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Proots As level Edexcle Maths Past Papers Answers

Question Scheme Marks | AQOs
L Considers M Bl 21
Expands 3(x+h) =3x" +6xh+ 3K M1 1.1b
S0 gradient=%+3hl=6x+3h or ﬁnﬁz_ﬂ=m+3§x Al 1.1b
States as i1— 0, gradient — 6x s0 in the limilZerivative =06x* Al* 25
{4 marks)

Bl: gives correct fraction as in the scheme above or

Notes
Ix+80) =3
ax

MI: Expands the bracket as above or 3(x+8x)" =3x" +6x8x+3(5x)’
Al: Substitutes correctly into eatlier fraction and simplifies

Al*: Completes the proof, as above ( may use &x —»0), considers the litnil and states a

conclusion with no errors
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Question Scheme Marks | AOs
[_a | | Sincexandy are positive, their square roots are real and so
Wayl | (Jfx—p)20 giving x-24x 3 +y20 MI 2.1
" Zﬁ =x+ y provided x and y are positive and so
\{5 < % * Al* 22a
2)
gﬁ:‘l}’; Since (x—y) >0 for real values of x and y, M 51
met]?ud X =2+ y 20 and sodwy <x +2xp+yie. dxy<(x+y) -
. Z.Jx? = x+ y provided x and y are positive and so
_ry£x+y N Al* 2.2a
2
2)
(b) | Letx=-3andy=-5then LHS = /15 and RHS= -4 so as Bl ’4
15> —4 result does not apply -
)]
(3 marks)

Notes
(a) MI : Need two stages of the three stage argument involving the three stages, squaring,
square rooting terms and rearranging,
Al#*: Need all three stages making the correct deduction to achieve the printed result.
(b} Bl : Chooses two negative values and substitutes, then states conclusion
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03. Question Scheme Marks | AOs
LIO | 2 gra17=(x-4)*-16+17 Ml | 3la
= {1—4)2 +1 with comment (see notes) Al 1.1b
As (x—4)220 ::»(_r-dl}z—f—l;l hence x* —8x+17>0 forallx | Al 24
3
(ii) For an explanation that it may not always be true
Tests say x=-5 {—5-1—3)2 =4 whereas [-5)2 =25 Ml 23
Stales sometimes true and gives reasons
Eg.when x=5 (5+3)° =64 whereas (5)° =25 True Al 24
When x=-35 (-5 -1—3)2 =4 whereas [-5}2 =25 Not true
2)
{5 marks)
Notes

(i) Method One: Completing the Square
MI1: For an attempt to complete the square. Accept (x—4}2

Al: For (:c-dl}2 +1with either (_r-4]2}30,(x—4}2 +13z1 or min at (4,1). Accept the inequality

. 2 . - .
statements in words. Condone (x - 4) >0 or a squared number 15 always positive for this mark.

Al: A fully written out solution, with correct statemenis and no incorrect statemenis. There must
be a valid reason and a conclusion

=(x-4) +121as(x—4)" 20
Hence (x-4) +1>0

X —8x+17>0
. scores M1 Al Al
(x—-4) +1>0

This is true because (x—tl)z =0 and when you add 1 it 15 going to be posilive

X —8x+17>0
scores M1 Al AQ

(x=4) +1>0

which is true because a squared number is positive incorrect and incomplete
x —8x+17=(x-4) +1 scores M1 A1 AQ
Minimum 15 {(4,1) so Jc2 —8x+17=0 correct but not explained
¥ ~8x+17=(x—4) +1 scores M1 Al Al
Minimum s (4,1} so0as 1 >0 = x1 -8x+17=0 correct and explained

WWW LONDONMATHSTUTORS.CO.UK



WWW LONDONMATHSTUTORS.CO.UK

X —8x+17>0

. scores M1 AQ (no explanation) A0
(x—4) +1>0

Method Two: Use of a discriminant

M1: Atlempts to find the discriminant b’ —4ac with a correct a, b and ¢ which may be within a
quadratic formula. You may condone missing brackets.

Al: Correct value of b2 —4ac =—4 and siates or shows curve 15 U shaped (or intercept is (0,17))
or equivalent such as +ve xele

Al: Explains that as b —dac< 0, there are no roots, and curve is U shaped then X —8x+17>0

Method Three: Differentiation
M1: Attempting to differentiate and finding the turning point. This would involve atlempling to

find % then setting it equal to 0 and solving to find the x value and the y value.
d
Al: For differentiating, Ey =2x—8=(4,1) is the turning point
Al: Shows that (4,1)is the minimum point (second derivative or U shaped), hence

X —8x+17>0
Method 4: Sketch graph using calculator

M1: Attempting to sketch y= x* —8x+17,U shape with minimum in quadrant one

Al: As above with minimum at (4,1) marked
Al: Required to state that quadratics only have one turning point and as

ll1ll

1s above the x-axis

then x —8x+17>0

(i)

Numerical approach

Do not allow any marks if the candidate just mentions ""positive" and ""negative" numbers.
Specific examples should be seen calculated if a numerical appreach is chosen.

M1: Atlempts a value (wherte it is not true) and shows/implies that it 15 not true for that value.
For example, for —4 : {—4-1—3)2 > (—4)? and indicates not true (states not true, )
or writing (-4 + 3)2 < (—4)*is sufficient to imply that it is not true
Al: Shows/implies that it can be true for a value AND states sometimes true.
For example for +4 - lr4+3‘,-2 =4 and indicates true v’
or wriling {4+3)2 > 47 is sufficient to imply this is true following (-4+3}2 <(—4y

condone incorrect statements following the above such as ‘it is only true for positive numbers” as
long as they state "sometimes true” and show both cases.
Algebraic approach

M1: Seis the problem up algebraically Eg. (_r+3}2 >x x>k Any inequality is fine. You

may condone one error for the method mark. Accept (_r + 3]2 >x* = 6x+9>0 oe

. _ 3 N
Al: Stales sometimes true and states/implies true for x> —5or states/implies not true for

3 .
x<—3 In both cases you should expect to see the statement "somelimes true” to score the Al
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Question Scheme Marks | AOs
= Considers M Bl 21
Expands (x+hA) =x’ +3x°h+3xh" + 1 M1 1.1b
so gradient (of chord) = M+M =3 +3xh+ Al 1.1b
States as £ —0, 3x° +3xh+h* = 3x7 so derivative=3x"  * Al* 2.5
(4 marks)

Note: On e pen this is set up as B1 M1 M1 Al. We are scoring it B1 M1 Al Al

(x+hY -2 o (x+8x) -
&x

B1: Gives the correct fraction for the gradient of the chord either

+h)}—x
It may also be awarded for % oe. It may be seen in an expanded form
x+h-x
It does not have to be linked to the gradient of the chord
M1: Attempts to expand (x +.-'1]3 or (x +5x)3 Look for two correct terms, most likely 34:3 +...+.*:-3
This is independent of the Bl
Al: Achieves gradient (of chord) is 3x* +3xAi+ 4" or exact un simplified equivalent such as
3x" +2xh+xh+Ah" . Again, there is no requirement to state that this expression is the gradient of
the chord
Al*: C50. Requires correct algebra and making a link between the gradient of the chord and the
gradient of the curve. See below how the link can be made. The words "gradient of the chord” do

d
not need to be mentioned but derivative, £'(x), Ey’ V' should be. Condone invisible brackets for

the expansion of (x+ h)l as long as it is only seen at the side as intermediate working.
Requires either

_ (x#h) =%

- 3 +3xh+h =3
lirn b h

f'(x
« Gradient of chord =3x +3xk+ 4" As i — 0 Gradient of chord tends to the gradient of
curve so derivative is 3x"
o f'(x) = 3% +3xh+h =3x
larn h—sdk
o Gradient of chord = 3x" +3xk+h when h— 0 gradient of curve =3
« Do notallow /=0 alone without limit being considered somewhere:
2 z 2
so don’taccept h=0=>f"(x)=3x +3xx0+0 =3x
_______________________________________________________________________ e
(x+hy —(x—h) 6k + 20

Alternative: B1: Considers
2h 2h
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05.

Score as below so M0 A0 M1 Al or M1 A0 M1 Al are not possible

Generally the marks are awarded for

M1: Suitable approach to answer the question for 7 being even OR odd

Al: Acceptable proof for n being even OR odd

M1: Suitable approach to answer the question for n being even AND odd

Al: Acceptable proof for n being even AND odd WITH concluding statement.

There 18 no merit in a

+ student taking values, or multiple values, of n and then drawing conclusions.
So n=35=n"+2=127 which is not a multiple of 8 scores no marks.
» student using divided when they mean divisible. Eg. "Odd numbers cannot be
divided by 8" is incorrect. We need to see either "odd numbers are not divisible
by 8" or "odd numbers cannot be divided by § exactly"

3
s staling 2 =én3+i which is not a whole number
n+1) +2 \
+ staling [—] = ln’ +§n' +§n +§ which is not a whole number
3 8 8 g3 B

There must be an attempt to generalise either logic or algebra.

Example of a logical approach

Logical

approach States that if » is odd, »’ is odd Ml 2.1
son’ +2 is odd and therefore cannot be divisible by § Al 22a
States that if n is even, #° is a multiple of 8 M1 2.1
son’ +2 cannol be a multiple of 8
So (Given neN), i’ +2 is not divisible by 8 Al 2.2a
)
4 marks

First M1: States the result of cubing an odd or an even number
First Al: Followed by the result of adding two and gives a valid reason why it is not divisible by 8.
So for odd numbers accept for example
"odd number + 2 is siill odd and odd numbers are not divisible by 8"
"' +2 is odd and cannot be divided by 8 exactly"
and for even numbers accept
"a multiple of 8 add 2 is not a multiple of 8, so #* +2is not divisible by 8"
"if #*is a multiple of 8 then #* + 2 cannot be divisible by 8
Second M1: Siates the result of cubing an odd and an even number
Second Al: Both valid reasons must be given followed by a concluding statement.

Example of algebraic approaches
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Question Scheme Marks AOs
I_I 3 - 3 _ 3 _gpl
= (Ifniseven) n=2k and ’ +2=(2k) +2=8k"+2 Ml 2.1
approach | Ee “This is 2 more than a multiple of & hence not divisible by &’ Al 29
Or *as 8k'is divisible by 8 | 8k + 2isn’t’ <4
(Ifnisodd) n=2k+1 and n1+2=(2k+1}3+2 Ml 2.1
=8k% +12k™ +6k +3
which 1s an even number add 3, therefore odd. Al 794
Henee it is not divisible by 8
So (given nel,) n® +2 is not divisible by 8
G
Alt 3 3
i 2E) +2 A
::,g;:,?;; (Ifn is even,) n=2k and = ;2 =( 23 _& 8+2 Ml 21
]
— 34
=k 0e Al 2.2a
which is not a whole number and hence not divisible by 8
! 2k+1) +2
(Ifnisodd)n=2k+1 and = ;z:{ 8} M1 2.1
CBE+1287 +6k+3
B 8
The numerator is odd as8%® +12k” + 6k +3 is an even number +3 Al 594
hence not divisible by 8
So (Given neH,) n° +2 is not divisible by 8
L)

Notes

Correct expressions are required for the M's. There is no need to state "If & is even," n=2kand "If
#is odd, n=2k+1" for the two M's as the expressions encompass all numbers. However the
concluding statement must attempt to show that it has been proven for all 7 M

Some students will use 2k —1 for odd numbers

There is no requirement to change the variable. They may use 2n and 2n+1

Reasons must be correct. Don't aceept 8&* + 2 cannot be divided by 8 for example. (It can!)

BK® +12k° +6k+3
2 =

K+ %RZ +%k +2 which is not whole number" is 100 vague so

fRM _
Also 3

Al




WWW LONDONMATHSTUTORS.CO.UK

06. Question Scheme Marks AOs
L= | States (2a-5) ..D M1 2.1
4a" +b..4ab Al L1b
2 2
da b dab
—_— M1 22a
(As a>056>0) ab+ab'"ab
Hence 4—“+£...4 * CS0 Al* 1.1b
b a
(4)
b
(®) a=5,b=-]:>4f+%=—20—%which is less than 4 Bl 24
(1)
(5 marks)
Notes

{(a) (condone the use of > for the first three marks)
M1: For the key step in stating that (2a—b)"..0

Al:  Reachesda +b ...4ab

b4 2
.. da b dab
M1: Divides each term by ab :}—ﬂb +E'"—ab

Al*: Fully correct proofl with steps in the correct order and gives the reasons why this is true:
» when you square any (real) number it is always greater than or equal to zero
« dividing by ab does not change the inequality as ¢ >0 and 5>0

(b)

B1: Provides a counter example and shows it is not true.
This requires values, a calculation or embedded values(see scheme) and a conclusion. The
conclusion must be in words eg the result does not hold or not true
Allow 0 to be used as long as they explain or show that it 1s undefined so the statement is
not true.
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Proofl by contradiction: Scores all marks
da

MI1:  Assume that there exists an a,b >0 such that 7

+£<4
a
X X b4 2
Al 4o +b <dab=4da +b —4dab <0
MIL:  (2a-b) <0

4_;_-_;

b . .
7 +;...4 with the following

Al*: GSltates that this is not true, hence we have a contradiction so

reasons given:
» when you square any (real) number it is always greater than ot equal to zero
» dividing by ab does not change the inequalityas a>0 and 6>0

Ml =E|l—F—=4=
(Ihs ]b 4 P
(2a-b)
a—
A ST
2a-b)’
mi: =228
ab
Al*: Hence %+%—4...03%+%...4 with the following reasons given:

» when you square any (real) number it is always greater than ot equal to zero
e ghispositiveas a>0 and b>0

Attempt using given result: For 3 out of 4

%‘L%..A Ml =4a +b ..4abls>4a +b —4ab .0

Al =(2a-b) ...0 oe
M1 gives both reasons why this is true
s "square numbers are greater than or equal to 0%

« “multiplying by ab does not change the sign of the
inequality because @ and b are positive”
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07.

Question Scheme Marks | AOs

Ii_l Selects a correct strategy. E.g uses an odd number 1s 2k +1 Bl Jla

Atlempis to simplify [Zki]]sﬁ[Zkil)z___ M1 21

........... and factorise 8k° +12k” + 4k = k(24 £3k +1) = dM1 | 1.1b

Correct work with statement 4x_. is a multiple of 4 Al 24

)
(b) Any counter example with correct statement. Bl 24

Eg 2°-2=46 which is not a multiple of 4

(1)
(5 marks)
Alt (a) | Selects a correct strategy. Factorises P =k= k(k=1)(k+1) El 1 1a
States that if kis odd then both £ -1 and £ +1 are even M1 21
States that & —1 multiplied by k +1 is therefore a mulliple of 4 dM1 1.1b
Concludes that &* -k is a multiple of 4 as it is odd x multiple of 4 Al 24
“)
Notes:
(a)

Note: May be in any variable (condone use of n)

B1: Selects a correct strategy. E.g uses an odd number 1s 2%t +1

MI1: Attempts (2k% l]3 —(2k+1)=_.. Condone errors in multiplying out the brackets and invisible

brackets for this mark. Either the coefficient of the k term or the constant of (2&£1)" must

have changed from atlempling to simplify.
dM1: Attempts to take a factor of 4 or 4% from their cubic
Al: Correct work with statement 4x_ is a multiple of 4
(b)

B1: Any counter example with correct stalement.
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Question Scheme Marks AOs

D(i)

The statement is not true because

e.g. whenx=—4, x* = 16 (which is > 9 but x < 3) Bl 23
(1
(ii) 113+3n2+2n:nl{nj+3n+2}:n(ﬂ+1)[n+2] M1 21
n{n + 1}(n +2) is the product of 3 consecutive inlegers Al 22a
As n(n + 1)(n + 2) is a multiple of 2 and a multiple of 3 it must be a Al 94
multiple of 6 and so »* + 31" + 2 is divisible by 6 for all integers n ’
3)
(4 marks)
Notes
(i)
Bl:  Identifies the error in the statement by giving

(it)
MI1:
Al:

Al:

» acounter example and a reasoneg x=—-4 withx’ =16 eg x=—4 with (-4)*>9

s concludes not true

There should be no errors seen ineluding the use of brackets. The conclusion could be a
preamble. Do not accept “sometimes true™ or equivalent.

Alternatively, explains why the statement is not true

Eg. It is not true as when x <—3 thenx” >9 so x does not have to be greater than 3.
Eg. x* >9=x<-3 or x>3 sonottrue

Takes out a factor of » and attempts to factorise the resulling quadratic.
Deduces that the expression is the product of 3 conseculive integers

Explains that as the expression is a multiple of 3 and 2, it must be a multiple of 6 and so
is divisible by 6

If you see any method which appears to be eredit worthy but is not covered by the scheme
then send to review
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Provides a counter example with a reason.
. P Bl | 24
e.g., 6 =1 =215 which is a multiple of 5
(1
(b) States or uses, e.g., 2r and 2n+2 or 2Znr+2and 2n+4 M1 2.1
3 3 3 2 3
Atlempts (2n+2) —(er} =81 +24n" +24n+8-8n dM1 11b
leading to a quadratic.
=24n" +24n+8 Al | Llb
24n" +24n+8=8(3n" +3n-+1)
Al 2.1
So ¢° - p* is a multiple of §
“4)
{5 marks)
Notes:
(a)

Bl:  Provides a counter example with a reason. There 1s no need to state “not true™.
e.g., 7°—=2* =335 which divides by 5 {exaclly}.
It is sufficient to have, e.g., 9° =4* =665 and % =133
Here 4 must be greater than p and both must be natural numbers, not 0 or negatives.
Note that any pair of positive integers # and n+5k will provide a counter example, but
g — p° must be evaluated correctly, and if they divide by 5 this also needs to be correct.

(b)
M1: For the key step in stating the algebraic form of consecutive even numbers.
See main scheme for examples. They might be used either way round for this mark.

dM1: Attempts (2n+2) —(2n)’ =... condoning slips but must lead to a quadratic.
Alternatively, (2n+2)' —(2n) =2° {(n +1)° -n’}
May be subtracted the wrong way round for this mark as below.
(2n)’ =(2n+2)" =... but this will score M1dM1A0AD

Al eg, (2n+2) -(2n) =24n" +24n+8 or (2n+4) —(2n+2)’ = 240" + 720+ 56
or (2n+2) —(2n)’ =s{(n+1)’ - ns} or (2n)' —(2n-2)' =24n> - 24n+8 etc.

Must come from correct work and the algebra will need checking carefully.
Al:  Fora full and ngorous proof showing all necessary steps including:

* correct quadratic expression for ¢° - p* for their even numbers, e.g., 24n" +24n+8
*  [eason e.g., 24n" +24n +8 =8(3n: +3n +1] or, e.g., In 24n° +24n +8 the coefficients

are all multiples of 8
o mnimal conclusion, "hence true"”
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Alt1:

If the even numbers are set as n and 7 + 2 there must be sufficient work seen before marks can be
awarded.

eg.,
M1dM1: n=2k=(n ~1—2:|3 H =k ton +...=...(2.'.']2 +o(2k) + ..
Al: =24k +24k+8

Al: = 3[3;3 +3k +1] so ¢ - p* is a multiple of 8

Alt2:

If they just use any two even numbers, e.g., 2a and 2b, or 2m and 2n + 2 then they will score as
follows:

M1: (2a)' -(26)' Condone missing brackets if recovered.

dM1: =.q -.b

Al: =84 -8 Note E(ﬂ's —53) would imply this mark.

Al: = 8(:13 —bl) so g°—p° is a multiple of § if ¢ and p are {any two} even {numbers}

and hence ¢° - p* is a multiple of 8 if g and p are consecutive even numbers
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