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MPC2

Question 1

1 The triangle ABC, shown in the diagram, is such that 48 = 7em, AC =5em, BC =8cm
and angle ABC = (.

B fcm C
(a) Show that # = 38.2°, comrect to the nearest 0.1°. (3 marks)

ib) Calculate the area of triangle ABC, giving your answer, in em?, to three significant
figures. (2 marks)
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Commentary

The candidate realised that the cosine rule was required in part (a) and applied good
examination technique by quoting its general form and then substituting the values for the
lengths for the award of 1 mark. No rearrangement to find the value of cos A (the candidate’s
cos 0) to an acceptable degree of accuracy has been offered and so no further marks can be
awarded for just quoting the value of 6 as printed in the question.

In part (b) the candidate stated the formula for the area of the triangle in a general form,
substituted the relevant values and evaluated the expression correctly and gave the final
answer to the required degree of accuracy to score the 2 marks.




Mark scheme

Q Solution Marks | Total Comments
1(a) | 5 =7 +8 —2x 7 x 8Bcosh M1 Use of the cosine mule — must be correct
(PI by the correct line below)
74g-5 88 _
08 = ——— (=——=0.7857_.) ml Rearrangement
2xT=8 112
#=3821.___ = 382" (to nearest 0.19) Al 3 CSO (Must see erther exact value for
cos@ or at least 4sf value for either cos#
or @ before the printed answer 38.2%) AG
(b) | Area= %x 7% 8sind M1 OE eg Area =10(10-5)(10-8)(10-7)
B (= 300)
=17.3 {cm’} to 3sf Al 2 Condone 17.31 to 17.33 mclusive
Total 5




Question 2

MPC2

1
2 (a) Write down the value of n given that <= K.
x

3 2
(b) Expand (I {—2) ;
x
3 2
{¢) Hence find I(] {—p_j dx.
, x

3 2
3
(d) Hence hind the exact value of [ (I y —2) dx.
1 x

i1 mark)

(2 marks)

(3 marks)

(2 marks)
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Commentary

The exemplar shows a correct solution with sufficient details shown. In part (a) the candidate
. . 3
wrote down the correct value of n as instructed. In part (b) the candidate changed —; to
X

3x?, in readiness for later integration, and wrote the given expression as a ‘product of two
brackets’ before expanding. Good examination technique was shown by writing down the
four resulting terms then simplifying by collecting like terms. In part (c) the candidate correctly
integrated the expansion from (b), simplified the coefficients and added the constant of
integration. In part (d) the candidate used brackets to emphasise the substitution of 3 and 1
for x and the relevant subtraction before doing any further calculations. In the final two lines
the calculations are carried out correctly and the candidate recognised the need to give the

. . 1 . .
final answer in an exact form. A common error was to write 5 as 0.111 which resulted in a

: . : N 80
final answer which was a non exact decimal approximation to 3 :

Mark Scheme

2a) | (n=)—4 Bl 1 Accept x
(37 . 6 9 Apply ISW after B2 stage
(b) |1 + ? =1+ 2 B1.1.0 2 (B1 if correct but unsimplified seen)
cf(, 3 v -1 -3
() _| { l+— | de =x—6x " —3x " +¢ M1 At least one power of x correctly obtamed
X in the integration of an expansion
A210 3 A2 terms correct and “+ ¢’

(AIF two terms in x correct ft on
expansion provided mntegrating x to a
negative power)

@|[[3] e =25

- |3 6 3 | —(1-6-3) M1 Dealing correctly with linmts; F(3) — F(1)
.3 27) ’ . (must have attempted mtegration to get F)
8
= 35 Al 2 CS0;

OE provided value 1s exact, eg ? 14?0 :

ISW dec value after exact value seen
WMS scores 0/2

Total 8




Question 3

MPC2

3 The nth term of a sequence is w,.
The sequence 1s defined by
Uy q =k, + 12
where & is a constant.
The first two terms of the sequence are given by
uy = 16 iy = 24
(a) Show that k =0.75.
ib) Find the value of w5 and the value of wuy .
{c) The limit of u, as »n tends to infinity is L.
(1) Write down an equation for L.

(i1) Hence find the value of L.

(2 marks)

(2 marks)

(1 mark)

(2 marks)
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Commentary

The exemplar illustrates a solution which was frequently seen.
In part (a) the candidate substituted the correct values into the formula u, = ku, +12 and
showed sufficient detail in solving the resulting equation to obtain the printed value for k. In

part (b) the candidate applied the formula u,,, = gun +12 for n=2 and n=3 to find the correct
values for u, and u, respectively. The candidate’s solution for part (c) shows a common

. .\ a . .
error. The candidate, by writing I had incorrectly assumed that the terms in the

sequence form an infinite geometric series and that its sum to infinity gives the limiting value
of u,. To form an equation for L, candidates were expected to replace both u, and u,,, by

L in the formula u,,, = ku, +12 to obtain the equation L = g L +12 and then in part (c)(ii) to

solve this equation to show that L=48. As the wording for part (c)(ii) started with ‘Hence’, no
marks could be awarded for the value of L unless the equation for L had first been written
down.

Mark Scheme

Q Solution Marks | Total Comments
3a) | 24=16k+12 M1 Condone with 0.75 (OE) subst for &
k=12+16=0.73 Al 2 AG: OF fraction; if venification must
explicitly state the conclusion
(®) | u; =30 Bl
. =345 BIF 2 fton 075 « cand’s uz + 12
(o)) [ L=075L+12 M1 1 Replacing #,4; and u, by L
B 12 12 .
(ii) | L=—-= — ml PI. but previous I must be scored
1-& 1-075
SC: (c)(1) incorrect and then m (c)(11)
L=48 Al 2 L=0.75L + 12 leading to L = 48 scores

B2

Total 7




MPC2

Question 4

4 (a) Use the trapezium rule with four ordinates (three strips) to find an approximate value

L
for [ Vx4 1dx, giving your answer to four significant figures. (4 marks)
J0
(b) The curve with equation y = v/x3 4 1 is stretched parallel to the x-axis with scale

factor 5 to give the curve with equation y = [{x). Write down an expression for [{x).
(2 marks)

Student Response
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Commentary

In lines 3 to 6 the candidate set out all the relevant values for use in the trapezium rule as
given on page 8 in the formulae booklet supplied for use in the examination. In the 1% line the
candidate substituted these values into the trapezium rule and then evaluated the resulting
numerical expression to obtain the correct 4sf value as required. In part (b) the candidate has

used brackets appropriately to obtain the correct expression for f(x). Either form, /(2x)® +1

or v8x® +1 was awarded the 2 marks. If the candidate had left the answer as y=f(2x), shown
in line 2 of part (b), no marks would have been awarded since f(x) has been defined in a

different context within the question. The most common wrong answer was +/2x> +1, which

was crossed out in line 3 of the candidate’s solution. Lack of brackets resulting in v2x° +1
for f(x) scored 1 mark.




Mark Scheme

4a) | h=2 Bl i
glx)= 1.|':».'E +1
I=h2{. } OE summuing of areas of the “trapezia’..
{3 =g(0)+ g(6)+ 2[e(2) + 2(4)] M1 Can award even if MR expression for g(x)

but must be using from 0 to &
(. 1=1+217+2(3 +63) Al OE Accept 2dp evidence for surds
1+1473. +2(3+8.06..)
(I=) 37.8554...=37.86 (1o 4sf) Al 4 Must be 37 .86
) | fx)= J2x) +1 = VB 41 M1 Jed 41, E£10r0 or f{x)=g(2x)
Al 2 Either form acceptable
Total o




MPC2

Question 5

5 The diagram shows part of a curve with a maximum point M.

Vi

0 15\ "
The equation of the curve is
3 3
y = 15x2 — x?
d 1
(a) Find —1 (3 marks)
dr
(b} Hence find the coordinates of the maximum point M. (4 marks)

(c) The point P(1, 14) lies on the curve. Show that the equation of the tangent to the
curve at Pis y = 20x — 6. (3 marks)

(d) The tangents to the curve at the points P and M intersect at the point . Find the
length of RM . (3 marks)
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Commentary

The exemplar illustrates the common error in part (b) as well as showing several features of
good examination technique.

In part (a) the candidate obtained the correct expression for % showing the process in line
X

2 before completing the simplification in line 3. In line 1 of part (b) the candidate set up the
correct equation to find the x-coordinate of the maximum point M by equating % to zero but
8
in line 4 the candidate has either incorrectly squared 9x2 — x? (obtaining two terms instead
1 3
of three) or has incorrectly simplified X2 x X2 to get x* instead of x°. In line 1 of part (c) the
candidate showed the method for finding the gradient of the tangent to the curve at P and
went on to present a convincing solution to obtain the printed equation for the tangent. Even
though the candidate has used incorrect coordinates for M from part (b), full marks have
been awarded for correct follow through work in part (d). The use of the approximation 62.4
for 62.35.. at various stages has been condoned as the candidate’s solution shows an
appreciation that the y-coordinates of R and M are the same in the relevant formulae.
Perhaps the candidate’s solution could have been shortened slightly if the candidate had
drawn a sketch showing the horizontal tangent at M which would have led to the length of
RM just being the difference in the x-coordinates of R and M.

Mark Scheme

Q Solution Marks | Total Comments
5() | gy as L 5 2 M1 One power correctly obtamed
3 it et A210 3 A1l for each term on the RHS coeffs
- - simplified
®) Exi—ix-f =0 M1 cand’s (a) =0

5 L . Must be selving eqn of form ax™+&x" = 0,
—x*(9-x)=0 ml pi and n non-zero. with at least one of m
and » non-integer and reaching a stage
from which the non-zero value of x can be
stated PI. Must deal with powers of x

comrectly and any squaring of ix” terms
or expressions must be correct.

At M x=9 Al
=162 Al 4 M1 must be scored, else 0/4
(c) | At P(1. 14, % = ? - :i =20 M1 Arttempt to find y'(1)
TangentatP: y—14=m(x—1) ml m = cand’s value of (1)
y—14=20x—-20; y=20x—§6 Al 3 CS0; AG
(d) | Tangent at M~ y =162 BIF ft y=cand’s yy
AtR 162=20x—§; x=84 M1 Solving cand’s numerical y3,=20x — 6 to
find a value for x
Distance RM =[x, —x,| =9-84=06 AlF 3 ft on coordinates of Mf

Total 13




MPC2

Question 6

6 The diagram shows a sector Q4B of a circle with centre (@ and radius » cm.

The angle AOB is 1.2 radians. The area ol the sector is 33.75 cm? .

Find the perimeter of the sector. (6 marks)

Student Response
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Commentary

The exemplar illustrates a correct solution which was frequently seen.
. 1 .
The candidate states the correct general formulae A==r?0 and s=r6 and used the first

of these to find an equation in r* which was then rearranged correctly and the square root
taken to find the correct value for r. The candidate then used s =r@ to find the arc length
and added twice the radius to obtain the correct value for the perimeter of the sector.




Mark Scheme

1,
6 | {Area of sector =} ?}"8

., 3375
=

(= 56.25)
8

b | =

=75
{Arc =} rd
e =9

{Perimeter =} 24 {cm}

M1

ml

Al
M1
AlF

Al

1 .
?;'"6‘ seen or used for the area; PI

Correct fearrangement 1o M= orr=..

PI eg by a correct arc length

r8 seen or used for the arc length

fron 1.2 = cand’s » provided the two M’s
scored; if not explicit, PI by ft on

3.2 « cand’s » for perimeter

CAD

Total




Question 7

MPC2

7 A geometric series has second term 375 and fifth term 81 .
(a) (i) Show that the common ratio of the series is 0.6.
(i1} Find the first term of the series.

(b) Find the sum to infinity of the series.

]
{c) The nth term of the series is u,. Find the value of Z .

H=h

(3 marks)
(2 marks)

(2 marks)

(4 marks)




Student Response
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MPC2

Commentary

The exemplar illustrates the common error in part (c).

In part (a)(i) the candidate stated the general formula for the nth term of the geometric series
as given on page 4 of the formulae booklet and applied it for n=2 and n=5. The candidate
labelled the resulting equations as 1 and 2 and indicated ‘2+1’ to show how a was eliminated
and obtained the printed answer for r. In part (a)(ii) the candidate obtained the correct value,
625, for the 1% term and in part (b) the candidate showed good examination technique by
guoting the general formula for the sum to infinity of the geometric series, as given in the

formulae booklet, before substituting the relevant values to obtain the correct value for S . In

part (c) the candidate incorrectly stated that Zun =&, —S;. Perhaps if the candidate had
n=6

written Zun =Ug+U, +..+U, =(U, +U, +...4+U; +Ug + U, +...+U_ ) — (U +U, +...+U:), Or

n=6
something similar, the correct result, ZUn =S
n=6
was awarded 1 mark for correctly applying the formula for S, in the case n = 6 but no further
marks were available.

— &, would have been used. The candidate

o0




Mark Scheme

Q Solution Marks | Total Comiments
T(a)i) | ar=375; ar’ =81 Bl For either OE or PI by next line
= 3757 =81 Ml Elimination of @ OE
;8127 3 CSO AG Full valid completion
r= 375 175 0216 = r=06 Al 3 SC: Clear explicit verification, with
statement max B1 out of 3. (If considers
uniqueness then 3 1s possible)
i) | 0 375 M1 OE: FI
a=9625 Al 2
a a a .
—_—= M1 —— used with | value of 7| <1
®) 1-r 1-06 1-r | |
625 _ . o
5.= 0 =1562.5 AlF 2 ft on cand’s value fora.... 12 2.5 x &
@ 3 3
© | 2= Dt — 21y Ml
= n=l #=1
;=061 (=225 and 1, =067, (=135) | ML Valid method to either find w; and u, or
all-»") )
use of {5, =}'1—1' for etthern=35or
n=6
-Zﬂ_,.. = §25+375+225+135+81 (= 1441) Al
n=l]
z;zeﬁ =1562.5—-1441=1215 Al 4
H=
Alternative for (c):
Recognise that the sum to infinity with )
first term ug 18 required (ML)
Valid method to find us (= 0.6u;) (ML)
= 8106
P R Y: (A1)
=121.5 (Al)

Total

11




MPC2

Question 8

sinfl —cos
8 (a) Given that ane o em Lm =4, prove that tantl = 5. (2 marks)
cos

(b) (i) Use an appropriate identity to show that the equation
2cos® v — sinx = |
can be written as
2sin®x+ sinx — 1 =0 (2 marks)
(11} Hence solve the equation
2cos” x — sinx = 1

giving all solutions in the interval 0° < x = 360°. (5 marks)




Student Response
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MPC2

Commentary

The exemplar illustrates a correct solution showing sufficient working to justify the printed
results in parts (a) and (b)(i).

In part (a) the candidate split the left-hand-side, stated the identity for tan and used it
correctly to convincingly obtain the printed result tan6 = 5. In part (b)(i) the candidate stated

and used the identity cos® x+sin® x =1 in a convincing manner by starting with the given
equation 2cos® x—sinx =1, using appropriate brackets when replacing cos® x by 1—sin® x
and subsequently inserting sufficient steps to convince the examiner that the given equation
could be written as 2sin® x+sinx—1= 0. In part (b)(ii) the candidate recognised that the
solutions of the equation 2cos® x—sinx =1 could be found by solving the quadratic equation

2sin® x +sinx—1= 0. The candidate quoted and used the general quadratic formula to
obtain the two values for sin x from which the correct three solutions in the interval

0° < x<360° were found.

Mark Scheme

Q Solution Marks | Total Comments
S(a) sinf  cosé —4
cost?  cosf
fanf—1=4 M1 tanf = S stated or nsed
cosd
tanf =35 Al 2 AG; CS0
(b)(i) | 2cos’'x —sinx =1 ) )

1-sm x)—smx=1 M1 Use of cosx +sinx =1

2- 25i11'?‘x— sinx =1

= Jsin"x+smx—1=0 Al 2 AG. CSO

(i) | (sinx+ 1)(Zsinx—1) =0 M1 Factorisation or use of formula; PI by

both correct values for sin x

smx=—1, smx=105 Al Need both

(sinx=—1)s0 x=270° Bl

(sinx=0.5) s0 x=30" Al 30° as the only acute angle

x=180—30=150° BIF 5 fit for 2*® angle from ¢’s siny = non-integer
Ignore values outside mterval 0°—360° but
extras inside interval lose the corresp. B,
A or BIF mark. If using rads, accepting
either equivalent exact vals (in terms of
pi) or 2dp values instead of degrees,
penalise max of 1 mark from any of the
final three marks (B1A1B1F) awarded
NMS: 270° (B1): 30°, 150° (B1) [max 2/5]

Total 9




Question 9
(2 marks)

9 (a) (i) Find the value of p for which /125 = 5% .
ik (1 mark)

(i1} Hence solve the equation 5 — o,
ib)  Use logarithms to solve the equation 321 — .05, iving vour value of x to four
(3 marks)

decimal places.

ic) Tt is gmiven that
log,x = 2(log, 3 + log,2) — 1

Express x in terms of g, gving vour answer in a form not involving logarithms.
(4 marks)




Student Response

MPC2
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Commentary

In part (a)(i) the candidate correctly wrote /125 in the form 5P but did not explicitly find the

. : : 3 :
value of p. Examiners expected candidates to write ‘p = 1.5" or * p = —" for their answer to

part (a)(i). In part (a)(ii) the candidate used the work from part (a)(i) to find the correct value
for x. In part (b) the candidate clearly used logarithms to solve the given equation and applied
good examination technique by showing values in the intermediate working which were to a
greater degree of accuracy than that requested for the final value of x. In part (c) the

candidate in lines 2 and 3 applied two laws of logarithms correctly and in line 4 goes beyond

the stage reached by most candidates, replacing —1 by —log, a. The candidate in line 5

used the remaining law of logarithms correctly, writing log, 36—10g, a as log, 36 , and
a

: 36
finally expressed x correctly as —.
a

Mark Scheme

Q Solution Marks | Total Comments
o@a)(i) | V125= J25%x5 = 545 M1 OEeg /125 = J5 or 57 seen
5 = J125= p=15 Al 2 Correct value of p must be explicitly
stated
Alternative for (a)(i):
OE logs=logll1.18
blogw:lloglli (M1) =& ploga=To8
2 ’ or eg p=log, /125
3. 3 Correct value of p must be explicitly
ﬂlog:-—zlog}ﬂp—z (A1) <tated
@) | s = 125=5"=x=05p=0.75 BIF 1 Must be 0.5 = ¢’s value of p
SC:x=0.75with c’s ans (a)(1) 5 scores
BI1F
(b) | 37 =005
(2x—1)log3i=1log0.03 M1 Take logs of both sides and use 3™ law of
logs. Pleg by 2x — 1 = log, 0.05 seen
log,, 005 1
X=——+— ml Correct rearrangement fox=.... PI
2log,,3 2
=—0.8634(165...) =— 0.8634 1o 4dp Al 3 Condone = 4dp. Must see logs clearly
used i solution, so NIMS scores 0/3
(c) | log, x=2(log, 3+log, 2)-1
=2log,(3x2)-1 M1 A valid law of logs used
=log,(6) -1 M1 Another valid law of logs used
=log,36-log,a Bl log, a=1 quoted or used
or 10g,£=—1:> i: a” OE
“k '
(36 36 .
log_.x=log_.i — |=> x== Al 4 | cso Mustbe x=22 or x=364"
a) a a
Total 10






