Q1

Question

(b)

Scheme Marks
21 .
AtQ,x=0 :>y=—?sm¢9 B1
. s
M is (0 +5cos 6 , 2sin6 -7 sin @ j Correct mid-point method for at
2 2 least one coordinate
o M1
5 17 . Can be implied by a correct x
e cosd, — 4 sin ¢ coordinate
.21
L cuts x-axis at ? cos Bl
Area OPM = OLP M1: Correct triangle area
+OLM h ing thei i
@) method using their coordinates M1 Al
121 . 121 17 . _
55 cos@.2sin 0 + 55 cos 9.7 sin @ Al: Correct expression
_105 . o Or 6.5625sin26 must be Al
16 positive
(6)
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Q1

Question Scheme Marks
2(b) Alternative 1: Using Area OPM
continued | See above for BIM1 B1 M1
M1: Correct determinant
with their coords, with 2 or
) 0
3 points.  should be at
Area AOPM 1|0 5cos@ 3cosd 0 0 M1 Al
rea =— i
200 2sin6 —Zsing 0 both or neither end. .
Al: Correct determinant
(There are more
complicated determinants
using the 3 points.)
1 . 85 .
=5(0+SSIDQCOS0+0—0+TSIHHCOSH—OJ Al Al
= 105 sinfcos &
4
= 105 sin26 Al
16
(6)
Alternative 2: Using Area OPQ
AtQ,x=0 :yz—%sinﬁ B1
1[5cos6 0 Can be implied by the
AOPQ =—  1mp 1e¢ by
Area 0 2|2sinf —Zsind ‘ following line ML Al
_1 y &sin 0cosd OQ is base, x coord of P is Al
27 2 height
= 105 sin 26
8
Area OPM = % Area OPQ M1
105 .
= 105 sin 26 Al
16
(6)
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Marks

Question PEISE
2(b) Alternative 3
continued 21 .
AtQ,x=0 :y:—?sme B!
' 2 . 21 .
Mis O+500$9, sin @ 281119 - écosﬁ,—llSlng M1
2 2 2 N
OP =+/4sin 0 + 25cos> @ (=\/4+21coszt9) Bl
écos&x 2sm‘9+£sin6? ﬂsiné’
42 Scosf 4 = 4
\/ 4sin? O \/4+21cosz6’
——+1 Tz 2.
25cos’ @ 25c0s” 0

21 .
1 Zsm& -
Area :—x—x\/4+21cos 0 M1 Al
2 [t21eo0
25cos’ 0

= ﬁsin26?

Al

(6)
( 6 marks)
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Q2

A Level Further Pure Mathematics 1 Mock Paper Set 1 (9FMO0/3A)

Mark Scheme

1 2 =3
4 =
@ |, 5 Sl=- Ml | Llb
= +(5i — 10j — 5k) Al 1.1b
4 5 4 1
[r_ <_3) 9 (_10) g [ - (_3) 9 (_2) —o AtR | Lib
c -5 c -1
3)
(b) 5 3 5
r.|-10]=1-2].l—-10) = 5x —10y — 5z = 55 oe
-5 —4 -5
or M1 3.1a
1 3 1
r.(—Z) = (—2).(—2) >x—2y—z=11o0¢
-1 -4/ \—1
5(4 +5u) —10(—3 —10u) — 5(c — 5u) = 55 leadingto u = ... M 21
Or(4+4)—2(—-3—-24)—(c—A) =11 leadingto A = ... '
Either u = 222 or Zrfor 1 = 1X€ Al | 1.1b
150 30
4 5
(r=) (—3) + 2'their u' (—10)
c -5
or dM1 2.2a
4 1
(r=) (—3) + 2'their A/ (—2)
c -1
13+c¢ —-11-2c¢ 2c-1
(B =220 Al | Llb
3)
5 3 5
r.|-10)=1|-2]. —10) = 5x — 10y — 5z = 55 oe
-5 —4 -5
or M1 3.1a
1 3 1
r.(—Z) = (—2).(—2) >x—2y—z=11o0e
-1 -4/ \—-1
3(b) Alternative
Finds the midpoint of 4 and 4’ (4+52“+4, _3_120”_3 , C_SZ‘HC )
and substitutes into the equation of the plane.
8+5u —-6—10u 2c—-5u .
5 —10(—————)—5(——) =55 leadingtou = ...
(£22) - 10(252) - (252) .
or
Finds the midpoint of 4 and 4’ (4+Z+4 , _3_2”_3 , C_IZHC )
and substitutes into the equation of the plane
8+ 2 -6 — 21 2c-2 .
(T)_2< 3 )—( 3 )=1lleadmgtoA=




Q2

A Level Further Pure Mathematics 1 Mock Paper Set 1 (9FMO0/3A) Mark Scheme

Either p = 2221% or X opp = 2228 pp 228 Al | 1.1b
150 15 6 3
(r=) < ) + 'their u ( )
or M1 2.2a
1
(r —)< ) + the1rl’< 2
1
(13+c’—11—2c,20— Al 1.1b
3 3 3
C))
(8 marks)
Notes:
(2)
1 2
M1: Finds the cross product of( 2> and <—1)
-3 4

A1: Correct cross product +(5i — 10j — 5k)

3
(—2)] X ("their cross product’) = 0
—4

Alft: |r —

(b)

M1: Finds a Cartesian equation for the plane using the point (3, —2, —4) and 'their’ cross product.

M1: Solve simultaneously the Cartesian equation of the plane and the Cartesian equation of the line
to find a value for 'their’ parameter in terms of ¢

Al: Correct value for the parameter in terms of ¢

dM1: Dependent on the previous method mark. Deduces that twice the parameter is required and
substitutes into their equation of the line, must be using (4, —3, ¢) and "their’ cross product to
find the coordinates of 4’

Al: Correct coordinates of 4’

(b) Alternative
M1: Finds a Cartesian equation for the plane using the point (3, —2, —4) and their’ cross product.

M1: Finds the midpoint of 4 and 4" and substitutes into the equation of their plane to find a value for
"their’ parameter in terms of ¢

A1: Correct value for the parameter in terms of ¢

dM1: Dependent on the previous method mark. Deduces the coordinates of A’ by substituting ‘their’
parameter into their equation of the line, must be using (4, —3, ¢) and 'their’ cross product.
Al: Correct coordinates of A’




Q3

S(@) y=cotx
Y = —cosec’x
dx
5 M1: Differentiates using the chain
- = (—2cosec x ) (—cosec x cot x ) rule or product/quotient rule MIAL
Al: Correct derivative
Al: Correct completion to printed
answer
2 2
=2cosec” xcotx =2cot x+2cot’ x* 1+C20t x‘—gosec xor Alcso*
cos” x+sin“ x=1
must be used
Full working must be shown
©))
Alternative
cosx dy —sin®x—cos’x 1
= - —_— = — = —
sinx  dx sin” x sin” x
2
d—);:—(—2sin_3xcosx):... MIA1
dx
Correct completion to printed answer see above Al
(€))
b 3
- % =—2cosec’x —6cot” x cosec’x Correct third derivative Bl
2—2(1+COt2 x)—6cot2x(l+cot2 .X) Uses 1-|-cot2x=(;()seczx Ml
=—6cot* x—8cot® x—2 Ccso Al
3)
1 4 1
(© AT :__’f,,(z :_’fm(g _16
3) B37\3 37 \3) 33 3 3 Mi
MI1: Attempts all 4 values at % No working need be shown
JBo3U 3) 3BU 3) 9l 3
M1: Correct application of Taylor using their values. Must be up to and
3
including (x - %j MIAL
A1l: Correct expression Must start y =.... or cot x
f(x) allowed provided defined here or above as f(x)=cotx or y
Decimal equivalents allowed (min 3 sf apart from 0.77), 0.578, 1.33, 0.770,
(0.7698.., so accept 0.77) 0.889
€))
(9 marks)
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Q4

Q1 Scheme Marks AOs
a 7—2x
@) |5x—3|+1<4
7-2x<4|5x-3|+4 M1 1.1b
4|5x-3|>7-4-2x Al* 2.1
5% — 3] > == *
4
(2)
(b)
B1
B1
B1
3)
© Either Sx ~3=""Zor -S5x+3=""=x= . M1 | LIb
Both5x-3="""=x=..and-5x+3="F=x=_. M1 | LIb
20x—-12=3-2x 20x+12=3-2x
2x=15 18x=9 Al 792
) =1
) 73
{xeR:x<%}U{x€R:x>£}oe B1ft 2.5
Alternative (squaring)
16(5x —3)*= (3 — 2x)*
( y= ) M1 1.1b
44x* - 52x+15=0
(22x—15)2x-1)=0
2x=15 2x=1 Mi 1.1b
Al 2.2a

x_15 v =
22

SN




Q4

{xER:x<;}U{xER:x>} oe BIft 2.5
C))
(9 marks)
Notes
(@
M1: Rearranges to make |5x — 3| the subject of the inequality
AT1*: Obtains the given answer with no errors seen such as an incorrect inequality e.g., % > %

(b)

B1: A symmetrical V-shaped graph with the base of the V on the positive x-axis

B1: A straight line of negative gradient in quadrants 1, 2 and 4, magnitude of gradient less than magnitude of
gradients of segments of V

B1: Correct coordinates (accept as axes labels)

()

M1: Attempts to solve either equation reaching x = ...

M1: Attempts to solve both equations obtaining 2 critical values

Al: Correct critical values — allow equivalents including x = awrt 0.682 for %

Allow exact equivalents.

B1ft: Accept equivalent set notations, e.g., { x € R: x <1 Sorx > = } R - [2 22]

Follow through ‘sensible’ answers
Alternative (squaring)
M1: Squares both sides and collects terms to obtain three term quadratic =0

M1: Solves 3TQ (usual rules)

1
: Correct critical values — allow equivalents including x = awrt 0.682 for é

B1ft: Accept equivalent set notations, e.g., { x E R: x < ; orx > > } R- [ > 5 2] Allow exact equivalents.
Follow through ‘sensible’ answers




Question Scheme Marks AOs

4(a) E.g.
-25 -20
AB=| 9 | AC = 5 M1 1.1b
5 4
i kK
|ﬁxA—C|=—25 9 5l=.. M1 1.1b
20 5 -4
—61
1 1 2 2 2
Area:E—ZOO :E\/Gl +2002 +552 =108* Al* | 2.2a
55
(3)

(a) Alternative:

AB =+/25"+9*+5%, AC =+/20° +5°+4°, BC =+/5° +4° +9° M1 1.1b

AC? = AB?+BC?-2ABx BC cos ABC
=441 =731+122 -2 x/731x+/122 cos ABC

731+122-441 ML b
+ —
= C0s ABC =
2x+/131x~/122
Area = %\/731\/122 sin ABC =108* Al 2.2a
(b) A complete attempt to find the volume of the tetrahedron M1 3.1a
18 -14 -2
Eg. -7 -5 =.. M1 1.1b
-2 -9 -6
=1592 Al 1.1b
V = 1592 oreg.V = % Al 1.1b
6 3
(4)
© Mass = 15692 «0.85-1000 (kg) M1 | 21
{=0.2255333...} = awrt 0.226 (kg) Al 1.1b
()
(9 marks)
Notes

(a)
M1: Attempts to find 2 edges of the required triangle
M1: Uses the correct process of the vector product for 2 appropriate vectors




Qs

Al*: Deduces the correct area with no errors but condone sign slips on the components provided
—61

the work is otherwise correct e.g. allow Area =% —-200| = %\/612 +200% +55° =108*
-55

Alternative

M1: Attempts lengths of all 3 sides

M1: Applies the cosine rule to find one of the angles of the triangle
Al*: Deduces the correct area with no errors

(b)

M1: See scheme

M1: Uses appropriate vectors in an attempt at the scalar triple product
Al: Correct numerical expression for the scalar triple product (allow +)
Al: Correct volume

(c)

MZ1: A correct method for changing their units for their volume and for finding the mass in kg
Al: Correct answer




Q6

Question Scheme Marks AOs
3@ x=0= D =2sin(0)+3cos(0) +6=6+3=9m B1 3.4
1)
(b) 2t 1-t°
D=2 +3 +6 M1 1.1b
(1+t2) (1+t2 j
2 2
:4t+3 3t :—6+6t M1 11b
1+t
2
J A9, AL* | 21
1+t
@)
(© 2
AT 534 at+9=5+5¢ ML | 34
1+t
t2_2t-2=0 Al 1.1b
+
(o 2EVA+8 “4+8:>5:tan1(1+\/§) or E:tan’l(l—\@) M1 3.4
2 6 6
gztan‘1(1+\/§):l.21...:>x=... ML | 3.1b
0719 or 07:19 am Al 3.2a
(%)
(9 marks)
Notes
(a)
B1: Obtains the correct depth of 9m (must include units)
(b)
M1: Uses the correct formulae to obtain D in terms of t
M1: Correct method to obtain a common denominator
Al*: Collects terms and simplifies to obtain the printed answer with no errors
(c)
M1: Uses D = 5 with the model and multiplies up to obtain a quadratic equation in t
Al: Correct 3TQ
M1: Solves their 3TQ in t and proceeds to obtain values of % as suggested by the model
MZ1: A fully correct strategy to identify the required value of x from the positive root of the
quadratic equation in t
Al: Correct time. Allow e.g. 439 minutes after midnight.




Q7

Question
Number Scheme Notes Marks
6(a) .
a ak Correct coordinates — need not be Bl
\/E ’ simpified, so accept any equivalents.
=a’=>y=a’x"
e Y , Correct method for the gradient of the
dy — ,( a h tangent at P. Must have substituted for x M1
= -——="ax =—a ﬁ (=-k) (and y) in their derivative.
y— a\/_ = —k[x ——J oe M1:Correct straight line method for the
\/_ tangent at P
or Al: Correct equation. Need not be fully
k o > MIA1
y=—kxtc=c= a\/z—i-—a' simplified but do not accept Va“ terms left
\/E unsimplified. ISW after a suitable correct
= y=—hr+ 20k oe equation seen.
“4)
(b) x=0=>y=... y=0=>x=.. Usesx=0and y =0 to find 4 and B M1
4 2a ol B (0 2ak ) Correct coordinates with same criteria as in Al
\/E B B (a)
(2)
c 1 2a
© Area = EX 2a~Jk x ﬁ = Fully correct strategy for the area M1
A2
Which i '_d2a dent of k All correct with conclusion Al
ich is independent o
2)

Total 8




Q8

8(a) At 6 hours #=0.25 so “A”1s 0.25 B1 3.1b
dx 3+cosh0 1 4
Atr=0 —=—_—"—" _ _(3)tanhO0=...|=— M1 34
df  3x3’cosh0 3() ( 27)
So x, =3+"0.25"x i =.. M1 1.1b
27
After 6 hours concentration of the pollutant is approximately awrt
3.04 ppm (3 s.f.) or gppm Al 3.2a
27
)
(b) du o & 1 du_dr
ds de  3x*dr dt Bl 55
du du dx . ,(3+cosht 1 -
— =—x—=3x"| —5—————xtanht
de dx dr 3x° cosht
dx 3+coshr 1 1 du 3+coshr 1
_:—2 ——xt nht—>_2_:—2 ——Xtanht
So dtr 3x“cosht 3 3x° dt 3x"cosht 3
d_u= +1—utanht
dr cosht
dx 3+cosht 1 1 du 3+cosht 1% Mi 2.1
E=—3xzcosht—§xtanht—> EE: p ——u? tanht
3u’ 3u? cosht
_)d_u: 3 +1—utanht
d¢t cosht
d—u+utanht:1+ 3 s Al* 1.1b
dr cosht
3)
(c)
LLF.=exp| | tanhz d¢ :exp(lncosht)zcosht B1 2.2a
3
:u‘cosht':j'cosht'(l+ jdt:{-“cosht+3dt} M1 1.1b
cosh ¢
= ucosht =sinht+3t(+c) M1 1.1b
ucosht=sinh?+3t+c or u=tanht+ + ¢ oe Al 1.1b
cosht cosh¢
)
(d) t=0=x=3,u=27= c=27cosh0—sinh 0—3(0) =27 M1 3.4
1
:>x=(tamht+uj3 M1 34
cosht




Q8

1
x:(tanht+3t+27j3 (0¢) Al | 32a
cosht
3)
() N
0.75+27) )3
x(0.25) =| tanh 0.25+¥ =...(=3.0055...) M1 34
cosh0.25
% error is 3'0055"'_3'037"'><100:... M1 1.1b
3.0055...
Estimate in (a) is an overestimate by 1.05% (3 s.f.) Al 3.2a
3)
(17 marks)
Notes:
(a)

B1: Identifies a correct step length for the situation — 6 hours is a quarter of a day, so 2 =0.25

M1: Uses "y,"=x(0)=3 and ¢ =0 to find (%) = (%J . Accept with whichever notation used,
0 0

as long as it is clear they are attempting the correct things.

. o . . C"dy )"
M1: Applies the approximation formula with their “4” and their (ay)
0

Al: For awrt 3.04 ppm. Accept %ppm

(b)

B1: A correct equation relating i—u and % from the chain rule.
t

o dx . . o
M1: Makes a complete substitution for x and m in equation (I) or a complete substitution for # and
t

du . )
— 1n equation (II
v q (ID)

A1*: Simplifies correctly to achieve the given result.

(c)

B1: Correct integrating factor found or spotted. Allow for ¢

Incosht

M1: Applies IF to achieve u"cosh?"= I" cosht"(l + 3 j dr
cosht

M1: A reasonable attempt to integrate the RHS. Need not include constant of integration. If LF.
correct allow for £sinh?+3¢(+c)

Al: Correct general solution, either implicit or explicit form including the context of integration
(award when first seen and isw)

(d)
M1: Uses the initial conditions in an appropriate equation to find the constant of integration.
Either =0 and u = 27 in the answer to (c), or = 0 and x = 3 if substitution for x occurs first.




Q8

M1: Reverses the substitution and rearranges to find equation for x, with evaluated constant
included.

Al: Correct equation, any equivalent form, but must be x = ...

(e)
M1: Uses their model solution to find the value at ¢t = 0.25

M1: Applies actual value — estimate x100 with their values.

actual value
Al: States part (a) is overestimate by 1.05%






