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(Q09 9MA0/01, June 2024)
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(Q04 9MA0/02, June 2018)
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Al: Obtains (S_=)9(1-3)

Note that full marks are available in (c) for the use of 6=150°
Note also that marks may be implied in () by c.g.

251
5 . __12coso 144c05°6 144cos =
T1or T 5#2sind 12cosf-5-2smé ) 5w . 5w
T2cos® § 5
108 108 -6+6V3 _—648+6483
- =9(1-3
-6 6-6B 6re3 72 (1-45)

Scores M1A1 implied dM1 ddM1 A1
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@
B1: Writes out the sum or lits terms. Condone the omission of 5.
The sum must include the first and last terms and (at least) two other correct terms and no incorrect terms e.¢_ a7"
Note that the sumn may be seen embedded within their working.
MI: For the key step in attempting to multiply the firs series by 7 and subtracting
Al: 5, 5, = a—ar” either way around but condone one side being prematurely factorised (but not both)
following correct work but this could follow BO if insufficient terms were shown.
A1*: 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.

®)

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

AL Correct equation with the a and the 1 ~7 cancelled. Allow any correct equation in just * and 710

M1: Depends on the first M. Solves as far as 7° = .. by solving a 3 term quadsatic in 7* by a valid method - see

‘general guidance or by difference of 2 squares —see above

Al: r=43 oe only. The solution 7 = 1 if found must be rejected here.

" on either
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(b) Note: For candidates who use S:

AL
alt MﬂAi(lflm):(lfrx)MlAU

-r
4 - 3202 (4°43)(F 1) =02 = or 4(1-r7)(1+07) = (1-7°) = 7° = _dM140

451 expect to see:

4x

Example for (@) &

= o rac i ad dal P
P 73 RSP Y PV PSP PY

S-csa = @ (1-c)

£(1-) = a(1-)

N
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This scores BIMIALIAQ:

B1: Writes down the sum including first and last terms and at least 2 other correct terms and no incorrect
terms

MI:

ultiplies by 7 and subtracts
AL: Correct equation (we allow one side to be prematurely factorised)

i iiae il was mussaiesth Sasbesiondl
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Question Scheme Marks | AOs

\\'z(;i—) 1 ZZO ” [

|- zo[%\‘no‘%\:zo[ !

_ 20 M1 11b
B M1 3la
=250} = 25 oe AL L1b

[N NN A
\\'(2—2 ZZOX[H me[i\,{ B ZZOX

o) | ML 1
:flw _@0+5+25) o = _ 1 (‘!))

i M| 3l
E20-175)=25 o= Al | 1
I O ——
Way 3 20+{2] 20+
= =
o M| i
=2 (20410+5+25) or = 20 - 200G
-+ -+ -+ M1 3la
CA0-3751=25 o= Al [ 1w
—é;
- il
(ii)
Way 1
0 M| 11
‘B M| 3k
A | 21
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Way2

8
;J Z(log,(nu)—log,(nn» M1 LIb
" &
= (log, 3+log, 4+_.._.+log; 50) - (log; 2+ log, 3+ ... +Iog; 49) M | 31
50
= log, 50-log2 or 1og517[ or log,(25) = 2* A | 21
3

(6 marks)
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Notes for Question
® Way 1
Mi: | Applies 1 for their r (where ~1 < their 7< 1) and their value for @
20(4)*

Ml: | Finds the infinite sum by using a complete strategy of applying
AL [750c
@ Way 2
Mi: | Applies 1 for their r (where ~1 < their 7< 1) and their value for @
Ml: | Finds the infinite sum by using a completely correct strategy of applying — — (10 + 5+ 2.5)

L 10 10a-¢ )’)
VR
® Way 3
MI: | Applies —— for their  (where —1 < their 7 < 1) and their value for &

=
MI: | Finds the infinite sum by using a completely comrect strategy of applying
2 20

oy ~0+10+5+

230

Give M1 M1 Al for a correct answer of 2.5 from no working in (i

Way 1
MI: | Some evidence of applying the addition law of logarithms as part of a valid proof
MI: | Begins to solve the problem by just writing (or by combining) at least three terms including

either the first two terms and the last term
o or the first term and the last fwo terms.
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‘The 2nd mark can be gained by writing any of

49
2| 1og,
48 - Jogs|

3 4 50 (3
E‘,lﬂgg‘g‘,log,‘g‘ or logs|3 | log >

= 53 || tahis witl also gain the 1" M1 marky

AT

Correct proof leading to a correct answer of 2

Note:

is used for the first time

Note:

2 {lists all terms}

Give MO MO AO for 0.2519...+0.1787...+0.1386... +.....+0.0125

{all terms in decimals}
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Notes for Ques!

n

G) Way 2
MIL: | Uses the subtraction law of logarithms fo give log,| - *; | logy(n+2)~logy(n +1)
n+
MI: | Begins to solve the problem by writing at least three terms for cach of log, (7+2) and
log;(n+1) including
o either the first fwo terms and the last term for both log;(7+2) and log; (1+1)
« _or the first term and the last two terms for both log; (7 +2) and log;(n+1)
Note: | This mark can be gained by wriing any of

o (log;3+log,4+.....+ log, 50) ~ (log; 2 +log; 3+......+ log, 49)
o (log;3+.....+log;49 +log, 50) — (log 2 +..... + log, 48 +log, 49)
o (log;3+log, 4+ ...+ log, 50) ~ (log, 2 +log; 3+......+ log, 49)
o (log;3-log2)+ (log; 4~ log;3)+.... + (log; 50~log, 49)

3, log, 50~log, 49

o log;3~log;2. .....log, 49~ loy

Correct proof leading to a correct answer of

The base of 5 can be omitted for the M marks in part (). but the base of 5 must be included in the
final line (as shown on the mark scheme) of their solution

Note: | Ifa 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 AD (1 M for impled use of subtraction Taw of logarithus) for
A
B
Zlog:{ n¥21_ 918237..-89.8237.
el
Note: | Give M1 MI AT for

A “
Zlog;; w2 Z(log: (n+2)~logy(n+1))
2.5 )" £ -

= log, (3% 4%......% 50) ~ logy (2 3%......x49)

=lo

501 .
| logs (491) or =logs(25x491) ~Logs (49)

25=2

= oy
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Question Marks | AOs
M1 L1b
M1 L1b
Al L1b
M1 21
=t Al L1b
®)
(5 marks)

Notes:
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MI: Integrates by parts the night way round.
Look for ch*lnx—j kx‘xédx o.e. with k>0 . Condone a missing dx

1 .
M1: Uses a correct method to integrate an expression of the form j Rix—dxscx
x

. .
Al j Phrde %mx—% () which may be left unsimplified

M1: Attempts to substitute 1 and e’ into an expression of the form +px* Inx+ gx". subtracts and uses

Ine’ =2 (which may be implied).

Al %cu% o.e. Allow 0.4375¢* +0.0625 or uncancelled fractions. NOT ISW: 7¢° +1 is A

You may see attempts where substitution has been attempted.

u dr _ o«
Eg u=lhx=x=e and o
g u=lax=>x=c'and T

MI: Attempts to integrate the correct way around condoning slips on the coefficients

w

jx‘hxdx:j e‘"udu:Tuf"‘ S

M1 Al j Floxde=

M1 Al: Substitutes 0 and 2 into an expression of the form % pue™ +ge™ and subtracts

It is possible to use integration by parts "the other way around”

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

FYI 1:"' x’mxdx:x’(dnx—x)—j (dnx—x)xsﬁdx:x’(rlnx—x)—zuéx‘

s lies Wi o M g
Hence 47 =x* Inx—x' = I = 2x* Inx—pex
Score M1 for a full attempt at line 1 (condoning bracketing and cocfficient slips) followed by M 1 for line

ORE RN SERNRN. I AL XU N
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oreg.

51
2cos X
12cos:

And nothing clse
scores M1A0dM1ddMOAO
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©

Question Scheme Marks | AOs
& . 1 2
6} ;|3+5r+2 =109 ) st = =5
“,(2'11 Zumwn 2'3*5”*2'7' M | 3la
16 Mi_| 1ib
- 30O -156) + M T 1Ie
=728 +131070 = 131798 * Al* 21
[O)
\\'(:11 2'3*5’*"" Z“Z‘”“Z'T M1 31a

7(

M1 L1b

-6:10+ 200 156) +

M1 L1b

—48+680+131070 = 131798 *

Al 21

Sum = 10+17+26+39+60+97+166 + 299 + 560+ 1077 + 2106
+4159 + 8260 +16457 + 32846 + 65619 = 131798 *

1300 650
or 390, 0)
12 6

Al L1b

[6]

(7 marks)
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Notes for Question

@
MI: Uses a correct methodical strategy to enable the given sum. 2134“2' ) to be found
Allow M1 for any of the following:
«  expressing the given sum as either
by ZhZuer(z') or 23 Z 72(2';
«  attempting to find both. zu-s, ) and Z‘ZV separately
*  (3x16) and attempting to find both Z{Sr\and Z(z') separately
MI: Correct method for finding the sum of a0 AP with a =8. 4 =3.71=16
: (3x16) and a correct method for finding the sum of an AP
M1 | Correct method for finding the sum of a GP with a=2.7 =2. =16
A1*. | Forallsteps fully shown (with correct formulae used) leading fo 131798
Note: | Way 1: Give 2% M1 for writing  (3+57) as ?(3.33)
Note: | Way 2: Give 2% M1 for writing 23 + Zqir\ as 48+
Note: | Give 3% M1 for writing Zm'; as
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[6)

Way3
M. At least 6 correct terms and 16 terms shown
MI: | At least 10 correct terms (aay not be 16 termus)
MI: | At least 15 correct terms (tay not be 16 terms)
. All 16 terms correct and an indication that the sum 1s 131798
(i)
MI: | For some indication that the next two terms of this sequence are % B
M1: | For deducing tha the sum can e found by appiyin 50 2 | 0] | oe
325 1 3
Al: Obtains =5 or 108} or 108.3 or an exact equivalent
3
Note: | Allow 1% M1 for 1, = (or equivalent) and ;= 2 (or equivalent)
Note: Allow 1% M1 for the first 3 terms written as.
Note: | Allow 1M for the 2% and 3% terms written as i the correct order
Note: Condone — written as 0.66 or awrt 0.67 for the 1% M1 mark
3

5 -

Note: Give AO for 108.3 or 108.333... without reference to 3 or 108% or 1083
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Scheme Marks | AOs
@ R=y2+8 =68 =217 Bl [LIb
2cos6+8sin6=Reoseosa+ Rsinbsina
Z:RcosaR 8=Rsina ML | L1b
ana=3=a-
2

o= awrl 1326 Al |22a

[©)
®0 45" 217" Ml |L1b
o7 Al 222
@ awrt 1.33 Blft [22a

[6)
(6 marks)

Notes

@
BL:R= 217 or 6.
42417 or +y/68 score BO
(Condone if this comes frome.g.. 8= Rcosar 2= Rsina)
Decimal answers score B unless the exact value is seen then apply isw.

8 2
MI: Proceeds to a value for @ from tanar ==, cosa == sna=%
3 e “Jes"

May be implied by awrt 133 radians or 76 degrees
AL awrt 1.326 for a. Apply isw if this s then subsequently rounded to c.g. 1.33

®)A)
MI: For a value of +4.5xtheirR or allow + 4.5R (with the letter R)

But not embedded in an expression e.g. 977 cos (& - a) unless extracted later.
Note that the sum may be found as 905X +365in.x with the maximum then found using calculus

eg S=9cosx+36sinx =35 - 9sinx+36cosx=0> tanx=4=> sinx=—1, cosx=—L

dv 17 i7
= 9cosx+36sinx =9v/17. This will score M1 once they reach £4.5their R
May be implied by Y17 or awrt 37.1 (which may come from a graphical method)
May also see e.g. Max(9cosx+36sinx)= 4367 =
AlL: 07 or exact equivalent e.g. V1377, 4.5/68. 4.5(2y17 ) and apply isw once a correct answer is

seen
(i)
DR bt 00 e i et i i i i e i TN i i B i omiicd
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Que: Scheme Marks AOs
.
Attempts 5, = x5, = 8.ad-r) M1 | 21
7 1= 7 1-r
ML | 21
M1 |11
Al |1
(4 marks)
Notes:
MI:  Substitutes the correct formulae for 5., and S into the given equation S,
M1:  Proceeds to an equation justin 7
M1:  Solves using a correct method
AL

1
Proceeds to r=+—— k=2
7 B
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Question Scheme Marks AOs

@ :
((4—:):2(1—1;:) M1 21
4
L (IJ[ l] M1 | L1b
L == 2 .
e e
4 2l 4 2 4
ﬂ4—x):2[l—lx—i3+..] Al | 11b
s 128
1
ﬂ4—x):2—1x—i{+... and k=-— Al | 11b
4 64 64
@
(® | The expansion s valid for[x| <4, so x=1 can be used Bl |24
@
(5 marks)
Notes:

@

MI:  Takes out a factor of 4 and writes y[[4— %) =2(1.

1
Mi:  For an attempt at the binomial expansion with 7 =—
2

Ee. (“m)% ﬂ%@m&

2

¥t

. 11 -
Al: Correct expression inside the bracket 1——x———x"+ which may be left unsimplified
s 128

1 1
—x"+.. and k=
64 64

AL

®)
BI:  The expansion is valid for [¥|<4.s0 x=1 can be used
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‘Question Scheme Marks AOs
® (1+47)25 (1-x)** BL 3
— B M1 11b
(1+4x)“5:1+o.5x(4x)+&20'5x(4xr
M1 11b
~05)%(-15),
(=)™ =15(-03) () 2D 2
2 A1 L1b
(1+4x)%-14+2x—2x and (1-x) " =14 0.5 +0.375x oe
(14005 (1= = (14 2x-20° ) (1+%x+%x .
1.3, 22 dmi 21
=lemytmx’ #2043 20 +
2 B
Al* 11b
©
) 1 T 11
= =— as = >— Bl 23
Expression is valid x| < - Shouldnotuse ¥ =3 as 3>
@
O Substttes x= L into 1425222 M1 116
11 1 28
1183
JT — Al 11b
2968
1183 2904
(so+f6 is ) T s Al 21
[6]

(10 marks)
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@
BI: Scored for key step in sefting up the process so that it can be attempted using binomial expansions
I

‘This could be achieved by (1+4x)°%%(1=x) ™" See end for other alternatives.

I-x
Tt may be implied by later work
(0.5)x(=0.5)

M1: Award for an attempt at the binomial expansion (1+4x)**=1+0.5x (4x) + x(4x)”

There must be three (or more terms). Allow a missing bracket on the (4x)" and a sign slip so the comrect

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

(-0.5)x(-1.5)
2

There nust be three (or more tems). Allow a missing bracket on the (~x)* and a sign slips so the method

‘may be awarded on 1£0.5x+0.375x"

MI: Award for an attempt at the binomial expansion (1-x)™** =1+(=0.5)(~x)+

AL: Both correct and sinyplified. This may be awarded for a correct final answer if a candidate does all their
simplification af the end.

M1 In the main scheme it is for mulfiplying their two expansions to reach a quadratic. It s for the key step
in adding 'six’ terms to produce the quadratic expression. Higher power terms may be seen. Condone slips on
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‘the multiplication on one term only. Tt 1s dependent upon having scored the first B and one of the other two
Ms
5

Tn the alternative it is for muliplying LH— e ](1 )" and comparing itto (1+4x)"*

Itis for the key step in adding 'six’ terms to produce the quadratic expression.
AL Completes proof with 1 errors or omissions. In the altemative there must be some reference fo the fact
that both sides are equal.

®)

BI: States that the expansion may not / is not valid when

This may be implied by a statement such as % > % or stating that the expansion is only valid when [+ < %

1
Condone, for this mark a candidate who substitutes x = into the 4xand sttes it not valid as 2> 1 e

Don't award for candidates who state that % s too big without any reference to the validity of the expansion.

Asa nule you should see some reference o 1. o 4x
©@)
MI: Substitutes x

into BOTH sides

1+§x—§x2 and attempts to find at least one side.

1

As the left hand side is \/zg they may nultiply by 2 first which is acceptable

A1: Finds both sides leading to a correct equation/statement |12 = 1183 o g2, 1183
10968 968

1183 2004 1183_1183
AL [6= or JG= [6=2x 1d imply all 3 mark:
184 1183 T
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Watch for other equally valid altematives for 11(a) including

Bl: (1+4x)" [1»:—; (1-x)" then the M's are for (1+4x)"* and (1-x)**

(05)x (=

* =1+(0.5)(~x) +

'
;
BIL: ‘1*4‘: e  _(145x(1-x)" | then the first M1 for one application of binomial and

the second would be for both (1-x)” and (1-x)”

=(1+ (354 Px(1-x)"

= J13x-47)x(1-
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12c0s2%

= =9(1-+3)

B3
2cos X
12cos.

Scores M1A1dM1ddMOAQ
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x
12cos %
i:9(1+ V)

T
12cosT
cos%

Scores M1A0dM1ddMOAQ
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S, =9(1-+3) with no working scores no marks
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Question Marks | AOs
@@ Bl LIb
@ 2 Bl LIb

@
(®)
=42x(3+5)+3 oe. M1 3la
=339 Al LIb
@
(4 marks)

Notes:
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(a)(1) Mark (a)(1) and (a)(11) together.
B1: States the values of at least a.

and a, =3. This is sufficient but if more terms are given they

must be coret. There is no need to see e.g. @,=.... a,=.. just look for values.

Allow an algebraic approach e.g. @, =8-a,.a, , =8—(8-a,

A conclusion is not needed.

(@)
B1: States that the order of the periodic sequence is 2
Allow “second order”, “it repeats every 2 numbers” or equivalent statements that convey the

idea of the period being 2
Note that =2 is B0

i

MI: Attempts a correct method to find Z !,

55 55

For example Z

or ) a,=43x3+42x5 o ) %xs—l

= =

There may be other methods e.g. “Chunking™: 5x(3 + 5) = 40. 40 x § =320, 320 + 3x3 +2x5 =339
A1: 339. Correct answer only scores both marks.
AR SRR T ) R S Y
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Question Scheme Marks | AOs

@ 16+(21-1)xd=24>d =... Ml | L1b
d=04 Al | 11b
Answer only scores both marks
@
®) 1 04"
s, n{2a+(n-1)d}= e =5 500{2x16+499x"0.4"} M1 1.1b
=57900 A1l | 11b
Answer only scores both marks
@

(b) Alternative using s,

6+(500—1)x"0.4"=215.6 = Sy =—x500{16+"215.6"}

=57900

(4 marks)
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Notes

@

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

AL Correct value. Accept equivalents e.g %% %e(c
®

M1: Attempts to use a correct sum formula with a = 16, n = 500 and their numerical d from
part (a)
If a formula is quoted it must be correct (it is in the formula book)

Al: Correct value

Alternative:

M: Correct method for the 500 term and then uses s,

n{a+1}with their /

Al: Correct value

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

24-16 8
@d= 3 Tl(b) S lx500{2><16+499x%}:5552330952

2

This scores (2) MOAO (b) M1AO
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Question Scheme Marks | AOs
@ (14 =)400+11x—10=290% ore.g. (1, =)400-110=290%
oreg. BI* | LIb
(1, =)400+(12-1)x~10=290 * or e.g. (1, =) 410+12x~10=290*
Q)
Alternative 1:
400+(n—1)x-10=290
BI* | LIb
= 400-101+10=290 =101 =120=>n =12*
Alternative 2:
200=400+(12-1)d = 11d =—110=d =10 B1* | Llb
® 8100 %N|2x4oo+|N—1;x—1o;
oreg. M1 | Llb
BlOO:%N(AOOwwOHNfoflOI
8100~ ¥(2x400+ (¥ -1)x-10)
2 A | 21
=16200=800N ~10N" +10N ore.g. =8100=400N—5N"+5N
= N’ -81N +1620=0%
@
© N?-§IN+1620=0 = (N—45)(N-36)=0=> N =45.36 M1 | 11b
=36 Al | 23
@

(5 marks)
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Notes

@
B1*: Correct working to obtain 290. Must be a correct calculation so do not condone missing
‘brackets unless they are recovered. E.g. (14 =)400+12~1x~10=290 scores B0 unless

followed by =400+11x~10=290. Condone (z,

1400+(12-1)-10 =290

The “£” symbol is not required but the “290" must appear
Alternative 1:
BI*: Corect working using the 290 to obtain n = 12.
There must be at least one intermediate line after setting up the equation and must be
correet work so do not condone missing brackets unless they are recovered (as above).
A conclusion is not required with this approach as long as 12 is correctly obtained.
Alternative 2:
BI*: Correct working using the 290 and 400 to obtain d =~10.
There must be at least one intermediate line after setting up the equation and must be
correet work so do not condone missing brackets unless they are recovered (as above).
A conclusion is not required with this approach as long as ~10 is correctly obtained.

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 lit all 12 terms which must be correct and end with 290
Condone if missing 400, 390, 380 as these are given in the question.
() M i P
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MI1:  Uses a correct sum formula in terms of N or n with a =400 and d = -10 or +10
and sets = 8100. Condone e.g. > 8100 and allow Al if this is recovered to become “="

‘before the final line.
1

Condone 8100=

3N(2%400+(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 c.g. a missing N unless recovered before
the final given answer.
Condone the use of n instead of N for both marks.
Condone terms in a different order as long as they are correct
Condone 0=N*-8IN +1620*
Sufficient working requires all brackets to be removed to obtain an unsimplified expanded
quadsatic before proceeding fo the given answer including the “=0".

Alternative (further maths method): Series summation approach:

> (a10-10r
=

= 410N -5V ~5N =8100=> N* 81N +1620 = 0*
MI:  Attempt to sum an appropriate series with first term 400. Condone use of +10 as in the
‘main scheme.
Al": Asmain scheme.
©
MI:  Solves the given quadratic equation by any correct method including a caleulator to obtain
at least one value for V. See general guidance for solving a 3-term quadratic
If values are just written down and only one value is 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 (V=) 36.
Ignore any units if given.
The “N'="is not required. just look for the correct value.
Tt must be elear that this value has been selected. This may be indicated by e.g.
underlining the 36 or the omission of the 4. If the 45 is not rejected score A0.
[ SRR C R

JlOO:MDN—le%N&NA\
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@

Attempts to solve 10-6k =2k—10=k=... M1 31la
5

(k=) Joe Al 11b

@
®) | Deduces the value of "d" = —5 Bl ft 22a

505 msn. "

sm:T(zX 15"+49x"-5 M1 11b
=— 5375 Al 1.1b

O]

(5 marks)
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Notes:

@
M1

Al

(®)
Bift

Condone using other letters for a and d (e.g. may use r for d)

Attempts a valid method to solve the problem
©  Uses the common difference to form a correct equation and attempts to solve to find
avalue for k

eg Aftempts to solve 106k =2k~10 o.e suchas 2k—6k =2(10-6% |

2k+6k _

*  Uses 10 as the mean of 2k and 6k 10=k=

o Setsup 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.

«  Uses the summation formula S, = %( 6k+2k) = 6k+10+2k and proceeds to find k

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 k=

ol

Work seen in (a) can only be scored if seen or used in (b)
Common difference =—5 or ft on their value for k (even if k has been found from an

5 3
incorrect method) e.g. 10-6x"2" ore.g. 2x">"~10 if only a numerical value is seen.

May be implied or seen in  term or summation formula

Note that some candidates may work in 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.
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M1

Al

Attempts to use a correct formula. The expression 1s sufficient to score this mark but they
must be using a correct value for a and £ d (or ft on their value for k for a and d) which are
correctly placed in the formula

eg (s, —) 0(7><“6k"+49><'+d")

Alternatively, they may find the S0th term ug, ="15"+(50~1)x"-5"=-230 and use

(ssa :] 7("15*»“— 230")

If working in terms of k they must substitute in their value for k
50 (

26k +49x (10~ 6k)) =—7050k +12250 = ~7050x

Do not withhold this mark for omission of brackets around (-5)
eg %[2x15+(49)—5] scores M1

— 5375 cao
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Question Scheme Marks | AOs
® | States that S=a+(a+d)+ +(a+(n-1)d) B1 1la
S= a+ . (a+d)+ (a+(n-1)d)
5= M1 3la
=(a+(n-1)d)+(a+@n-2)d)+.. +a
Reaches 2§ =nx(2a+(1-1d)
” ars 21
And so proves that § =3 [2a+(n~Dd] *
@
@) @ $=10+9.20+8.40+...
64=5(20-08(n-D) oe M1 316
128=20n-0.87"+0.8n
0877 ~20.81+128=0 ars 21
n'=26n+160=0 *
@
®  n=1016 Bl L1b
&)
© 10 weeks with a minimal correct reason. E..
 He has saved up the amount by 10 wecks so he would
not save for another 6 weeks 81 s
* You would choose the smaller number
*  He starts saving negative amounts (in week 14) so 16
does not make sense
&)
(7 marks)

Notes:
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)

B1: Correctly writes down an expression for the key terms S or S, including S = or S, =
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-1)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 BO

M1: For the key step in reversing the terms and adding the fwo series.
Look for a minimum of two terms, including a and a*+(1-1)d . the series reversed with evidence of
adding, for example 25=  Condone the exra incorrect terms (see above) appearing.
Can be scored when terms are separated by commas
A1*: Shows correct work (no errors) with all steps shown leading to given answer.
A S N A SR S T T et L S N T T
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1The solution below 1s a vanation of this.

S=a+(a+d)+
S=1+(-d)+.
25=n(a+1)

5=2(a+1)=3(a+a+(-Dd)=3(2a+(n-Dd)

2
B1 and Al are not scored until the last line, M scored on line 3

@4 eid) i fard) ard o
ar

Sat o2 (A iaad o (@ita-dd) sastand

250 1 Ao s e aedd 203 GoJd ey

25 - (a1 c-nd]
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SC m (a) Scores B1 MO AQ.

Theyuse 0+14+2+...+(n=1)= which relies on the quoted proof.
D7) ateud  aess
arqed

At aid tarid v ST

An # Covrazear pmdd
Serermd sty s

S,s amy mcathy

(i) ()
M1: Uses the information given to set up a correct equation in 1.
The values of S, a and d need to be correct and used within a correct formula

Possible ways to score this include unsimplified versions 64 =5(2x10+(n~1x~08).
64=5(10+10+ (1-1)x~0.8) or versions using pence rather than £'s 6400 =7(2000-+ (1 ~1) x~80)

Allow secovery for both marks following 64 =5 (2x10+(n—1)~0.§) with an invisible X

A1*: Proceeds without error fo the given answer. (Do not penalisc a missing final trailing bracket )
Look for at least a line with the brackets correctly removed as well as a line with the terms in 7
correctly combined

E.g. 64=5(20+ (1D x~0.8)= 64=10n—04" +0.4n = 0.4n’ ~10.4n+64=0=> " 261 +160=0
(@)(b)
BI:
(i)(e)
BI: Chooses 10 (wecks) and gives a minimal acceptable reason. The reason must focus on why the
aaion e 1 Caeriad sl thans Gl o ilscmaiivel sl it woulld wit i S mpils.

<1016
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Question Scheme Marks | AOs
(@) LI Rt
=(4-x)T=47x(1x M| 21
=
Uses a "correct” binomial expansion for their
" Ml | LIb
(1+ax)' =1+ nav+
1
xY? 1 Al | 1Ib
(liz) :H(7§
L1l 2y Al | 1Ib
Ji—x 27167 256
@
States
®O * Bl | 24
Eg explains that the expansion is not valid for
@
)G _ L i
States x = and gives a valid reason. B | 24
Eg. explains that it is closest fo zero
@

(6 marks)
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(@)

MI: For the strategy of expanding sing the binomial expansion.

Youmust see 4 oe and an expansion which may or may not be combined.

" )
M1: Uses a correct binomial expansion for their (1+ax)" =1 inmi%al,\? +

Condone sign slips and the "a" not being squared in term 3. Condone a =21
Look for an attempt at the correet binomial coefficient for their n, being combined with the correct power

ofar
‘ (2]
i, -5 -3 >
H
AL [p%) = 1+[—%)[—§)+#(7§] unsimplified
=’
FYTthe simplified form s 143+ 53 Accept theterms with commas between.
b M B
At =Li L 32 gnore subscquent terms. Allow with commas between.

G-x 2 16 256

Note: ~ Alternatively (4-x) %

'
M1: For 42 +..... MI: 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)
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Bl: Requires x =—]4with a suitable reason.

Eg. x

14 as the expansion is only valid for

<4or equivalent.

14|

Eg'x=—l4as [-14]>4" orleammotusex=—ldas | =S| 10

Eg.*x=—14as is outside the range [x| <4 "

Do not allow * =14 is too big’ or *

14]x|<4 cither way around without some reference to the

validity of the expansion.

(b (i)

BI: Requires x =~ with a suitable reason.

2
1

Eg. x as it is ‘the smallest/smaller value® or *

as the value closest to zero” (that will give the

2

imore aocurste approximation). The bracketed statemenit is not required.
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Question

Scheme

Marks

AOs

a*(2x)

M1

L1b
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a1 21
a=3 A1 11b
[O]
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M1: For an attempt at the correct coefficient of x*.
‘The coefficient must have
« the correct binomial coefficient
« the comrect power of @
© 2or2* (may be implied)
May be seen within a full or partial expansion.

Accept 'C. (2x)°.

o TCa2t Tt [7]a’2‘,35a’2‘,560a’m
an 4
o’C a’(Zx)‘ a’( ), [ ] ’(2:)"3sa’(2x)',5wa’x“€]a’16x‘ et

7
or 'C;a’2t, gt [T)aat 352" s60a*
BT 3




image31.jpeg
You can condone missing brackets around the “2x” so allow e.g an a2t

Tx6x5x4 27.14 J
a

but condone missing brackets around the 2%
a

e () -
Note that ("{3}“‘ are equivalent to C‘,14Jelc and are equally acceptable.

If the candidate attempts (a + 2x)(a -+ 2v)(a + 2)... etc. then it must be a complete method to seach the required

term. Send to seview if necessary.
dM1: For "560"a’ =15120= a =

Condone slips on copying the 15120 but their “560° must be an attempt at
15120

7C %2 or 'C x2* and must be attempting the cube oot of wggn - Depends on the first mark

=3 and 0o other values i.e. =3 scores A0

AL

ote that this is fairly common:
C,a'2x* =70a°x* = 704’ =15120= @’ =216= a =6

i el e Al
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Question. Marks AOs
@ M1 L1b
Al LIb
Al LIb
®)
®) Bl 24
@
(4 marks)

Notes

@
MI:  For an attempt at the binomial expansion with 1 :% and obtains the correct structure for

term 3 or term 4. Award for the correct coefficient with the correct power of x
B
eg T (ix
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

1)(-1)(-3
Y or M(m’ where 7. =1

Do not allow notation such as 2 | unless these are interpreted correctly.

1
2
L1
Al:  Correct unsimplified expression as shown but the bracketing must be correct unless any
missing brackets are implicd by subsequent work

May be implied by a correct simplified expression.

Sy T
8 16

OR allow this mark for at least 2 correct simplified terms from —

9 [Blay 729
X g X or simplified cquivalent. Correct answer with no working can
score full marks. Ignore any extra terms and allow the terms to be listed or in a different
order. Apply isw once a correct expansion is seen. Condone +— (equivalent to listing)

Allow recovery if applicable e.g. if an “x” is lost then “reappears”.
Allow decimal equivalents 1—4.5x—10.125x —45.5625x provided they are exact

AL

Allow mixed numbers 1-42x-101 5 ~45 2
2 3 16
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Note: You may see attempts via direct expansion. but these will be scored using the main scheme.
ignoring absence of powers on the 1s. The below attempts both score first MIAL
If you are unsure, send to review.

3

—1»1‘—2)"1—2 }

Ji-ox)+ =

Bl:  Expansion is valid for is outside this range.

Requires
 anacceptable range of validity given

% B
+ an accepiable comparison of ~ or  with their range leading to ¢ “not valid”

Examples of acceptable alternatives include

* (Valid for) [9x] <1 or [9x[,, 1 and as 9x (the expansion is) not valid.
o (Valid for) || L 1o 2 aa ot . | the expansion is not valid.
DD ) g

1 2

1
+ (Valid for) —5 <x < and x =~ is too smalbig (condoned as minimally accepiable)

 (Series converges for) |-9x]

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

i
st e 2 s ased

9

Do not accept vague statements such as "it is too big". "it is outside the range” without any

oy
mention of what the range s. — <~ alone is insufficient evidence (without any

mention of what the range is) and scores BO,

An attempt to evaluate the expansion and compare with /3 is not acceptable on its own.
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Question Marks | AOs
@
M1 3la
M1 11b
Al 11b
Al 11b
@
® % Bl 22a
(0]

(5 marks)
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Notes:
@
Mi:

Mi:

Al:

Al:

®)
Bl:

Attempts to take out a factor of 2 from the bracket to obtain k(l " Y)

Condone slips/errors when taking out the factor of 2 as long as they reach the form

it

For an attempt on the binomial expansion of (1+ax)

Look for correct coefficients with correct powers of x for term 3 or term 4

(2t ()

‘where a could be 1 but must be consistent with a in their (1+ ax)'ﬂ

Condone missing brackets around the “ax”

Géest gy be ummph el e g or [ 1435 )

; P
Allow as alist but not e.g. 1+3x-+7 P
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Question Marks | AOs
@ Bl | L
M| 1
Al | 1w
Al | 1w

@

®) | States that the approximation will be an overestimate since all
terms (after the first one) in the expausion are negative Bl | 32
(since x>0)
@
S marks)

Notes:
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1

@)
i B, 1
B1: Takes out a factor of 4 and writes vA—9x =2(1%...)7 or V& (1£...)7 or 47 (1£..)7

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 binomial coefficient multiplied by the corresponding

power of x e.g.

(-x)’ where..21

21 3t
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. Ignore attemps fo find more terms.

unless these are interpreted correctly.

5 el

1
Do not allow notation such as i]
1

AL Correct expression for the expansion of

B e 21
which may be left unsimplified as shown but the bracketing must be correct unless any missing
brackets are implied by subsequent work. If the 2 outside this expansion is only partially applied
to this expansion then score A0 but i it is applied to all terms this Al can be implied.

ox s’ 7208

1X{75)+%x(%’11{

2 . i 5, B
OR at least 2 correct simplified terms for the final expansion fom, ——. —2i—. ~=0
: s f
9x 8Ix’ 729x -9x 8Ly’ 729¢
AL VE0x=2-2 22 7= oeand condone e.g. 24— T
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R e e e e e e i

[ 31 275} [8' il 1255525\ (;29 #14233?312”

64" 64 2

Tgnore any extra terms if found. Allow terms to be “listed” and apply isw once a correct expansion is
scen. Allow recovery if applicable e.g. if an “x is lost then “reappears™

Direct expansion in (a) can be marked in a similar wa

' s 2 s 5
N, 1 1( 7,090 (1)1 1 = (9%)
+(7/4 x(~9x) +{7J\——1J4 Stz e a2 ) e
1

B1: For 2 or +/& or 4’ as the constant term in the expansion.

M1: Correct form for term 3 or term 4.

= (- ()

()
L ] =) where..+1
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.

1

. | 2 | unless these are interpreted correctly.

2

AL Correct expansion (unsimplified as above)

JF=0x = (4-9x

Do not allow notation such as

- el

: s
9x 8L 729,
OR at least 2 correct simplified terms from, ——. ——— ———

1 e 2
f
ox 81’7205 81’720
AL VA=0% =25~~~ 573-oc and condone e.g. 2+ -~~~ =
Allow equivalent mixed numbers and/or decimals for the coefficients e.g
90 17 729 217
202 1 osseas| {22 1217 2
fA .4,_25] [ gl _656_5) [512 1575142382812 5)

Tgnore any exra terms if found. Allow terms to be “listed” and apply isw once a correct expansion is
o OGO SO I G S0 %, PR Wil
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(b)

B1: States that the approximation will be an overestimate due to the fact that all terms (after the first
onc) in the expansion are negafive or equivalent statements c.g.
 Overestimate because the ferms are negative
* Overestimate as the terms are being taken away (from 2)

Condone “overestimate as every term is negative”

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

k=px—gx' —x k.p.g.r>0 butnote that if e.g. one of the algebraic terms is zero or was “lost” or
there are extra negative terms this mark is still available.
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Question Scheme B | A
® M| Ll
) % | or (4;('7 ML | Lib

[l+%[’1:1+(72)]§]+ 1;11 a1 |

A |21
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@
MI: Attempts a binomial expansion by taking out a factor of 3 o

or  and achieves at leastth first 3

3

terms in their expansion. May be seen separately e.g. % and (14..x4..6)

MI: A correct method to find either the x or the X’ term unsimplified.

Do not condone missing brackets unless they are implied by subsequent work

Condone (- for
3 \3)
i X

Also allow this mark for 2 correct simplified terms from &=

= with bath method marks scared.

a0 Allow terms to be listed. Ignore any exira terms. Isw once a correct simplified answer

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

3 ~ 1) 2|
ot 2

(3+x)”

+3xax+34xprt

MI: For (3+x)"

MI: A correct method to find either the x or the " term unsimplified.
2-1)

Award for (-2)x3°x or %3%x* Condone invisible brackets.

(-
AL Fora correct unsimplifed or simplified expansion of (3+]” 2. 3% =237 xx+ D5
Also award for at least 2 correct simplified terms from ; " f; 2 with both method marks scared.

1: S % cao Allow terms to be listed. Ignore any extra terms. Isw once a correct simplified
answer is seen.
Tk it BT EATAS s mapsiiie st s cliliiny niteiiiandl
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A0te recarding a possible misread I parts (b} and (]

Some candidates are misreading

6x
ey

dx then we will allow the

If parts (b) and (c) are consistently attempted with J e
+3)
narks in (b) only, M for x” —>x™" applied to their expansion in part (a) or 6 (their
Expansion in part (a)) and dM] for substifuting in 0.4 and 0.2 and subtracting cither way
ound (may be implicd).
‘o marks are available in part (c)

MARK PARTS (b) and (<) TOGETHER
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®)

ERE M |1
13 2 . 5 -

7 2 oo TR
I‘Z;’h 2% \dx:’zf" .- e 16

99 3 27 18

©4° _404° (04° L 027 402 02 )

3 2w )3z B el Kt
-t 0.03304 or 22 Al | 1
“@

®)
MI: Attempts to multiply their expansion from part (a) by 6x or just x and aftempts to integrate. Condone

copying slips and slips in expanding. Look for x" — " at least once having multiplied by 6x orx.

Tgnore e.g. spurious integral signs.
Al Comrect integration, simplified or unsimplified.

2 U
3 g
I they have extra terms they can be ignored.
Tgnore e.g. spurious integral signs
AMI: An overall problem-solving mark for
« using part (x) by integrating 6% * their binomial expansion and
« substtuting in 0.4 and 0.2 and subtracting either way round (say be implied)
For evidence of using the correct limits we do nof expect examiners o check so allow this mark if they
obtain a value with (miniamal) evidence of the use of the imits 0.4 and 0.2

This could be e.g. [£(x)];. = ... provided the first M was scored. If the integration was correct, evidence can

. ot ‘ e
+ S
ERNEY A SR TR T

be taken from answer of awrt 0.0330 if limits are not scen clsewhere. Depends on the first M mark.
AL awrt 003304 (NB allow the exact value which is ?530 -0.033037037...).
Isw following a correct answer.
Note answers which use additional terms in the expansion to give a different approximation score A)
Alko note that the actual value s 0.032865





image44.png
ome may use integration by parts m (b) and the 1ollowing scheme should be apphed.

o
6,' 1x,£+f},[!xa,5+ﬁ]

9 27 s1) 130 7
M1: A full attempt at integration by parts. This requires:

x5,
jdxx [9 T3 [t (o) =k (1) = £(x) e

Al Fully comrect integration. Then dM141 as in the main scheme
9 27 27
9 27 27 9 27 27 108 81

‘Where f{x) is an attempt to integrate their expansion from (a) with X" > x™"" at least once
and g(x) is an attempt to integrate their £(x) with x” > x"" at least once
Or by taking = [1 x, ‘—] and & 6x
2
x|1—§+’—] J‘]x’xl }dx
9 27 27 27 27
n
1 2, ;8 jlsf ﬁx‘dx:])3 {1 2x ;3] {ﬁx 76)\’}
lll.Aﬁﬂlamtmptaimkgmumbyp:ﬂs This requires:
22 e () - 5] = <€ (x) B ()

‘Where f(x) is their expansion from (a) and g(x) is an attempt to differentiate their £(x) with
" —>x™ at least once and h(x) is an attempt to integrate their ’g(x) with x" —>x™" at

least once
'Al: Fully correct inteeration. Then dM1A1 as in the main scheme
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©

©
Alel

Overall problem-solving mark (see notes) ML | 3la
= 5
11:3+A¢L’3f(ﬂ)dﬂ¢j 6(”1”‘1:,: S 1 e tnusa M| 1
s su 0
5 5
6(" D 4= f 51 4= btau+isa A1 | 1
i @
[5Lnu+mr 6|u34+—| [amz = a | L1b
17| 45
= Al |21
[16] 136

Overall problem-solving mark (see notes) Ml | 3da
[6x6+07 dr==Ex [G+0dr=5 % inG3+x) oo Ml | Llb
> 3+x 3+x
61n(3+x) oe Al |
o

604 602

[61n(3+04)— ( )] | 610(3+02)- 3(0; adMl | Lib
17)_45

ﬁln{ﬁ]fm oe Al |
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Question Scheme Marks | AOs
@ 5+2sin6 __ Gtand
Uses the common atio 520 — 008 o Ml | 3la
Cross multiplics and uses {anxcos6 = sind
B am1 | Lib
(5+2sin6) =6x12sin8
25+20sin6+4sin” 6 =72sin6
Proceeds to given answer ; Arr | 21
=d4sin’0-52sinf+25=0  *
®)
(@) Al (a) Alternative example:
Uses the common ratio 127 cos &= 5+ 2sin8, 12+ cos & = 6tan
5+2sin6 ML | 3ia
ﬂllmsﬂ[m) =6tan6
Multiplics up and uses tan6xcosé = sind
2 am1 | Lib
(5+2sin6)" =61an6x12cosd = T2sind
25+20sin 6+ 4sin’ 6 =T2sin 6
Proceeds to given answer ; Arr | 21
=4sin’ 0-525inf+25=0  *
®)
® —szsmmzs:o:»s.no:%(.%) M1 | Lib
Al 12

2)
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©) Overall problem-solving mark (see notes) Ml | 3la
Ale2

6x(3+%)" dr= dx = .. In(3. .
JoxGG+x) oo (3+2)+ 32 o M| Lb
—6IG+0)+S oe Al | 1w
3+x
(6tG+09+ 2| {6ugo2+ 2| ddM1 | L1b
| 3+04) | 3402 3

(03 marks)

Notes
(©) There are various methods which can be used
MI: An overall problem-solving mark for all of
* using an appropriate integration technique e.g. substitution. by parts or partial fractions — note
that this may not be correct but mark positively if they have tried one of these approaches

 integrates one of their terms to a natural logarithm. e.g.. 3L —bmGB+x) or 2 5 bmu
x u

* substifutes in correct limits and subtracts either way round
M1: Integrates to achieve an expression of the required form for their chosen method

a 2 a
o substitution: u=x+3—>+Ztblu oreg u=(x+3) >t 2blnu

u Nu
3

o pas falG+)t— condone missing brackets e.g. Inx+3 for .In(3+x)
x

o partial fractions: za usﬂ)l}i condone missing brackets e g In3+x for _In(3+x)
NG
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Al Correct mtegration for their method e.g.

o substitution: #=x+3—6lnu+18u" oreg u=(x+3) —3mu+

o pars: 6In(+)-5
3ex

partial fractions. 61n(3+x)+;—so=eg 30O+ 6x+ ) e
+

3ix
Note that the above terms may appear “separated” but must be correct with the correct signs.
(ignore any reference to a constant of integration)
Do not condone missing brackets .g. 6Inx + 3 for 61n(3 + x) unless they are implied by later work
ddM1: Substitutes in the correct limits for their integral and subtracts cither way round o find a value
Depends on both previous method marks.
For evidence of using the correct limits we do not expect examiners fo check so allow this mark if
they obiaina value with (minimal) evidence of the use of the appropriate imits

‘This could be e.g. [£(x]]" ~... 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 rigorous argument leading to 61| g

45
2o
36

35 remitoquiiater Sl o
136 236

36

botnote e zl The % st be exact or an exact equivalent. Also allow e.g. 6|

B e B o e Ml e s sl L R L
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Question Scheme Marks AOs
@ 4 u
(i) Method to find p Eg. Divides 32000 = 4p* by 50000 = 4p’
3.1
50000 M *
~32000 ¥ 732000
p=10658 Al 110
() Substirutes their p =1.0638 into either equation and finds A4
32000 50000 Ml Lo
= A=
'1.0658" 10658
A=24795-524805=24800* arr Lo
“@
®) A/ (£)24800 is the value of the car on 1st January 2001 Bl 34
/10638 is the Factor by which the value fiscs each year. B 34
‘Accept that the value rises by 6.6 % a year (f on their p)
@
© | Attempts 100000 ='24800%'1.0658"
. _ 100000 34
" N M1
10658 =7
100000
t=log, M“(W] a1 L1b
r=2180r219 Al (50
cso 2022 Al 3
“@

(10 marks)
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@0

M1: Attempts to use both pieces of information within ¥ = Ap’. eliminates A correctly and solves an
equation of the form p" = to reach a value for p.

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

Al p=awrt1.0658
Both marks can be awarded from incorrect but consistent interpretations of £. Eg.

32000 = 4p°, 50000 = 4p™

(@)
M: Substtutes their p =1.0638 into either of their equations and finds A
L T e )

= 2 or A=
1.0658 1.0658

A" Shows that A is befween 24 795 and 24 805 before you see * =24 800" o = 24800 Accept with or

without uifs.

An alternative o (i) i to start with the given answer.

MI: Attempts 24800x'1.0658" =(32000.34)
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AL: 24800x1.0658"  achieves a value between 31095 and 32005 followed by ~32 000 hence A must be
~24800
)
Bl: States that 4 is the value of the car on 1st January 2001
‘The statement must reference the car. its cost/value, and "'0" time
Allow it i the initial value of the car” "it i the cost of the car at £=
BI: 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 year "
Allow "p is the rate the cars value is rising each year” it is the proportional increase in value of the car
each year" "the factor by which the value of the car is rising each year” ‘its value appreciates by 6.5%
per year® 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 "itis the rate of inflation”

itis the cars starting value"

©
MI: Uses the model 100000 ='24800%"1.0658" and proceeds to their '1.0658" =k
Allow use of any inequality here.
@M1 For the complete method of () using the information given with their equation of the model and (i)
translating the sifuation into a correct method to find '
. (100000
AL (r)=awt 21.80r 21.9 or log, M[\m/ oe
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
MI: 24800x'1.0658" =100000='1.0658""
AM1: Uses a correct method fo find .
A2:2022
Via (trial and improvement)
MI: Uses the model by substituting integer values of  into their 7/ = Ap' o that for =n, 7 <100 000 or
=n+17>100000
(So for the correct 4 and p this would be scored for =217 ~£95000 or =217 ~£101000
M1 For a complete method showing that this is the least value. So both of the above values
AL: Allow for 22 following correct and accurate resulfs (awrt nearest £1000 is sufficient accuracy)
Al: As before
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‘Question ‘Scheme ‘Marks AOs
@0 e (1,=)35+Teos| 2 | BI* | 21
i) =

u 1 (=28) ar 4= - M| 1
u, —28andu, =33 A | i
[6)
®)@ (u; =)35 Bl 22a
(i) eg i)l =6(35+40+"28"+"33")+35 M1 3la
A i
[6)
(6 marks)
Nates
@)
)
BI*: Correct application of the formula with 1 = 1 and proceeds correctly to achieve an answer of 40 with

1o errors. Note thate.g.. (1, 5+0+5=40 scores B

40, 35+5=40, 35-5(-1) =40

As a mininum need to see e.g. (1 =
(i)
MI: A correct attempt to use the formula to find a value for u; or 1,
Look for =2 substituted correctly into the given formula with 4; =40. May be implied by 1, =28
O their calculated value of ; used with =3 substituted correctly into the given formula to find
Condone use of calculator in degree mode which gives 1, =41.989... which may imply this mark if no

working is shown. If there is no working and 4, is incorrect and , is correct score MOAQ
Al Both comrect 1 =28 and u, =33 If 28, 33 are listed then allow MIA1

S e S e -y Y
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D)

Bl:

(i)

35
MI: Attempts a correct method to find Z

(

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

5 5
> u, =Tx35+6x40+6x"28"+6x"33", 3

=7(35+40+"28"+"33") (40 +"28"+"33") |

=

‘There may be other methods seen but the calculation must be correct for their values
If there is no working. with incorrect 1, and/or 1, you will need to check if their answer implies a

correct method using 6(35+40+"28"+"33") +35

Attempts to use an AP/GP formula score MO
e R

u, 775(35+4o+”28”+"33")+1 2(35+40+"28"+"33") =272, 272x3 =816, 816+35
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‘Question Scheme Marks AOs
(@ w,=6=>u, =6k -5
uy=6k-5= (6k=5)-5 M1 | 116
> k(6k-5)-5=-1
> 6k~ Sk-4=0* Al* | 21
()]
Alternat
w=-1=l=ky =SS =
4 Ml | Lib
w=6=u,=6k=5="=6k=5
> 6k Sk 4=0* Al* | 21
RE Bl | 22
i)
@ Ml | Lib
Al |1
(O]
(5 marks)
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Notes

@
MI1:

A1

Correct application of the given recurrence relation using #, =6 to find #, and then ¥, in

terms of k and sets u,=

Condone missing brackets if the intention is clear e.g. 1, =6k—5=u; =k6k—5-5
Obains the printed answer with no errors including the = 0
This is a given answer so do not condone slips/missing brackets unless they are recovered

before the final printed answer.

Alternative:

MIl:

A1

®F)
BI:

Correct application of the given recurrence relation using u; =

1 to find u, in terms of &
and then uses 1, = 6 to find another expression for u, in terms of k and equates the 2

expressions
Obains the printed answer with no errors including the “= 0"

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

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

Allow equivalent exact values e.g. 1% or 1.3 but not clearly rounded c.g. 1333

It must be clear that

% is selected so if both roots are offered score B0 unless & :%

is clearly intended by the calculation in part (ii)
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]
MI1:

Attempts the second term by c.g. (theirk)x 65 and then adds 6 and ~1 to their second

term. E.g. 6+";"x675

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.

Note that they may use u;

-1 tofind 1, e.g. —-1="="u,~5=>u, ‘% (5-1)=3

3

Condone slips when rearranging as long as the intention is clear.

The attempt at the second term may be seen embedded in their attempt at the sum e.g.
s

4 3
> =6+3x6-5-loreg > u =6+3(5-1)-1
5 £ 23 a2y

=3

If they use both of their values for  allow M1

Alternatives:

AL

Note that 4, =6+6£—5-1=6k so you may fustsce an attempt at 6k with their ; .
=

te that Zu, =6k +k—4 so you may just sce an attempt at 6k +k—4 with their g.

=

Correct value of 8 and no other values unless rejected.
Correct answer with no working scores both marks
AL N0 MR > T Y R
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© Attempts a value for either a or 7
5 s42xd
3 1
cga=12cos0= 1232 o 2312508 TG Ml | 3la
2 12cos8 N
22
2
Al | L1
am1 | 21
Rationalises denominator
76? i ddMl1 | Lib
j—
3
(5.2)9(1-45) Al | 21
®)
(10 marks)

Notes:
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Question Scheme Marks AOs
Uses the given sequence fornula correctly at least once
a,=4k+3, a,=k(4k+3)+3 L AaE
124+ 4k +3+k(4k+3)+3=12 am1 31a
4K +7k-2=0
damt | L1
(4k-1)(x+2)=0
2 only A1 22a
[©]
(4 marks)

Notes:
MI: 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 a> and a3 are in terms of k.

ddM1: Dependent upon both previous marks. It is for solving a 3 term quadratic equation in & by
any correct method including a calculator.

AL cso k=2 only. If k = is written down it must be rejected.

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

k(4k+3)

—125 4+ 4k +3+k(4k+3) =122 4K +Tk-5=0

,7J~

e

————(=0.544,-2.29)

And scores M1dM1ddM1A0
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Question| Scheme Marks AOs
@ "
3sin20  2+2c0s20
—_— = 3 =] 2+2c0s2¢ M1 Ik
g = 3oy 0% eg (3sin26) =8sin6(2+2c0s26) a
3singeoss 2722005 071 o0y i
8sinf  3x2sinfcosf  3x2sinBcosd
oreg
. E 1 Al L1b
{3><25m5c055)':851:16(2*2(2005 Hq)):szsmecos 6
6sinfcosf __ 4cos’ 8 _ oosB _ doos® 32
8sinf  GsinBcos® 8  Gsim@ 36 9 | a¢ | 21
oreg
36sin’ Ocos’ 6= 32sinfcos’ §=>365in0=32 = sinb=
(O]

M1

For the key step in using the ratio of

Allow any valid attempt E.g. a,

dM1: For using sin26 =2sinf cosf and cos20=2 cos’ 01 to eliminate the constant term

AL

A1%:

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

Gsinfcosd __ 4cos’ @ > :
G556, 2 _
Smp = GomBoosg O (3%2sinBcos6)’ =32sinfcos 0

Proceeds to the given answer with accurate and sufficient work
There is no requirement to justify why sin@#0 or cosf# 0
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(a) Alternative:

3sin26 2cos26
—_— 3: v 2 a
Ssind 35m20 oe eg (3sin26 8sin6(2+2cos26) M1 31a
3x25m6605872+2(1725‘" 9)
8sinf  3x2sinfeosf dmi 21
= 36sinfcos 6 2—32sin & Al 11b
= 36sin6(1-sin” 6) =32-32sin
= 36sin’ 6—32sin’ 6-365in6+32 =0
3 3 B Al* 23
36sin 6—32sin’ 6736su15+32:0:>su15:§*

M1:  Asabove

AM1: For using sin 26 = 2sinf cosé , cos20=1—2sin’ 6 and cos 6=1—sin’ & and proceeding

to a cubic (or quartic) equation in just sin6

Al: Correct equation in sin6 eg 365mﬂ(175m1 6)=32-32sin0

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

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

Mark (b) and (c) together.
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®) 3sin26 _6cosf _ 6cos(1.0949..)
= Seosd _Soosiiitld Ml | 31a
L TV 3 0344
r=awt0344 so |r[<l'so S, exists Al 24
@
L "a" = gsinf =2 Bl | 22
il o Bl
Attempts 2 ) gre 934t M1 11b
S T T T 1-"0344"
S5, =S, =awrt25x10 Al | 1w
(O]
(© marks)

®)
ML1:  Attempts to find the value of 7 with sin

s
9

Alternatively states that r = %cos 6 o and states r < 1

<1 8, exists

AL Achieves 7 =awrt 0344 and states thatas |r[<1 S, exists

In the alternative gives a reason e.g. as

Some values for reference:

16417

34359..), a‘:%(:7lll ),a1:7| 2443

12
©

Bl:  Deduces the value of a to be % ‘but condone awrt 7.11

).a

MI:  Attempts S_-S,, using correct formulae and with their values of  and 7

)
AL awrt 2.5x10

6—g(, 0.8395...)
81 K
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Question| Scheme Marks | AOs
@ k(a,+2
@ | Uses the sequence formuta g, =292 oncewith a, =2 M| 11b
a,
B
—2).a=2k.ay= -
(4=2).a,=2k 0=k +La, = 2E2
M| 31
Finds four consecutive terms and sets @yequal fo @ (o€)
* Ar* 21
@)
®) | States that when £ =1_allterms are the same and concludes thatthe | o |
sequence does not have a period of order 3 2
@
© | Deduces the repeating terms are Gy =2, @y5 =4, ys = Bl 22
5
Zak:26x(2+~4+71|+2+4 M | 31
<
30 Al | L1b
@)
7 marks)

Notes:
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(@)
K 2]
I H P W (o -

a,

_k(2+2)

This s usually scored in attempting to find the second term. E.g. for @,

MI: Attempts to find o —>a, and sets @ =a,. Condone slips.
Other methods are available. E.g. Set @, =2, work backwards to find @; and equate to k=1

There is 0o requirement to see cither @ o any of the labels. Look for the correct terms in the correct

order
There s no requirement fo the terms fo be simplified
FYL 0,=2.0, =2k —k+La, =26 anggo 5 REL)
k+1 k+1
A1 Proceeds o the given answwer with accurate work showing all necessary lines. See MS for misimum

()

BI: States that when & =1, all terms are the same and concludes that the sequence does not have a
period of order 3.
Do ot accept "the terms just sepeat” or "it would mean all the terms of the sequence are 2"
There must be some reference to the fact that it does not have order 3. Accept it has order 1

Itis acceptable fo state a, =a, =2 and state that the sequence does not have order 3
©
BI: Deduces the repeating terms are 0y, =2,ay5 =4, 036 =

MI: Uses a clear strategy to find the sum to 80 terms. This will usually be found using mulfiples of the first three
terms.

« ER
For example you may see Z [Za,J+n—g+a,a: 26%(24+—4+-1)+24~4

=

27x(2+-4+-1)~(-1)

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 +80to get —80 then all 3 marks are scored.
AL: -80
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Note: Be aware that we have seen candidates who find the first three terms correctly. but then find
zcsgx(z AN 6§x 3 which gives the correct answer

but it is an incorrect method and should be scored B1 MO A0
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Question Scheme Marks AOs
@ 24
h=k=12, u;=k——— -
" w=k—=p M1 | L1b
24
442 41,20 202 (k-12) bk aM1 | 11b
24
=322 2025 (3 -22)(k~12)-24=0
5 A+ | 21
=3k ~36k-22k+264-24=0
= 3k> - 58k +240=0%
@
40
® k=6. (T) M1 | L1b
k=6 as k must be an integer Al | 23
@
© (u,=)10 Bl | 22a
@
(6 marks)

Notes
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(2)
MI: Attempts to apply the sequence formula once for cither 12 or 1,
2

Usually for u, = 72724 o.e. but could be awarded for 1, =k —

their
dM1: Award for

* attempting to apply the sequence formula to find both «2 and us

o using 2+2"w,""u;"=0=>an equation in k . The 13 may have been incorrectly adapted
Al1*: Fully correct work leading fo the printed answer.

There must be

2
* (at least) one correct intermediate line between 2+2(k~12)+ k—ﬁ 0 (0.¢.) and the

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

1o errors in the algebra. The = 0 may just appear at the answer line

(b)

M1: Attempts to solve the quadsatic which is implied by sight of &= 6
This may be awarded for any of

© 3k 58k +240=(aktc)(bk=d)=

where ab=3.cd =240 followed by k=

* anattempt at the correct quadsatic formula (or completing the square)
* acalculator solution giving at least k= 6
Al: Chooses k= 6 and gives a minimal reason
Examples of a minimal reason are
* 6 because it is an integer
* 6 because it is a whole number

o Gbecause 4370 or 133 is not an integer
©

B1: Deduces the correct value of u;
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Question Scheme Marks AOs
@ u; =£20000x1.08* = (£)23328* Bl* | 11b
@
®) 20000x1.08"" > 65000 M1 | 11b
In(3.25
103"">5¢n—1>g
4 In(1.08)
oreg M1 | 31b
13 13
1087 > = n-1>log, | —
4 5ol 5
Year 17 Al | 32
@
© 20000(1-1.08*)
Sp=—r ) M1 | 34
1-1.08
Awrt (£) 915 000 Al | 11b
@
(6 marks)

Notes
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@)

a,
M1: For the key step in using the ratio of

o ey

dM1: Cross multiplies and uses tan6xcosf=sinf

AD Prisciai o i i e sl e ol s o sl i s i
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(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. E.g %x 20000 =1600 followed by %x 21600=1728 with

the calculations 21600+1728 = 23328 seen.

Condone calculations seen as 8% of 20000 = 1600.

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

T mak cnitn stils Your 1= £21 600 Yais: 23328
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(b)

MI: Sets up an inequality or an equation that will allow the problem to be solved.
Allow for example N or 1 for 11— 1. So award for 20000<1.08" > 65000

20000<1.08" = 65000 or 20000 (108%)"
Condone slips on the 20 000 and 63 000 but the 1.08 o.c. must be correct
MI: Uses a correct strategy involving logs in an attempt fo solve a type of equation or inequality of the
form seen above. It cannot be awarded from a sum formula
The equation/inequality must contain an index of 7~ 1. N. 7 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

Eg 20000x1.08" =65000 = n2log1.08 = log

65000 amongst others.

65000
20000

Eg 2000x1.8" = 65000 = log 2000 + 7 log1.8 = log 65000 => 1 =
Al: Interprets their decimal value and gives the correct year number. Year 17

=n=

+ term formula or the entire set of

BUT allow a solution that appreciates a cos
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: (n=16)=> P =20000x1.08 =awrt 63400 or (1 =17)= P=20000x108" = awrt 68500

MI: (#=16)=> P=20000x1.08 =awrt 63400 and (n=17)=> P =20000x108" = awrt 68500
ATV vears Sollowing corect metiod and bods NS
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(c)
MI: 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 is acceptable provided there are

20 terms with 4, =1.08x4, ,

Condone a slip on the 20 000 (c.g appearing as 2 000) and/or a slip on the 1.08 with it being the
same 7" as in (b) . Do not condone 20 appearing as 19 for instance
AlL: awrt£915000 but condone missing unit

—

scen at least 4 times and the sum attempted.
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Question Scheme Marks | AOs
Bl | 22a
Ml | 3la
Al* | L1b

3)
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Alternative 1:

Alternative 2:

S

Alternative 3:

Z[%)"cus(lsmf s

(3 marks)
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Notes

BI: 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.

ML: Recognises that the series is infinite geometric and applies the sum to infinity GP formula
3

with o= and =22
16 4

Al1#: Correct proof

Alternative 1:

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

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

Al*: Correct proof

Alternative 2:

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

MI: Splifs 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

MI: A complete method by taking out the first term, expresses the ths in terms of the original

sum and rearranges for “S™
Al1*: Correct proof
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‘Question Scheme Marks. AOs
@ 12-3k _ k+16
3k+d 12-3k ML | 3
3K 62k +40=0 * Al* | 11b
@
00 3K —62k+40=0=k = ML | 1lb
States k =20 and gives a reason c.g. that this gives a values of 7 such that
Al | 322
<1
(@) - = .
a=64 and r=-> (orallow a=6 and r= Bl | LIb
64
= Ml | 3la
Al | 11b
(0]

(7 marks)
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Notes

@

ML:  Forms a correct equation linking the three terms. Condone invisible brackets if implied by further
work
Possible equations below (which are not exhaustive) should use ith term or sum of series formulae
gk JETIO o 12’3”] 6 (1230 =GR+ 4R +16) or

3k+d 123k O \3k+4) 3k+4
k8 £ 103k or (12-3k) [ 2 ] £+16 or
(12=3¢)
(k+16 }

Gk +4

€ )[ 123k i
SEHA12 k16 = (sum ofthree terms)

12-3%

A1®: Achieves the given quadsatic with no errors including invisible brackets. It canmot 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

®)E)

ML:  Attempts to solve the given quadratic achieving at least one value for k. Usual rules apply for solving

a quadratic and this may be achieved directly from a calculator. (May also be implied by %)
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Al 20 and gives correct reasoning

g 20since [r|<1. eg since || =0.75<1

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

cg when k=20, r

% o.e. which is between 1 and -1 (condone “it is smaller than 17).

Do not accept a reason on its own which is just simply stating that the sequence is converging or
equivalent such as “spiralling”

2
Allow reasoning which excludes k=

egr :% which is greater than 1

(i)

Work may be seen in part (i), but must be used in part (ii) to score.

Bl a=64 and r:—% oc. (orallow ¢ =6 and r:% o.¢.) May be implied by later work or a correct

calculation using these values to find S,

MI: A full attempt to find S, by using their value of ko reach a value for 7 such that || <1 and a value

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

a
They must subsitute these values into .~ conrectly so e & a=64,7=
-r

They cannot just subsfitute in their £ as rin the fornwla
Do not allow attempts to manually calculate the values of lots of terms for this mark as this would
i

1ot lead to the answer. Zé4xf—%\ on its own is MO,
=AY

2
Al ‘35 cao. (Do not allow 36.6 as this is not 5, ) isw after a correct exact answer s seen.
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Question Scheme Marks | AOs
(@ g% AN 32020
T = g M1 3la
20720 \! _ g4k-5 326 27-209-(3k-5) — 32(k-D)-27-26)
(3 ) =3%x3 3 a1 b
=28-8k=6k—T=k=. =19-8k=6k-16=k=_..
5
k=2 Al 21
2
@
© = M1 22a
M1 LIb
AL LIb
@

(6 marks)
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Alternative:

M1: Expresses the 2° and 3 terms in terms of the first term and the common ratio and eliminates

T
dM1: Multiplies up and uses tan 6 cos6 = sin6

A1*: Proceeds fo the given answer including the *

07 with no errors and sufficient working shown.

Other approaches may be seen in (a) and can be marked in a similar way e.g. M1 for correctly
obtaining an equation in 6 using the GP, M1 for applying tanfxcos6 = siné or equivalent and
climinating fractions, Al as above

Uy xuy 124 6x6tan &

Example: 4, =L 2 =54+ 2sinf = 2o <0288y
i 5+2sm0
=(5+2sin6)’ =725in0 amM1

25+20sin6+4sin’ 6= 72sind -

=4sin’0-52sin0+25=0  *

®
MI: Attempts to solve 4sin” 6—52sin§+25=0. Must be clear they have found siné and not c.g.

just x from 4x” —52x+25 = 0. Working does not need fo be seen but see general guidance for

solving a 3TQ if necessary. Note that the ?does 1ot need to be seen.

Al 6= ?” and no other values unless they are rejected or the 22 clearly selected here and not in (¢)

A minimum requirement in (b) is c.g. sin@

Do not allow 150° for %”
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Notes

@
sC1:

sC2:

MI:

aM1:
Al*:

Special cases:

For those that verify rather than prove a SC 100 is awarded for substituting

3 into all
2

three terms to correctly obtain 243, 81 and 27 with a statement that this is geometric with

(or equivalent reason). All statements must be correct.

o

el
9% is an incorrect process (without

some indication that they have intentionally squared both sides) that formitously leads to the
correct answer and may score maximum SC 010.

Uses the 3 terms o set up an equation in k and

o either reaches a common base by replacing 9 with 37 or by replacing 3 with 9°° and uses
the power law of indices comrectly

* oruses the laws of indices correctly to reach
expanding brackets

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

Correct processing leading to a value for k.

98 3% condoning slips in e.g.

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

wlo

Condone missing/invisible brackets provided they are recovered correctly.

Alt 1 Using Base 9:

or% gt

o.e. scores M1

=1

9
= 9" 29" = 95-4k=3k-8 = Tk=175 = k=25
i N e R e B e e e e o e CE e e
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Alt 2 Finding 7 in terms of k and using e.g. u3 = ar™:
o e 3200
L= = Rk s

1162
3

= 3% ( sk ‘2
= 3% 322 o 3319k =2k-2 = 14k=35= k=25
Score dM1 when a value of k is achieved using a correct process and A1* if fully corect.

2 or = 3% ( 2 scores M1

Alt 3 Using Logs Way 1:

or 2% 326-D

=T

= 7 scores M1

= (14-4k)log; 9= 6k -7
= 2(14-4k)=6k-7
= k=25
Score dM1 when a value of  is achieved using a correct process and A1* if fully correct,
Alt 4 Using Logs Way 2:

972 3D
=

= (7-2k)log,9~(4k —5)log, 3= (2k~2)log, 3~(7~2k)log,9 scores M1
= 2(7-2k)—(4k—5)=2k-2-2(7-2k)

Score dM1 when a value of  is achieved using a correct process and A1* if fully correct,

Alt 5 Recognising that taking log, forms an Arithmetic Sequence:
4k=5. {log;}u, =2(7-2K). {logs}u; =2k ~1)
=2(7-2k)~(4k—5)=2(k~1)~2(7-2k) scores M1
= 19-8k=6k-16
= k=25

Score dM1 when a value of  is achieved using a correct process and A1* if fully correct,
There is no need to see any mention of log in this approach.
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®)

MI:

MI:

AL

5
Deduces expressions for the first term and the common satio using k= in the comreet

formulae and finds at least one of a =243 or 7 =

255
correct values for a and . For reference, a=3*"""" an

Recalls the sum to infinity formula and substitutes their values for a and r provided |r| <1

Dependent on a correct attempt to find both a and r using k= 2.5 but allow if neither value is
e

correct o if they are unprocessed c.g. scores this mark.

3
cao. Correct sum to infinity. Answer only (with no working) scores full marks. Apply isw.
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Question Scheme Marks | AOs
T1(a) | Total time for 6 km = 24 minutes + 6x1.05+6x1.05' minutes M1 34
=36.915 minutes = 36 minutes 55 seconds * Al TIb
@
®) 5% kmis 6x1.05=6x1.05"
6% kmis 6x1.05%1.05=6x1.05"
BI 34
Tokm s 6x1.05x1.05%1.05 = 6x1.05°
Hence the time for the r®km s 6x1.05"*
&Y
(© | Attempts the total time for the race =
=~ M1 3la
Eg. 24 minutes + Z 6x1.05" minutes
Tses the series formula to find an allowable sum
63(1.05"-1
Eg  Time for 5 ®1020%km :%:(149 04) M1 34
Correct calculation that leads to the fofal fime
63(1.05-1) Al Lib
Eg  Totaltime =24+ —oe—r—"
Total fime = awrt 173 minutes and 3 seconds Al Tib
@

(7 marks)





image80.jpeg
(a)
MI: For using model to calculate the total time.
Sight of 24 minutes + 6x1.05+6x1.05" or equivalent is required. Eg 24+ 6.3 + 6.615
Alternatively in seconds 24 minutes + 378 sec (6min 18 5) +396.9 (6 min 37s)
Al*: 36 minutes 55 seconds following 36.915, 24+ 6.3+6.615, 24+ 6x1.05+6x1.05°
or equivalent working in seconds
(b) Must be seen in (b)
BI: As seen in scheme. For making the link between the r 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 k"

r-1
MI: 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)
1051

The geometric sequence formula, must be tsed with 7=1.05 0o but condone slips on a and

(€)  The correct sum formula . if seen, must be correct in part (¢) for all relevant marks

So award the mark for expressions such as 6x 4+ 6x1.05" or 24+
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MI: For an attempt at using a correct sum formula for a GP to find an allowable sum
‘The value of r must be 1.0 oe such as 105% but you should allow a slip on the value of n used for their
value of @ (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(1.05"-1) 6(1.05“-1)

Allowfor a=6, n=170rl6  Eg —e—y =(155.0) o~ 5T =(141.9)
63(1.05" -1 63(1.05" -1

Allow for a=6.3,n=160r15  Eg (1 5T )=(149A0) or {1 5T )=(135.9)
6.615(1.05°-1) 6.615(1.05" 1)

Allow for a=6.615, n=150r14 Eg TosT— =(427) e Tos—T— =(1296)

ALL: For a correct calculation that will find the total time. It does not need to be processed
63(1.05°-1) 6(1.05"-1) 6.615(1.05° -1)
T05-1 T05-1

Allow for example, amongst others, 24+ , 18+ . 303+

T.05-1
A1: For a total time of awrt 173 minutes and 3 seconds
This answer alone can be awarded 4 marks as long as there is some evidence of where it has come from.
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or a correct overall strategy which would involve adding
four sixes followed by at least 16 other values

The values which may be written in the form 6x1.05° or as
numbers

Can be implied by 6+6+6+6+(6x1.05)+....+(6x1.05")

MI: For an attempt to add the numbers from (6x1.05)to

(6x1.05). This could be done on a calculator in which case

expect to see awrt 149

Alternatively, if written out, look for 16 values with § correct or
follow through correct to 1 dp

Al: Awrt 173 minutes

Al: Awrt 173 minutes and 3 seconds

Total

Km Time per km Time
1 6.0000
2 6.0000 12
3 6.0000 18
a 6.0000 2
5 63000 303
6 66150 36.915
7 6.9458 43.86075
8 7.2930 51.15379
9 7.6577 58.81148
10 80406 66.85205
11 84426 75.29465
12 8.8647 84.15039
13 9.3080 93.46736
14 9.7734 103.2407
15 10.2620 113.5028
16 107751 124.2779
17 113139 135.5918
18 11.8796 147.4714
19 124736 159.945
20 13.0972 173.0422
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‘Question. Scheme AO0s
@ | Uses115-28+5d=d=(74) ML | 3Ib
Uses 28+2x"174 M| 34
=628%kmhT) Al 11b
[E]
® | Uses 115=28° =r=(13265) M| 31
Uses 28713265~ or 200 M| 34
=867&mhT) Al 11b
®
(6 marks)

Notes:
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@
M1: Translates the problem into maths using n® term = a-(1—1d and attempts to find d
2

Look for either 115=28+5d = d = .. or an attempt at -~ condoning slips

5
It is implied by use of d =17.4 Note that 115=28+6d = d 1s MO

MI: 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 "d"

AL 628kn/h Lack of unis are condoned. Allow exact altematives such as 2L

()
MI: Translates the problem into maths using n® term = " and attempts to find 7
It must use the 1% and 6% gear and not the 3™ gear found in part (2)

Look for either 11

s 115
81° 2 r=.. o or o condoning slips.

Tt is implied by stating or using r = awrt 133
M1: Uses the model to find the fastest speed the car can go in 5 gear using 28x"7*" or 13 o.c.
-
‘This can be awarded following an incorrect method of finding "
A common misread seems to be finding the fastest speed the car can go in 3* gear as in (a).
Providing it is clear what has been done. e.g. u; = 28x"7 " it can be awarded this mark.

AL S TER Tk alimits tie condad P st e cullastel
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Question Scheme Marks | AOs
@ (=2 =} ly=xlnx Bl Lla
Way1 ;
ay T M1 1o
yax Al 21
L X iinr=0 or 1+lnx=0 > Invokmx= M1 Llb
x
x=c or awrt 0368 Al L1b
Note: k=0 6]
(a) {y=x"=} y=e™ Bl Lla
Way 2 & (% \ame M1 Llb

(b) Attempts both 1.5° =18 and 1.6'® =21 and at least one result is M1 11b
Way1
¥ correct to awrt 1 dp
1.8..<2 and 2.1..>2 andas Cis continuous then 15<a <16 AL 21
@
© Attempts x,; =2x,* at least once with 3 =1.5
Can be implied by 2(1.5)* or awrt 1.63 M Lo
{(x,=167313..=} x,=1.673(G dp) cao Al L1b
@
@ Give 1" BI for any of Give BI BI for any of
* oscillates o periodic {sequence} withperiod2 |  BI 25
« periodic * oscillates befween 1 and 2
* non-convergent Condone B1 B for any of
* divergent * flucmates befween 1 and 2
* fluctuates o keep getting 1.2 B1 s
* goes up and down o alternates between 1 and 2
© 121212 * goes up and down between 1 and 2
* alternates (condonc) ©1.2.1.2.1.2,
@

(11 marks)
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(€) Allow full marks in (c) if e.g. € = F-is their answer to (b) but 6= %”.s used here.

orifeg 6= %” is their answer to (b) but & :%.s used here allow the M marks only.

M1: For attempting a value (exact or decimal) for either a or 7 using their &

1
5+2sing _| 3+2x7

2cosd

Eg a:lZcesH:[]fo?)er r=

Al Finds both a=—6y3 and 7

and tanf= ‘zﬁ (if required) must have been used.
dMI: Uses both values of "a" and "r" with the equation 5, l”r 2 10 create an expression
I+
V3

involving surds where a and 7 have come from appropriate work and [r| <1

Depends on the first method mark.

ddM1: Rationalises denominator. The denominator must be of the form pgv3oe e.g. p+

Depends on both previous method marks

"]
k_p-aBB__k PR

Note that stating e.¢. x or
ptaV3 p-a3 "

is sufficient.
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A common solution
A maximum of 3 marks (i.e. B 1% M1 and 2% M1) can be given for the solution
1

logy=xlogx =

&1t logx
o log.

0:'} 1+logx=0 = x=10"

© 1Bl for logy=xlogx
ldy

220 or xlogx —1+logx or ~+logx
x

© 2% M1 can be given for 1+logx =0 = logx=k = x=_. k=0

o 1Ml for logy =
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Question Scheme Marks | AOs
(b) For x*—2, attempts both 1.5 ~2=-016_. and 16'°-2=0.12. M1 Lib
Way 2
¥ and at least one result is 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

() | For In,

[6)

as Cis continuous then 1.5 <& <1.6

xInx, attempts both 1.5In1.5=0.608... and
M1 L1b
Way 3 1.61n1.6=0.752... and at least one result is correct to awrt 1 dp
0.608. 0.69... and 0.752. 0.69... and Al 21

(b) | For logy=xlogx. attempts both 15logl.5=0264_ and
Way 4 16log1 6=0.326... and at least one result is correct to awrt 2 dp

2

M1

L1b

0264..<0.301.. and 0.326...>0.301... and
as Cis continuous then 1.5 < & <1.6

Al

21

Notes for Question

2

@

Bl: Condone log, y = xlog, x or log,

M | Foreitheriny > 12 or vnx > 1tlnx or Zt+lnx
yax =

AL: | Correct differentiated equation.

or awrt 0.368 only (with no other solutions for x)

Give no marks for no working leading o 0.368,

Give MO A0 MO A0 for Iny
Way 2

Inx —x=0.368 with no intermediate working

e

MI: £lnx)e™ or xlnx—1+lnx or ~+lnx
x
AL: | Correct differentiated equation.
a ;
e P Zinrlem or Pogimoe™ or Lolrmy
x dr ar
MI: | Sets 1=Inx—0 and rearranges o make Inx =k =x=_.: kis a constant and ¥ =0

x

or awrt 0.368 only (with no other solutions for x)
Note: | Give Bl M1 A0 Ml Al for the following solution:

{y=x'=} my

xlnx ﬂ%:li»lnx =1+lnx=0 =x=

or awrt 0.368
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Notes for Question  Continued

® Way 1

MI: | Attempts both 1.5° 1.8 and 1.6:°=2.1.._and at least one result is comrect to awrt 1 dp

Al Both 1.5° =awrt 1.8._.and 1.6'° =awt 2.1.... reason (e.g. 1.8..<2 and 2.1..>2
or states C cuts through y = 2). C continuous and conclusion

[0) Way 2

MI: Attempts both 1.5 ~2=—016... and 1.6"* ~2=0.12__. and at least one result is correct
toawrt 1 dp

Al: | Both 157 ~2=-0.16... and 16 ~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

®) Way 3

Ml: Attempts both 1.5In1.5=0.608... and 1.6ln1.6=0.752... and at least one result 1s correct
toawrt 1 dp

Al: Both 1.5Inl. 0.608... and 1.6In1.6=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.

®) Way 4

MI: | Attempts both 1.5log1 5=0264... and 1.6logl 6=0.326... and at least one result is correct
to awrt 2 dp

AL: | Both 1.5log1 5=0264. and 1.6log1.6=0.326... correct to awrt 2 dp. reason
(e.g 0.264..<0301.. and 0.326...>0.301...or states they are either side of log2).
C continuous and conclusion.

(©

MI: An attempt to use the given or their formula once. Can be implied by 2(1.5)'™"* or awrt 163

AL: | States x, =1.673 cao (103 dp)

Note: | Give M1 Al for stating ¥, =1.673

Note: | MI can be implied by stating their final answer x, =awrt 1673

Note: | x =1.63299._ 3, =1.46626__. x, =1.61313

()]

Bl: | scescheme

BI: | sce scheme

Note: | Only marks of BIBO or BIBI are possible in (d)

Note: | Give B0 B0 for “Converges in a cob-web pattern” or Converges up and down fo &
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Question Scheme Marks AOs
@0 > — A(5x+2)(1-2. S x+2)
50x7 +38x+9= 4(5x+2)(1-2x)+ B(1-2x) + C(5x+2) M | 1
=B=.. or C=..
B=landC=2 Al | 11b
@G Egx=0x=0=9=24+B+4C M| 21
=0=24+1+8=4=...

A=0* Al* | 11b

(O]

®)6)
M1 | 31a
= > g
[1+§x) :172(2x]+ [ x]+, M1 | L1b
2 2 2 2

Al | L1b
M1 | L1b
am1 | 21
Al | L1b
R Bl | 22a

[
(11 marks)

Notes
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(a))
ML: Uses a correct identity and makes progress using an appropriate strategy (c.g. sub x = %) to find

a value for B or C. May be implied by one correct value (cover up rule)
AL Both values correct

(a)i)

M1: Uses an appropriate method to establish an equation connecting A 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

104+25C which would be implied by 50 =—10.4+25x"2"

Compare terms in x* =50=

Compare constant terms or substiute X =0=>9 = 2.4+ B+4C implied by 9=24+1+4x2
A1*: Fully correct proof with no errors
Note: The second part is a proof so it is important that a suitable proof/show that is scen.

Candidates who write down 3 equations followed by three answers (with no working) will
ccore M1 A1 MO AO
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(b))

1 -
M1: Applies the key steps of writing (7) as (5x+2) * and takes out a factor of 22 to form an
5x+2)°

expression of the form (5x+2)” =2 (1+*x)” where * isnot 1 or 5
Alternatively uses direct expansion to obtain 272 +

ML: Correct attempt at the binomial expansion of (1+*x) up to the term in X

23,
2

Condone sign slips and lack of *> on term 3

Alt Look for correct structure for 2° and 3 terms by direct expansion. See below

* where * is not 5 or 1

Look for 1+(~2)*x+

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

combined with their B’

A direct expansion would look like (2+5x)7 =27 +(-2)27x SX+LZ(’3)2*’ x(5x)

ML: Correct attempt at the binomial expansion of (1—2x)™
~1)(=2
Look for l+(7l)"x+%“x2wheﬂ *isnot 1
dM1: Fully correct strategy that is 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 -

(b)Gi)

BI: Correct range. Allow also other forms, for example i %]

B it il el i Rt I S i T Mo it A i s s
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Marks | AOs
M1 L1b
Al L1b
=l 4x-80+320° ¢ Al L1b
[O]
® Substitutes x — Zinto (1+8x)7 to give { ML 11b
T -
‘Explains that x:ﬁxssubsmm:dmm 1+4x-8x" +32x° Alf 24
and you multiply the result by 2
@

‘marks)

Notes:
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ttempts the binomial expansion with 11 =

and obtains the correct structure for term 3 or term 4.

Award for the correct cocfficient with the correct power of x. Do not accept "C, notation for coefficients.

113

= 27273, =
AL: Correct (unsimplified) expression. May be implied by correct simplified expression
AL 1+4x-8x" +32¢°

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

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

®)

M1: Score for substituting x %mlo (1+8x)" to obiain ‘/f or equivalent such as \F

For example look for term 3 in the form (*2) or

Alternatively award for substituting x = i into both sides and making a connection between the

L}%] following through on their expansion

Also implied by % % 5 & il expansion

Itis not enough o state substitute

ﬁm:o " the expansion” or just the ths "1+4x—8x+32x°"

ALft: Requires a full (and correct) explanation as to how the expansion can be used fo estimate /5
1

B
Eg Calculates 1+4x—~—8x|
e Ledxzs—8 [32

This can be scored from an incorvect binonial expansion or a bisomial expansion with more terms.
Tk pbction it sl sy T A3 g B g,
e T S

SC: For 1 mark. M1.A0 score for  statement such as "substitute y %mw both sides of part (a) and.

) +32x(%) and multiplies by 2.

e ke
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Question Scheme Marks | AOs
@ -

S,=asar+a +ar Bl 12

1S, =ar+art+ar+ __+ar"=S,-15, M1 21

5,75, Al 1o
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a(i-r")

S,(1-r)=a(1-")=s,= =) A 21

@

® ) i)
= = M 3la
Equation in 7** and 7 (and possibly 1 —7)
1-r° =4(1-7") A1 1o
P-4’ 43202 (¥ -1)(¥ -3) =01 =

a1 21
Al 1o

@

(8 marks)





