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Pure Mathematics 2 Practice Paper J12 MARK SCHEME

Question 1
Question Scheme Marks
(a) 10, 92 10 1
s,(,=?[ap+ x2T] or ?(P+[P+ 871) M1
eg.5[2P+18T] =) (10P+907) or (£)10P+90T (*) | Aleso 2)
(h) 10
Scheme 2: §,, =T[2(P+1800)+9T]={10P+18000+45T} MIAl
10P + 907 = 10P + 18000 + 45T M1
907 = 18000 + 45T
T =400 (only) Al 4
(¢) | Scheme 2, Year 10 salary: [a+(n—1d =|(P+1800)+9T Blft
P + 1800 + “3600™ = 29850 Ml
P=(£) 24450 Al 3
9 marks
Notes
(a) [ M1 for identifying a = P or d = 2T and attempt at S,, . Using n» =10 and one of @ or d
correct. Must see evidence for M mark, at least one line before the answer.
Alcso for simplifying to given answer. No incorrect working seen.
Do not penalise missing end bracket in working eg 5(2P + 18T
List MI1AI for a full list seen (with + signs or written in columns) and no incorrect working seen.
Any missing terms is MOAO
(b) | 1M1 for attempting S, for scheme 2 (allow missing (...) brackets e.g. 2P + 1800 + 97)
Using n = 10 and at least one of @ or d correct.
1" Al for a correct expression for S, using scheme 2 (needn’t be multiplied out )
List Allow M1A1l if they reach 10P + 18000 + 457 with no incorrect working seen
10P + 18000 + 45T with no working is M1Al
2°M1  for forming an equation using the two sums that would enable P to be eliminated.
Follow through their expressions provided P would disappear.
™Al for T=400 Answer only (4/4)
(c) Bl for using u,, for scheme 2 . Can be 97 or follow through their value of T
M1 for forming an equation based on #,, for scheme 2 and using 29850 and their value of
T
Al for 24450 seen Answer only (3/3)
. If they misread scheme 2 as scheme 1 in part (c) apply MR rule and award BOM1AQ
MR max for an equation based on «,, for scheme 1 and using 29850 and their value of T
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Question 2

Question

Number Scheme Marks
o -1 ]_r 51'\'_1 ) 1
a = (2-5x)1 =(2 1-_ ==[1-= (2) “or — | Bl
3 ) @-597 =@ |1-F] =g[1-F] (2) ory Bl
-2 —3 !
}[ 1+(=2)**x) I: ?:i }(**x)' +_. i| see notes | M1 Alft
r— _ _ e \‘.2
{ } 1+(—2}| —E |-|.{2i&' —E‘ +
b 2 A 2! ‘\ 2 A
1 75 .
= —{ 1+5x;+ —x +._ } See notes below!
4 4
13 .5, Al: Al
4 4 16
[3]
r y - 1 N )
) 2 +.Ii.':l; } - .ﬂ:x) 1,5, T:vx +H Can be implied by ffafer war_ﬁ: ML
(2-5x)° | 4 4 16 1) even in part (c).
xtﬂl’ms: —2(51:) +E = H
4 4 4
giving, 10 +k =7 = k = -3 k=-3|A1
- 2]
(c) x* terms: 150x 5135_3:‘ M1
16 4
So, A= ,33) _75 15 _ 45 B e 52 or5.625 | Al
4 8 4 8 8 8
2]
9

(2)

Bl: (2) or % outside brackets or % as candidate’s constant term 1n their binomial expansion.

M1: Expands_m give a simplified c; an un-simplified,
1+(=2)(**x) or (-2){‘*’”“3;}+'|:_2§#|:"“"x]J or 1+
(—2)(-3}(”
21

MGG T

. where ** 2£1.
2!

Al: A comect simplified or an un-simplified 1 +(-2)(**x) + x)” expansion with candidate’s

follow through (**x). Note that {**x) must be consistent.

(2}( 3)

You would award BIMI1AQ for = 4{ 1+(- 2)| ~ =R 2P (-5%)" +.. | because ** is not consistent.

5x), (=2)(-3) 2}( 3)
2)"

Al: For % o+ ix (simplified fractions) or Also allow 0.25 +1.25x or i +1ix.

|5x

Invisible brackets {i %[ 1+(- 2}[ ] ] 15 M1AOQ unless recovered.

Allow Special Case Al for either SC: i[ 1+5x;...] or SC: K[ 1+5x+ ?—45:(3 +.. :|

75, ) X
Al: Accept only Ex' or 4%3:' or 46875x"

Alternative method: Candidates can apply an alternative form of the binomial expansion. (See next page).
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(e)

(b)

(c)

M]1: Candidate writes down (2 + jor)( their part (a) answer. at least up to the term in x )

~ - ™ I -
(2 +.Ir:1t:]||l +2x+ | or (2 +£:r]l 1 +Ex +?—:'x: +J are fine.
4 4 ) 4 4 16
This mark can also be implied by candidate multiplying out to find two terms (or coefficients) i x.
Al: k=-3
. : 1 5 75 . . . : .
M1: Multiplies out thewr (2 + .ﬁx}‘ 2 + Zx + Ex + .. ) to give exactly two terms (or coefficients) in x

and attempts to find 4 vsing a numerical value of k.

Al: Either 22 or 52 or 5.625 Note: 2 is AD.
g 8 3
Alternative method for part (a)

2-597 = @7 42" (592D oy (57

Bl: % or(2)7,

M1: Any two of three (un-simplified) terms correct.

Al: All three (un-simplified) terms correct.

Al: 1 +2x

4 4

75 5

_x'

16

Note: The terms in C need to be evaluated, so ~C,(2)™ +7C)(2)7(-5x); + “C.(2)7'(-5x)" without
further working 1s BOMOAD.

Al:

Alternative method for parts (B) and (c)

-

cafl .7 ,
(2 +hx) = (2 -5x)°| = +—x +Ax'+___‘
24 /

vy
™y

(1 7 .
(2 + k) = (4 - 20x +25x')[; XA +[
(2 +k)=2+(Tx-10x) +|l 44x" - 35x° +2—;x1 :

A

Equate x terms: &£ = -3
; 25 45 45
Equate x~ terms: 0 =44 -35 +E = 44 =E:‘= A=E

:

MI: For (2 +ix) = (4 +£Ax +25x:}[% +%x +A4x +...|. where A £0
J

Al: k=-3

MI: Multiplies out to obtain three x° terms/coefficients, equates to 0 and attempts to find 4.
. 45 5 45 .
Al: Either 3 or SE or 5.625 Note: ?x' 15 AO.
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Question 3

Question No Scheme Marks
(a)
:—x (In(3x)) — g for any constant B Ml
Applying vu'+uv’ , In(3x) X 2x + x MI1, Al Al
(4)
(b)
Applying =———
3 - 2
x x4cos(4x)xesin (4x)x3x M1 Al+A1
Al
_ Axcos(4x)-3sin (4x) Al
X‘
(5)
(9 MARKS)
Question 4
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Question Sl Marl
Number
g dy 2 dy
x> 2+6y—+|6xy+3x'— |=8x M1Al Bl
dy  8x-2-6xy ; .
{ 3 oy +32 } not necessarily required.
dy _ 8(-1)-2-6(-1X1) 4
At P(-1,1), m(T) = == = e
(-11), m(T) = D - dM1 Al eso
(5]
-1 9
® [So.mN)=—; {= —} M1
-4 4
9
N: y-l=;(x+l) M1
N: Ox~4y+13=0 Al
[31
8
; T : ; dy , dy dy
(a) M1: Differentiates implicitly to include either iky-a- or 3x ‘—k—(lgnore = =1).
Al (2x+3y2)-b(2+6y%] and (4,\'2 —;gg). Note: If an extra “sixth” term appears then award A0.
Bl: 6xy+3x:ﬂ.
dx
dM1: Substituting x=~1and y =1 into an equation involving % Allow this mark if either the numerator
ordenmm’mmrofﬂ =mssubsﬁtmdunoorevaluatedcoaecﬂy.
dx 6y +3x
If it 1s clear, however, that the candidate 1s mntending to substitute x =1and y = -1, then award MO.
Candidates who substitute x =1and y =—1, will usually achieve m(T) =—4
Note that this mark is dependent on the previous method mark being awarded.
Al: For-%or--l%or-o.;aam-o.ﬁ
If the candidate's solution 1s not completely correct, then do not give this mark.
: 1
MI1: Appliesm(N) =—— .
® their m(T)

MI1: Uses y—1=(m,)(x ——1) or finds ¢ using x =—1and y =1and uses y=(m,)x +"c",
1
Where m,,:--m—m) or m,=m
Al: 9x-4y+13=0o0or -9x+4y-13=00r4y-9x-13=0 or 18x -8y + 26 =0 etc.
Must be “ =0". So do not allow 9x+13 =4y etc.
6y +3x°
8x-2-6xy

or m, = —their m(T).

Note: m,,:—[ ]isMOMOunlcssanumuicalvalmisdmfomdfor my.

Alternative method for part (a): Differentiating with respect to y

{%x} 2%+6y+

6)&)'ﬁ +3x° ]: o
% )

M1: Dafferentiates implicitly to mnclude either 2g oréxyi‘- or ikxg . (Ignore [_d_x =]).
dy dy dy dy
2 dx dx e
AL (2x+3y )—)[Zd—+6y] and [412 —)8xd—]. Note: If an extra “sixth” term appears then award AO.
.. .

Bl: 6xy+3¢%.
dr
dx dy

dM1: Substituting x =—1and y =1 into an equation involving = or = Allow this mark if either the
ly
mmeratotordenominatorof%;- = 8_9'—%2; 1s substituted into or evaluated correctly.
x— —

If 1t 1s clear, however, that the candidate 1s intending to substitute x =1and y = -1, then award MO.
Candidates who substitute x=1and y = ~1, will usually achieve m(T) = -4




Question 5

Question
Numi Scheme Marks
1 1
() I.xsinltdx = -;xcme-I-;coslx {dx} M1 Al
=—%xc053x +%sin3x{+c} Al
3]
®) Ix’cosSxdx = %x’sinlr-—j%xsin?ox{dx} M1 Al
=-l-x29'n3x—2[—-l-xcos3x+-l-sin3xJ {+c} Al isw
3 30 3 9
BT 2 2. '
-t sm3x+;xcos3x—?’-sm3x {+¢} Ignore subsequent working 3]
6
(@ | M1: Use of ‘integration by parts’ formula uv-jva' (whether stated or not stated) in the correct direction,
where u = x — « =1 and v'=sin3x — v = kcos3x (seen or implied), where & is a positive or negative
constant. (Allow k =1).
This means that the candidate must achieve x(kcos3x)-‘|. (kcos3x) , where k is a consistent constant.
If x* appears after the integral, this would imply that the candidate is applying integration by parts in the wrong
direction, so MO.
Al: -%xcosiix-j—%coﬁx {dx} . Can be un-simplified. Ignore the {dx}.
Al: —%xeos?ax +%sin3x with/without + ¢. Can be un-simplified.
®) M1: Use of “integration by parts’ formula uv—fvu' (whether stated or not stated) in the correct direction,

where u = x° — «’ =2xor x and v'=cos3x — v = Asin3x (seen or implied), where A is a positive or
negative constant. (Allow A =1).

This means that the candidate must achieve x*(Asin3x) -I 2x(Asin3x) , where u’ =2x
or x*(Asmn3x) -I x(Asin3x) , where u’ = x.

If x’ appears after the integral, this would imply that the candidate is applying integration by parts in the wrong
direction, so MO.

Al: % 'sin3x—j§xsin3x{dx}. Can be un-simplified. Ignore the {dx}.

Al: %x’sinSx—%[—%xcosBx+%sin3:] with/without + ¢, can be un-simplified.

You can ignore subsequent working here.
Special Case: If the candidate scores the first two marks of M1A1 in part (b), then you can award the final Al

%
as a follow through for -:l;x’sinSx--g(ﬁnirfollow through part(a) answer ).

www.naikermaths.com




Question 6

Question No Scheme Marks
Uses the identity cot?(36) = cosec*(38) — 1 in M1
2cot?(380) = 7cosec(30) — 5
2cosec?(38) — 7cosec(38) +3 =0 Al
(2cosec38 — 1)(cosec38 —3) =0 dM1
cosec36 =3 Al
invsin( %) 19.5°
6= X = awrt 6.5° ddM1, Al
3 3
180°—invsin( ) - Al
§=——2,535° Correct 2 s
value
360°+inwsin( l) -
6 — T’ Correct 3 \'alue dd.‘!!l
All 4 correct answers awrt 6,5°.53.5%,126.5 %or 173.5° A
(10 marks)
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Question 7

Question No Scheme Marks
dx bie MI1.Al
i e 2l :
(d)' ) = 2sec (_\ + 12)
substitute y = % into their:—; = 2sec? G + 1"—2) =8 MI1. Al
When y= ; =273 awrt 3.46 Bl
b s - .
(_\' - —) = their m(x — their 2v3) Ml
4
n
y—=)=-8(x—2v3) oe Al
(~- 4) ( v3) (7 marks)
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Question 8

Question Scheme Marks
Number
(a) 0.73508 Bl cao
(1]
(b) Area zé xg -] 0 +2(their 0.73508 +1.17157 +1.02280) +0 | B1 M1
= %XS.BSSQ... = 1.150392325... =1.1504 (4 dp) awrt 1.1504 | Al 3]
(©) {u=1+cosx} = du = —sinX Bl
dx =
i - ’:I -
{ _Zsm2x dx =]» 2(2sinxcosx) e sinlx =2sinxcosx | Bl
.J (1 +cosx) | (1 +cosx)
4u -1 [ 1-
- I @Dy {= 4I( %) du} M1
u | u
10
=4 '——1|du=4{]nu—u]+c dnit
L )
= 4In(1 +cosx) —4(1 +cosx) +¢ = 4In(l + cosx) - 4cosx + & AG | Al cso [5]
- - T
§ Applying limits x =— and
@ | = [4&{1 + cos ™ | —4.:055} ~[41n(1 + cos0) - 4cos0] PPYIg s ¥ =3 M1
2) 2 x = O etther way round.
= [4In1 - 0] - [41n2 - 4]
+#H(1-In2)or
=4 -4In2 {=1.227411278_} 4 - 4In2) orawrt +£1.2, | Al
however found.
Error = |(4 -41ln2) -1.1504.. +
( ) ! awrt 209771 Al eso [3]
=0.0770112776... = 0.077 (2sf) or awrt +6.3(%)
12
(a) B1: 073308 correct answer only. Look for this on the table or in the candidate’s working.
) 1
ib) Bl: Outside brackets 3 Xg or % or awrt 0.196
M1: For structure of trapezium rule[ ............. ] ; (0 can be implied).
Al: anything that rounds to 1.1504
Bracketing mistake: Unless the final answer implies that the calculation has been done correctly
Award BIMOAO for %Xg + Z[thei.t 073508 +1.17157 + 1.0223{]] (nb: answer of 6.0552).
Award BIMOAO for %x%: (0 + 0) + 2(their 0.73508 +1.17157 +1.02280) (nb: answer of 5.8589).
Alternative method for part (b): Adding individual trapezia
m [ 0+0.73508 0.73508+1.17157 1.17157+1.02280 1.02280+0 _
Area = — x| + + + = 1150392325 .
g L 2 2 2 2
Bl: g and a divisor of 2 on all terms inside brackets.
M1: One of first and last ordinates, two of the middle ordinates inside brackets ignoring the 2.
Al: anything that rounds to 1.1504
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Question 9

Question No Scheme Marks
_ sin{A+B) _ sinAcosB+cosAsinB MI1Al
(a) tan(A + B) ~ cos (A+B) " cosAcosB~-stnAsinB
sinA ' sinB
= 2 indsing (+ cosAcosB) Ml
cosAcosE
x tanA + tanB Al *
"~ 1- tanAtanB
. 4)
m\ _ tané+tans M1
(b) — (0 + 2) - l—tanamn;
_ tan@+ i'
B 1-tanf7 Ml
_ Vatan@+ 1
~ Ja-tane Al *
(3)
(c) tan (8 + 16'-) = tan(mr - ). Ml
(6+%)=@-06) dM1
o ddM1 Al
12
tan (0 + %) = tan(2n7 — 6) dddM1
=rru Al
12
(6)
(13 MARKS)
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Question 10

Question Scheme Marks
Number
X =4sm| i +§] v =3cos 2, 0, f=<2m
da (omy dy .
a — =4d¢cos|f+— |, — =-6sin2f B1B1
@ di 6. df
So dy —6s1n 2¢
T 3
4-:os|z‘+—| Blv oe
X
ﬂ B3]
dy .
(b) {d—l -0 :# ~6sin2t =0 M1 oe
.r -
/H"]
t=0 =4sin| —| =2, y=3 0=3 - (2,3
@ . X smLﬁJ . ¥ cos (2.3) M1
's ™y
@t =—. x=4smL2—H =ﬁ, y=3cosm=-3 - (24/3.-3)
3 ) 2
f? ™y
@i=m x=4dsin|—|=-2. y=3cos2m=3 — (-2.3)
i
E
' ™ -
@1:3%{,_\( :451’11L5?n| :@ . y=3cos3m=-3 = (=243, -3) AlAlal
(51
5

\
dx

. dx {
(a) Bl: Elﬂlﬁl’OﬂEDfE =4cos| ¢ +%

| or % = —6sin2f . They do not have to be simplified.

Bl: Both & and % correct. They do not have to be simplified.

Any or both of the first two marks can be implied.
Don’t worry too much about their notation for the first two B1 marks

Bl: Their & divided by their & or their & x% . Note: This is a follow through mark
dt dt dt thei.r‘ d |
\ df

Aliernative differentiation in part (a)

x =2:f3sint + 2cost = % = 23 cost — 2sint

dy

v =3(2cos’t -1) = d; =3(-4costsint)
!

. - dy ; .
or ¥ =3cos™t —3=smn"t = E = —fGcostisini —Hsinfcoss

or y=3(1-2sn°t) = % =3( -4 costsint)
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Question 11

Notmber Scheme Mo
(@ |1=45-P)+BP Can be implied. | M1
A :l= B :1_ Either one | Al
5 5
- + +
wing - +
giving P G-P See notes. | Al cao, aef
[3]
® || = [ B1
P(5-F) 15
1 1. . 1 M1*
“InP-—mis-P=—+t [+¢
5 Slnli ) 5 (+¢) AlR
1 1 [ 1, ]
(t=0,P=1=} Zlnl--In#)=0+c {= c=--In4 dM1*
5 5 1 5 )
. N Using any of the
- Tl 2 21, 14 subtraction (or addition) | 4 1.
5 \5-P) 15 5 laws for logarithms
CORRECTLY
4P | 1
In| - =—
5-P,
g 2 ¢ o eg e Eliminate In° ly. | dM1*
= S_p ) te In’s correctly. /
gives 4P =3¢ —Pe" = P(4+e")= 3¢
S5e” | st )
= . {( _.=ﬂ’ Make P the subject. | dMI1*
(4+e?)  [(+eM)]
5 25
P = —— Of = . E-'tC. .L‘Ll
(1+4e™) (5 +20e™)
[8]
(c) 1+4e™ 1 = P<5. Sopopulation cannot exceed 5000. Bl
(1]
12
{a) M1: Forming a correct identity. For example, 1 = 4(5 - F) + BP . Note 4 and B not referred to in question.
Al: Either one of 4 =% or B =%.
Al 42 ivalent f L et bsequent working
: = + ——— or any equivalent form, eg: — + ———— | etc. Ignore subsequent worl
P Gop T M-8 Sp T 25 spt BB q
This answer must be stated in part (a) only.
A1l can also be given for a candidate who finds both A :% and B :% and % + is seen in their
working.
L 1
Candidate can use “cover-up’ rule to write down = + G 2 Bk as so gain all three marks.

Candidate cannot gain the marks for part (a) in part (b).
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(b) Bl: Separates variables as shown. dPand dr should be in the correct positions, though this mark can be
implied by later working. Ignore the integral signs.
M1*: Both tAInP and + n(+5 + P)_ where A and 4 are constants.

Or tAlnmP and + yln(n(+5 £ P)), where A, ., m and » are constants.

Alft: Correct follow through integration of both sides from their J.% + G # ) dP = IK dt
with or without +¢
dM1*: Useof r =0and P =1 in an integrated equation containing ¢
dM1*: Using ANY of the subtraction (or addition) laws for logarithms CORRECTLY.
dM1*: Apply logarithms (or take exponentials) to elinunate In’s CORRECTLY from their equation.
dM1*: A full ACCEPTABLE method of rearranging to make P the subject. (See below for examples!)

Al: P = ;_Lt{wherea =5,b=1,c=4}.
1+4e™)
Also allow any “integer” multiples of this expression. For example: P = %
3+ =

Note: If the first method mark (M1¥) is not awarded then the candidate cannot gain any of the six
remaining marks for this part of the question.

1 L
Note: j ! dF = J.IS dt = J.E +——dP = J.IS dt = InP -In(5-P) =15t 1s BOM1A1f

P(5-P) (5-P)
dAM1* for making P the subject
Note there are three type of manipulations here which are considered acceptable to make P the subject.
(1) M1 for _i —e" =P =5" -P" = Pll+e")=5"=P = S
3-F 1+e™)

>
1+e"

2 h-r1for_—‘::e*":>7:e'-‘:> —e'+1= P=
}_

-~
s Lulu..l

.
(3) M1 for P(5 - P) =4e" = P* -5P = ~4e" =| P-§| -5
"

b

~4¢" leading to P =

Note: The incorrect mamipulation of

= ? -1 or equivalent iz awarded this dMO*.

L

(c) Bl: 1+4e " =1 and P <5 and a conclusion relating population (or even P) or meerkats to 5000.

For P = ﬁ . Bl can be awarded for 5 +20e ™ >5 and P <5 and a conclusion relating
+ 20e

population (or even P) or meerkats to 5000

B1 can only be obtained if candidates have correct values of aand bintheir P = 2

(b+ce™)

AwardBOfor: Ast—oo,e™ = 0. S0 P —= ﬁ = 5, s0 population cannot exceed 5000,
+

3

unless the candidate also proves that P = —————
(1+4e™)

oe. 1s an increasing function.

If unsure here, then send to review!
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Alternative method for part (b)

BIMI1*Al: as before for %]II_P —%]11(5 -P) =%t (+¢)

4 -
Award 3% M1for 1,1‘_ I
5-P) 3
th P Ly
Award 47 M1 for = de’
5-P
Award 2 M1 for t=0.P=1= ﬁ =4e" 1= A:%}
P 1 .
= =g
5-P 4

then award the final M1A1 in the same way.
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