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Pure Mathematics 2 Practice Paper M9 MARK SCHEME

Question 1
Question
ST Scheme Marks
Q (a) (a,=)2k-7 B1 (1)
(b) (a, =)2(2k-7)-Tord4k-14-7.=4k - 21 (*) M1, Alcso
(2)
©) | (a, =)2(4k-21)-7 (=8k-49) M1
4
Zar =k+"2k-7)"+(4k-21)+"(8k—-49)" M1
r=1
k +(2k —7)+ (4k —21) + (8k —49) =15k — 77 = 43 k=8 M1AT  (4)
[7]

(b)

(c)

M1  must see 2(their a@,) -7 or 2(2k—7)—7 or4k—14 -7 . Their a, mustbe a

function of k.

Alcso must see the 2(2k—7)—7 or 4k — 14 — 7 expression and the 4k - 21 with no
incorrect working

1¥ M1 for an attempt to find a, using the given rule. Can be awarded for 8k - 49

seen.
Use of formulae for the sum of an arithmetic series scores MONOAO for the
next 3 marks.
2% M1 for attempting the sum of the 1% 4 terms. Must have “+" not just . or clear
attempt to sum.
Follow through their a, and a, provided they are linear functions of k.

Must lead to linear expression in k. Condone use of their linear a; # 4k —21

here too.
3 M1 for forming a linear equation in k using their sum and the 43 and attempt to
solve for k as far as pk=g¢q

120 .
Al fork=8 only so k =TS 1s A0

Answer Only (e.g. tnal improvement)
Accept k=8 only if 8 +9+ 11+ 15 =43 is seen as well

Sum a, +a;+ay+as or a, +a,+a,

Allow: M1 if 8k - 49 is seen. MO for the sum (since they are not adding the 1% 4
terms) then M1

if they use their sum along with the 43 to form a linear equation and attempt to solve
but A0
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Question 2
(a) glx) = = xelR, x#In2.
u=e"-3 v =e" =2
Apply quotient rule: {dy | aw
e PR
XX ¥/ x . ovu'—uV
g) = e"(e" =2)-e"(e" =3) Applying - M1
4 X _ 9y
¢ -2 Correct differentiation | A1
% e:x_ Zex_e:x+ 30’
-2
oS Al AG
= —(e’ o Correct result cso
(3)
%‘:::g::‘ Scheme Marks
(b) )=1= L, =1
g(®) @ -2
. » 2 Puts their differentiated numerator
e = (e -2) . : M1
equal to their denonunator.
e = e —2" —2e" +4
e —5e" +4=0 e - 5¢" +4 | A1
e B - Attempt to factorise
&'~ or solve quadratic n e* i
e =4o0re =1
x=Indor x=0 both x=0, In4 | A1
(4)
[12]
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Question 3

Question
Number

Scheme

Marks

Q (a)

(b)

(c)

(d)

(e)

\l(o.k—l)

o (k. 0) X

)'“
(

(1-%.0)
A

Q
“y

Range of f: f(x)>-k or y>-k or (-k, x)

y=e—k = y+k=e¥
= lIn(y+k)=2x
=iln(y+k)=x

Hence f~(x)=21ln(x+k)

f7(x): Domain: x>-k or (k. x)

A 4

Curve retains shape
when x > 4Ink

Curve reflects through the x-axis
whenx < llnk

[0, k1) and ($Ink, 0) marked
mn the correct positions.

Correct shape of curve. The curve
should be contamned n

quadrants 1, 2 and 3

(Ignore asymptote)

(1-k, 0) and (0, {ink)

Either f(x)>-k or y>-k or
(=k,x)or f >-Fkor
Range > ~k.

Attempt to make x
(or swapped y) the subject

Makes e™ the subject and
takes In of both sides

1In(x+k) or ln\f(x-i-k)

Either x >~k or (-k, ®) or
Domam > —k or x “ft one sided

mequality” their part (c)
RANGE answer

B1

B1

B1

B1

B1

B1

M1

M1

Al cao

B1vJ

(3)

(2)

(1)

(3)

(1)

[10]
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Question 4

Question

Numnber Scheme Marks
& £(x)= 4-2x _d 8.8
. 2x+1)(x+1)(x+3) 2x+1 x+1 x+3
4-2x=A(x+1)(x+3)+B(2x+1)(x+3)+C(2x+1)(x+1) M1
A method for evaluating one constant M1
x—>-1. 5=4(})(3) = 4=4 any one correct constant Al
x—>-1, 6=B(-1)(2) = B=-3
x—-3. 10=C(—5)(—2) = C=1 all three constants correct Al (4)
1
(b) .[[ ]dx
-x+1 x+1 x+3
=;ln 2x+1)-3ln(x+1)+In(x+3)+C Al two In terms correct M1 A1ft
All three In terms correct and *“+C™ :  ft constants Alft (3)
@) [2m(2x+1)-3ln(x+1)+In(x+3)]]
=(2In5-3In3+1n5)-(2ln1-3In1+1n3) M1
=3In5-4In3
3
=ln('—‘] M1
3
125
=|,,(__] MG
81
[10]
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Question 5

Question
Number Scheme Marks
Q (a) —=—4sm2t. —=06c¢cost 51, B1
dy  6cosr (_ 3 ) o
dx 4sin 2t 4sint
Att== m= accept equivalents, awrt —0.87 Al (4)
3 =g 2 e ; :
(b) Use of cos2t=1-2sin’¢ M1
cos2t=2, sinr=2
2 6
x - 1_2[1) M1
2 6
Leading to y=+(18-9x) (=3V'(2—x)) cao Al
-2<x<2 k=2 B1 (4)
(c) 0<f(x)<6 either 0<f(x) or f(x)<6 B1
Fully correct. Accept 0 y<6. [0. 6] B1 (2)
[10]
Alternatives to (a) where the parameter is eliminared
@ y =(18—9x)§
dy 1 4
E=3(18—9T) -X(—9) B1
s
Att=£.x=cos%=—l B1
& 2 3(27) 2 NELAR:
@ ¥y =18-9x
dy
2))—'—: -9
X B1
Att=2, y=6sin==3y3 B1
dy 9 V3
=y M1AT  (4)
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Question 6
Question
Numbiar Scheme Marks
Q (i)a) | y = x*cos3x
u=x v =cos3x
Apply product rule: { 4, 2 dv o
—= X —==351n3X
dx dx
Applies vu' + uv' correctly for
their u, u', v, v' AND gives an
: M1
expression of the form
.. ocpraenaioknn axcos3x = fx*sin3x
dx Any one term correct | A1
Both terms correct and no further
simplification to terms | A1
cosax’or sin fx°.
(3)
(b) | y= 2D
X +1
In(e +1) — Dmethiog |,
2 du 2x v +1
u =ln(x +1) =d_= 3 Yy
R B In(x* +1) - —— | A1
X +1
u=l(*+1) v=x'+1
Apply quotient rule: & % dv &
dr  x +1 i
B : : . vu'—uv
5 “+1)-2 " +1 Appl — | M
& _ (x-+1)(" }mEGED pplying ——
dx ( 2+ 1)3 Correct diffgrenn'ation with correct Al
bracketing but allow recovery.
(4)
) 2x—2xIn(x* +1 2
{% g e L )} {Ignore subsequent working.}

(x?+1)
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REiiRar Scheme Marks
(ii) y=Jax+1, x>-1
AtP, y=Ja2)+1 =0 =3 AtP, y=+9 or 3 | B1
y _‘, M1a
dl__. 1(4",‘!_1)’1l (4) tk(4x+l)
de 2 24x+1)7 [ A1 aef
dy _ 2
d  (@ax+1)
ﬂ= 2 Substituting x = 2 into an equation M1
T odx (4(2).,.1)‘} mvolving %;
2
Hencem('l‘)=;
y=y=m(x-2)
Either T: y-3=2%(x-2); or y—y, = m(x—their stated x) with
‘their TANGENT gradient’ and g
or y=%x+c and ther 1, dm1’;
T W e oruses y=mx+c with
g Ul it ‘their TANGENT gradient’. their x
andtheir_vl.
Either T: 3y-9=2(x-2);
T: 3y-9=2x-4
T: 2x-3y+5=0 2x-3y+5=0 | Al
Tangent must be stated in the form
ax+ by +c=0, wherea, bandc
are integers.
(6)
oo T: y=4%x+4%
T: 3y=2x+5
T: 2x-3y+5=0
[13]
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Question 7
%l:'e';::::\ Scheme Marks
Q (a) ady 2ye =2+ lvd—‘ Al correct RHS M1 A1
dx dx
d -2x -2x dl’ -2x
—lye~ Tty e B1
dx(' ) ac
-2 d\' -2
e =2y)—=—=2+2ye™" M1
(2-2)8
dy 2+2ye”
———— Al 5
dx e™-2y %)
y 2432
b)| AtP, L LN M1
dx e-2
Using mm' = -1
m'= e M1
4
1
y-1=—(x-0) m1
x—4y+4=0 or any integer multiple Al (4)
[9]
Alternative for (a) differentiating implicitly with respect to y.
g 2 d d
e =2ye” —r=2—t+2y Al correct RHS M1 A1
dy dy
d 2x -2x -2x dx
—]ve- =e-—2]'e-— 81
H< ) a5
ande
2+2ye  )—=e""=2y
( £ M1
dx &=_23
dy 2+2ye™
) 2+2ye™
& _3242ye Al (5)
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Question 8

%‘:;:::: Scheme Marks
3 : %
Q (a J'\((s-x)nlx=J'(s-x)’dx=M (+C) MIAT  (2)
(=—§(5—x)4+C)
®)| @ I(x—l)\J(S—x)dx=—;(x—l)(ﬁ—x)§+£J‘(5—x)§dx M1 Aft
= et +~ (5 X) (C) M1
- 2os-nf-A-n (0) Mo
e e
5
o T T T L R e
(u)[ S =)(5-2) - (5-) ]1 (0-0) (0 S ]
'll_s[ 8—:853] awrt 8.53 MIAT  (2)
(8]
Alternatives for ( b) and (c)
(b) W=5-x = 2uﬂ=—l ( =5 §=_3"J
dx du
I(x—l)\J(S—x)dx=J‘(4-u2)u%du =I(4—uz)u(—2u)du M1 A1
=I(2u‘-8u:)ch=ius-§u3 (+C) M1
=2(5-x) --(s ) (+0) A1
(c) x=]1 = u=2, x=5= u=0
0
[%115—2143] =(0—0)—(%—?] M1
1118( sigs 53] awrt 8.53 Al (2)
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Question 9

%‘::ﬁs:: Scheme Marks
Q (a) | sin2x = 2sinxcosx 2sinxcosx | B1 aef
(1)
(b) cosecx —8cosx=0, O<x<nrw
1 ’ 1
—— — 8cosx =0 Using cosecxy = —— | M1
sinx sinx

1= 8sinxcosx
1= 4(2smnxcosx)
1= 4smn2x

sin2x =k, where -1< k<1 and
: m1
sn2x =4 k=0

sm2_r=-} A_]

Radians 2x={0.25268..., 2.88891..}
Degrees 2x={14.4775..,165.5225...}

Either arwt 724 or 82. 76 or 0.13
Radians  x={0.12634..., 144445 } or 1.44 or 1.45 orawrt 0.041 or | A1

Degrees x={7.23875..,82.76124.} awit 0.46x.
Both0.13and 1.44 | A1 cao
Solutions for the final two A (5)
marks must be given i x only.
If there are any EXTRA solutions
inside the range 0 < x < x then
withhold the final accuracy mark.
Also 1gnore EXTRA solutions
outside the range 0 < x < 7.

(6]
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Question 10

Question
NiEmber Scheme Marks
Q (a)|cos’@+sin’f=1 (+cos’d)
cos’@ smn’f 1 Dividing cos’ 6 +sin®#=1by | .
c0s’8  cos’@ cos @ cos’6 to give underlined equation.
1+ tan’ @ =sec’ 8
tan’ @ =sec’ @ -1 (asrequired) AG Complete proof. No errors seen. | A1 ¢s0
(2)
(b) | 2tan* @ + 4secf@ +sec’8=2, (eqn*) 0<6<360°
Substituting tan’ 8 = sec’ 6 - 1
2(sec’@—1) + 4secl +sec’§ =2 nto eqn * to get a | M1
quadratic in sec & only
2sec’ @ — 2 + 4secf +sec’ @ =2
2 e Formung a three term “one sided”
B Sl =0 quadratic expression mn sec8. M1
Attempt to factorise
2 -2)=
(secd + 2)(3secfd-2)=0 or solve a quadestic. M1
secd=-2 or secd=2%
;:-2 or ;:3
cosé cosd 3
cosf=—1; or cosf=1% cosf=-1 | A1:
a=120" or a=no solutions
6 =120 120 | A1
8, =240 230 w0y =360~y |
solving using cos@=...
. ’ Note the final A1 mark has been (6)
6 =1120", 240
{ } changed to a B1 mark.
(8]

www.naikermaths.com




Question 11

Question

Hence, 3sin2x + 4c0s2x = 5cos(2x-36.87)

Riiribiar Scheme Marks
Q (a) SO Applies A=B to cos(A+B) to
A=B=>cos(A+A4) =cos24 = cosAcosA—sinA4sin A : ; .
give the underlined equation or | M1
c0s24 = cos’ A—sm’ 4
cos2A4 = cos’ A—sin° A and cos’ A+sin’ A=1
gives
24 = 1-sin® A-sin’> A = 1- 2sin’ Complete proof, with a link
cos.j.‘! l1-sin"A-smn" A4 =1-2smn" A (as Bt and RHS. No Al AG
required) seen.
(2)
(b) | ¢,=C, = 3sin2x =4sin’ x - 2cos2x Eliminating y correctly. [ M1
Using result in part (a) to
substitute for sin’ x as
1 2 £1+0052x o ksin?x s
3sm2x=4(%) - 2c0s2x 2 M1
1+
k(—_l_:osh']to produce an
eqdation m only double angles.
3smn2x = 2(1—cos2x) — 2cos2x
3sin2x =2 - 2¢052x — 2¢05 2X
3sin2x + 4cos2x =2 Rearranges to give correct result | A1 AG
(3)
(c) | 3sin2x + 4cos2x = Rcos(2x—a)
3sin2x + 4cos2x = Reos2xcosa + Rsm2xsma
Equate sin2x: 3=Rsina
Equate cos2x: 4=Rcosa
R=3+4;={25=5 R=5|B1
tanag=+3 or tana =+ 3% or
tana =4 = & =36.86989765.." sina = giy or cosa =t giy i
awrt 36.87 | Al

(3)
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NesriEer Scheme Marks
(d) | 3smm2x + 4cos2x = 2
5cos(2x-36.87)=2
2 2
2x—-36.87) = = cos(2x = their @) = —
cos(2x—36.87) = ( ) Tz | M
(2x-36.87) = 66.42182..° awrt 66 | A1
(2x-36.87) = 360 — 66.42182..
One of either awrt 51.6 or awrt A1
Hence, x = 51.64591..", 165.22409.." 51.7 or awrt 165.2 or awrt 165.3
Both awrt 51.6 AND awrt 165.2 | Al
(4)
If there are any EXTRA solutions
inside the range 0 < x <180 then
withhold the final accuracy mark.
Also ignore EXTRA solutions
outside the range 0 < x <180".
[12]
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