Binomial Expansion

Binomial Expansion (Year 13) 2 - Edexcel Past Exam Questions MARK SCHEME

Question 1
Question
e Scheme Marks
1 : 1/ 5.!"-2 -2 1
c— R l-— o] 2 Y
@ P et Sx)2 (2)] | =2l > ) 2 «g (B
{‘}[n( 2ee ¢ £ 2" Deenys. | see notes | M1 Alft
(ol 2pezea ).
17
-2 1+5x;+ Tx”*“] See notes below!
R iRy
=gtan+ 16‘;"" Al Al
{ 1 [5)
248x) . .1 .5 _[55, | Can be implied by later work
® (2-5x) | (—+h)‘.,4+41+{l x’+~.l}‘.t even in part (c). Ml
rtems. 209, kx_Tx
-+ 4+ -
pving 104+ k=7 = k=-3 k=-3 | Al
2 2 (2]
150 Sk
P — — Ml
(c) X terms e
So, A=D,%D _ T3 15 _ 85 85 55 o 5625 | A1
BN R Rty 1 T el
(2]
9
(a) Bl @a%mﬁt“&ua%am'smmhu&mﬂm
Mil: Elpands_hop've asiqﬁﬁad;nm-mh’ﬁed.
(=2¢-3) ( 2)( 3)
1+(=2)(**x) or (-2)("x)+—("x)‘ or 14 4 (eex)  where **#1.
(=2)-3)

Al: A correct sumplified or an un-simplified l+(-ZX“x)+—("x) expansion with candidate’s
follow through (** x) . Nccu("x)mbemm.

You would award BIM1AO f -1[1+( 'f)|

N "X 3)( S0+ ]m"uwm.

1
4

Invisible brackets {-} 1+ (—2>| ’” L ’x‘”l ), }ummmm.

1.5

Al: Accept caly —x’

Al: Fox I’:x (simplified fractions) ot AhoallowOlSH;’_Sxa%ol%x.
Allow Special Case Al for either SC: %llo.‘u;...] or SC: K[lfov—x’f

a1l o 468754
16
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Alurmdnnahul. Candidates can apply an alternative form of the binonual expansion. (See next page).




Binomial Expansion

Question 2
Question
Number Scheme Marks
@ f(x)= .. (..-.x)* Ml
T 6 6 !
=6x9 (..) o E,Zoreqmvalent Bl
(o DL IEDEDED 11:
_ m|1+(_%)(h_):+( 7( (s (3‘,( (k) + MI: Alft
& ] \ 4
=') &: " of ’).'Y._ ”
._\1,9.1. J or 2+0x Al
o R e I
—2+§ El E.\ i Al (6)
. 4 4 , 40 ;
X)=2——X+—X" ——Xx"+
(®) g(x) 0 R Blft 8}
. OO, (PG W, |
(©) h[")=2+§(h)+f(h) +ﬁ(21) > . M1 A1 (2)
B A6 3 &
\=2+§A+El +ﬁ" -+ ] [9]
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Binomial Expansion

Question 3
guestion Scheme Marks
5 aaall BEE B SRE |
@ +30)7° =(2) (1+ ) —g(l ?) @ o s B
{8}[1+( 3)(kx)+( 3)( 4)(lw) +%(kx)’ +] see notes | M1 Al
3
ol o] comenpa.
8 21 2 31 2
= %[ l—gx;+ 2—;::’—%::’ + ] See notes below!
et RS N Al; Al
8 16 16 32
(5]
s

Bl: (2)7%or % outside brackets or % as constant term 1n the bimomual expansion.

M1: Expands (...+kx )-3 to give any 2 terms out of 4 terms simplified or un-simplified,

Eg:  1+(-3)(kx) or (—.%)(k,\')+#(k.\r)2 o e SR +$(M)2

or (_3),('_4) (kx)* + C 3)(_;)(_5) (kx)* where k = 1are ok for M1.

)y EHDI) o

Al: A correct simplified or un-sumplified 1 +(=3)(kx)+ (kx)* +

expansion with consistent (kx) wherek =1.

«Incorrect bracketing” % 1+(- 3) LD, CIHENHED) ﬁ +... | IsM1AO
2" s N 31 2

unless recovered.
Al: For % - %x (simplified fractions) or alsoallow 0.125 - 0.5625x.

27 ,
Allow Special Case Al for either SC: %[ l—%x; ] or SC: K[ 1 —%x + %x‘—%r’ P ]

(where K can be 1 or omitted), with each term in the |........ ] either a simplified fraction or a decimal.
7 f AN | e 11 -5

Al: Accept only Er-?x’ IE 417.»80: 1.6875x" — 4.21875x°

T4

ctd

2 3
Candidates who write =l[ l+(-3)( ] c 3)(-4)( ﬁJ + M(_B_x] +... ] where
8 21 2 3! 2

.
k=—% and not ; and achieve %+%x+ % 2-&—mr’ + ... will get BIM1A1AOAO.

Alternative method: Candidates can apply an alternauve form of the binonual expansion.
@+307 = @+ 3 e+ 2D oy an? + 2D o4y

1
Bl1: —or(2)?
8 )

M1: Any two of four (un-simplified) terms correct.
Al: All four (un-simplified) terms correct.
Al: l - ix

8 16

Al: + —x°

16 37
Note: The terms in C need to be evaluated, so ~C,(2)” + ~°C,(2)~ (3x)+ 7, (2)° (3x)* + 7°C,(2)* (3x)’
without further working 1s BOM0AO.
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Binomial Expansion

Question 4
Question
Number Scheme Marks
1+x 3 1 i |
o { [1—x]}““" i a+x'a-»7 Bl
l '!‘ —‘1' 2
=(1+(;]x+(,)(7' -)x +. } {l+(——)(—x)+w( x) +. ] See notes | M1 Al Al
=(1 +%x——x'+ Jx(l+—x+ 3x + )
a1t ixs3p e lp 12, See notes | M1
2 8 2 - 8
2 1., Answer is given in
o i 2x the question. AL
(6]
)= 1+ (5e) 330
=1+|—|+—|— M1
® 1-(4) 26) 2\26
= 343 _ 1405 Bl
5 1352
2 2
- o e 7025 7025 50 s
4056 4056
(3]
9
Notes for Question
1 -1 -1 1
(a) Bl: (1+x)?(1-x) 2 or f(1+x)(1-x) ? seenorimplied. (Also allow (Q+x)0a-x7")).

1
M1: Expands (1+ x)* to give any 2 out of 3 terms simplified or un-simplhified,

T g e
Eg: 1+ or +[l]x+("rx Do 14+ Dp
2 | Z 2! 2!

1
or expands (1-x) ? to give any 2 out of 3 terms simplified or un-sumplified,

-

Eg: l+(-—)(-x)or +(-—)( X)+ (l)#( ¥ or 1+ .. +%-x)‘

Alsoallow: 1 + +M(x)’ for M1
- T :
Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore x’ and x* terms)
Al: Two binomial expansions are correct (either un-simplified or simplified). (ignore x* and x* terms)
Note: Candidates can give decimal equivalents when expanding out their binomial expansions.
MI1: Multiplies out to give 1, exactly two terms in x and exactly three terms in x°.
Al: Candidate achieves the result on the exam paper. Make sure that their working 1s sound.

Special Case: Award SC FINAL M1Al for a correct (l +%x—%x’ + .. ]x(l+%x+ %x‘ +]

A ) <

- . - - . 3 % l % l b 1 3 b l l >
mult:phedom“'lthnoenmtogweeltherl+x+§x‘+:x‘-§x' or l+;x+§x‘+;x+§x‘ or

1edrileiliile o 1e i 2ol 1o lead.ingtothecorrectanswerofl+x+lx2.
2 4 2 -+ 2 8 2 8 2
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Binomial Expansion

Notes for Question Continued
(a) ctd ) ] : 1 1 | 1 1 - [
Note: If a candidate writes down erther (1+x)* = 1 +;x -Ex‘ +..or (1-x) =1 +Ex+ 8t + ..
with no working then you can award 1* M1, 1* Al.
Note: If a candidate wntes down both correct binonual expansions with no working, then you can award
1M1, 17 A1, 2% Al
. 1 1+x 1 2
(b) M1: Substitutes x = — mto both sides of and 1+x+—x
26 1-x 2
: ’ 1405
B1: For sight of (or better) and o= or equivalent fraction
Eg: —36 and —1405 or 06\/—andl405 iandl— or /3 and (1405)
5 1352 1352 5 1352 1352
are fine for B1.
7025 . : 14050 182650
or any equivalent fraction, eg: or etc
4056 8112 105456
Special Case: Award SC: M1B1AO for 3 ~ 1.732001972... or truncated 1.732001 or awrt 1.732002.
Note that % =1.732001972... and /3 =1.732050808...
Aliter 2 1
1+x)_ [a+00-»  Ja-x%) - B .
= ~= ;= (1-x")(1- 7 -
| {Ji x] \J(l F0a-x  Va-x° } S 0 a-x2a-x" |[B!
1 - vy CD(=2)
- e X1 #(=1)(C x)+—( x) + See notes | M1A1A1
1 <
( N X+ )x(l+x+x+ )
=1+x+X —% See notes | M1
iy lx* Answer is given in_rhe AL+
2 question.
[6]
Aliter it 4 it
(a) Bl: (1-x7)*(1-x)"" seen or impled.
Way2 % 1 5
MI: Expands (1-x")? to give both terms simplified or un-simplified, 1 +(;)(—r)
or expands (1-x)~* to give any 2 out of 3 terms simplified or un-simplified,
Eg: 1+(-1)(=x) or ._.+(-1)(- x)+L( x> or 1+. (—1)7('_2)(-36)2
Al: At least one binonual expansion correct (either un-simplified or simplified). (1gnore x’and x* terms)
Al: Two binomual expansions are correct (either un-simplified or sumplified). (1gnore x* and x* terms)
M1: Multiplies out to give 1, exactly one term in x and exactly two terms in x°.
Al: Candidate achieves the result on the exam paper. Make sure that their working 1s sound.
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Binomial Expansion

Notes for Question Continued

Aliter 1
1+x 1+ x)(1+x) 1 -3 1
(a) = = r=(1+01-x)* ) 27
Way 3 {J[I-J (1-x)Q1+7x) } (Prad—x) (1+xa-x)? | Bl
i 1. Must follow
=1+ x)(l - 21 - ] i T MIAIAL
=1+x+ %xz dM1A1
Note: The final M1 mark 1s dependent on the previous method mark for Way 3.
Ali(t:; Assuming the result on the Question Paper. (You need to be convinced that a candidate is
Way 4 applving this method before vou apply the Mark Scheme for Way 4).
/ 1 1
l+x] k) _l+x+ :(l+x)’=(l+x+lx’)(l—x)2 Bl
1-x Ja-x) 2
(1+x)? -l+( ] GX *) {=l+lx—lx1+..},
2 2! 2::48
(*)( b ' . MIAIAL
1- =]+ 2t ml——x—=+..
( ) (2)( x)+ 2 - { 5 B }
1
1.2 3 ) G 1 12
RHS = (1+.1 + =X )(l—x)- =(l+x+—x ][1 -——X—-=x" +)
2 » 2 2y =48 _
=l—lx—lx2 +x—lx: +lx2 See notes | M1
2 8 2 2
=1+ L —lx'
238
So,LHS=1+%x—%x’=RHS Al*
[6]

1
Bl: (1+x)*= (1+1 +—=x" ](l— r) seen or imphed.
M1: For Way 4, this .\ll mark is dependent on the first B1 mark.

=
Expands (1+ x)* to give any 2 out of 3 terms simplified or un-simplified,
LD

Eg: 1+lxor +{ J @ ’)x or 1+.
2 2! 2!

or expands (1- x)5 to give any 2 out of 3 terms simplified or un-simplified,
&-H Dy

Eg: 1+ (%)(—x) or +(%)(—x) —( ) or 1+
Al: At least one binomial expansion correct (either un-simplified or simplified). (ignore x* and x* terms)
Al: Two bmomual expansions are correct (erther un-simplified or simplified). (1gnore ¥’ and x* terms)
M1: For Way 4, this M1 mark is dependent on the first B1 mark.

Multiplies out RHS to give 1, exactly two terms in x and exactly three terms in x°.
Al: Candidate achieves the result on the exam paper. Candidate needs to have correctly processed both

1 . 1
the LHS and RHS of (1 + x)* = [l+x+%x‘J(l—x)3.
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Binomial Expansion

Question 5
UmsHi Scheme Marks
1 1
(a) {’/(8-9.1’) } = (8 -9x) Power of; M1
1
3 1
_(s)s(l-%"—v(l-%"] (8ffor2 [BL
1 —a -3
={2}[ l+(§ (k> )+(;)( ?)(k ) + (’)(;¢(kx)3 - ] see notes | M1 Al
2k 1(—2) —or )Y () =2)-3)/—_oy}
={2} l+(l ( 9X]+(}X }){ 9x) +(})( ) ]')[ 9X) Fs
3\ s 2 '8 31 8
= 2[ l—%x; - %x’—:—; ; gt ] See notes below!
SR T o N Al; Al
4 32 256
e (6]
i e = rites down
® | {47100 = 10371 =103f(8 - 9x), | so x=0.1 seasompord |
When x=0.1, }f(8-9x) ~ 7-—(0 1)- —(o 1)’ -ﬁ(o 1)+ M1
=2- 0.075 0.0028125 - 0.00017578125
= 1.922011719
So, /7100 =19.220117919... = 19.2201 (4 dp) 192201 cso | Al cao
(3]
9

Notes for Question

(@)

M1: Wntes or uses % Thus mark can be implied by a constant term of 8_; or2.
Bl: (8_)% or 2 outside brackets or 2 as candidate’s constant term 1n their binonual expansion.
MI1: Expands (+k.\)% to give any 2 terms out of 4 terms simplified or un-simplified,
Eg: 1+(l](kx) or G):%) (kx)* + G)(—j")(-é) (kx)’ orl+ ... 4»@(&’.\‘)2
B¢ )( ,) (:)(-§)(-§) - )
3

S 3 (kx) + (kx)* where k = 1are fine for M1.

Al: A correct simplhified or un-simplified l+( ](kx)+(’)( l)(k )? +(1)(+?(_§)(h)3

expansion with consistent (kx). Note that (kx) must be consistent (on the RHS, not necessarily the LHS)
in a candidate’s expansion. Note that k¥ =1.

)()(,)(9)+

3 L8

You would award BIM1AO for 2 [ 1+ (%)( -

LS ST ]

because (kx) is not consistent.
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Binomial Expansion

Notes for Question Continued

(b)

8 21 | s 31
15 M1AO unless recovered.
Al: For 2- %x (simplified please) or alsoallow 2 —0.75x.

= -2)( -9x* =2} (=3 -9x*
“Incorrect bracketing” ={2}l:1+(%]( 9x]+(§)( 2 ]+ X=3X ’)[ zx )+]

Allow Special Case A1A0 for either SC: = 2[ l—éx; ] or SC: K[ l—ix - ix2—4—5r‘ -
8 8 64 512
(where K can be 1 or omutted), with each term 1n the [ ......... ] either a simplified fraction or a decimal.
Al: Acceptonly — Et"— 55613 or —0.28125x% - 0.17578125x°
A _2y_$ 3

Candidates who wnte =2 1+( )( ) X .;.)(gx] M(E) +_.. | where k=2

3\ 8 2! 8 3! 8 8
and not — — andachleve "+-3—x - -2- * 4 x" + ... will get BIMIA1AOAOQ.

8 4 32 756

Note for final two marks:

2[1-—1’ —ix:-ﬂx3 ]=2+2x—ix:-£x3+... scores final AOAL.
64 512 4 32 256
2 l-éx;-ixz-ﬁx’-b... = -z-ixz-i. + ... scores final AOA1
8 64 512 4 32 256

Alternative method: Candidates can apply an alternative form of the binomial expansion.

1 2)(- 3
(&= }=(s-9x) = @7 +{ 3 ](8) 90+ 2D )5 oy + DD 75 oy

1
Bl: (8)ior2
M1: Any two of four (un-sumplified or simplified) terms correct.
Al: All four (un-simplified or simplified) terms correct.

Al: Z—E.r
4

Al _ix._4_5 3
32 256

Note: The terms 1n C need to be evaluated,
1

1 1 2 1 S 1 $
50 3C,(8)° + °C,(8) 7 (~9x)+ C,(8) *(~9x)° + C4(8) (~9x)° without further working is BOMOAO.
B1: Wntes down oruses x =0.1
M1: Substitutes their x, where x| < g wmnto at least two terms of their binonual expansion.
Al: 19.2201 cao

Be Careful! The bimomual answer 1s 19.22011719
and the calculated {7100 is 19.21997343... which is 19.2200 to 4 decimal places.

:
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Binomial Expansion

Question 6
Question
Number Scheme Marks
{(1 +kx)* =1+ () (k) + W(hf + }
(a) Either (-9)k=-6 or (1+ kx)" =1+ (-4)(kx) see notes | M1
leadmgtok—z k=20rl.501'E Al
2 2 4
(2]
. = )( 5) 2 2
Either —= "~ or (k) or (kx)* [ M1
h_4 -5 >
® )2( )(k) B 4)( 5) (=4)-5)
Either ————(k ) or 7—'(kx)' M1
{.4= w(é)‘} SR 5 o 25| a1
2! 2 2 2
3]
5
Question Notes
Note | In this question ignore part labelling and mark part (a) and part (b) together.
Note | Writing down {(l + kx)"} =1+ (-4)(kv) + w(kﬂ2 + ...
gets all the method marks in Q2. i.e. (a) M1 and (b) MIM1
(a) M1 | Award M1 for
o either wnting down(—4)k=-6 or 4k=6
e or expanding (1+ kx)™ to give 1+ (—4)(kx)
e or wnting down (—4)kx =—6 or (-4k) =-6x or —4kx =-6x
Al | k= % orl5or % from no incorrect sign errors.
Note | The r;n mark can be implied by a candidate wniting down the correct value of k.
Note | Award M1 for writing down 4k = 6 and then Al for k¥ =1.5 (or equivalent).
Note | Award MO for 4k = — 6 (if there 1s no evidence that (1+ kx)™ expands to give 1+ (—4)(kx)+ ...)
Note | 1+ (—4)(kx) leading to (—4)k = 6 leading to k =% 1s M1AO.
(b) M1 | For either (-4)(;'4 .. (-4)('—5) or 10 or (k) or (kx)’
M1 | Either W( y or € 4)( £y or %(u)’ ar £ 4)( 5)(th K} or 10K
Note | Candidates are allowed to use 2 mstead of 2! .
Al |(Uses k=15togived =4TS or 225
Note | 4 = % which has not been simplified 1s A0.
: 45
Note | Award AO for A= 71
. 45 45
Note | Allow Al for 4= —x followed by 4= —
Note | k =—1.5 leading to A4 =475 or 225 1s AO.
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Binomial Expansion

Question 7
Question
s Scheme Marks
1
1 2] (9-10x)2
(a) —_— =3 (9 -10x) 2 , | Bl
(9-10x) or uses power of
1 = - = ;
= 9)'3[1_12J ) =l(1-1‘1] . © 7 or ~ |B1
— 9 3 9 3
={l}[ l+( l)(k,\)+( -4~ 1')( kx)? + ] At least two correct terms. | -,
3 2 See notes
={1} 1+[-l (-le)J—&)(—@-){-le) s
3 2\ 9 2 9
1[ 25 = ]
== 1+=x+ =x*+
3 54
g Al; Al
3 27 162
[5]
34+x
—_—=(3+x)(9-10x
® | Tomes =+ 001097
2 N . o > "
=(3+x)[l+ix+ {"—Sx +}] Can be implied by later work | \ .,
327 162 See notes
Multiplies out to give exactly
one constant term, exactly 2 terms mn x
=1l+—x+ —X" +—x+—X"+.. .2 | Ml
C i and exactly 2 terms 1 x”.
Ignore terms in x°. Can be implied.
=l+§x+£x3+... Al
9 54
3]
8
Question Notes
1
(a) B1 Writes down (9 —10x) ? or uses power of -%.
1
This mark can be implied by a constant term of (9) ?or %
Bl (9)'* or % outside brackets or% as candidate’s constant term 1n their binonual expansion.
% 1
M1 | Expands (...+kx) 2 to give any 2 terms out of 3 terms simplified or an un-simplified,
e ) )( 3) DD, o
1+(=3)kx) or (=3%)(kx)+—2— (kx)’ or 1+ .. +—2—1—) (kx)” ,where k=1.
Al . - ix (simplified fractions)
37 2
Al | Accept —x’
ccept only 16,:(
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Binomial Expansion

(b)

Note

SC

SC

Note

M1

Note

Note
Ml
Note

Al

You cannot recover correct work for part (a) in part (b). 1e.1f the correct answer to (a) appears
as part of their solution in part (b), 1t cannot be credited in part (a).
If a candidate would otherwise score AOAO then allow Special Case 1" A1 for either

2 2 2 2
SC: l[ l+2x;...] or SC: /ll: l+2x+ '—514»] or SC: [ A +2x+ i'2"x+]
3 9 9 54 4
(where A can be 1 or omitted), with each term in the |........] is a simplified fraction
Special case for the M1 mark

Award Special Case M1 for a correct sumplified or un-sumplified 1 +n(kx)+ n(n D

(kx)*

expansion with a value of n = —% , n=#positive integer and a consistent (kx) . Note that (kx)

must be consistent (on the RHS, not necessanly the LHS) 1n a candidate’s expansion.
Note that k =1.

Candidates who wrnite {l}l: 1 +(_l]{l.ij+w(lo_x)' + .. ]
3 2\ 9 2! 9

where k =? and not —E and achieve %—ir + 212 + ... will get BIBIMIAOAL.

7 162

Writes down (3 + x)(their part (a) answer, at least 2 of the 3 terms.)

(3+x)( + 51+ ] or(3+x)(l+ix+ "—51 +. ] are fine for M1.

4 3 27 162
This mark can also be implied by candidate multiplying out to find two terms (or coefficients) n x.
Multiplies out to give exactly one constant term, exactly 2 terms in x and exactly 2 terms in x°.
This M1 mark can be implied. You can also ignore x° terms.

8 35 ,
1+—x4+ —x"+ ..
9 54

Alternative Methods for part (a)
Alternative method 1: Candidates can apply an alternative form of the binonual expansion.

1 ot - 1 -3 (_1)(_3)
—————=p (9-10x) 2 = (9) 2+(——)(9) (-10x)+———= (9) ( -10x)*
(9 -10x) 2
1
Bl Writes down (9 —10x) ? or uses power of —%.
-1 4
B1 9 %or —
M1 | Any two of three (un-simplified or sumplified) terms correct.
Al l+ix
L o )
25 ,
Al —X
162
5 e -3 -1 -2
Note | The terms in C need to be evaluated, so I 297 + 73, (9) 1(-10x)+ 2C,(9) 1(~10x)’

without further working 1s BIBOMOAOAO.
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Binomial Expansion

(a) Alternative Method 2: Maclaurin Expansion
1

Let f(X) = —je——
o ,/(9—107{)

1
{£() =} (9 -10x) 2
5
£'(x)=75(9-10x) *
3
£()=(-4)©0-1007 -10)

1 - Ty A2
- £(0) =~ .f'(0)=— and f"(0) = — = —
{ 0)=3.10-=-% 0= 81}
2 2
f(x)= l+i.vc;+ "—Sx‘ + ..
C i 7 | 162

1
(9-10x) 2

Correct £"(x)

3
ta(9-10x) 2; a= =1

Bl

B1 oe

Ml

Al: Al
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Binomial Expan

Question 8

sion

Question i
Rl Scheme Marks
1 1
s — \3 l
@ | (4+50)7 =(4)2 LHSTX}.:’(I 5—:] 4?or2 |BL
={2}|: ‘ }(h) (@)= )(k:l’) } see notes | M1 Alft
1)(5x) DD (5x']'
=1 —_ = - s
{'}{“[21[ 5 )* 2 \a) "
=2 l+£x = X+ See notes below!
R NESS T RN R TR A T
—2+2y,- By isw | Al: Al
.......... e S S U
(5]
1 m_[o_3 342
x=—=(4+500.1)2= 4.>=\[_= =
(®) { = (4+5(0.1) E 7575}
=%J§ 32 or k=2 or 150e. | B
SO It s 1 )
25( :
(© J- or 152 or z=2+%(%)-§%) + {=212l } See notes | M1
....... 3 543-3543.. - -
SOV = 2 =— T =—
277 256 2 256
25 2 25 P
yields, Jj:ﬁ =i6 ﬁ & i?’ or i6etc Al oe
R - S B i 128 ° 256 ° 384 181 | AR
2
8
Question 1 Notes
1
(a) Bl (4).S or 2 outside brackets or 2 as candidate’s constant term in their binomial expansion
N e e e
M1 | Expands ( +kx)3 to give any 2 terms out of 3 terms simplified or un-simplified,
=D )( -3,
Eg: l+( ](k\) [ ](kx) (b) 1+ . +#(k\')’
Wwhere k is a numerical value and T‘T!‘_‘?T_“. R L e
&
Al | A correct simplified or un-simplified l+[ }(kx)+( )g' )(kr) expansion with consistent (&x).
Note | (Ax). k= L must be consistent (on the RHS, not necessarily on the LHS) in a candidate’s expansion.

www.natkermaths.com



@ Binomial Expansion

i 1)y GEH(5x) . .
(a) ctd. | Note | Award BIM1AO for 2| 1+ r ()x_)+‘,)—" vy +... | because (Ax) is not consistent.

1)(5x) DD 57 , ]
]( 4J+ 3 t 3 J+ is BIM1AO unless recovered.

Al | 2+ Zx (simplified fractions) orallow 2+125x or 2+ l%x

2 2 >
Al | Acceptonly -ér‘ or —0390625%3

SC | If a candidate would otherwise score 2 A0, 3 A0 then allow Special Case 2™ Al for either

sC: 2| 1+2x: oese 1+ - 22 | or 5C: 2] 1422 2
SC: 2 " SC: 2 -~ 128 SC: ol el
54 254 ,
or SC:[ /1+?x- mx--i.".jl (where A can be 1 or omitted). where each term in the [ ..... ]
1s a simplified fraction or a decimal.
OR SC: for 2 +%x - %xz-{»,,_ (1.e. for not simplifying their correct coefficients.)

e X' rine axf 2 . =
Note | Candidates who write 2 1+(l)(—£}+M[—5—x) + ... |. where k=—2 and not 3
2, 4 21 L 4 4 4

5 25 ,
and achieve 2 —Zx - ar+ ... will get BIM1A1AOA1

Note | Ignore extra terms beyond the term in ol
Note | You can ignore subsequent working following a correct answer.

(b) Bl %JS or 1.56 or k=% or 1.50.e. (Ignore how k=% is found.)
2 i 2 2
(c) M1 | Substitutes X = E or 0.1 into their binomial expansion found in part (a) which must contain both

3
an x term and an X~ term (or even an X’ term) and equates this to eitherﬁ or their k JE from (b),
where k 1s a numerical value.
e 3 Ny 3
Note | MI can be implied by — 2 or 1.52 or 7; =awrt 2.121

Note | M1 can be implied by %( their %2] , with their k found in part (b).

- .43
Note | M1 cannot be implied by (k)[thelr —] . with their k found in part (b).

___________________________________________ e
2 5 25
Al -lﬁ or any equivalent fraction. eg: 3—?" orﬁ. Also allow ﬁor any equivalent fraction.
128 256 384

Note | Also allow Al for p=181,¢=128 or p=1811.¢=1281
or p=256.g=18lor p=2564.q=1814,where AieZ"

Note | You can recover work for part (c) in part (b). You cannot recover part (b) work in part (c).
Note | Candidates are allowed to restart and gain all 2 marks in part (c) from an incorrect part (b).
Note | Award M1 Al for the correct answer from no working.
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@ Binomial Expansion

(a) Alternative methods for part (a)

Alternative method 1: Candidates can apply an alternative form of the binomial expansion.

% % (1 _i < (%)(_%) _% Cyv)2
(4+5x) = (42 +(3)@ -‘(Dx)+T(4) (5x)°

M1 | Any two of three (un-simplified) terms correct.
Al | All three (un-simplified) terms correct.

1
Al 2+ %x (simplified fractions) orallow 2+125x or 2+ lzx

2 2 )
Al | Accept only —;—ix‘ or —0.390625x"
[ Note | The terms in C need to be evalvated.
1011 1 B8
So 2C,(4)* +2C,(4) *(5x):+ 2C,(4) *(5x)" without further working is BOMOAO.

1
Alternative Method 2: Maclaurin Expansion f(x)=(4+ 5x)?

25 = "
f"(x)=_-73(4 +5x) 2 Correct £(x) | B1
L e
1 1 +a(4+5x) 2 a==l Ml
f'(x)= ;(4 +50)» [

5 25
{ f(0)=2.1'(0)= 7 and f"(0) = -3—)}
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Binomial Expansion

Question 9
Question
Number Scheme Notes Marks
{ I Writes down
1 5 B
=>(Z 5_ 7 -+ o ,
Way 1 ](”‘le J( + 5x) (2+5x)7 oruses | M1
Al power of -3
{ I .\'3 11 S A3 - 1
5 i Paad R _‘] 273 or =
@ l\l 2 ) §|\1+ 2) —%g B
1 4) . o (345,
§ 1+(- 3)(k1)+( 1( )(kx')'+M(k1')’+...} see notes | M1 Al
_)1 [ Sx) (- 3)( 4)( 5x" (=3)(—4)-5)( 5x
ol oop
17 15 75 , 625 , }
== l-—=—x+ —x" - —x" +
8l 2 2 4
= o[ 1-75x+ 375x° ~15625¢ + . |
8_
11575, 625
8 16’ 16 32 Al- Al
or 2-Byy 4l 1ollp,
8 16 16 32
[6]
6
Way2 | f(x)=(2+5)° Writes down (2 + 5x) or uses power of -3 | M1
£"(x)=300(2 + 5x)°, £"(x)=-7500(2+5x)"* Correct £"(x)and £"(x) | BI
. +a(2+50)7, a=£1 [ M1
£'(x)=-15(2 + 5x)
-15(2+5x)™ | Aloe
15 1875
fO—— f'0)=——.1" 0—— and f"(0)=——
{ ) 0 T '(0) '(0) T }
So. f(x) = %—% X+ ;12 - 63"3.x3+ Same as in Way 1 | Al; Al
[6]
Way3 | (2+5%)° Same as in Way 1 | M1
Same asin Way 1 | B1
=(2)7 +(=3)02) *(5x)+ E 3)( 4)(’)"‘(SJ(): M(") “(5x)° Any two terms correct | M1
All four terms correct | Al
1 15 75 , 625
= §—£.': + l; 3;.\3 Same as in Way 1 | Al; Al
Note: Terms can be simplified or un-simplified for B1 2* M1 1% A1l [6]
Note: The terms in C need to be evaluated
So —C,()77+ 7C, () (Gx)+ T°C, (7 (5x) + T°C,(2)7 % (5x)
without further working is B0 1** M0 1* A0
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Binomial Expansion

Question Notes

1t M1 | mark can be implied by a constant term of (2)~*or % )

Bl 2% or éoutside brackets or ;— as candidate’s constant term in their binomial expansion.

Expands (...+ kx:)-s, k =avalue = 1. to give any 2 terms out of 4 terms simplified or un-
simplified,

Eg: 1+ (-3)(kx) or orl+ .. +

=39
T o1

3D e L EEDED) a0y =3 2
T(kx) +T(k1) T(kl)

(kx)* + %(k}c)3 are fine for M1.

1t A1 | A correct simplified or un-simplified 1 +(=3)(kx)+ = 3)7('_4) (kx)* + =3) (;?)(—5) (kx)’

expansion with consistent ( kx ) Note that ( kx) must be consistent and £ =a value =1.
(on the RHS, not necessarily the LHS) in a candidate’s expansion.

Note YouwouldawardBll\«IlAOfor%l:1+( 3)[ ] - 3)( 4)15 ) L& 3)( 4)( 5)[ 7] }

because (kx) is not consistent.

Note | Incorrect bracketing: {;}[ 1+(- 3)(—71} w[i]ﬁ- w(s_:3]+ }

2! 2 3!
1s M1AO unless recovered.
20d A] | For %- :—31 (simplified) or also allow 0.125 - 0.9375x.

, 625 -
37 A1 | Accept only B 055 .11

T 3 or 16 19;—1 or 4.6875x*-19.53125x°

SC | If a candidate would otherwise score 2 A0. 3 A0 then allow Special Case 2*® A1 for either

r 1 75 1 625

sc: LoDy | er s o 14+ —x'+. | or SC:o l+.- Lt
gl 2 8 2 8 4

Cc: S _15 75 , 625 - _15_/1 54 5 6254

SC: ﬂ-,_ I_T‘H X —Tx’—...:l or SC.[/’ > X+ > X 3 TS

SC Special case for the 2* M1 mark
Award Special Case 2* M1 for a correct simplified or un-simplified

nn-1),, ., nn-1)n-2
1 +n(kx)+T(k1) + N T

2) (kx)’ expansion with their n = —3 . 1 Fpositive infeger

and a consistent (kx) . Note that ( kx’ ] must be consistent (on the RHS, not necessarily the LHS)
in a candidate’s expansion. Notethat k¥ = 1.

Note | Ignore extra terms beyond the term in x°

Note | You can ignore subsequent working following a correct answer.
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Binomial Expansion

Question 10
gumejtt:eo? Scheme Notes Marks
| oo kYl (k) (33 Dikx) ]
24 kx) =271 14 (3 b k>0
A Y " 2) LzJ'Jj'>
(a) { A= } ; %or 27 or 0.125, clearly identified as 4 or as their answer to part (a) | Bl cao
1]
Uses the x* term of the binomial expansion to give
2 2
either 3D or (ﬁ) or (k_x) or 3D or6 | Ml
2! 2 2 2
D) (kY \? 2
© (EJT(E] either (their )" 3)7(' 4)[%' or (their ' 3,))(' 4)“7’“ ,
| where (their A) #1, | Ml oe.
2 2 -3)(— s (=34
or %k‘ or %k‘x’ or (2")—( 3)2(! L) (kx)* or (2 ~-)( ;(! )(k)z
{SO, (1)&(5] _M3 3, M =81}
8 2! 2 16 16 16
So, k=9 k=9 cao [ Al cso
Note: k = 19 with no reference to t =9 only is A0 [3]
(c) Uses the x term of the binomial expansion to give either
Y (k) (their Ax-.x)[l‘_'] or (their A)(—3) k—x];whefe (their A) # 1,
103 = 2 C 2 M1
51 ) N
or (2)*(-3)(k) or (2)*(- Kkx)or - =
| N of?) 1 21 27 11
So, B 3 B —— or -1 — or —-1.6875
l ) [8]( )[2) >J 6 16 or T or Al cso
[2]
6
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Binomial Expansion

Question Notes

IN THIS QUESTION IGNORE LABELLING AND MARK ALL PARTS TOGETHER.

1 3 3 : 3
(2+kx) ‘-g[l—;kx+;k’x"+...) = ———kx+—k**+ ...

Writing down {[1+H)"} (3)( J (-3)(-3- 1)(ka
2 2 2

gets (b) 1% M1

Note

Writing down {(2+kx)'3}=—( (3)( ) W(k;) +]

gets (b) 1¥ M1 2% M1 and (c) Ml

Note

Writing down {(zqu) ’} =27 4 (302 YWhkx) 4 (2 Yhkx)*

gets (b) 1% M1 2% M1 and (c) M1

(-3X-1)
2

Note

(
Writing down {(2 tkx) ‘} (their A)ll i ( 3){ } ( 3)(2!; D L)"‘l

——

where (their A) # 1, gets (b) 1¥M1 2 M1 and (c) M1

Question Notes

(). (©)

Note

(their A)is defined as either
e their answer to part (a)
o theirstated 4 —...

| M\1

e their "2 " in their stated ) U i 7J

Note

Give 2™ MO in part (b) if (their A) =1

Note

Give MO in part (c) if (their A) =1

(©

Note

Allow M1 for (their A)(_;;)[ M)

2

Note

Award AOQ for 8= fz X

Note

27 11
Allow Al for B = - x followed by B = —2 or -1 — or —1.6875
16 16 16

Note

k =-9 leading to B aal or 1H or 1.6875 is A0
16 16

Note

Give A0 for finding both £ = f( and = T (thhout rejecting B = f ) as their final answer.

Note

The Al mark in part (c) is for a correct solution only.

Note

27
Be careful! It is possible to award MOAO in part (c) for a solution leading to £ = T3 Eg
)
! -3)-4),, v 13k 3K
f(x)=(2+kx) =2 (1+kx) = §(1 +(=3)(kx)+ ()7(_’)(;”)' + ) ’

leading to (a) A — ;, () k= j ©) B= :z gets (a) B1. (b) MIMOAO (c) MOAO

(®). (©)

Note

el 3 dg 1 Ll 5 2 -
C(2) ('1(3;) (kx)+ "C,(2) *(kx)" with the C terms not evaluated
gets (b) 1% M0 2 M0 and (c) MO
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