©

Pure Mathematics 2 Practice Paper M12 MARK SCHEME

Question 1
Question
R ) Scheme Notes Marks
2 3
f(.r):x‘+4 - PR
f(x)=x* + 3x S
4
Ml1: x" — x""' on at least one term
f'(x)=2x-=x"-3{+0} M1Al
Al: Correct differentiation.
f(4) =-2625
21 5 A correct evaluation of f{(4) or a correct
=_2625=—"=_22
f(@4)=-2.625 "~ o pumerical expression for f{4).
3 This can be implied by a correct answer
or4 +—=-3x4-7 below but 1n all other cases, f{4) must be
4‘/2 se citly evaluated or as an
ression.
7. 6l Attempt to insert x = 4 into their £'(x).
f'(4)=4953125=a=4a Not dependent on the first M but must be | M1
what they think 1s £'(x).
@ e - ﬂ Cqmecl aPphcauon of Newton-Raphson M1
2 1"4.953125" ) using their values.
= 4.529968454.. |= 1836 _aum
\ 317 )
= 453 (2dp) 453 cso Al cao

Note that the kind of errors that are being made in differentiating are sometimes giving
4.53 but the final mark is cso and the final Al should not be awarded in these cases.

Ignore any further iterations

A correct denivative followed by a, =

4 - M=4.53 can score full marks.
JAC)
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Question 2

Question

Numt Scheme Marks
a=3,a,,=2a,—c, n21, cisa constant
@ |{a,=} 2x3-c or 2(3)—c or 6-¢ Bl
1
® | {a=} 2x("6-c")-c M1
=12-3¢ (% Al cso
2]
(©) a, = 2x("12-3¢") ¢ {=24-7Tc} M1
4
{Za, =} 3+4(6-¢)+(12-3c)+(24-7¢c) M1
i=1
"45-11c"223 or "45-11c"=23 M1
c<2o0r 22c¢ Al cso
M
7,
Notes
(a) The answer to part (a) cannot be recovered from candidate’s working in part (b) or part (c).
Once the candidate has achieved the correct result you can ignore subsequent working in this part.
(®) MI1: For a comrect substitution of their a, which must include term(s) in c mnto 2a, — ¢ giving a result for
a, in terms of only ¢. Candidates mmst use correct bracketing for this mark.
Al: for comrect solution only. No incorrect working/statements seen. (Note: the answer is given!)
© 1 M1: For a correct substitution of a, which must include term(s) in ¢ into 2a, — ¢ giving a result for a,
in terms of only ¢. Candidates must use correct bracketing (can be implied) for this mark.
2" M1: for an attempt to sum their a,, a, , a, and a, only.
3" MI: for their sum (of 3 or 4 or 5 consecutive terms) = or = or > 23 to form a linear inequality or
equation in c.
Al: for ¢ <2 or 2= ¢ from a correct solution only.
Beware: —11c2-22 = ¢22 15 A0.
Note: 45-11c223 = -11c£-22 = ¢ <2 would be A0 cso.
Note: Applying either S, =%(2a+(n—l)d) or S, =%(a+l) is 2* Mo, 3° Mo.
Note: If a candidate gives a numerical answer in part (a); they will then get MOAO in part (b); but if they use
the printed result of a, =12 -3¢ they could potentially get MOMIM1AQO in part (c)
Note: If a candidate only adds numerical values (not in terms of ¢) in part (c) then they could potentially get
only MOMOM1AOQ.
Note: For the 3 M1 candidates will usually sum a,.a,,a, and a, or a,.a,and a, or a,,a,,a,and a,
or a,,a,,a,,a,and a,
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Question 3

1M| | Scheme Marks
Boy’s Sequence: 10,15, 20, 25, ...
@) |{a=10,d=5=7, =}a+14d =10+14(5),;=80 or 0.1+14(005), = £0.80 MI1; Al
2l
® | (s =) F1200+ 55 MiAl
=30(315) = 9450 or £04.50 Al
Boy's Sister's Sequence: 10, 20, 30, 40, . P
© {a=10,d=10=5_ =} %(2(]0)+(-—1x10)) (a ;xlquévl) or SII(INI)] Mi1Al
63 or 6300 = '_;.(2(10)4»(--[)00)) at
6300 = ;aox-n) ar 12600 = 10m(m +1)
1260 = m(m+1)
35x36= m(m+1) (%) Al cso
Hl
C)] {m=}35 Bl
n
10
Notes
(2 MIl: for using the formmla a + 14d with esther a or d comvect.
Al: for 80 or 80p or £0.80 or £0.80p and apply ISW. Otherwise, £80 or 0.80 or 0.80p would be AD.
Award MO if candidate apples a + 59d .
Listing the first 15 terms and highlighting that the 15* term is 80 or listing 15 terms with the final 15* term
aligned with 80 will then be awarded all two marks of MIAL
Wiiting down 80 with no working 1s M1A1.
® M1: for use of comect ?[2(10)0 59(5)] or %z(wpu(s»
with =10, d=5and n=60 or a=10, d=5and n=15.
If a cancidate uses %(4‘0 with n = 60 or 15, there mmst be a full method of finding or stating [ as either
a+ 59d (=305) or a +14d (=80 ), respectively.
1" Al: for a comrect expression for S e %[2(10)4»39(5)]«:?[2(0.!)-&-59(0.05)]
or S10+305] o $7[0.10+3.05]. This mark can be impied by later working
2™ AL for 9450 or 9450p or £94.50 and apply ISW. Otherwise, £9450 or 94.50 without £ sign is AQ.
Note: dnhnd-&gmof‘—zo 2(10) + 59(5) is A0 ualess recovered from later working
Adding together the first 60 terms to obtain 9450 will then be awarded all three marks of MIA1AL
©) 1 M1: for comect use of 5, fornmia with one of @ or d comrect
1" Al for a comect expression for S, . Eg- -';1(2(10)+(n-l)(w)) or -';ixlo(nu) or Sm(m+1)
2% M1: for forming a suitable equation using 63 or 6300 and their 5, Dependent on 1 M.
2™ Alcso: for reaching the printed result with no incorrect working seen.
Long smitiplication is not pecessary for the final accunacy mark.
Note: g(zoo)«,(u-lxw))-m and not either 6300 or 63 is dMO.
Beware: Some candidates will try and fudge the result given on the question paper.
Notes for awarding 2* A1
Going from m(m +1) = 1260 straightto m(m +1) = 35 x 36 is 2 Al
Going from m(m +1) = some factor decomposition of 6300 strasght to m(m +1) =35 x 36 1s 2 AL
Gomng from 10m(m +1) =12600 straight to m(m +1) = 35 x 36 15 2% A0,
Going from u(.+|)-% straight 1o m(m-+1) = 35 x 36 is 2% AQ.
(hernative: werking in ax difirant |
MIAL: for 5(200) + (1=1)10))  (akthough mixing leiers cg. 7(2(10) + (m~1)10)) & MDAD)
dMI: for 63 or 6300 = g(z(w)’(u-lxw))
Leading to 6300 = %(IOXnH) = 1260 = n(n+1) = 35x36= n(n+1)
The candidate then needs 1o write either 35x 36 = m(m+1) or msnm or m=n to gam the final Al
(@ | B1: for 35 caly.

www.naikermaths.com




Question 4

%”ml Scheme Marks
(a) flx)=2 Bl
)]
b) fRlx)=e"" +2.=x+2 M1AL
2
) 426 7=14 MiAl
=2x+3=In4
_In4-3 a2
Sy= > o In2 > MIAI
L))
@ let y=e"+22 y-2=¢"2hnly-2=x M1
{'()=In(x-2), x>2 Al, Bin
3)
(e)
Shage for f{ | Bl
0.3 |BI
Shape for () | Bl
3.0 Bi
L))
(14 marks)

(a) Bl Range of f{x)>2. Accepl y>2, (2.), 12, as well as ‘range s the set of numbers bigger than 2°
but don’t accept r>2

) M1 For applying the correct order of operations. Look fore”*+2 . Nole that lne* +2 s M0
Al Simplifies ¢"* + 210 x+2_ Just the answer Is acceptable for both marks

(c) M1 Starts with ¢*** + 2 = 6and proceeds to &**= .
Al #=4
M1 Takes In's both sides. 2x+3=In.. and proceeds t0 x=....

Al x:# 0.0 luz-% Remember 1o Isw any incorrect working afler a correct answer

(@) Note that this Is marked MIAIAI on EPEN
M!  Startswith y=¢*+20r x=¢' + 2and attempts to change the subject.
Al In work must be correct. The 2 must be dealt with first.
Eg y=¢+22Iny=x+in2> x=Iny-In2 s M0
Al f'(d=In(x-2) or yeln(x-2) oc yeln|x-2 There must be some form of bracket
Bift Either x»2, or follow through on their answer to part (a), provided that it wasn't ye X
Do not accopt y>2 of £ (92,

) Bl Shape for y=¢'. The graph should only Ite in quadcants 1 and 2. It should start out with a gradient
that Is approx. 0 above the x axis in quaxicant 2 and Increase In gradient as It moves into quadrant 1.
You should not see 2 minimum point on the graph,

Bl (0,3) les on the curve. Accept 3 written on the y axis as long as the point lies on the curve

Bl Shape for y=Inx. The graph should only e in quadeants 4 and 1. It should start ot with gradient
hat s approx. infinise 10 the right of e y axis in quadeant 4 and decrease in gradient as it moves
into quadrant 1. You shoukd not sce a maximum point. Also with hold this mark if it intersects yec"

Bl (3.0) hies on the curve. Accept 3 written on the xaxis as long as the point lies on the curve

Condone lack of labels in this part

Scores 1.0.1.0.

Both shapes are fine. do not be concemed about asymgoles appearing at X=2.
y=2. (See nows)

Both co-ordinates are incorrect

Scores 0,1,1,1
Shape for y =" Is Incorrect. there Is a minimum polnt on the graph.
Al other marks an be awarded
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Question 5

Question
Nurmt Scheme Marks
@ L ncas) = -
4.3 T4aix3 MIAL
— - XTI X
"Iﬂll(h” hﬂl‘)*zx +x x:h
3
(1)
5 .
oy _ (2r-1)'x-10- (1108 xS(2x-1"x2 MIAI
dr 2x~1)
dy __ 80x
dr  (2Zx-1 =
()]
dr
) x=3tan2y :—:8“‘2)‘ MIAI
dy 1
Su wmezy o5
Uses sec’2y=1+tan’ Zyand yses mz;:%
A NP MIAL
o sav ) 18+2¢
(5)
(11 marks) |

Note that this is marked BIMIAL on EPEN
1

@) Ml Auempts o differentiate Inf3x) 10 EM('M ztsllm
x

L
MI Attempts the product rule for x% In{30 . If the rule Is quoted it must be correct, There must have

been some attempt (o dif ferentiate both terms.

of the form

W

Inf3x % Ax T ox"tﬂ. AB>0

11 the rule 1s not quoted nor implied from thelr stating of u. ', v. v* and their subsequent
mly

Al Anyrmtmslmplllw]lumdllwm Mwmmulmymﬁmhm

|
—u«ursm unnx-x - _(%‘.’. T)— ‘(—Ianl)

MM!&mmum‘nwmmuhumm-n

() M1 Applies the quotient rule, a version of which appears in the formula booklet, If the formala is
quoted It mast be correct. There must have been an attempt (o differentiase both erms. If the
formula 1s not quoted nor implied from thedr saating of w ", v, v’ and thedr subsequent

expression, caly accept answers of the form

(2x-1)" x210-(1-100) xC(2x-1)*
Izl_lllht'!-'ll

dy_@2x— 1)’ x—10— (1 -10x) x5(2x-1) ' x 2

Al Any un simplified form of the answer. I‘g ey

d: B0x
Cao. I e ssmplified d i the -
0. 1t masst & e q = (Zx-l)‘

A

) M1 Knows that 3tan 2 ydifferentiates to Csec” 2y The ths can be ignored for this mark. If they

wrile3an 2y as 3sin2y
cosly

Al Wmmvm:—-smc 2yor implicitly to get | =6sec’ Zy—:z

oS 2yx6e0s2 y-3sin2 yx ~2sin

this mark 1s awarded for 2 correct atlempt of (he quotient rule

2y

6
Amplnn-mwmmh&,z—yunm T
dx

MI Anatempt o invert “thear’ d—yhmﬁ%:ll)v) . or changes the subject of thelr mplic

differential to achieve a stmilar result %:Hyl

M1 Replaces an expression for wf‘thlM%—'—u%wﬂh:bywmwus'
.4
dy

sec’ 2y =1+ tan’ 2y. Al ly. replaces an expr lotyln—nr-— with— ammi—)

dy drx

dy dy | dy _ 3 1

2

Al Ay coerect form of a—-lnlumsolx 2=

g+ 2y U T e (aectant )

Question Scheme

Marks

Number
(a)(i) Alt using the product rule
Wies ('z'"’l;" as (1-10. (2x—1)-* and applies i +uv’
—
See (a) (1) for rubes on how 10 apply
(Zr=1) *x=104 (1=10x) % =5(2x=1) “x 2

Simplifies as man scheme 10 80x(2x~1) © or equivalent

(b) Alternative using arctan. They must attempt to differentiate
1o score any marks. TmuleAlMIM
Rearrange --3u-2_yw_r-;muu(? and attempt to differentiate

Diffe 1o a form i .:lx 5 lnr )

X 2z I 3 Xz
lﬂsl (I*(EH 6|l+(§)l

MIAL
Al

MIAI

MI. A2

3

5)
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Question 6

s Scheme Marke
. ) R >
(a [x’ln2xdx=§x’ln2x—f§x*xldx M1 Al
. X
2 2 .
==x"In2x- | =x"dx
3 3
9 5 43
=Zd-a (+0) MIAl (4)
il e e ;
(b [:x?lnzx-ix?] =|;4?1ns-f4?)-|:1n2-4} Ml
3 o) A3 o g [
=(16In2- _.)- .. Using or implying In2" =nin2 M1
46, . 28
=—n2-= Al 3
3 0 (3
[11]
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Question 7
Question Scheme Marks
Number
2 4 1
20 - V=
(a) 4cosec” 28 —cosec = 7 7
4 1
- = Bl Bl
(2sinfcosd)’  sin’é
(2)
1 1 5 4 1
(b) 3 e 2 21 <cinl
(2sinfcosd)’ sin‘d  ASin“Hcos’d  sin’é
2
EMe B M1
sin“dcos’ @ sin“@cos” 8
Using 1-cos* @ =sin*8 = g - M1
s @ cos* @
- oszgzsccza MIAL®
(4)
(c) sec‘9=4:>soc9=:2:cosa::% M1
T 2r
8= 33 AlLAl
(3)
(9 marks)
Note (a) and (b) can be scored together
2 ]
a) Bl One term correct. Eg. writes 4 “20 as ————or 9 as—— . Accept terms like
@ & S (2sinfcos 8)” — sin“ @ o
cosec’@=1+cot’ =1+ cf’s;z . The question merely asks for an expression in sin 8 and cos 8
sin
Bl A fully correct expression in sin € and cos 8 . Eg. : - — Accept equivalents
(2sin@cosd)” sin“ @
Allow a different variable say x's instead of &'s but do not allow mixed units.
b) MI  Attempts to combine their expression in siné and cosé using a common denominator. The terms can
be separate but the denominator must be correct and one of the numerators must have been adapted
M1 Attempts to form a “single’ term on the numerator by using the identity 1—cos’8 =sin® 8

Ml

Al*

Cancels correctly by sin’#8 terms and replaces with sec® 8

SE

Cso. This is a given answer. All aspects must be correct

IF IN ANY DOUBT SEND TO REVIEW OR CONSULT YOUR TEAM LEADER

c) Ml

Al

Al

For sec’d =4 leading to a solution of cosé by taking the root and inverting in either order .

Similarly accept tan®8=3,sin’4 =%loadlng to solutions of tand, sinf. Also accept cos26 = 2L

~

Obtains one correct answer usually :% Do not accept decimal answers or degrees

Obtains both correct answers. g = %, % Do not award if there are extra solutions inside the range.

Ignore solutions outside the range.
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Question 8

Question
Number Scheme Marks
@ %:ﬁf""smhﬁk’ﬁmh MIAIL
%:0 e (Fsin3r+3cos30 =0 MI
un:h:-JS Al
Ih:E: x:z MIAI
3 9
(6)
dy _
® Ao =3 Bl
Equation of normal & -';:"—'g o any equivalent _i':-%x MIAI
e
(3

(a) M1 Appllcsﬂmpmdmmlem'ouv'mc"’sln:!x.lflhumlusqmedumslbemmlmdm
must have been some atlempt (o differentiate both terms. If the rule is not quoted (nor implied
by thelr working. i, terms are written oul u=.."=....V=....V'=_._followed by their

vi'+uv’ ) only accept answers of the form %: Ac¥isin3x+ eV x£Bcos3x
Al Correct expression for %:ﬁr"ﬂlnh*lr‘ﬁcmh
MI SﬂsM%:O. factonises out of divides by r'ﬁpodnmngmoqummmsanhwms:h

Al Achieves either llll.'!x:—«,;ol lmh':—%

M1 Correct order of arctan, followed by <3,
5r 5 =N =X

A -_— —_— —-— = bt ol x= —_—

Ccoept 3x 3:19 3x 321 ? tl(l:l(gj

Al CSOx= %" Ignore extra solutions outside the range. Wihhold mark for extra inside the range

3

() BI  Sightof 3 for the gradient
M1 A full method for finding an equation of the normal.

Their tangent gradiont m must be modified 1o ~— and used togother with (0, 0).
m

1 y-0
Fg - =& or equivalent is acceptable
8 their'm’ x-0 -
Al y:-%x or any correct equivalent including -%:'—'3.
s

Alternative in part (a) using the form Fsin(3x+a) JUST LAST 3 MARKS

m Scheme Marks
@ %:J&"’unznyﬁmu MIAI
:"‘£=o e (3 sin3r+3cos3x) =0 M1
'3
(m)m(h'%]=0 Al
& _ & MIAL
Ix= 3 Sx= r
(6)

AL Achieves etther (JiZ)sin(dx+3) =00r (Vi) cos(3x-5) =0
M1 Correct order of arcsin or arcos, etc to produce a value of x
Fg accept 3x+%=00rtazx: .

Al Caox :% Ignore extra solutions outside the range. Withhold mark for extra inside the range.

Alternative to part (a) squaring both sides JUST LAST 3 MARKS

S Scheme Marks
) %:Ji-'“snsna.-‘ﬁcmax MIAL
%:o o WBsin3r+3c0s3x) =0 M
JIsin3x=-3cos3x= m’(:x):%asm’ﬁd:% Al
x=lnrm12Jz) o .
3 1
o Al

==
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Question 9

()@

p :
Jlt-swme
x 3x-1 (3x-1)

= 1nx—%1n(}3x—1‘)+

(-1)3

3 (3x-1)" (+C) a

%‘::fggp Scheme Marks
(a) 1=A(3x-1)’ + Bx(3x-1)+Cx Bl
x—0 (1=4) Ml
x—1i 1=1C = C=3 any two constants correct | Al
Coefficients of x
0=94+38 = B=-3 all three constants correct | Al 4

M1 Alft Alft

(=1nx—1n(3x—l)—ﬁ (+C)]

(ii) .flzf(x)dx=[lnx—1n(3x—l)—31'1_11
' 1) ( 1
=l]n2—ln5—1J— Inl-ln2-— L M1
5 2)
ﬁ
L 1o L M1
5
C T
= — ln— &
TRt AL ©
[10]
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Question 10

Question
Number Scheme S

> 3 dV gl

@ V=x=> —=3x" * ¢cso | Bl )

dx

dv dv d/ 0048

® & T =w "

At x=8
dx 0.048 .
—=——=0.00025 (cms™ 2.5x107 2
&~ 3() ( ) Al 2

ds

c) S'=06x: —=12x

(© s Bl
dS dS dx "0.048)
—=—><—=13x[ — | Ml
& dx df L 3% )

At x=8
ds il
—2=0.024 (cm’s?
= ( ) Al (3)

[6]
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Question 11

%ﬁﬂg," Scheme Marks
(a) R=25 Bl
tana =?:a=(awn)73.7“ MIAL
(3)
(b) 0s(2x+ theira) = L Ml
their R
2x+their'a' = 60" Al
2x+their'a' = their 300° or their 420" = x=.. Ml
x=awrt113.1° 173.1° AlAl
(5)
(c)
Attempts to use cos2x=2cos’ x—1 AND sin2x=2sinxcosx in the M1
expression

14 cos® x — 485in xcos x = T(cos 2x +1) —24sin 2x

=Tcos2x—24sin2x+7 Al

(2)

(d)
14 cos’ x— 48sin xcos x= Reos(2x+a) +7

Maximum value ="K +'¢ M1
=32 cao Al

(2)

(12 marks)

(a)

(b)

()

(d)

Bl Accept 25, awrt 25.0, V625. Condone £25

24 7 24

Ml For lana::T mna:iﬂsma:j: =+

. COS
their R their R
Al a = (awrt)73.7". The answer 1.287 (radians) is A0

12.5
their
Al Achieving 2x+their a=60" . This can be implied by 113.1'"/113.2'% o 173.1 ®/173.2 ™ ¢
-68"/-685"/69™
M1  Finding a secondary value of x from their principal value. A correct answer will imply this mark
360 +'their' principal value+'their
2
Al x=awrt113.1°/113.2° OR 173.1°/173.2°.
Al x=awre113.1° AND 173.1°. Ignore solutions outside of range. Penalise this mark for extra
solutions inside the range

M1 For using part (a) and dividing by their R to reach cos(2x+ theirar) =

Look for

Ml Attempts to use cos2x=2cos’ x—1 and sin2x=2sin xcos ¥ in expression.
Allow slips in sign on the cos 2x term. So accept 2cos’ x=+cos2x =1
Al Cao =T7cosZx—24sin2x+7. The order of terms is not important. Also accept a=7, b=-24, c=7

M1 This mark is scored for adding their R to their ¢
Al cao 32

Radian solutions- they will lose the first time it occurs (usually in a with 1.287 radians) Part b will then
be marked as follows

(b)

12.5

M1  For using part (a) and dividing by their R to reach cos(2x+ theira) = s
their

Al The correct principal value of %or awrt 1.05 radians. Accept 60 ™
This can be implied by awrt - 0.12 radians or awrt or 1.97 radians or awrt 3.02 radians

M1 Finding a secondary value of x from their principal value. A correct answer will imply this mark
27 = "their' principal value+'their' &
2

Al x=awrn1.97OR 3.02.
Al x=awrt 1.97T AND 3.02. Ignore solutions ountside of range. Penalise this mark for extra
solutions inside the range

Look for Do not allow mixed units.
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