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Key to mark scheme abbreviations

M

m or dM
A

B

E
Jorftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—-X EE
NMS
Pl

SCA

o

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and accuracy
mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see evidence of use

of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that the
correct answer can be obtained by using an incorrect method, we must award full marks. However, the
obvious penalty to candidates showing no working is that incorrect answers, however close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question directly,
the correct answer without working earns full marks, unless it is given to less than the degree of accuracy

accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.



MPC4: January 2012 - Mark scheme

Q Solution Marks | Total Comments
1@ | 2x+3=A(2x+1)+B(2x-1) M1
1 1 .
X=— X=-— Use two values of x to find A
2 2 mil and B
A=2 B=-1
Al 3 Both
(b) 3X
4x* ~1)12° - 7x -6 M1 Complete division
12x° —3x leading to values for C and D
—4x-6 C=3 D=-2 stated or written
gi32 Al in expression.
T Al 3 SC B1
C =3, D not found or wrong;
D =-2, Cnot found or wrong.
X—-2| —— 2 L dx
(© I ox—1 2x+1 M1 Use parts (a) and (b) to obtain
2 integrable form
37 Alft ftonC
- 2(|n(2x—1) - 1|n(2x+1)j A1ft Both correct; ft on A, B and D
2 Condone missing brackets
3 1 1
5(4—1)—2{('”3—5'”5}('”1—5'”%} mi Correct substitution of limits
g—BIn3+In5:g+ln(2—57J ng qzi
Al 5 2 27
Total 11

() Condone poor agebrafor M1 if continues correctly.

(b) Complete division for M1; obtain avalue for C (Cx) and aremainder ax+b

(c) Form J'CXJ{ P + Q jdx using candidate’'s P, Q , C for M1. Condone missing dx.
2x-1 2x+1

2

ij dx=CXE for A1ft ISW extraterms

Candidate’'sC; must have avalue.

_[4X+6 J‘ dx isan integrable form, aSI dx_iln(
4x* - 1 4x% — a2 2a \x+a

but they must try to mtegrate to show they know this, or use partial fractions again with

S -3 3 form1
4x° -1 2x-1 2x+1

jisin the formula book,

2
Substitute limitsinto CX? +mIn(2x-1) + nIn(2x+1) , or equivalent, for m1,;

substitution must be completely correct.

Condone g —In (Z—JJ for Al




Q Solution Marks | Total Comments
1(a) | Alternative; equating coefficients
2x+3=A(2x+1) + B(2x-1) M1
xterm  2=2A+2B Set up simultaneous equations
constant 3=A-B m1l and solve.
A=2 B=-1 Al 3 Both
Alternative; cover up rule
. A 2x3+3 4
X=3 T 2xiil =5 M1 x=4% andx=-1 used to find A
. g 2x(-1)+3 ( 2) and B
T2 BT _1)_ =)
2><( 2) 1 2 SC NMS
A=2 B=-1 A and B both correct 3/3
AlAl 3 One of A or B correct 1/3
1(b) | Alternative
12x° -7x-6 12X’ —3x—4x-6
-1 -1 M1
2(2x+3
4x° -1
C=3 .
Al C=3 D=-2 stated or written
D=-2 Al 3 in expression
SC Bl
C=3, D not found or wrong;
D =-2, Cnot found or wrong.
Alternative
12x® — 7x—6=4Cx> —Cx+ 2Dx+3D
c_a M1 Complete method for C and D
D=_2 Al C=3D=-2daedor
Al 3 | writtenin expression.
SC Bl
C =3, D not found or wrong;
D =-2, Cnot found or wrong.
Alternative
x=0 x=1
1 M1 Use two values of x to set up
6=-3D 3= C+=D simultaneous equations
C=3
D=-2 Al C=3 D=-2 stated or written
Al 3 in expression.

SC Bl
C =3, D not found or wrong;
D =-2, Cnot found or wrong.




Q Solution Marks | Total Comments
2(a)(i 4
(@)1) tana=§ B1 1 Fraction required
Allow 1.333 .... (recurring)
(i) |1 2 V3 seen (from Pythagoras) M1
or Use B =1+ cot?
4=1+cot? B cosec i = }CO P
tanﬁz—i SCBli or—3
N Al 5 V3 3
4_1
) | o+ py=—3 3
1_4[_1j M1 Use tan(a + 8) formula
3\ 3
Remove fractions within fractions Correct manipulation to form
ml a+by3 :
——— abcdintegers
c+d/3 eg
_4/3-3
“2f514 m=4 n=i_%
33+ Al 3 or any multiple
Total 6
(b) | Alternative  tan(a + )
s —ﬁ +§><1 Usef laefor s d
sin(a+pB) 5 5 |75%5 1 seformulaefor sin(a + ) an
= = cos(a + f3)
cos(a+pB) 3 ( 3 41
5 2 5 2
Remove fractions within fractions ml Correct manipulation to form
a+by3 abcdintegers
_ 4343 (:4&—3 j c+d+/3
-3J3-4 3/3+4 Al m=-4 n=-3
or any multiple
N . 1 3
a)(ii) Special case Bl for —= or —
(a)(ii) Sp 5

(b) M1 for substituting candidates values for tana and tan 8 into correct formula.

Specia case answer is

12+3Y3
9-43

a

Completely correct or completely correct ft on tana , tan g .

or x2 whereaisinteger orv3for M1Im1A0




Q Solution Marks | Total Comments
3 :
@) (1+ 6X) =1+2x6X+ kx? M1
_ 2
=1+4x-4x Al 2 | Simplified coefficients required
2 2 2
(b) | (8+6x)2=8"(1+5x)3 B1 OE
2
1+8x)3 =1+ 4(%) - 4(2)? "
(1+8%) ()-4(3) M1 xreplaced by % in answer to (a)
Condone missing brackets, allow
2
(8+6x): =4+2x-1x? oneefror. o _
Al 3 Simplified coefficients required.
(©) | (100=10" 8+6x=10 x=1)
2
4+ ZX%—%X(%j
167 M1 Use x=1inbinomial expansion
=% from part (b)
Al 2 100 167
36
Total 7
3 Alternative
(b) 2 2 2 OE
(8+6x)3 =83 (1+5x)3
2
(1+8x)s =1+2(8x) +2(2-1)3(&x)° Condone missing brackets,
2 allow one error.
(8+6X)2 =4+2x—-1x?
Alternative
2 1 4
8% +2x8 ¥ x6x+2(2-1)1x8 3 x(6x)" Use binomial formula; condone
4 12 one error and missing brackets.
+2X-4X
(a)(b)

2
Condone 13 for 1 for M1




Q Solution Marks | Total Comments
4 1
@ | p=500e" M1 Must uset= 60
— 904 000 Al 5 Nearest thousand required
904000 only
b)(i
®)0) | _ 500000 1
500
B e OE Takelogs correctly leading to
t=8lnv1000 M1 expression for t.
t =27.6 (minutes)
Al 3 Accept 27.631
(ii) o 57
500e® —500000e 8 =45000
M1 Set up equation; condone one
. ) error; allowin t.
8 1 1 . .
& ( eSTJ 1000= 906t Condone inequality.
500
i
LY b Multiply by £ and rearrange
e | —90e® —1000=0 Al PIYBY =50 9
. . to AG, be convinced.
=T =T
e =100 e® =-10 regected
( Sected) M1 Solve quadratic equation
(retaining positive root).
t=36.8 (minutes)
Al 4 CAO
Total 9
4 Alternative
b)(i 1 1 1
®X | & 10006 = e 50;(;):0 M1
t = 4In1000 M1 Takelogs correctly leading to
t =27.6 (minutes) Al 3 expression for t.
Alternative
! L L L
— 8 3 — 8
€% =1000e :In(e J In1000+|n(e J M1 Take logs correctly.
t = 4In1000 M1
t =27.6 (minutes)
Al 3

1
(b)(ii) M1 for solve quadratic equation Let x= e solve quadratic equation x* — 90x—-1000=0 by

inspection, x =100 seen;

factors (x-100)(x+10) with 100 and 10 seen;

complete square x=45++/3025

90 ++/90° + 4000

2

formula x=

Final answer ; must have t =36.8 for Al

(b)(i) 27.6 asfina answer NMS 3/3

al correct

27.6 following wrong working AO (FIW) but could still score M mark(s)




Q Solution Marks | Total Comments
5(8.) ) ) 3 2 3
Xy’ +3y = (8t —t)(?j +3(?j M1 Substitute and expand
:72_%+?9=72 Al | 2 |k=72
o)) | Hoger-1 Fo3 B1B1
dt a ot
3 Use chain rule(ﬂz ;3 Zj
- ;)2 dx 16t° —t
t= dy_ G M1 and calculate gradient
SR TN 1
4 usmgtzz1
=-16 Al
ol 81 y:§ M1 Calculate x and y using t :%
4 16 4 1
x:l y=12 Al Both correct
4
tangent y=-16x+16 A1l 7 ACE CSO
y—12=—16(x—%j ISW
.. 3
i =-16x — +16=-8 ) )
(i) y 2 M1 Substitute x = glnto
3 candidate’ stangent; calculatey
y=-8 used to verify 72
Total 11
5(a) Alternative
2
ng(EJ _3 M1 Eliminatet
y y
Xy2+3y:72 Al 2 k=72
(b)() | Alternative
2xy%+ y? M1A1 Product rule attempted; two
X
dy terms added, one with %
+3—==0 Bl dx
dx
t:l Xzﬁ_l _3 M1 Calculatexandyusingt:1
4 16 4 1 4
x=% y=12 Al Both correct.
(ﬂz -y ] d_ 6 m1 Calculate gradient from
dx 2xy+3) dx candidate’ s expression.
tangent y =—-16x+16 Al 7 | ACF CSO

y—12=—16(x—%j ISW




Q Solution Marks Total
. Alternative
5(b)(i) _72-3y Correct expression for xfrom
Y M1 candidate’ simplicit equation.
Quotient rule attempted; y*and
dx ¥*(-3)-(72-3y)x2y AL two terms subtracted.
dy y* Al Numerator; first term;
( dx 3y- 144} second term
y Y
1 3
dx 1 dy 1
-—— JY_-_16 — =
dy 16 dx ml Uset 4to caculate y
-1 .8 1.1 B1 |
4 16 4 4 Evaluate and invert.
y=-16x+16 Al
1
: ==t late x
Alternative for % Uset 4 o calculate
y
72 3 ACF CSO
y y
dx 144 3
Ttz
dy y oy Al
dx 3y-144 Al Correct expression for X from
d_y Y candidate’simplicit equation and

attempt derivatives




Q Solution Marks | Total Comments

6(a) 3 3)-
16?) +11(§J_15 E.Vé|l.JaIef(4), not long
M1 division.
27 33 . .
R —15=0= factor Al 2 | Processing and conclusion.
(b) 2
27cosf(2cos” 0 - 1) + B1 Use acf of cos20 formula
19sin6(2sinfcosf ) -15=0 B1 ,
Use acf of sin20 formula
54c0s’ 0 — 27¢osf +38(1- cos” 0 ) cosd M1 _ _
5-0 All in cosines.

3 —
16cos’ 0 +11cosf -15=0 Simplification and

x=00s0 = 16x +11x-15=0 Al substitute x = cos6 to obtain AG
4
CSO.
3 _ _ 2
(© | 16X +11x-15=(4x~3)(4x" +3x+5) M1A1 Fectorise f (x)

2 _ _ Y .
b*-dac=3"-4x4x5  (=-T1) m1l Find discriminant of quadratic

factor; or seenin formula
b? —4ac< 0, no solution (to 4%% +3x+5= O)
Conclusion; CSO

. 3
only) solutionis cos@ =—
= o) 4 Al 4| Condone x=% is (only) solution

Total 10

(a) For A1; minimum processing seen; 16x§+11x%—15=0 ; 15-15=0 and no other workingis AO

minimum conclusion =0 hence factor

(b) For M1 mark; cos26 (eventually) inform acos’6 +b; 19sinfsin26 inform ccosfsin®d and use
sin®0 =1-cos’ 0 to obtain ccoso(1-cos’0)

(©) M1 (4x-3)(4x* +kx+5) Alfully correct

ml candidate's valuesof a, b, ¢ used in expression for b’ —4ac
2 2
or complete square to obtain (x+£) =b_2_E
2a 4a° a

2
Al b*-4ac correct or (x+:—83j =%—% (z —%) and stated to be negative so no solution

or solutions are not real (imaginary)
Accept imaginary solutions from calculator if stated to be imaginary.

Condone +/-71is negative, or similar, so no solution.

Conclusion x:g1 is solution, or cosezgis solution




Q Solution Marks | Total Comments
7 dy .
] Vo [ xsin3x dx B1 Correct separation and notation;
dy 1 condone missing integral signs
[Z=-= B1
y y
jxsinSx dx:x(—%cosBxJ Use parts u=x §=sin3x
M1 @-1 v=kcos3x
—.[—} cos3x dx with correct substitution into
3 Al
formula
1 1.
=—§x0033x+ §S|n3x Al CAO
—1=—1x0053x+isin3x+c
y 3 9
1 =z T 1. (~n
—1=—§Xg°03(5j+59”(5j+c M1 Use x=% y=1 tofindC
10
C ) Al CAO
1 1 .
——=—§(3xc053x—sm3x+10)
y
ml And invert to —y=—i
o (cennr)
y:
3xcos3x—sin3x+10 Al 9 CSO, condone first B1 not
given
Total 9

Second M1 finding C; substitute x:% y=1linto f(y)= pxcos3x+qsin3x+C and evaluate using radians.

Must calculate avalue of C.

m1 for reaching form ihzé(Px0053x+Qsin3x+ R) where P and Q are £3 or J_r% or +1
y

<

and invertingto += = 9 _
k (Pxcos3x+Qsin3x+R)




Q Solution Marks | Total Comments
( ;3(_) 2] [ 4] [-2 M1 + (OB -OA)implied by two
a)() | ap_ _
AB=| 0|-1-2|=| 2 correct components
- L 3] [H4 Al 2 |Allowas (-2, 2 -4)
1
(ii) 5|e AB=-2+10+8=16 M1
) Alft fton AB
cosd 16 M1 C t f laf 0 with
=== orrect formulafor cosd wi
V24430 consistent vectors and correct
HE 2 2 2
0 - 53 Al 4 moduli, in form y/a® +b” +c
CSO Accept 53.4°, 53.40°
—2] 4+ p 2 SC B1 90° following sp =0
(b) | ABeBC=| 2|e||-2+5p|-| O M1
4 3-2p| |-1 Set up scalar product.
) - u=p a C.Any letter for p.
+ . - -
BE-| o 5p Clear attempt to find BC in
=|Tetop terms of p.
4-2p] Bl BC or CB correct
-4-2p-4+10p-16+8p=0 ml
16024 3 Expand scalar product and solve
p= P=5 Al for p; (=0 possibly implied)
41 2 5
2 2 .
OD -~ OA+BC =| —2|+| 2 _| 2 (_:orre_ctd vecth ex.pressmn to
sl | 1 ; ml find OD written in components
. 157 .
Disat (_,_,AJ Al 6 CAOQ; condone column vector
2 2
Total 12
Alternative for last 2 marks
4 3 1 2
OD=0C +BA=|-2 s 5|+|-2 ml
3 -2 4
. 15 7
Disat (E’E’Afj Al

Part (b) NB p =2 can come from wrong working where candidate uses OC in place of BC.
Thisis MO and scores no further marks, (unless they happen to find and go on to use it correctly).






