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Q1.

Question Scheme Marks AOs
—
@) Uses the commeon ratio 51-;;:::;9 = Sf-;afja oe. M1 31a
Cross multiplies and uses tanfxcos& = sinf
2 dM1 1.1b
(5+25m@) =6x12sm8
, 25+20sm @ +4sin” @=72sin8
Proceeds to given answer i Al* 21
= 4sin” #-52smA+25=0 *
3)
(a) Alt (a) Alternative example:
Uses the common ratio 12rcos@ =5+ 2sin#, 127 cos@ = 6tand
5+2sin8 Y ML | 3.la
=12 .-6‘[— =6tan &
0% . 12cos8 | o
Multiplies up and uses tan & xcosd = siné
. 2 dh1 1.1b
(3+2sinf) =6tanIx12cosf =T72sind
_ 25+ 20sin @+4sin’ 6 =T2siné
Proceeds to given answer . Al* 71
=4dsin 8-52smO+25=0 =
3)
(b) 2, e - : 1( 25
4sin” §-52sin6+25=0=>sinf = 7| .T] M1 1.1b
8 =% Al 1.2
(2)
(c) Attempis a value for etther a or
1
3 Y e 54+2x—
eg.a=12cosf= IZX—\III— or r'=5+_5m9= ,2_ Ml 3.1a
2 12cos@ NE]
].2><—7
nom T e 1
a =- anidl P =——F= o.e. .
643 i NE Al 1.1b
a —6\3
Tz ==
Uses 5.1 L dM1 | 21
3
Rationalises denominator
g 83 _ 18 3-1 daM1 | 1.1b
= 1 J3+1 3-1
1+—
J3
(S.=)9(1-+3) Al 2.1
)
(10 marks)
Notes:
(a)
o _ a, a,
MI1: For the key step 1 using the ratio of — = a—J

1 2

dM]1: Cross multiplies and uses tan&xcosf = siné

Al*: Proceeds to the given answer including the © = 07 with no errors and sufficient working shown.




Alternative:

M1: Expresses the 2% and 3" terms in terms of the first term and the common ratio and eliminates
e

dM1: Multiplies up and uses tan xcosf = sinf

Al*: Proceeds to the given answer including the * = 07 with no errors and sufficient working shown.

Other approaches may be seen in (a) and can be marked 1 a similar way e.g. M1 for correctly
obtaining an equation in & using the GP, M1 for applying tan€xcosf = sinf or equivalent and

eliminating fractions, Al as above

uoK U, , 12cos@=6tan &
Example: u, = L 3 »540ginf="r— M1
2 u, 5+2siné
= (5+2sin6) =72sin 8 dM1

25+20sin@+4sin’ @ =72sin O

= 4sin° @—52s5inB+25=0 *

(b)

MI1: Attempts to solve 4sin” @—52sin 8+ 25 = 0. Must be clear they have found sin& and not e.g.

just x from 4x —32x 425 =0. Working does not need to be seen but see general guidance for

solving a 3TQ if necessary. Note that the % does not need to be seen.
5w : aw ]
Al: 8= & and no other values unless they are rejected or the ?cleaﬂ}f selected here and not 1n (c)

A minimum requirement in (b) i1s e.g. s5in & =%. g =%

Do not allow 150° for 5%

x
6

. . Sm.
1s their answer to (b) but & = —1s used here.

(c) Allow full marks in (c) ifeg &= 3

orifeg €= 2T 15 their answer to (b) but & = %ia used here allow the M marks only.

M]1: For attempting a value (exact or decimal) for either a or » using their #

1 1
i 3 . 54 2x— Gr——=
Eg a=12cosf= 12><—£ or r=5+25m8= 2 oseg r= Gtan.ﬁ = V3
2 12cosd J3 534+2smé - 1
. 12 —— 3+ 2x—=
2, 2
1 NE)

1
Al: Finds both a= —51!37 and ¥ = —E which can be left unsimplified but sin & = E,cos g= -5

and tan & = —? (if required) must have been used.

dM1: Uses both values of "a" and "r" with the equation 5§ =——= to create an expression

mvolving surds where g and » have come from appropriate work and |J| <1

Depends on the first method mark.

ddM1: Rationalises denominator. The denominator must be of the form p+g\3oeeg p +%

Depends on both previous method marks.

k. p-a3 ko PT

x or x

p+q3 p-¢3 L a
NE]

15 sufficient.

Note that stating e g

s fole



Q2.

Al: Obtains {Sm ::]9[1—\-@}

Note that full marks are available in (c) for the use of & =150°
Note also that marks may be implied i (c) by e.g.

. 2 5m
g . _ 12cos8 144cos 6 ~ l44cos —
=" 1-r _ S5+2smf 12cosf-5-2sinf ST 5
-—— 12cos—-5-2s5m
12cosé 6
108 108 —6+643 —648+648.3

- = x 9(1-3
—6—6/3 —6-6J3 —6+6.3 -72 [ "r)
Scores M1A1 implied dM1 ddM1 A1

12cos— 12cos—
5 = 4 _ ore.g 5 = a _

= 1-z _ Sm = 1-r . W
5+ 2sm— 5+2smm—

_ 6 _ s}

1 o 1 -

’, Pl 7 —_

12cos 5 l_cosﬁ

And nothing else

scores M1AQdMI1ddMOAD
5w
12cos— )
! S5+ 2sin—
]_—'5
5w
12 CD‘SF
Scores M1A1dM1ddMOAD
b
12cos—
5¢=]fr= 611:9[-1_\'@]
S5+ 2s5m—
1— v}
11::::5E
Scores M1AOIM1ddMOAD

S, = 9(1- ﬁ] with no working scores no marks

(Q15 9MA0/02, June 2022)




Question Scheme Marks AOs
(a)(®) a=3.a,=5 a,=3 Bl L1b
@) 2 B1 1.1b

(2)
{h] a5
D a,=42x(3+5)+3 oe M1 3.1a
=339 Al 1.1b
(2)
(4 marks)
Notes:

Q3.

(a)(1) Mark (a)(1) and (a){11) together.
B1: States the values of at least a, =5 and a, =3. Thus 1s sufficient but if more terms are given they

must be correct. There 1s no need tosee e.g a,=... a,=... just look for values.
Allow an algebraic approache.g. a_, =8—a _.a _,= 8—{'8 —-a, }| =a

A conclusion is not needed.
(a)(11)
B1l: States that the order of the pertodic sequence 15 2
Allow “second order”, “it repeats every 2 numbers™ or equivalent statements that convey the
idea of the period being 2.
Note that £2 15 B0

(b)

85
M1: Attempts a correct method to find Z a
n=l
85 85 a4 g5
For example Zfl‘n =42x%(3+5)+3, Za” =—%x3+42x5+3 or Zﬂ'n :43><{3+S)—S

25 ] _
or ) a,=43x3+42x5 or Zan:%xﬁ—l
=l Mol

There may be other methods e.g. “Chunking™: 5x(3 + 5) =40, 40 = 8 =320, 320 + 3x3 +2x5 =339
Al: 339, Correct answer only scores both marks.
Attemots to use an AP formula score M0

(Q03 9MAO0/02, June 2022)



Question Scheme Marks AOs
(a) 16+(21-1)xd =24>d =.. M1 | 1.1b
d=04 Al 1.1b
Answer only scores both marks.
(2)
(b) 1 1 .
S, =—n{2a+(n—1)d}=> Sy =—x500{2x16+499x"0.4"} M1 1.1b
=57900 Al 1.1b
Answer only scores both marks
(2)
(b) Alternative using 5, = %n{a+f}
f=15+(500—1)x“0_4"=215_6:,=.5'500=%><500{16—"215.6"} M1 | 1.1b
=57900 Al 1.1b
| (4 marks) |

Notes

(a)

M1: Correct strategy to find the common difference — must be a correct method using a = 16, and
n =21 and the 24. The method may be implied by their working.
If the AP term formula 1s quoted it must be correct, so use of e.g. u, =a+nd scores MO

£ 1
Al: Correct value. Accept equivalents e.g. % % = ete.
2 5
(b)

M1: Attempts to use a correct sum formula with a = 16, #n = 500 and their numerical 4 from
part (a)
If a formula 15 quoted it must be correct (1t 15 1n the formula book)

Al: Correct value

Alternative:

M1- Correct method for the 500 term and then uses S, = % # {.:;r +;} with their [

A1l: Correct value

Note that some candidates are showing implied use of u, =a+nd by showing the following:

d_i-—*l—lfi_ 8 1 8| < 5
(a) d = TR (b) .';m:?ﬁm zx15+499><_;—1;-=55_23_3095_...

-

==J

This scores (a) MOAO (b) M1AO

(Q01 9MA0/02, Oct 2021)

Q4.



Question

Scheme Marks AOs

(a)

(145

(14, =)400+11x-10=290"* ore.g. (u, =)400-110=290%

ore.g. Bl1# 1.1b
=)400+(12-1)x-10=290* ore.g.(u, =)410+12x-10=290*

(1)

Alternative 1:

400+(n—1)x—10=290
=400-10n+10=290=10n=120=n=12%

B1* 1.1b

Alternative 2:

200=400+(12-1)d =11d =—110=d = —10* B1* 1.1b
(b) 8100 = = N(2x400 + (N —1)x~10)
ore.g. M1 1.1b
8100=%N[400+400+{N—1_|- -10)
8100=éN:2>< 400 +(N—1)x—10)
] ) o Al* 21
=>16200 = 800N —10N" +10N ore.g. =>8100=400N—5N" +5N
= N'—8IN+1620=0*
(2)
(c) N —8IN+1620=0=(N—-45)(N—-36)=0=> N =45.36 M1 1.1b
(N=) 36 Al 2.
(2)
(5 marks)

Notes

(a)
B1-:

Correct working to obtain 290. Must be a correct calculation so do not condone missing
brackets unless they are recovered. E.g. (1, =)400+12-1x—10=290 scores B0 unless

followed by =400+11x—-10=290. Condone (1, =)400+(12-1)—-10=290

The “£” symbol 15 not required but the “2907 must appear.

Alternative 1:

Bl1-:

Correct working using the 290 to obtain n = 12.

There must be at least one intermediate line after setting up the equation and must be
correct work so do not condone missing brackets unless they are recovered (as above).
A conclusion 15 not required with this approach as long as 12 is correctly obtained.

Alternative 2:

Bl1=:

(b)

Correct working using the 290 and 400 to obtamn 4 = —10.

There must be at least one intermediate line after setting up the equation and must be
correct work so do not condone missing brackets unless they are recovered (as above).
A conclusion 1s not required with this approach as long as —10 1s correctly obtamed.

Allow candidates to list terms and show the 12 term is 290 e.g.
400, 390, 380, 370, 360, 350, 340, 330, 320, 310. 300, 290
Must list all 12 terms which must be correct and end with 290
Condone if missing 400, 390, 380 as these are given in the question.

Mark (b) and (c) together




M1: Usesa correct sum formula in terms of N or n with a = 400 and & = —10 or +10
and sets = 8100 Condone e g = 8100 and allow A1 if this is recovered to become “="
before the final line.

Condone 8100= %N{ 22400+(N-1)-10) if recovered or not.

Al=": Fully correct proof with sufficient working shown and no unrecovered errors.
Do not condone e.g. missing brackets or e.g. a missing N/»n unless recovered before
the final given answer.
Condone the use of n mnstead of N for both marks.
Condone terms 1n a different order as long as they are correct.
Condone 0=N* 81N +1620*
Sufficient working requires all brackets to be removed to obtain an unsimplified expanded
quadratic before proceeding to the given answer mcluding the “=07.

Alternative (further maths method): Series summation approach:

N
Z_:_ 410-10r)=8100= 410N -10x 1 N{N+1)
r=l 2
= 410N —-5N* 5N =8100=N"—-8IN +1620=0*
M1: Attempt to sum an approprate series with first term 400. Condone use of +10 as in the
main scheme.
Al*: Asmamn scheme.
(©)
M1: Solves the given quadratic equation by any correct method including a calculator to obtain
at least one value for N. See general gmidance for solving a 3-term quadratic.
If values are just wrtten down and only one value 15 given it must be 45 or 36.
If both values are just written down they must both be correct.
Al: Realises that the smaller value is required and so selects (N =) 36
Ignore any units if given.
The "N ="1s not required, just look for the correct value.
It must be clear that thus value has been selected. This may be mdicated by e.g.
underlining the 36 or the omission of the 45 If the 45 1is not rejected score AQ.
N =36 with no working scores M1A1

(Q02 9MAO0/02, June 2024)

Q5.



(@) Attempts to solve 10— 6k =2k -10 =k = . M1 3.1a
( 5
(k=) 5 oe. Al 1.1b
’2
(2)
(b) Deduces the value of "d" = —5 Bl ft 22a
50 \
Ssu=T(2’<"15"+49X“_5"} M1 1.1b
=— 5375 Al 1.1b
(3)
(5 marks)
Notes:
(a) Condone using other letters for # and 4 (e.g. may use r for o)
MI1: Attempts a valid method to solve the problem
e  Uses the common difference to form a correct equation and attempts to solve to find
avalue for k
e.g. Aftempts to solve 10— 6k =2k—10 o.esuchas 2k—-6k=2 ['lD -6k )
e  Uses 10 as the mean of 2k and 6k Zk; Sk =10=k=_.
e  Sets up correct equations a =6k. a+d =10 and a+2d =2k, or may be seen as
6k+d =10 and 10+d =2k and proceeds to find k.
; 3
¢  Uses the summation formula 5, = E( 6k +2k)=06k+10+2k and proceeds to find &
In each attempt the initial equation (or simultaneous equations) must be correct but do not
be concerned by the mechanics of the rearrangement to find k. May be implied by & = ;
5
Al: (ﬁr —) 5 0
(b) Work seen in (a) can only be scored if seen or used in (b)
Bift: Common difference =—-35 or ft on their value for k (even if k has been found from an
: 5 5 . . .
incorrect method) e.g. 10—-6 x"E" oreg 2x"-"-10 if only a numerical value 1s seen.
May be implied or seen in a term or summation formula.
Note that some candidates may work m terms of & throughout so only allow B1ft to be
scored when they substitute in their numerical value for £, following 10 -6k o.e. correctly
embedded in a correct formula. They may make arithmetical slips before they substitute
in their numerical value for k£ which can be condoned.




M1:

Al:

Attempts to use a correct formula. The expression is sufficient to score this mark but they
must be using a correct value for @ and + d (or ft on their value for k for @ and ) which are
correctly placed in the formula.

€.g. (5_{,] =} ST?[EX "6k"+49x"+d “)_

Alternatively, they may find the 50th term sy ="15"+(50-1)x"—5"=-230 and use

(s-sa =] %("15'4"—230'{}.

If working m terms of k they must substitute in their value for &

eg (5. =) 22 (2x6k+49x (10— 6k) ) = =7050k +12250 = 7050 "2 "+ 12250
)2 ) 2

Do not withhold this mark for omission of brackets around (-5)

eg. 5—20 ’2><15+(49J—5l} scores M1

— 5375 cao

Q6.

(Q03 9MAO0/01, June 2025)




Question Scheme Marks AOs
(@ States that S =a+(a+d )+ +(a+(n-1)d) Bl 1.1a
S= a+ - (a+d)+ (a+(n-1)d)
S=(a+(n-1)d)+(a+(n-2)d )+ .. _.___.+a Ml 3-1a
Reaches 25 =nx(2a+(n—1d)
n Al® 21
And so proves that 5 = ?[Ea +(n —l)d] *
(3)
(i) (a) §=10+9.20+8.40+ ...
64=2(20-08(n-1)) o.e Ml 3.1b
128 =20n—0.8n" +0 8n
0.8n" —20.87+128=0 Al® 21
n' —26n+160=0 *
(2)
(b) n=10.16 Bl 1.1b
(1)
(c) 10 weeks with a mimimal correct reason. E. g
¢ He has saved up the amount by 10 weeks so he would
not save for another 6 weeks B1 13
* You would choose the smaller number o
¢ He starts saving negative amounts (in week 14) so 16
does not make sense
(1)
(7 marks)
Notes:
(@

Bl: Correcily wnites down an expression for the key terms S or 5, mcluding S=or 5 =
Allow a minimum of 3 correct terms including the first and last terms. and no incorrect terms.

Score for Sor § =a+(a+d)+. .. +{a+[:n—l]d} with + signs, not commas

If the series contains extra terms that should not be there E.g
S=a+(a+d)+............(a+nd)+(a+(n-1)d)score B0

M1: For the key step in reversing the terms and adding the two series.
Look for a minimum of two terms. including a and a+{n-1)d . the series reversed with evidence of
adding, for example 25=  Condone the extra incorrect terms (see above) appearing.
Can be scored when terms are separated by commas
Al*: Shows correct work (no errors) with all steps shown leading to given answer.
There should be no incorrect terms. A mmimum of 3 terms should be shown 1n each sum



The solution below 1s a vanation of this.

S=a+(a+d)+ . +1
S=l+(-d)+_ +a

28 =n(a+1)
Szg(aﬂ')=g{a+a+(n—l)d}=g{2a +(n-1)d)

Bl and Al are not scored until the last line, M scored on line 3

The following scores B1 MO0 A0 as the terms in the second sum are not reversed

(tl Sn ® a -+ far o) 1 {":tr?rcr‘l s . G4 Cn=1) gf
na o
L [ +{n-gd i faitlan-19d) sas ta-Neal

15n = Ao+ o gpe)d a4 Cn-Yd 4 deciw=i}

154 = n Equ r_n-"JdLj

SC in (a) Scores B1 MO AQ.
n(n—l)

Theyuse 04142+ __+(n-1)= which relies on the quoted proof.

2
. m
ll'11"">|:h " a timed O oo 14
2 4
= o i)
— p 13
5.-= T d "'_'-"“2"] e, ..I?"'f”'"'.:'j
s -
RS AN+ (otieirdr.. pmer) d
Msrm— b I
- e
BRI T Sl S
2
A AN Y -”':*'“-'zd"_;'
i) P
S = A 2w =)

(i) (a)
M1: Uses the information given to set up a correct equation in 7.
The values of 5. @ and d need to be correct and used within a comrect formula

Possible ways to score this include unsimplified versions 64 = %(2 *10+(n—-1)= —0.8} .

64=7(10+10+(n~1)x~0.8) or versions using pence rather than £'s 6400 =(2000+ (n ~1) x—80)
Allow recovery for both marks following 64 = % (2x10+(n—1)—0.8) with an invisible X

Al*: Proceeds without error to the given answer. (Do not penalise a missing final trailing bracket )
Look for at least a line with the brackets correctly removed as well as a line with the terms 1n »
correctly combined

Eg 64 Z%[ZG +(n—-1)x—0.8)=64= 10n—04n" +04n=>0.4n" —10.4n+64=0=n" —26n+160=0

(11)(h)

Bl: n=10,16

(11)(c)

Bl: Chooses 10 (weeks) and gives a minimal acceptable reason. The reason must focus on why the

answer 15 10 (weeks) rather than 16(weeks) or alternatively why 1t would not be 16 weeks.

(Q13 9MAO0/01, June 2022)



Q7.

Question Scheme Marks | AOs
1 R
() =(4-x)7T=47x(12 Ml | 21
J4—x
Uses a "correct” binonual expansion for their
n -1) M1 1.1b
(1+ax) =1+nax+ma‘12+
1 3
1_£ 2_1+ _l X N 2 2 X Al 1.1b
4) = 2 4 2 4
L 112y Al 1.1b
4—x 2 167 256 ]
“4)
. States x =—14 and gives a valid reason.
(b) (1) Bl 24
Eg explains that the expansion 1s not valid for |x‘ =4 ’
(1
(b) i) L nd sives aval
States X 3 and gives a valid reason. Bl 4
Egz explains that 1t 15 closest to zero
(1)

(6 marks)



(a)
M1: For the strategy of expanding

using the binomial expansion.

1
Wd—x
Youmust see 4 oe and an expansion which may or may not be combined.

i nn-1 , ,
M1: Uses a correct binomial expansion for their (1 tax) = linaxi¥a‘x‘ +

Condone sign slips and the "a" not being squared in term 3. Condone a ==*1
Look for an attempt at the correct binomial coefficient for their n, being combined with the correct power

of ax
‘ =)
3 2073 Xy
Al: {1—%) =1+[—%J[—£)+ f(—a] unsimplified
L . x 3x° .
FY1 the simplified formis 1+ 3 + 2% Accept the terms with commas between.

Al: ! = 1 + L X+ i x*  Ignore subsequent terms. Allow with commas between.

—[_%]2[_%11 %{—xf+..

M1: For 4 2 4+_.... M1: As above but allow slips on the sign of x and the value of n  Al: Correct unsimplified
(as above) Al: As main scheme
(b) Any evaluations of the expansions are irrelevant.

Look for a suitable value and a suitable reason for both parts.

(b)(i)

3
T

)+

Note:  Alternatively (4-;;} 3 =4 1 +[_%]4

Bl: Requires x =—14with a suitable reason.

Eg. x =—14 as the expansion is only valid for |x| < 4 or equivalent.

Eg*x=—14as |—]4| =4" or 'l cannot use x =—14as

Eg. * x =—14 as is outside the range Ix‘ <4’
Do not allow * —14 is too big’ or * x=-14,[x|<4 * either way around without some reference to the
validity of the expansion.

(b)(ii)

1
Bl: Requires x = 3 with a suitable reason.

Eg. x= —5as it is “the smallest/smaller value’ or * x = — < as the value closest to zero’ (that will give the

2

more accurate approximation). The bracketed statement is not required.

(Q04 9MAO0/01, June 2019)

Q8.



Question Scheme Marks AOs
CLa*(2x) Ml 1.1b

L S
—a =2 =15120=a=_. dM1 21

4131
a=3 Al 1.1b
3)
(3 marks)
Notes:

M1: For an attempt at the correct coefficient of x*.
The coefficient must have
¢ the correct binomial coefficient
+ the correct power of @
e 2 or 2* (may be implied)
May be seen within a full or partial expansion.

T 3. o, 7 5 s ;o (7
Accept 'C.a’ L2x}+ . 4—;:7’ [23()4 . [4}:’{21‘)4, 35a° (2x) . Sﬁﬂajl",;l4]a3161'4 etc.

131
s 3 T AN ; ;
or 'Ciajz_.—ﬂjff,{ JHJZ'JS:J’EJ',SEOH’HC.
4131 4
L. 7oy, (7Y .. AR
or 'Cia’ L2x}+,—a’[21)4,' a’{2x}4. 35a° sz]+, 560a’x*.| _ |a’16x" etc.
4131 13 3

- T, (7
or 'C.a2t. —a'2t | a2t 354°2% . 560a°
4131 E

oL
You can condone missing brackets around the “2x” so allow e.g. P ax

Txbx5x4( 2x 14 \|

! 1
41 La) |

4
] efc.

L + Y 7
An alternative is to attempt to expand a’ ! 1+— | to give @’ | ...
Lood |

- 4
[ 2x 3

Allow M1 foreg a’

( ?x6x5x4;"2:c14 ) A (7
AL E S

A%

=1 .| | d .._35|E
4! La) ) | \ a

La)

but condone missing brackets around the 2x
a

] (7 . 7
Notethat C;, | 3 ]EIC. are equivalentto 'C,, | 4]&&‘_ and are equally acceptable.

.

If the candidate attempts (a + 2x)(a + 2x){a + 2x) . etc. then it must be a complete method to reach the required
term. Send to review if necessary.

dM1: For "560"a° =15120 = a — ... Condone slips on copying the 15120 but their “560” must be an attempt at
2

?C4><2. or ?C_‘xf and must be attemptng the cube root of Depends on the first mark.

"560"

Al: a=3 and no other values 1.e. =3 scores A

Note that this is fairly common:
'C,a’2x =708y = 704" =15120= 2’ =216 = a =6
and scores M1 dM1 A

(Q04 9MA0/02, Oct 2020)



Q.

Question Scheme Marks AOs
Wi-1) o 2 HE-D(3-2), s
(a) 1370 gy o Z27G72) gy M1 1.1b
21 3!
! 13- o2 HE-D)(E-2
(1-9x)2 =1+1[—9x}+ 1(3 'I[iE-"Jr_Ilz+¢{—9x]3 Al 1.1b
2 21 3
1 81 , 729
(1-9x)P =1-—x——x — Al 1.1b
2 8 16
3)
. : 1 2, . .
(b) Expansion 1s valid for |x| < a and x = —a is outside this range. Bl 24
(€3]
(4 marks)
Naotes
(a)
M1: For an attempt at the binomial expansion with n =é and obtains the correct structure for
term 3 or term 4. Award for the correct coefficient with the correct power of x.
1 1 1y(_1 3
sh—3),. 2 sH—=35H—F)
g 7‘:" ” 2}[10.'} ar —{' (z2)(=3) I{.T'.J::I3 where /. =1
2! 31
Condone missing or incorrect brackets around the x terms but the binomial coefficients must
be correct. Allow 2! and/or 3! or 2 and/or 6.
i 1 Vo 1 %
Do not allow notation such as | 2 || 2 | unless these are interpreted correctly.
V12
Al: Correct unsimplified expression as shown but the bracketing must be correct unless any
mussing brackets are implied by subsequent work.
May be mmplied by a correct simplified expression.
OR allow this mark for at least 2 correct sumplified terms from —gxﬂ —22x* and —E
9 81, 729 ,
Al: 1- SX- E X — E X or simplified equivalent. Correct answer with no working can

score full marks. Ignore any exira terms and allow the terms to be listed or in a different
order. Apply 1sw once a correct expansion 1s seen. Condone +— (equivalent to listing).

Allow recovery if applicable e.g. 1if an “x” 15 lost then “reappears™.

Allow decimal equivalents 1-4.5x—10.125x" —45.5625x" provided they are exact.

Allow mixed numbers l—-fllJr—l[llJr‘2 —45215
2 8 16




Note: You may see attempts via direct expansion, but these will be scored using the main scheme,
1ignorng absence of powers on the 1s. The below attempts both score first M1AL.

If vou are vnsure, send to review.

11/ Lio1)[ 23 Hi-1)(i-2) =2 3
{1—9x;|:=13+—|13 (—9x)+ 22 12 |(—9x) +=2 3:2 ) 12 |(—9x)
1 = ] 11_1yl = 1{1112; =
s 1 12 [y 1)1 kIR RE : wlz-is—2) (1)t
9: ——J.'| 3 —| +— |—| [—x)+— |—| -y +— |— {—:v(_pJ
9 ) 9/ 2{19) 21 {19} 3! 9
(b)
o . 1 1 2, . .
Bl: Expansion is valid for |_r a or |.1' "3 and IZ—a is outside this range.
Requires:

* an acceptable range of validity given

* an acceptable comparison of —a or a with their range leading to e.g. “not valid™.

Examples of acceptable alternatives include:

¢ (Valid for) [9x

<] or |9_r| .. | and as 9x = =2 (the expansion 1s) not valid.

1 2 1 2 1] L .
.. — and as E > — | or —=— < —5 | the expansion 1s not valid.

e (Valid for) |x 5

1
< — Or |.r
9

¢ (Valid for —a <x<— and x= —é 15 too small'big (condoned as minimally acceptable).

.. 1 and as —9x = 2 the series will diverge.

1

>— 50 —E cannot be used.
9 9

* (Sernes converges for) |—9:r

¢ (Valid for) |x|{$ but

Do not accept vague statements such as "1t 1s too big", "1t 1s outside the range"” without any

) ] 2 1 . ] . )
mention of what the range 1s5. — 5 —a alone 1s msufficient evidence (without any

mention of what the range 1s) and scores BO.

An attempt to evaluate the expansion and compare with J?T 1s not acceptable on 1fs own.

(Q02 9MAO0/01, June 2024)
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Question Scheme Marks AOs
&) . . ([ 3\
4 —=4x2 x(1+%x] M1 3.1a
(2+3x) -
3V
( 1+ 5 IJ =
= M1
L (21 3), X3 (3xY | (D B)x(A)(ax) | AL | LI
M ) A T 2 B T 3
4 1—3 27 2 27 s
==1-3x+—x ——X
o) 75 73 Al | Llb
(4)
=
®) x|<3 Bl | 22a
3
1)
(5 marks)
Notes:
(a)
M1: Attempts to take out a factor of 2 from the bracket to obtain k[ 1+ % .r}
Condone slips/errors when taking out the factor of 2 as long as they reach the form
k[ 1+ % x] .
M1: For an attempt on the binomial expansion of (1+ ax ]_2 .
Look for correct coefficients with correct powers of x for term 3 or term 4
(=2)x<(=3), =2 (2P 3)(HA) s
1 (ax)” or 3 (ax)
where a could be 1 but must be consistent with @ in their (1+ax)™.
Condone missing brackets around the “ax”
L . (3 Y
Al: Correct (may be unsimplified) expansion of [ 1+ 5 J.']
27 2 27 s
Al: 1—33.'+Tx -5 X
: 27 2 27 3
Allow as a listbut not e.g. 1+ —3x+ _T X +-=x
(b)
2 2 2 [ 22
B1: ‘x|..goee.g. _E{I‘EOTL_EE

Q11.

(Q06 9MAO0/02/M, June 2025)



Question Scheme Marks AOs

1
(@ \M—91=2Him7 Bl 1.1b
1 ] E_
I/ IIQ'}'II\_ 2’ 4
T BT
= = B
: . - . M1 1.1b
lx(_l\ixfr—z](u 9x "1_1
ALY
3
L-2Y-2) L{-d){-2)-&)
1 [ 91'\] 2 20 4 2 200 20 4 Al 1.1b
l__x i P %, AN E x ', r, . AN A
2 4 21 30

A9 =2- 50 S

4)

(h) States that the approximation will be an overestimate since all
terms (after the first one) in the expansion are negative El 32b
(since x> 0)
@
(5 marks)
Notes:
(a)

1 1 ! 1
B1: Takes out a factor of 4 and writes \/4—0x =2(1£_ )7 or V4 (1£..)2 or 4" (127
1

M1: For an attempt at the binomial expansion of (1+ ax)* a =1 to form term 3 or term 4 with the

correct structure. Look for the correct binomuial coefficient multiplied by the corresponding

powerof x e.g.
1)(i-1 .2 LL-1)(1-2 3
{'}[—'}I{tj or M{l} where... =1
21 3!
Condone missing or incorrect brackets around the x terms but the binomuial coefficients must be

correct. Allow 2! and/or 3! or 2 and/or 6. Ignore attempts to find more terms.

(1} (17
Do not allow notation such as | 2 , 2 | unless these are wmterpreted correctly.

I"l & '\2 *

0x }2
Al: Correct expression for the expansion of |1 T ] e.g.
1 (1 . ox) 1 (1 1 9xY
L1 (o) ?‘iz‘l_ll_—ﬂ 21427
+= xt————1+ 5 + 3

which may be left Lms'j.mphﬂed as shown but the bracketing must be correct unless any missing
brackets are implied by subsequent work. If the 2 outside this expansion 1s only partially applied
to this expansion then score A0 but if 1t 15 applied to all terms this Al can be implied.

OR at least 2 correct simplified terms for the final expansion from, _9Tr’ — géi . - ?'52?2
ox 8lx  729x —9x 81x 729x

Al: J4- 9r—Z—T—F— =5 oe and condone e.g. 2+ T e SD




Allow equivalent mixed numbers and'cr decimals for the coefficients e.g.:

9 1 81 .17 729 217 )
p 5 2
(4 24 2. 5] [54 164 1.265625 [ 12— 1423828125

5127512 )

Ignore any extra terms if found. A_llow terms to be “listed” and apply 15w ofice a correct expansion 1s
seen. Allow recovery if applicable e g 1f an “x” 1s lost then “reappears™.

1

R
JT9% = (4-9x) = 4° fl
TS

1
Bl:For 2 or +/4 or 4~ as the constant term in the expansion.
M1: Correct form for term 3 or term 4.

vaf us

Rt RO R

o (2L (BT e

Condone missing brackets around the x terms but the binomial coefficients must be correct.

Allow 2! and/or 3! or 2 and/or 6. Ignore attempts to find more terms.

[a—

unless these are interpreted correctly.

®

1
Do not allow notation such as | 2
1

a2

Al: Correct expansion (unsimplified as above)

ox 8Lk 720x
4° 64 ° 512
3 2 3
Ox Slx 729x —O9x 8lx  T20x
Al: y4-9x = E_T_F_ =0 °f and condone e.g. 2+ T e S0
Allow equivalent mixed numbers and/or decimals for the coefficients e.g.:

9 1 81 17 729 217
Z2-2 1= — 1— 2
[4 1 25] (64 164 1.26562 51 {512 l512 1.42382812 5]

Ignore any extra terms if found. Allow terms to be “listed” and apply isw once a correct expansion 1s
seen. Allow recovery if applicable e.g. 1if an “x7 15 lost then “reappears™.

(b)
B1: States that the approximation will be an gverestimate due to the fact that all terms (after the first
one) in the expansion are negative or equivalent statements e.g.

OR at least 2 correct simplified terms from. —

* Overestimate because the terms are negative

* Overestimate as the terms are being taken away (from 2)
Condone “overestunate as every term 1s negative™

If you thunk a response 1s worthy of credit but are unsure then use Review.
This mark depends on having obtained an expansion in (a) of the form

k—px—gx — " k. p.g.r >0 but note that if e g one of the algebraic terms 15 zero or was “lost” or

there are exira negative terms this mark 1s still available.

(Q07 9MAO0/02, June 2022)



Q1l2.

Question Scheme Marks AOs
(a) a7 :
I N M1 1.1b
)Xo 2 M1 | 11b
{3 0 13
f 2 Oy (-3
(1:3) creqy X E2C )1 Al 1.1b
Y, 137 2 |3
5 | % 2x -
(1, 5] L2 X A1 | 21
T3] "9 27 27
(4)

(@)

M1: Attempts a binomial expansion by taking out a factor of 37 urj—lz or Ll and achieves at least the first 3

terms in their expansion. May be seen separately e g. % and (1+..x+..x")
M1: A correct method to find either the x or the X° term unsimplified.

2)=2-1) ,
Award for (—2)kx) or #I k| where k# 1. Condone invisible brackets.

S S : (L. x) g X)L I )
Al: For a correct unsimplified or simplified expansion of | 14 3 J eg =1+(-2)| 3 |_ EETERE) | -
| ; 3 2113

-j 2
1- ?1 + ‘? —...Do not condone missing brackets unless they are implied by subsaquent work.

Condone | —— for. )

g -2
Also allow this mark for 2 correct simplified terms from é—;—‘{ + :—u‘ith both method marks scored.

Al: 5 —q—'? + E cao Allow terms to be listed. Ignore any extra terms. Isw once a correct simplified answer

15 Seer.

Direct expansion, if seen, should be marked as follows:

| R 4 -2(-2-1) 4 4}
| (3+x) =3'—2>3’><.1'+T>3 x|

MI: For (3+x)" =37 +3 xax+3™ x g

MI: A correct method to find either the x or the x° term unsimplified.
. 2)(=2-1 :
Award for (-2)x37x or 227D «3*x" . Condone mnvisible brackets.

21

-2{-2-1)

el

Al: For a correct unsimplified or simplified expansion of (3+x 7 g 37 —2x3  wx+ %37y

. -2
Also award for at least 2 correct simplified terms from ; - ;; + :? with both method marks scored.
Al: ° _’:_; % cao Allow terms to be listed. [gnore any extra terms. Isw once a correct simplified

ANSWeT 1S Seer.

Note that MOMIAIAD is a possible mark trait in either method




NoTe Tegarding a possible misTead In parts (D) and (c}

Some candidates are misreading e dx in parts (b) and (c) as G 6

{3 - Fx)

If parts (b) and (¢) are consistentlv attempted with I } - dx then we will allow the M

marks in (b) only. M1 for x" —» x""' applied to their expansion in part (a) or 6+ (their
expansion m part (a)) and dM]1 for substituting 1 0.4 and 0.2 and subtracting exther way
round (may be implied).

No marks are available in part (c)

MARK PARTS (b) and (c) TOGETHER

R i

®) o L2 X g [[20 80 20 g N
| 9 27 27 Ji3 9 9 T - '
|| 21‘_4_\(] . 2x° ..|dx—rj _41"’ . vt e Al 1L1b
3 9 9 3 27 18 : '
2 2 0.4 5 3 a
WX A xt, (04) 4047 (04 (02 4027 (02)°)

R = - dMv1 | 31
[3 2?+1s} | z?+1s|'3 TR a
‘!2'1
=awrt 0.03304 or —— Al 1.1b

6750
(4)

(b)
M1: Attempts to multiply their expansion from part (a) by 6x or just x and attempts to ntegrate. Condone

copying slips and slips in expanding. Look for x™ — x™ at least once having multiplied by 6x or x.
Ignore e.g. spunous mtegral signs.
Al: Cormect mtegration. sumplified or unsunplified.
x4y 1, ., 4 % 6l ¥ 22X x
3 27 18 =0l 3 2| 11881 " 108
If they have extra terms they can be 1gnored.
Ignore e g spurious integral signs.
dM1: An overall problem-solving mark for
* using part (a) by integrating 6x # their binomial expansion and
¢ substituting in 0.4 and 0.2 and subtracting either way round (may be mmplied)
For evidence of using the correct limits we do not expect examiners to check so allow this mark if they
obtain a value with (muinimal) evidence of the use of the linuts 0.4 and 0.2.

This could be e.g. [fl I]:IE: = ... provided the first M was scored. If the integration was correct, evidence can

4

be taken from answer of awrt 0.0330 1f linuts are not seen elsewhere. Depends on the first M mark.

Al: awrt 0.03304 (NB allow the exact value which 1s _;3 =0.033037037...).

Isw following a cofrect answer.
Note answers which vse additional terms in the expansion to give a different approximation score A0
Also note that the actual value 15 0.032865. .




olne may use mfegrafion by parts i (b) and the following scheme should he apphed.
Integration bv parts in

v 1 |
Either by taking u = 6x and — —"| — F— |
de 19 27 27

" . 2 23y 7 230
61'x"'1—£—L ["dx = 6r<‘11—L+L |—6 |lx—L—L' x
| 9 27 27 9 27 81 9 27 B1]
/ I Y L2y 40
=f_§x'lx—l__1_'—| lx'—i*_ﬁi

| 9 27 81) 13 27 324
M1: A full attempt at integration by parts. This requires:
(1 LJ.

R S ,hxfn]—ﬂfuuh— be«<f{x)-kg(x)
|9 2? 2?

Where f{x) is an attempt to integrate their expansion from (a) with x" —> x™" at least oncel
m=l

and g(x) 1s an attempt to mtegrate their f{x) with x" —» x"" at least once
Al: Fully correct integration. Then dMI1A] as in the main scheme

(1 2% ¥ dv
Or by taking u = ‘ " and o6y
9 27 27 dx
[ 2 2 (1 2x ¥ 2 2x
61‘(“‘ S T T ———l—r—|— L G
9 27 27) 9 27 27 L 27 27)
3 <| 1 2x x| ‘A; 6x _613 l-|dx=3 1, 1_2:"_1‘l |_| 6,\'4_615 -
9 27 27) Ji127 27 9 27 27 108 81 |
M1: A full attempt at integration by parts. This requires:
B v .
ﬁxx“| 1 Z&x x "do =Foct < f(x) k| X g(x)dv =k < f(x)—Fh(x)
. 0 27 27 :

Where fix) 15 their expansion from (a) and g(x) 1s an attempt to differentiate their f{x) with

x" > xX™ at least once and h(x) is an attempt to integrate their x’g(x) with x" —» x™ at

least once
Al: Fullv correct intesration. Then dMIA]D as in the main scheme

" ]ﬁ| 36

(c) Overall problem—solvi.ng mark (see notes) M1 3la
?.'—3 Pt 6
z:—3—1=>f f{z.r}du:}J ( ) J ———du:> Inu+ .. M1 1.1b
32 LT
Y 34
I 61:44'_13}'5“ | E—Edn::alfrlnnﬂgu Al 1.1k
Jinoow Jiiw u
[6lnu+18 ] - 61:134+1—i'— 5m3’>+1—2 = ddMI | 1.1b
17
| Al 2.1
136 °
(5)
(©) Overall problem-solving mark (see notes) M1 3la
Altl —— -
[6x(3+x)7 dr=="2 [@B+x) dr==—"-%_In(3+x) oe M1 1.1b
. 3+x . 3+x
—6In(3+x)— > oe Al 1.1b
I+x
6(0.4 0237
6]n[3+[}4}— ( AR 6]:1[3+D“}— & )i:"' ddMI1 1.1b
4) 3+02
(17)
|=|-= Al 2.1




(c) Overall pmblem— solving mark (see notes) M1 3la
Ale 2

Gx(3 dy = dr=_..In(3 M, T
[ (3 +207 i (3+r) {3+1} | (+l)+3+x M1 LIb
C6mBex) o oe Al | 116
3+x
611:1(3 04]+ 13 | 6]n[3+0"'}+ 13 I— ddM1 1.1b
+04 +02) '
(17 43
\16 " T36 oe Al 21
(13 marks)
Notes

(c) There are various methods which can be used
M]1: An overall problem-solving mark for all of

* using an approprate integration technique e.g. substitution, by parts or partial fractions — note

that this may not be correct but mark positively 1f they have tried one of these approaches
* integrates one of their terms to a natural loganithm e g | 3L —bn(3+x) or g . bhnu
+X u

¢ substituies in correct linmts and subtracts erther way round

M]1: Integrates to aclueve an expression of the requaired form for their chosen method

. a .2 a
¢ substitution: w=x+3 = t—thlnw oreg u=(x+3)] 2t —==tblnu
o u

b
* paris: iﬂhl(3+.‘f}i3 - condone missing bracketseg. ..Inx+3 for ..In(3+x)

+x

condone nussing brackets e.g. ..In3+x for _.In(3+x)

¢ partial fractions: +aln(3+x) =+ b
3+x

Al: Correct mtegration for their method e g

¢ substitution” u=x+3— 6lnu+18~" oreg H=[Jr+3]l—}!»311:14'.4'+E

Ju

6
* parts: 6In(3+x)— !
+x

8 ) 18
¢ partial fractions: 6In(3+x)+ oeeg 3In(9+6x+x7)+
3+x I+x

Note that the above terms may appear “separated” but must be correct with the comrect signs.
{(1gnore any reference to a constant of integration)
Do not condone nussing brackets e g 6lnx + 3 for 61n(3 + x) unless they are imphed by later work
ddM]1: Substitutes in the correct limits for their integral and subtracts either way round to find a value
Depends on both previous method marks.
For evidence of using the correct linits we do not expect examiners to check so allow this mark if
they obtain a value with (muinimal) evidence of the use of the appropnate limits.

This could be e.g. [fl x I:IE: =_.. provided both previous M marks were scored.

Note that for substitution they may revert back to 3 + x and so should be using 0.4 and 0.2
Al: A full and ngorous argument leading to 6ln | — |- ﬂ or exact equuivalent e g 3In | 2“ 4
136 2'*(:: ]31‘!

c.E. —6in| — |—E

17
The brackets are not required around the E and allow exact equivalents e.g. allow 1.0625 or ]L

but not e.g. ;—4 The % must be exact or an exact equavalent. Also allow e.g. 6ln

2 6 ‘ 136
Ignore spunious integral signs that mav appear as part of their solution.

(Q13 9MAO0/02, June 2023)



Q13.

Question Scheme Marks AOs
(a) , . 4 11
(1) Method to find p Eg Divides 32000 = Ap™ by 50000 = Ap
31
;50000 _ _f50000 _ M1 :
# =32000 ~ ¥ 7\32000 "
p=10658 Al 11b
(11) Substitutes thewr p =1.0658 into either equation and finds 4
32000 50000 M1 L1b
~ T oeegd A= I
1.0658 1.0658
A=24795 — 24805 = 24800 * Al L1b
(4)
(h) A/ (£)24800 1s the value of the car on 1st Janmary 2001 B1 3.4
(£) ary
p /1.0638 15 the factor by which the value rises each year. Bl 34
Accept that the value nises by 6.6 % a year (ft on their p)
()
© | Attempts 100000 ='24800'"1.0658"
, « 100000 34
1.0658" = M1 -
24800
(100000
r= logl.ﬂﬁisq‘ 34800 ; dMi 1.1b
f=2180r219 Al 1.1b
cso 2022 Al 3.2
C))
(10 marks)
(a) (i)

M1: Attempts to use both pieces of information within 7= Ap’ . eliminates A correctly and solves an

equation of the form p" =k to reach a value for p.

Allow for slips on the 32 000 and 50 000 and the values of 1.

Al: p=awrt1.0658

Both marks can be awarded from incorrect but consistent interpretations of 7. Eg.
32000 = Ap”. 50000 = Ap"

(a)(ii)

M1: Substitutes their p =1 0658 into either of their equations and finds 4
32000 y 50000

Eg A= yord=
1.0658 1.0658

= but you may follow through on mcorrect equations from part (1)

Al*: Shows that 4 1s between 24 795 and 24 805 before you see “ =24 800" or = 24800 . Accept with or

without units.
An alternative to (11) 1s to start with the given answer.

M1: Attempts 24800><‘1.0658'4={32000.34}




Al: 24800x1.0658" . achieves a value between 31095 and 32005 followed by =~ 32 000 hence 4 must be
=24 800
(b)
Bl: States that 4 1s the value of the car on 1st January 2001.
The statement must reference the car. its cost/value, and "0 time
Allow 'it 15 the initial value of the car” "it 15 the cost of the car at r= 0" "it 15 the cars starting value"
Bl: States that p is the rate at which the value of the car rises each year.
The statement must reference a yearly rate and an increase in value or multiplier.
They could reference the 1.0658 Eg "The cars value rises by 6.5 % each vear."
Allow "p 1s the rate the cars value 1s rising each vear” "it 15 the proportional increase in value of the car
each year" "the factor by whach the value of the car 1s nising each vear” “its value appreciates by 6.5%
per vear” Allow ° the value of the car multiplies by p each year’
Do not allow "by how much the value of the car rises each year " or "it 1s the rate of inflation"

(c)
MI: Uses the model 100000 ='24800"<'1.0658" and proceeds to their '1.0658" =k
Allow use of any mequality here.
dM1: For the complete method of (1) using the information grven with their equation of the model and (11)
translating the situation mfo a correct method to find 7'

Al: {fj =awrt 21 8or 219 or 1031_nﬁjs| % o¢

Al: States in the year 2022, A candidate using a GP formula can be awarded full marks

Allow different methods in part (c).

Eg Via GP a formula

M1: 24800x'1 0658 =100000='10658"" = K

dM1: Uses a correct method to find n.

A2-2022

Wia (trial and improvement)

M1: Uses the model by substituting integer values of ¢ into their 7 = Ap’ so that for r=n. V" <100000 or
t=n+1F =100000

(So for the correct 4 and p this would be scored for =217 = £95000 or r=21T =£101 000
dM]1: For a complete method showing that this 1s the least value. So both of the above values

Al: Allow for 22 following comect and accurate results (awrt nearest £1000 1s sufficient accuracy)

Al: As before

(Q1l2 9MAO0/01, June 2018)
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Question Scheme Marks AOs
ai (o
@)X e.g {ul=|35—?cos;%;—5|—lll=40 * B1~ 21
(ii) — — —
= 40—?cos| _—,; el -1 (=28 or u, ="28"+ Toos| T ;—5-: —133 [=33) M1 1.1b
t; =28 and u, =33 Al Lib
(3
(b)(i) (2, =)35 Bl 22a
25
(i) g 3 u, =6(35+40+"28"+"33")+35 M1 31a
Fel
=851 Al 1.1b
(3)
(6 marks)
Notes
(@)
(i)
Bl*: Correct application of the formmula with » = 1 and proceeds cormrectly to achueve an answer of 40 with
no errors. Note that ez, (, =|35—?cos| bT* i_5|_1|!5 —354+0+5=40 scores BO

As a mumimum need to see e.g. (1, =:|35—?C03i q—T |— 5 —1]] =40, 35+0+5=40, 35+5=40 35-5(-1 :|l =40
(i)
M1: A correct attempt to use the formula to find a value for 1, or u,
Look for n = 2 substituted correctly mnto the given fornmla with u, =40. May be implied by u; =28
Or their calculated value of 1 used with n = 3 substituted correctly mto the given formula to find
Condone use of calculator in degree mode which gives u, =41.989... which may imply this mark if no
working 1s shown. If there 1s no working and u, 1s incorrect and u, 1s correct score MOAQ
Al: Both correct u, =28 and 1, =33 If 28. 33 are listed then allow M1AL
For both correct values onlv score M1A1

(b)(3)

Bl: (u; =)35

(i) _
MI1: Attempts a correct method to find Z u,

r=l
There are various ways e.g. attempts to add 35 to 6xthe sum of their four values.
Some other examples are:

S, =7x35+6x40+6x"28"+6x"33", T u, =7(35+40+"28"+"33")~(40+"28"+"33")

525
Du, =-(35+40+728""33")+1, 2(35+40+"28"+"33") =272, 272x3 =816, 816+35

r=l1

There may be other methods seen but the calculation must be correct for their values.

correct method using 6(35+40+"28"+"33") +35
Attempts to use an AP/GP formula score M0
Al: 851 (Comrect answer with no working scores both marks)

If there is no working, with incorrect 1, and/or u, yvou will need to check if their answer implies a

(Q02 9MAO0/02, June 2023)



Q15.

Question Scheme Marks AOs
(a) t, =6=u, =6k 35
u, =6k—5=u,=k(6k—-5)-5 Ml 1.1b
>k(6k—5)-5=-1
= 6k —Sk—4=0* Al* | 21
(2)
Alternative:
- 4
u; =—1=-1=hu, - 5=u, :;
4 M1 1.1b
1, =0=u, =6k—5:}>E=6k—5
— 6k> 5k —4=0* Al* | 21
(b)) k=2 Bl | 22a
-
(ii) 4 4 : 4
k="=u,=2x6-5= =6+2x6-5-1
3 T M= gx6-5 ;u, 3 M1 L.1b
,Tu =8 Al 1.1b
r=l
3
(5 marks)
Notes
(a)
M1: Correct application of the given recurrence relation using #, = 6 to find u, and then u, in

Alternative:

MI:

Al=:

(b)(x)
Bl:

terms of k and sets u,= -1
Condone missing brackets if the intention 1s clear e.g. u, =6k—-5=u; =k6k—-5-5

Obtains the printed answer with no errors including the "= 07
This 15 a given answer so do not condone slips/missing brackets unless they are recovered
before the final printed answer.

Correct application of the given recurrence relation using u; =—1 to find u, in terms of &
and then uses i, =6 to find another expression for u, in terms of k and equates the 2

EXPIessions.

Obtains the printed answer with no errors including the "= 07

This 15 a given answer so do not condone slips unless they are recovered before the final
printed answer.

Deduces the cormrect value of k. Ignore any working and just look for this value.

Allow equivalent exact values e g. l% or 1,_.3 but not clearly rounded e.g. 1.333

It must be clear that k= % 15 selected so if both roots are offered score BO unless & =§

1s clearly intended by the calculation in part (11)




(11)
M1: Attempts the second term by e.g. (theirk )x6—5 and then adds 6 and —1 to their second

4
term. E.g. 6+"§"><6—5—1

If they use u, and u, they must be as given in the question but condone a clear mis-copy
of their u, value.

The attempt at the second term may be implied by their value.

. 4
Note that they may use u; =—1 to find u, e.g. —1="=-"u, - 5=u, ="

"(5-1)=3

| W

Condone slips when rearranging as long as the intention 1s clear.

The attempt at the second term may be seen embedded 1n their attempt at the sum e_g.
3

3
-+ 3
Eu,.=f‘—:t’ 5-loreg Eu,=f-—5 1)1
) 3&3 2 ] 4|,' )

r=l

If they use both of their values for kallow M1.

Alternatives:
. . . . 4
Note that Zu’, =6+6k—5-1=6k so you may just see an attempt at 6k with their — .
— 3
Note that Z“" =6k’ +k—4 so vou may just see an attempt at 6k +k —4 with their ;

Pl

Al: Correct value of 8 and no other values unless rejected.
Correct answer with no working scores both marks.
Allow recoverv from an mexact value from part (i) e.g. 1.333

(Q04 9MAO0/02, June 2024)
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Question Scheme Marks AOs
Uses the given sequence formula correctly at least once
a, =4k +3, a, =k(4k+3)+3 M1 L1b
D a,=12=4+4k+3+k(@k+3)+3=12 M1 312
4" +7k-2=0

: ddM1 1.1b

(4k-1)(k+2) =0
k=-2 only Al 2.2a

(4
(4 marks)

Notes:
M1:  Uses the given sequence formula at least once

dM1: Dependent upon having used the sequence formula at least once, scored for setting
4 +theira, +theira, =12 where a2 and as are in terms of k.
ddM1: Dependent upon both previous marks. It 1s for solving a 3 term quadratic equation in k by
any correct method mncluding a calculator.

Al:  cso k=-2 only If & =3 15 written down 1t must be rejected.

Mustbe k= ... not x=__.
Note this is quite common:

a,=4k+3, a, =k(4k +3)

Za" —12= 4+ 4k+3+k(8k+3)=12= 4k +Tk-5=0

Ho=l

7+ T2
= k=%(=0.544. ~2.29)

And scores M1dM1ddM1AD

(Q03 9MAO0/02/M, June 2025)
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Question Scheme Marks AOs
(a) .
3sin28 2+2cos20 . \2 S
Ssing P (35in26) =8smnd(2+2cos28) a
3><25m$mse_3‘3(2°°5 5_1_}_ 4cos 6 dM1 51
8sin & "~ 3x2sinfcosf  3x2sinBcosf )
ore.g.
P ] f ‘- 2 % 7 A]. llb
[_3><251116'::0549]':Bs.i.tnr&?(z—l(zcos 5—1}):325i118c05 e
6sinfcos®  4dcos &  6eesH dces® . . 32 8,
: =— = =——=sinf=—=—
8siné Gsin @ cos @ 8 6sin & 3 0 Al* 21
oreg. '
3651'1125::05:49:3251115::05:6':>365in$:32=>51115:§*
(4)

M1:

1

L ) a,
For the key step in using the ratio of .

-

.
'y 4

1 2
Allow any valid attempt E.g. a, = a, x[ = ] ,a, =a xa,
\ /

Hﬁl:&

dM1: Forusing sin2¢ =2sinf cos/ and cos2f =2 cos @ —1 to eliminate the constant term.

Al:

Al*:

For any correct equation in single angles without a constant term e g.

6sinfcosf 4cos @

8sin & 6sinfcosd
Proceeds to the given answer with accurate and sufficient work.

There 1s no requirement to justify why siné =0 or cos@ =0

or (3x2sin Bcos 8’ =32sin fcos O

(a) Alternative:

3sin26 2+2cos2@

_ (3sin28) = 8sin 8(2 2 1z
Send sonog  oe e (351n28) =8sinf(2+2cos28) M1 3.1a
3x25i118€056‘_2+2(_1_25m '9__}
8sind " 3x2sinfcos@ dM1 21
:>365H1Ec05 :5'=32—325111 6' Al 116
:jﬁsmﬁ(l—sin'9]=32—3zsin'5
—36sin #—32sin’ B—36sinH+32=0
.3 .2 ) ) g Al¥ 2.1
36sin @—32sin 8—365n15+32=0:‘5n16=§"

M1: Asabove

to a cubic (or quartic) equation in just siné

Al: Correct equation in sin @ e.g. 30sin 6(1— sin’ 63) ~32-32sin @

If the other roots (1 and —1) are found, they must be rejected.

dM1: For usingsin 26 = 2sinf cos@ | cos28 =1-2sin’ @ and cos @=1-sin’ @ and proceeding

Al*: Solves their cubic (or quartic) by any means (including a calculator) to obtain sin & :g

Mark (b) and (c) together.




(b) 3sin28 G6cosd 6cos(1.0949.)
— = - = : = T =0.344 M1 3.1a
" Bsiné 8 g
r=awrt 0.344 so |r|{l so §_ exists Al 24
(2)
(©) g = gsmﬁz% B1 2.2a
i 1w ;
—F 64 n |l'l:I
Attemote a _GLI 7 J_m.w ~ 5 X 0.344 M1 1.1b
P 1= T1-r 1-"0344°
4
S, -5, =awrt 2.5x10 Al 1.1b
(3
(9 marks)
) |
M1: Afttempts to find the value of » with sin# =g
Alternatively states that r = %cns ¢ o.eand states < 1
Al:  Achieves r=awrt (.344 and states that as |r ‘ <1 §_ exists
In the alternative gives a reason e.g. as | r | <1 §_ exists
Some values for reference:
17 64 16
r= %(: 034359.), @ =—>(=7111..). @, = —’“'{_{_ 2443.), a, = —{ 0.8395..)
(e)
64
Bl: Deduces the value of a to be 9 but condone awrt 7.11
MI1: Attempts S -8, using correct formulae and with their values of a and r
Al: awrt 2_5><1{L}_1

(Q13 9MAO0/02/M, June 2025)
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Question Scheme Marks AOs
(a) kla, +2 .
Uses the sequence formula a,, = (4 once with a; =2 M1 1.1b
I:I.'I
(@ =2).a, =2k a, =k+1.a4=@
Ml 3.1a
Finds four consecutive terms and sets dyequal to d;(oe)
FELD) 5k s3k=2ks2= K +k-2=0 * Al* 21
k+1
3)
(b) States that when £ =1. all terms are the same and concludes that the B1 53
sequence does not have a period of order 3 o
1)
(©) Deduces the repeating terms are dyy =2, ;5 =—4, a3 =1, Bl 2.2a
B0
a, =26%(2+-4+-1)+2+-4 Ml 3.1a
n=l
=-80 Al 1.1b
(3)
{7 marks)

Notes:




(@)

; kla,+2
M1: Applies the sequence formula a,; =Msem ofce.
ﬂﬂ
- : . k(2+2
This is usually scored in attempting to find the second term. E.g. for @, =2k or = ( . )

M1: Attempts to find a, »a, and sets 4, =4a,. Condone slips.
Other methods are available E g Set 4, =2 work backwards to find @; and equate to & +1

There 1s no requirement to see either @ or any of the labels. Look for the correct terms i the correct

order.
There 1s no requirement for the terms to be siumplified
k(k+3 k(k+3
FYI a=2a,=2ka =k+La,= (=~ ):mdso 2=@
- + k+1
Al*: Proceeds to the given answer with accurate work showing all necessary lines. See MS for nunimum

(®)

B1: States that when & =1, all terms are the same and concludes that the sequence does not have a

period of order 3.
Do not accept "the terms just repeat” or "it would mean all the terms of the sequence are 2"
There must be some reference to the fact that 1t does not have order 3. Accept 1t has order 1.

It is acceptable to state @, =a, =2 and state that the sequence does not have order 3
(©)
B1: Deduces the repeating terms are a,, =2.0,; =—4. a;,=-1
M1: Uses a clear strategy to find the sum to 80 terms. This will usually be found using multiples of the first three

terms.
B B0
For example you may see Zar= Zar + a5 + 0= 26%(24+—44+-1)+24+4
1 e
) [ 81
or Zaﬁ Z”’ —a, = 2Tx(2+-4+-1)—(-1)
r=l \, r=l

For candidates who find in terms of k award for 27x2+27x(2k)+26x(k+1) or 80k +80
If candidates proceed and substitute & =—2 into 80k + 80 to get —80 then all 3 marks are scored.
Al: -80

Note: Be aware that we have seen candidates who find the first three terms correctly, but then find
2 2 . )
26?\4(2 +—4+-1)= EGEX —3 which gives the correct answer

but it 15 an incorrect method and should be scored B1 MO AD

(Q13 9MA0/01, Oct 2020)
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Question Scheme Marks AOs
(a) 24
=k=12 u; =k- M1 1.1b
Iy iy 2
24
::._+2u1+u3=0:>.1+2{k—12}+i'—ﬁ=0 dm1 1.1b
24 .
= 3r-22- 13 =0=(3k-22)(k-12)-24=0
) Al* 2.1
=3k —36k—-22k+264-24=0
= 3k* —58k+240=0%
3
(b) (40
k=6. [ 5 J M1 1.1b
k=6 as k must be an integer Al 23
(2
(<) (u,=)10 Bl | 2.2a
(1)
(6 marks)
Notes
(a)
M1: Attempts to apply the sequence formula once for either w2 or w3.
7 2
Usually for w, =k —L—4 o.e. but could be awarded for u, =% —i
. 2 : their "u, "

dM1: Award for
* attempiing to apply the sequence formula to find both #2 and us
¢ using 2+2"u,"+"u;"=0=>an equation in £ . The 3 may have been incorrectly adapted

Al*: Fully correct work leading to the printed answer.
There must be

-
* (at least) one correct intermediate line between 2+2{k-12)+k— 24 =0 (o.2) and the

given answer that shows how the fractions are "removed”. Eg. (3k-22)(k—-12)-24=0

* no errors 1 the algebra. The = 0 may just appear at the answer line.

(b)
M1: Attempts to solve the quadratic which 1s mmplied by sight of £= 6.
This may be awarded for any of
® 3F° 58Kk +240=(aktc)(bExtd)=0 where ab=3cd =240 followed by k=
* an attempt at the correct quadratic formula (or completing the square)
* a calculator solution giving at least k=6
A1l: Chooses k= 6 and gives a minimal reason

Examples of a minimal reason are
* § because it 1s an integer
¢ 0§ because 1t 15 a whole number

¢ { because 43—0 or 13.3 1s not an integer
(<)

B1: Deduces the correct value of u, .

(Q03 9MAO0/01, Oct 2021)
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Question Scheme Marks AQs
(a) 1, =£20000%1.08" =(£)23328* B1* | 1.1b
(1)
(b) 20000 =1.08"" = 65000 M1 1.1b
i In(3.25

108" > E: n—1 >{—)

4 In(1.08)
ore.g. M1 3.1b

4 13 13
18" >—=n-1>1o —
1 glus[ 4]

Year 17 Al 3.2a
(3)
(c) 20000(1-1.08")
g = M1 34
B 1-1.08
Awrt (£) 915 000 Al 1.1b
(2)
(6 marks)
Notes

(a)
B1#: Uses a correct method to show that the Profit in Year 3 will be £23 328 Condone missing units
E.g. £20000x1.08" or £20000x108% x108%

This may be obtained in two steps. Eg %x 20000 =1600 followead by %x 21600=1728 with

the calculations 2160041728 =23328 seen.

Condone calculations seen as 8% of 20000 = 1600.

This 15 a show that question and the method must be seen.

It 15 not enough to state Year 1 = £21 600, Year 2 = £ 23 328




(b)

M1: Sets up an inequality or an equation that will allow the problem to be solved.
Allow for example N orn for n — 1. So award for 20 000 = 1.08™" = 65000 .

20000:x1.08" = 650000r 20000 =(108% }“ = 65000 amongst others.

Condone slips on the 20 000 and 65 000 but the 1.08 o.e. must be correct
M1: Uses a cormrect strategy involving logs in an attempt to solve a type of equation or inequality of the
form seen above. It cannot be awarded from a sum formula
The equation/inequality must contam an index of n— 1. N. » etc.
Again condone slips on the 20 000 and 65 000 but additionally condone an error on the 1.08,

which may appear as 1.8 for example
n 65000
Eg 20000=1.08" =65000= nlogl 08 =log = =...
20000
Eg 20001 8" =65000=10og2000+nlogl B=1log63000 = n=__.

Al: Interprets their decimal value and gives the correct year number. Year 17

The demand of the question dictates that solutions relying entirely on calculator technology are not
acceptable, BUT allow a solution that appreciates a correct term formula or the enfire set of
calculations where you may see the numbers as part of a larger list

E g Uses. or implies the use of, an acceptable calculation and finds value(s)

for M1: (1 =16)=> P =20000x1.08 =awrt 63400 or (n=17)=> P =20000x1.08 = awrt 68500

M1: (n=16)= P =20000x1.08 =awrt 63400 and (1 =17)=> P =20000x1.08" = awrt 68500
Al: 17 years following correct method and both M's

(c)

M1: Attempts to use the model with a correct sum formula to find the total profit for the 20 years.
You may see an attempt to find the sum of 20 terms via a list. This 1s acceptable provided there are

20 terms with 4 =1.08xu_, seen at least 4 imes and the sum attempted.

Condone a slip on the 20 000 (e.g appearing as 2 000) and/or a slip on the 1.08 with 1t being the
same """ as m (b) . Do not condone 20 appeanng as 19 for mstance
Al: awrt £915 000 but condone missing unit

The demand of the question dictates that all stages of working should be seen. An answer without
working scores M0 AQ

(QO05 9MA0/01, Oct 2021)
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Question Scheme Marks AQs
_f3~1]
a=|—| or a=—
\ 4 )
or B1 2 2a
3
r=——
4
. 33"” O 16
Z:—I cos(180n)° =—10 —= M1 | 3.1a
\ 4/ [ 3]
-3
L4
9 .
=—7 / %
o8 Al 1.1b
(3)
Alternative 1:
. ) 3
M3y o T4 3
Z|%‘ cos|180n) = y 431 = orr=—7 B1 7 23
= ()
L4
] 7 . 31‘
2 180n) =—Z—| -2 3
|5 | cos(180n) 5 M1 | 31a
_i:k § %
8 Al 1.1b
Alternative 2:
= .-‘_:-,“'ﬂ 3 3
ZJ;] cos(180n) " =| = | —| =] +| =] - Bl | 22a
S 3V (3)
-3)+3) ) 3)
4 ) \4/' \4/' N
|;| +|i|++ =|_.i,||l :" 1 | . _iri\_’_'-i":j_ =_|__£\|3 :" 1 ~,| 1
3) T3 TN\ 1Sy 3) T\3) 4 {1—(z)7) | M1 | 31a
= \1 ranf Vo3 |
Zfi 005{130F3}0=[i| ‘ 11 ; ‘—‘E| ‘ 1“ 3
— - =y l‘l_{-_I}' ) \ 4 ) _\1_(%}'}
_i:k A 1%
=78 Al 1.1b
Alternative 3:
= 1 2 Y |
i 3 % % N { 3 %
= 180 =S=|=] —-|=| +| =] -
Zl  cos(1son) 3 ~3) ) BL | 2.2a
(3 (37 (3YV(1 V7
1——|+— - ‘:— —+ 8 — S5 =— = h 3 13
| ‘ ‘-\4 4| | |\4;| |k4 J 16 64 ML) Sla
— % AT
8 Al 1.1b

(3 marks)




Notes

B1: Deduces the correct value of the first term or the common ratio. The correct first term can be
seen as part of them writing down the sequence but must be the first term.
M1: Recognises that the series is infinite geometric and applies the sum to infinity GP formula

with g =i and r =J_ri
16 4

Al*: Correct proof

Alternative 1:

B1: Deduces the correct value for the sum to infmity (starting at » = 1) or the common ratio

M1: Calculates the required value by subtracting the first term from their sum to infinity

A1l*: Correct proof

Alternative 2:

B1: Deduces the correct value of the first term or the common ratio.

M1: Splits the series into “odds™ and “evens”, attempts the sum of both parts and calculates the

required value by adding both sums

Al*: Correct proof

Alternative 3:

B1: Deduces the correct value of the first term

M1: A complete method by taking out the first term, expresses the rhs in terms of the original
sum and rearranges for “S”

Al¥*: Correct proof

(Q09 9MA0/02, Oct 2021)

Q22.
Question Scheme Marks ADs
(a) 12-3k  k+16
= M1 31
3k+4  12-3k !
3k -62k+40=0 * Al* | 11b
(2)
(b)(i) 3 —62k+40=0=k = M1 1.1b
States & =20 and gives a reason e.g. that this gives a values of » such that
|.|"| <1 Al 32a
(d) a=64 and f-=—§ (or allow @ =6 and ;—-=; ) Bl | Lib
||64"
S‘z=”7“= M1 3.1a
1-"(~3)
256
5, == Al | L1b
7
(3)
(7 marks)




Nates

(a)
MI1: Forms a comrect equation linking the three terms. Condone invisible brackets 1if implied by further
work.
Possible equations below (which are not exhaustive) should use nth term or sum of series formulae
eg =k KO [I2TRT_EHIO o (12-3k) =GR+ 4)(k+16) or
3k+4 12-3k \ 3k+4 ) 3k+4
(3;c+4)| k16 |—12 3k or (12-3k | % =k+16 or
{3k+4)‘ [ k+16 ]
L12-3k
3k+4+12-3k+k+16= (sum of three terms)
1— k+16
12-3k
Al*: Achieves the miven quadratic with no errors including invisible brackets. It cannot be for just
proceeding in one step from the starting equation to the given answer and usually will involve
attempting to multiply out brackets or dealing with any fractions.
(b)(®
MI1: Attempts to solve the grven quadratic achieving at least one value for &. Usual rules apply for solving

a quadratic and this may be achueved directly from a calculator. (May also be implied by %}




Al- 20 and gives correct reasoning (if # is found anywhere in part (i) then it must he correct):
e.g. 20 since |.'| <1.e.g since |.'| =0.75<1

e.g. by listing at least two consecutive terms for & = 20 (must be correct) e.g. 64, -48 do not
withhold this mark 1f they proceed to make a comment e g. “the numbers are getting smaller” as we
are condoning this to mean they are referring to the magnitude of the numbers

eg when k=20 r= —% o.e which 1s between 1 and -1 (condone “it 15 smaller than 17).

Do not accept a reason on 1ts own which 1s just sumply stating that the sequence 1s converging or
equivalent such as “spiralling™.

Allow reasoning which excludes k =

| b2

eg r= ; which 15 greater than 1.
(ii)
Work may be seen in part (i), but must be used in part (ii) to score.

Bl: a=64 and r= —% oe. (orallow a=06 and r =% o.e.) May be umplied by later work or a correct

calculation using these values to find 5§

MI1: A full attempt to find §_ by using their value of k to reach a value for » such that |.i| <1 and a value

for a. Condone sign slips in their calculations of @ and » only. You may need to check this by
substituting in their value for k1f no calculations are seen.

; . 3
They must substitute these values in to A correctly soeg. a=064, r= —1 =5 =
e
1-=2

They cannot just substitute in their & as 7 in the formula.

Do not allow attempts to manually calculate the values of lots of terms for this mark as this would
2 ER .

not lead to the answer. Z 64 x[ 3 | on its own 15 MO
R=l A

\

236 .. ] :
Al: cao. (Do not allow 36.6 as this 1s not S_ ) 15w after a correct exact answer 1s seen.

;

(Q09 9MAO0/01, June 2023)
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Question Scheme Marks AOs
(a) o7-2k kY 320-20) 32
395 = g2 = 35S = 320-15 M1 3.1a
27-28) | _ k-5 q 2k 22(7-2k)~(4k-5) — 22(k-1)-2(7-2K)
(3%TF) =377 %3 3 =3 dM1 | LIb
—= 728 _Sk=6k—T=k=__ =19-8k=0k-16=Fk=_.
5
k :E* Al* 21
(3)
(b) _ a#25)s L ) _ 1 "
a=3 and r—m:}voneofa—}li DI‘J'—E M1 2a
. i ||243||
Tol-r Ll M1 1.1b
3
729
8. = T[EM.S} cao Al 1.1b
(3)
(6 marks)

Notes

(a)
SC 1:

SC2:

M1:

dM1:
Al*=:

Special cases:

For those that venify rather than prove a SC 100 1s awarded for substituting k = %mm all

genmetric with

L T

three terms to correctly obtamn 243, 81 and 27 with a statement that this 1s

1 _
r= 3 {or equivalent reason). All statements must be correct.

T-2k 52[.!.-—1]
— = 312:'.'_&) — 96.1.——?

9?—2*’
some indication that they have intentionally squared both sides) that fortuttously leads to the
correct answer and may score maximum SC 010,

Be aware that e.g. 15 an mcorrect process (without

%4}: -5

Uses the 3 terms to set up an equation in & and

¢ either reaches a common base by replacing 9 with 37 or by replacing 3 with 9%7 and uses
the power law of indices cormrectly

¢ or uses the laws of indices correctly to reach Qi = 38T
expanding brackets.

Writing down e.g. 2(7—2k)—(4k—5)=2(k—1)—2(7-2k) is sufficient to imply the M1.

Correct processing leading to a value for &

condoning ships me.g.

Correct value following correct working. Allow & =2.5 in place of k=

[

Condone missing/invisible brackets provided they are recovered correctly.

Alt 1 Using Base 9:

g7-2k 32[#—11 Q7-2k gkl
= —= o.e. scores M1
343 T2k Q223 gT-2k
= 9 =9¥F = 954k =3k-8 = Tk=175 = k=25

Score dM 1 when a value of k15 aclieved using a correct process and A1* 1f fullv correct.




Alt 2 Finding r in terms of k and using e.g. u3 = ar*:
oT-%  AT-2h)

) 3D 22 )
3194.t= or = _ |._3-5k—16=

o i
r= 3% T s 1T o2k M 1T

¥

| =3 ar = 3

= 3 R 3 33 10k =2k-2 = 14k=35= k=25

Score dM1 when a value of k1s achieved using a correct process and A1* if fully correct.

k-5 419-3F

= 3 #(3

= 2
k-5 (681617 _ 4262
“x(3 | =37 scores M1

Alt 3 Using Lags Way 1:
97 _ 3260 = (97 ]1 _36ET ., glé4k 38T o oar
3-“'—5 9?—1# = -
= (14—-4k|log,9=6k-7
= 2l4-4k)=6k-7
= k=25
Score dM1 when a value of k1s achieved using a correct process and A1* if fully correct.
Alt 4 Using Logs Wayv 2:
g7-2k  320k-1)
3¥-5  gi-k
= (7-2k)log,9—(4k—5)log,3=(2k—2)log,3—(7—2k)log;9 scores M1
= 2(T7T-2k)—(4k-5)=2k-2-2{T7-2k])
= 19-8k=6k-16
= k=25

Score dM1 when a value of k1s achieved using a correct process and A1* if fully correct.

Alt 5 Recognising that taking log, forms an Arithmetic Sequence:
-[loga} u =4k -5, {loga}ul =27-2k), {logs}ua =k-1)
=27-2kE)—(4k-3)=2(k-1)—-2(7-2k) scores M1
= 19-8k=6k-16
= k=25

Score dM1 when a value of k1s achieved using a correct process and A1* if fully correct.
There 1s no need to see any mention of log m this approach.

(b)

M1: Deduces expressions for the first term and the commeon ratio using & = E in the correct

|
formulae and finds at least one of a =243 or ¥ = 3 Allow if seen 1n (a). May be mmplied by

7-225 2(2.5-1)
029 205 |
r= or r= >

)3
and -
42.5)-5 T-2(2.5) |
3 9T

.
correct values for g and r. For reference. a = 3%

M1: Recalls the sum to infinity formula and substitutes their values for g and r provided |.i| <1

Dependent on a correct attempt to find both a and » using k= 2.5 but allow if neither value 1s

3%25)5
correct or if they are unprocessed e.g. ﬁ scores this mark.
1-—5
3
Al:  cao. Correct sum to infinaty. Answer only (with no working) scores full marks. Apply 1sw.

(Q09 9MAO0/01, June 2024)



Q24.

Question Scheme Marks AOs
11 (a) Total time for 6 km = 24 minutes + 6x1.05+6x1.05 minutes M1 34
= 36.915 minutes = 36 munutes 35 seconds * Al* 1.1b
(2)
(b) 52 kmis 6x1.05=6x1.05"
6% km is 6x1.05%1.05=6x1.05"
Bl 34
T8 km s 6x1.05x1.05x1.05=6x1.05"
Hence the time for the r2 kmis 6x1.05 ™
(1)
(c) Attempts the total tune for the race =
. =20 . M1 3la
Eg. 24 munutes + Z 6x1.057" minutes
Uses the series formula to find an allowable sum
. . 6.3(1.05" -1
Eg. Time for 5 ™ to 20™ km :[IT—IJ:[HQ'D“ M1 34
Correct calculation that leads to the total time
6.3(1.05" -1) Al Llb
ime=24+ ——=
Eg Total time = 24 1.05-1
Total time = awrt 173 munutes and 3 seconds Al 1.1b
(4

(7 marks)




(a)
M1: For using model to calculate the total time.
Sight of 24 minutes + 6x1.05+ 6 x1.05° or equivalent is required. Eg 24 + 6.3 + 6.615
Alternatively in seconds 24 minutes + 378 sec (6min 18 s) +396.9 (6 min 37 s)
Al*: 36 minutes 55 seconds following 36.915, 24+ 6.3+6.615, 24+ 6x1.05+6x 1.057
or equivalent working in seconds
(b) Must be seen in (b)
B1: As seen in scheme. For making the link between the » th km and the index of 1.05
Or for EXPLAINING that "the time taken per km (6 mins) only starts to increase by 5% after the first 4 km"

(¢}  The correct sum formula ]
=

, if seen, must be correct in part (c) for all relevant marks

M1: For the overall strategy of finding the total time.
Award for adding 18, 24, 30.3 or awrt 36.9 and the sum of a geometric sequence

6(1.05" 1)
1.05-1

The geometric sequence formula, must be used with »=1.05 oe but condone slips on g and n

So award the mark for expressions such as 6x4 + z 6x1.05" or 24+

M1: For an attempt at using a correct sum formula for a GP to find an allowable sum

The value of r must be 1.05 oe such as 105% but you should allow a slip on the value of n used for their

value of a (See below: We are going to allow the correct value of n or one less)
If you don't see a calculation it may be implied by sight of one of the values seen below

6(1.057 1) 6(1.05" 1)

Allow for HZEI, n=17orl6 Eg Wz[ISSU) or Wz[l‘Ilg}
6.3(1.05" 1) 6.3(1.05" -1)

Allow for a=6.3,n=160r15  Eg — 77— =(149.0) or — s~ (1359)
6.615(1.05" -1) 6.615(1.05" —1)

Allow for a =6.615, n=150r14 Eg o5 —(1427)  or o5~ (129:6)

Al: For a correct calculation that will find the total time. It does not need to be processed
6.3(1.05" -1 6(1.05"7 —1 6.615(1.05" -1
(10 ) S0 sers(os oy

Allow fi 1 t oth S —— -
ow for example, amongst others, 24+ 051 , 30 051
Al: For a total time of awrt 173 minutes and 3 seconds

. 18+

This answer alone can be awarded 4 marks as long as there is some evidence of where it has come from.

Candidates that list values: Handy Table for Guidance



Total
Km Time per km Time
M1: For a correct overall strategy which would involve adding 1 6.0000
four sixes followed by at least 16 other values 2 5.0000 12
) . . 2 3 6.0000 18
The values which may be written in the form 6x1.05° or as
4 6.0000 24
numbers
5 6.3000 30.3
Can be implied by ﬁ+ﬁ+ﬁ+ﬁ+{ﬁxl.ﬂ5}+.....+{ﬁx].(}5"'} 6 6.6150 36.915
7 6.9458 43 86075
M1: For an attempt to add the numbers from (6x1.05)to 8 7.2530 5115375
9 7.6577 58.81148
{6 x1.05" ] This could be done on a calculator in which case 10 2.0406 66.85205
11 8.4426 75.29465
expect to see awrt 149 12 8.8647 84.15939
i i i i . 13 9.3080 93.46736
Alternatively, if written out, look for 16 values with 8 correct or
14 9.7734 103.2407
follow through correct to 1 dp
15 10.2620 113.5028
Al: Awrt 173 minutes 16 10.7751 124.2779
AL Awrt 173 mindtes and 3 seconds 17 11.3139 135.5918
T Awrl minutes and 3 seconds 2 11 G796 1474714
19 12.4736 159.945
20 13.0972 173.0422
(Q11 9MAO0/01, June 2019)
Q25.
Question Scheme Marks AOs
(a) Uses 115=28+5d =>d =(174) M1 31b
Uses 284+2x"174" = M1 34
=628 (kmh™) Al 1.1b
3)
(h) Uses 115=28¢ = r =(1.3265) M1 31b
B P 115
Uses 28x"1.3265 "= or ——~
"13265" M1 34
=867 (kmh™) Al 1.1b
(3)
(6 marks)
Notes:




(a)
M1: Translates the problem into maths using #™ term =a+ (n—1I)d and attempts to find
—2

. 11 : .
Look for etther 115 =28+ 54 = d = . of an attempt at condoning slips

Tt 15 implied by use of @ =17.4 Note that 115=28+6d = d =... 1s MO
M1: Uses the model to find the fastest speed the car can go in 3 gear using 28+ 2"d" or equivalent.
This can be awarded following an incorrect method of finding "a"

Al: 628km/h Lack of units are condoned. Allow exact alternatives such as %

(b)

M1: Translates the problem into maths using n® term = ar™™ and attempts to find »
Tt must use the 1% and 6% gear and not the 3™ gear found m part (a)

; : 115 : .
Look for etther 115=28r =r=_ o0e or ,:" 78 condoning slips.

Tt 15 implied by stating or usmng r =awrt1.33

115 oe
ﬂ?.ﬂ

M1: Uses the model to find the fastest speed the car can go in 5% gear using 28="7*" or

This can be awarded following an incorrect method of finding "r"
A common misread seems to be finding the fastest speed the car can go in 3™ gear as in (a).

Providing 1t 1s clear what has been done, e.g. u; =28x" #* " 1t can be awarded this mark.
Al: awrt 86.7 kim/h  Lack of umits are condoned. Expressions must be evaluated.

(QO05 9MA0/01, Oct 2020)

Q26.



Question Scheme Marks | AOs
(a) {y=x"=} lhy=xlhx Bl 1.1a
Way 1 -
ay ldi:].—]_nx M1 1.1b
v dx Al 2.1
[dy 1 =x
x',ch;:D:},'« —+lnx=0 or 1+lnx=0=lnx=F=x=_. M1 1.1b
Ldx Jox
x=e" or awrt 0368 Al 1.1b
Note: k=0 )
(a) {v=x* =} y=e™ B1 1.1a
Way 2 . ) M1 1.1b
i=| L ilny e
de L x ] Al 21
[dy 1 x
v—=0=y —+Inx=0 or l+lnx=0=Ix=k=x=_. M1 1.1b
Ldx | x
x=¢" or awrt 0.368 Al 1.1b
Note: k=0 (3)
(b) Attempts both 1.5"" =1.8.. and 1.6"® =2.1... and at least one result is
N Ml 1.1b
Way 1 correct to awrt 1 dp
18 <2 and 21 =2 and as C1is continuous then 1 5<a <16 Al 21
(2)
(©) Attempts x = 2x "™ at least once with x, =1.3
DT =5 ’ Ml 1.1b
Can be implied by 2(1.5)" or awrt 1.63
{x,=167313.. .=} x,=1.673(3dp) cao Al 1.1
(2)
(d) Give 19 Bl for any of Give Bl Bl for any of
* oscillates ¢ penodic {sequence} with period 2 B1 25
¢ periodic ¢ oscillates between 1 and 2
* non-convergent Condone Bl Bl for any of
¢ divergent ¢ fluctuates between 1 and 2
s fluctuates ¢ keep getting 1. 2 B1 )5
* goes up and down ¢ alternates between 1 and 2 -
e 1. 21,212 ¢ goes up and down between 1 and 2
¢ alternates (condone) e 1.2 1.2.1,2, ...
)
(11 marks)
Note A common solution

A maxinum of 3 marks (i.e. Bl 1¥ M1 and 2 M1) can be given for the solution

logv=xlogx = ld—lz I+logx
vdx

.!i:{]:ﬂ" I+logx=0 = x=10"
dx _

+ 1Bl for logyv=xlogx

« 1¥MI1 for log}'—:»f'.l%; A=0 or xlogx = 1l+logx or E+1-::g;f
v dr .

* 2% M1 canbe given for 1+logx =0 = logx=k=x=_; k=




Question Scheme Marks | AOs
(b) For x* —2. attempts both 1.5"° —=2=-0.16... and 1.6"°-2=0.12...
Way 2 - M1 1.1b
- and at least one result 15 correct to awrt 1 dp
—0.16... <0 and 0.12._ =0 and as C is continuous then 1.5< o <1.6 Al 21
(2)
(h) For Iny=xlnx, attempts both 1.5In1.5=0.608... and Mi L1b
Way 3 1.6ln1.6=0.752... and at least one resuli 15 correct to awrt 1 dp )
0.608...<0.69... and 0.752...>0.69... and Al ) 1
as C'1s continuous then 1.5< o <1.6 i N
2)
(b) For log v =xlogx, attempts both 1.5logl.5=0264... and M L1b
Way 4 1.6logl.6 =0.326... and at least one result is correct to awrt 2 dp '
0264..<0301... and 0.326...>0.301 . and Al > 1
as C 15 continuous then 1.5< o <1.6 i -
2)
Notes for Question
(a) Way1
Bl: Iny=xlnx. Condone log, v=xlog, x or log, y=x
MI1: For either ].nju'—}'ii of xInx—=1+hx or Z+Mhx
vdx x
Al: Correct differentiated equation.
. ldv , .
ldi:l—]:ﬂj»; or — 2 =24mx or di:_r(l—]_ﬂx) or di:xr(l—]_nx)
vdx vdy x dv dx
M- Sets 1+Inx =0 and rearranges to make Inx=k =>x=__; k1s a constant and =0
Al: x=e" or awrt 0.368 only (with no other solutions for x)
Note: (Give no marks for no workang leading to 0.368
Note: Give M0 A0 MO AOD for Iny =xlnx — x=0368 with no intermediate working
(a) Way 2
B1: y=e"
MI1: For either y=e™" = %:f(]nr)e‘hx of xlnx —>1+lnx or —+lnx
x
Al: Correct differentiated equation.
ie. i=; X ilnx ;exm or Y_ (1+mx)e™ or _ ¥ (1+nx)
dr | x ! dx dx
M- Sets 1+Inx =0 and rearranges to make Inx=k = x=_._; k1s a constant and t =0
Al: x=e" or awrt 0.368 only (with no other solutions for x)
Naote: Give B1 M1 A0 M1 Al for the following solution:
{y=x*=} lny=xkhx :’%=1+]nx =1+Inx=0 = x=e" or awr 0.368




Notes for Question Continued
(b) Way 1
M1: Attempts both 1.5° =18 and 1.6'° =2.1__ and at least one result is correct to awrt 1 dp
Al: Both 1.5 =awrt 1.8 _and 1.6'"° =awrt 2.1 reason (eg 1.8..<2 and 2.1..>2
or states C' cuts through y = 2). C continuous and conclusion
(b) Way 2
MI1: Attempts both 1.5 —2=-0.16_. and 1.6"° —2=0.12__. and at least one result is correct
to awrt 1 dp
Al: Both 1.5 =2=-0.16... and 1.6"" —2=0.12__ correct to awrt 1 dp. reason (e.g. —0.16...<0
and 0.12__= 0. sign change or states C cuts through y =0). C continuous and conclusion
(b) Way 3
MI: Attempts both 1.5In1.5=0.608_. and 1.6ln1.6=0.752... and at least one result is correct
to awrt 1 dp
Al: Both 1.5In1.5=0.608... and 1.6ln1.6=0.752... correct to awrt 1 dp. reason

(e.g. 0.608...<0.69... and 0.752._ = 0.69... or states they are either side of In2).
C continuous and conclusion.

(h) Wav 4

M- Attempts both 1.51ogl.5=0.264... and 1.6logl .6 =0.326... and at least one result is comrect
to awrt 2 dp

Al: Both 1.5logl.5=0264... and 1.6logl . 6=0.326... correct to awrt 2 dp. reason

(e.g. 0.264...<0.301... and 0.326...>0.301...or states they are either side of log2 ).

C continuous and conclusion.

(c)
MI: An attempt to use the given or their formula once. Can be implied by 2(1.5)"™"" or awrt 1.63
Al: States x, =1.673 cao (to 3 dp)

Naote: Give M1 Al for stating x, =1.673
Note: M1 can be mmplied by stating thewr final answer x, =awrt 1.673
Note: x, =1.63299. . x; =1.46626.... x, =1.67313...

(d)

Bl: see scheme

Bl: see scheme

Note: Only marks of B1B0 or B1BI are possible mn (d)

Note: Give B0 B0 for “Converges in a cob-web pattern”™ or “Converges up and down to o~

(Q11 9MA0/02, June 2019)

Q27.



Question Scheme Marks AOs
@@ | sox®+38x+9=A(5x+2)(1-2x)+B(1-2x)+C(5x+2)
: M1 1.1b
= B=... or C=_.
B=land C=2 Al 1.1b
(a)(i) Egx=0x=0=9=24+B+4C M1 51
=0=24+1+8= 4=, . -
A=0% Al# 1.1b
(4
(b)) 2 of 5
L (sxe2)? o2 142x
(5x+2 2
M1 3.1a
or
(5x+2)7 =27+
/ . & 2(-2-1)(5 Y
|1+—xl :1—2[—1]+ ( }|—x1—___ M1 | L.1b
| L2 21 V2
o5 Y 1 s 75,
2"[1+—1‘] P S Al | 11b
2 4 4 16
1 ~1(-1-1) )
=(1—2x =1+2x+ (2x) + h
(1<% ) 5 ) M1 | L1b
1 2 3 75
_ e T+ 2+ 2+ 4x+8x7 +
(5x+2) 1-2x 4 4 16 e dM1 | 21
9 11 203 4
=t xt——x 4.
n 43: 161 Al 1.1b
)11 2
(h)(ii) |1| <2 B1 772
2
(7)
(11 marks)
Notes

(a)(1)
- . : 1
M1: Uses a correct identity and makes progress using an appropriate strategy (e g. sub x = E) to find

a value for B or C. May be implied by one correct value (cover up mle).

A1l: Both values correct

(a)(11)

M1: Uses an appropriate method to establish an equation connecting 4 with B and/or C and uses their
values of B and/or C to find a suitable equation in 4.

Amongst many different methods are:

Compare terms in X =50=-104+25C which would be mmplied by 50=—-104+25x"2"

Compare constant terms or substitute x=0=9=24+ B+ 4C impliedby 9=24+1+4x2
Al*: Fully correct proof with no errors.
Note: The second part 15 a proof so 1t 15 important that a smitable proof/show that is seen.

Candidates who write down 3 equations followed by three answers (with no working) will
score M1 A1 MO AQ



(®)(®)

. - 1 -
M1: Applies the key steps of writing {—}, as (5.\'+ 2) and takes out a factor of 277 to form an
Sx+2)

expression of the form (5x+2) =27 {1 +*x) where * isnot 1 or 3
Alternatively uses direct expansion to obtain 27>+

M1: Correct attempt at the binomial expansion of (1+%x) ~ up to the term in X

. (=2)(=3)
ook for 1+{_2]*I+f

Condone sign slips and lack of ** on term 3. ...
Alt Look for correct structure for 2°¢ and 3" terms by direct expansion. See below

) i ~
*y where *i1snot S or 1.

Al: For a fully correct expansion of (2 + 5x }_] which may be unsimplified. This may have been

combined with their 'B'

=2 ) 3 _2 _3 4
A direct expansion would look hke (2+5x) =27+ [—2 )27 x5x+ L;}Z_‘ x{ﬁx}'

M1: Correct attempt at the binomuial expansion of {1 — 2:«'}_1

(-1)(-2)
2

Look for 1+(-1)*x+ * x” where * is not 1

dM1: Fully correct strategy that 1s dependent on the previous TWO method marks.
There must be some attempt to use their values of B and C
Al: Correct expression or correct values for p. g and r.

() (u)

B1: Correct range. Allow also other forms, for example —=<x<

.}

|
L | b

)

Do not allow multiple answers here. The correct answer must be chosen if two answers are offered

LA |t

or xel—

(Q09 9MA0/01, Oct 2021)

Q28.
Question Scheme Marks AOs
@) [ %x_% ) ixmix—s M1 11b
I+8x)" =l+—x8r+=—=ux(8x) + =——= = x(8x) Al 1.1b
2 T Y
=l+4x—8x" £32x7 + Al 1.1b
(3)
(h) <
Substitutes x — % into (1+8x)? to give Y2 M1 L1b
Explains that y = % is substituted into 1+ 4x —8x° + 32 Al 24
and you multiply the result by 2
(1)
(5 marks)
Notes:




(@)

M1: Attempts the binomial expansion with n =% and obtains the correct structure for term 3 or term 4.

. . n - .
Award for the correct coefficient with the correct power of x. Do not accept  C, notation for coefficients.

1 1 1 1 3
; %5 4 RETHETy 3
For example look for term 3 1n the form =_——<x(*x] or f:ﬂ[*x]

Al: Correct (unsunplified) expression. May be implied by correct simplified expression
AL 14+4x—8x" +32x°

Award if there are extra terms (even if incorrect).

Award if the terms are listed 1. 4x, —8x,32°

(b)
L 1. 3 .5 : 5
M]1: Score for substituting x = El.tlto::- (1+8x)" to obtain —- or equivalent such as J;

Alternatively award for substituting x = % into both sides and making a connection between the
two sides by use of an=or = .
; W1 R ) 5
Eo | 8\ 1 (1 17 - - -
g lley— t =1 +4:-c_—8>-c| —_— t +32 :-c[ _J followng through on their expansion
Uo32) 32 \ 32 32

- . 5 -
Also implied by % = % for a cotrect expansion
1

It is not enough to state substitute y — —into " the expansion” or just the ths "1+ 4y —8x% +32:°"
32

Alft: Requires a full (and correct) explanation as to how the expansion can be used to estimate /5
i 1 32 f 1 o3 -
— | £32«| — | and multiplies by 2.
|32 ,-1 132 ,t
This can be scored from an mcorrect binomial expansion or a binomial expansion with more terms.

VS _14s | 1145

The explanation could be mathematical. So = “10za 512

SC: For 1 mark. M1_A0O score for a statement such as "substitute v = %i.uro both sides of part (a) and

1
E.g. Calculates 1+4x—_8
g + 4= £ *

15 acceptable.

make -/5 the subject”

(Q01 9MA0/01, Oct 2020)

Q209.
Question Scheme Marks AOs
@ , 1
S,=a+ar+ar +.... +ar’™ Bl 12
rS,=ar+ar’+ar +... +ar" =5, -r§, = .. M1 21
S,—rS,=a—ar" Al L1b




n[;l—r"}*

S,(1-7r)=a(1-r")=s5, = T A1* 2.1
_ [S)]
(b) a{.l—rm}:;ixal[.l—r*} N 4xa{.l—r]°}:a{1—}'sj
1-r I-r -7 I-r M1 31a
Equation in 7** and 7 (and possibly 1 —7)
1-7" =4(1-1") Al 1.1b

T +3=O:>{.r5 —1:](}"{—3]=0:>}"{ =
oreg. dmil 21
1= =4(1-" )= (1-77)(1+7) =4(1-7" )=+ =

r=43 oe only Al 1.1b
)

{8 marks)

Notes:
(a)
B1: Writes out the sum or lists terms. Condone the onussion of 5.
The sum must include the first and last terms and (at least) two other correct terms and no incorrect terms e.g. ar”
Note that the sum may be seen embedded within their working.
M1: For the key step in attempting to multiply the first series by r and subtracting.
Al: 5, —rS, = a—ar" either way around but condone one side being prematurely factorised (but not both)

following correct work but this could follow B0 if insufficient terms were shown.
Al*: Depends on all previous marks. Proceeds to given result showing all steps including seeing both sides
unfactorised at some point in their working,
Note: If terms are listed rather than added then allow the first 3 marks if otherwise correct but withhold
the final mark.

(b)

M1: For the correct strategy of producing an equation in just 7 and 7’ (and possibly (1 — 7)) with the “4” on either
side using the result from part (a) and makes progress to at least cancel through by a
Some candidates retain the “1 — 7 and start multiplying out e.g. (1 —#)(1 — ") and this mark is still available as
long as there is progress in cancelling the “a™

Al: Correct equation with the g and the 1 — » cancelled. Allow any correct equation in fust 7° and 77

dM1: Depends on the first M. Solves as far as 7 = ___ by solving a 3 term quadratic in »° by a valid method — see

general guidance or by difference of 2 squares — see above

Al: r=33 ce only. The solution » =1 if found must be rejected here.

{b) Note: For candidates who use S: = 45y expect to see:

1—p190 1-7
4)(-1’]( ! }:G‘{ " ]:>4{l—}10}:{1—}5}h'114':10
1-r 1-r

4 - 320 (47 43) (P 1) =02 = or 4(1-7 ) (1477 )= (1= ) = 7 =__dM140

Examptle for (a) &

— 3 - e
§, = &+ ar t ast dar o e ar™t o™

-

e rl. = ac ¥l da® pa 4 et

Sq—rﬁn, —3 C\fl—r”:}

fa (1-7) — & (1=c")

e - a Fi o



This scores BINI1ALAD:

Bl: Writes down the sum including first and last rerms and at least 2 other correct terms and no incorrect

ferms

M1: Multiplies by r and subtracts

Al: Correct equation (we allow one side to be prematurely factorised)

A(: One side was prematurely factorised

Q30.

(Q15 9MA0/02, Oct 2020)

Question Scheme Marks | AOs
= P P FPRS PN
@ 30.|£'zgg|i|_jo'l|_gg-l-_
Way 1 2) \2) 12 12)
T4
200 M1 1.1b
Co1-1 Mi 3.1a
=125} = 25 oe. Al 1.1b
(3)
(i) ox| L} = 30.[1?' - ?0.[1?'
Way 2 “l2) T —l2) “2)
) r=d - r=l - r=l -
1y Ml 1.1b
=10 _q0+5+25) o =22 - M)
11 1-1 1-4 M1 3.1a
=20-175}=25 oe Al 1.1b
(3)
: =~ 17 L (1Y — (1Y
l} | | | |
“'E“-s me!?! - Z‘}O'l?! - Zzo-[;!
- r=d B re=i B r=0 -
9 2 2001 —(Ly? M1 1.1b
= _—D —(204+10+54+25) or = _0_ 20d (_‘) )
1-4 1-1 1-1 M1 3.1a
=40-375}=25 o= Al 1.1b
(3)
(ii) (& n+20 |
) log. | P2t
Way 1 izog'|-”‘“ |
(3] [ 4 f 50 (3 4 30 M1 1.1b
= log;| = |+ logs;| = |+...... +log —‘ = log;| —x—= —
2 L3 . 49 ) L2 3 49 ] M1 3.1a
:log_.j—?.; or log.(23) =2 * Al* 2.1
3)




i +2
) Zloa B Zaog (n+2)~log, (n+1) M| 11
Way 2
=(log;3+leg. 4+...... +log; 50) — (log; 2 +log; 3+......+log; 49) M1 3.1la
507
=log;530-log;2 or logJITI or log.(23) = 2% Al* 21
3)
(6 marks)
Notes for Question
(1) Way 1
M1: Applies li for their » (where —1 < their » < 1) and thewr value for a
—r
20 (%}4
M1: Finds the infinite sum by using a complete strategy of applying
Al: 2308
(i) Way 2
M1: Applies li for their » (where —1 < their » < 1) and their value for a
—r
M- Finds the infinite sum by using a completely comect strategy of applying —(10+5+235)
_ly? )
or 10 10-(2))
1-1 1-1
Al: 230e
(1) Way 3
M1: Applies % for their {(where —1 < their » < 1) and their value for a
—r
MI: Finds the infinite sum by using a completely comrect strategy of applying
20 B i 20 200 -4h
—(204+10+5+ 25 - =
11 ¢ ) 1T 1-1
Al: 2508
Note: (ive M1 M1 Al for a correct answer of 2.5 from no working in (1)
(i) Way 1
MI1: Some evidence of applying the addition law of loganithms as part of a valid proof
MI: Begins to solve the problem by just wrniting (or by combining) at least three terms including
¢ either the first two terms and the last term
* or the first term and the last two terms




Note: The 2nd mark can be gamed by wnting any of

¢ listing log,

3] (4] [ 50 (3] 49 [ 50
E."IGEJ".E."IOEEIE] or IOE*'IE."IOES_E."IGEEIE_

e o ié:\ﬂo -—|+ +10g,| 2
gs | 2 L e | 49 |
(3] (50
. IDES!E.‘+ ...... +log;| |+10g_<!@||
* log; 3.4, o 20 ‘ {this will also gain the 1" M1 mark}
2 3 49
¢ log. I- i XX EXE {this will also gain the 1™ M1 mark}
2 48 49
Al+: Correct proof leading to a correct answer of 2

Note: Do not allow the 2° M1 if 10g5| 3 | . 10g5| 3 | are listed and log,| — ‘ 15 used for the first time

in their applying the formmula S, =4—38| log; | %‘ + 1035: 5_2 ‘ |

Naote: Listing all 48 terms
Give MO M1 AQ for log,

%‘ + log; %‘+ l@gi[ ;|+ ______ +log5; % | =2 {lists all terms}

Give MO MO AOQ for 0.2519...+0.1787...+0.1386.._+......+00125.. =2 {all terms in decimals}

Notes for Question

(11) Wav 2

M1: Uses the subtraction law of logarithms to give log.

F 3
n+2 | = log;(n+2)—log;(n+1)
Vn+l)

MI: Begins to solve the problem by writing at least three terms for each of log. (7 +2) and
log. (7 +1) including
¢ either the first two terms and the last term for both log.(n+2) and log.(n+1)
¢ or the first term and the last two terms for both log;(n +2) and log;(n+1)

Note: This mark can be gained by wrniting any of

e (log;3+log; 4+ +log;50) — (log; 2+1log, 3+ ... +1log, 49)

¢ (log.3+... . .+log;49+log.50) — (log; 2 +...... +log. 48 +1og, 49)
¢ (log,3+log. 4+ ... +log; 50) — (log; 2 +log, 3+..._.. +log. 49)

¢ (log.3—log;2)+ (log; 4—-log. 3)+_.... +(log; 50 —log. 49)

¢ log.3-log, 2. ... log. 49 —log. 48. log. 50 —log. 49

Al=: Correct proof leading to a correct answer of 2

Note: The base of 5 can be onutted for the M marks 1n part (u). but the base of 5 must be included in the
final line (as shown on the mark scheme) of their solution.

Note: If a student uses a mixture of a Way 1 or Way 2 method. then award the best Way 1 mark only
or the best Way 2 mark only.

Note: Give M1 MO AQ (1* M for implied use of subtraction law of logarithms) for

a8
P
Zlog5| nTe |= 918237 -89.8237_ =2

n+l

Note: Give M1 M1 Al for

4% L
I 'J b
E log; | nre |= E (log;(n+2)—log,(n+1))
-\ ntl) : :

=log.(3x4x_...%50) — log (2% 3. x49)

(501
=10g5‘ -y |—10gil49! | or =log,(25x49!) - log,(49!)

=log; 25 =2




Q31.
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Question Scheme Marks AOs
3 X X
J.r‘].n.rdx:T].ux—J Tx;cir M1 1 1b
4 4 M1
X X :
=2 mx—ﬁ{—c] Al
® x xt (ea : e ( 1'“
Inxdr=| —Inx——| =|—lne —— || — M1 21
Jl A I B T ) 16 16 |
1
7 3 1
(5
(3 marks)
Notes:




M1: Integrates by parts the right way round.

Look for kx'lnx— j It x% dx o.e. with k=0 . Condone a missing dx

. ) 1 4
M1: Uses a correct method to integrate an expression of the form B'x—drocx
x

4 4
Al: j Clnxdr = x?ltl x— f_ﬁ (+ ¢) which may be left unsimplified

M1: Attempts to substitute 1 and e’ into an expression of the form + p_r4 Inx+ gx4. subtracts and uses

Ine’ =2 (which may be implied).
;

Al: Ee“ +% o.e. Allow 0.4375¢" +0.0625 or uncancelled fractions. NOT ISW: 7 +1 is A0

You may see attempts where substitution has been attempted.

Eg u=lnx=>x=e and E=eal
du

MI1: Attempts to integrate the correct way around condoning slips on the coefficients
v 2u
e e
j I}]]lIdYC:j eu du =—a—j —du
4 4
du du

1 e e
MI Al: j X hlxdr:Tu—E{H}

M1 Al: Substitutes 0 and 2 1nto an expression of the form = pue“ iqe“ and subtracts

It 15 possible to use mtegration by parts "the other way around”

To do this. candidates need to know or use j Inxdr=xlnx—x

FYI I=j J:}]nxdx:xs{.r]nx—x}—j (xlnx—x)x3x d1'=1'3{.t'].111'—1'}—3f+%1'4

4 1 1, 1
Hence 4/ =x"Inx e :>I_Ex Inx T
Score M1 for a full attempt at line 1 (condoning bracketing and coefficient slips) followed by M 1 for line

2 where terms i J o.e. to form the answer.

(Q12 9MAO0/01, June 2022)

Q32.



uestion cheme dlKs s
Q i Scl Mark AO
= . 1 2
(1) ;[3+5r'—2' | =131798: (1) 2y, 207 . 25, .. " lpyy =T. 1 =§
@ |' 1 | 1 16
1 { c rl f c f
. : 13+5r+2" )=+ (3+5r)+ 127 M1 3la
Way 1 ; J ; Z‘
16 o e L 20290 M1 1.1b
=3 (2(8)+15(5)) 21 M1 1 1b
=728 +131070 = 131798 * Al* 21
4)
) | 15 | 15 16 15
@ , D Besre2) =1 33 s = () M1 31a
‘13:’ - _.v-l J ral ral rml
16, - 3(3'—‘5_0 M1 1.1b
= (3x =(2(5) + +
(3x16) + 5 (2(3) +15(5)) 71 M1 1.1b
=48+ 680+131070 = 131798 * Al* 2.1
)
M1 3. la
(i) Sum= 10+17+26+39+60+97+166+ 299 +560+1077 +2106 M1 1.1b
Way 3 +4159 +8260+16457 + 32846 65619 =131798 * M1 1.1b
Al* 2.1
4
] q »
(ii) -lul =§: 1y =';_ Uy =§_ .. (can be implied by later working) M1 1.1b
100 i i I
| u, = | 50;:|—50|§| or su;:—é; M1 22a
— | L3 2 '3 2
325 | * 13 5
='; ;orlﬂﬁé orlﬂﬂjor%or%| Al 1.1b
3)

(7 marks)




Notes for Question

@
16
MI1: Uses a correct methodical strategy to enable the given sum. Z{ 3+5r+2") to be found
Allow M1 for any of the following:
* expressing the given sum as either

3 (-5 32). Z3+Z“‘”‘ZPI] o« 35ere3e)

r=l r=l r=l r=l re=1

» attempting to find both Z|3 51} and Zq 2" | separately
rel r=1
1& 16

* (3<16) and attempting to find both Ziirl and Z{E'h separately

M1: Way 1: Correct method for finding the sum of an AP with ¢ =8. d =5, n=16
Way 2: (3x16) and a correct method for finding the sum of an AP

MI1: Correct method for finding the sumof a GPwith a=2.7=2_n=16

Al=: For all steps fully shown (with correct formulae used) leading to 131798

16
Note: | Way 1: Give 2% M1 for writing Z( 3+5r) as ?(3 +83)

r=l

16 16

Note: | Way 2: Give 2% M1 for writing ZB + Zw: | as 48 ——(S+SD) or 48 + 680

1 — )
Note: | Give 3 M1 for writing Z[E’ ) as _{11—:) or 2(2° -1) or (2" -2)
rml -
(i)
Way 3
M1: At least 6 correct terms and 16 terms shown
MI: At least 10 correct terms (may not be 16 terms)
MI1: At least 15 correct terms (may not be 16 terms)
Al*: All 16 terms correct and an indication that the sum 1s 131798
(i)
3 2
M1: For some indication that the next two terms of tlus sequence are > ;
. . 2 _ 2 33
MI1: For deducing that the sum can be found by applymng 50| = | +50] 5 | or SO| ; += | oe
325 1
Al: Obtains =5 o1 1085 or 108. 3 or an exact equivalent
3 ; 2
Note: | Allow 1% M1 for u; = ; (or equivalent) and w; = 3 {or equivalent)
- 2 3 2
Note: | Allow 1M1 for the first 3 terms written as 3373
32 B
Note: | Allow 19 M1 for the 2* and 3™ terms wnitten as = i . m the comrect order

S
Note: Condone ? written as 0.66 or awrt 0.67 for the 1% M1 mark

I .
Note: Give AD for 108.3 or 108.333... without reference to 3% or 108% or 108.3

(Q04 9MAO0/02, June 2018)



Q33.

Question Scheme Marks | AOs
(a) R=+22 18 =f68 =217 Bl |lL1b
2cosd+8smf=ReosFeosa + Rsin&sin
2=Rcoscr8 8=Rsing M1 1.1b
lana =——o =...
2

= awrt 1.326 Al |22a

(3)
(b)(i) A45="2J17" A1 |11k
917 Al 2a
(if) awrt 1.33 Blft |22a

(3)
(6 marks)

Notes

(a)
B1: R= 217 or 68
_'Z'JE or +4/68 score BO
(Condone if this comes frome g, 8= Rcose 2=Rsing )
Decimal answers score B0 unless the exact value 1s seen then apply 15w

8 2 . 8
M1: Proceeds to a value for a from tana =T —, cosr =T Jsma=1
2 " I||68|| " #6

May be implied by awrt 1.33 radians or 76 degrees
Al: awrt 1.326 for a. Apply 15w 1if this 1s then subsequently rounded to e g 1.33

(b)(D)
M1: For a value of £4.5xtheir R or allow = 4.5R (with the letter R)

But not embedded m an expression e.g. 94/17 cos (& — & ) unless extracted later.
Note that the sum may be found as 9 cos x +36sin ¥ with the maximum then found using calculus

eg. S=Qcosx—365inx:>§=—Qc_.inx+36cosx=ﬂ::> tanx:tl::siux:i, COSX = ——

dx V17 V17
= 9cosx+ 3651 X =94/17_ This will score M1 once they reach +4 5 their R
May be implied by 9-»,1"1_'.-' or awrt 37.1 (which may come from a graphical method)
May also see e.g. Max(9cosx+36sinx|= 9O +36° =
Al: 0417 or exact equivalent e.g. \f1377. 4.5/68. 4.5(2/17 | and apply isw once a correct answer is

seen
(ii)
Blfi: awrt 1.33 {or follow through on their @ even if in degrees (76). no matter how accurate)

(Q08 9MAO0/02, June 2023)
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Question Scheme Marks AOs
L]
Attempts 5, = x5, =9 -8, 24="") M1 | 21
7 1-» 7 1-r
8 s
=1=-x1-r) M1 2.1
g 1
=>r = 2 =>r= M1 1.1b
Srot . (sok 2) Al | 1.1b
5 .
(4 marks)
Notes:
. . . . 8
M1: Substitutes the correct formulae for S. and S; into the given equation S. =?>cSﬁ
M1: Proceeds to an equation just in »
M1l: Solves using a correct method
1 ..
Al: Proceedsto r=+— giving k=2
N gving

Q35.
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Question Scheme Marks AOs
(a) =
1 2
(4—x]=2[1——x] M1 2.1
4
— e 2 M1 1.1
[1—1x]2 =1+—(—lx]+ 2 2 [—lx] +
4 2\ 4 2! 4
1 1,
(4—x)=2 l-——x———x + Al 1.1b
8§ 128
1
{4—x]=2—1x—Lx2+... and k=—— Al 1.1b
4 64 64
#)
(b) The expansion is valid for|x‘ <4, so x=1 canbe used Bl 24
(1)
(5 marks)
Notes:
(a)
1
M1: Takes out a factor of 4 and writes (4—:(} = Z(Ii...)z
1
M1: For an attempt at the binomial expansion with n =—
2
b
l — —_—
Eg. {l+ax]|1 =l+l{ax}+g{m’]1+__.
2 2!
1
Al: Correct expression inside the bracket 1——x=—x"+ which may be left unsimplified
8 128
1
Al: 4—x)=2——x——x+.. and k=——
4 64 64
(b)
B1l:  The expansion is valid for IIl <4.50 x=1 can be used

Q36.

(Q07 9MAO0/02, Specimen papers)



Question Scheme Marks AOs
@ ’I1+ B (14 4x) " (1-x)™ Bl 3la
—x
5 ) L3 =0, 2 M1 1.1b
(14 4)°5= 1405 (4x) + 22202 (4)
ey M1 1.1b
5 ] —0.9)=(-1.59) . 2
(1=x) =14 (0.5) (—x)+ 222D
o2 Al 1.1b
(1+4x)"=1+2x—2x" and [:1_1_]-11_« =1+0.5x+0.375x" oe
Y, L5 o f -
(1+42) % (1-x) = (1420227 )= il+éx+%x'...
Llo3. L e o dM1 21
=lroxgr +2x+x - 20+
= A+ Bx+Cx”
=1+1x——1‘ ...... * Al* 1.1b
2
(6)
() L ) 1 1 1 1
Expression is ralld‘x‘ <7 Should not use x =5 5>y Bl 23
1)
© Substitutes x =iinto ki = 1+ix—ixl M1 1.1b
11 1-x 2
1183
F=— Al 1.1b
2 968
1183 2904
s04/06 is — or —— Al 21
(sof6 15) 484 1183
(3)
(10 marks)
(a)

B1: Scored for key step in setting up the process so that it can be attempted using binomial expansions

This could be achieved by T

—x
It may be implied by later work.

M]1: Award for an attempt at the bimomuial expansion [:1 +4x )C"Sz 1+0.5x(4x)+

(0.5) xj[:—t).i ),

= [:l +4x) %% (1-x }-u.s See end for other alternatives

(4x)°

There must be three (or more terms). Allow a nussing bracket on the | 4:».'): and a sign slip so the comect

application may be implied by 1+ 2x+0.5x

M1: Award for an attempt at the binonual expansion (1-x }-a.s =1+(-0.5 }I::—J(:] +

[‘—0.5}:{—1.:1){_x)3

There must be three (or more terms). Allow a nussing bracket on the [: —x)" and a sign slips so the method

may be awarded on 1+0.5x+0.375x"

Al: Both correct and simplified. This may be awarded for a correct final answer if a candidate does all their

simplification at the end

dM1: In the main scheme 1t 1s for multiplying their two expansions to reach a quadratic. It 15 for the key step
in adding 'six’ terms to produce the quadratic expression. Higher power terms may be seen. Condone slips on




the multiplication on one term only. It 15 dependent upon having scored the first B and one of the other two
M's

In the alternative it 1s for multiplying ].+% x —g x ][:1 — xjui and comparning it to [:1 + 41)9.:'

It 15 for the key step m adding 'six' terms to produce the quadratic expression.

Al%: Completes proof with no errors or omissions. In the altemative there must be some reference to the fact
that both sides are equal.

(b)

. . . 1
Bl: States that the expansion may not / 1s not valid when |Jt'| > 1

Tlus may be implied by a statement such as % > % or stating that the expansion 1s only valid when |1| < %

Condone, for this mark a candidate who substitutes x = E mto the 4x and states it is not validas 2> 1 oe

Don't award for candidates who state that - istoo big without any reference to the validity of the expansion.

A

As a rule you should see some reference to II or 4x
()@

MI: Substitutes x = % into BOTH sides | ——— 5 5

mld—x— gxz and attempts to find at least one side.

1-x

As the left hand side 1s % they may multiply by 2 first which 1s acceptable

Al: Finds both sides leading to a correct equation/statement ]l—; 191;; e J6=2x 1 183
1]83 2004 1183 1183 ;
Al: f6 .{ = f = would imply all 3 marks
1183 968 484 o

Watch for other equally valid alternatives for 11(a) including

s

- i . . -
Bl: (1+4x)" ~ l+§x—§x1 [(1-x)" then the M's are for (1+4x)" and (1-x)"

MI: (1-x) = 1+(0.5}{—;-)+M{—x}2

Or

1
BI: J1+4x =J 1 +15—:'r =(145x(1-x)" |7 then the first M1 for one application of binomial and
—. | ..

1-x
the second would be for both (1—x ]_1 and (1-x)"

Bl: E x% = Jl+ 327 x(1-x)7 = (14 (3x— 42" ) < (1-x)”

(Q1l1l 9MAO0/01, June 2018)
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