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Binomial Expansion
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3(a n
@ B=6x42=3 Bl
1\ A4 | 2
Ix| —— || = |=——24=—
x( 2 [4} 4 3 MI Al
_1)(—1_ z
(:SX( D) 1)[£ :>ch MI Al
2 4 32
3S)
Notes:
(a)

B1:  For B =3 which may be implied by their expansion e.g. 3+...
M1: Attempts to find 4 condoning the omission of their *3”.
Ax

2 4

m
Note the omission of the “3” (if correct) leads to 4 = 2.

Al: A4 =% or an exact equivalent or e.g. 0.;3

Allow if seen embedded in 6(4+ Ax) 2
M1: Attempt to find C condoning the omission of their “3”.

m 2 m

value of 4 leading to a value for C

Must be consistent with their (l +ix] ’ where m could be 1
m

Al: CzLoc e.g. 0.03125
32

Allow if seen embedded in their expansion.

Look for —lx [?] = —lx o.e. where m could be 1 leading to a value for 4.

) ) ) A 2 ..
Must be consistent with their [1 +—x} but condone the omission of the “3”.

Note the omission of the “3” (if correct) with a correct 4 leads to C = %

J =...0oe with their numerical
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a)
() 1) (=3) (=5 3
coefficient of x° is 3XL2)(7)[£] =.. MI
3! 4
_3 Al
1152
(2)
Notes:
(b)
: 4 4

Bift: —6<x, 6 butfollow through on their 4 so allow for —g <X, Z

Condone strict or non-strict inequalities for either end c¢.g. condone ‘x‘ <6

. 4

ore.g. —6 < x < 6 but follow through on their 4 e.g. condone ‘x » "—4"

Accept alternative notatione.g. x> —6 and x, 6, (—6, 6), (—6,6] etc.
(c)
M1: Attempt to find the coefficient of x* or the term in x* to obtain a value condoning the omission

of their *3”.

L A W )
2 2)°(72) (aY s :
Look for an attempt at 3 X\ oy | = with their numerical value of A.
Must be consistent with their (l +ix} ’ from part (a) where m could be 1
m

Note the omission of the “3” with a correct 4 leads to coefficient of —TSG'
Al: —% . Condone — x’ which may be seen embedded in an expansion.

Correct answer only with correct work in (a) scores both marks.
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Expansions for reference

1
1 s -5 2 3
6(4+Ax)_5=6x4 2(1+ixJ2=3 l—£x+3A x - >4 X+

4 8 128 1024

34 94° , 154°

=3-—x+—x" - x4
8 128 1024

or e.g. (direct expansion)

1 3 L) (=1-1) 2 L) (=1-1)(=1-2) -
6[41_,_(_1]4 2(Ax)+( -)( 2 )4 E(Ax)2+( )( 2 )( 2 )4
2 2 3!

2 3
11 Ax)+i(Ax)2— > (Ax)3+...J:3—£x+9A oA s,
2 16 256 2048 8 128 1024
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2.Jan 2024
1 (1-4x)" = 183x4x + _3’2‘4(...;:)2 i%(...xf e M1
(1—4x)3=I+3x4x+_3;_4(—4x)2+ﬂ(—4x)3+... Al
= 1+12x+96x" +640x" +... AlAl
(4)
(4 marks)
Notes:

www.doteducation.org

M1: Attempts the binomial expansion of (1 —4x) " with correct attempts at the (unsimplified, and

may be in terms of factorials) binomial coefficients for at least two of the x,x’, x’ terms. The “—4”
may be missing or have incorrect sign and allow for missing brackets. (May be scored if the x* term
is omitted.)

Al: For a correct unsimplified expansion. (May be in terms of factorials.)

Al: Any two terms correct and simplified (of the four, so includes the 1). The M must have been
scored.

Al: Fully correct and all terms simplified. Ignore any higher order terms. ISW after a correct
simplified.

Note MIAOA1AQ is possible e.g. if the x and x° terms have the wrong signs.

Note: listing terms can score maximum of MIATA1AO.
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1(a) 3
(8—3x) 7 —%(1—%;] ‘ Bl
3 —1(-1_ Tl ) (-L=2 3
(l—éx)3=l+(—§)[—§x]+ - )[—ExJ+ ( I ][—Ex]+ MI
8 8 21 8 3!
(8—3x)"¥=—+ix+if+ L Al Al
216 64 1536
4)
(b) Lo1(2) 12y 7 (2 2851 =
2851
—t—| =+ = | +—| = |+ =— 36 = 22| -
2 16[3} 64(3) 1536[3) 5184 = V6 [5184) Ml
_sisa 12333 Al
2851 2851
(2)
Total 6

Note a misread of (8—3x)3 can score a maximum of BIMIAQAQ MOAO

(a)
Bl:

MI1:

Al:

www.doteducation.org
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: R o . 1
Obtains %[I +..x)3. 8 ' must be evaluated. May be implied by further work e.g. Ei
provided this has not come from an incorrect method.

1
e.g (8-3x)3 = ] 1 =l+|3] - ~+... is BO.
(8-3x) 2 V3 1(iBx)
Attempts the binomial expansion of (1 + kx)" to get the third or fourth term unsimplified with
an acceptable structure.

The correct binomial coefficient must be combined with x* or x’ which may be unsimplified.

() L ()

Look for ——~ _x
2! 31

..x" 0.e. (you do not need to be concerned

with their —% which may be 1 or e.g. if they have a negative sign in front of the whole term)

1 1

Do not allow notation suchas | 3 |, 3
1 2

unless interpreted correctly in further work.

May be implied by correct coefficients with x* or x’

For 2 correct simplified terms of l.ac, sz, Lxs (allow x' for x for this mark) which

16 64 1536
may be listed.

Condone if coefficients are given as decimals i.e. 0.0625x, 0.015625x, 0.004557..x°
|
Also allow for [l 3x]_3 1+ lx+ : ¥’
W - = — —
8 8 32

T s
+—x+ ...

268 (Note BOM1A1AQO is possible)
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Al:

(b)

MI1:

Al:
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111,

Lol T 0 1w following a correct answer.
2 16 64 1536

. . N . 1
Condone the position of x" provided it is not clearly on the denominator. e.g. condone T
X

1 . 1
but not Tor" Ignore terms with higher powers of x. Do not accept — x'
X

Attempts to substitute x = 2 into their expansion from part (a) to achieve a fraction and
3

attempts to find the reciprocal of that fraction. May be implied by their fraction. You may need
to check this on your calculator. They may attempt to find an additional term which is fine. Do
not be concerned as to whether the fraction is correct for their binomial expansion if they have
shown the substitution. Condone slips including losing one of their terms.

ST (2Y, 1 (2, 7 (2), 4_B
—+—| = |+—| = | +——| = | "=—== = scores M1
2 1613) 6413 15361 3 B A4

1+ @ scores M1
5184

1

1 1[2J 1(2}2 7 [2)“,,
—+—|zl+=l=| +—| =
2 16\3) 64\ 3) "1536\3

S184 or l@. Isw once a correct answer is seen. Correct answer scores M1AL.
2851 2851

on its own scores M0
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4.Jan 2023
S5x+10 A B
1(a) (1_x)(2+3x)= l_x+2+3x:>ValuefoerrB’ M1
One correct value, either 4=3 or B=4 Al
Correct PF form i+ 4 Al
1-x 2+3x
3)
A ! 2
(b)(i) ﬂzA(l—x) =A|l+x+x" +... B1
-1 2 2
B, 3x) [B 3x  (=1)(=2)( 3x B, 3x 9x )
D A
40 3x 9x
2 X X
f(x)= 3><Ll+x+x +...J+ 2{12+4+...] M1
=5+%x2+... Al
)
(b)(ii) |x|<§ B1
(0))
(9 marks)
(b)(©) A 2
Alt 1 (l x) =l+x+x" +... B1
() 1l e ene(3x) L | 1f, 3x. 9. .
{5}{1+7] —{5}[1+( 1) > + > (2] +...],—2[l 5 +4x +] M1; Al
2
(I_S:S(;ZTMZ(SX+IO)[I+X+XI+...JX%L1—3§+%+...J=5+...x+...x2 M1
:5+%x2+... Al
(&)
-1 -1
(b)(i) 5x+10 _ a2 1 1
(l+p(x})_l:[lip(1)+L2(_2)(p(x))3+m} %Ll—%{x—g,x?)...%[x—_’.xl}+...J M1; Al
(lO+5x)(l—lx+§x2+lx2+...J=5—§x+£x2+§x—§x2+... M1
2 4 4 8 2 4 2 4

www.doteducation.org
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—se 22, Al

|+
|
-

Notes:

a)

MI1: Attempts at correct PF. Correct form identified (may be implicit) and achieves a value for
at least one of the constants.

Al: One correct value or term.

3
Al: Correct PF form s + T

(not just values) must be seen somewhere in the question. Accept at 3(] —x)_1 + 4(2+ 3:):)_1
(b)(D)
-1
Bl: ]i = A(] —x) = A[I +x+x +] which may be unsimplified. Allow with their 4 or
—X

. This may be awarded if seen in (b) but the correct final form

with 4 = 1.
1
= (2 + 3x) binomially either by taking out the factor 2 first,

1
MI1: Attempts to expand 33y

-1 —_ —_ 2
or directly. Look for (1+kx) = ...[lih’+%(h) +] where k£ #1 following an

. I L R B (-D(-2) .- 2
attempt at taking out a factor 2, or 35 3x —(2 +3x) —[2 +2 Rx+T2 (kx) +} by

direct expansion. Allow missing brackets on kx? in either case.

2+3x 2 2 2 2 4

M 1: Uses their coefficients and attempts to add both series.

1
Al: B E[1+3—x] =E[l—3—:)‘:+2x2 +J oe with their B from (a) or with B =1

Alcao: 5+ gxz +... Condone additional higher order terms. Terms may be either order.

(b)(i1)
Bl: | X ‘ {% or exact equivalent. This must be clearly identified as the answer. B0 if both ranges

are given with no choice of which is correct. (But B if formal set notation with m used.)
(b)(i) Alt 1:

! 2 . . .
Bl1: (l—x) =1+x+x" +... which may be unsimplified.
M1: Same as main scheme.

Al: Correct expansion (see main scheme, B = 1 allowed).
M1: Attempts to expand all three brackets, achieving the correct constant term at least.

Alcso: 5+ l?ﬁxz +... Condone additional higher order terms. Terms may be either order.

(b)(i) Alt 2

-1
B1: Writes f(x) as (5x+ 10)[2 +(x—3x2 H or with the 2 extracted, with the [x—?)xz J clear.

9
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MI: Attempts the binomial expansion on (1 + p(x))_I or (2 + p(;c))_1 for p(x) of form ax+bx>.

Same conditions as for main scheme.

2
Al: Correct expansion. For direct expansion (% - % (x -3y’ ) + %(x -3x7 ) + J

M1: Expands the brackets achieving at least the correct constant term.

Alcao: 5+ %xa +... Condone additional higher order terms. Terms may be either order.

www.doteducation.org
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1(a) RS 3
(———x) =8(1-2x) 2 Bl
4 2
“H3) 0, MDD,
(1-2x) 2=1+(—%)(—2x)+T(—2x) + 2 3 2 (—2x) +... M1 Al
(l—li * Z8424x +60x> +140x° +... Al, Al
4 2
()
(b) n=2 Bl
(1)
(c) ’
[l—lx) :i—lx+lx2 Bl
4 2 16 4 4
1 1 l 1 | | 2 3
———x| =| ———x+—x" |(8+24x+60x" +140x" +...)
4 2 16 4 4
1 1 1 1 1 1 Ml
=8x—+24xx—+60x" x — —8x—x—24xx —x+8x—x’
16 16 16 4 4
I 1 1,
=———x——x"+... Al
2 2 4
Q3)
Total 9

(a)

B1: Takes out the correct and simplified common factor to obtain 8(1+...) > Implied by an expansion 8 + ...

3
M1: Attempts the binomial expansion of (1+£/4x) 2 to get the third and/or fourth term with an acceptable structure.

The correct binomial coefficient must be combined with the correct power of x.

—-3(=3-1 = 3(=3-1)(-32-2 ) .
Look for '(27')(iio:)‘ or 23 3?( 2 )(ikxf with or without the brackets on the Ax

Even allow with k =1

15 , 35 ,

3
Al: Correct simplified or unsimplified expansion for (1—2x) 2 . (NB simplified is 1+3x + ?xz + ?x +...)

Al: Two correct and simplified terms of 8+ 24x +60x” +140x’
Al: All correct and simplified 8+ 24x+60x* +140x°  Ignore extra terms of x* and above

(b)

B1: Correct value, n = 2. Do NOT allow incomplete answers such as %

(c) Hence

2

B1: Correct expansion of [% — %rj , simplified or unsimplified

M1: Attempts correct strategy to find expansion.
Terms do not need to be collected. There may be other terms as well, for example terms in x°
Look for an attempt to find 4 or more terms from the following (condoning slips)

(A+Bx+ ng)(E+ Fx+Gx +Hx3+...) — AE+ AFx+ AGx  + BEx+ BFx +CEx +...

Al: Correct simplified expansion. Ignore extra terms of x* and above

11
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b | =

(c) Otherwise: Applies binomial expansion to (i - % x]

1
B1: Correct simplified expression [l_lx i :l(l —2x)%
4 2 2

1
3

1(1_1 . 1
M1: Correct structure for 3rd term: = ( 22 | )(—2x)' but allow %(ik}:)z with or without brackets. Even

allow with £ =1

Al: %— %x - ixz +... Ignore extra terms of x* and above

Direct expansion in (a)

R N S 3 5 ; 3 5 7
_2 _2 _2 — x| = _L 2 — x| — | —
IR O T e e e G R
———=x| ={=| + == ——x | = ——x| +

4 2 4 2 )\ 4 2 2 4 2

B1: Obtains an expansion with a constant term of 8

M1: Attempts the binomial expansion of [i - %x) ’ to get the third and/or fourth term with an acceptable
structure.
CE )y L)
= Ix| - 2 2 x| - x| —= 2 B
Look for #[l) ? [t lx] or L2 2 2 [l] N [ili
2 4 2 3! 4 2
with or without the brackets on the (i% xJ

A1: Correct simplified or unsimplified expansion .

Expression at the top of the page is acceptable
Al: Two correct and simplified terms of 8+ 24x +60x” +140x°
Al: All correct and simplified 8+ 24x+60x” +140x’

Direct expansion in (c)

B1: First two terms which may be unsimplified [%_%x]i z[%) J%G} ?(_%IT A

5
T 7_1 — 2
M1: Correct form for the third term %(ll 3(,%)‘;]
4
]. 2

Al: Correct simplified expansion % - % xX— ) X 4.

12
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6.0ct 2023
1@ S, sx) 2 8
2-5 =—|1-= oreg —
(2=>0 4[ 2) g4]_5_x Bl
2
[ 5x) . (=2)%x(=3) [ 5x)* . (=2)x(=3)x(—4) ( 5xY
=8"Z{1+(_‘2)’{_?)+T" )t 3 =7 ~| [ M1Al
L—2+10r+2x +125x°. Al
(2-5x) 2
4)
S 8x(2—5x)
direct ’
. -2 -3 - - - 2
expansion =8x(2 +(22)27 (-5x) + 507 (50) BT (- 5)&‘)) a1, Mlal
L—2+10x+753 +125%°... Al
(2-5x)° 2
b
®) ‘xl-(% o.e. B1
L)
(5 marks)
13
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(a)
B1: For taking out a factor of 2‘20r& from (2—5:{)_3 to obtain e.g. %(I:I:...)_2 , 272 (1:!:...)_2 .
May be implied by a constant term of 2 or by e.g. 2(1 + ...)_2
The “8” is likely to be present but it is not required for this mark.
M1: For the form of the binomial expansion (1+ ax)_z
Requires the correct structure for either term three or term four. Allow a slip on the sign.
So allow for either %(iax) or (—2)>< (;f?)x (_4) (ia'.:rc)3 where a # 1, could be —5 but must
be the “g” in their "2"(] + ax)_2 .
Condone missing brackets around the “ax” for this mark.
-2
Al: Any unsimplified or simplified but correct form of the binomial expansion for (l - S_x]
Ignore the factor preceding the bracket for this mark and ignore any extra terms if found.
53 (=2)x(=3) [ sx) . (=2)x(=3)x(—4) [ 5x)°
Score for l+(—2)x[—71+ o (-5 ] + T x| =5 o.e.
sx Y s5x)
Brackets must be present unless they are implied by later work. Allow (?J for (— 2 ) ;
The simplified form is 1+ 5x+ ?xz + %Jﬁ +... Allow as a list of terms.
Al: cao 2+10x +F"'—25Jc2 +125x>... This must be simplified and allow as a list of terms.
www.doteducation.org 14
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PPROVED)

Allow equivalents for ? e.g. 37.5 and ignore any extra terms.

Do net isw and mark the final answer. E.g. Fully correct work leading to 2+ 10x + s

5 x2 +125x°...

followed by =4+20x + 75x% +250x... loses the final mark.

Alternative to (a) by direct expansion

B1: This is awarded for (2—5x) " =224.... which may be implied by a final answer of 2 + ...

M1: For the form of the expansion of (2 — 5)6)_1
Requires the correct structure for either term three or term four. Allow a slip on the sign

So allow for either (_2):&(2) (+5x) or( 2) (31) al

—4 5
)2y (s5x)
Condone missing brackets around the 5x.
Al: Any unsimplified or simplified but correct form of the binomial expansion for (2 — 5}:)_]
Ignore the factor preceding the bracket for this mark and ignore any extra terms if found

Score for 27 +(=2)2" (=5x) + T2 (=5x)” + T (sx)’

Brackets must be present unless they are 1mpl1ed by later work.

The simplified form is %+ i x+ ;2 ¥+ IES 3 4 ... Allow as a list of terms.

Al: cao 2+10x+ gxz +125x>... This must be simplified and allow as a list of terms.

Do not isw and mark the final answer. E.g. Fully correct work leading to 2+10x + ;xz +125x°...

followed by =4+ 20x +75x% +250x°.... loses the final mark.

Note: Correct or partially correct answers with no working in (a) should be sent to review.

(b)
_ 2 2 2 2 2 2 2
Bl: ‘x|<§ oe e.g. —§<x<§, x>—§andx<§, (—g,g]
2 2 2 |5x Sx 5x
Butnot—g<|x|<—, <§, 7<1, ——=<1, —1«:7<1

2

www.doteducation.org 15
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7.Jan 2022
1
2(a) (1+4x3)3=1+%( X )+ Mi
! 1(_2
(1rar) =+ (o) s w1
=1+—x*+...0r = —%xﬁ Al
1
(l+4x3)5 =l+—x —%xﬁ Al
4)
b 3 3 6
®) l+4x3=l+4><[1) =£ or1+i(1] —E ] M1
3 313 9
N 4(1Y 16(1Y
V31 23x|1+—| = | ——| = Ml
’{ +3(3J 9(3)) ¢
_ 6869 N
2187
3)
(7 marks)
16

www.doteducation.org
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Notes:
(a)

1
M1: For 1+ 5(43:‘“ ) Allow if the 4 and/or the power of x is incorrect/missing for this mark.
M1: For the correct structure for the third term. Look for the correct binomial coefficient combined with the

1(1_ 5 1(1_q :

correct power of 4x* e.g. %(4)&73) but condone missing brackets e.g. 3(37)439
Al: For ]—kix3 +... or for ...—Exﬁ.

3 9

- - l 4 » »

Allow mixed fractions e.g. 1— for 5 but do not allow “+-" for “—’.

4 . 16 4
Al: For 1+ gx —Ex +.... Ignore any extra terms.
(b)

1y 31 31 _
M1: Attempts 1+ 4x § and reaches ? (this will usually be seen as e.g. 3 E ) or substitutes
I . . .
x = E into their expansion from part (a).
. , : 1 .

dM1: Attempts 3 (their expansion from part (a) with x = 5 substituted)

Allow if they have included more terms in their expansion for both M’s. You need to be convinced
that they have attempted this calculation and not just found the cube root of 31 on their calculator e.g.
3.1414...

Al: Cao. Correct fraction.
www.doteducation.org 17
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8.June 2022
1(a) A= Bl
9
(1)
(b) - -2)(-3)
BN+ (-2)() + () 4 L) o
s, Bl
w(ﬁ) :3x(—2)(£]:>..‘k2 =..k Ml
2 3 3
K +6k=0 = Al*
3)
©) k=-6 Bl
(i) 32 (—2)(—3)(4){"—«-)-‘ 2 e
3! 3 9
3)
(7 marks)
Notes
Mark parts (a) and (b) as a whole.
(a)
Bl: 4= l
9
(b)

www.doteducation.org

B1: Correct unsimplified coefficients for x and x* either in an expansion or separate for (3 + ;"CJ\‘)_2 or for

h . 2 K
{l + %} (accept the 3~ missing or incorrect). May be implied. Accept B = —?k and C = EY if they forget

k
the multiple outside. B0 if brackets on [EJ missing unless implied by recovery.

M1: Sets their coefficient of x” equal to 3 times their coefficient of x to produce a two term quadratic equation
in terms of k.

Al*: Achieves given answer from a correct equation, but condone if 8 and C both missed the 37 . May be

scored if 4 was incorrect.

(c)(i)
Bl: k=-6 only. The k£ =0 solution must be rejected.
(i)
M1: Substitutes their non-zero value for & into a correct expression for the coefficient of x° . Must include the
3_2
Al: 2 oe
9

18
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9.0ct 2022
1 N
4(a) - =[4—x“] -4 2(1— ) BI
4-x"
g GG o R
et (o) 2 2)( 1 2 - 2)( 1 M1, Al
_zx =1+ —E —EX + 3 —Z.T + 30 —=X
1 11 2 3 4 6
W 2 167 "2356" T2048” Al Al
)
(b) |x|<2 Bl
(1)
(c) Substitutes an appropriate value of x in both sides with LHS in terms of ﬁ MIl
. 2048 3543
Ength x=1 Jj—m T m Al
2)
(8 marks)
19

www.doteducation.org
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(a) Note that the first mark in (a) is M1 on epen. We are now marking it as Bl

B1: Correct constant term/ factor.
1

Accept as 4 *or % as the constant term or as the factor with the bracket starting (1....
1

M1: Correct attempt at the third or the fourth term of binomial expansion of form {1 +ax2] )
Look for a correct binomial coefficient with a correct power of x

b [;JUIJ[M} [;JXU‘H“J(MT —

2 3!

1
Al: Correct unsimplified
For example

() o e B

7 3

2|73 2 3 31 3
Al: Two correct and simplified terms of 1+L +i ) L ‘
: P 2716 T256" 2048
1 1 2 3 ‘. 5
Al: >+t 76"Y *356" T30a8 x . Accept as a list, ignore any terms with indices greater than
these.
(b)

B1: States a correct range. E.g ‘x|< 2o0r 2<x<2o0e.

(¢) For example: See **

M1: Substitutes an exact value of x into both sides of their expansion that enables ﬁ to be found

1 I 1 2 3 4 6
Eg x=1 - ==+ —x1 +=oxl'+—_xI
&Y T 2716 T256 0 2048

Note that x =—1and x2 =1 all work with the same results

Alternatively correctly solves = ﬁ o.e. and substitutes this into their expansion

4-x
2048 3543

Al: With x=1 3= 1181 % 2088 This can only be scored from a correct expansion

**There are lots of values of x that work, all more difficult than the one above.

1 q 211

> 8
Eg x =§:>ﬁ—7 an \/4__ =3

In both these cases the fractions become much more difficult to find.
43 > 1 l 55687

8 B
For x —3:> 3—2? and for X 3 3= 35206

www.doteducation.org
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Alt1(a) By direct expansion

Bl:For 4 +

MI: A correct attempt at the third or fourth terms condoning sign slips on the %
Al: Correct and unsimplified expansion. See above

) . . 1 1 2 R 5 6
Al: Two correct and simplified terms of 3+76* t356* * 3048

2 3 .
! X Accept as a list

A.I'l+L +==x + >
"2776F T256F T2048

Alt1I (a) By difference of two squares

L))

i
2

Bl: For 4 ~ +

| —

M1: For correctly writing

() (o)t 1-3] 03

with a correct attempt at the third of fourth term in either expansion, followed by an attempt

to combine both the expansions.
Al: One correct term in .rz, x‘1 or xﬁ

2 3

Al: Two correct and simplified terms of %+ 1 S

6 . .
6% "23¢ +mx with no terms in

X,x orx
Al: Fully correct

www.doteducation.org
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10.Jan 2021
1(a) 1 N
1 1 1 1 3
1 = |x| —-= — x| == |x%| ==
=(1-20x)’ =1+{%}x(-20_\-)+wx(-20x)3+Mx(—mx}‘m MI1Al
=%—5x—25x2 = 250x7 + .. Al Al
Special case:
If the final answer 1s left as I5(] —10x —50x> = 500x° + )
Award SC BIMIATA1A0
)
Alternative by direct expansion
i 3 - 11 =2 1. 1.3 4
Loo) oA o AVL) (osay a2 2(1) (L2 2272%73(1) (L | BIMIAL
o) -0 ) et S o R
=%—5x—25x2—250x3+_. AlA]
(b) 15y (1)1 1 1Y 1Y
(Z—m] =[§J =5—5Xm—25(m] _ZSU(WJ +...
J5 1789 1 1789
—r—— O —~—— M1
S 4000  +J5 4000
1789 1789
=>5%5 Sxle——
V5 =5% 2000 * V=1 Jo00
1789 4000
V5x—— or —— Al
800 1789
2)
(7 marks)
(a)
B1: For taking out a factor of (4)* or 1 or 0.5 etc.
1
M1: Expands (1+kx)?, k #+1 with the correct structure for the third or fourth term
D e HEDED o
e.g._Tx( ) or _Tx(kx) with or without the bracket around the kx
Al: For either term three or term four being correct in any form.
331 2 3(3-1 -1 -2 3 T(3=1)(5-2
Eg. Mx(ZOx} or Mx(—ZOx) or wx(—ﬂ]x) or —wx(ﬂ).ﬂ3

2! 2! 3! 3!

The brackets must be present unless they are implied by subsequent work. This mark is independent of the B mark.

www.doteducation.org
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" Al: Two terms correct and simplified of %—53( —25x% =250x>. Allow if any of the ‘—* signs are written as “+—.

Al: All four terms correct and simplified of %— 5x —25x% —250x°. Allow the terms to be listed.
Ignore any extra terms and apply isw if necessary. If any of the ‘~* signs are written as “+—* score AQ.
Alternative:
1
BI: For a first term of (4)” or 4 or 0.5etc.

1y 1 =
2X

M1: For the correct structure for the third or fourth term. E.g.

where k #+1
Al: For either term three or term four being correct in any form.

T(3-1 2 HEi-1)(3-2 H 3
eg. %x(}) ; (—Sx)2 or %x(f) g(—Sx)
The brackets must be present unless they are implied by subsequent work.

Al: Two terms correct and simplified of %— Sx —25x2 =250x°. Allow if any of the ‘—* signs are written as “+—".

Al: All four terms correct and simplified of %—Sx —25x% —250x>. Allow the terms to be listed.

Ignore any extra terms and apply isw if necessary. If any of the ‘~* signs are written as “+—* score AQ.

(b)
M1: Attempts to substitute y = ﬁ into their part (a) and either multiplies by 5 or finds reciprocal.

1789 4000
Al (V5 =)—= or ——
( )800 1789

23
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11.June 2021

1 1 1 1 3
TR R TN € . OO €. ) ) P
( (1+kx) =l+[5)x(kx)+— x(kx)” + 3 x(kx)” ...
, I S |
L)1 1 1 3
A_ 2 2 Ilkltz L E X _5 5 wind 1 M1 Al Al
(ii) B 128 = 31 K =100a
(5)
H - — — l ", ", —
(b) Substitutes x-0.6:>\,'l.]5—]+8x0.6 128 06 +" 1024 ><06 =1.072398 M1 Al
(2)
(7 marks)
I(b)alt | (1+kx)’ _1+[ ) (kx)- [ ] (Jex)” ( ) x(kx)’
Substitutes "kx"=0.15
MIAI
l.lS=l+—xO.lS 015 + ><015 =1.072398
2 8 16
(2)
24
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(@)(1)
M1: Sets %k :% or %kr :éx and proceeds to find k. Implied by a correct value for &

| 2
Al: k =7 oe such as gor 0.25
(a)(i1)

H{-3) GH-2H)

- |X x| —— x| =

M1: Correct attempt at 3rd or 4th term. Eg. 4> =(2T2x(h)2 or gyl = 2 321 2 ><(1cr)3 with
an attempt at substituting in their value for & to find a value for 4 or a value for B. Condone a missing

bracket around the kx terms so allow with & instead of &> or &° respectively. These may be simplified so

award for 4 =_éx("k")2 or = %x( Y again, condoning k instead of KPork respectively.

Al: A= —% o.e.  There is no requirement to simplify the fraction

1 . .
You may occasionally see B =i which is fine.

Al: B= g
B=1T021°¢ 3072

(b)
MI: For an attempt to substitute

e either kx =0.15 into an expansion of the form1+ px(foc) tgx (;’oc)2 + rx(kx)3
® or x =% into their ]+%x+",4"x2 +"B"x’

Al: 1.072398 Must be to 6 decimal places.

www.doteducation.org 25
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12.0ct 2021
4(a) V1—-4x? =1—%x4x1 Bl
Lol (aef L L3y
x 2><( 4x) 0r2>< 5% 2><( 4x) M1
2 3!
=1-2x" —2x" —4x® + .. Al, Al
()
(b) _ 1 : . 3 1Y’ Y 1Y’
Substitutes x =— into both sides of (a) e.g,\/: z]—Zx[—} —2(—} —4(— Ml
4 4 4 4 4
V3 =1.7324 cao Al
(2)
(6 marks)
B1:

www.doteducation.org
+071525465652

Correct first two terms which does not need to be simplified, so 1+ éx —4x7is fine.

M1: Correct attempt at the binomial expansion for term 3 or term 4.

1 1 2\’ 1 1 3 1)}
Ex—fx(i4x ) Ex—jx—fx(t&r )
Look for 3 or 3 but condone a failure to square or cube the 4

(i.e. missing brackets)
Also award this mark for candidates who mistakenly attempt the binomial expansion of

1 1 1 1 3
X 2 X XK=
W1 —4x to produce either 2 3 2 (i4x) or 2 ??T 2 ('_"4x)3

1 1
— W —— 2 — X —— X —— 3
Or +/1—x? to produce either %[ixz) or 2 32' = (ixzj
A1l: Two correct and simplified terms of —2x*, —2x*, —4x°
Al: 1-2x7 —2x* —4x° or exact simplified equivalent suchas 1+(-2)x” +(-2)x* +(—4)x°
Ignore any additional terms. This may be given separately as a list. 1, —2x*, —2x*, — 4x°

(b)

1
MI1: Substitutes x = 7 into both sides of (a) and achieves LHS of 3 or g
4
1y (1) (1)
It would be implied by (/3 =) 2xtheir"| 1-2x| —| =2| —=| —4| =] |"
P (+35) 4 4 4

Al: 1.7324  Correct answer only here. This is not awrt

Note that the calculator answer is 1.7321
Alt (a) Tt is possible to attempt part (a) as follows but it would be very unusual to get the terms up to  x°

V1 —4x? :(l—2x)% x(1+2x)% —[l—x—%x2 —%x3...Jx(l+x—%x2 +%x3...)—l.....

Score M1 for such an attempt and award the other marks as in the main scheme. As is the main scheme look for
a correct attempt at a term 3 or 4 in either bracket followed by an attempt to multiply out
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13.0ct 2020
) T
4 or—orx Bl
P
. 1
o1 5x) 2
(4-5x) —E(I—T)
LA WY
= 1+ ._l . _S_X +#X _S_x 2+ MIAL
o 2 4 2! 4
1 5 75 »
S R L I Al
2+16:!i‘+256"£7 +...
4)
2+ kx 1 5 75 »
(2_3x)3 —(2+kx)(§+ﬁx +ﬁx +]
10 k£ 3 13
b 1 = -+ —_— —_——— [
(b) Compares x terms leadingto k= ... E.g. T lO:)k 30 M1 Al
(2)
2 75 5 13 49
i = Eg m=——t—x'-—=' > m=— MI Al
(c) Compares x terms leading to m E.g. m ]28+16x 20 =>m 178
(2)
(8 marks)
=
Alt (a) 4 or— | g
42
1 1 3 1 X 5
-3 -3 1Y = %75 3 2
(4-5x) =4 +(_E]4 (—5x)+%4 (-5x) MiAl
LB Al
T2167 2560 T
(4)
www.doteducation.org 27
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(a)
1
B1: For taking out a factor of 4 2 or%
1
For a direct expansion look for 4 2+ ... or equivalent.
M1: For the form of the binomial expansion (I +ax)_5 where a#1 or =5
To score M1 1t is sufficient to see either term two or term three. Allow a slip on the sign.
1 3
1 )72 2
So allow for either [—E](iax) or f(iax)'
3 l 5
: , 1,2 X7y 2 S
In the alternative version look for -3 4 (—Sx) or ?4 (—Sx) condoning sign slips
_!
Al: Any (unsimplified) but correct form of the binomial expansion for .[1 —%} 2
Ignore the factor preceding the bracket for this mark
L Y
Score for 1+ 1 x _3x +#x _x ’ 0.e
2 4 2! 4 o
1 1 3 1 x 5
. : 2 1),2 27T 2 2
In the alternative version look for (4—5x) " =4 +(_5]4 (-5@4.#4 (—Sx)
15 75 2 L ST
Al: cao 2+ T x+ 756" + ... This must be simplified
2 3 2
(2+kx)(P+Qx+Rx +"')=]+Ex+mx
(b)
M1: For a correct equation in k formed by comparing the x terms. It must lead to a value for &
Follow through on their expansion. So look for Pk+20= % = k=... Condone slips, i.e copying errors.
Condone Pkx+2Qx= %x as long as it leads to a value for &
13
D k=—rz
Al 20
(c)
MI1: Correctly compares the x2 terms, following through on their expansion and their value for & leading to a
value for m . Condone slips, i.e copying errors.
Look for Qk+2R=m Condone Qkx2 +2Rx? =mx? as long as it leads to a value for m
www.doteducation.org 28
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49 ; 4
Al: m=-—- oe Condone sight of —gxz

=158 158 as evidence for a correct value for m.
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