dmi

Al
Al

(b)
M1

dm1

Al

IAL P1 (WMA11) - June 2019 - Q7 P1.6b Radians, arc length & sector area < QUESTION
Question Scheme Marks
Number
6.(a) Sets 4x+c = x(x—3) and attempts to write as a 3TQ M1
Uses b’ = 4ac for their X' —7x—c=0 dM1
Correct equation 49=-4c or 49+4c=0 Al
c=-12.25 oe Al
(4)
2 . .
(b) | Attempt to solve x” —7x—c =0 with their ¢ M1
Attempt to find the y coordinate for their x coordinate dM1
77
(z * zj e Al
3)
(7 marks)

Sets 4x +c = x(x—3) and attempts to write as a 3TQ. All terms don’t need to be on the same side of the

equation and you should condone slips

Attempts to use b” = 4acor b’ —4ac =0 for their 3TQ. This may be implied by later work.
For a correct 3TQ, errors on "c¢" will be common, so condone +49+4c=00e

Correct equation formed in 'c'

Correct solution ¢c=-12.25 oe

Attempts to solve their X" —7x—c = 0with their c (c # 0)

Allow usual methods. If a calculator is used then the answer(s) must be correct for their 3TQ
Incorrect values of ¢ may produce two values of x

Attempt to find the y coordinate from their x coordinate. It is dependent upon the previous M

If there are two coordinates they only need to find the y value for one of their x values to score this
mark.

2’4
If ¢ is correct allow the answer to score all 3 marks as long as no incorrect working is seen.

Correct coordinate given (Z Zj or exact equivalent. Allow written separately x=3.5,y =1.75

Alternative to (a) by using gradients

M1
dM1

Al
Al

Attempts to set %(x2 —3x):4:> 2X=3=4=Xx=....
Attempts to find the y coordinate by substituting this answer in y = x(x—3)

Correct equation in ¢ Eg %:4x%+c

Correct solution ¢c=-12.250e

Note: Using this method the answer to (b) is found before (a). Some candidates will not realise this however.
For the marks in (b) to be awarded there must be a statement somewhere in the solution to the effect that they
know that they have solved part (b). This could be simply

(b) (3.5,1.75) or coordinates of point of intersection is (;%j

13
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(lg\luestion Scheme Marks
umber
7.(a) | Attempts to use %rzé’ with r =6 and any allowable angle & M1
Full method to find area %x62 x(27z—0.7) or zx6 —%x62 x0.7 M1
=100.5cm? (awrt) Al
_ _ ©)
) | Attempts 2 46ADO _SIN0-7 _, in ~ADO =0.77.. M1 Al
ZADO = 2.258 (awrt) Al
©)
(©) | Attempts arc length ABC = 6x(27-0.7) 3350 | M1
sin(z7—-0.7-"2.258" in0.
Attempts length OD (” oD ) = sin0.7 =0D=.. 1.42 | M1
Full method to find perimeter = "33.50"+5+ 6—"1.42" ddM1
=43.1cm Al
(4)
(10 marks)
Alt (c) Alternative for arc length ABC =127—-6x0.7 M1
Alternative for finding OD using the cosine rule
OD? =6” +5° —2x6x5c0s(7—0.7-"2.258") = OD M1
Solutions where candidate changes to degrees
Look for angle AOD = awrt 40° to score M marks
7.(a) | Attempts to use %m’z with r =6 and angle 8 =awrt 40 or 320 M1
] (360 —awrt 40) 2 2 awrt 40 2
_ M1
Full method to find area 360 X6 or 7x6 360 x 76
=100.5cm? (awrt) Al
_ _ ©)
(b) | Atempts SMZLAPO _sind0® _ g Abo=0.77... M1 AL
ZADO =129.4° (awrt) Al
© @)
c 360—-40
Attempts arc length ABC = %x 276 33.50 M1
sin(180—-40-"129.4" i
Attempts length OD ( oD ) _ 3 40 =0D=... 142 M1
Full method to find perimeter = "33.50"+5+ 6—"1.42" ddM1
=43.1cm Al
(4)
(10 marks)
14
A
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Notes
(@)
M1  Attempts to use %rza with r =6 and any angle allowable angle 6
Allowable angles are; 0.7 n—0.7 =allow awrt 2.4 2n—0.7 = allow awrt 5.6

M1 A correct attempt to find the area of sector ABCOA. See scheme Accept awrt 100 or 101 for this mark
Al awrt 100.5(cm?) The units are not required

(b)

M1  Attempts the sine rule with the lengths and angles in the correct positions sin £ADO _ S 07

5

Al  Correct value for sin /ADO=0.77.... Be careful here! Z/ADO=0.77... is AO
May be implied by either a correct answer or awrt 0.88
Al  awrt LADO=2.258 or 129.4°

(©
M1 A correct method to find arc length ABC May be implied by sight of 6xawrt 5.6 or awrt 33.5 or 33.6
M1 A correct method to find length OD using either the sine rule or cosine rule. The angle OAD must be
attempted using a correct method (7 —0.7—-"2.258").
Oob 5 6

N =— =— -
sin(z—-0.7-"2.258") sin0.7 sin"2.258"
For cosine rule it could be 5° =6°+x* —2x6xxxcos(0.7)= 3TQ in x which must be solved by correct

methods
ddM1 Both previous M's must have been scored. It is for a correct method to find the perimeter of the shape.

Look for “33.5” +5+6 — ““1.42”’. Itis implied by awrt 43
Al cso and cao 43.1 cm. Units are not required

Eg. For the sine rule OD=...

Handy Diagrams

15
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general
principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx+c) = (x+ p)(x +q), where|pg| = c

, leadingto x = ...
(ax® +bx +c) = (mx + p)(nx +q), where|pg| =|c| and |mn| =|a| | |eading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
Solving X' +bx+c=0.  (xt3)’+g*c, ¢#0,  |eading to x = ..

Method marks for differentiation and integration:

1. Differentiation
Power of at least one term decreased by 1. (xn - xn_l)

2. Integration
Power of at least one term increased by 1. (xn - x"“)

Use of a formula
Where a method involves using a formula that has been learnt, the advice given
in recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if
there are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer
is asked for, or working with surds is clearly required, marks will normally be lost
if the candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will
give details of what happens in particular cases. General policy is that if it could
be done “in your head”, detailed working would not be required. Most candidates
do show working, but there are occasional awkward cases and if the mark
scheme does not cover this, please contact your team leader for advice.

N
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WMAT11 October 2020 Mark Scheme

Question Scheme Marks
1
a=162 Bl
b=5 Bl
c=12 Bl
(3 marks)
Notes

Make sure you mark in this order on epen.
Bl a=162

Bl b=5 condone p=5
Bl c¢=12 condone g =12
Note: The values may be implied by their expression. If there is a contradiction between what appears

to be their final expression and values for a, b or ¢ which are incorrectly stated afterwards then treat
this as isw.
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Question Scheme Marks
2(a)
b=2 B1
+..(xx3)
(x£3) i
(f(x)=) 21-2(x-3)’ Al
(©))
(b)
Ris (0,—4)or “h” =4 Bl
f(x)—7:14—2(x—3)2:>x:... or f(x)-7=—-4+12x-2x"=>x=... M1

(NB x=3iﬁ)
Area=%><("3+x/7"—("3—ﬁ"))xw' dMm1

=47 Al

(C))
(7 marks)

Notes
(@)
Bl b =2 implied from their expression or stated. Eg look for —2(x *...)’

Beware of expressions such as 21+2(x— 3)2 which would be BO
M1 Sight of (x+3)’

Al 21-2(x- 3)2 . Condone 21-2(x+ —3)2 or they may state the values for a,b and c. If there is a

contradiction between what appears to be their final expression and values for @, b or ¢ which are
incorrectly stated afterwards then treat this as isw.

(b)

Bl Ris (0,—4)or “h” =4 (The coordinate may be seen on a diagram as a point of their triangle or

quadratic so allow just —4 rather than the full coordinate to be indicted on the y-axis ). It may
also be implied by their working.

M1 Attempts to solve f(x)—7=0
Score for an attempt to solve a 3TQ of the form:
—2x* +12x+C =0 where C#3 or 4-2(x—3)" =0 where 421

or if they use their part (a) "a"-"b"(x+"c")’ =0=>d —"b"(x+"c")* =0 where d #a




< QUESTION

Question
Number Scheme Marks
7(a)
y coordinate =12 B1
@
(b)
Gradient of /1 = —% Bl
1 4 n 4 n
:>Gradlent0flz=§:(y—6)= 3 (x-8) Ml
y coordinate = —% * Al* cso
3
(©
. wiAn, 1450
Radius ="12 +?—? Blft
" 50 n
Length of arc = 3 x1.8 =30 MIlAlcao
3
)
Area of = L0y 1.8 (=250
€a 0 sector—Ex(?) x1.8 (=250) M1
1,50 200
"250"+—X "_"X 8 — H250"+ n—-—--n
2 3 3 Ml
= 92—0 (units?) Alcao
3
(10 marks)
Mark all parts together. May work in degrees.
(@
Bl 12 (Check by the question and also on the diagram). If there is a contradiction then their
answer in the main solution takes precedence.
(b)
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B1 States gradient of /; is —% but can be implied by further work. Eg sight of a gradient of %

in their equation for /> can also score this mark.
The value must be identified or used so it cannot just be awarded from a rearranged equation

for /1. Circling the coefficient is acceptable but stating —Zx with no further work is BO.

M1  Attempts to find the gradient of the perpendicular line "—%" —>§ and attempts to find the

equation of /. Look for ( y- 6) = "%"(x —8) with both of the brackets correct. If they

attempt using y = mx + ¢ then they must proceed as far as ¢ =...

14 . . .
Al* -3 cso must be clearly stated as the y coordinate with no errors seen after achieving a

correct equation for /.

©

14
Bl1ft Finds the radius of the circle following through on their answer to (a). "12"+ 3 is

acceptable for this mark or it may be implied by their length of the arc. May be seen on the
diagram or in other parts.

14
M1  Attempts to find the length of the arc with 6 =1.8 and their » = "12"+?

Al 30 cao

(d)
. . 14
M1  Attempts to find the area of the sector with € =1.8 and their » = "12"+?

M1  Adds the area of their sector with a correct method to find the area of the triangle.

There are various ways to find the area of the triangle. They may find the lengths CD and
DE using Pythagoras and proceed to find the area of the triangle:
32j2 _40 1 40 _ 200

Eg CD=+/6>+8> =10 and DE = 82+(? :Area:EXIOX?:T

Alternatively, via the shoelace method:

012
1186 1 14 200
— =—Xx| 8x—— |- (12x8)[=—
& 210-% 2 ‘[ 3] ( )
012

950 .
Al ES cao (accept 3163 or 316.6 but not 316.7)




< QUESTION

%‘i;slté?; Scheme Marks
7(a) OB =0.6 +1.4" —2x0.6x1.4c0s2= OB =... or OB =... M1
OB =1.738 Al
sin AOB sin 2
1 =" 738 = AOB =0.822
ore.g. dM1
sin ABO sin 2
06 -3 = ABO=0.319...= AOB=n-2-0.319...
0=2xA0OB =2x0.822=1.64% Al*
“@
(b) Attempts 0.6xa with a =27-1.64 or a=7—1.64
or M1
Attempts 2x1tx0.6—0.6x1.64
0.6><(2n—1.64)+2.8 =5.6m Al
2
(c) 1 2 . _
Attempts 5><0.6 xa with a=27r—-1.64 or a=7—-1.64
or Ml
2 1 2
Attempts Tx0.6 —§x0.6 x1.64
Attempts 0.6x1.4sin2 Ml
Full method %><0.62 ><(27r—1.64)+0.6><1.4sin2 =1.6m? ddM1 Al
“
(10 marks)

In part (a), candidates may not be careful with the use of 8. E.g. in their working, their # may be
angle AOB which they correctly double to get 1.64 — condone this poor notation and give credit
if the intention is clear.

Example:

OB’ =06 +1.4" —2x0.6x1.4c0s2=> OB =1.73756...

2 2 2
0.6 +1.738" —1.4
s =— Gex173s ¢ =082

0=2x0.822=1.64

Is acceptable for full marks in (a)

(a)

Ml Attempts the cosine rule to get OB or OB’ seen in part (a) only

Al OB = awrt 1.74 or truncated as 1.7 or e.g. 1.73 (may be implied)

dM1 Attempts the sine rule with the sides and angles in the correct positions in an attempt to

find AOB or 1/2 AOB. This must be a full attempt including using inverse sin to find
the angle.
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This may be achieved by attempting the sine rule to find angle 4BO first and then using
the angle sum. This requires use of the sine rule with the sides and angles in the correct
positions in an attempt to find ABO followed by t—2—-"0.319..." or e.g.
2n—4-2%x"0.319..."

Alternatively uses the cosine rule to find angle AOB
Eg 14 =06 +1.738 —2x O.6><1.738c0s§ - g =..

Depends on the first method mark.

Al1*  Fully correct work leading to the given answer with no obvious rounding errors.
E.g. if they obtain angle AOB = 0.827 following correct a method then state 2x0.827 =
1.64 this mark should be withheld.

Alternatives working backwards:

0 BC 0.6
0=1.64=—==0.82, — =— =BC=14 0=1.64
2 sin 0.82 sm(n—2—0.82) 50
0 1.4 ocC

Or 0=1.64=—-=0.82,

> =0C=0.6s00=1.64

sin0.82 ~ sin(n—2-0.82)

[
M1: Finds = and uses angle sum of triangle and sine rule

2
Al: Correct sine rule statement
dM1: Rearranges for BC or OC. Depends on first method mark.
Al: Fully correct work to obtain BC = 1.4 or OC = 0.6 with minimal conclusion e.g.
tick, QED etc.

(b)
M1  Attempts 0.6x ¢ with an allowable &
For an allowable angle accept 2m—1.64 (awrt 4.64) or w—1.64 (awrt 1.50)
An alternative is to find the circumference and subtract the minor arc AC
For reference the correct value is 2.78... which may imply the method (3.7699... —
0.984)

Al 0.6x (2TC -1 .64) + 2.8 =awrt 5.6 m. Condone lack of units

(c) In general the marks in part (c) are M1: Attempting the major sector, M2 attempting
the kite area or half of it e.g. area of triangle AOB but not e.g. area of triangle OCA (they
would need to find the area of triangle ABC as well, or half of both of these), dM3: A
complete and correct method for the total area, Al: awrt 1.6

Ml This mark is for an attempt at the sector area OCXA:
1
E.g. Attempts Exo.62 xa with a=27-1.64 or a=r-1.64

An alternative is to find the area of the circle and subtract the area of the minor sector
For reference the correct value is 0.835... which may imply the method (1.130... —
0.2952)

M1 This mark is for an attempt at the kite ABCO (or half of it):

. 1 .
Examples: Attempts 0.6x1.4sin2 which may be part of 7% 0.6x1.4sin2

Attempts OCA + ABC e.g. %x 0.6 sin1.64 +%>< 14" sin(27z -4-1 .64)

X2
RA
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. 1 .
Attempts "1.74"x 0.6 Slng which may be part of 7% "1.74"x 0.6 smg

ddM1 This mark is for a complete and correct attempt at the total area and depends on
both previous method marks:

e %x 0.6"x(2n-1.64)+0.6x1.4sin2 o.e
Al awrt 1.6 m?> Condone a lack of units

Alternative which doesn’t follow the above but is equivalent:

2 1 2 . 1 2,
Area= 1tx0.6 —§x0.6 (1.64—sm1.64)+5><1.4 sm(2;z—4—1.64)

Award M1 for the attempt at the major segment and M1 for the attempt at triangle ABC (or half
of it) then ddM1A1 as above.




< QUESTION

Some lengths and angles for reference:

OB*=3.019...
OB =1.7375...
AC*=0.7697...
AC=0.8773...
Angle ABO =0.322
Angle CO4 =4.64...

Solutions where candidates change to degrees
NB 2 radians is 114.591559...°
@) OB’ =0.6" +1.4"—2x0.6x1.4c0s114.59..= OB’ =... or OB=... |Ml
OB =1.738 Al
sin AOB  sinl114.59...
=g = A0B =082
ore.g. M1
sin ABO sin114.59...
=g = ABO=18.3= A0B=180-114.59...-183
O0=2xA0OB=2x47.1=942°=1.64* Al*
“)
(b) a .
Attempts WXZXWXO.6 with a = 360 —awrt 94°
or M1
Attempts 2xnx0.6—%x2xnx0.6
300 awrtd v xx0.6+2.8=5.6m Al
360
)
© Attempts %x 1x0.6" with & = 360 —awrt 94°
or M1
wrt 94°
Attempts %06 —2‘3Txnxo.62
Attempts e.g. 0.6x1.4sin114.59... Ml
Full method e.g. Wxnxo.s2 +0.6x1.4s5in114.59..=1.6m> | dMI Al
“)
(10 marks)
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M1: Uses at least one x value of the form pﬁ ,a>0 and uses a non calculator method to find a value for
y= q\/E Must use x correctly, not X% in place of x. It is not a dependent mark so if x =+/10 followed
by a correct non calculator method you may award the mark. Some calculations must be seen, not just a
3
written down answer. S0 x =+/10 = y = (\/10) —6+/10 = 44/10 is acceptable

Al: At least one correct pair of solutions. Need not be fully simplified but should be single terms, so accept

e.g. (\/E, ﬂ] if they use the other equation to find y.

V10

So a mark of 00110 is possible for candidates who show evidence for y but not for x.
Al: CSO. All previous marks must have been awarded in part (b). Both pairs of solutions correct and
simplified with no incorrect extra answers given. Must be clearly paired so do not accept

X= iJl—O VY= i4«/1—0 unless clear pairings have been given elsewhere.

A 1
@ F(0)=2X 2+ AP435 F(X) =X 2 +—X 2 M1
1 2 3
=) =2x—x 24 2AXE =X 2 2AK Al
3
f'(4)=0=-472-2Ax47 =0= A=.. M1
L2A g a-s Al
8 64
4)
1
(b) 1 2X7+1 241
f(x)=I2x 24 AP 4+3dx="F—+ 1+3x(+c) M1
24 —
2
SOA
=4x? ——+3x(+c) Alft
X
f(12)=8«/§:>4\/E—£+36+c=8«/§:>c=... dm1
c=8\/§—4«/ﬁ—36—i=—@ or follow through C=A—36 Alft
12 3 12
1
So (f(x)):4x5+£+3x—% oe Al
X
®)
(9 marks)
Notes: Mark parts (a) and (b) together




< QUESTION

(@)
M1: Correct method of differentiation, at least one correct power reduced by 1.
The indices or coefficients do not have to be processed/simplified.
ALl: Correct differentiation, need not be simplified, but the indices and coefficients must be processed
correctly.

dM1: Sets f"(4) =0 and proceeds to find a value for A. It is dependent upon the previous M1

Don't be overly concerned with the mechanics of the solution here
Al: A=-4

(b)

ML1: Attempts to integrate £*(X). Look for a correct power increased by 1 on at least one term. The indices and
coefficients do not have to be processed/simplified. Constant of integration is not needed for this mark.

ALlft: Correct integration, either with A or follow through their value of A. The indices and coefficients must
be processed correctly. Constant of integration is not needed for this mark.

dM1: Sets f(12) = 83 and proceeds to find a value for a constant of integration " ¢ using their value
of A. It is dependent upon the previous M1

A
A1ft: Correct value for ¢ found. Follow through their value of A, so C = o -36.

Accept awrt 1 dp
1

= 4 1
Al: Correct answer, 4x2 +— +3x—%, not follow through.
X

If they go on to multiply by 3 etc it is AO




< QUESTION

8(a) With & being the angle subtended by arc AB
and ¢ being the angle subtended by arc CD

15=9x0:0=§=(1.67) M1
Therefore ¢ = 2?” —g =(0.4277...) dm1
27 5
So length of arc CD = 84 x 33 =35.929...=35.9cm (1d.p.)* CSO Al*
®)
(b) Perimeter =3x (15+35.9...) +6x(84-9) M1
=awrt 603 cm (602.787...) Al
&)
© FOR EXAMPLE Area of a “blade” is % x 847 x ( 2”3_ 5] = awrt (1510) M1
1 uln
Area of sector of inner circle between “blades” is = x 9% x § =(67.5) dm1
2 3 Al
Total area is 3 E><842 X (2_7[ —§j + 1><92 X 5 =...(4729.577764cm?) ddm1
2 3 3) 2 3
So area is awrt 0.473 m2or awrt 4730 cm? Al
(®)
(10 marks)
Notes:
(@)

M1: Correct use of the arc length formula to find the angle subtended by arc AB.
Attempts 15=9x 60 = 6 =... Don't be concerned by what the angle is called
dM1: Correct method to find the angle subtended by arc CD using their angle for arc AB.

1 5
Note that ¢ = 5(27r —3x 5} is also correct. It is dependent upon the previous M
Al1*: CSO Arrives at 35.9 with a correct value to at least 2 d.p. (rounded or truncated) seen first.

Alternatively sight of 84 x (2{ - %) or 84xawrt 0.4277 followed by 35.9(cm) is fine

Note that there are equivalent methods such as 84 x 2?” —84><§ =35.9 or 2?” x84-140=35.9

(b)

M1: Correct method to find the perimeter, it should include all six arcs and radial edges.
Look for 3x15+3x35.9+6x... If no method is seen it is implied by awrt 603
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Question Scheme Marks
Number

8() A:%r29:>40:%r2><2.4:>r:... M1
[80
= —_— = . Al
r=\s2=>" 5.77 (m)
)
(®) States or uses that angle AOB = awrt 0.37 Bl
1)
(C) 1 n n " n(_
5% 5.77"x6.25%sin"0.37 (— 6.5377...) M1
Full method for area of stage = 40+ 2><%><5.77x6.25><sin 0.37 dm1
=53.1m? Al
@)
(d) ro ="5.77"x2.4 = (13.848) M1
X' =6.25"+"5.77""~2x6.25x"5.77"c0s"0.37" (X =2.26) M1
Full method for perimeter of stage = 12.5+2x"2.26"+"5.77"x 2.4 ddM1
=30.9m Al
(4)
(10 marks)

Allow equivalent correct work in degrees but part (b) must be in radians.

@

1
M1: Attemptsto use A=~ r’0 with A=40and @ = 2.4 to find a value for r

2

Al: Achieves awrt 5.77 (m). Apply isw if necessary e.g. if they subsequently write 5.77 as 5.8.

(b)

B1: Angle AOB = awrt 0.37. Allow this to score anywhere in their answer.

©

. . 1 .
M1: Attempts area of triangle AOB (or triangle DOC) 5% "a"x6.25xsin"b" (May be seen "doubled")
NB: “doubled” is 13.075...

1 .
dM1: Attempts area of stage 40+ 2><§><"a">< 6.25xsin"b"

%><"5.77"Z><2.4+2><%><"a">< 6.25xsin"b"

Al: Awrt 53.1 (m?). Condone awrt 53.0 but not just 53 unless awrt 53.1 or awrt 53.0 is seen earlier.

ore.g.

&
RA
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(d)
M1: Attempts rf ="a"x2.4
M1: Attempts to use the cosine rule to find length AB or AB?(or CD/CD?) (Allow anywhere in their
solution)
eg. X =6.25 +"a" ~2x6.25x"a"cos"b"
ddMZ1: Full method to find perimeter of stage 12.5+2x AB+"a"x2.4
It must be clear they are using AB not AB?
Depends on both previous M marks.
Al: Awrt 30.9 (m)

Beware in (d): AB=6.25sin (0.37) = 2.26...erroneously and will lead to the correct answer 30.9
Generally, this will score M1MOddMOAO if the arc length calculation is correct.

£
204



< QUESTION

1
38X — .. X°

. 5% ..X° g N
It is for - —> .. X" or 5> 5 X
3/8x L XP P

3/8x X
Indices do not need to be processed for this mark.

5 7
..X* +..X% . Depends on both M marks.

y = ... is not required. Apply isw oOnce a correct expression is seen.

M1: Correct subtraction index law seen used at least once. May be implied.

4(3-) 2 3 2 %
y=5x3+\/x7=5x +£x M1
8x X3
2l 31
3 23
_ 5x + X M1
2 2
5 7
= E X%+ 1 X8 AlAl
2 2
4)
(b) 2 1
ﬂ= WX HLXSE M1
dx
dy |25 § 7 :
= XG
&g i
3
(7 marks)
Notes:
@

3
M1: Converts the radicals into powers of x, with at least one power correct. E.g. \/x_3 — X2 or

5

Al: One term correct (coefficient and index) or both indices correct. E.g. gx5 or

Al: Fully correct expression in the required form. Depends on all previous marks.

7
— X% or
2

(b) The :—i = is not required throughout in part (b)

M1: x" —..x"" for at least one term where n # 1.

Alft: Correct differentiation of one of their terms where n # 1.
Follow through their part (a). But not for kx >k
May be unsimplified.
Depends on both M marks in part (a).

Score AOQ if they include “+ ¢”

Al: Correct derivative, with terms in simplest form. Apply isw once a correct expression is seen.




< QUESTION

Number Scheme Mok
8(a) . [ ]
; e MIA1Al
SOAB __\6) _, 4B =2.034
34 1.9
3)
b
®) Area =%x3.4><1.9xsin(7r—%—"2.034"j=awrt1.78 (cm?) MIAL
()
© A f sector OBC="1.78" 3 ="2.67"
rea of sector ="1. XE (="2.67" Ml
%X3‘42X0="1.78x3" Mi
*
0 =awrt0.462 * Al
3)
(d) . o
OA=,[3.4"+1.9°—2x3.4x1.9%cos ﬂ—g—"2.034" M1
OA=awrt2.1 (cm) Al
Length of arc BC =0.462x3.4 (=1.57...) Bl
Perimeter =3.4+1.9+"2.1"+0.462x3.4 dMl1
=awrt 9 (cm) Al
Q)]
(13 marks)

O 2.0959... A 0.848528...

A
A

2.944...

Note that in all parts they may work in degrees and convert back where appropriate which is
acceptable. If they do not then the method marks are still available. We do not need to see the
conversion, but in calculations they cannot have a mix of radians and degrees in the same
expression/equation
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(a) Note the correct angle of awrt 2.034 scores full marks

M1  Correct equation using the sine rule with the sides and angles in the correct places.
Al awrt 1.11 (principal angle may be implied by final answer)

Al awrt 2.034 (calc 2.033751055)

Alt(a) — Using the cosine rule twice — must be seen in (a) to score
M1  Correct equation using the cosine rule with the sides and angles in the correct places i.e.

1.9 =3.4% + 04> —2x3.4x0Axcos[%) o.e.

Al 04 = awrt 2.1

Al awrt 2.034

(b) Note that those who find and use OAB as “1.108” instead of 2.034 can score max M1A0
M1  Correct expression to find the area of the triangle using their angle OA4B.

Do not be concerned by the size (or sign) of the angle found by attempting 7 —%— their OAB. Do

look out for alternative ways of finding the area of the triangle.
Use the diagram on the previous page to help you. Condone slips in the rearrangement of any
expressions provided they were seen to be correct initially.

Al awrt 1.78 (condone lack of units). (calc 1.781564499)

(¢) Note that those who find and use OAB as “1.108” instead of 2.034 can score max MIM1A0
M1  Attempts to find the area of the sector using the given ratio by dividing their area of the triangle
from (b) by 2 and multiplying by 3. May be implied by their area of the sector — you may need to check
this on your calculator.

M1  Sets %x 3.4% x @ = their area for the sector (or rearranged equivalent)

Condone equating to incorrect areas, provided it is not their area of triangle O4B, which may have
been found from an incorrect method or may appear with little or no working.

AT1*  Achieves the given answer (in radians) with no errors seen following a correct equation

ie. %><3.42 x@ =awrt2.6 or awrt2.7 = 0 = awrt 0.462

Condone premature earlier rounding provided the method is sound and they achieve awrt 0.462 or
state 0.462 following a correct method. (calc 0.4623437281)

(d) Note that those who find and use OAB as “1.108” instead of 2.034 to find length OA can
score max M1A0B1dMOA0(

M1  Attempts to find the length OA. There are various methods so score for the overall method condoning
slips. Use the diagram on the previous page to help you. The expression for OA is sufficient. May be
implied by awrt 2.1. If found in an earlier part it must be used in (d) to score. Condone use of their
angle OAB even if it is not obtuse for this mark.

Al awrt 2.1 (or may be implied by later work/the final answer) (calc 2.095958235)

B1 Correct expression or value for the length of the arc BC.
Allow to be implied by sight of 1.462x3.4 (if they have combined OC and arc BC)

dM1 A correct method to find the total perimeter. It is dependent on the previous M and B marks.
Condone slips, but the overall method/strategy must be correct. The expression is sufficient.
If their angle OAB is acute instead of obtuse and used to find OA (or other lengths) then this
mark cannot be scored. (Note it is possible to find O4 using the cosine rule and not use their answer to

part (a))
Al awrt 9 (cm) following a correct method

N
RA
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Question Scheme Marks
Number
8(a)(i) 2r  4rx Bl
2T ——=—
3 3
1 2 ||4 " 2
Area of sector =§><3 X giz =6z (M9 M1A1l
Length of arc :Sx"%n“: Perimeter =47z +6 (m) M1A1l
(i)
®)
(b) 1 2 ) 93
Zx3Fxsin| =z |=——
2X X (Sﬂj 4 M1A1
(2)
c 2
© Eg A82:32+32—2x3x3xcos(§7zj:>ABZ:27:AB:3\/§ (m) * MLAL*
(2)
d
@ in BAC sin(g)
SINBAL _ —SiNBAC =.... or BAC =... M1
8 33
sin BAC :awrt¥ or BAC —awrt 0.88 (0.8785...) Al
AreaABC=%xSﬁxBxsin(ﬂ—%—"O.SS") (=20.4896...) M1
Total area = "18.8"+"3.90"+"20.5" dp'\\/lll
=awrt 43 (m?)
®)
(14 marks)

If lengths or areas are found in other parts then credit can be awarded for these as long as

they are referred to or used in the relevant part.

@)
B1

Finds the correct angle for the sector AOBX. They may find the minor sector first and then

subtract from the area of the whole circle so may be implied from later work. They may also

work in degrees. Sight of = 4?7[ on the diagram or within their working scores this mark.

2

M1  States or uses %rze with r=3 and 6 = 35 or 6= 4?” or the equivalent method working in

degrees. May be implied by the correct answer, expression or awrt 9.42 or awrt 18.8

Al 67 (m?) cao must be exact. Isw after a correct answer.

(i)
2r

M1  States or uses ré with r=3 and & :? or 0= 4?” or the equivalent method working in

degrees. The addition of two radii to find the perimeter is not required for this mark.
May be implied by the correct answer, expression or awrt 6.28 or awrt 12.6

Al 47 +6 (M) cao must be exact. Isw after a correct answer.

(b)

M1  States or uses %ab sinCwith a=b=3,6= g” (or may work in degrees). Alternatively,

they may split the isosceles triangle into two right angled triangles including finding AB.

Score for the overall method or awrt 3.90

93

Al —= (m? or exact equivalent. Isw after a correct answer

3
4

RA
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QNI:Jens]Ligp Scheme Marks
9. (a) 247 Bl
@
) | (187,-1) Blft
@
©@ | -127—-«a Bl ft
(i) | 6r—« Bl ft
)
(4 marks)

(a) Do not allow the mark if an inequality or coordinates are given, but you may assume if 0 <x< p or
(.0) is given that their period is p for the purposes of the remaining marks.

See above
Note that (b) and (c) are for (correct or) follow through and hence

3
(b) is scored for (Tp,—l) -- this may be seen on the graph but take clearly labelled part (b) as precedent.
Follow through on p = 27
(c) (i) is scored for _% r-a
(i1) is scored for % p—-a

where p is their period stated in (a) (which may be 27 )

For answers in degrees penalise the first mark due only, but allow if degree symbol is missing.
For reference (a) 4320° (b) (3240°,—1) (c)(i) —2160° —a (ii)) 1080° —a

Note for example that (a) 0 <x <4320° (b) (3240° —1) (c)(i) —2160° —a (ii) 1080° — o would score

B0 B0 B1ft Blft
Question
Number Scheme Marks
10 (a) | f(x)<0= xé—%, x=3 M1 Al
15
.\'/.



< QUESTION

Question Scheme Marks
Number
) (4=)-3 Bl
@
(b) y=3 BI
eg x=30+5x180 or x=210+720 or x=180+2x%x360+30 M1
x =930 Al
3
Total 4

Check for answers next to the questions and on the graph. If there are contradictions then the
answers given in the main body of the work takes precedence

(@

Bl: (4=)-3

(b)

B1: Correct y coordinate only (others must be discarded)

M1:  Correct strategy for the x coordinate. See scheme for examples.
Values embedded is sufficient for the mark.

Al:  Correct x coordinate only (others must be discarded). Isw. Note (930, 3) with no incorrect
working and no other coordinates scores full marks.

Special case: If they give (3, 930) or (%ﬂ', 3) rather than (930, 3) score BIM1AO




< QUESTION

AL: Fully defines region correctly (not ft here).
E.g. 3x—12<y<2(x—4)(x-10), O<x<4(orx>0,x<4)
Oreg. y>3x-12, y<2(x—-4)(x-10), x>0, x<4
The right hand side of the inequality 0 < x <4 may be larger. Accept 0 < x < pas long as
a<p<’
Allow consistent use of ><» > for all of their inequalities.
Question Scheme Marks
Number
9(a) Vi Bl
1)
(b)i |3 Bl
1)
(i) 5 Bl
1)
(iii) 201 Bl
1)
(4 marks)
(a)
B1: Period is # (radians) but condone 180° or just 180
(b))
B1: 3
(i)
B1:5
(iii)
B1: 201
‘Q’/‘
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General Principles for Pure Mathematics Marking
(NB specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(X* +bx+¢) = (x+ p)(x+q), where|pq| = c| |eading to x = ..
(ax” +bx+c) = (mx+ p)(nx+q), where|pq| = || and |mn| =g |eading to x = ..
2. Formula

Attempt to use correct formula (with values for a, b and c)
3. Completing the square

Solving x* +bx+c=0: (X+3)’£q+C, %0 jeading to x = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1 (x" — x"*)
2. Integration

Power of at least one term increased by 1 (x" — x"*)

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent
examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small
mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct
working with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or
working with surds is clearly required, marks will normally be lost if the candidate resorts to
using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of
what happens in particular cases. General policy is that if it could be done “in your head”,
detailed working would not be required. Most candidates do show working, but there are
occasional awkward cases and if the mark scheme does not cover this, please contact your
team leader for advice.
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?\Iﬂﬁggr Scheme Marks
1(@)() (2,12) B1
(i) (2,15) B1
(2)
(b) k<3, k=5 M1 Al
(2)
(© (x=)-5 B1
@)
(5 marks)
Notes

Check for answers given in the body of the question. (There are lots!)
In the absence of any labelling for (a)(i) and (ii) the first answer is to be taken as (i)

(@)
B1: (2, 12) but allow coordinates given separately e.g. x =2,y =12

2
Condone missing brackets e.g. 2, 12 and condone (12]

(a)(i)
B1: (2, 15) but allow coordinates given separately e.g. x =2,y =15

2
Condone missing brackets e.g. 2, 15 and condone (15)

(b)
M1: Oneof k<3, k<3 or k=5.Condone use of y for k but not x for k.

Al: k<3, k=5oreg. k<3ork=5
Condone k<3 and k=5
Must be in terms of k. Allow (—oo, 3] for k<3
An answer of 5 < k <3 scores M1A0

(c)

B1: -5 only and no other values.

But beware values of x that form part of their working which are clearly not part of their final

answer e.g. f(x)=0 whenx=—1so0 f(x+4)=0 when x = —5 scores B1

X = ... is not required so just look for the correct value.

(-5, 0) isBO




MARK SCHEME - IAL P1 (WMA11) - June 2025 - Q3 P1.6¢c Trigonometric graphs < QUESTION

?\Iﬂﬁggr Scheme Marks
2(a) 6=5a+b, 3.3=8a+b M1 Al
a=-09,b=105 dM1 Al
| @
(b)() 10.5 m3 B1ft
(if) 0.9Vt +105=0=>0.9Vt =105=>t =... M1
t=136 (min) Al
3)
(7 marks)
Notes
(@)

M1: Sets up the two simultaneous equations, one of which must be correct.
Allow if square roots are present for this mark e.g. 6=+/25a+b, 3.3=/64a+b
Condone e.g. 6=15a+b

Al: Two correct equations with the square roots processed. May be implied.
Allow e.g. 6=15a+b and 3.3=+8a+b here.

dM1: Solves their equations by any means including calculator to obtain values for a and b.

Al: Correct valuesa=-0.9,b =10.5 or the equivalents e.g. a= —%, b= 2?1 only.
If they solve e.g. 6 =+5a+b and 3.3=+8a+b and offer extra values score AO.

(b)(7)
Bift: 10.5m’ oe e.g. %1 m’ including the units, ft on their b provided b >0

(b)(ii)
M1: Solves their —0.9vt +10.5=0=t =... which must involve squaring, not square rooting.

You may need to check but may be implied by e.g. t = % (if a and b are correct)

Note that if a and b are correct, square rooting rather than squaring leads to 3.41565... and
scores MO
Al:  Awrt 136
Units are not required but if any are given they must be correct.
Condone “m” for “min”
Apply isw if necessary e.g. score Al for t = 136.1 = 137 to the nearest minute.
Correct answer only of awrt 136 following a correct a and b scores M1A1
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MARK SCHEME - IAL P1 (WMA11) - June 2025 - Q3 P1.6¢c Trigonometric graphs < QUESTION

IQ\Iuestion Scheme Marks
umber
3(a) (f(x)=)—3cosx or (f(x)=)3sin(x—90°) M1 Al
. )
(b)) o 81
(i) 5 Bl
)
(4 marks)
Notes
Check for answers given in the body of the question.
(@)

M1:  (f(x)=)£3cosx or (f(x) =)*3cos(—x)or (f(x)=)+3sin(x=90°) or equivalent e.g.
(f(x) =)+3cos(x+180°)
For this mark, their equation must be correct or be the equation of the given curve reflected in
the x-axis.
Brackets are required if needed e.g. (f(x) :)3$in Xx—90° scores MO
The “f(x) =" is not required.

The degrees symbol is not required.
Condone use of another variable for this mark e.g. 6.

Al:  (f(x)=)-3cosx or (f(x)=)3sin(x—90°) or (f(x)=)—3cos(—x)or equivalent.
If correct, the equations are likely to be one of the above but there are an infinite number of
possibilities e.g. (f(x) =)3cos(x—-180°), (f(x)=)3cos(x+180°), (f(x)=)-3sin(x—270°) etc.
The “f(x) =" is not required so ignore how they reference their expression.
The degrees symbol is not required.

Must be in terms of x not e.g. 6.

Note that just (f(x) =)3sin(x£90°) with no choice made scores M1A0
(b)(i)
B1l: 8 cao. Must be 8 not just a list of roots.

(b)(ii)

B1l: 5 cao. Must be 5 not just a list of roots.
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QNuestion Scheme Marks
umber
7. @)G) | P=(90°3) M1, Al
(i) | 0=(540°0) BI
3)
() | (270°,4) M1, Al
)
(5 marks)

Note we condone the absence of the degree symbol in this question.
(a)(D)

M1 For one value in the coordinate pair of (90°,3) . Condone lack of brackets and do not be concerned

with x or y correctly paired for this mark eg condone (...,90°) or (3,...) Allow in radians.
Al Forboth of (90°3). Allow x=90, y =3
(a)(ii)
Bl 0=(540°0) Allow x =540, y=0
(b)

M1  For one value in the coordinate pair of (270°,4) . Condone lack of brackets and do not be concerned

with x or y correctly paired for this mark eg condone (...,270%) or (4,...). Allow in radians.
Al For both of (270°,4). Allow x =270, y=4

For answers missing the brackets or radians( or both) in all parts then penalise the first time the A or B
mark is due

FYI (a)(i) [%3j (a)(ii) 0=(37,0), (b) (%ﬁj would score M1 AQ( first error) B M1 Al

For all correct values the wrong way round (3,90°) ,(0,540°) (4,270°) SC M1A0BOM1A1

18




MARK SCHEME - IAL P1 (WMA11) - January 2021 - Q3 P1.6¢c Trigonometric graphs < QUESTION

General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general
principles).

Method mark for solving 3 term quadratic:
1. Factorisation

(x* +bx +¢) = (x+ p)(x +q), where|pg| =|c|, |eading to x = ...
(ax® +bx +c) = (mx + p)(nx +q), where‘pq‘ = ‘c‘ and ‘mn‘ = ‘a‘ , leading to x = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
Solving ¥’ +bx+c=0.  (xt4)’fgtc, ¢#0, |eadingtox = ...

Method marks for differentiation and integration:
1. Differentiation

Power of at least one term decreased by 1. (*" = x"")

2. Integration
Power of at least one term increased by 1. (X" = x"”)

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in
recent examiners’ reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there
are small mistakes in the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication
from correct working with values, but may be lost if there is any mistake in the
working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is
asked for, or working with surds is clearly required, marks will normally be lost if the
candidate resorts to using rounded decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give
details of what happens in particular cases. General policy is that if it could be done
“in your head”, detailed working would not be required. Most candidates do show
working, but there are occasional awkward cases and if the mark scheme does not
cover this, please contact your team leader for advice.
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< QUESTION

Question Scheme Marks
Number
3 dy 3
1. =2x -5x' ——+7=>==6x"-10x+— MI Al Al
@ | 2x dx 2x?
3
1
(b) x= 3 =y=3 Bl
Substitutes x = 1 into their Y =6x" —10x +i2 =..|= 3 Ml
2 dx 2x 2
. . 5 2
Uses the perpendicular gradient rule Eg. 5 - B dM1
. 2 1
Attempts the equation of the normal at P y—3 = 3 X 5 M1
2x+5y—-16=0 oe Al
)
(8 marks)
(@)

M1  For reducing any power by 1 seen at least once x" — x""' including 7 — 0 and from an incorrect index
1 1

when manipulating Zi eg 2i —.x2>x 2. Alloweg ..x> > ..x' or .x’ > ..x*" for this mark.
x x

Al For two of three correct terms (simplified) 6x* —10x + 23—2 which may appear on different lines of
X

working. Do not allow —10x'

Al 6x"—10x +% or 6x” —10x+ %x'z oe on one line (in any order) Do not accept 6x* +—10x + %x‘z
x

and do not allow —10x'

(b) Be careful to check whether they are attempting to find y or % . Send to review if unsure.

Bl Correct coordinates for P seen or used x = % = y =3. Ignore their labelling of y.

M1  Attempts to find the value of %when X =% by substituting into their part (a) answer. They must
proceed as far as finding a value for this mark. Ignore their labelling of %

. . . . . 1 .
dM1 Finds or uses their gradient of the normal using the correct rule. Implied by m — —— . It is dependent
m

on the previous method mark.




< QUESTION

1 .
M1  Attempts to find the equation of the normal using a changed gradient and their (5,3) . Sight of

2 1
embedded values eg y—"3"= "—g"(x _Ej is sufficient (the bracket must be correct) or if they use

y=mx+c they must proceed as far as c=...

This mark can only be scored if they have attempted to find y and % when x =% . If only the values
of these are stated or seen within the equation of the normal then they must be y=3 and

).

. . . . d
gradient of the normal = —% (or the correct negative reciprocal value for their < when x =

N | =

Al 2x+5y—16=0 oe allowing any integer multiples of this. Must have = 0. Accept 2x+5y+-16=0




< QUESTION

C’)\juestion Scheme Marks
umber
2 .(a)
Attempts to use the given model at least once. Eg 2° = px3* +¢ M1
Two correct simplified equations 9p + ¢ =8 25p+q=13.8(24) Al
Solves simultaneously to get at least one of p or ¢ dM1
p=0.364,g=4.72(4) Al
(O]
125 — nq "
(b) | Attempts to find Twhen H=5 Eg. Calculates —_— M1
p
(T=)18.2 Al
@
(6 marks)

(@)
M1  For an attempt to use the model at least once. Eg. either 2° = px3*+q or 2.4’ = px5° +¢q

Al Two correct simplified equations 9p+g =8 oe 25p+q =13.8(24) oe

L. 103 1728
may be implied by later work 25p+g=13— | =———
(may p y ) P+q 125( 125}

dM1 Solves simultaneously to get a value for p or a value for g. Condone slips in their working and sight of
p=..or g=... is sufficient for this mark.

. 91 181
Al =0.364,qg =4.72(4) allow fractionseg p=— and g=4——
p q (4) g r=7s =47

working scores full marks. Isw after correct values for p and ¢.

= 1181 . Correct answers with no
250

(b)
Ml  Makes T° = 125" _" 4 and proceeds to T =... when H = 5 using their p and their ¢ or values taken to be
p
. . . .. 125-"q"
their p and their g. This can only be scored if ————>0
Eg. (T =) 12?’;"(] is sufficient or 72 = 12?'_"(] =>T=..
p

If only a value is stated you will need to check this on your calculator.

Al (T=) 18.2 cao (allow T'=18.2 years or 18 years 2.4 months)




< QUESTION

QNuestion Scheme Marks
umber
3. (a)i) | P(-180,—4) Bl, Bl
(i) | 0(450,0) Bl
3)
() | R(360,7) BI1, Bl
2)
(5 marks)

For all parts condone missing brackets and check the graph/next to the question for answers.

Condone use of the degree symbol for their x values eg (—180°,...) instead of (—180,...)

@)@

B1 (—180,...) or (..., —4) or x=-180 or y=-4 condone x in radians

Bl (-180,-4) or x=-180, y=—4 Must be in degrees
SC1 (—4, —180) (on EPEN this would be scored B1B0)
(a)(ii)

Bl (450,0) or x=450, y=0 condone (%r:, 0]

(b)
B1 (360,...) or (...,7) x=360 or y=7 condone x in radians
Bl (360,7) or x=360, y=7 Must be in degrees. Ignore any reference to (0,7)

SC1 (7, 360) (on EPEN this would be scored B1B0)

Note if radians used throughout then max score:

(a)(i) (-7,—4) B1BO (a)(ii) (%71’,0) Bl (b)(27,7) BIBO

10




< QUESTION

%ﬁ;ﬁg? Scheme Marks
1. 4 | -3
12x3+L—i4dx=12xx—+lx2xi—3xx— Ml
6Jx  2x 4 6 2 3
N
=3x +§x2 +§x +c A1ATALAl
)
(5 marks)

M1  Applies J-x" dx — x"*" for at least one index.

1

. 1 pl 1 -
The index must be processed so allow for ¥ o>xtor ——5x" or —ox”

Jx x*
. . 4 1 1 3
Al One correct term simplified or + ¢. Look for one of 3x™, + §x2 , + Ex or the + c.
Al Two correct terms simplified or one correct simplified with + c.
s 1L 1 5
Look for two of 3x, +§x2 , +Ex ,+c
Al Three correct terms simplified or two correct simplified with + c.
« 1L 1 5
Look for three of 3x, +§x2 s +§x ,+c
« 1 L1 5 N .
Al 3x + §x2 + zx + ¢ all correct and simplified and on one line.
L . 11 1 1 5 1
Allow simplified equivalents such as §x2 © 3\/; and Ex ©—
2x

Award once a correct expression is seen and isw but if there is any additional/incorrect
notation and no correct expression has been seen on its own, withhold the final mark.

4 | 1 _3 4 1 ¢ 1 -3
—XT 4= —X2 4= =
E.g. I3x +3x +2x +cdx, 3x +3x +2x +c=0




< QUESTION

Question Scheme Marks
Number
3.(a) Attempts to make y the subject M1
States —% or exact equivalent Al
2
(b) Uses perpendicular gradients rule= gradient / =§ Ml
Forms equation of 7, using (6,-2) y+2= "g"(x -6) M1
5
=—x—-12 Al
Y73
3)
(5 marks)
Eg Coordinates of two points on the line (0,1.4) and (1,0.8)
Altl(a) Gradient = % Ml
Al
Gradient = —0.6

(a)
M1  For an attempt to rearrange 3x+35y—7 =0 and make y the subject.

Expect to see +5y =... followed by y =... or equivalent. %on its own is MO.

Alternatively they may find two pairs of coordinates and find the gradient between those two points.

Allow one slip in calculating the coordinates and it must be clear that they are attempting %h

Xy =X
. 3 . . . . .
Al For stating -5 or exact equivalent in (a). A correct answer implies both marks and isw after a correct

gradient is stated.. (The value of ¢ does not need to be correct).

Do not allow y = —%x + %without some statement for 'm'. Do not allow —%x .

11




MARK SCHEME - IAL P1 (WMA11) - October 2023 - Q10 P1.6¢c Trigonometric graphs

Al*:

(©
B1:

M1:

Al:

Achieves the given answer with no errors seen including invisible brackets. They must have
multiplied out any brackets before proceeding to the given answer to score this mark.

e.g. >4 18,3 —0.432 =90 = 5x* +12x—1500 = 0 is acceptable as a final step to
125 25 10

score Al*

—6+44/471

X =awrt 16.2 ( = Tj (ignore the negative root) May be seen on the diagram or
next to the quadratic in the question. It may also be implied in their working to find the
perimeter. It cannot be for the values embedded in the quadratic formula.

A correct method to find the perimeter using their value for x which must be positive. They
must proceed as far as a value for the perimeter to score this mark. Do not condone the
lengths 0.72 and 1.2 to be rounded, but condone for example their “16.2” to be “16”.

[—6 + 4:/471] 072 +[12\2/271]

May see exact values used in the expression e.g. 2

awrt 43 m or awrt 44 m, including units, following a correct method. Typically look
for 43.4...mor 43.5...m

Note some incorrect methods lead to awrt 43 which is maximum B1MOAOQ.

e.g. "16.2"x0.6+"16.2"+"16.2"+0.72 = 42.7 which is BLMOAO (uses 16.2 instead of
16.2+1.2)

e.g. "16.2+1.2"x0.6+"16.2"+"16.2" = 42.8 which is BIMOAO (missing arc PS)
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MARK SCHEME - IAL P1 (WMA11) - October 2023 - Q10

P1.6¢c Trigonometric graphs

QNL:JE;%ZF Scheme Marks
10ai (n :) 3 B1
i 1080 Bl
2
b (1620, —-3) B1B1
(2)
c " 1/12 3 9
e.g. =\ ——=|==
g 5l5 5) 10 M1A1
(2)
(6 marks)

Note: answers may appear next to questions or on the diagram.
If there is a contradiction between the answer by the question/on the diagram and the main body
of the work then the answer in the main body of the work takes precedence.

@
()
Bl (n

(i)

B1: 1080 (must be in degrees). Do not accept e.g. (1080, 3)

(b)
BL:

One of the two coordinates (1620, —3) Condone missing brackets. Allow x=... ,y=....

Condone 97 instead of 1620 for this mark and condone the coordinates to be the wrong way
round e.g. (-3, 1620) scores B1BO

B1: Both coordinates (1620, —3) Condone missing brackets. Allow x=... ,y=....

(©)

M1:  Attempts to find a value for k by either

1(12 3
attempting to find k = —[———) =..

2\5 5

. . 12 1(12 3 3 1(12 3
attempting to find k =—- +=|=.. Or kK=—=+=| =+=|=...

5 2(5 5 52055

forming two correct simultaneous equations and eliminating sin a (may be labelled as a
different variable, condone a for sin a)

2sin(a)+k =%, —2sin(a) +k =—§: k =... scores M1

They must have correctly usedsin(—a) = —sin(a) . If they eliminate k instead, they must
proceed to find a or Sinaand then substitute back into one of the equations to find a

12

i.e. 4sina=3=a=48.59...= 2sin(48.59...) + k :€:> k=..

Al: % or 0.9 (this is not awrt 0.9 so if they achieve a rounded value e.g. 0.899... and round to 0.9

then M1A0)

X2
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MARK SCHEME - IAL P1 (WMA11) - January 2024 - Q6 P1.6¢c Trigonometric graphs < QUESTION
Question Scheme Marks
Number

3
3.(a) y=5x ;8=gx—4x'2 M1
2X
dy_5 g dM1 AL Al
dx 2
d d @
Substitutes X =2 into their 9 _«3, 8. dy _.7.
(®) dx 2+23 a2 M1
- 7 n 7 n
Usesthelrgand 2,4 =>y-4= 3 (X—Z) M1
—7x—2y-6=0 Al
3
(7 marks)

(a)
M1:  Attempts to write y as a sum of two terms and achieves at least one term with the correct index.
Award for Px+Qx* or Px“+Qx?. Condone Qx <> %

dM1: Requires both

o the given expression to be written as a sum of two terms with both indices correct

e correct differentiation applied to the indices Px+Qx? — A+Bx*0.e

Al:  One correct term which need not be simplified. Condone gxo

Note that 1010 is possible where candidates only form one of the two correct terms and

differentiate that correctly

16
dx

Al: [d_yj :g+8x’3 or simplified equivalent such as %[5+_3j . There is no need to have the
X

(b)

dy dy

dy
dx

M1: Substitutes X =2 into their == and attempts its value. Their—-cannot be the same as their "y"

dx dx

dy

Score for sight of embedded 2's in their —=followed by a value or it may be implied for a correct

dx

value for their d_y
dx

M1: Correct method for finding the equation of a tangent.

dy 7
Look for a correct use of their X and the point (2, 4) to form equation y—4= "5 (x— 2).

X=2
If the form Yy =MX+C is used it must proceed as farasc = ...
Award this mark if they achieve g_i :g
(2, 4). They cannot score the previous mark.
Al:  7x-2y-6=0o0r any multiple thereof
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MARK SCHEME - IAL P1 (WMA11) - June 2024 - Q11 P1.6¢c Trigonometric graphs < QUESTION

Question Scheme Marks
11
@ x=57ﬂory:12 B1
X= 57” andy =12 B1
)
(b) X:3?7Z' or y=-21 Bl
x:%[ and y=-21 B1
)
(c)(i) (A=)-12 B1
ii
(ii) (B :)57” B1
)
Total 6
Notes:

Look for answers written in the body of the question or on the sketch.

In all cases, answers written in the body of the script take precedence over answers written on the
diagram.

. . 5
Angles and numbers must be written as single terms e.g. not 2z +% for 7”

Penalise the use of degrees once the first time it occurs
e.g. (a) (450°, 12) (b) (270°, —21) (c) A= —12, B = 225° scores (a) B1B0 (b) B1B1 (c) B1B1
The degrees symbol is not required

If both coordinates in (a) and (b) are correct but the wrong way round score as B1B0 each time

e.g. (a) (12, 5;} (b) (—21, 3;] scores (a) B1BO (b) B1BO

If the coordinates in (a) or (b) are the wrong way round and only one is correct score as BOB0 each time

If the coordinates are the wrong way round and correct in degrees in (a) and (b)
e.g. (@) (12, 450°) (b) (—21, 270°) award (a) BOBO (b) B1BO
The degrees symbol is not required

&
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< QUESTION

a
gi: One coordinate correct.
5z
May be seen asx = ... ory ... or embedded in a coordinate pair e.g. [5—” 12) orinavector | 2
2 12
B1: Both coordinates correct.
57
May be seenasx = ... and y ... or as a coordinate pair e.g. (5—” 12J orasavector | 2
2 12
(b)
B1: One coordinate correct.
3z
May be seenasx=... ory ... or embedded in a coordinate pair e.g. [3—” —21) orinavector | 2
2 21
B1: Both coordinates correct.
3z
May be seenasx=... and y ... or as a coordinate pair e.g. (3—” —21] orasavector | 2
2 21
©()
B1: Correct value for A. The “A =" is not required but it must be clear it is the answer to (i) or is the value of A.
ii
(31): Correct value for B. The “B =" is not required but it must be clear it is the answer to (ii) or is the value of B.
If candidates write the values as a coordinate pair e.g. (57” —12j or (—12, ST”J s0 it is not clear which value
is which, score BOBO




< QUESTION

?\llaﬁtgg? Scheme Marks
1 1
L@ | pP=[ix) iy B1
16 4
1)
S (1, s0) (5" 2,
(b) (DQ)1=£EX"XF) Z(EXJ =5 % M1, Al
)
2
2 1 , (40) 1600 x* 2
(C) pPqg ZEX X(g) ZFXFZ:LOOX Ml, Al
2
(5 marks)

(@) 2

B1: For %xz. Allow XI or 0.25 x* Condone i%x2

Note: final answer below for (b) and (c) does not include going on to give alternative correct forms
for the same answer. If further incorrect work follows a correct answer then do not isw but take the
final expression as their answer.

(b)

M1: A final answer with a correct simplified coefficient or index. E.g %x”, 0.4x", kx* or hl (or
X

equivalent variations) Also allow (kx)

Al: A final answer of %Xfl or 0.4x " but isw 51 following this. Incorrect “simplifications” will be
X

AQ, though.

(©
M1: A final answer with a correct simplified coefficient or index. E.g 100x", kx> or Lz
X
. -2 . 100 . . . . .
Al: A final answer of 100x  but isw Z following this. Incorrect “simplifications” will be A0,

though.




MARK SCHEME - IAL P1 (WMA11) - June 2019 - Q9 P1.6¢c Trigonometric graphs < QUESTION
Question Scheme Marks
Number

9.(@) |(270°-4) B1B1
)
b )L
. For y=1+sin@ | Bl
//,’ | \\\‘\ r
(b) 90 | VB&\ 270 lg‘iﬁ
y=tang | Bl
i |
)
© | (i) 6x2=12 M1 Al
(ii) 11 B1 ft
©)
(7 marks)

(@)
B1

Bl

(b)
B1

Bl

(©()
M1
Al

(c) (i)
B1 ft

Either coordinate correct. Look for either 270'") or —4 in the correct position within (.)-

3
Condone 7” =270°

Do not accept multiple answers unless one point is chosen or it is clearly part of their thought process.
There is no need for the degrees symbol. Condone swapped coordinates, ie (—4, 270) for this mark
For correct coordinates.

(270°,—4)with or without degrees symbol. Condone x =270(°),y=-4

These may appear on Figure 3 rather than Diagram 1
For y=1+sin@ Score for a curve passing through (0,1),(90°,2),(180°,1), (270°,0), (360°,1) with
acceptable curvature. Do not accept straight lines
For y=tan@ with acceptable curvature. Must go beyond y =1 and -1
Score for the general shape of the curve rather than specific coordinates. See practice and
qualification items for clarification.
First quadrant from (0,0) —(90°,)

Second and third quadrants from (90°,—o0) — (270°,o0) passing through (180°,0)

Fourth quadrant from (270°,—)—(0,0)

The question states hence so it is expected the results come from graphs.
If neither or only one graph is drawn then score for 12 in (i) for M1 Al and 11 in (ii) B1

. 2160 2160
For the calculation 360 6 or 180

Sight of 6 or 12 will imply this mark.
12. 12 will score both marks.

Alternatively look for either x=270 or y=-4

=12 or multiplying the number of intersections in their (b) by 6

For either 11 (correct answer)
or follow through on n less than their answer to (c) (i) where n is their number of solutions in the range
180° < 6 < 360°

18

X2
RA
230
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%ﬁ%g? Scheme Marks
8(a)
3x+6x+9=3(x*..) %... a=3 B1
3 46x4+9=3(x+1)*.. a=3&bh=1 Ml
3x° +6x+9=3(x+1)"+6 Al
3
(b)
(-1, 6) Blft
@
(©
y=a(x+4)(x+2)(x-3) B1
6=a(-1+4)(-1+2)(-1-3) Ml
S Al
2
y= "—%"(x+4)(x+2)(x—3) Sy=.xX 4. X Xt MI
Az—l,Bz—i,C=5,D=12 Al
2 2
3
Alt (¢)
—-644+16B-4C+D=0
-84+4B-2C+D=0
Bl
274A+9B+3C+D =0
-A+B-C+D=6 Ml
1 3
Oneof A=——,B=——,C=5,D=12 Al
2 2
Fully solves their simultaneous equations Mi
1 3
A=——,B=-=,C=5,D=12
5 > Al
(9 marks)
(@
£



< QUESTION

Bl Achieves 3x* +6x+9=3(x+...)" +... or states that a =3

M1  Deals correctly with the first two terms of 3x” +6x+9
Scored for 3x* +6x+9 =3(x+1)**... or states that a =3 & b=1

Al 3x° +6x+9=3(x+1)°+6

This may be done by equating coefficients using the expanded form
a(x+b)* +c=ax’ +2abx+ab* +c

(b)

Bl1ft (-1,6) or follow through their (—b,c) from (a). Condone lack of brackets and accept
egx=-1,y=6

(©)

B1 Identifies that three factors of the cubic equation are (x+4)(x+2)(x—3)

M1 A correct method to find the scale factor by using the minimum point found in part (c). Look
for the minimum point to be substituted into their equation for the cubic

Al Scale factor = —%

M1  Attempts to multiply (x+4)(x+2)(x+3)to achieve x* +........ 124 . This may have been

multiplied by their scale factor so look for a(x’ +........ +24)
1 3 I 5 3,
Al A=——,B=——,C=5,D=12. Accepty=——x" ——x" +5x+12
2 2 2 2

In the alternative method using simultaneous equations
Bl Three correct equations formed using x = —4,—2 and 3 with y =0 in each case.
M1  Forms four simultaneous equations using the three intercepts and their point P

Al OneofAz—%,Bz—%,CziD:lZ

M1  Fully solves their simultaneous equations either using matrices or elimination. This may be

done on a calculator which is acceptable.
-1

-64 16 —4 1 0 A A
. . -8 4 21 0 B B
Eg. Using matrices = = =
27 9 3 1 0 C C
-1 1 =11 6 D D
1 3 15, 3,
Al A=——,B=—=,C=5,D=12. Accepty=——x" ——x" +5x+12
2 2 2 2
.yl
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Question
Number Scheme Marks
9(a)
3z Bl
xX=— oe
2
()]
(b)(@) , ,
| I
I I I
I I I
I I I
i | | BIBI
I I
A
1 1 1
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
| | | |
(ii) 5 (solutions) B1
Number of solutions are the number of points of intersections between the B1
graphs
“
(©)
@) (Number of solutions) =40 Blft
(i) (Number of solutions) =14 Bl
2
(7 marks)
(@)
Bl x= 37” oe and no others. Do not accept in degrees. It may be labelled on the graph, but it
must be an equation. If multiple answers are given then x = 37” oe must be identified (eg
may be circled)
(b)(@)




< QUESTION

B1 For the shape of a 1 type curve in Quadrant 1. It must not cross either axis and have
X

acceptable curvature — do not penalise candidates unless it is clear that a minimum point was
intended.

Bl Correct shape and position for both branches with an asymptote in the correct position and
labelled as y =1 or stated in their work. Again, do not penalise the sketch unless it is clear

that turning points are intended. The asymptote line/dashed line does not need to be drawn
on the sketch.

(i)
Bl 5 only

Bl Number of solutions are the number of points of intersections between the graphs. (Do not
allow if they mention where they cross the x-axis).

(c)
U]

Blft 40 Follow through from their sketch
(eg number of intersections in first quadrant x20)

(i)

Bl 14




< QUESTION

%ﬁ%g? Scheme Marks
3(a)
2
(2\/5) =p*+q* —2pgqcos60° oe M1
P +q’-pg=8 * AT*
2
(b)
q=p+2=8=p +("p+2") - p("p+2") Ml
P +2p-4=0 or ¢ -2¢q-4=0 Al
2427 —4xix(-4) 24(-2) —4x1x(-4) Ml
p: or q:
2 2
Bl
p=—1+\/§ or q=1+x/§ (Al on
EPEN)
p=—1+5and g =1+~/5 only Alcso
5)
(c) 1 " myaen " 7 o
Area=5><( 1445 )( 1+5 )% sin 60 M1
Area= 3 (m?) Al
(2)
Alt(a) Forming a line BX which is perpendicular to AC where X is on the line AC.
AX=pcos60=§
2
BX = pz—[gj =§p or BX = psin60
\/5 : p 2 2 . 2 p 2 2
(7}7 +[q—5) =(2\/§) or (psm60) +(q—zj =(2\/§) Ml
3 2 2
%+q2—pq+p7=8
P +q’ -pg=8 * Al*
(9 marks)
(@)
Qﬁ\"/ﬂ‘
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M1 (2\/5)2 = p’ +q* —2pgcos60°or (2\/5)2 =p'+q —2pqx% or 8= p*> +¢q° —2pgcos 60°

They may carry this out in two stages by forming two right angled triangles with BX being
perpendicular to AC (see Alt(a)). To score this mark they must proceed as far as

(ﬁpj o(4-2) =(248) or (psinsoy +( 42 =(243)

2

Condone missing brackets for M1.

Al*  Achieves p* +¢° — pq =8 with no errors including omission of brackets. One of the lines

above must have been seen for M1A1. If they state = 8 without showing any working then
Al cannot be scored.

(b)
M1  Substitutes ¢ = p+2 (oe) into the given equation
Al p’>+2p—4=0 or the equivalent equation in ¢ (¢>—2¢-4=0)

M1  Attempts to solve to find p using the formula or completing the square using their values.
Alternatively, they achieve a quadratic equation in ¢ and attempt to solve to find ¢ using
their values. Usual rules for solving quadratics apply. If they state the roots or factorise then
MO. If they use the quadratic formula then the values must be embedded.

Bl p=—1+ J5 or qg=1+ J5 (ignore any other solutions) Must be exact. This is independent
of the previous method mark so if the roots are just stated this mark can be scored.

(Note this is A1 on EPEN)

Al p=—1+ J5 and g=1+ J5 only cso (all other marks must have been scored to award A1)

©

M1  Attempts to find the area of the triangle using %x ("-1+ J5 ("1 + J5 ")x sin 60° . Must see

at least one stage of working using their p and their ¢

Al V3 (m?) condone lack of units. Do not accept rounded answers.




< QUESTION

Quon vk
4 3 1 1 1
J'3x2—15x2+2x—10dx='[ix_£+lx§_§x‘§ dx MIA1Al
Mx 4 4 2
xn _)xn+1 dMl
3 L
3x2 —1—5x+lx2—5x2+C AlAl
8 4 3

(6 marks)

M1  Attempts to write as a sum of terms using correct index laws at least once.
Award for any term with a correct index.

Score for any one of:
3 1

"3)6'5" "_15)(:5" +"" 1 "_10" 1

—F .. X ————>const — .7 ——)...)C_E
4x 4x 4x 4x

Cannot be scored for a term with a correct index arising from incorrect work
"_10" 1

eg > .x?
4x
3 15 13 5=
Al Two correct terms of Zx vy +Ex2 —Ex 2 (oe). They do not need to be seen on
1
. . L 3., -10x2
the same line for this mark and they do not need to be simplified. Eg Zx , 2 are
acceptable.
3
. 3x? 3 is-0s
Indices must be processed though. Eg —>—x is not acceptable.
4x
315 1.5 5 4 o
Al All four correct terms of Zx —T+ Exz —Ex 2 (oe) Terms do not need to be simplified for

this mark and do not need to be on one line.

n+l

dM1 Increases the power of any of their terms by 1. (x" — x
method mark.

). It is dependent on the first

Al Any two terms correct unsimplified (see below) but the indices must be processed. Condone

15 .
—le as a correct term for this mark only.

3 1
Al %xz —%x + %xz —5x2 +C o.e. all on one line (including the constant C and all simplified).

15 —
Do not accept _TXI as a correct simplified term.

3
Accept alternative correct simplified forms such as %xz —Ex + lx2 —5Jx+C or

1

%x(x—10)+§x5 (x-15)+C




< QUESTION

?\Iﬁfﬁ? Scheme Marks
3(a)
P, —P =442-(53-04x8)=_. M1
o Al
awrt (£) 16.8 million
2
(b)
(£) 53 (million) Bl
@
©
~1.6t +44.2=53-0.4(t-8)’ Ml
M1
= 047 —8t+%=0:>t=...
Al
t=10-+/58 =awrt 2.38 (years)
"2.38" <t (< 15) Alft
“@
(d
“The share value would be negative” / “the model is known to hold for 15 B1
years only (and 20 years is more than 15).”
@
(8 marks)
(@)

M1  Substitutes ¢ = 0into the equation for P, and finds the difference between 44.2 and P,.
Al awrt (£) 16.8 million.

(b)

Bl (£) 53 million. Condone 53

©

M1  Sets —1.6t+44.2=53-0.4(t—8)" They may have already attempted to multiply out (¢—8)>
so condone errors that may occur before setting P, = P,. Also may score for use of any
inequality sign.

M1  Rearranges the equation to form a 3TQ on one side of the equation (= 0) or inequality and
attempts to solve the quadratic. Condone slips in their working. See general rules for solving

a quadratic. They may use a calculator to state the root(s) which is acceptable.

Al awrt 2.38 (years) o.e. isw after a correct answer

Alft  "2.38"<¢ (< 15 ) oe from correct working. You may follow through on their value of ¢

provided ¢ <15. Ignore any reference to an upper limit provided it is >15




< QUESTION

You may see eg 10— /58 <1 <10++/58 which can score this mark.

()

B1 “The share value (or P) would be negative” or “the model is known to hold for 15 years
only (and 20 is greater than 15)” or equivalent explanations.

Eg “P must be greater than (or equal to) zero”.

Note “—4.6<07” is insufficient (it does not refer to the model or the share value of P)

Q‘\’/ﬂ'
239
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Al: For awrt 603 (cm). The units need not be given.

(c) This part is now being marked M1 dM1 Al ddM1 Al

Please look through all of the solution first. The marks can be awarded in the following way.

M1: A correct attempt at any relevant area

dM1: A correct attempt at a corresponding area that can be combined with the first area in some way
to find the area of the fan. FT on angles found in part (a). Dependent upon previous mark

Al: Both areas correct. They do not need to be calculated but the angles must be correct to 3sf

ddM1: A correct combination of areas to find the area of the fan

Al: awrt 0.473 m? or awrt 4730 cm? Must include the units. ISW after a correct answer

Mawn methed
:h -

™ML L One Celevank Oden. €9 Jixq x% -
'

;oﬂ“u : Cn(ucpud\na ares. 'l‘j-_"%lt % (tg _%)

A\ @ Both Gemleck
oMy : 3x &) 4 3x q;_)

Al - Puk ©.413 Mt s W13 emt

Ak L
@ M o Mot acs €q ™4
o d ot ot 429 (15) e (B
At Both eallece

ani: @ ¢ ™ )

a1 Aure 0.4 o o pIgoen"

Lo
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e 0

O Ml 8ne Tlevant Ofec % 1‘-1“\-
. q LY
Al Gt Cofreck

ST

AlD  Purt 0.3 o 4T20Cm™

Variations are possible, e.g. 3 x area of blades (inc. circle) + area circle — area of blades within the circle, but
these can be marked according to the scheme.

9(a) (i) 2P B1
(i) -p B1
(iiiy 3—p B1
@)
(b) ¥ Correct shape, same

height starting at O, M1

M 7 . scaling may be

o \/\\M x incorrect.
\M Two repeats of the sinx Al
graph each side

()

©) For x = % B1
Attempt at second root E.g. x = 180°— M1

X =90° —% Al

®)

(8 marks)
Notes:
(@)

(i) B1: For 2p. Condone p + p. Award when 2p is the y coordinate of a coordinate pair. E.g (180—oc, 2 p)

(ii) B1: For —p . Award when — p is the y coordinate of a coordinate pair. E.g (oc —-180, - p)




< QUESTION

(iii) B1: For 3— p. Award when 3 — p is the y coordinate of a coordinate pair. E.g (180+ ao,3— p)
(b)

M1: Same shape, starting at O, and same height as original graph, but the scaling may be incorrect.
Mark the intention. For example their graph may be slightly taller or shorter than the given curve.
One complete sine curve on just one side of the y-axis is sufficient for the method mark.
Also allow this mark when candidates use Diagram 1 and mark the x - intercepts as below.
If they ignore the given Diagram and use their own axes you must be convinced their sketch for
y =sin 2X is the same eight / amplitude as Y = sin X but a different scaling / frequency. So you must be able

to see some numbers marked on the axes or graph
Al: Correct sketch. Look for intersections at (i360°,0) and (1180°,0) in addition to the above

(©
a . .
Bl: x= E given as one solution.

M1: A second solution which may not be in the given range. Any of ]'SOT_(Z , 90°—%, 180°+%,

-90° —% ,—180°+ %, 360° + % are examples of using the symmetry to find a second solution.

. a 180° -« . . - . . .
Al: x= 90°—E or — as second solution with no additional solutions within the given range.




MARK SCHEME - IAL P1 (WMA11) - June 2024 - Q9 P1.6¢c Trigonometric graphs < QUESTION

Question Scheme Marks
Number
8 (a) £'(x)= 2(x— 3)(3x+2)=6x" —14x-12 B1
f(x)= 2x° - 7x* —12x+k M1, AL
Uses P(4, 13) = 13= 2x64-7x16-12x4+k =k =... M1
(f(x)= 2" -7x* ~12x+45 Al
()
(b) 2x3—7x2—12x+455(x2—6x+9)(px+q):> p:"2"orq:% B1ft

States either  2x° —7x* —12x+45=(x—3)"(2x+5) or p=2&q=5
following a fully correct (a) or correct but incomplete part (a) (See notes) | B1

)

+ ve cubic curve | B1

"Correct" y intercept for their part (b)
& equation. So 9q or "45" | B1ft

(©
Turning point at (1.5, 0) | B1

-125 0| 15 ¥

X intercept at (—1.25, 0) | B1

(4)
(11 marks)
Mark parts (a) and (b) together but f(x) must be obtained via integration AND the use of (4, 13)
(a)
Bl: 2(x- 3)(3x+2)= 6x” —14x—12 which may be left unsimplified BUT the brackets must be
expanded
M1: Attempts to multiply out 2(x— 3)(3x+2)and integrate each term.

Look for an expanded form which would simplify to ax’ +bx+c and then each term being
integrated with each of the powers being correctly dealt with. So ax® —...x>, bx —...x* and

+C —> cX
There is no requirement to have a constant of integration for this mark

Al: f(x)= 2x’—7x* —12x+k including the +k . (Any constant is acceptable)

The expression must now be in simplest form
M1: Uses P(4, 13) and finds a value for k. It is dependent upon some ‘correct’ integration.
So, look for substituting X =4,y =13into their y=f(x)and finding a value for k.

Al: f(x)= 2x*—7x* —12x+45. There is no requirement to see the f (x)

N
RA
243



MARK SCHEME - IAL P1 (WMA11) - June 2024 - Q9 P1.6¢c Trigonometric graphs < QUESTION

(b)

B1ft:

B1:

Achieves either value following through on their 2 —7x* —12x+45.

So score for either of

e p=2or the coefficient of their x> term

e (=5 ortheir constant term divided by 9

(x—3)2(2x+5) ORp=2o0rq=>5.

Must follow a fully correct part (a) = (1,1,1,1,1) or a correct but incomplete part (a) = (1,1,1,0,0)
Cannot be scored from multiple answers or implied from an attempt at division

Note that finding the two correct values is considered sufficient as long as f(x) = 2x> —7x* —12x + 45
Useful examples

(A){L»ﬁ—..(;kuaul); ] B E.g |

B X P ®1,1,100

—teererr No use of (4, 13) at all in the question so the final two marks
b Sl L cannot be awarded. (Note that they do find ¢ = 45 in part (b)

= X -Yx-px e

— from expanding (x—3)z (2x+5) but this does not score
Ot PFY = (b D) (PxF those marks.)

=TSR | (L)) 11

— ;_";;77 ~_JI%  Correct values in (b) following a correct but incomplete part
-snig;gifg, i -~ (3.
N

F—— Note that 2x° —7x° —12x+c=(x—3)2(2x+5)when ¢ = 45.

Note that they could go on to score all marks in part (c)

(c)
B1:

Bift:

B1:

B1:

1 022 BX %48 - b) Egll

BT COATT e : (@ 01,010
- des b3 - e+ 6 Incorrect expansion in (a) but uses (4, 13) to find ¢
- - AN PR A (b)1,0
it EA L astalh, ~ Nota fully correct (a)
7 (TR T e - 2¢ —7x" —6x—21#(x—3)" (2x+5)
mf;“;)l\f X;f;) = | Note that they could go on to score all marks in part (c) using

the answer to part (b)

For a positive cubic shaped curve with, from left to right, a maximum and then a minimum.

Do not be concerned by the position of the curve or the turning points. Be generous on graphs that
appear linear in places but penalise three straight lines. Use review if unclear.

For a correct y intercept for their y =f(2x). Don’t be concerned if this is their maximum turning

point.
FT on their answer to (a) for their ¢ 2x° —7x* —12x + 45’ provided that the constant term is not zero
or their answer to (b) for their 9q provided q =0

Turning point tangential to the x -axis at 1.5. Allow for maximum or minimum point
Do not allow if marked (0, 1.5)

x intercept at —1.25. The graph must pass through (not stop at) the axis here. Allow if there are other
intercepts. Do not allow if marked (0, - 1.25).

N 7
A
244



MARK SCHEME - IAL P1 (WMA11) - June 2024 - Q9

P1.6¢c Trigonometric graphs

Question Scheme Marks
Number
9.(@ |() 3 B1
(ii) 101 B1
(i) 2 B1
(©)
27
(b) a= 3 0.e Bl
1)
. W27, 57
() Attempts x coordinate of Q: X= 3 +7 =? M1
. 2r 7 5S¢ 2x
Attempts both y coordinates P| —, = Q —, —— dm1
3°3 3 3
1(2z7 5z\ 1l(n 2x
Attempts mid-point PQ=| =| —+— |, =| =——— ddM1
Pis mic-point Q [2(3 3) 2(3 BD
_ [7_” _zj AL
6 6
(4)
(8 marks)
The answers to parts (a) and (b) may very well appear in the question. Be aware of this when marking.
@ B1:3
(a)(ii) B1: 101
(@)(iii) B1:2
(b)
2 4
B1: a:?ﬂo.e. SO accept az?ﬂ. Condone x<«>a
Do not accept/condone 120°
(©)
M1: For
e either the correct x coordinate of Q which can be scored for (37”+%j
e 0r an attempt at the x coordinate of Q by adding on x to the x coordinate of P
The following marks are dependent upon this, so if (c) starts MO, it is automatically dMO,
ddmo, AO.
dM1: Attempts coordinates for BOTH P and Q using the equation y = 7 —x
It is dependent upon the previous method mark.
ddM1: Correct attempt at mid-point.
There must be an attempt to add the pairs of coordinates before halving the sum.
It is dependent upon BOTH the previous method marks and the value of a lying in the region
%< a<7 Look for a+(a+z) | (r-a)+(z—(a+7))
2 2
Al (E—%j but may be writtenasx=...,y=...

6

X2
RA
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MARK SCHEME - IAL P1 (WMA11) - October 2024 - Q7 P1.6¢c Trigonometric graphs < QUESTION

Alcso: a= —% 3 +§ but isw after a correct expression. Must have score all previous marks,

showing the relevant steps as outline above before the final answer is given but
condone if “invisible brackets” are recovered. Accept with terms in the other order, and

allow = (8 4\/—)

Note that there are many ways of attempting (b). The above scheme can still be applied
A common alternative method is;

16

e 27 +4=16=(a27 +4)( B +1) =%a+4+45+3Ba for BL
12-48 9-38

—12-43=(9+3B)a=a=— 55 o e oM

4
—§\/§+§ for M1 Al

144-723
-

Notes: The B mark can be implied by working as long as it is seen before the final answer.

8J§+4 NeY 72+12J_
NN

An acceptable equivalent of rationalising the denominator of an expression for the first M is
rationalising the coefficient of a in a rearranged expression, e.g.

(9+3y/3)a=12—43 = (81-27)a=(9-3/3)(12- 4{/3)

The second M mark requires an attempt to make a the subject and make progress towards the
form "’\/ng 4, which means the denominator must have been reduced to a single term with
12-44/3
9+343

the M is not awarded until the final line where the denominator is 54.
However, once the first B and M are scored (having seen evidence before the final answer)
reaching the correct answer will then be sufficient for the M (and A if all correct).

12— 4[ 8—4J§
9+3 \/_ 3

no further progress). However, if a correct attempt to rearrange this to —? += 3 (or with

. is sufficient to score the B mark.

So, for example,

two terms in the numerator. So a = is not sufficient progress. In the example above

But from

with no further work shown is 2nd MO (calculator use with

terms reversed) follows (or similar if there were errors) then the 2nd M becomes eligible as
there is further work to support the method.

N
RA
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P1.6¢c Trigonometric graphs

Question Scheme Marks
Number
8 1 n 2 5 20 8 N
3. f(x)dx = x> +10x% +25x Zdx==x’ + x> +50x” +¢ M1ALAL
5 3 Al
(4)
! 1 3
(b) i) P =3 +5¢ - 2x M1 AL
1 1 3 3
f'(x):0:>§x2+5x2—%x2=0 AND x x° dMm1
§x2+5xl—%:0:>3x2+10x—25:0* Al*
(ii) (x:)g only B1
(%)
(9 marks)
(a)

1
M1: For attempting to divide by x2? and increasing a correct power by 1 (ie must have
expanded). Must be seen in part (a)
Al: For one correct term (allow un simplified)

Al: Fortwo correct terms simplified.
5 3 1

2 3 20 3 2 . . . .
Al: gxz +?x2 +50x° +¢ or exact equivalent. Must include the constant of integration.

Condone if they write “y =" and ignore any spurious integral signs or extra dx

(b)(1) 1

M1: For attempting to divide by x2 and decreasing a correct power by one. Must be seen or
used in part (b). For attempts at the quotient or product rule look for correct

A(x+5)Vx —B(x+5)" x

(V)

denominator and one correct numerator term in (oe for

product rule)
3

11 3
Al: For f'(x) =gx2 +5x ° —%x ? (oe e.g from quotient rule) which may be left un

simplified.
1 1 _3 3
dM1: Sets ax®+Bx > +xx > =0 and attempts to multiply by x’seen in at least two terms or

explicitly shown in a step before the final answer.
1

This may be derived in stages, first multiplying by x? and then by x. This is permissible for
the M (and A) as evidence of the correct method has been shown by the stages. The dM
can be scored if the index work is correct in at least two indices, and Al if all is correct.

31 ! o5 3 3 25

SO 2x2+5x 2—-""x2=0= 3x2

Zx4+5-=xt=0 2 +5x—§=0 is sufficient for the
2 2 2 2

dM1 as long as the middle step is seen with two correct powers (and the Al if they then
multiply through be 2).
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3 3
Note also that dividing by x 2 is an equivalent to multiplying by x 2.

AL*: Reaches 3x° +10x—25=0 showing all steps with no errors. Note that they must work
correctly with the equation, if they state f'(x) =3x* +10x —25 before setting equal to 0
then allow the M (if suitable method shown) but it is AO.

(b)(i)

B1l: (x =)% only. The other root need not be seen, but if shown it must be subsequently
rejected in some way. Note that 1.6 (1.6 recurring) is acceptable as the answer for B1,
but 1.67 is BO.

£
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P1.6¢c Trigonometric graphs

Question
Number Scheme Marks
4 (a) States or implies that [f(x) =} kx(x—4) M1
Attemptsto find k. E.g. —4.8=kx2x(2-4)=k=... dmi
[f(x) :]1.2x(x—4) Al
®3)
(b) States or implies that [g(x) :]7Lx(x—4)2 M1
Attemptsto find A . E.g. 7.2=Ax6x (6—4)2 =A=.. dM1
[g(x) =:|0.3X(X—4)2 Al
i ®3)
(c) Sets their 1.2x(x —4) = 0.3x(x —4) B1ft
Valid attempt to solve 1.2X(x~%) = 0.3X(x—4)/7 =>X= 4+% M1
x=8 Al
(8.38.4) Al
(4)
(10 marks)
(@)
M1: States or implies that f(x) = kx(x—4). Allow with k = 1. The f(x) need not be seen —

assume they are working with f(x) in part (a)

Alternatives include f(x) = k(x—2)2 - 4.8 Allow with k =1 and f(x) = ax® +bx with at
least one of 4a+b=0and/or 4a+2b=-4.8

dM1: Attempts to find all the constants in their equation for f(x) using (2,-4.8). E.g.

Al:

(b)

M1:

—48=kx2x(2-4)=k=...
[f(x) :]1.2x(x—4) 0.e. such as [f(x) :]1.2x2 —4.8x or [f(x) :Jl.Z(x—Z)2 —4.8 and

isw. Accept with (x — 0). The f(x) may be missing, it can be assumed (but use of g(x) is
A0). Allow if the full expression is given in latter parts if all the work was correct in (a)
to find the constants.

States or implies that g(x) = 7\.X(X—4)2 Allow with A = 1. The g(x) need not be seen —
assume they are working with g(x) in part (b).

Alternatives include g(x) =ax’ +bx’ +cx with at least two of 64a+16b+4c =0,
48a+8b+c =0, and/or 216a-+36b+ 6c = 7.2 (allow minor slips).

dM1: Attempts a full equation for g(x) using (6,7.2)

Al:

Eg. 7.2=Ax6x(6-4) =A=..
[g(x) :Jo.sx(x—4)zo.e. such as [g(x) :]O.IBX3 —2.4x° +4.8x and isw. Accept with (x

—0). The g(x) may be missing, it can be assumed (but use of f(x) is A0). Allow if the
full expression in used in (c) if all the work was correct in (b) to find the constants.
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7(a) 0=10-2x=>x=50r y=2,y=10-2x=>x=4 Bl
Examples:
1><2(5+4—a)=£ or Luo|54a-2 2
2 4 2 k 4
Trapezium
or
1x2a+1x2(5—a+4—a)=£ or 1><2xg+1><2 5—g+4—g =£
2 2 4 2 k 2 k k 4
Triangle + Trapezium M1
or
1x2a+2(4—a)+1x1x2=£ or LuoxZiofa-2 ] 1020
2 2 4 2 k k) 2 4
Triangle + Rectangle + Triangle
or
1x5x2+1(4—a)x2=£ or Lusxor 4 2|2
2 2 4 2 2 k 4
2 Triangles
_8._9 Al
—k=g.a= ALft
(4)
() Two of y;"g"x, y<10—2x,x>"%" M1
8 9
All three of y>§x, y<lO—2x,x>Z Al
()
(6 marks)
Notes:
(a)

B1: Correct x intercept for y =10—2x or correct x coordinate for intersection of y = 2 with
y =10-2x. May be seen on the diagram or in a sketch or implied by their working.

M1: Correct method for area and sets equal to 2747 to form an equation in a or k. The Zx% may be

implied. May use e.g. trapezium, triangle + trapezium, triangle + rectangle + triangle or 2 triangles.

See above for some examples. Note that with a correct “5” and “4” the area is 9—a or 9 —E.

Al: Correct value for a or k as a single value not a calculation.
ALft: Correct values for a and k. Correct values or follow through using ak =2 from their first
value to the second provided the M1 is scored. Allow exact equivalents or exact ft equivalents so if

correct allow e.g. k = O.é, a=2.25o0r 2%
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