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4721

Mark Scheme

4721 Core Mathematics 1

January 2009

20+4/5 .
i 3.5 +———5_£ Bl 345 soi
- M1 Attempt to rationalise ——
=75 NG
Al 3 cao
2
2 | X Bl 1 cao
v 4 3
(D | 3y x1000y -
2y5 B1 1060y” soi
- 2z 15
= 1500y B1 500
B1 Ej y
1
3 Let y = x* *M1 Attempt a substitution to obtain a quadratic or
3 yz +y—=2=0 factorise with V; in each bracket
By-20y+DH=0 DM Correct method to find roots
2
Y= 5: y=-1 Al Both values correct
2 ; .
X = ?3— ,x=(=1) DM1 Attempt cube of at least one value
8
X = E’ x=-1 Alft 5 Both answers correctly followed through
E] SR IfMI*notawarded, Bl x=-1 from T &
I
4@ ’ '\ Bl Excellent curve in one guadrant or roughly correct
/ : \ curves in correct 2 quadrants
/ \ B1 2 Completely correct
Ml T
.. . (x +3)
ii =
@ (x+3)* AL 2 ]
T Az
B1 (x+3)
. Bl 2 Correct x coordinate
i) |7 9 @ Correct y coordinate
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5@ | Y. 50 Ml k™
Al 2 Fully correct answer
L Bl 1
@) | y=x* fx =x% soi
3 Bl 1
dy 1 - 3 —x°
w4 BI 4
3 3
x4
) M1
(i) | y=(x"+3x)(1-5x) Al Attempt to multiply out fully
=3x—14x" ~5x° Correct expression (may have 4 terms)
d
& 3 28x-15%> M
dx Two terms correctly differentiated from their
Al 4 expanded expression
EI Completely correct {3 terms)
6 | S(x* +4x)-8 Bl p=5
= 5[(x+2)2 m4]-~8 B1 (x+2)" seen org =2
=5(x+2)" —20-8 My | ~8-5g%0r "“2““42
_ 2 _
=5(x+2) —28 Al 4| r=-28
o | x=—2
(i Blfi 1
207 —~4x5x-8
@ 560 Ml Uses b* —4ac
Al 21 560
(v) | 2 real roots
Bl 117 real roots
71 304+4k-10=0 M1 Attempt to substitute x = 10 into equation of line
k=5 Al 2
(i)
\/ (10 - 2)2 + (=5 - n? M1 Correct method to find line length using Pythagoras’
theorem
= /64 + 36
=10 Al 2 | cao, dependent on correct value of k in (1)
(i)
B1
Centre (6, -2)
. B1
Radius 5 5
) | Midpoint of AB = (6, -2)
Length of AB = 2 x radius B1 One correct statement of verification
C 1t ificati
Both A and B lie on circumference Bl omplete verification
2
Centre lies on line 3x + 4y~ 10=0 @
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8 8% \/ (—8)* ~(4x—1x5) Mi Correct method to solve quadratic
X =
-2 _g+4/34
_ 8§84 Al X e -2
-2
wm—d =21 or =-444/21 Al 3 | Bothroots correct and simplified
{if) x< —d4 21 x> —4+ /21 M1 Identifving x < their lower root, x = their higher
- T root
Al 2
x < —4-421, x> ~4+421
{hot wrapped, no ‘and’)
(i) B! Roughly correct negative cubic with max and min
jii
BI -4, 0)
N\ Bl (0, 20)
\/ \ Bl Cubic with 3 distinct real roots
Bl 5 | Completely correct graph
9 _c_if_ =3x% +2 px Ml Attempt to differentiote
dx Al Correct expression cgo
d
When x = 4, Yo Mi Setting their @ _ 0
dx dx
. 2 -
5 3x4% +8p =0 Mi Substitution of x = 4 into their dv _ o to evaluate p
— dx
=6
P Mi
d'y 2
7= 6x—12 Looks at sign of ~—=, derived correctly from
Whenx =4, 6x—12 > 0 TR

Minimum point

their -ij-}-, or other correct method

Minimm point CWO
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dy
16(i) i =2x+1 Ml Attempt to differentiate y
= 5 Al 2 | cao
Gradient of normal = —— BI ft Jt from a non-zero numerical value in (i)
(G5
Whenx =2,y =6 Bl May be embedded in equation of line
— == i x -2 Ml Equation of line, any non-zero gradient, their y
Y
5 coordinate
x+5y-32=0 4] 4 | Correct equation in correct form
Eguati =
(i) o x =4 *Mi quating ¥, = ¥,
X +(1-k)x+4=0
s Dl Statement that discriminant = 0
One solution => b° —4dac =0 Dl tttempt (imvolving ¥ b, ¢ from i
5 ttempt (involving k) to use o, b, ¢ from 1 eir
(1-k) —4x1x4=0 1 equation
(1- k)z =16 DMI Correct equation (may be unsimplified)
-k =14 46 Correct method to find k, dep on I 3Ms
k=-3or3 Both values correct
12}
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l{i) J‘(x3+8x“m5hxzﬁ-x4+4x2m5x+c MI

- i 2
(i) j12xzdx=8x2+c Bi

January 2009

Attempt integration — increase in power for at least 2 terms

Obtain at least 2 correct terms
Obtain %xd +4x” ~5x+c (and no integral sign or dx)

N
State or imply s/; =t

3
Obtain kx*

2 . .
Obtain 8x% +¢  (and no integral sign or dx)
(only penalise lack of + ¢, or integral sign or dx once)

2() 140°=140x:% M1 Attempt to convert 140° to radians
= 37 Al 2 Obtain L7, or exact equiv
(i) arc AB=Txlx Ml Attempt arc ]engt‘h using ré or equiv method
= 171 ALY Obtain 17.1, ¥ n or unsimplified equiv
chord AB= 2xTsinfn =13.2 M1 Attempt ch.ord using irig. or cosine or sine rules
hence perimeter = 30.3 cm Al 4  Obtain 30.3, or answer that rounds to this
3G) w =234 B1 State u; = 23'/s
= 22%; , uy = 22 Bl 2 State wp=22%; and uy = 22
) 24-*=0 M1 Equate # to 0
k=36 Al 2 Obtain 36
(i) Sy =2 [2x23L+19x:2) M1 Attempt sum of AP with = 20
= 346 Al Correct unsimplified S
Al 3 Obtain 340

‘ j( I TR M1

Al
=(2+6)-(2-6) M
=244 Al
area of rectangle = 19 x 4 B1
hence shaded area = 76 — 244 M1
=511 Al
OR
Area =19 — (x* +3) Ml
= 16— x* Al
2
[l6-x"Js =Pox—tx°T, M1
-2
Al

Attempt integration — increase of power for at least | term

Obtain correct —;—xs +3x

Use limits (any two of -2, 0, 2), cotrect order/subtraction
Obtain 242

State or imply correct area of rectangle
Attempt correct method for shaded area

Obtain 511 aefsuchas 51.2, 28

Attempt subtraction, either order
Obtain 16 ~x* (not from x* + 3 = 19)

Attempt integration

Obtain i(16x—%x5)
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=(32-2)-(32-7%) M1 Use limits — correct order / subtraction
= 514 Al Obtain +511
Al Obtain 511 only, no wrong working
5(0) =35 M1 Attempt use of correct sine rule to find 74, or equiv
T4=9%4m At 2 Obtain 914, or better
(i 7TC= \/ 9142 +150% —2x914x150% cos 70 M1 Attempt use of correct cosine rule, or equiv, to find 7C
A1V Correct unsimplified expression for 7'C, following their (i)
= 874 m AI__ 3 Obtain 874, or beter
(iii) disifrom 4=914xcos 70 =313 m M1 Attempt to locate point of closest approach
beyond C, hence 874 m is shortest dist Al 2 Convincing argument that the point is beyond C,
OR or obtain 839, or better
perp dist = 914xsin70= 859 m SR BI for 874 stated with no method shown
6 S,=2% M1 Attempt use of S, =%
=200 Al 2 QObtain 200
et e 1
(i) Sy= 2011 gg M1 Attempt use of correct sum formula for a GP, with n =30
=192 Al 2 Obtain 192, or better
(i) 20x0.97'<04 B1 Correct 20x0.977 seen or implied
0.97" <0.02
(p - 1)10g 0.9 <log 0.02 M1 Link to 0.4, rearrange to 0.9° = ¢ (or >, <), introduce
p-1> lffg%gz logarithms, and drop power, or equiv correct method
p>381 M1 Correct method for solving their (in)equation
hence p = 39 Al 4  State 39 (not inequality), no wrong working seen
TH 6k’a’ =24 M1* Obtain at least two of 6, ¥, a*
kla’ =4 Mldep*  Equate 6k"a" to 24
ak=2 A.G Al 3 Show ak = 2 convincingly — no errors allowed
(i) 4Fa=128 Bl State or imply coeff of x is 4°a
4%° ({g)m 128 M1 Equate to 128 and attempt to eliminate a or &
k* =16 Al Obtain k = 4
fcw4,az—;- Al 4 Obtaina=%
SR Blfork=t4,a=%1
i) 4xax(Ef =2 M1 Attempt 4x % xa®, following their @ and k (allow if still in
terms of a, k)
Al 2 Obtain 2 (allow 2x%)
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B log, xy=p+g B1 I Statep+g cwo
(i) log (“?f )r: 243p-—g M1 Use loga® =bioga correctly at least once
Ml Use log% =loga—logh correctly

Al 3 Obtain2+3p-g

(b)() log,, =12 Bl 1 State logy, =1 (with or without base 10)
(i) log,, *‘2;“’ =log, 9 Bl State or imply that 2log,, 3 = log,, 3*
iﬁ;ﬂ =9 M1 Attemnpt correct method to remove logs
¥% w9x 100 Al Obtain correct x% —9x~10= 0 aef, no fractions
-10)x+1)=0 M1 Attempt to solve three term quadratic
x=10 Al 5 Obtainx =10 only
9@ f=1-1-3+3=0 A.G. B1 Confirm f{1) = 0, or division with no remainder shown, or
matching coeffs with R = 0
fx) = (x — D" - 3) M1 Attempt complete division by (x — 1), or equiv
Al Obtain x* + k
Al Obtain completely correct quotient (allow x* + Ox — 3)
¥ = M1 Attempt to solve x* =3
x= 143 Al 6 Obtainx= =3 only
(i) tanx=1,v3, -3 B1Y State or imply tan x = | or tan x = at least one of their roots
from (i)
fan x = J.:f =x =", ", Ml Attempt to solve tan x = k at least once
tan x = —+f3 = x =%, 5%, Al Obtain at least 2 of /3, /5, ™3, ™y (allow degs / decimals)
tanx=1=> x= "%, ", Al Obtain ali 4 of /3, s, ™5, */; (exact radians only)
B1 Obtain ™, (allow degs / decimals)

Bl 6 Obtain *, (exact radians only)
SR answer only is B1 per root, max of B4 if degs / decimals
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1 ()  Obtain integral of form ke M1 any constant k different from 8
Obtain —4e ™ Al or (unsimplified) equiv
(i)  Obiain integral of form k(4x+5)’ Ml any constant &
Obtain =L (4x +5) Al in simplified form
Include ... + ¢ at least once Bl l in either part
2 ()  Form expression involving attempts at y
values and addition Ml with coeffs 1, 4 and 2 present at Jeast once
Obtain k(ln4+4in6+2mm8+4mn10+In12) Al any constant &
Use value of kas 4x2 Al ot unsimplified equiv
Obtain 16.27 Al 4 or 16.3 or greater accuracy (16.27164...)
(i) State 162.7 or 163 B1V 1 following their answer to (i), maybe rounded
3 ()  Attempt use of identity for tan® @ M1 using Esec’ #+1; or equiv
Replace ! by secd B1
cosd
Obtain 2(sec” @ —1)~secd Al 3 orequiv
(i)  Attempt soln of quadratic in secé or cos& M1 as far as factorisation or
substitution in correct formula
Relate secd to cos@ and atternpt at least
one value of & M1 may be troplied
Obtain 60°,131.8° Al allow 132 or greater accuracy
Obtain 60°,131.8°,228.2°,300° Al 4 allow 132, 228 or greater accuracy; and no
others between 0° and 360°
4 (i)  Obtain derivative of form Ax(4x” +1)* M1 any constant k
Obtain 40x(4x* +1)* Al or (unsimplified) equiv
State x =0 AIY 3 and no other; following their dexivative of
form kx(4x® +1)°
(i)  Attempt use of quotient rule Ml or equiv
 2xlnx-x*1 )
Obtain —————= Al or equiv
(Inx)
Equate to zero and atternpt solution M1 as far as solution involving ¢
Obtain e Al 4 orexactequiv; and no other; allow from

+ (correct mumerator of derivative)
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5@ State 40 B1

Attemapt value of k using 21 and 80 Ml or equiv

Obtain 40e™™ =80 and hence 0.033 Al or equiv such as +;In2

Attempt value of M for t= 63 M1 using established formula or using
exponential property

Obtain 320 ‘ Al 5 orvalue rounding to this

(i)  Differentiate to obtain ¢e®™ or 40ke™ M1 any constant ¢ different from 40
Obtain 40x0.033e"%¥ AN following their value of k
Obtain 2.64 AT 3 allow 2.6 or 2.644 0.01 or greater

accuracy (2.64056...)

E

6 (i)  Attempt correct process for finding inverse M1 maybe in terms of v so far
Obtain 2x* -4 Al or equiv; in terms of x now
State /2 or 1.26 Bl 3
(i)  State reflection in y=x Bl or clear equiv
“Refer to intersection of y=x and y = f{(x)
and hence confirm x = H%x +2 Bl 2 AG; orequiv
(iii)  Obtain correct first iferate Bl
Show correct process for iteration M1 with at least one more step
(btain at least 3 correct iterates in all Al allowing recovery afler error
Obtain 1.39 Al 4 following at least 3 steps; answer required

to exactly 2 d.p.
[0 1.259921 — 1.380330 — 1.390784 — 1.391684
1 - 1.357209 — 1.388789 — 1.391512 — 1.391747
1.26 — 1.380337 > 1.390784 — 1.391684 - 1.391761
1.5 — 1.401020 — 1.392564 — 1.391837 — 1391775
2 -+ 1442250 — 1.396099 — 1.392141 — 1.391801]

7 (i)  Refer io stretch and translation Ml in either order; allow here informal terms

State stretch, factor % , inx direction Al or equiv, now with correct terminology

State translation in negative y directionby @ Al 3 or equiv; now with correct terminology
[SC: If MO but one transformation completely correct — B1]

(i)  Show attempt to reflect negative part

in x-axis Mi ignoring curvature
Show correct sketch Al 2 with correct curvature, no pronounced
‘rounding’ at x-axis and no obvious
maximuin point
(i)  Attempt method with x = 0 to find value of @ M1 ... other than (or in addition to) value ~12
Obtain a= 14 Al and nothing else
Attempt to solve for k MI using any numerical @ with sound process
Obtain k=3 Al 4

[9



4723

Mark Scheme January 2009

8 (i) Atiempt to express x or x* interms of y Ml
Obtain x* = _13?«% Al or (unsimplified) equiv
(y+3)
Obtain integral of form k(y+3)" Mi any constant £
Obtain —4327(y+3)7 or ~432(y+3)° Al or (unsimplified) equiv
Attempt evaluation using Hinits ¢ and p Ml for expression of form k(y+3)" obtained
from integration attempt;
subtraction correct way round
Confirm 167:(1-( 273}3) Al 6 AG; necessary detail required, including
p+
appearance of z prior to final line
" . d¥ 4 . . .
(iiy  State or obtain yr =1296x(p +3}) Bl or equiv; perhaps involving y
\p
Multiply %ii and attempt at %I{— *M1  algebraic or numerical
o
Substitute p = 9 and attempt evaluation M1 dep *M
Obtain %?T or L7853 Al 4 or grealer accuracy
9 (i) State cos28cos@-sin28sinéd B1
Use at least one of cos28 =2cos” 61
and sin26 = 2sinédcosH Bl
Attempt to express in terms of cosfonly Ml using correct identities for
c0s 24, sin 28 and sin® €
Obtain 4cos’ @—3cosd Al 4 AGQG; necessary detail required
(i)  Bither: State or imply cos68 = 2cos” 3¢ —1B1
Use expression for cosa3d and
attempt expansion Ml for expression of form +2cos” 39 +1
Obtain 32¢° —48¢" +18¢% -1 Al 3 AG; necessary detail required
Or: State cos68 = 4cos’ 20 —3cos26 Bl maybe implied
Bxpress cos2f in termos of cosé
and attempt expansion M1 for expression of form #2cos” g1
Obtain 32¢% —48¢* +18¢% ~1 Al (3) AG; necessary detail required
(iii)  Substitute for cos68 *M1 with simplification attempted

Obtain 32¢% —48c* =0 Al or equiv
Attempt solution for ¢ of equation M1 dep *M
Obtain ¢* = 2 and observe no solutions Al or equiv; correct work only

Obtain ¢ =0, give at least three specific
angles and conclude odd multiples of 90 A1 5 AG; or equiv; necessary detail required;

correct work only

10
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4724 Core Mathematics 4

1 Attempt to factorise numerator and denominator M1 A +—J—B— Jfp=6x" —24x
flx)  glx)
Any (part) factorisation of both num and denom Al Corres identity/cover-up
3
Final answer = ——S-, _—5,~~~§~~~»,»~£x”l Not —& Al
6x 6x —-6x 6 x
2 Use parts with u = x, dv =sec’x Ml result fx)+/— Ig(x)dx

Obtain correct result x tan x — I tan x dx Al

[tanxdx = klnsecx or kIncosx, where k=1or~1 Bl ork Inisec xi or k ]n]cos xg

Final answer = x tan x — lnlsec x] +eor xtan x+ ln|c0s xl +ec Al

1

. 1 77

3 ) 1+ —=2x+&—="
Q) 52k tE

6
= l+x Bl
. m%xz + —;—xs (AE fract coeffs) Al (3) For both terms
@ (+x)? =1-3x+6x> —10x° Bl or (1+x) =1+3x+3x% +x?
Either attempt at their (i) multiplied by (1+x)~ M1 or (i) long div by (1+x)*
[-2x ... N'§+(a—3)x Al ft.()=l+ax +bx* +ox
ot —Z—xz.... V(=3a+b+6K? Al
-2x3 V(6a-3b+c-10)x* Al (8)  (AE fract.coeffs)
1 1 1
i) ——<x<=, or ixj<— Bl (1
{iii) 5 x 5 le 5 (1)

1
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4 Attempt to expand (1 + 8in x)z and integrate it *M1 Minimum of 1+ sin®x
Attempt to change sin 2 into f (cos 2x) M1
Use sinzxm-;—(I—C()SZx) Al dep M1 +Ml
Use Ices2xdxx}2~sin2x Al depMl+Ml
Use limits correctly on an attempt at integration dep*M1  Tolerate g (%75 ) -0
%wm 2+% AE(3-term)F Al WW 1.51... —>MIl A0
s du dx
5 (i) Attempt to comnect de and dx, find g or W M1 Butnoteg. du=dx
#

Any correct relationship, however used, such as dx=2udu Al or

Subst with clear reduction (=1 inter step) to AG

(i)

Attempt partial fractions
2002

u i+u
v Adlnu+Bin(l+u)
Attempt integ, change limits & use on f{u)

ln% AFexactF (eg2m3-2mln4+21n2)

du 1 -y
dx 2

Al (3) WWW

M1

Al

YAl Based on «4-+ A
u 1+u

M1 orresubst&usel &9

Al (8)NotinvolvingIn 1

12
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6 (i) SolveO= -3 &substinto x=7r%—6¢+4 M1
Obtain x=~5 Al (2y (-5,0) need not be quoted
N.B. If (i) completed first, subst y =0 into their cartesian eqn (M1) & find x (no f1.) (A1)

(i) Attempt to eliminate ¢ M1

Simplify to x=y% -5 ISW Al (2)
_ dy dx .
(iii) Attempt to find ™ or ™ from cartes or para form MI  Award anywhere in Que
LY
Obtain 2 = L or L or 9 L(xus)t Al
dx 26 2y 2

Ifr=2, x=-4 and y=-1 Bl Awarded anywhere in {3ii)
Using their num (x, y) & their nam % , find tgt eqn M1
x+2y+6=0  ABF(without fractions) ISW Al (5)

L9

7 (i) Attempt direction vector between the 2 given points M1

State eqn of line using format (r) = (either end) + s{(dir vec) M1 ‘s’ can be 7’

Produce 2/3 eqns containing 7and s M1 2 different parameters

Solve giving £=3, s=-2 or2or—lor | Al

Show consistency Bl

Point of intersection = (5,9,—1) Al (6)

(iiy Correct method for scalar product of ‘any’ 2 vectors M1 Vectors from this question

Correct method for magnitude of ‘any’ vector Ml Vector from this question
1 2

Use cos@ = ﬁ for the correct 2 vectors |4 [&i-1]| Mi  Vects may be mults of dvs
-2 3

62.2 (62.188157...)  1.09 (1.0853881) Al (4

13
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o d {3 2 dy
8 @ — =3yt Bl
W ()32
. d
Consider —&x- {xy} as a product M1
dy S ent )
= xa—x—- +y Al Tolerate omission of ‘6
2
Qzé}%ﬁl ISW ABF Al (4)
dx  3y° ~6x
@) x*=2%or16 and y*=2% or 32 *B1
Satisfactory conclusion dep* Bl AG
4 8
Substitute (23 ,23) into their % M1  or the numerator of %

Show or use cale to demo that num = §, ignore denom AG Al (4)

(iif) Substitute (a,a) into eqn of curve M1 & attempt to state ‘= ...
a =3 only with clearrefto a= 0 Al
Substitute (3,3) or (their g, their a) into their % M1
-1 only WWW Al (4) from (their a,their o)
ag
9 (# = B1
® 5
(160~ 0) Bl (2) The2@ ‘B1’ are indep
(il) Separate variables with (i 60— 9) in denom; or invert *M1 flGﬂl 2 dd = I ic,%,i dt
Indication that LHS = Inf(4) Al Ifwrong In, final 3@A =0
RHS= & or —;c—t or ¢ (+o) Al
Subst. 7=0,8 =20 into equation containing ‘¢’ dep*M1

Subst £=560=65 into equation containing ‘c’ & *k” dep*M1

c=—lni40  (-4.94) ISW Al

=1l (co077or0078)  1SW Al
595

Using their ‘c” & ‘&°, subst t = 10 & evaluate & dep* - Ml

0 =96(95.535714) (9512 Al (9)

14
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4725 Further Pure Mathematics 1

Ml Multiply by conjugate of denominator
AT Al Obtain correct numerator
% . ”:Lz'?é" i Al 4 Obtain correct denominator
4
5 0 B1 Both diagonals correct
@ —a4 2 B1 2 | Divide by correct determinant
(3 -2 Bl Two elements correct
(i) 24 6 B1 2 | Remaining elements correct
4
M1 Express as sum of 3 terms
n(n+ 1) +n(n+ D2+ +nn+1) | Al 2 :i:orrect unsimplified terms
Al 3" correct unsimplified term
Mi Attempt to factorise
Z
n(n+1)"(n+2) Alft Two factors found, ft their quartic
Al 6 Correct final answer a.e.f.
6
Bl State or use correct result
Ml Combine matrix and its inverse
00 Al Obtain I or I* but not 1
0 0 Al 4 Obtain zero matrix but not 0
4 |8.C.110/4,B1 for AA™" =1
Either M1 Consider determinant of coefficients of
Mi LHS
4k -4 Al Sensible attempt at evaluating any 3x3
M1 det
k=1 Alft 5 Obtain correct answer a.e.f. unsimplified
Equate detto 0
Or Mi Obtain k = 1, ft provided all M’s awarded
Al
M1 Eliminate cither x or y
Al Obtain correct equation
Al Eliminate 2 variable
5 | Obtain correct linear equation
Deduce that k=1
(i) Either B1 DBI1 2 Reflection, in x-axis
Or B1 DBI Stretch parallel to y-axis, s.f. —1
{if) B1 DB1 2 Reflection, in y = -x
0 1
(iii) ( | OJ B1 Bl 2 | Each column correct
{iv) BIBIB1 | 3 | Rotation, 90° clockwise about O
9 S.C. If (iii) incorrect, B1 for identifying
their transformation, Bl all details
Lorrect

15
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@ 13" +6" +13™ + 6" Bl Correct expression seen
Mi Attempt to factorise both terms in (i)
(ii) Al 3 Obtain correct expression
B1 Check that result is true for n =1 ( or 2)
Bl Recognise that (i) is divisible by 7
B1 Deduce that w1, is divisible by 7
B1 4 | Clear statement of Induction conclusion
7
(i) Ml Expand at least 1 of the brackets
Al 2 Derive given answer correctly
@) a+pB=6kaf=k’ B1 Bl State or use correct values
_pe(4 «/E)k Ml Find value of & — f using (i)
a=p= Al Obtain given value correctly ( allow if ~6k
used )
(i) > o'=6k Bift 4 | Sum of new roots stated or used
dp=af-(@=p)-1 Ml Express new product in terms of old roots
a' f=k - (4\5 e —1 Alft Obtain correct value for new product
x? —6hc+ k2 = (4V2)k-1=0 | 5,0 ‘ ,
A Write down correct quadratic equation
16
@) M1 Use correct denominator
Al 2 Obtain given answer correctly
(i) M1 Express terms as differences using (1)
M1 Do this for at least 1% 3 terms
Al First 3 terms all correct
Al Last 3 terms all correct ( in terms or # or
L+l M1 2
Al 6 Show pairs cancelling
e 4 Obtain correct answer, a.e.f.( in terms of
(i) 3 BIft 1 in)
9 _
Given answer deduced correctly, ft their
(i)

16
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10 M x* - y2 =22xy = \/'5' Ml Attempt to equate real and imaginary
Al parts
. 5 Obtain both results a.e.f.
4x" —8x" ~5=0 M1
M1 Eliminate to obtain quadratic in x* or y*
x=% -—“f;——‘l, y = im";z Al Solve to obtain x (or y) values
5 NERNE ) Correct values for both x & y obtained
2 2 Al 6 a.e.f.
() z2=2+i/5
M1 Correct answers as complex numbers
z=2(d0 92 Al :
TN T M1 Solve quadratic in z
Alft 4 Obtain correct answers
Use results of (i)
Obtain correct answers, ft must include
(i) Blft 1 | root from conjugate
(iv) Bl Bift Sketch showing roots correctly
Blft 3
14 | Sketch of straight line, L tox
Bisector

17
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4726 Further Pure Mathematics 2

1@

@)

2 ()

(i)

3 ()

(i)

4 O

Give 1 + 2x +(2x)%72
Get 1+ 2x +2x°

In( (14+2x+2x%)
+ (1-2x4+2x7)) =

In(2+4x%) =

In2 + In(1 + 2x%)

n2 -+ 2x*

x; = 1.89131135
x; = 1.8915831
x4=1.8915746

esley= - 0.031(1)

eyes = -0.036(5)
State £ ’(02) esley Reyles

Diff. siny =x
Use sin® + cos’= 1 to A.G.
Justify +

Get 2/(V(1-4x%)
+ /(157 dy/dx =0

Find y = V3/2
Get -2V3/3

Let x=cosh 4 such that
dx = sinh 6 d&
Clearly use cosh’ sinh?® =1

Ml
Al

M1
AV

M1
Al

Bl
BIV
Bl
Mi

Al
B1Y

M1
Al
Bi
Mi
Al

M1
ALY

Mi

Al

18

Reasonable 3 term attempt e.g. allow 2x*/2

cao

SC Reasonable attempt at £(0) and £"(0) M1
Get 1+2x+2x cao Al

Attempt to sub for &% and &

On their part (i)

Use of log law in reasonable expression
cao

SC Use of Maclaurin for f '(x) and {(x) M1

One correct Al
Attempt f0), £'(0) and £7(0) M1
Get cao At

¥, correct; allow answers which round
For any other from their working
For alf three correct

Subtraction and division on their values;

allow +

Or answers which round to —0.031 and —0.037
Using their values but only if approx. equal; allow
differentiation if correct conclusion; allow gradient
for '

Implicit diff. to dy/dx = £(1/cos y)
Clearly derived; ignore +
e.g graph/ principal values

Attempt implicit diff. and chain rule; allow e.g. (1-
2x%) or a(1-4x%)

Method leading to y
AEEF; from their g above
SC Write sin(Vm-—sin'2x) = cos(sin' 2x) B1

Attempt to diff. as above MIl
Replace x in reasonable dy/dx and

attempt to tidy Mi
Get result above Al

Clearly derive A.G.
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() Replace cosh’d M1  Allow a (cosh 20+ 1)
Attempt to integrate their Ml Allow bsinh 20 £ af
expression
Get Yasinh24 + 140 (+¢) Al
Clearly replace for x to A.G. B1 Condone no +¢
SC Use expo. def”; three terms M1
Attempt to integrate M1
Get '5(e®-¢*%) + 148 (+c) Al
Clearly replace for x to A.G. BI
5 (i) (a)State (x=)a B1
None of roots Bl No explanation needed
(b) Impossible to say Bi
All roots can be derived Bl Some discussion of values close to 1 or 2 or central
leading to correct conclusion
Gy » /
;f‘ Bl Correct x for y=0; allow 0.591, 1.59, 2.31
/
f&;&%\ /-,-" Bl Turmning at (1,0.8) and/or (1,-0.8)
P Eg t f - Bl  Meets x-axis at 90°
& 80y
d % Bl Symmetry in x-axis; allow
{1, ‘a&
6 (i) Correctdefinitions used B1
Attempt at (e*-e™)¥/4 + 1 Ml Allow (e“¢™)+]1; allow /2
Clearly derive A.G. Al
(i) Form a quadratic in sinh x M1
Attempt to solve M1 Factors or formula
Getsinhx=-%or 3 Al
Use correct In expression M1 On their answer(s) seen once
Get In(-/4+"/,) and In(3+V10) Al
7 () OP=3+2cosa
O@Q=3 + 2cos(Vom+a) M1} Any other unsimplified value
=3 - 2sin o
Similarly OR=3 - 2cos a M1 Attempt at simplification of at least two correct
expressions
O8=3 + 2sin ¢t
Sum= 12 Al cao
(i) Correct formula with attempt at ## M1 Need not be expanded, but three terms if it is
Square r correctly Al
Attempt to replace cos’0 with M1
af{cos28 £1)
Integrate their expression A1V Need three terms
Get''™,— 1 Al cao

19
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8 ()

(i)

(i)

(iv)

9 ()

(iH

(iii)

Area = 1/(x+1) dx

Use limits to In(z+1)

Compare area under curve to areas
of rectangles

Sum of areas = 1x(% + Y4 -+ ..+
1/(n+1))

Clear detail to A.G.

Show or explain areas of
rectangles above curve

Areas of rectangles (as above) >
area under curve

Add 1 to both sides in (i} to make
(1)

Add /(e to both sides in (ii) to
make Y('/7)

State divergent
Explain e.g. In(nt1)—rc0 as n—c0

Require denom. = 0
Explain why denom. #0

Set up quadratic in x
Get 2yx>-4x+H(2d - +3a) =0
Use b*>4ac for real x

Attempt to solve their inequality
Get y>'/5, and y<?/,

Split into two separate integrals
Get k In(x*+a%)

Get kytan™ (v/a)

Use limits and attempt to simplify
Get n2.5 ~ 1.5 tan"'2 +3n/8

Mark Scheme January 2009
B1 Include or imply correct limits
B1
B1 Justify inequality
M1 Sum seen or implied as 1 x y values
Al Explanation required e.g. area of last rectangle at
x=n, area under curve to x=n.
M1
Al First and last heights seen or implied; A.G.
B1 Must be clear addition
Bl Maust be clear addition; A.G.
Bl Allow not convergent
Bi
B1
Bl Attempt to solve, explain always > 0 etc.
M1
Al
M1 Produce quadratic inequality in y from their quad.;
allow use of = 0r <
M1 Factors or formula
Al Justified from graph
SC Attempt diff, by quot./product rule M1
Solve dy/dx =0 for two values of x =~ Ml
Get x=2a and x=-a/2 Al
Attempt to find two y values Mi
Get correct inequalities (graph used to justify them)
Al
M1
Al Orpin(2x*+24%)
Al ki not involving «
M1
Al AEFEF
SC Sub. x=atanf and dx=gsec’d d6 M1
Reduce to [ptand — p; d6 Al
(ignore limits here)
Integrate to pln(sec)—p, 0 Al
Use limits (old or new) and
attemnpt to simplify M1
Get answer above Al

20
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4727 Further Pure Mathematics 3

AO@ w=)3 ... Bl 1 TForcomectn
(b) (=)0 Bl For correct
wwwwwww © =)4 .  BUL1 Forcomectn
(i) (n=)4, 6 B1 For either 4 or 6
B1 For both 4 and 6 and no extras
Ignore all » .. .8
SR BO B0 if more than 3 values given, even
if they include 4 or 6
V34i 34 1,13 L
2 () NN TS 3 M1 For multiplying top and bottom by complex
conjugate
. Lt
OR 3+ -2 , OR for changing top and bottom to polar
NEe . p
341 2e7s form
= (1) Al For (=) 1 (may be implied)
Al For (6 =) —%n
SR Award maximum Al A0 if ¢'® form is not
- ... N
. , _ M Foruse of ¢”™ =1, & =],
(i) ( 37”] =™ 1 = (n=)6 sinkn=0 or coskn =+i (may be implicd)
Al For(n=)6
SR For (r =) 3 only, award M1 A0
33 n=[2,1,3]%(3,15] M1 For using direction vectors and attempt to
=[2, -1, 1] find vector product
_________________ A1 2 For comect direction (allow multiples)
(i) . I5,2,1].12, -1, 1] B1 For (AB =)[5, 2,1] or any vector joining lines
3 M1 For attempt at evaluating AB.n
M1 For |n} in denominator
A N
Js 3\/_6— = 28577 Al For correct distance

21
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4 m? +4m+5 (=0) = m= SAENI6-20 0 gy For attempt to solve correct auxiliary
2 equation
=-2k%1 Al For correct roots
CE =e ?*(Ccosx+Dsinx) AV For correct CF (here or later). £t fromm
AFtrig but not forms including &'~
Pl = psin2x+gcos2x Bl For stating a trial PI of the correct form
¥'=2peos2x-2gsin 2 M1 For differentiating PI twice and substituting
¥ =4 psin2x - 4gcos2x into the DE
cos 2x{—4g +8p+5¢}
+sin2x(-4p—8g+5p) =63sin2x Al For correct equation
= ti fficients 2x and
8 pjé a= 25 } pe=l g=-8 M Fgr;qua ing coefficients of cos2x an
p~8g= sinZx
PI = sin 2x —8cos 2x Al and attempting to solve for p and/or ¢
For correct p and ¢
=yE B1V For using GS = CF + Pl, with 2 arbitrary
™25 (C cos x+ Dsin x) +sin 2x - §cos 2 constants in CF and none in P1
. 1 dy du 1 M1 For differentiating substitution
5 (i) PEy—— e — .
x A dx 2 Al For correct expression
3 du i -
(Ex— * x_zj = x(” m;} +x+l Ml For substituting y and % into DE
= x? —qdz; =u Al For obtaining correct equation AG
""""" CUUTUMETHOD 1T
(i) 1 1 1 M1 For separating variables and attempt at
J‘; das = _{"“gdx = Inku=-~ Al integration
x For correct integration (k not required here)
k seen,
hu=e ¥ = k( ¥+ 1) = V¥ Ml f;or ax;i/ 32 0;" exponentiating,
* Ml oratoo substituting for
= y=de yr L Al For correct solution AEF in form y=f(x)
X
METHOD 2
de 1 - 1x? dx
& 20T 0 = LF. ej = M1 For attempt to find LF.
- nﬁ,(u elf® ) =0 Al For correct result
dx
Vx _ 1 Ml — for k seen \
wem =k = y+ x ke Ml From > for substituting for } "
either order
= y=ke¥r L Al

X

For correct solution  AEF in form y=1{(x)

22
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6 (i) METHOD 1

Use 2 of . .
M1 For finding vector product of 2 appropriate
~4,2,0],10,0,3],[-4, 2,34, -2, 3 .
(~4,2.01.10.0.33.[ M _ J vectors in plane ACGE
or multiples
n=xf1,2,0] Al For correct n
Use L .

A[4,0,01, C[0, 2, 0], G[0, 2, 3] OR E[4,0, Mi For substituting a point in the plane
r.[l,2,0]=4 Al 4 For correct equation. AEF in this form
METHOD 2
r=[4,0,0}+A[-4,2, 0]+ pl0,0,3] M1 For writing plane in 2-parameter form
mx=4-4A, y=2%, z=3u Al For 3 correct equations
x+2y=4 M1 For eliminating A (and p)

______________ o=y Al Forcomect equation AEF inthisform
. » 3,0, -4].(1,2, 0] BIv For using correct vectors (allow multiples),
) 8= cos \/32 202142 \/12 I M1 ft. fromn
M1 For using scalar product
For multiplying both moduli in denominator
3
0=cos™! — = 74.4° Al 4 For correct angle
5v5

(74.435..%,1.299...)

(iii) AM: (r=)[4,0,0]+¢[-2,2,3] M1 For obtaining paramefric expression for 40
(or [2,2,3]+1[-2,2,3]) Al For correct expression seen or implied

3(4-26) - 4(3) = 0

M1 For finding intersection of AM with ACGE
(or 3(2-26)~4(3+3)=0)

t=2(ort1=-1)OR w= [% 3 2] Al For correct ¢ OR position vector
AW WM =2:1 Al 5 For correct ratio
7(){a) x+y-aeR Bl For stating closure is satisfied
{(xxy)rz={x+y-a)tz=x+y+z2-2a Ml For using 3 distinct elements bracketed both
ways
xxe(yrry=x*{y+z—a)=x+y+z-2a Al For obtaining the same result twice for
associativity

SR 3 distinct elements bracketed once,
expanded, and symmetry noted scores M1

Al
Yte—a=x = e=a B1 For stating identity = ¢ N
_ 1 M1 For attempting to obtain inverse of x
Xtx-a=a = x =la-x Al 6 For obtaining inverse =2q-x
OR for showing that inverses exist,
_________________________________________________________________________________________ where x+x™ =2g
(b} x+y-a=y+x-a=>commutative Bl 1 For stating commutativity is satisfied, with
________________________________________________ justification
(©) xorder2=x%*x=¢ = 2x~a=e M1 For obtaining equation for an element of
= 2x-a=ad T x=g=¢ Al 2 order2
For solving and showing that the only
OR x=x"'=x=2a-x=mx=a=e solution is the identity (which has order 1)
=> no elements of order 2 OR For proving that there are no self-inverse
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(i) e.g 2+1- 5 =-2 ¢ R” Ml For attempting to disprove closure
=> not closed Al For stating closure is not necessarily satisfied
(0<x+y, 5 required)
eg 2x5-11=-1¢ R" Mi For attempting to find an element with no
inverse
=> No inverse Al 4 For stating inverse is not necessartly satisfied
(x...10 required)
8 (i) /o - z may be used for e throughout
sinf =—|e" - . . ‘ .
73 Bl For expression for sin® seen or implied
. nih
M1 For expanding (c‘e ~ e"‘a)
sin® 0 = At least 4 terms and 3 binomial coefficients
required.
mmég(eﬁie ~6e48 15620 00415620 _ 6740 4 &6 For correct expansion. Allow ‘(;)( ...... )
Al
“*éz(z cos60—12cos40+30c0s20~20) M1  For grouping terms and using multiple angles
sin® 0= —35(c0s 60~ 6c0s 40+ 1500826 - 10) Al  For answer obtained comrectly AG
(ii) cos® 0= OR sin (2 - 9) = a1 For substituting ( - 6) for 0 throughout
= (cos(3r —68) ~ 6 cos(2m—40) +15cos(m~26) 1
Al For correct unsimplified expression
cos® 0 = o L(cos60+6cos40+15c0s20+10) Al For correct expression with cosn6 terms
e AR
}
(i) .E ( ~2¢0s60~30c0s20) 4O B1  For correct integral. f.t. from sin® 0-cos® 0
\/
- 16[ sin60+ 15 Lsin 29] M1 For integrating cos#0, sin#f or el"?
Al For correct integration. ft. from integrand
N
= ; Al  For correct answer WWWw
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4728 Mechanics 1

1) M1 Uses CoLM
0.5x6 = 0.5x0.8 + 4m Al
m = 0.65 Al If g used throughout, possible 3 marks
[3]
Ml After momentums opposite signs
(i) | 0.5x6= - 0.5x0.8 +4m Al
m = (.85 Al If g used throughout, 0 marks
[3]
23 | T=400N Bl Order immaterial
D =400 + 900 M1 Or T + 900; sign correct
= 1300 N Al
: [3]
(i) {Award M marks even if g included in ma
terms. M marks require correct number
M1 forces)
500x0.6 =T - 400 Al Uses N2L one object only
T=700N Al
M1
1250x0.6 = D - 900 -700 Alft | Uses N2L other object
D=2350N Al ft cv(T from (i1)); allow T instead of its
OR value
Mi
(500 + 1250)x0.6 =D - 400 - 900 Al
D=2350N Al Uses N2L for both objects
[6]
3 (i) | 5cos30 or 5 sin 60 or 4.33 Bl Order immaterial, accept +/-. May be
Scos 60 or 5sin30 or 2.5 Bl awarded in (ii} if no attempt in (i)
(2]
(i) MI1* Subtracts either component from either
7-4.33 (=2.67)and 9-2.5(=6.5) Al force
R = 2.67° +6.5 D*M]1
R=17.03 Al
tand = 6.5/2.67 D*M1 | 3sfor better
8= 67.6, 67.7degrees Al Valid trig for correct angle
f6] 3sf or better
4 {i) | 20cos 30 Ml Resolves 20 (accept 20 sin30)
20cos30 = 3a M1 Uses N2L horizontally, accept g in ma
a=3577ms> Al term
13]
(ii) M1 Resolves vertically (accept -, cos if sin in
R=3x98+20sin30(=394) Al i);
F=20cos 30 (= 17.3) Bl cotrect no.
17.3 =39.4p M1 terms
p=0.44 Al Correct (Neither R nor F need be
[5] | evaluated)
Uses F=uR
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5 () | V=1[038tdt M1* | Attempt at integration
v = 0.8 /2 (+¢) Al Award if ¢ omitted
t=0,v=13,(c=13) M1
v = 0.4x 6 (+c) D*M1
v=274ms" Al
@) | s =[0.4€ (+c)dt M1* | Attempt at integration of v(t)
§ = 0.46/3 + 13t (+k) Alft ft cv{v(t) in (1))
t=0, s=0, (k=0) Ml
§=0.4x6°/3 + 13x6 D*M1
s =106.8 m Al Allow if k=0 assumed. Accept 107 m.
(i) | Fig. 2 B1-
(1]
Fig.1 has zero initial velocity/gradient B1
Fig. 3 does not have a increasing B1
6 () |25=98t72 M1 Uses s = 0 +- gt*/2
a | t=0.714 s or better or 5/7 Al Not awarded if - sign “lost”
b (2]
v¢ = 2x9.8x2.5 ORv=98x0.714 Ml Uses v* = 0 +/-2gs or v =1u +- gt
v="7ms" or6.99 or art 7.00 Al Not awarded if - sign “lost”
,,,,,,,,,,,,, T N v N H
() | R = 2x9.8sin60 (= 16.97 = 17) B1 With incorrect angle, e.g
M1 R = 2x9.8cos60 (=9.8) B0
F=0.2x16.97 (=3.395 or 3.4) , Alft F = 0.2x9.8 (=1.96) M1A1+
Cmpt weight = 2x9.8cos60 (= 9.8) Bl Cmpt wt = 2x9.83in60 (=16.97) BO
2a2=9.8-3.395 M1 2a=16.97 - 1.96 M1
a=32ms” Al la=75A1Y ficv(R and Cmpt
Distance down ramp =35 m Bl weight)
v? = 2x3.2x5 M1
v =5.66 or 5.7 Alft | V¥ =2x7.5x5
91 |v=8660r87 AIN _ frev(V(10a)
7 (@) Ml Use of v=1u- (0.4t
p=4-2x04(=3.2) Al
q=1-2x04(=0.2) Al Accept g = -0.2 from -1+2%0.4
M1 Uses CoLM on reduced velocities
0.7x3.2 - 0.3x0.2 = (1x)v Al
v=2.18ms" Al
[6]
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(i) B1 Straight line with larger y intercept
a slopes towards t axis, but does not reach
B1 it.
Straight line with negative v intercept
Bl slopes towards t axis,
3] and gets to t axis before other line ends.
b|0=1-04t M1 SR if =2 in ii give B1 if line stops
t=25s Al before axis
Ml Finds when Q comes to rest (any
P = 4x3 - 0.5x0.4x3" Al method)
Q= 1x2.5 - 0.5x0.4x2.5 Al
PQ=102+125=1145m Al Uses s = ut - 0.4¢/2
(6]
(b 0¥ =1®_04Q°2 BI;
convincing evidence (graph to scale, or
calculation that Q comes to rest and
remains at rest at t less than 3,
M1Al;graph Al needs —ve v intercept)
SR if t=2 in iib, allow M1 for s= ut -
0.4¢/2
And Al for PQ=8.4

Alternative for Q3 where 7 N and 9N forces combined initially

3 (i) | Scos30 or 5 sin 60 or 4.33 B1 Order immaterial, accept +/-. May be
Scos 60 or 5sin30 or 2.5 Bl awarded in (ii) if no attempt in (i)
[2]
Gi) | Z°= 7°+9* (=130,Z=11.4017..) Z 1s resultant of 7N and 9N forces only
cos(angle of Z with y axis) = 9/11.4017..
angle of Z with y axis = 37.8746...
Angle opposite R in triangle of forces = R is resultant of all 3 forces
180 -(37.8746+90+30) MIi* Complete method
=22.125 (Accept 22) Al
R*=5+11.4017*- D*M1 | Cosine rule to find R
2x5x11.4017c0s22.125 Al
R(=7.0269)=7.03 N Or Sine Rule. A is angle between R and
11.4017% = 5% + 7.0269* - 2x5x7.0269c0sA 5N forces
(A =142.33) D*MI1
Angle between R and y axis = 142.33-30- Complete method
90 (=22.33) Al 8 is angle between R and x axis
0 (= 90-22.33) =67.7 degrees (6]
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4729 Mark Scheme
4729 Mechanics 2
1 (20sin 0 = 2x9.8x 17 Ml or B2 for
Al max ht = 1sin’6/2g
sin @ =(2x9.8x17) + 20 Mi subst. values in above
#=65.9° Al 4 4
2 X =8 B1
Tsin30°x12=8x2x9.8 M1 ok if g omitted
NN £ their X
T=26.1 Al 4 4
3 (1) (140xX=40%x70 M1
X=20N Al
at 20 N to the right B1 inspect diagram
____________ at G20 Ntotheleft 1Bl 4 | SRBI forcorrect directions only
(i) | d=(2x405inI1/2)+3112 M1 must be radians
Al
d=17.0 Al 16.98 160/31T  ( 8/151I1 m)
70y = 100x60 + 217 x 10 Mi
Al {11200+ theird or2+ theird (m)
y =117 Al 6 | 1167 10
4 (1) | P/10-800x9.8sin12° — 100k = 800x0.23 M1 P/10=D; ok
Al D1 ok
P20 — 400k == 800x0.75 Mi P/20=1D, ok
Al D, =2D, needed for this Al
solving above M1
k=10.900 Al AG  0.9000395
____________ P=19200 ... \AL 7 |or192kW (maybeinpart(i)) .
(i) | 0.9v* =28 800/v Ml ok if 19200/v
solving above M1 * | (*=32000)
v=317mg" Al 3 10
5 @ |08S Bl vert comp of §
067 Bt vert comp of T
Scosa=Tcosf +02x98 M1
____________ 088=06T-+196  aef | Al 4 \AG 4S=3T+98
(i) | 0.6 5 Bl
08T Bl
02x024x8 Bl 3.072 384/125
Ssina + Tsinf =02x% 024 x & M1 must be mre’
65 + 87 =30.72 Al aef
eliminate S or T M1
S=34N Al 3.411
T=13N Al 8 | 1.282 12
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6 (f) X =vecosht Bl
y=vsinf t - % x 9.8 * B1 org
substitute t = x/vcost M1
____________ y=xtand-49x* oo’ |Al 4 |AG
(ii) Suby=-b,x=h,v=14,0=30 M1 signs must be correct
~h = kN3 - 1130 Al aef
solving above Mi
____________ h=AT3 o |AL4
(i) | v, = (14sin30°)° - 2x9.8x(-47.3) Ml 14c0s30° t=47.3 | & v,=145in30°-9.8t
(double negative needed) | their -47.3 AL 1£=390 (or dy/dx=1/3 = x/15 etc h
vy = £31.2 Al vy =£31.2 (tano = 1/V3 - 47.3/15)
tan”(31.2/14c0s30°) M1 tan"'(31.2/14c0s30°)
_____________ o= 68.8° below horiz/212° tod'vert. | Al 5 1688%.. .
(iv) | Ymx14%+ mx9.8x47.3 = Vimv® MI V(12.1°+ 31.29
‘ v =335 Al 2 1335 15
7 (@) p=4ms’ Bi P’s first speed
0.8=10.2p, +0.3q, M1
Al
0.5=(q~p1)4 M1
Al
solving above M1
g =2.4 12/5 Al
Qs first speed
pi=04 2/5 Al 8
may be in (if). SR 1 for both negative
(i) |08=02p,+03q M1
Al
0.5 =(p~ q2)/2 M1
Al
solving above M1
p:=22 11/5 Al
_____________ Q=12 65 AL T
(i) | R=03x1.2°/04 M1
R=1.08N Al 2 17
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1 (@) | For triangle sketched with sides (0.5)2.5
and (0.5)6.3 and angle @ correctly marked
OR
Changes of velocity in i and j directions B1 May be implied in subsequent working.
2.5¢c0s 8 — 6.3 and 2.5sin &, respectively.
For sides 0.5x2.5, 0.5x6.3 and 2.6 (or 2.5,
63and52) OR
D6cosa =0.5(2.5c08 0 —6.3) and Blft | May be implied in subsequent working.
2.6sina = 0.5(2.5510 6) . . .
(52} =25+ 6.3~ 2x2.5x63c0s0 OR |~ | Forusing cosineulein triangle or
2.6 =0.57{(2.5c0s0 ~ 637 + (2.55m O] | 5, Zé“matmg @
COSs 9 =1{.6 [4}
(i) For appropriate use of the sine rule or
substituting for & in one of the above
M1 | equations in & and &
sin =2.5x0.8/52 OR
-2.6cos ¢ = 0.5(2.5%0.6 — Al :
6.3) Ml For evaluating (180 ~ @ )’ or (7w -« )°
Impulse makes angle of 157° or 2.75° with | Al
original direction of motion of P. [4] | SR (relating to previous 2 marks; max 1
mark out of 2)
o =23 or 0.395¢ Bl
2 (i) | [7T0x2 =4X - 4Y] M1 For taking moments about A for AB (3
terms needed)
X-Y=135 Al
______________________________________________________________ e
(i) { {110x3 =-4X + 6Y] M1 For taking moments about C for BC (3
terms needed)
2X ~3Y +165=0 Al AG
______________________________________________________________ e
(iii) M1 For attempting to solve for X and Y
ft any (X, Y) satisfying the equation given
X=270,Y =235 Alft | in (i)
M1 | For using magnitude = /x * + Y%
Magnitude is 358N Alft | # depends on all 4 Ms
[4]
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3 (D) | [Ta=(24x0.45)/0.6, T = (24x0.15)/0.6] M1 For using T= A %/L for PA or PB
Ta-Tp=18~6=12=W =¥ Pinequil’'m. | Al
[2]
| (ii) | Extensions are 045+ x and 0.15 - x | Bl | T
Tengsions are 18 + 40x and 6 — 40x B1 AG FromT= A x/L for PA and PB
[2]
G e . For using Newton’s second law (4 terms
[12+(6—40x) - (18 +40x)= 12X /g] M1 required)
X =-80gx/12 & SHM Al
Period is 0.777s Al 1 AG From Period =27 /12 /(30 g)
____________________________________________________________ B SRR
{iV) {Vmax =0.15 J8O g /12
OF Vyax = 2 72 %0.15/0.777 )
or ¥ (12/g)Vmax” +mg(0.15) For using Vmax = An 01 Vi =27 A/T o1
+2410.45% + 0.15%-0.6%) /(2x0.6) = 0] M1 conservation of energy (5 terms needed)
Speed is 1.21ms™ Al
[2]
4 (i) | Loss in PE =mg(0.5sin &) B1
For using KE gain = PE loss (3 terms
[ % mv? — % m3% = mg(0.5sin 8)] M1 | required)
v'=9+98sind Al AG
[3]
(i) | a,= 18+ 19.6sin 8 B1 Using a, = v¥%0.5
For using Newton’s second law
[mat =mg COS 9} M1 tangentiaily
a; = 9.8¢cos ¢ Al
[3]
(iif) For using Newton’s second law radially
[T - mg sin € = ma,] M1 | (3 terms required)
T~ 1.96sin & = 0.2(18 + 19.6sin ) Al
T=3.6+5.88sin8 Al 1 AG
6=338 Bl
4]
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5 Initial i components of velocity for A and B
are 4ms™ and 3ms™ respectively. B1 May be implied.
M1 For using p.c.mmtm. parallel to Lo.c.
3x4 +4x3 =3a+4b Al
M1 For using NEL
0.75(4~3)=b-a Al
Ml For attempting to find a
a=3 Al Depends on all three M marks
Final j component of velocity for A is 3ms™ | Bl May be implied
M1 For using tan“l(vj/vi) for A
Angle with Lo.c. is 45° or 135° Alft | ftincorrect value of a (# 0) only
LR LU E— S
SR for consistent sin/cos mix (max 8/10)
3%3 + 4x4 = 3a -+ 4b and
b-a=0.753-4)
M1 M1 as scheme and Al for both equ’s
a=4 MI as scheme Al
j component for A is 4ms™ Bl
Angle tan”'(4/4) = 45° M1 as scheme Al
6(1) | Initial speed in medium is .25 x10 (=14) | Bl
For using Newton’s second law with
[0.125dv/dt = 0.125¢ — 0.025v] M1 | a=dv/dt(3 terms required)
5y For separating variables and attempt to
J = Idf M1 | integrate
5g-v
-5 In(5g — v) =t (+A) Al
{-51n35=A] M1 For using v(0) = 14
t= 5 n{35/(49 — v)} Al
Mi For method of transposition
v =49 - 356 Al | AG
(ii) M1 | For integrating to find x(t)
X = 49t + 175¢*% (+B) Al
For using limits 0 to 3 or for using
[x(3) = (49x3 + 175¢%) — (0 + 175)] M1 | x(0) = 0 and evaluating x(3)
Distance is 68.0m Al
[4]
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7@} | Gain in EE = 20x*/(2x2) B1
Accept 0.8gx if gain in KE is
Loss in GPE = 0.8g(2 + x) B1 % 0.8(v* — 19.6)
[ % 0.8v% = (15.68 + 7.84%) ~ 5x7] M1 | For using the p.c.energy
v =392 + 19.6x — 12.5%* Al | AG
,,,,,,,,,,,,,,,,, L BN .
(i) | (a) M1 | For attempting to solve v* = 0
Maximum extension is 2.72m Al
[2]
(b) For solving 20x/2 = 0.8g or for
differentiating and attempting to solve
[19.6 ~25x = 0, d(v*)/dx = 0 or dv/dx = 0 or for
v’ =46.8832 - 12.5(x ~ 0.784)"] | M1 | expressing v* in the form ¢ — a(x — bY’.
x=0.784 orc=469 Al
For substituting x = 0.784 in the
[Vinax = 39.2 - 15.3664 — 7.6832] M1 expression for v* or for evaluating /¢
Maximum speed is 6.85ms™ Al
[4]
(©) For using Newton’s second law (3 terms
M1 | required) or a = v dv/dx
+(0.8g —20x/2) = 0.8a
or 2v dv/dx = 19.6 - 25x | Al
a= (9.8~ 12.5x)
or y=-12.5y wherey =x-0.784 | Al
[@lax = 9.8 — 12.5x2.72} For substituting x = ans(ii)(a) into a(x) or
OF | ¥ el = -12.5(2.72 - 0.784]] | M1 | y =ans(ii)(a) - 0.784 into § ()
. . . a2 Al
Maximum magnitude is 24.2ms (5]
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4732 Probability & Statistics 1

Note: “(3 sfs)” means “answer which rounds to ... to 3 sfs”. If correct ans seen to > 3sf§, ISW for later
rounding
Penalise over-rounding only once in paper.

1 @ [022+07x01x%2 M2 0.2%0r 0.7 % 0.1: M1
={.18 AG Al 3 | no errors seen NB2x09x=x01=0.18
__________________________________________________________________________ MOAO
(i) 0.28 -+ 2x0.18 + 3x0.04 -+ 4x0.01 M1 > 2 terms correct (excl 0x0.49)
+ 5 (or 4 or 10 etc): MO
=0.8 oe Al
0.28 + 22x0.18 + 3%x0.04 + 4°x0.01 Ml > 2 terms correct (excl (%x0.49)
- 0,87 M1 dep +ve result
= (.88 oc Al 5 [cao
' S(x —u)* : 2 terms: M1; 5 terms M2
0.82x0.49+0.27x0.28+1.27x0.18+2.2°%0.04+3.
2%0.01
SC Use original table, 0.4:B1 0.44: Bl
Total 8
2(i)(a) R736.9 — 202 % 245.3 _ correct sub in any correct formula for &
' or 1658.24 M1 og 236.8921
2 210.1249
7300 — 2072 1470.86
b Chere  CLBAG Al 2 | mustsee1.127... 5 1.127.; alone: MIAL |
) | y=" =113 -") M1 ora =3, -1.13 x %,

(i@ | (LI X304 25(0)=35510365 [ BIF 11 T
)| (L) X100+ 2500 = 124101156 | BIE 1|
(iif) (a) Reliable Bi Both reliable: B1 | (a) more reliable than (b)
- B1
(b) Unreliable because extrapolated Bl 2 because (a) within data
or (b) outside data B1
Ionore exiras
Total 8
3(a) | Geo stated M1 or impl. by ("/s)"('/) or (*/g)"("/s) alone
I ('1y) M1
_____________ Door 00057 Gt AL 3
() | (/p) alone M2 or 1-(Yg+ 1 g (15)*xfg): M2

one term incorrect, omit or extra: Mi
1 — (/g or ('fg)* alone: M1

ii 8 Bl 1
(iii) | Binomial stated or implied M1 eg by (1°(75)" (a+b = 15, a,b#1), not just "C,
]5C2(7/8)§3(§/'8)2 M} .
= (.289 (3 sfs) Al 3
Total 10
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4 (i) 12345 or 54321 M1 attempt ranks
35412 31253 Al correct ranks
I (=32) Mldep | Suor S,,=55-15%/5(=10) or S,,=39-15%5(= -6)
1= s 1y Midep | “~(10x10)
,,,,,,,,,,,,, =-06 Al S
(ii) 1&3 Blind | ftif -1<(i)<-0.9,ans1 &2
Largest neg #; NOT: furthest from 0 or closest to £1
or large neg r; or strong neg corr’n little corr’n
or close(st) to -1 most disagreement
or lowest r, Bldep
2
Total 7
5 () 68 Bi
75— 59 M1 attempt 6 & 18" or 58-60, 74-76 & subtr
_____________ =16 .. |Al 3 |mustbefrom75-59
(ify | Unaffected by outliers or extremes Bl 1 | NOT: ... by anomalies or freaks
(allow less affected by outliers) easier to calculate
sd can be skewed by one value
(iii) | Shows each data item, retains orig data NOT: shows fregs
can see how many data items shows results more clearly
can find (or easier to read) mode or B&W does not show freqs
modal class
can find (or easier to read) frequs B1
can find mean
NOT: B&W easier to compare
Harder to read med (or Qs or IQR) B&W shows spread or variance or skew
Doesn’t show med (or Qs or IQR) B&W shows highest & lowest
B&W shows med (or Qs or IQR) Bl 2
B&W easier to compare meds Assume in order: Adv, Disadv, unless told
Allow disadv of B&W for adv of S&L
& vice versa
Ignore extras
(iv) | m= 68.1 NOT by restart B1
sd = 9.7 (or same) NOT by restart Bl 2 | Restart mean or mean & sd:
68.1 or 68.087 & 9.7 0r9.73 Bl only
Total 8
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6 (i) (a) | 8! Ml Allow *P; & *P; instead
o =40320 Al 2) o of 31 & 4! thro’out Q6
(b) Mo x Ay % 3 x s x Hy x Hy x Uy M1 41 % 41 = 8! 41 x 41+ 41 x 41
%2 Midep | x2 + 8§l
allow 1 - above for M1 only
= /55 or 0.0286 (3 sfs) Al 3 |oe, eg "m0
(iy(a) | 4 x4! M1 allow 41 x 41 x2: Ml
_____________ =576 A2
®) I heor0oe2s BL L | ]
{c) Separated by 5 or 6 qus stated or illus M1 allow 5 only or 6 only or (4, 5 or 6)
can be impl by next M2 or M1
Yy Myx3or g3 M2 31%31x3
(‘14 x 'y or '/, alone or x(2 or 6): (31x 3! alone or x(2 or 6); or (3! + 31) x
M1) 3:Mb
Al 4 (+
%16 or0.1875 or 0.188 576)
correct ans, but clearly B, I sep by 4:
MOM2A0
1-P(sepby 0, 1, 2,3, (4))
M1
1-(C et 1 1Syt g )
or 1=( /g b ok 2l e 1k 2 g )
M2 (one omit: M1)
Total 12
7 (i) Binomial Bl
n=12,p=0.1 B1 B(12,0.1): B2
Plates (or seconds) independent oe | Bl NOT: batches indep
Prob of fault same for each plate  oe | Bl 4 | Comments must be in context
Ignore incorrect or irrelevant
)(a) | 0.9744 — 0.8891 or 2C;x0.9°x0.1° Ml
______________ =0.08520r0.08533sf) AL 2| .
(®) | 1-0.2824 or 1-09" Ml allow 1 -0.6590 or 1 - 0.9"
_____________ 0718 (st AL 20
(iii) “0.718” and 1 — “0.718" used B1 ft (b) for BIMIM1
(1-0.718)* + 4(1-0.718)°x0.718
+4Cy(1-0.718Y%0.718* M2 M1 for any one term correct
(eg opp tail or no coeffs)
1 —P(3 or 4) follow similar scheme M2 or
M1
=317 (3 sfs) Al 4 | 1~ correct wking (= 0.623)
BIM?2
cao
Total 12
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8 (i) Ys+3 % () M2 or 3 % (/) or s+ ('l or s+ 206y
or 'fs+4a( /g Ml
S =Yoo Al 3.
S B BL L]
(iii) 3 routes clearly implied M1
out of 18 possible (equiprobable) routes | M1 or /3 x g x 3 M2
or [/3><]."5 or ]/5><l/{(,‘><3 or i/3>':]/3><3 or ]/4 - l/(,
M1
bt YexYex2 MO
()23 1ol Ll
b or 458 or &5 oe M2
2 B 2
P(4dtwice) b
or —(ﬁﬁ%:g?w stated or pr%o M1
‘Whatever 1%, only one possibility on 2% M2
y e nowking 7 MIMIAL
¢ Al 3 '/12, no wking MO
Total 7
Tetal 72 marks
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4733 Probability & Statistics 2

1 U~ B(800, 0.005) = Po(4) Bl Po(np) stated or implied
P(U < 6) Ml Tables or formula * 1 term, e.g. 0.7851, 0 9489,
= (.8893 Al 0.1107, not 1~
n > 50/large, np < 5/p small B1 4 | Answer 0.889 or ar.t. 0.8893
Both conditions
2 23.625-23 ) M1 Standardise with Va, allow V2 errors
5/n Al Equate to 2 or a.r.t. 2,00, signs correct
Vn=16 Mi Solve for Vn, needs &7, not from /n
n=1256 Al 4 | 256 only, allow from wrong signs
3 M (a) &4z Ml Correct forrmula for R=0 or |
= 0,657 Al P(0), art. 0.657
(b, 0.42¢°%% =0.276 Al 3 P(),art 0276

Po(2.1) stated or implied

Tables or formula, e.g. 0.8386 or 0.6496 or 0.9379 or
At least 3 separate bars, all decreasing

Allow histogram. Allow convex

P(0) < P(1) but otherwise OK: Bl

Curve: Bl

[rno hint of normal allowed]

4 Hy:p=0.14 B2 Both correct. 1 error, Bl, butxorror ¥ ete: 0
Hy:p<0.14
B(22,0.14) M1 B(22, 0.14) stated or implied, e.g. N(3.08, 2.6488) or
P(<2)=.867 + (22x.86"'x.14) | Al Po(3.08)
+(231x.86%x.14%) = 0.3877 Al Correct formula for 2 or 3 terms, or P(< 0) = 0.036 and
> 01 Bl CR
Do not reject Hy. Insufficient M1 Correct answer, a.r.t. 0.388, or CRi5=0
evidence that company Explicitly corapare 0.1 or CR with 2, OK from Po but
overestimates viewing Al 8 | not from N
proportion Correct comparison type and conclusion, needs
binomial, at least 2 terms, nof from P(< 2)
Contextualised, some acknowledgement of uncertainty
[SR: Normal: B2 M1 AQ B0 MO0]
[SR: 2-ailed, or p> 0.14, P(= 2):
_________________________________________________________________ BIMIAZBOMIAL]
(i} | Selected independently B Independent selection
Each adult equally likely fo be Bl 2 | Choice of sample elements equally likely (no credit if
chosen not focussed on selection)
fOnly “All samples of size » equally likely™: B1 only
unjess related to Binomial conditions]
5 (1 Bl Horizontal straight line
B1 Symmetrical U-shaped curve
B1 3 | Both correct, including relationship between the two
and not extending beycend [-2, 2], curve through (0,0)
(i) | §is equally likely to take any B2 2 | Correct statement about both distributions, v on their

value
T is more tikely at extremities

graph
[Correct for one only, or partial description: B1]
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ry
S LTI 1 a0 [ MITT Integrate xg(), limits 2,2 T
& , XS = -(-,54—[—7-,—} [m *’,}w] Al Correct indefinite integral [= 5x'/448]
5 -2 Bl 0 or 0° subtracted or E(X) = 0 seen, not [Pf(x)dx ~
-0 efeye
N 279“ Al 4 | Answer 20 or 2% orar.t. 2.86, don’t need 0
7
6 3025 Mi 50.0 + z\/{1.96/81), allow one sign only, allow v
50.041.96, /-—-—81 =50.0£098 | 5y erTOrS
=49.02, 50.98 AlAI z=1.,96 in equation (rof just stated)
W < 49.02 and T > 50.98 AlY ‘ 5 Both critical values, min 4 SF at some stage (if both
' ' 3S8F, A1)
CR, allow </ 2, don’t need # , ¥ on their CVs, can’t
recover
[Ans 50 + 0.98: Al only]
[SR: 1 tail, MIBOAO; 50.8225 or 49. 1775:
__________________________________________________________________ A
(ii} 50.98-50.2 _ 1.56 M! Standardise one limit with same SD as in (i)

0.5 ' Al At 1.56, allow — ] Can allow V here
49.02-50.2 _ 5, Al Axt -2.36, allow + J if very unfair
oo 6 M1 Correct handling of tails for Type Il error

) B Al 5 | Answer in range [0.931, 0.932]
@{1.56) - #(-2.36) = 0.9315 [SR 1-tail M1; —1.245 or 2.045 A1 0.893 or 0.9795
__________________________________________________________________ AN
(i) | It would get smaller B1 1 | No reason needed, but withhold if definitely wrong
reason seen. Allow from 1-tail
7 () | g=i=13.7 Bl 13.7 stated
M1 Correct formula for biased estimate
64 =7 used, or equivalent, can come in later
=16.24 Al Variance or SD 10.24 or 10.2
Ho:p =131, Hy: e > 131 B2 Both correct.
13.7-13.1 — 15 or p = 0.0668 {SR: One error, Bl, butx orfor ¥ or 7, §]
10.24/ 64 M Standardise, or find CV, with V64 or 64
Al z=art. 1.50, or p = 0.0668, or CV 13.758 [V on z]

1.5 < 1.645 or 0.0668 > 0.05 B1 Compare z & 1.645, or p & 0,05 (must be correct
tail),

DQ not reject ]'.:’(},. Insufficient Ml orz=1.645& 13 with CV

evidence that time taken on Al 11 | Correct comparison & conclusion, needs 64, not p=

average is greater than 13.1 min 13.7
Contextualised, some acknowledgement of
uncertainty

_______________________________________________________________________________ (13.1-13.7:(6), MLAOBIMO}
(i) | Yes, not told that dist is normal Bl 1 | Equivalent statement, not “n is large”, don’t need

G(yes')?
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8 () N(14.7,4.41) M1 Normal, attempt at #p
Valid because Al Both parameters correct
np=147>5,ng=63>5 Bi Check np > 5; 1 If both asserted but not both
l-® 15.5-14.7} = 1 - d(0.381) B1 ng ot npg > 3 } 14.7 and 6.3 seen: B1 only
Ja41 [Allow “n large, p close to 127}
—1-0.6484 Ml Standardise, answer < 0.5, no Vu
~ 03516 Al z,art 0.381
______________________________________________________ Al 7 | Answerinrange [0.351,0352]  [Bxact: MO]
(i) K ~N{14.7,4.41/36) il Normal, their np from (i)
F= N(14.7, 0.35%)] ALY Their variance/36
Valid by Central Limit Theorem | Bl Refer to CLT or large n (= 36, not 21}, or “K ~ N so
as 36 is large E~N". not same as (i), not np> 3, ng > 5 for £
(14.0 + %—14.7} = d(-1.96) | Ml Standardise 14.0 with 36 or 36
441736 Al ce included, allow 0.5 here, e.g. 14.5 — 14.7
= 0.025 Al z=-1.96 or —2.00 or =2.04, aliow + if answer < 0.5
Al 7 | 0.025 0r 0.0228
[0.284 loses last 2] [Po(25.2} etc: probably 0]
OR: | B(756, 0.7) = N(529.2, 158.76) %36; N(529.6,...); 158.76
504.5-52927 . CLT as above, or mp > 5, ng > 5, can be asserted here
‘I{m——]_ ©(-1.96) Standardise 14x36
15876 andardise 14x

= 0.025

cc correct and \fnpq
0.025 or 0.0228
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4734 Probability & Statistics 3

B1
1 T has a Poisson distribution
M1 From sum of Poissons
E(Ty=28x0.75+4x6.4 Al
=46.6 BIV 4 | FtE(T) only if Poisson
Var(T)=46.6
1 -
2 () | Use F(Q5)=0.75 or E e Vdu=025 M1
Solve to obtain O = 4.65 AEF eg 4In(16/5) MIAL 3 | M for solving similar eqn
AQ for >4.65
ay | —
ie" u<0, Bl
) = 5 u < 0 unless evidence of |
1
_}-ewzu u> 0 BI 2
5 e u=0
Accept s=c/\n for M1
3 (@ |Use28Lzs M1 Accept 0.28 with
z=2.326 Bl corresponding s
s° = 28x72/1200 BI
(25.0,31.0) Al 4 |Orii99
Accept (25, 31)
@ | — M1
2x2.326 (0.28%0.72/n) <0.05 AEF M1
Solve to obtain Al Or=or>
Smallest n = 1745 B1 4 | Solving similar equn
e.g. Variance is an approximation Accept 1746 ,1750
Or normal is approx or
Or p only an estimate
4 () |c=1/20 B1 1
@ |- -
ES 400+/x 240 i M1
5 20
|30 52 gy, . .
3 Al Correct indefinite integral
=2118(£) Al 3 | 2120 or better than 2118
) 1 400\x -240 > 2000, X> 31.36 M1 or 314
P(X > 31.36) = (45 - 31.36)/20 I‘A’? , :
= (.682 ‘ a0
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5() Hy: o=y, Hy: g > gy, where i) and pp are the Bl For both hypotheses
mean Allow in words if population
concentrations in the lake before and after the BI 2 mean used.
spillage respectively
(ii) M1 -
—————————— Al Accept >, =, <. <, fs
X, ~X, zzs Bl
z=1.645 Al 4
$=0.24V(1/5+1/6) e OF >3 0.239
>0.2391 M1
(i) N
__________ Ml May be implied
P(X, - X, <0.2391) g% )
;:303:?’,21 - 03P ART 0.337 or 0.338
This is a large probability for this error Relevant comment
6 () |UseB ~B(29,03),G~B(26,0.2) M1
E(F)=29%0.3+26%0.2=13.9 MI1A1
Var(F) = 29%0.3x0.7+26x0.2x0.8=10.25 MI1A1S
() - -
B: np = 8.7, ng=20.3 Must check numerically
G:np =52, ng=20.8 B2 B1 for checking one
All exceed 5, so normal approximation valid for | M1 y distribution
each
F ~N(13.9, 10.25) (approximately) MiBI1 Use normal. May be implied
(Requires P(F <n) = 0.99)
[n+0.5 - 13.9)/4(10.25) ;= 2326, their 10.25 | Al Standardise
M1 MQ if variance has divisors
Al 8 cc

r=20.85

Need to have 21 spares available

SR Using B(55, 0.2527): B1; M1(N(13.9, 10.39),
MIBIMIAO (Max 5/8)

Solving similar
No cc, lose last Al (n=22)
Wrong cc, lose AIAl
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7 (1) | Requires population of (2nd mark — Ist
mark) to be normally distributed B1
Ho:pa =0, Hyjpea > 0
T,-Ty:-1-120-22 3 2 M1
d =0.625, 5% =3.411(3%/55 0r ¥'/5) | BIBI
Use 2.998 Bl
EITHER: 1 = 0.625/V(3.411/8) Mi
=0.957 Al MO if clearly z
OR: CV(CR), d 22.998\3.411/8 Mi
=1.958
EITHER 0.957<2.998 OR 0.625 < 1.958 Al
Do not reject H,, there is insufficient MI
evidence of improvement 8 With comparison and conclusion
o | Use BQG- X1 +k)=0.625+F N
() | Requires (0.625+k) / N(3.411/8) > 2.998 Ay |
Giving k= 1.33
Increase each mark by 2 Al 3
Alow 1.33
8 (i) | Mean= (20+16+9)/75 Ml
=0.6 Al
3p=0.6,p=02 AG Al 3
(ii) | Ho: B(3,p) fits the data B1
(H;: B(3,p) does not fit the data) Or: X~B(3.p)
Expected values Not ‘Data fits model’
384 288 72 06 Ml
Al Use B(3,0.2)x75
Al At least 2 correct
Combine last two cells B1 All correct
1 = 5.6/38.4+ 8.8%/28.8+3.2%/7.8 M1
AlY With one correct
=4.818 Al At least 2 correct Ft E values
Cao
4.818 > 3.841 BIV
Reject Hy and conclude that there is ft4.818
insufficient evidence that B(3,p) fits Mi SR1 If cells not combined:
the data. 10 BIMIAIAIBOMIATAOBI(5.991)M
I
SR2:E-values rounded :BIMIAIA1
(i) 2,74 <3.841, accept Hy conclude that BIMI1A1AO0(4.865)B1M1
B(6, p) fits the data Bi
) [ OO ——

Accept with no reason if evidence of
method
in (i)
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4736 Decision Mathematics 1

(i A B C D M1 | A4, B and C correct for first pass

614 416 1 198 (4=198) | Al | D =198 on first pass

198 891 2 693 (4=693) | M1 | scaatsecond and third passes

693 396 3 297 Al | Second and third passes correct [4]
(i) | 0 Bl |0 [1]
(iif) | To make the algorithm terminate B1 | So that it does not get stuck in a loop i1

. Total= 6
i |eg Graph need not be simple or planar
]

M1 | A graph with five vertices and at least
three correct vertex orders

—® Al | A graph with five vertices of orders
1,2,2,3,4
12]
(if) | Semi-Eulerian M1 | Unless their graph was not connected, in

which case the answer is ‘neither’

It has exactly two odd nodes Al | (Unless their graph was not connected, in
which case follow this through) 2]
(iif) | A trec with five vertices would only B2 | Give Bl for an incomplete reason,
have four arcs, but this graph has six eg ‘too many arcs’ or ‘it has a cycle’
Or
A tree must have at least two vertices
of order 1 2]
Total= 6
ANSWERED ON INSERT
@
AB = 9 Not selecting CF (working seen on list)
DF = 14 Selecting correct arcs (working seen on
BD = 16 list)
cD = 18
FG = 20 A spanning tree drawn
Tl e e s Correct (miniroum) spansing tree drawn
EG = 23
e D 100 cao
A
DE )G
AD 20
PG
Blmmmd ] [5]
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(i) | Delete EG from spanning tree Follow through from part (i) if possible
100 -23 =77 Bl | Weight of MST on reduced network
Two shortest arcs from E are EG and EF
77+23+26=126 M1 | Adding two shortest arcs to MST
Lower bound = 126 Al | 126 cao [3]
(i) | A-B~-D-F-G-E~stall Ml |A~-B~-D-F-G-E
Misses out vertex C Al | Cannot continue because B, D and F have | [2]
already been visited
v |B-4~-C-D-F-G-E-B Ml | Towrstarts B—~A4 - C - D~ F—
Al | Correct tour, starting and ending at B
Upper bound = 148 Bl | 148 cao [3]
{v) B 2 g E 6 146 (Accept correct working starting from G,
9 46 if seen)
M1 | Atleast three sets of temporary labels
correct, with no extras
A 1 o P13 |25 |97 Is56 || Al Te;rnporary labels all correct, with no
G 56 exiras
2925 B1 | Permanent labels correct
C F B1 | Order of labelling (correct or follow
4 127 5 139 .
57 39 through their permanent labels) [4]
Weight = 56 B1 | 56cao
Route=4-B-D-G Bl |4-B-D-Gcao 21
(vi) | 4, B, Cand G are odd Bl | Identifying or using 4, B, C, G (seen)
AB= 9 AC=27 AG =56 M1 | At least one correct pairing seen or total
CG=42 BG=47 BC=34 seen (not just six weights)
51 74 90 Al | All three totals correct, or explanation of
Repeat AB and CG (C - F - G) =51 how it is known that other pairings are too
long
Weight = 300 + 51 = 351 BI | 351 cao [4]
Total = | 23
ANSWERED ON INSERT
@ |8 Bl |cao [1]
(i) | | comparison and 1 swap Bl 1 and 1 1
(iii) | 76 65 21 13 88 62 67 28 34 Bl | Correct list (complete)
2 comparisons and 1 swap Bl |2andl i2}
(iv) CS Underlined values correct in 3 and 4™
76 65 21 13 88 62 67 28 34 1 O M1 | passes, values not underlined may be left
88 76 65 2] 13 62 67 28 34 4 4 blank
M1 | Similarly for 5" and 6™ passes, follow
88 76 65 62 21 13 67 28 34 32 through slips in previous passes
88 76 67 65 62 21 13 28 34 5 4 Al | Similarly for 7" and 8" passes, but cao [3]
(Dependent on both M marks)
388 76 67 65 62 28 21 1334 32 M1 | Reasonable attempt at Comp and Swap
88 76 67 65 62 34 28 21 13 4 3 Al | 143534 caoin figures
Al | 042423 caoin figures i3
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(v) i Shuttle sort uses 23 comparisons and 17 Follow through their totals if possible
swaps
Shuttle sort is more efficient M1 | Choosing shuttle sort with a reason or
because with totals seen (here)
although it uses the same number of swaps | Al | Correct reason stated (comparisons and
as bubble sort it uses fewer comparisons swaps both compared, in words) [21
Total=| 12
(i) | Katie must spend at least 8 minutes preparing M1 | Identifying why there is less than 60
the first batch of cookies so she has at most minutes of baking time (or seeing 52)
52 minutes of baking time. Al | Explaining why 4 is the greatest possible
52 + 12 = 4.3, hence at most 4 batches number of batches [2]
(ii) | The last batch takes 12 minutes to bake, Explaining why total time for preparation
so Katie has (at most) 48 minutes of Bl | cannot exceed 48 minutes
preparation time
x+ 12y + 10z <48 = 4x + 6y +52<24 B1 | 8x+ 12y + 10z < 48 seen or explicitly
as given referred to 121
(iii) | Must be integer valued Bl [ Integers [1]
(iv) | P=5x+4y+3z B1 | 5x -4y + 3z or any positive multiple of
this
Assumes that she sells all the cookies B1 | Assumes she sells them all
(batches) that she makes ' 2]
v) p X y z 8 t ,
1 -5 -4 -3 0 0 0 | M1 | Correct use of slack variable columns
0 I 1 1 0 4 | Al | Objective row correct {cao)
0 4 6 5 0 I 24 | Al | Constraint rows correct (cao) (3]
4+1=4,24+4=6, 4<6 Working need not be seen
Pivot on the 1 in the x column Correct pivot choice (tow 2) (cao)
P X y z S t Follow through their tableau and pivot
I 0 1 2 5 ¢ 20 | Bl | choice, if possible
0 1 1 1 i ] 4 sca pivoting (x, ¢ cols, P not decreased)
0 0 2 1 -4 b 8 Correct tableau (final column contains no
negative values)
Row 1 =R1 + 5xR2 M1
Row2=R2 =1 Al | Showing valid method,
Row 3 =R3 - 4xR2 may imply row 2
B1 | Follow through their tableau, if reasonable | (4]
x=4,y=0,2=0,P =20 (non-negative variables)
Katie should make 4 batches of plain Reading off values from tableau
cookies, and no chocolate chip or fruit (may be implied from answer) ‘
cookies, to give a profit of £20. Interpretation: 4 batches of plain cookies
M1 | (may imply none of others)
Interpretation: £20
Al &)
Al

46




4736

Mark Scheme

January 2009

(vi)

M1 | Atleast two of the lines y = 2x, x+y = 4
and 4x + 6y = 24 drawn correctly
Al | All three lines drawn correctly and graph
has both scales and labels
Al | Feasible region identified and correct
Follow through their feasible region if 3]
possible
0 1T 2 3 4 5 6 M1 | Atleast two correct
Vertices of feasible region are Al | All (three) correct (1 dp or better) 2]
(0,0),(0,4)and (1%,2%)
M1 | Or a line of constant profit drawn (or
k=0, y=4=P=16 gradient discussed) and ysed correctly on
_ _ - infeger-valued coordinates
x=lLy=3=>pP=17
| ) ! Al | For(l, 3) or 17 chosen {cao)
(xm Ij,y:Z’_f;‘ = P= 173‘)
Make 1 batch of plain cookies and 3 Bl | Interpretation: 1 batch of plain, 3 batches 3]
batches of chocolate chip cookies of chocolate chip (cao)
Total = | 25
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4737 Decision Mathematics 2

i Answered on insert
_Stage State  Action Working Muaxiniin
0 4} 10 16
i I [ 11 17
2 g 14 14
3 0 I3 15
¢ 0 min(l12, 10)=1¢ . L
2 min(10, 14)=14 10 M1 Transferring maximin values from stage 1
0 min(i3, 10)=10 correcily o
2 I i min(10, 11)=10 M1 Completing working column for stage 2
2 min(il, 14j=11 11 (method)
! wming9, 11)=9
g ; m;:g]((; ig;;ﬂ 10 Ml Calculating maximin values for stage 2
3 T main(s, 11)=8 (method)
3 min{12, 15}=12 12
0 min(l3, 10)=10 Al Maximin values correct for stage 2 (cao)
3 0 1 min(l4, 11)=11
; ;’:i:gg igﬂ:jg 12 M1 Transferring maximin values from stage 2
cotrectly 161
Al Working column for stage 3 correct (cao)
(i) | Maximin value =12 B1 12 (cao)
Maximin route = (0; 0) ~(1;3) - (2: 3D -3:; B M1 Route, or in reverse, follow through their table
if possible, condone omission of (0; 0)
Al Correct route, including (0; 0) (cao) [3]
Total= 9
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0] Aectivity  Duration Immediate Answered on insert
{days) predecessors
A 8 -
B ig -
C 12 -
D ! AB B1 Precedences correct for D and E
E 3 B
E 4 BC B1 Precedences correct for Fand G
G 3 C
H 7 DEFG Bi Precedences correct for H, fand J
I 4 FG [3]
J 5 H1
(i)
1015
D(1)
16 16]
: H(7)
E 23| 23 28| 28
E(3), . J(S)
Ll + L L
F(4) : K4y
12112 1616
12112 G(3)
Mi Substantially correct attempt at forward pass
(at most one independent error)
M1 Substantially correct attempt at backward pass
(at most one independent error)
No follow through, 28 given in question
Al Both passes wholly correct
Critical activities C F H J Bl1 C F HJ and no others {no follow through) [4]
(iif) B1 Jcorrect
A B C D E FF G H t J Bl Hand I correct
1 11 3 2 1 1 2 2 3 4 Bl Fand & correct
Bi D and E correct
B1 B and C correct
Bl 4 correct [6]
(iv) | Minimum delay 1 day Bl 1
Maximum delay 3 days Bl 3 £2]
Total= 15
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() Answered on insert
4+3-2+8-2+7 M1 Imply method mark from 18, 20 or 22
= 18 litres per second Al €ao [2]
(i) | 3 litres per second flow out of B (arc BD) so only
2 litres per second can enter B from E and only 1 | Bl AtB:3outand 1 +2in
litre per second can enter B from S.
At least 4 litres per second flow cut of £to G, 2
litres per second from E to B and 2 litres per | Bl At E: (atleast) 4+ 2 + 2 out
second from £ to H, so § litres per second must
flow into E from C.
& litres per second flows from C to £ and at most .
11 litres per second enters C from §, so at most 3 | M1 Considering C to show flow in CH is at most 3
litres per second flows from C to H. Also, 2 litres Must explicitly refer to <3, or 2 <flow <3,
per second flow from E to H so the most that can not just stating 3
enter H is 5 litres per second. But at least 5 litres
per second leave H along HT, hence the flow in | Al AtH:2+3in
HT is 5 litres per second. 4]
(i)
M1 Substantially correct attempt (at least 12
correct)
{Not shown as excess capacities and potential]
backflows)
Al
' ' All correct (cao)
C 3 H
Flow augmenting route: SADFTor SADGT | Bl
Either of these (correct) flow augmenting routes
Cut: X={8, B, VY= {4, C,D,EF,G H T} Bl (4]
Or X=1{8, 4,8}, ¥Y={C,D,EF G H1T} Either of these (correct) cuts described in any
way, or marked clearly on diagram
(iv) | B would have at most 3 litres per second entering ity M1 Identifying that problem is at B
and at least 3 litres per second leaving. Al A correct explanation [2]
Totai= 12
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®
Bl Bipartite graph correct
Bl Incomplete matching correct (clearly shown,
or shown on a separate bipartite graph)
i2]
(ii) E-P-A-R-B-§ M1 A valid alternating path from £ to S, written
Al out
Anya = restaurant review This path written out {not just shown on
Ben = gports news Bl diagram)
Connie = theatre review
Derek = weather report A=R B=§ C=T D=W E=P
Emima = problem page (cao) [3]
(iii) | Add a dummy column
P R S T W x|
] 56 56 51 57 38 60 Bl Adding a dummy columm of equal ‘costs’ of at
K153 52 53 54 54 60 least 60 minutes
L | 57 355 52 58 60 60
M| 3¢ 55 53 59 357 60
N | 57 57 53 39 60 60
O 158 356 51 56 57 60
Reduce rows
5 5 0 4] 7 g . ,
7 0 7 5 3 3 Mi1 Substantially correct attempt at reducing rows
[ 3 0 p; g s (at most one error)
6 2 0 6 4 7
4 4 0 1] 7 7
7 5 0 5 7] g
Then reduce cohumnns
4 5 0 4 5 2
0 0 / 0 g ! M1 Substantially correct attempt at reducing
4 3 0 4 6 1 Coiums
3 2 0 4 2 0 {at most one error)
3 4 0 4 5 g
i) 5 0 3 4 2 Al Correct reduced cost matrix, with rows
reduced first {cao)
14]
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[ S ISR ] L. V)

o flo S (S |
[N T Ll LERY (VRS £ V)

] 0
2 I M1 Follow through their reduced cost matrix for
3 0 crossing through 0’s and augmenting (without
l 2 eITors)
4 3
Al Augment by 2 in a single augmentation (cao)
o 4 (minimum number of) lines
J Alternative
Augment by 1
1 2 g I 2 2
g [/} 4 0 0 4 1 2 0 1 2 F;
1 ¢ ] 1 3 I 0 0 4 0 0 3
3 0 1 2 g 1 1 0 0 R 3 0
0 1 0 1 2 0 3 0 F 2 0 0
3 2 0 0 1 2 7 2 7 ] 3 0
3 2 0 0 ! I
M1 Follow through their matrix for crossing
through 073 and augmenting (correct for theirs)
Al (Either) correct final matrix (cao)
[+
gel a complete allocation
! 2 2 ! 2 |
4 f 0 4 4 0 0 3
0 ! 3 1 I 0 ! 3 0
1 2 1 3 0 ! 2 0
0 1 2 7 2 1 2 3
3 2 ) 1 2 3 2 0 1 1
Jeremy Kath faura Mohammed Ollie | Bl J=8§ K=P L=R M=W O=T
Sports Problems Restaurant Weather Theatre
51 +53 +55+57+56=272 M1l Correct method
272 % £0.25 = £68 Al £68 (cao) with units
13]
Total= 16
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{) 5 B1 5
(10-4)+2 M1 Jor7
=3 Al 3 i3]
(ii) D E F  rowmin
S 0 4 -2 -2
T -4 2 -4 -4 M1 Calculating row minima
U 2 -0 0 -0
col max 2 4 0 M1 Calcnlating col maxima (or equivalent)
Play-safe for rugby club (rows) is Sanjeev Al Sfmjeev or S {n{?t just -2 or idf:nt.ifying row)
Play-safe for cricket club (cols) is Fiona Al Fiona or F (not just 0 or identifying column)
Not stable because -2 = 0 B1 Any correct explanation [5]
(iii) Follow through their play-safe strategies if
possible
Fiona B1 F
Ursula Bl U 2]
{iv) | Sanjeev’s row dominates Tom’s row B1 This or any equivalent statement about Tom
and Sanjeev (note: Tom is named in the
question)
Doug
M1 Doug
Fiona’s columm dominates Doug’s (once Tom’s
row has been removed) Al This or any equivalent statement about Doug I3]
and Fiona
v) Follow through their choice from part (iv)
E dp-6(1-py=10p -6 M1 Both expressions seen in any form
F-2p (note: D gives 2(1-p) =2 - 2p)
Wp—-6=-2p
= p=0.5 Al p=0.5 (cao) [2]
(vi) | Delete Trow
g 4 -2
2 -6 0
Multiply entries by -1 to show scores for Cricket
club
g -4 2 B1 Delete T row and multiply entries by -1
-2 6 0
Add 4 to make entries non-negative
4 0 6 B1 Add 4 to make entries non-negative
2 10 4
Choose Doug with probability x, Euan with Bl identifying meaning of x, y, z or implied by
probability y and Fiona with probability z. reference to S for 4x + 6z and U for 2x + 10y +
4z
If Sanjeev plays, expected score = 4x + 6z
If Ursula plays, expected score = 2x + 10y + 4z 131
(vil) | z= 2 = maximum value for m = 5 Mt
Hence, maximum value for M =1 Al 2]
Total= 20
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GCE Mathematics and Further Mathematics
Certification

Optimising Grades for GCE Mathematics Qualifications

Centres are reminded that when candidates certificate for a GCE qualification in Mathematics they are

strongly advised to recertificate for any GCE Mathematics qualification for which they have previously

certificated.

For example

s a candidate certificating for A level Mathematics is advised to recertificate for AS Mathematics if
this has been certificated in a previous session.

® a candidate certificating for A level Further Mathematics is advised to recertificate (or certificate)
for AS Mathematics, A level Mathematics and AS Fuorther Mathematics.

The reason for this is to ensure that all units are made available to optimise the grade for each

qualification.

Certification entries are free of charge.

The table below summarises this.

Qualification

7890 Candidates are strongly advised to apply for recertification for 3890 in the same
series as certificating for 7890 if this has been certificated in a previous session.

3892 Candidates are strongly advised to apply for recertification (or certification) for
3890 (and 7890 if enough units have been sat) in the same session as certificating
for 3892.

If a candidate has certificated or is certificating for AS Mathematics or A-level
Mathematics with a different specification or Awarding Body then a Manual
Certification form* must be completed and returned to OCR.

7892 Candidates are strongly advised to apply for recertification (or certification) for
3890, 7890 and 3892 in the same series as certificating for 7892.

If a candidate has certificated or is certificating for A-level Mathematics with a
different specification or Awarding Body then a Manual Certification form* must
be completed and returned to OCR.

Manzual Certification for Further Mathematics

It is permissible for candidates to enter for GCE Further Mathematics with the OCR specification if they
have previously entered (or are simultaneously entering) for GCE Mathematics with another specification
or Awarding Body. In this case OCR has to check that there is no overlap between the content of the units
being used for the GCE Mathematics qualification and the GCE Further Mathematics qualification.

A Manual Certification Form must be completed for each candidate.

*A copy of the Manual Certification form is available on the GCE Mathematics pages on the OCR
website. It may be photocopied as required, and should be returned to:

The Qualification Manager for Mathematics, OCR, 1 Hills Road, Cambridge, CB1 2EU; Fax: 01223
553242.

An electronic copy of the form may be requested by emailing finathsmancert@ocr.org.uk

When completed, the form can be returned to the same email address.
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Chief Examiner’s Report — Pure Mathematics

The vast majority of candidates fully appreciate that it is in their interests to provide solutions that enable
examiners fully to assess their understanding of the mathematics being tested. One aspect where this is
particularly true concerns the use of calculators. In general, candidates make good use of modern
calculators but are also aware of circumstances when over-dependence on calculators will not be
appropriate.

The following highlights some of the relevant points concerning the use of calculators in the Core
Mathematics units.

4722 Q2 Many candidates did not have their calculator set to the correct mode.

Q4 Candidates were fully aware that the wording of the question meant that an
analytical approach was required.

Q5 Some final answers were inaccurate because answers at intermediate stages had
been rounded and then used for subsequent calculations.

4723 Q2 Candidates provided sufficient detail to indicate that Simpson’s rule was being
attempted. No great detail was required but an attempt consisting of an answer
only would have scored zero. For example, it was perfectly acceptable 1o write

Approx value = 1x2(In4 +4In6+ 28+ 4In10+1n12) =16.27..

Q6 Candidates carried out the iteration in part (iii) very well, using their calculator to
generate the terms efficiently and recording the values in their solutions.

4724 Q4 There was evidence that a few candidates, having attempted the exact value bjf an
appropriate method, then used their calculator to check that the answer provided
by the integration facility of the calculator agreed with their exact value.

Q8 In part (ii), 2 neat solution using index properties was much more convincing
than an attempt in which a calculator was involved.

55



Report on the units taken in January 2009

4721 Core Mathematics 1

General Comments

In general, candidates coped well with this paper. Most worked through the questions in order and were
able to attempt every question, although questions 8 and 10(iii) proved challenging for all but the most
able. The majority of scripts showed an appropriate amount of working, although candidates should be
encouraged to write a few words to explain their reasoning in questions like 7(iv) which required the
verification of a given statement.

Unfortunately, examiners reported that many candidates’ work again showed evidence of poor arithmetic’
skills, with candidates of all abilities unable to calculate 48/8 or 207 correctly. Thebe were also many cases
where an error resulted from carelessness in dealing with negative numbers,

Tt was pleasing to note an improvement in the proportion of candidates able to recognise and solve a
disguised quadratic equation. However, manipulation of indices and surds remains an area of the
specification where candidates lack understanding,

There appeared to be adequate time to complete the paper and few candidates scored fewer than 20 marks
in total.

Comments or Individual Questions

|} This opening question proved straightforward for many candidates and they gained all 3 marks.
However, an equally large number scored only 1 mark, usually by correctly simplifying

Jas (although there were many cases of 94/5 or 549 seen). Some candidates understood how to
rationalise the denominator of the fraction but others multiplied the entire expression by V5 or
wrote 20 = \/Z w/g J5 and cancelled, obtaining 2«f§ .

2 i ) 1
) @ Most candidates knew that a power of ~3~ was needed although a significant proportion
¢
left their answer as x°  which was surprising. By far the most common wrong answer
H
was x° although x'® was also seen.
(ii) This question was extremely poorly done by candidates of all abilities and, as in previous

papers, reflected the inability of many to simplify expressions involving indices and
fractions. The most prevalent error was to expand (1 0 y)3 as 10y° , although there were

also many examples of 30” 0r1000y . Of those who correctly wrote 1000, there was a
worryingly large number who then simplified the constant to 501.5. Some candidates split

. 3yt a0y’
the original expression into w%i;x 10y 5) .
2y" 2y
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3)

4)

5)

The responses to this question were varied. Many candidates recognised that it involved a disguised
quadratic, made an appropriate substitution and found the roots of the resulting quadratic correctly,
earning the first 3 marks. However, candidates were less likely to complete the question correctly.

. . . .2
Some tried to cube root, rather than cube, their values, while for others cubing ; correctly proved

. . ., 8 . .
impossible, with "5 often seen. Weaker candidates failed to make any progress at all. Some cubed

cach term separately, others attempted to multiply the original equation by 3. These incorrect
methods gained no marks at all.

)

(i)

(i)

(@

(i)

(iif)

The quality of graph sketching proved to be very centre dependent. It is pleasing to report
that far fewer candidates are using graph paper to sketch graphs and only the weakest
candidates are working out coordinates and plotting points to establish the shape of the
graph. However, graph sketching is still an area needing improvement. Candidates must
be encouraged to draw axes with a ruler and, in this particular question, candidates whose
freehand axes were non-perpendicular or curving made it difficult for them to show the

. |
asymptotic nature of the curve clearly. It was common to see the graph of y = — rather
X

1 . .
than y = — and, less predictably, there were also numerous candidates who sketched the
X

graph of y = ~x?.

In general, candidates’ understanding of graph transformations has improved with many
answers gaining both marks here. The most commonly seen wrong answer was

1 1
y = 3 with far fewer cases of y =-—-+3 and only a handful of alternatives. A
X+ X

small number of candidates lost a mark because they failed to write * y =" in their answer.

This question was successfully tackled by almost all candidates although a great variety of

L 1 .
combinations of 1, 4 and P were seen among the incorrect answers,

As in previous papers, this straightforward question on differentiation was a useful source
of marks for even the least able candidates. This first part was well answered by almost

all, with only a few answers of — 50x ™ seen and even fewer completely wrong
expressions.

1
It is pleasing to note that almost all candidates immediately rewrote /x as x* and then
1 5
differentiated correctly. The answers 2 x4 or P x 4 were seen but these were rare. Some

candidates finished by changing their derived expression back into surd form which was
not necessary but showed a pleasing confidence in dealing with the notation.

The vast majority of candidates knew how to expand the cubic expression although there
were plenty of careless errors made. Some candidates reversed the signs of all the terms to
make the expression easier to differentiate, overlooking the fact that the expression was
not set equal to zero. However, most candidates were able to score full marks in this part.
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6)

7

(i)

(i)

(iti)

(iv)

)

(i)

(iii)

(iv)

Once again, relatively few candidates could complete the square correctly. All but the
very weakest candidates established the correct values of p and ¢ but the expression

5(x + 2)2 —12 was seen much more commonly than the correct answer. Some candidates
multiplied out their final expression and then corrected their value of #. Such checking is

to be strongly encouraged as completing the square for a quadratic involving an x* term
with a coefticient other than 1 continues to prove challenging for most.

Only a small minority of candidates gave the correct equation for the line of symmetry.
The most common incorrect answers were y =-2 and y = ~5x% —20x +8. Despite the
fact that the answer was worth a single mark, some candidates differentiated, set the
resulting expression equal to zero and found the coordinates of the minimum point. This
was acceptable if they then gave the equation of the required line but few candidates
seemed able to make the link between the vertex of a quadratic graph and the line of
symmetry.

Almost all candidates knew the formula for the discriminant and wrote 20° —4x5x~8
correctly. However, a disappointingly large number could not evaluate this expression
without etror. The incorrect value 240 was more prevalent than the correct value and
errors such as 207 = 200 were also frequent. A small number of candidates, obviously
unfamiliar with the term ‘discriminant’, differentiated the given expression.

The vast majority of answers were correct and a valid reason was often given. It was
surprising to see candidates work out the discriminant all over again despite having found
this value in part (iii) — an indication that candidates too often fail to detect the connection
between different parts of a question.

This question was very well answered. Most candidates substituted x = 10 into the given
equation and rearranged to find k. A smaller number chose a much more complicated
route by rearranging the original equation into y = mx + ¢ form and then substituting

Y2
Xy =X
Regardless of method, there were many careless sign errors made and it was fortunate

that, having realised in part (iv) that the length of the line AB should equal 10, some
candidates were able to examine their earlier working and correct it.

(2, 1) and (10, k) into the equation = m . This method was less successful.

All but the very weakest candidates knew how to find the length of a line and did the
calculation correctly. Again, of those who had an incorrect value, many were able to
revisit this calculation after part (iv) and make a correction. However, only those with
correct working shown leading to the value of 10 could score full marks in this part.

Almost all candidates could correctly state the coordinates of the centre and the radius,
although (-6, 2) was occasionally seen, as was r = 25 or r = V65

It was clear that candidates were unfamiliar with this type of request. Even candidates
scoring almost full marks overall often lost one mark here. The majority of candidates
wrote one statement only, usually ‘4B=2xr’ or even *10 = 2x»* with no mention of
AB. Midpoint of AB = (6, -2) was also frequently seen with or without supporting working
as was the statement that both A and B fitted the circle equation given in part (iii). But few
candidates realised that their one fact, even if properly checked, was insufficient for a
complete verification. A few candidates showed that the line 3x+4y—10 =0 passed

through the centre of the circle and that AB was of length 10 without realising that this did
not prove that 4B was a diameter.
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8)

9

10)

(i) This question proved to be the most difficult on the paper, with only the best candidates
scoring more than half the available marks. Many candidates could not deal with the
quadratic equation as given and attempted to rearrange it before starting, often failing to
do this correctly. Others used the quadratic formula with 2= 5 and ¢ = -1, while those who
substituted into the formula correctly then failed to deal with the negative values in the
discriminant and obtained 44 instead of 84. The minority who had reached

81484 Y . . .
correctly often could not simplify this correctly, most commonly ending up with

—4:+2+/21 . Those candidates who chose to complete the square after reversing the signs
in the original equation had the simplest route to the correct roots.

(i1) As in other questions, candidates failed to see the link between the parts of this question,
with many solving again here, often by a different method. Regardless of the roots found,
few candidates could construct the correct inequalities, most giving the region between
their roots.

(iii) Somie candidates wrote a page or more of working but failed to make any attempt at a
sketch so could not earn any marks at all in this part. Of the curves drawn, most were
either positive or negative cubics with at least some of the intercepts correct. However,
few were fully correct, usually because they had the wrong roots or correct roots in
incorrect positions. Many candidates knew that the y-intercept was (0, 20), but drew their
curve with a negative y-intercept.

This question was very well answered by most, with a large number of perfect solutions from
candidates of all abilities. However, a significant minority found p by solving y =0 rather than
gii = 0, They often continued by differentiating to determine the nature of the stationary point.

There was some confusion about how to classify the stationary point, with some candidates stating
2

. . d .
‘min because x> 0’ and others solving _d—x%i = (). Those who used the more laborious methods of
. . dy . . .
investigating the sign of either the y coordinates or gz— either side of x = 4 often gained full marks,

provided there were no errors in their calculations.

(i) Although this question was generally well done, there were a surprising number of
candidates who did not realise that they needed to differentiate to find the gradient and
simply divided the y-coordinate by the x-coordinate. A disappointingly large number of

i . d
those who did differentiate wrote E)i =2x.
x

(ii) This question was also tackled well by most, although there were plenty of arithmetic and

sign errors seen. Some candidates failed to use the negative reciprocal of the gradient in
part (i) but the majority scored at least 3 marks here.
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(ii)

This last question proved demanding with only the most able candidates scoring well. It
proved very interesting to see the different approaches used. There was an evident lack of
appreciation that not only did the curve and the line have to meet but also that their
gradients had to be the same at the points of intersection. Weaker candidates gave up after
setting the equations of the line and curves equal while others did pages of working and
tried multiple approaches without making any significant progress. A good number of
candidates were aware that the determinant should be used but could not extract the x
coefficient from the equation x” +x —kx +4 = 0. Those who substituted k = 2x+1 into
the equation of the line had an easier route to a solution. A large number of candidates
simply assumed that the line passed through the point (2, 6) and used this to find £,
without considering whether the resulting line was tangential to the curve.
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4722 Core Mathematics 2

General Comments

This paper was accessible to the majority of candidates, and overall the standard was very good.
Candidates seemed well prepared for the paper and familiar with the topics being tested. There were a
number of straightforward questions where weaker candidates who had mastered routine concepts could
gain marks, and there were also aspects to challenge the most able.

Most scripts showed clarity of presentation, with candidates making their methods clear. This is
particularly important on questions where they are asked to show a given answer. On scripts where
presentation is poor it can be difficult for examiners to decipher what has been written, and some
candidates lost marks through misreading their previous work. Candidates also need to be able to use the
correct mathematical conventions to convey their meaning, especially the appropriate use of brackets.
When angles were given exactly in radians it was sometimes unclear whether = was intended to be in the
numerator or the denominator, and in other fractions the extent of the fraction line was not always made
clear.

Candidates must ensure that they read the question carefully, particularly noting when exact answers are
requested. They also need to ensure that they are familiar with the appropriate terminology for this
module. A number of marks were lost through a lack of understanding of words such as root, factor and
coefficient.

Some candidates struggle to make efficient use of their calculator, especially in ensuring that it is in the
correct mode for questions involving trigonometry. They also need to make effective use of the memory
facility as using rounded values throughout a question will often result in a loss of accuracy in the final
answer. It was also noticeable that in both Questions 5 and 6(ii) a number of candidates were unable to
correctly round their calculator display. When using a calculator it is still important that full details are
shown — examiners cannot award method marks if little or no method has been shown

Comments on Individual Questions

1 @) The majority of candidates made a very good attempt at this question, with very few
attempting to differentiate. Some candidates correctly integrated the first two terms but
then failed to deal with the third term. Others failed to gain the final mark either by
omitting the +¢, or by leaving a dx in the answer.

(ii) This part was also very well answered with the majority of candidates appreciating the
need to rewrite the integrand using index notation prior fo integration and most did this
correctly. The integration was also usually correct, though some failed to simplify their
final answer. A few candidates could not divide 12 by 1.5, leading to an incorrect
coefficient of 18. It was more conunon for the constant of integration to be omitted in
this part, even by candidates who had included it in part (ii).

2 () Most candidates performed the correct procedure but too often the final solution was
given in a non-exact form.
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(i)

(i)

(iii)

(ii)

(i)

Many candidates made a good attempt at this question, though using a decimal answer
from part (i) often led to an inaccurate final answer. Some candidates used a mixture of
degrees and radians throughout the question, but failed to ensure that their calculator was
in the appropriate mode when attempting the length of the chord. Most candidates
correctly quoted the formula for the length of the arc, but this was occasionally spoilt by
using an angle in degrees not radians. It was also disappointing to see some candidates
working from fractions of the circumference to attempt the arc length rather than being
familiar with the necessary formula. A number of candidates lost marks by failing to
read the question carefully; it was surprisingly common to see attempts at the perimeter
of the sector and the area of the segment.

This was very well answered, with many candidates gaining both of the marks available.
Some did not give exact answers, and others attempted an iterative method.

This was a straightforward question for the candidates, most of whom gained full marks.
A few attempted to find an expression for the ™ term using a-+{n—1)d rather
than the given u,, but then made a sign error on their value for d.

Most candidates appreciated that a summation was required, though a few simply found
the sum of the first 20 natural numbers and others attempted the sum of a GP. However,
the majority could quote and attempt to use a correct formula, though a significant
number used at least one incorrect value. The most common mistake was to have a
difference of % rather than - %, despite the evidence in part (i). The most successful
candidates found the value of the 20™ term from the given definition and then used the
appropriate formula for the sum of an AP.

Candidates adopted a pumber of different methods to deal with this question, with
varying degrees of success. The most successful approach was to find the area of the
rectangle, though this was often done using integration, and then subtract the area under
the curve. A number of candidates stopped having found only the area under the curve.
Some candidates attempted to combine the two functions prior to integration, but this
was often done in the incorrect order or came as a result of first equating the two
functions. Of those who subtracted the function from 19, a lack of care with brackets
sometimes resulted in 22 — x* rather than the correct integrand. Trrelevant of the method
used, there were very few mistakes made with the actual integration, and the majority
also attempted the correct use of limits though some tried to use 3 and 19 instead. A few
candidates chose to rearrange the function to one in terms of y and then attempt
integration, but this was rarely successful.

This question was generally well answered with most candidates able to make confident
use of the sine rule. However, some candidates failed to ensure that their calculators
were in the correct mode and others made rounding errors.

Most candidates appreciated the need to use the cosine rule, though a surprising number
first calculated TB and then used this length rather than simply considering triangle 4TC.
Premature rounding throughout the question often led to an inaccurate final answer. A
few candidates did not read the question carefully and failed to place C in the correct
position.

Very few candidates appreciated what was required in this question and either simply
compared the lengths of 74, 7B and TC or assumed that the shortest distance would
occur at the midpoint of AC. The more able candidates found the perpendicular distance
from T but only the most astute checked that this point of closest approach occurred on
AC. There was no intention to mislead the candidates so either answer was given full
credit.
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(@)

(i)
(i)

(M)

(i)

(iif)

()

(if)

(b)(D)

Very few candidates failed to gain both of the marks available in this part of the
question.

This part was also done very well, though a few candidates used » as 20 rather than 30.

This final part of the question proved to be much more challenging for candidates, and
very few gained all four of the marks available. Most could state a correct expression for
ty, though there were errors on the index and a few candidates used the sum formula
instead. The most common error was for #, to become 187", Whilst most candidates
attemnpted to use logarithms, only the most able appreciated the need to rearrange the
equation beforehand, and log(20 x 0.97) was rarely dealt with correctly. Having done
everything else correctly, a number of candidates lost the final mark by leaving their
answer as a decimal or an inequality. Very few appreciated the need for p to be an
integer and, of those who did, most rounded down to the nearest integer rather than
giving careful consideration to the sitnation. Other candidates failed to gain full credit
due to not changing the direction of their inequality sign at the appropriate point.

Most candidates gained the first mark for attempting a binomial expansion, and many
also gained the second mark for then equating this to 24. A few did not understand the
meaning of ‘coefficient’ and x* was often left in the expression, usually to then be
replaced with 24. The most common error was a failure to use brackets resulting in 6%°a
= 24. There were then attempts to produce a convincing proof, but any errors in working
were penalised. Some candidates assigned integer values to ¢ and £ and attempted a
numerical proof. As with previous questions on the binomial expansion, the most
successful candidates made effective use of brackets.

Most candidates stated the correct coefficient, but many then struggled to make further
progress in solving the two equations. There were several long-winded methods
involving squaring and cubing that gave ample opportunities for slips, and other
incorrect methods such as subtraction. However, a pleasing number of elegant and
concise solutions were also seen and this was a relatively straightforward question for
many.

Many candidates substituted their values into a correct expression, though omission of
brackets led to a number of wrong answers.

This question was very well answered, though a few candidates left logs in their final
answer involving p and g.

Most candidates gained some of the marks available, but fully correct solutions were less
common. The mark for ~g was usually gained, but many candidates then struggled to
apply both the addition and the power laws to the remaining term in the correct
sequence.

This part was poorly done. Most candidates seemed familiar with the subtraction law but
spmied their solution with a number of other errors. A common first step was

logx* — log10. Some candidates stated the correct expression but then continued with an
attempt at cancelling, resulting in log(x — 10). This wasn’t penalised in part (i), but
meant that candidates struggled to make much progress in part (i1).
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(ii)

(i)

This proved to be a challenging question for all but the most able and very few
completely correct solutions were seen. Many candidates gained only one mark for
recognising that 2log3 could be expressed as log9, and a number failed even to get this
mark. The link between the two parts of the question was not always appreciated and
many candidates started afresh in part (ii). However, the more able candidates used their
correct expression from (i) and hence easily solved the given equation. Of these, very
few appreciated that once the solutions 10 and —1 were found, the latter had to be
discarded as invalid.

This question was generally very well answered. Most candidates demonstrated that £(1)
= (), and others showed a remainder of 0 after long division. A few candidates did not
address this part of the question at all. A variety of successful methods were then
employed to find the quadratic factor, including division, inspection and coefficient
matching. Having obtained the correct quadratic factor, a number of candidates then
struggled to find the roots. Linear factors of (x + 3)(x - 3) and x(x - 3) were common, and
a surprising number resorted to the quadratic formula, often resulting in an unsimplified
surd. It was obvious that a number of candidates were unfamiliar with the distinction
between a root and a factor as it was common to see a correct 3 term factorisation, but
with no attempt at the roots,

This was also well answered with most candidates making the link between the two parts
of the question, though a few made a new attempt at solving the cubic. Whilst some
candidates found the tangent of their roots, most equated tan x to their roots and
attempted a solution. Some stopped after finding the principal solutions to their three
equations, whereas others dismissed -/ as being out of range and only ended up with
four of the required solutions. Most candidates who worked in degrees subsequently
changed their answers to radians, though a few lost marks by either failing to do so or by
giving decimals rather than appreciating that exact solutions were required. Most
candidates scored well on this question, but only the most able obtained full marks.
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4723 Core Mathematics 3

General Comments

There were plenty of marks among the first six questions accessible to all candidates and it was pleasing
that there were relatively few candidates scoring low marks on this paper. The final three questions
presented more chalienges. There were many excellent responses to these questions but the depth of
mathematical understanding and levels of algebraic and trigonometric skill required meant that some
candidates struggled to record more than just a few marks from this part of the paper. The comprehensive
atternpts made by many candidates suggested that there were no particular time pressures unless
candidates had adopted unnecessarily lengthy processes; there were some protracted attempts at questions
2, 4,7 and 8 which might have led to the candidates involved struggling to offer complete solutions to all
the questions.

The fmal two questions included some given answers to be confirmed. It is important that candidates
approach such questions carefuily and thoroughly. In particular, if a slip has occurred and been
discovered, that error must be corrected throughout the solution and not just in the final two lines of
working. Full marks are not awarded to a solution containing errors even if the given result appears
finally to be confirmed.

It is expected at this level that candidates will be able to deal effectively with equations which are
straightforward if a little unconventional. For example, on this paper, many candidates struggled to find a

neat method of solving one or more of 2xInx—x=0, 3* =27 and 32cos®@—48cos*#=0.

There were several instances of candidates offering more than one sohution to a particular question without
indicating which solution they wished to be assessed. In such circumstances, it is the final solution which
examiners will mark, even if assessment of an earlier attempt would have led to a higher mark.

Comments on Individual Questions

1) These two straightforward requests enabled most candidates to make a successful start to the paper.

There were some errors with part (i), 1667 being the commonest. Part (ii) was usually answered
correctly although those candidates who felt the need to carry out a related differentiation first
sometimes confused themselves and concluded with 4x+ 5 raised to the wrong power, One mark
was available for the inclusion of the arbitrary constant at least once; many candidates failed to earn
this mark.

2)  Most candidates carried out the calculation in part (i) efficiently and accurately. Some candidates

associated 4 and 2 with the wrong y-values and a number used values of 1 instead of Inx. It was
X

not uncommon for candidates to be unaware of the general structure of the expression being
evaluated; absence of necessary brackets led them to evaluate %(In 4+In12)+4(n6 +In10)+ 2In6.

Part (ii) was not answered so well, with many candidates not recognising that the answer is simply
10 times the answer from part (i). The wrong answer (16.27)'% appeared very frequently.
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3)

4)

9)

6)

This was a routine request for many candidates and they obtained the correct answers without any
difficulty. However there were problems for many other candidates. It was surprising how many

were unsure about the identity tan” @ =sec’ @ -1; they either scemed to have no knowledge of the

existence of such an identity or, if they had some notion, they made sign errors in its use. Some

sin’ g

lg

candidates started by replacing tan” @ by and sometimes succeeded in reaching the correct

cos
expression in secd . An error in this basic work from part (i) led to problems with the equation in
part (ii) although some credit was still available for an appropriate attempt. By no means all

candidates knew how to deal with sec@ =2 ; attempts such as tanf =1 and 8 =

were
cos?2

sometimes noted.

For each curve, it tended to be the case that the differentiation was carried out well but that finding
the location of the stationary point presented more problems. In part (i), most candidates obtained

the correct 40x(4x” +1)* for the first derivative. A minority of candidates then concluded

immediately with the correct x =0, readily recognising that 4x* +1 cannot be zero. Many others
embarked on an attempt to solve 4x* +1=0, often ending with x = -1,

In part (ii), the vast majority of candidates wisely attempted to use the quotient rule. (Using the
product rule is distinctly unbelpful in this case.) There were some errors, often caused by confusion
between u and v. Candidates were expected to present the derivative correctly; it was copmumon for

the denominator to be shown as Inx” rather than as (Inx)* and candidates doing so did not earn the
mark for the derivative. Many candidates struggled to solve 2xInx—x=0. A few candidates

1
commendably explained why x=0 is not a possible answer as well as providing the correct ¢*.

This question was answered extremely well and it was very common for candidates to score full
marks. In part (i) some candidates showed their awareness of the properties of exponential growth
by completing the table before finding the value of & but it was more usnal for £ to be found first.
The vast majority recognised the need for differentiation in part (ii) and used it accurately in finding
the rate. A few candidates were casual with their value of £, using an over-approximated value of
0.03 instead of the more accurate 0.033. Doing so led to significant errors in the answers to both
parts of the question.

This question was another good source of marks for many candidates. The process for finding the
inverse function was well known and only careless slips marred some attempts. In part (ii), the first
mark was casily carned with reference to reflection in the line y= x but few candidates earned the

second mark. Nothing lengthy or sophisticated was expected, merely the observation that, at P, the
line y=x and the curve y=31x+2 meet and therefore x=3f7x+2 atthat point.

The iteration in part (iii) was done very well by most candidates. All but a few provided the
necessary evidence although the practice of some candidates in giving the iterates themselves just to
2 decimal places is not good practice; candidates are advised to give greater accuracy in these values
before giving the final answer to the requested accuracy. In a few cases, the solution to part (iii)
consisted only of the answer 1.39; such attempts earned no marks because there was no evidence of
the method which had been adopted.
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7

The vast majority of candidates recognised that a translation and stretch were involved in part (i) but
the terminology used and the details given were often unacceptable. The term ‘translation’ was
expected and many candidates managed to give the correct details too, although the double negative
of “translation in negative y-direction of —a units’ appeared occasionally. Candidates were less sure
of the stretch; it was sometimes described as in the y-direction and often as in the x-direction with
scale factor k. A number of candidates seemed to confuse the word ‘translation’ with
‘transformation’; it is important that these descriptions are given with precision of language.

The curve in part (ii) was usually drawn acceptably although some had the reflected part curving the
wrong way ot seeming to show a maximum point in the second quadrant. Candidates did not always

make it clear what their answer was; candidates who drew only the curve y = le"" - ag left no doubt

but those who super-imposed the requested curve on a copy of the diagram given in the question
often raised doubts as to what exactly was their intended answer.

Part (iii) was done poorly and there were not many candidates who managed to find the values of &
and g efficiently. The usual approaches involved attempts at simultaneous equations or the squaring
of equations and these led to muddled solutions which, at best, provided the correct answers as well
as several incorrect ones. There was little evidence that the graph from part (i) had been used to
inform a method. Since the point (0, 13) lies on the reflected part of the curve, it must be true that

—(e® —a) =13 and this gives the value of & immediately. Further, the point {In3, 13) lies on the
original curve y =e™ —a and this gives the value of k. Even for those candidates with a viable

method, there were problems dealing with the term ¢ ; with substitution of x =In3 , this often

appeared as ™, leading to 3k rather than 3

. . 6 .
Although there were a few candidates who attempted to integrate FZ(T ~3)*, most candidates were
X

aware of the correct formula for finding a volume where rotation is about the y-axis. But, in many
cases, the level of algebraic skill needed to express x* in terms of y was not apparent. Even for
those candidates with a correct expression for x°, many presented it in a form such as

j( 36 Ydy or I—wml%g?mm dy which was not helpful for the subsequent attempt at
(y+3)* (" +6y+9)°

integration. The number of candidates who reached the correct integral of —4327z(y +3)~ and
applied the limits clearly to confirm the given result was disappointingly small.

In part (ii), most candidates were aware of the need to find the product of %K and d but the
P

attempts at finding the former were seldom correct, despite the fact that, of course, the derivative is
the same expression as the integrand in part (i), albeit with p involved rather than y. Some attempts

to find %/- looked more like integration and, in many cases, the principles of differentiating such an
p

expression were just ignored.
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9)

The first two marks of part (i) were earned by many candidates but a fully convincing solution
needed careful management of identities, signs and brackets and this was not always evident.

Part (i) proved challenging and few candidates showed the necessary mastery of multiple angle
expressions. A clear statement indicating the method to be used, based on either

c0s66 =2c0s 30 ~1 or cos60 =4cos’ 26 —-3cos26 , was the expected opening. Some attempts

started by squaring 4cos® 8 —3cosd; candidates, with an eye on the given answer, then doubled the
result and subtracted 1. Such unconvincing attempts did not receive credit.

Most candidates made some progress with part (iii) but candidates had to provide clear evidence for

their conclusions to earn all the marks. Too often, attempts at solving 32cos® @ —48cos’ 8 =0
involved over-enthusiastic cancelling with the loss of one of the possible values of cos@ . To earn

the final two marks, candidates had to refer to the fact that cos® @ m% has no solutions and that
cos@ =0 leads to values such as £90°, & 270°, + 450° , thereby confirming the odd multiples of

90°. Some candidates left no doubt of their understanding by providing a sketch of y =cos& with
the intercepts on the @ -axis indicated.
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4724 Core Mathematics 4

General Comments

Again this January, there was a very wide range of responses; many of these were excellent but it was
surprising how many candidates were entered who really did not understand most of the topics. It was
also very disappointing to note that candidates made so many very simple arithmetic and algebraic errors
at this stage of their mathematical careers. There seemed to be no problem with the length of the paper.

Comments on Individual Questions

9]

2)

3)

4)

This question gave candidates a good start and it was interesting to see the variety of their solutions.
The obvious method of factorising numerator and denominator was the most common, the only

problems arising from connecting (x—4) and (4—x) and the occasional factorising of 6x” —24x
as 6(x —2)(x+2) or 6(x~4)}x+4). Aless obvious idea was to use partial fractions and this

generally proved successful. A third small group of candidates decided to use long division;
provided numerator and denominator were arranged consistently, this method produced the correct
. . 5 -5 5
answer rapidly. Three versions of the correct answer were seen; ———, ~6-— and W6m . All were
. X X —~0X

accepted as it was frequently impossible to distinguish one from another.

Most candidates used the correct method of integration by parts and there were relatively few errors
in its application. However, modulus signs and ¢ + ¢ * were frequently omitted.

(i) The binomial expansion was well known; ‘2x’ caused a few problems in that its square

was often 2x” and, for some candidates, untidy work meant that they could not read their
fractional expressions accurately.

(1) In general, this part depended on how the denominator of (1+ x)* was treated. Those who
converted it into (1+x)™ and then used multiplication were generally successful,

—ly? gyl
X—5Xx +5X

However, those who retained (1+x)° usually wrote >—— and either stopped
143x+3x" +x
or performed quite ridiculous ‘cancellations’ or even subtraction.
(i) Although validity questions have often been asked, this proved to be harder than usual for

many candidates and only about half produced the correct answer.

(1 +sinx)’

A few candidates integrated immediately with a result of , or something similar, but the

majority was well aware of the correct approach. The error (1+sinx)* =1+sin® x was seen too

frequently but the attempts to deal with the integral of sin® x were very encouraging. Substitution
of the limits, although initially correct in most cases, often contained sign errors when terms were
collected.
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3)

6)

7

e)

(i)

This part was handled well, particularly by those who converted u = Jx to x=u" and
consequently used ¢ dx = 2udu °. There was some carelessness in style but candidates

should always remember that, when the answer is given, working will be closely
scrutinised for any error and it is expected that the answer will be given as shown in the

guestion; so, in this exammple, I was not a satisfactory ending.
u

(1+u)

A few candidates decided that the result of the integration was 2Inu{1+#) but the majority

realised that they had to do something with before they could attempt integration.

u(l+w)

2

L . . 2
Although resolution into partial fractions was the norm, there were many cases of — +—.
U ou

The use of the limits — either changing them or expressing the integral in terms of x and
using the original limits — was generally handled well. There were a few candidates not
appreciating the meaning of the root sign in Jx and +3 and *1 were seen; as natural
logarithm was involved, the negative aspect was quickly dropped. Any suitable form of
the answer was acceptable.

A question involving parametric equations in this unit is bound to involve the evaluation of 50

this was generally found at an early stage, irrespective of where it was needed — and some found a
use for it in part (ii)!

@

(i)

(iii)

This part was generally well done. A few changed the order of parts (i) and (ii) and then
used the cartesian form to find where the curve met the x-axis. A few used x =0 as the
equation of the x-axis.

This part was also well done. The comment concerning poor algebra was as relevant here
as it was in question 4 — the squaring of a simple expression such as (y+3) or (1+sinx)

ought never to be wrong at this level of attainment,

A few found the equation of the normal and another group of candidates retained 7 or x or y
in the value of the derivative but most understood the direction in which they should go.

The only slight awkwardness involved those using the cartesian equation to find % ; some

1
changed x = y* -5 into y={(x+35)* and did not realise that the point where =2 lies on

the lower half of the parabola and so the equation y = ~(x + 5)% should have been used.

Although obviously incorrect, this error was viewed with more latitade than usual and only
a small penalty was imposed.

Quite a few errors occurred here, generally from carelessness in arithmetic or in copying the details
of the question.
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8)

2

(1

(i)

(i)

(i)

Most realised that the equation of the line through (9, 7, 5) and (7, 8, 2) involved a

9 7
direction vector butr = | 7 +5| 8 | was sometimes seen. Candidates making this error
5 2

were still able to produce the necessary equations and solve them but, of course, showing
consistency and finding the point of intersection were not possible. Conventional solutions
in a topic such as this have improved but there were candidates who did not label their
equations or state clearly which they were using for the solving process and which was
being used for the consistency.

Almost all who started part (i) correctly were able to deal with this part accurately, the only
common error being that sometimes it was the obtuse, rather than acute, angle that was
given. Any candidate demonstrating the methods for finding the scalar product of any two
vectors and the magnitude of any vector was able to obtain half the available marks in this
part,

This was well done. Very few started with % = and, of those who did, hardly any made

any subsequent use of it,

There was a lot of unclear thinking in this part. It was expected to be a straightforward

request, with candidates showing that the point lies on the curve and that the gradient at the
- . . d .
point is zero. Quite a number of candidates assumed that a-i— was given to be 0 and started

d .
to use the fact that the numerator of —&i—; was 0; they then tried to solve x* + y° = 6xy

simultaneously with 6y —3x” =0 and, in general, got into an algebraic mess. Those

thinking clearly used one of two methods to prove the results — the laws of indices or their
calculator. It was significant that the better candidates used indices.

Many candidates trying to find the value of @ produced the equation 2¢° = 647, divided by

2a” and produced a =3 without any regard for the possibility of a being equal to 0. It
was expected that attention would have been drawn (o the fact that, as given in the
question, a >0 to justify the existence of only one root. Almost everyone produced the
gradient of —1 with a significant number demonstrating that it would not have mattered
what the value of g was.

: . . . . dr .
Most received two marks for this, the main exceptions being those who used 'y instead

of i—f and those who omitted the constant of proportionahity.
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(i)

The main error, and it was very common, was to integrate T6 ! P to produce 1n(160—8)

instead of —In(160 — @) . Although candidates doing this were able to demonstrate correct

methods thereafter, accuracy marks were lost. The position of the k after the separation of
the variables was the cause of other mistakes; it need not have been, of course, but

integrating S seemed much more difficult than integrating .
k(160-6) 1608

had omitted the constant of proportionality in part (i) were now at a disadvantage as there
was superfluous information.

Those who
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4725 Further Pure Mathematics 1

General Comments

Most of the candidates showed that they had a sound knowledge of a good proportion of the syllabus, with
questions 4 and 7 proving to be more testing. Candidates generally answered the questions sequentially
and there was no evidence of candidates being short of time.

As has been mentioned in previous reports, when answers are given in the question, candidates must show
sufficient working to justify their answer. Failure to do this was very common in questions 7, 8 and 9.

Comments on Individual Questions

1) Most candidates multiplied by the correct conjugate and obtained the correct answer. The
most common errors occurred in the denominator, which candidates found to be 25 1 or
5+1

2) () This was answered correctly by most candidates, the most common error being omission

of the determinant.

(i1) This was answered correctly by most candidates, but a significant minority thought that
2A meant A%,

3) The standard results were generally well known. Too many candidates tried to expand to
obtain a quartic, before trying to factorise, rather than using the factor n{ 1+ 1) as their
first step in factorisation. ‘

4) Many candidates did not know that (ABY' = B'A™, and did not appreciate that matrix
multiplication is not commutative. Many confused 1 with I and a significant number did
not clearly state that their final answer was the zero matrix, rather than 0.

5) Most candidates used the determinant of the coefficients, rather than trying to solve the
equations algebraically. There were a few arithmetic errors in finding the determinant, but
in general the method was clearly demonstrated. Some candidates found the complete
mverse matrix, often correctly, which was not actually needed.

6 ) Most candidates answered this part correctly.

{ii) This reflection was generally recognised and usually described correctly, the incorrect
‘mirror line’ being the most common error.

(iliy  The most common error was to multiply the matrices in the incorrect order.
(iv) Most candidates made a reasonable attempt to describe the matrix found in part (iii).

O] Most candidates could write down a correct expression for u, + u, . 1, but then found the
factorisation difficult, despite the answer being given.

(i1) Most could establish the truth of the result for » = 1, but a large number made no progress
in establishing that the expression in (i) being divisible by 7 and w, being divisible by 7
implies that u, , ; is divisible by 7, many attempting to prove by induction that u, ., was
13"+ 6"

8) M Most candidates established this result correctly.
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9)

10)

(if)

(i)

@

(iD)

(iif)
®

(i)

(ii)
(iv)

Most candidates used the correct value for the sum and product of the roots, with sign
errors being the usual problem.

This part proved to be quite testing. Most candidates could find the value of the sum of
the new roots, but algebraic errors in expanding the product of the new roots were legion.
A significant proportion of candidates gave a quadratic expression as their final answer
rather than a quadratic equation.

Most candidates established the given result correctly, but a significant minority failed to
show sufficient working to justify the given answer.

Most candidates realised that the process started at » = 2, rather than 1, while some
candidates started at » = 1, and then removed the first term of their sum to obtain a correct
answer. Those who tried this approach, but failed to remove the first term did not seem to
realise that the answer to part (iii) indicated that something had gone wrong.

Most candidates knew how to find the sum to infinity.

Most candidates showed the correct algebraic processes for finding the squate roots, but
many failed to include both values, i.e. 2+, for x and y.

Many candidates solved to find the correct values for #*, but then thought these were the
values of z. A large number of candidates were not able to see the connection of the

conjugate root for 2 i.e. 2 - i«fg with the values found in part (i), and so only found 2
roots for the quartic, instead of 4.

Most candidates showed their roots correctly.

Only a small number of candidates knew that the locus was the perpendicular bisector of
the line joining O to « , most sketching a circle or pair of circles.
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4726 Further Pure Mathematics 2

General Comments

In general, the candidates answered the questions in the order set and were able to gain marks in every
question, so that no question proved to be too difficult. A majority of candidates picked up a number of
marks in question 2, which turned out to be a number-crunching question for most candidates, and in
question 6, a standard hyperbolic question. Other questions produced more variable answers, often as a
result of indifferent algebraic manipulation or a poor choice of method. These then led, in some cases, to a
lack of time, so that answers to question 9 were sometimes rushed.

There were fewer very poor scripts than usual, but it was noticeable that most candidates were not
sufficiently precise and careful enough to gain the higher marks. There appeared to be a lack of
preparation in depth, resulting in marks being thrown away. Candidates could complete the “set” methods
but were often less confident in the follow-up part of the question. Nevertheless, there were some
outstanding scripts often showing a thoughtful approach and some flair in the answers.

Comments on Individual Questions

D @ This part provided a sound start for candidates, with the vast majority gaining both marks.
Most candidates used their knowledge or the Formulae Booklet to write down the answer
at once. As in part (ii), a significant minority opted to derive the Maclaurin series from
scratch, but they were usually successful.

(ii) Most candidates used part (i) to produce In(2+4x%). Unfortunately, they then stopped, even
though this was not a Maclaurin series. The most successful candidates went on to use
(In2+1n(1+2x%) and then the standard expansion of In(1+x). There were also good attempts
(albeit longer in time) at differentiating twice In(e”*+e™) or In(2+4x%) or even In(2cosh2x)
and then finding f{0), £'(0) and (0} for the standard Maclaurin expansion. Carefiil
differentiation often produced full marks,

2y () There were very few incorrect answers seen.

(i) Apart from some sign errors, most candidates could evaluate the ratios of the errors. Hence
many candidates gained five marks up to the last part of the question. However, only a
small number of candidates knew the relationship between the ratios and f'(a). Candidates
who spent some time finding f'(«) by differentiation and then noting the connection could’
still gain the final mark as long as their ratios and their {'{«) were reasonably close.

W Most candidates gained two marks, but only a handful went on to explain why the positive
root of (1-sin’y) was to be taken. Whilst there are more pointers if the derivative of cos™'x
is asked for, candidates should know the bookwork well enough to answer questions fully.

(if) The basic rules of differentiation were not applied well, with d/dx(sin™'2x)=1/(N(1 ~4x%))
and d/dx(Vam)="4n often seen. Candidates not confident about differentiating implicitly
sensibly rewrote the equation as y = sin(Y4r—sin~'2x) or cos(sin"'2x) or even V(1-4x%) in
exceptional cases. Such candidates had more success, although the 2x continued to present
problems.

4y () Most candidates used the correct substitution and gained both marks. Although both marks
were awarded, candidates should carefully show the introduction of d@ into their answers.
It was omitted on many occasions.
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(ii)

5 W

(i)

6) ()
(i)

O

(D)

Again this part was generally well answered, with some candidates losing marks by
careless errors in signs when expressing cosh’@ in terms of cosh24, despite the answer
being given. However, as the answer was given, it needed to be derived fully and precisely.
Statements such as “Vsinhfcoshé +140 = YaxN(x*~1) + Yacosh ™ x” lost the final mark unless
it was clearly shown how one side led to the other. Candidates using the exponential form
for coshx often gained sorme marks, but they found it difficult to derive the required form
of answer.

Many candidates considered the Newton-Raphson method as a formula rather than as a
process involving tangents to a curve. This observation has been made in previous reports.
Moreover, many candidates failed to answer the question in terms of which root (if any)
the process involved for the various given £, so that, for example, when k<0 the answer
“convergent” was often given. Part (a) was often more successfully done. A common
incorrect answer to part (b) was simply “ £ 7. Only a minority of candidates were able to
argue a case based upon various values of £, such as those close to 1 or 2, or close to the
turning points.

This part was better answered by many candidates. Marks were lost generally by not
finding the y-values of the turning points (either not correctly or not at all) and by not
making clear that the curve crossed the x-axis at right-angles. Most candidates produced
the correct crossing points of the x-axis and symmetry in the x-axis, albeit sketchily at
times. The shape of the curve for x>f was often not precise, but this was not penalised in
this case.

This part was generally well answered.

Candidates resorting to the exponential definitions of cosh and sinh gained no marks. It has
been highlighted before that candidates should expect to use earlier results in later parts of
a question. In this case, if they did not use part (i), they arrived at a quartic in ¢". The
majority of candidates were able to produce and solve a quadratic in sinhx, usually
accurately, Candidates who then used the Formulae Booklet could write down the
equivalent fogarithmic forms and quickly gain five marks. Other candidates resorted at this
stage to the exponential definition and solved two quadratics in €”. This wasted time but
often gained full marks, although some candidates lost the final mark by not considering
the problems associated with the + in the guadratic answers.

This part was badly answered or often not atternpted. Many candidates used incorrect
assumptions such as OQ=0R and OP=0S, or o="4n, whilst others missed the fact that
0=0<2n. However, “negative” angles, for example for OS, were allowed as long as they
were “negative”. Even candidates using (at+vanm) could not simplify their answers, for
example by using the addition formulae.

This part was generally well answered. Minor arithmetic errors were seen, but most

candidates attempted to deal with fcos®d dé in a reasonable way. It was surprising how
often ', was missing in the formula for the required area.
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8)

9

()

(i)

(iif)

(iv)

(i)

(iii)

Candidates often failed to “explain why” and answers such as “LHS = rectangles, RHS =
curve and LHS < RHS” were seen. Candidates should expect, for five marks, to explain
clearly and fully how each side is derived and to what each side refers. Statements such as
“rectangles = 2 + 5 + 5 + ...” are merely imprecise copies of what is given, with no
reference to areas or the limits of x. Basically, two marks were awarded for an explanation
of the LHS, two marks for full working with clear limits to show the RHS as the area under
the curve, with a final mark for explaining the inequality. There were some excellent
answers, but these were in the minority.

This part was answered better, although there was a lack of clarity as to the final rectangle,
A diagram with both limits clearly seen was often the best way to gain both marks.

Again there was sometimes a lack of precision, but most candidates gained at least one
mark.

The majority of candidates ignored the results in part (iii) and wrote that the series was
convergent as 1/r — 0 as r — oo,

“Explain” proved difficult for a number of candidates. It was expected that a statement for
the condition for a curve to have asymptotes parallel to the y-axis would be given, together
with a reason as to why this condition was not met in this case. Answers such as “because
x* + a* > " gained no marks. A significant number of candidates believed it related to the
relative orders of the numerator and denominator.,

The majority of candidates produced a quadratic in x, though often with arithmetic errors,
and then attempted an inequality involving #*— 4ac. It was often apparent that candidates
were unsure what their inequality related to, but, as long as they made a reasonable attempt
to solve their inequality, marks were awarded. Again, basic errors caused complications for
many, so that full marks were relatively rare. Candidates using differentiation were less
suceessful, often because of inaccuracies applying the quotient rule.

There were some excellent answers involving splitting the integral into two parts and then
recognising and integrating them at once. Candidates who attempted other methods had
varying degrees of success. Integration by parts or attempting to write down an answer at
once proved unsuccessful, but some candidates gained marks by attempting to substitute
x = gtanf in the original integral.
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General Comments

As usual in the January session, this paper attracted only a small entry. Many of those who did enter were
well prepared and their work was of a high or very high standard. But a small minority were unable,
probably through lack of experience, to make satisfactory attempts at several questions. All the questions
were accessible for those who had covered the work fully, and there did not appear to be any problems
with the time allocated for the paper.

Comments on Individual Questions

)

2)

3)

4)

)

This question was designed to test candidates’ knowledge of the structure of finite groups up to
order 7.

(i) This tested the cyclic property, subgroups and order of the elements. Although mistakes
were made, there was generally a satisfactory level of knowledge of the properties and how
they applied to groups of orders 3, 4 and 6 in particular.

(i) This part tested the fact that there are two distinet, non-isomorphic, groups of order 4 and
6. Some candidates found it difficult to understand that this was what was being asked,
and it was quite common for no attempt to be made. The answer of 5 and 7 was seen
several times, perhaps because there is only one group of each of these orders, but in that
case order 3 might have been expected as well.

(i) "The methods for converting between the cartesian and polar or exponential forms of
complex numbers were well known. Most answers did the division first in cartesian form,
then converted the answer into the required exponenttal form. It was less common to see
the alternative method of converting both numerator and denominator into polar form first,
and those who used this method were more likely to make numerical errors.

(i) Although some were unable to start, most realised that multiples of 3 for the value of n
would help, following their answer to part (i). This eamned a method mark, with the
accuracy mark being given for n = 6.

This was a very standard problem, the two parts being naturally linked. Most candidates answered
well, although there were more arithmetical errors than usual. Amongst the less well prepared
candidates there were some atternpts to use the vector product instead of the scalar product, and
some were unsure about how to calculate a scalar or a vector product.

This was a straightforward second order differential equation, and nearly all candidates showed
familiarity with the method of finding the complementary function and a particular integral. The
most common errors were, firstly, to simplify the roots of the auxiliary equation incorrectly:

~4 -4
2

often became —2+21. Secondly, the C.F, was frequently left in compiex form as

AeCHD* 4 B2 ingtead of being changed into trigonometrical form: such answers lost a mark

at the beginning, although they were not penalised at the end when the C.F. and P.I. were added
together. The appropriate form of the P.I. was well known and the correct values of the constants
were usually found.

Both parts of this first order differential equation question were straightforward for those well
practised in the appropriate techniques.
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6)

7

(i)

(i)

(ii)

(i)

It was an easy piece of work to differentiate the given substitution and to replace the
variable y by u, and most did it well. Some less experienced candidates were unsure about
how to differentiate the substitution with respect to x.

The resulting equation in # and x was easy to solve by separating the variables; then the
arbitrary constant had to be included, # made the subject and back-substitution carried out.
The whole process was done quite well, although the inclusion of the arbitrary constant as
a multiplicative constant inside the logarithm was not seen as often as expected, and the
algebra of the final rearrangement was sometimes incorrect. Several candidates rearranged
the given equation so that they could use the integrating factor method: this does work, but
such answers usually missed integrating 0 on the RHS to a constant. It is worth rernarking
that the original equation {A) can be solved directly by the integrating factor method, but
any who tried this (none did, in fact) would have found the integration demanding.

The first part of this vector question was usually done accurately. Most tackled it by
finding the vector product of two vectors in the plane. In general this is the most reliable
and quickest method, but in this case the numbers were such that writing down the 2-
parameter form, going into cartesians and then eliminating the parameters was perhaps
even quicker, provided the final stage of changing into vector form was done. Using the
coordinates of three of the points also led rapidly to the cartesian equation and hence to the
vector equation.

Most candidates knew about finding the angle between the two normals, by using the
scalar product method. Such errors as there were usually came at the end, by giving
instead the complement of the angle required.

It had been expected that this part might be found difficult, but in fact it was answered
well, and mistakes were usually arithmetical. The parametric method shown in the mark
scheme was almost always used. It would also be possible to use the cartesian equations of
the plane and the line instead, leading to the same algebra.

Candidates’ answers to the more demanding questions on infinite groups are not usually done as
well as those on finite groups, and this question was no exception. Nevertheless, most candidates
showed that they knew the basic properties of groups and attempted to use them in proofs and
properties.

(i) (2)

(i) (&)
@ ©

All answers indicated that the four essential properties of groups were known, but there
was less certainty about justifying them in this case. For closure it was only necessary to
note that the result of x * y was a real number, and most answers gained the mark. The
identity element was usually stated correctly as a, either by obtaining it from the definition
or by guesswork. But it was disturbing to find scripts in which associativity was muddled
up with commutativity, some answers proving the latter property here and calling it
“associativity”. Those who knew what associativity meant usually expanded the
alternative sets of brackets correctly to obtain the identical results. The inverse of the
element x was not obvious, and had to be obtained from the definition. Some answers

claimed, correctly, that inverses existed because of the relationship x+ x ' =2q,
Those who had not muddled commutativity with associativity answered this part correctly.
This was more demanding and it was frequently omitted, But those who realised that x * x

= e = g was necessary were able to show that x had to be the identity and so obtained a
contradiction. In a few cases “order 2” was thought to imply that x * x * x = e.
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8)

(i)

(i)

(i)

(ii)

Potential lack of closure was often justified correctly, by giving values to x and y which
were in the range 0 < x+ y <5 . But the potential lack of inverse elements was seldom
seen: perhaps, given more time to think about it, candidates might have realised that the
identity was 5, as in part (i), and associativity unaffected, so the lack of an inverse was the
one to investigate: any x =10 has no inverse in this case.

The identity for sin® @ may not have been familiar, but the method was well known: most
answers progressed fairly confidently through the procedure of using a binomial expansion
and collecting terms and using multiple angles, to obtain the required result. There was,
however, plenty of scope for etrors, especially in signs, and not all answers scored all the
marks that the writers might have expected. It was pleasing to find the correct expression
for sin® in tertms of exponentials stated at the outset in most answers, but not all realised

6

that the — sign came from 1°, and a certain amount of working backwards was detected.

There was also some crafty adjustment of a factor of 2 in the final stage of obtaining the
cosnt terms,

The mark allocation for this part was generous, in that 2 marks were awarded for
substituting (é« T~ 6) correctly throughout the identity. But the simplification of this to a
similar identity proved to be beyond the ability of most. It should be well known at this

level that the expression cos(nn —m0) simplifies easily to +cosm0, depending on », but it
was not.

In view of the difficulties encountered in part (ii), much credit was given here for using
previous answers correctly but, again, sign errors were frequent. Only the very best
candidates made no errors at all and obtained the correct final answer.
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Chief Examiner Report - Mechanics

Most candidates were well prepared for the examinations they sat, and it was unfortunate that some
achieved less than they might, through a needless loss of marks. A quite common fault is to have a
calculator working in the wrong angular mode. More common is a failure to give the answer requested (or
to give it to the wrong degree of accuracy). Misreading of the questions seemed less common this session.

When candidates lose marks through such errors they inevitably gain a lower score than their knowledge
and understanding warrants.
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General Comments

The quality of scripts seen at this session was high, candidates displaying a good knowledge of the
sylabus, and competence in using their understanding. The only widespread weaknesses were in
calculating normal components of contact force — questions 4(ii) and 6(ii) - and in dealing with possible
constants of integration in question 5. It seemed to many examiners that there were more instances of this
variable acceleration question being tackled with constant acceleration formulae than has been the case in
the recent past. If this was the case, it may have been a result of the simplicity of the formula given for the

acceleration.

Comments on Individual Questions

1)

2

3)

4)

5)

@
(i)

M

(i)

@

(i)

(i)

Nearly all candidates obtained full marks.

Very few instances of the inclusion of g in the momentum terms were seen; nor were there
many occasions when the particles “passed through” each other.

Though most candidates were able to find the driving force, fewer were able to write down
the value of the tension. Many candidates found part (i) harder than part (ii).

Completely correct solutions were seen. However, many candidates found it difficult to
identify the forces to be included in their equations for Newton’s Second Law. The
equation most successfully used was for the car/trailer combination, giving the driving
force. The least successful was finding the tension from an equation for the car, generally
because both the tension and the resistance of the trailer were included.

A lenient view was taken where candidates gave negative values for the magnitudes of the
components of the 5 N force.

Very few candidates attempted to use sine and cosine rule, the majority following part (i)
by using the result to find first the perpendicular components of the resultant force. Some
candidates lost marks by giving answers which were slightly inaccurate and others through
finding the angle with the y-axis.

Most candidates answered the question correctly, but some lost a mark by giving the
answer as 5.8 ms™.

The frequency of error in (ii) was higher than in (i}. The commonest mistakes were in
finding the normal component of reaction. The vertical component of the 20 N force was
either subtracted from the weight of the block, or else was ignored. In a few cases, the
weight of the block was itself ignored.

A significant minority of candidates approached the entire question as a constant
acceleration problem. However, the most comimon error was to ignore the initial velocity of
13 ms™.

Though correct values for the distance were often obtained, candidates who had ignored
the initial velocity in (i) — or who had incorporated it in their answer on an ad hoc basis —
were in the majority. Candidates were expected to show explicitly that no additional
distance was involved, by giving evidence of considering the value of a “+¢” term.
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7)

(iif)

®

(i)

(i)

The sketch graph most often rejected was fig.3, candidates explaining how it illustrated a
deceleration. Far less often was it understood that the initially horizontal graph in fig. 1
showed a velocity at =0 of zero, and consequently the candidates were almost as likely to
regard fig. 1 correct as fig. 2. Though there were no scales given on the graph axes,
attempts at quantitative calculations were often scen.

Both parts of this question were usually answered correctly, though the many candidates
who thought 0.71 ms™ was correct to 3 significant figures lost a mark. It was sensible of
candidates to answer the two questions independently, so that an error in one part would
not contaminate their answer to the other.

Correct answers were often seen. Being given an angle with the vertical made the question
more difficult for many candidates, who made trigonometric errors in finding the
components of weight parallel and perpendicular to the plane. In contrast, it was pleasing
to see nearly all candidates realising that the parcel would travel 5 m before reaching the
trolley.

Nearly all candidates calculated correctly the speeds of the particles after two seconds. The
mistakes in finding the speed of the combined particle arose either from using the initial
velocities of P and @ in the momentum conservation equation, or from having the two
particles moving in the same direction before their collision.

Nearly all diagrams showed for O a graph which reached the f-axis. The common fault was
for this line to start with a positive v intercept, as though the diagram were for time-speed
graphs.

Very often both the Q graph in a) and the distance calculation in b) showed a lack of

understanding that particle O, once brought to rest by friction, could not start to move
again,
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General Comments

The majority of candidates were well prepared for this examination. Candidates who did not score highly
often lost marks numericatly or algebraically in solving equations. The general principles of mechanics
were well understood although question 3 often caused difficulties. There was an improvement in the use
of diagrams and there was no evidence of the inappropriate use of radians.

Comments on Individua! Questions

1)  This question was generally well answered. The majority of candidates found 4 in one step from
first principles. A small number of candidates answered the question by quoting the formuia for
maximum height and others answered the question in two stages using time. Occasionally
candidates used cos rather than sin or failed to take the square root.

2)  Many candidates complicated finding the distance to the centre of mass from 4 by using medians.
Some were successful using this method but most weren’t. Candidates who realised that the
distance was two thirds of twelve reached the answer quickly. A small number of candidates failed
to take moments and attempted to find the tension by resolving vertically.

H O
(ii)
H @
(ii)
5 0
(ii
6 @

The two parts of this question were independent, although many candidates did not appear
to think so. Many started the question by finding the position of the centre of mass of the
semicircular section. Many candidates over complicated the problem by taking moments
about an inappropriate point. Again, good candidates achieved correct answers concisely
and quoted their directions of the forces on the door clearly.

Most candidates realised the need to select a centre of mass formula from the tables.
However, many selected the formula for a semicircular arc rather than for a lamina. It was
also common to use degrees in the formula rather than radians. As in previous
examinations with non uniform laminas, some candidates treated the problem as if the
combined shape had uniform density and that it was necessary to calculate areas. Another
common error was to give the distance from AE to the centre of mass of the semicircular
section as 117 rather than of 217.

There were many perfect solutions to this problem. However, some candidates confused
the two sttuations and did not distinguish between P/10 and P/20. There was some
evidence of confusion between driving force and power.

This part of the question was well answered although a significant number of candidates
used P rather than 1.5P.

There was some evidence of fudging to achieve the given answer, but this part of the
question was well answered.

Generally well answered although there were errors in the use of mrw® and in solving the
simultaneous equations. Most candidates did not round to the requested 1 decimal place
but they weren’t penalised for this.

Candidates had obviously been very well trained in deriving the equation of motion. There
were just a few minus sign errors and algebraic fiddles.
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(i)

(iii)

(iv)
®)

(i)

(iii)

Most candidates were sensible and took the hint to substitute the given values in the
derived equation. However, the success rate at solving the equation for # was less good.

The majority of candidates knew what to do and at least gained some follow through
marks.

This part was also well done. Very few followed the energy route.

The vast majority of candidates immediately calculated P’s first speed. Without this, the
question could not progress. The fact that the objects were moving in a circle confused
some and there was the occasional inappropriate use of angular speed. In using the
formula for the coefficient of restitution, it was important to realise that Q was moving
faster than P after the first impact. There were many perfect solutions.

Some realised that the total momentum was still 0.8 and saved some time in calculation.
This time it was important to realise that P was travelling faster than Q after the collision.

The distinct topic threw many candidates. Irrelevant momentum equations were frequently
quoted.
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General Comments

A wide range of performance of candidates is reflected by the fact that, for each question, every possible
total mark was scored by some candidates. Questions 2 and 5 were the best attempted questions, with
more than haif of the candidates scoring full marks in each case. Questions 4 and 6 proved to be the most
difficult questions, with a very significant minority of candidates failing to score more than half of the
available marks in each case.

There were a number of places where candidates lost marks that were not particularly topic related. These
included failing to answer the specific question asked in question 1(ii), finding the values of X and Yin
question 2(iii) but ignoring the request to find the magnitude, finding the angle between OP and the
horizontal in degrees, in question 4(iii), but ignoring the request to find the value of @, and omitting the
weight or the weight component in using Newton’s second law in questions 4(iii), 6(1) and 7(ii){c).

Comments on Individual Questions

1y ® This part of the question was very well attemapted, most candidates using the cosine rule in
the relevant impulse-momentum triangle.

(ii) Most candidates found the angle opposite to the side of magnitude 0.5%2.5 in the impulse-
momentum triangle, but a significant minority failed to proceed to the specific request for
the angle between the impulse and the original direction of motion.

2)  This question was very well attempted, losses of marks usually arising from a failure to finish the
guestion, after finding the values of X and Y. Some candidates did not exploit the candidate friendly
way in which the relevant distances are given, preferring instead to use distances in a form such as

/52 sin 33.7°.
3}y ()  These parts of the question were well attempted.

(iii) Some candidates applied Newton’s second law upwards, obtaining ¢ = 80gx/12, but
without using ¢ = - X or other device to confirm that the sign of g is positive upwards
whereas x is positive downwards. This is of course essential to the confirmation that the
motion is simple harmonic. Some candidates omitted the weight, despite the prompt
implied by the correct execution of part (i).

(iv) There was quite a lot of confusion in dealing with this part, mainly relating to the values of
A and x needed in applying v/ = n’(4’ — £).

4)  ()(i)  Part (i) was reasonably well attempted, as was the first part of (ii). However there was
much muddled working in the attempts to find the transverse acceleration. Most such

attempts involved differentiation of v* or v with respect to 6.

(iii} Nearly half of the candidates were able to find the given expression for T in terms of
f correctly, but those who couldn’t usually made no mark worthy progress with this part.
Very few candidates found the required answer of &= 3.8.

5) This question was very well attempted.
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6) (i) Almost all of the candidates recognised the need to use Newton’s second law, and the need
to undertake some integration at some stage. However many mistakes were made en route
to the given answer. These include:

e failure to recognise the need to find the initial speed in the mediom

omission of the weight in applving Newton’s second law

using v dv/dx instead of dv/dr and making no useful progress thereafier

poor execution of separating the variables ’

omission of the constant of integration or finding its value by using w(0) =0

poor execution of the inverse logarithmic process.

* & 2 & B

(ii) Many candidates scored all 4 marks in this part, including a significant number who made
very poor attempts, or no attempt, in part (i). Common errors included obtaining 7e ™
instead of 175¢™* in the expression for x, and omitting the constant of integration. A
significant minority used kinematic formula that relate only to motion with constant

acceleration.
7 3G) This part was very well attempted.
(ii) Part (a) was also very well attempted, but in part (b) many candidates used x = ¢ in the

expression for v*. There were very many failed attempts in part (¢), but these did not reveal
any commonly held misconceptions.
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Chief Examiner’s Report - Statistics

Similar comments can be made on the present set of examinations as in the past. Many candidates were
able to produce work of high quality, although most are much stronger on numerical calculations than on
demonstrating understanding through verbal responses.

Some Centres have acted on the notice given in previous Reports concerning statements of hypotheses and
that over-assertive conclusions to hypothesis tests (for instance, “the time taken has changed™) would be
penalised. (Preferable is “there is insufficient evidence that the time taken has changed”.)

In all statistics units, the incorrect use of formulae given in MF1 continues to be an issue. With the
increase in statistical functions available on many calculators, it needs to be emphasised that answers
obtained by a calculator with no justifying working risk scoring no marks,

There seems to be a continuing decline in standards of answers to routine questions on hypothesis tests.
Only a very few candidates seem to be comfortable with logical issues such ag the difference between * is
it necessary to use the Central Limit Theorem?” and “is it possible to use the Central Limit Theorem”. In
any case the theorem itself seems very poorly understood.
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4732 Probability & Statistics 1

General Comments

The paper was accessible to almost all candidates. Very few candidates scored below 20 and many very
good scripts were seen, including a few with full marks. Many candidates showed a good understanding of
most of the mathematics in this paper. The greatest difficulty was found in sorting out the various
possibilities in questions 6 and 8. Responses to question 8 parts (ii) and (iii) suggested that conditional
probability was not well understood. There were several questions that required an interpretation to be
given in words, and these were generally answered fairly well. The most common inadequacy in these
answers was in question 7(i) where many candidates quoted general conditions for the binomial
distribution rather than the particular assumptions in the given context. There were some questions in
which a partially correct method led to an incorrect answer but some marks couid be gained if the working
was seen.. However, in many cases such an answer was seen with no working so no marks could be
awarded. Candidates need to be reminded of the need to show working,

This year a significant number of candidates ignored the instruction on page 1 and rounded answers to
fewer than three significant figures, thereby losing marks. Also, in some cases, marks were lost through
premature rounding of intermediate answers.

There were no questions that made a significant call upon candidates” knowledge of Pure Mathematics.
Hardly any candidates appeared to run out of time.

In order to understand more thoroughly the kinds of answers which are acceptable in the examination
context, centres should refer to the published mark scheme.

Use of statistical formulae

The formula booklet, MF1, was useful in questions 2(i) and 4(i) and also 3(iii) and 7(iii) (for the binomijal
formulae) and 3(iit) and 7(iii) (for binomial tables). However, as usual, a few candidates appeared to be
unaware of the existence of MF1. Other candidates tried to use the given formulae, but clearly did not
understand how to do so properly. A few candidates found Zxp correctly in question 1(ii) but then divided
by 5. Others attempted to use £(x - ¥ )’p for Var(X); these generally made arithmetical errors. In question
2(i)(a) a few candidates thought that, eg, S,, = Zxy. In the same question some candidates used the less

Ax-%Ny5)
convenient version, b = (Sv-2F from MF1. Most of those who used this formula either got lost in the
%

arithmetic or misinterpreted the formula as W . Some candidates’ use of the binomial tables

Ex—¥%}

showed that they understood the entries to be individual, rather than cumulative, probabilities.

It is worth noting yet again, that candidates would benefit from direct teaching on the proper use of the
formula booklet, particularly in view of the fact that text books give statistical formulae in a huge variety
of versions. Much confusion could be avoided if candidates were taught to use exclusively the versions
given in MF1 (except in the case of b, the regression coefficient). They need to understand which
formulae are the simplest to use, where they can be found in MI'1 and also how to use them.
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Conuments on Individual Questions

1)

2)

3)

®

(i)

(i)(2)

(i)(b)

(ii)(ab)
(iii)

(i)a)

(iXb)

(1)
(iii)

Some candidates included (1,0) but not (0,1). Others counted (1,1) twice. A few
candidates attempted to use the binomial formula np and managed to arrive at the given
answer by evaluating 2 x 0.1 x (1 -0.1).

A few candidates divided Zxp by 5. In finding Var(X) some subtracted ¥ without squaring
it. Candidates who attempted to use X(x - ¥ }’p were far less likely to succeed than those
who used Zx’p — {E(X)}*. A few candidates used Zxp’.

A few candidates omitted this part, although they were able to find the equation of the
regression line in (if). Many gave correct working and arithmetic but failed to show the
value of b to more than 3 significant figures before rounding to the given answer. A few
candidates quoted the correct formula, without showing any figures substituted into it and
then just wrote “= 1.13 to 3 sfs”. These scored no marks. Some candidates were misled by

MF1 into ignoring the help given in the question, and used the formula b = W
X=X
5 EEHED)
rather than the simpler mw&”)T . Most of these candidates either got lost in the
syl 2R

"

arithmetic or misinterpreted the formula as W. Some candidates found .
—X

Most candidates answered this part correctly, although a few saw no connection with part
(i)a) and started again.

These parts were well answered.

Some candidates referred only to the high value of » and concluded that both estimates
were reliable. Others asserted that the second was unreliable, but gave no reason. Many
candidates appeared not to have met a question of this sort before. They seemed to be
unaware of the relevant issues, and just used native wit. This produced answers like “They
seem 10 be in line with the data.” Candidates should note that the reliability of an estimate
depends on two factors: the value of » and whether it involves interpolating or
extrapolating. Even the small sample size is not relevant in this case where the value of »
is so high.

This part was well answered. A few candidates created a binomial distribution with a
bogus value of r.

Common errors were 1 - (7/5)%, 1 — ("/5)* and (7/s)*. Candidates who used the long method
(1-(a+ 1 1a+( 15)P > 15) often omitted a term or included an extra term. Some even
included '/o("/s)y", which suggests rote use of a formula. It is worth noting that questions
involving a geometric distribution are generally better answered by using common sense
rather than by quoting the formula. '

This was well answered by almost all candidates although a few tried to use np.
The change to a binomial distribution was noted only by some candidates. Some others
continued to use some sort of geometric formula. A very common error was to start “from

scratch” and try to find P(2 out of 15) by common sense. Many of these candidates
obtained the correct powers of /s and /s, but omitted the binomial coefficients.
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5)

6)

®

(i)

(ii)

(iif)

(iv)

(iXa)

(IXb)

(ii)(a)

(ii)(b)

A few candidates calculated ranks incorrectly or calculated them in opposite directions. A
more serious error was finding differences of the original data rather than of ranks and
consequently obtaining a value of about -95 for r,.

There was considerable confusion between sets of ranks that have little relationship and
sets that are nearly opposite. Some candidates opted for tutors 2 and 3 because their value
of 7, is closest to zero. Some chose (correctly) 1 & 3 but gave as their reason that -0.9 was
the furthest from zero. Others wrote that #; = -0.9 showed that the strongest disagreement,
but did not explain that this was because the value of #; is the largest negative value of the
three or that -0.9 is close to -1.

Text books vary as to the method for finding the median and quartiles of a discrete data
set. With 23 pieces of data, this question was designed so that any of these methods would
yield the same answer. The straightforward method requires no fractions at all, and with
little or no effort, gives the 6™ 12" and 18" items (ie 59, 68 and 75). Candidates, however,
managed to create all sorts of difficulties for themselves. Many used */, instead of @**1,
for the median and similarly for the quartiles, and then hunted for the 5.75™ item etc, often
by interpolation. Centres are advised to use the method given in the OCR endorsed text
book.

Some common answers which did not gain the mark were these: “The IQR uses, or shows,
the actual data”, “The IQR shows the real range whereas the SD shows the spread about
the mean”, “The IQR shows the position of the middle 50%” and “The IQR is easier to
calculate.” The answer “The IQR is not affected by anomalies™ was not accepted since the
word “anomaly” does not necessarily imply “outlier”.

This “wordy” question was well answered on the whole, Some incorrect answers were: “S
& L does not show the spread, or skew, as well as B &W”, “B & W is easier to compare
with other data”, “S & L does not show the mean whereas B & W does” and “S & L
shows the results more clearly”. An inadequate answer was “S & L does not show key
values as B & W does”.

Some candidates reverted to the original table for one or both of the mean and standard
deviation. These lost at least one mark. Some candidates gave 18.1 +5 =23.1 for the
mean or 9.7 + 50 = 59.7 for the standard deviation.

This was well answered.

Many candidates found 4! x 51 or 4! x *P, or similar expressions. Some candidates derived
this from considering AGAGAGAGA, which is incorrect. Others correctly found ***'/g;
but failed to multiply by 2. Some found the correct answer but subtracted it from 1. As
usual, some candidates found the number of arrangements but did not proceed to find the
probability.

Some candidates found 4! x 4! x 2,

In part (ii) most candidates used arrangements although the direct probability methods are,
arguably, simpler.

This was well answered.
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7

8)

(i)

)

(1i)(a)

(i)(b)

(iii)

(i)

(iii)

Instead of using more than 4 spaces, many candidates used at least 4 or exactly 4 or
exactly 5 or exactly 6 spaces. Thus although many candidates correctly found 3! x 31, they
then either failed to multiply by any factor or multiplied by 2 or 4 or 6 instead of by 3. The
expression 3!1x2! was frequently seen. Some candidates used a complement method,
which is longer than necessary. Few candidates used the straightforward probability

method (3x (%)2 ) which is probably easier than using arrangements. Many candidates

showed incorrect working but without any diagram or explanation. It was therefore
difficult to award thern any marks.

A few candidates used the standard notation for the binomial distribution incorrectly, e.g
X(12, 0.1). Some candidates did not understand the word “parameters”. In stating
assumptions, the most common error was to ignore the context. The second most common
error was to give conditions which are inherent in the context, rather than giving
assumptions, Examples of inherent conditions are (in context): “Plates can only be
seconds or good” or (without context). “There must be fixed number of trials”. Some
candidates gave assumptions, eg “The probability is constant”, but without reference to
context. Another error was to give assumptions referring to the batches, rather than the
plates, for example: “The probability that a batch contains a faulty plate is constant for all
batches.”

Some candidates just gave the value for X'= 3 from the binomial table for

n =12 (i.e. P(X < 3). Many gave the correct expression as a formula but evaluated it
incorrectly.

Some candidates found 0.6590 — 0.2824 or 1 — 0.6590. Both of these errors arise from
misunderstandings of the binomial table.

Many candidates used B(4, 0.1) either using the formula or the tables. Others saw that p
needed to be derived, but instead of recognising that this had already been done in part
(i), they found, for example, P(X'= 1) = 0.6590 — 0.2824 from the tables.

Many candidates answered this part correctly. Comumon errors were to omit the case where
the first throw gives a 4 or to count the (2, 2) route twice.

The most common answer was /s, sometimes without working. This arises from
misinterpreting the required conditional probability as an AND probability.

The same misunderstanding in this part led to the most frequent answer of Y2, either from
(/e)* x 3 or from Y/ - /5. With working this answer could score a mark, but without
working it scored 0.

In both parts (ii) and (iii) some candidates attempted to use the formula for conditional

probability, P(A|B) =PANB) This sometimes yielded the correct answers, but often did
: P(B)

not because candidates thought that the AND probability in the numerator had to be
evaluated by a multiplication, i.e. (P(throw twice) x P(4)) rather than by considering what
it actually meant, i.e. P((3,1) or (1,3) or (2,2)). Centres should note that this formula is not
in the specification for S1. The understanding of conditional probability required in this
question is limited to what “Given that” means. Both parts (ii} and (ii1) can be answered
by listing all the possibilities defined by the “Given that” and choosing those that are
required.
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4733 Probability & Statistics 2

General comments

Headlines:

* Conclusions to hypothesis tests need some indication of uncertainty. Thus not “the average time taken
for the journey is 13.1 minutes” but something like “There is insufficient evidence that the average
time taken for the journey is greater than 13.1 minutes”,

The Central Limit Theorem is very poorly understood.

The concept of probability density functions is poorly understood.

Questions about why one distribution can be approximated by another should usually be answered in
terms of parameter values (e.g., “n large, p small”). Otherwise, questions about the validity of a
distribution in the context of a real-life scenario should be answered by considering aspects of that
scenario, and not by parameter values.

In general the calculations on this paper were found to be straightforward and many scripts were very
good at this aspect of the specification. Good candidates found it easy to score about 58 marks out of 72.
Questions that require understanding or interpretation were, however, less well answered. A large number
of candidates appear to have difficulty understanding the questions; if a statistics examination is to have
any relationship to the practical use of the subject, candidates will have to understand situations explained
in English, and indeed this is true of the work of professional statisticians.

It is pleasing that almost all candidates now state hypotheses without specifically being told to do so, and
conclusions to tests are generally interpreted in context, but over-assertive conclusions must be avoided, as
mentioned above.

Comments on Individual Questions
1)  Those who used Po(4) almost always got the right answer. The justification for this approximation is
either “n large, p small” or, as given in the specification, “n > 50, np < 5”. If numerical inequalities

are used, they must be the ones quoted in the specification, and not different inequalities as quoted in
some textbooks.

2)  Almost everyone correctly used ©7'(0.9772) = 2. A common mistake was Vn = 16 = n = 4.
3)  (DGi)  These were generally very well answered. A few used P(R > 3} =1 — P(R < 2) in (ii).
(1i1) By contrast, the majority of candidates wrongly thought that this was an application of the
Central Limit Theorem and drew a normal curve. A frequency histogram should have its

heights roughly proportional to the Poisson probabilities, and P(R = 0) and P(R = 1) were
found in part (i) of the question.
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4)

5)

6)

7

@ii)

()

(i)

(iid)

(i)

(iii)

()

The hypothesis test for a binomial probability was perhaps better answered than in recent
years, despite the need to calculate probabilities using the formula. This suggests that
candidates are confused, rather than helped, by tables of cumulative probabilities.
However, there were still many who converted to a normal approximation (which is not
valid), or who calculated P(R = 2) or P(R < 2) instead of the necessary P(R < 2).

This question referred to the link between the properties of random sampling and the
conditions for a binomial distribution. So answers needed to discuss the selection of the
sample, not whether adults were equally likely to watch the programme. Among weaker
candidates there is plainly confusion between the “equal probability” condition for a
binomial distribution and the “constant rate” condition, which applies only to a Poisson
distribution.

Generally well done, although the number of candidates who ignore the restriction “~2 < x
<2 and continue their graphs beyond 2 or -2 remains disappointingly high.

An almost identical question has been asked twice in recent papers but answers continued
to provide evidence of widespread misunderstanding. Answers such as “The probability of
S is constant” were very common. Those who wrote this seem to have a vague idea that S
is an event and x is a parameter that determines how likely S'is to “occur”. Many added
that this probability was ¥. It perhaps needs to be spelt out that x denotes the possible
values that the random variable can take, and that the PDF gives information about the
probability that the random variable takes these values.

Often very well answered; but those who calculated 4 by integration often made sign
mistakes, particularly when they tried to do it as part of a complicated formula such as
B(0)dx ~ [ fef(x)dx]%. Use of this formula is not recommended for weaker candidates.

Good candidates found this question a rich source of marks. The difficult concepts of
Type I and Type 11 errors are clearly well understood. However, some do not know what
the term “critical region” means. Having found the critical values to be 49.02 and 50.98,
many gave “49.02 £ W< 50.98” as their answer.

This is a question in which the use of more than 3 significant figures is mandatory. Those
who rounded their answers to 49.0 and 51.0 lost marks.

Many got this right with ease. However, it was perplexing that some who had got both
49.02 and 50.98 in part (i) used only one of these in part (ii). Weaker candidates attempted
to find P(> 50.2 | z2= 50.0), or vice versa, which scored no marks.

The easiest way to answer this question is to note that a bigger sample gives a better test,
and if the probability of a Type I error remains the same, the test can only become better
by the probability of a Type II error becoming smailer.

Many did this well. However, there is still a worryingly large number of candidates who
confuse the roles of the sample mean (here 13.7) and the hypothesised population mean
(here 13.1) in a hypothesis test. This wrecks the whole logical basis of the test and is
heavily penalised, even though the calculations are almost identical.

As usual, common errors included omitting the #/(n — 1) factor for the unbiased variance

estimate, omitting the V64 factor in the standardisation, and comparing wrong tails, or
comparing z with a probability.
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(i)

(ii)

To judge by answers to this question, very few candidates seem to know what “necessary”
means. The correct answer is “it is necessary to use the CLT because the distribution of T
is not stated in the question”, but many said “you need to use the CLT because # is large”.
That is the reason why the CLT can be used, not the reason why it #eeds to be used.
Another common answer revealing misunderstanding of the CLT was “It is not necessary
to use the CLT because you can assume that the distribution is normal”. Those who gave
this answer did not seem to realise that this assumption is the CLT.

The criteria for a normal approximation are either “» large, p close to 4" or, as given in
the specification, “np > 5, ng > 57, Those who attempted to use #pg > 5 often did not
know what to do. In any case, if these numerical criteria are used, the values of #p and npg
have to be stated. Most who used the normal approximation could get the right answer,
with a good proportion of correct continuity corrections.

This particular question has not been asked before on S2 examinations. There are two
possible approaches: to use N(14.7, 4.41/36), or to multiply everything by 36 and use the
fact that the fotal number has the distribution B(756, 0.7). The latter is casier to understand
and to handle, particularly in view of the continuity correction, which by the first method
is 1/72 (and needs to be included, though its omission lost only 1 mark). More got this
question completely right by the second method than by the first. However, the majority
were groping in the dark. The most common answer was to use N(14.7, 4.41/36) but with
a continuity correction of (.5; candidates who used this had often not appreciated the fact
that the distribution of the sample mean is not binomial, and their justification for the
normal approximation (basically the same as in part (i)) was inadequate. By the first
method, the Central Limit Theorem, or the statement that if X has a normal distribution

then so has K ., were needed. By the second method, all that was needed was the familiar
“np >S5, ng > 5" applied to n = 756.

Comparison of the two methods should iilustrate the way to find the continuity correction
by the first method. This is a recommended teaching technique.
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4734 Probability & Statistics 3

General Comments

There was a similar size of entry to that of January 2008, but the performance on the paper was not as

good.

There were three questions involving hypothesis tests for which the responses were varied. Statements of
hypotheses in questions 5 and 7 were often given in terms of sample statistics and the definition of the
parameters used rarely included the words population mean. The conclusion of a test should be preceded
by a specific comparison of the test statistic with a critical value (or equivalent using a critical region) or
credit will be lost.

The presentation of candidates’ work was mostly satisfactory and easy to read. Only in a few cases were
figures overwritten rather than replaced.

Comments on Individual Questions

1y

2)

3 W

(i1)

4)

)

6)

This was generally well answered. Several, however, stated that the distribution of T was
normal and some forgot to give the variance.

Most candidates were happier with part (ii) than part (i), where several integrated F to find
f. Tt was hoped that F(g;) = 0.75 would be used, but this was rarely seen.

Many candidates were familiar with the procedure for finding a confidence interval, but
there was often difficulty in handling the percentages. Many candidates gave confidence
litnits rather than an interval. The Course Book uses a closed interval [a, b], others use an
open interval (g, b). Either of these is acceptable.

In this part errors were made with the interval width and use of an acceptable variance
estimate: The sample size in Part (i) was large enough to use 0.28%0.72/n.

A reason for the approximate nature of the answer is that the variance is an estimate, but
others were acceptable.

Parts (i) and (iii) were welt done, but in Part (i) a majority of candidates calculated E(X) in
order to find the expected profit. This was not acceptable.

This was the most searching question, and was least well answered. Candidates did not
start well. About 2/3 gave their hypotheses in terms of the sample means and very few
could define their parameters adequately. There were some good attempts at parts (ii) and
(iii) but many had forgotten how to find P(Type II error). Only the best were confident
enough to comment on their answer.

This was not an easy question but it had been structured so as to give some clues. Most
were, at least, able to calculate E(F) but many had difficulty with Var(F). The fact that 7/
had an approximate normal distribution depended on B and G having approximate normal
distributions. In justifying this, candidates were required to demonstrate tha,t in both
distributions, np > 5 and ng > 5. This was rarely seen.

Most candidates realised that a normal calculation was required to find the required number
of calculators. Many forgot a continuity correction and, more seriously, used 10.25/55 as
the variance.
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7)

8)

M
(ii)

Candidates usually recognised this as a paired-sample test but could not quote the required
necessary condition, namely that the population of differences should be normal. Only a
very few tried a two-sample test and this scored very little.

This was straightforward and there were many good solutions.

This was testing but many realised that increasing each of the 73 marks by & increased the
mean difference by k.

This was generally well answered in all parts. Most could show convincingly that p=02
and parts (it) and (iii) yielded good scores. A majority was aware that the final two cells
needed to be combined in order not to give an inflated value of the test statistic. However,
many did not calculate the required value of v correctly.
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4736 Decision Mathematics 1

General Comments

There was no evidence to suggest that candidates did not have enough time to complete the paper.

Fewer candidates produced scruffy work, but there were still some instances that were almost illegible.
Some candidates struggled with very basic mathematics, such as plotting straight line graphs, and several
dropped marks through not answering everything that had been asked for, but those who had learnt the
terminology involved in Decision Mathematics and understood when and how to apply the standard
algorithms generally performed well.

Comments on Individual Questions

n @

(ii)

(iit)

2y @

(ii)

(iii)

3 @

(i)

Most candidates were confident in tracing through the algorithin, although some candidates
spread their working out to cover a page or more. Candidates should be encouraged to
present their results in a clear and concise form, such as a table showing the values of the
variables at the end of each pass.

Many correct answers were seen. A few candidates misread the flow chart and went back
to the start of the algorithm, they then had problems when 4 became 0.

Few candidates appreciated that the algorithm needed a stopping condition to prevent it
from continuing forever. Most candidates effectively answered that the counter was there
to count the passes.

Most candidates drew an appropriate graph. A few could not count the vertices or arcs
correctly. Some candidates appeared to think that when an arc starts and ends at the same
vertex (a ‘loop”) it only counts as one arc ending at that vertex, when in fact it has two arc
endings there.

‘The majority of candidates knew that their graph was semi-Eulerian but generally gave
incomplete explanations of how they knew this. The simplest answer was to say that it had
exactly two odd nodes.

There were many incomplete or confused answers to this part, often candidates just
referred to the specific case drawn rather than a general case. Several candidates tried to
explain why the graph must have a cycle, but usually their explanations were incomplete or
relied on the graph being simply connected. The most convincing explanations came from
the candidates who used the vertex orders to deduce that the graph must have 6 arcs and
then stated that a tree with five vertices only has 4 arcs.

As in previous sessions, several candidates did not show their working for Kruslkal’s
algorithm on the list of arcs although they got the correct tree and its weight. In a few cases
candidates had clearly used just used Prim’s algorithm on the diagram.

Most candidates were able to find both the weight of the minimum spanning tree on the
reduced network and to add the two least weights from £ to find a lower bound. Some
missed the arc EF and added in ED instead. A few candidates only answered one of the
two requests in this part, even though the insert provided space for both values.
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(vi)

(i)
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(iv)

)

Several candidates were able to apply the nearest neighbour method correctly as far as
vertex £ but then could not give an adequate reason for its failure. Some candidates
continued beyond £ to repeat vertices or try to pick up vertex C.

Most candidates were able to apply the nearest neighbour algorithm but then omitted to
complete the cycle by returning to the start, or sometimes returned by a longer, indirect,
route. Some candidates found the weight of their route from B to 4 and then doubled it to
get an upper bound. Whilst it is true that this strategy gives a value that must equal or
exceed the weight of the optimum travelling salesperson route, it does not generally give a
useful upper bound.

Dijkstra’s algorithm is now generally well understood and many candidates scored full
marks on this part. Some candidates lost marks for writing down all the temporary labels at
vertices instead of just updating when the calculated value is an improvement on the
current value.

Apart from arithmetic errors, most candidates knew how to carry out the route inspection
algorithm. Some just wrote down the weights of the six paths joining odd vertices instead
of forming three pairs and giving their totals.

Usually answered correctly, although some candidates said that nine passes would be
required instead of eight.

This was nearly always correct.

Most candidates were able to write out the list after the second pass, a few miscounted the
comparisons though.

Many candidates could correctly apply the shuttle sort algorithm, recording the results at
the end of each pass. Some candidates repeated the second pass and others omitted the
third pass, in which no swaps were made. A number of candidates gave a spurious ninth
pass in which nothing happened.

Some candidates tried to write out every swap, in these cases it was unusual to find the
results at the end of each pass clearly identified.

Counting the comparisons and swaps caused far more problems for candidates. Those who
used tally marks or just gave totals instead of recording the number of comparisons and the
number of swaps in each pass were penalised. In some instances candidates claimed that
the number of swaps in a pass exceeded the number of comparisons.

Most candidates identified that shuttle sort was more efficient than bubble sort, but often,

even when they had counted the comparisons and swaps correctly, they forget to include
those from the first and second passes.
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Quite a few candidates appreciated that once the first batch had been prepared subsequent
batches could be prepared while the previous batch was baking. Usually these candidates
were also able to show that four batches needed at least 52 minutes, and hence four batches
could be made but five could not.

Some candidates said that 6012 = 5, but she would need ‘turnaround’ time between
getting one batch out of the oven and putting the next one in. Others claimed that
60+12 = 4. A few candidates claimed that only three batches could be made, having not
appreciated that Katie did not need to stand and watch the cookies while they baked.

Many candidates recoguised that the given constraint came from 8x+12y+10z < 48, but
several though that the 48 was the total baking time for the four batches identified in part
(i), rather than the maximum available preparation time, bearing in mind that the last batch
needs 12 minutes to bake.

Several candidates realised that the variables needed to be integer-valued.

Most candidates gave a correct objective function, usually P = Sx+4y+3z. Some candidates
tried adding the constraints together or gave an inequality instead of an objective function.

Some candidates realised that this objective could only be realised if all the cookies that
had been made were sold. Others incorrectly suggested that the demand for the three types
needed to be equal or that customers needed to buy complete batches.

Most candidates were able to set up the initial Simplex tableau and perform an iteration of
the Simplex algorithm, Some candidates chose an incorrect pivot and then achieved
negative values in the column for RHS, and others lost at least one basis column (columns
with all 0’s apart from a single 1).

Many candidates correctly read off the values of x, y, z and P from their tableau but they
did not always interpret the values in context.

The graph work was often poorly done. Few candidates were able to correctly draw the
three lines x-+y = 4, 4x+6y = 24 and y = 2x, and fewer still could identify the feasible
region. Several candidates lost marks for failing to label and scale their axes, some did not
use rulers to draw the lines and some did not use graph paper.

Having drawn their graphs, very few candidates calculated the vertices of the feasible
region, as instructed in the question. Most candidates tried to calculate the profit at certain
points, although not always feasible points and not always integer-vatued points. The
question had told candidates what to do but many chose to answer some other problem of
their own instead.
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4737 Decision Mathematics 2

General Comments

Most candidates achieved good marks on this paper. The candidates were, in general, well prepared and
were able to show what they knew.

Comments on Individual Questions

NG

2) M

(i)

(ir)

(iv)

3 @

(1)

(iii)

Many candidates scored full marks on this question. A few made arithmetic errors but the
majority of the wrong answers came from candidates who were either not able to transfer
the values from stage 1 into the correct rows in stage 2 or who had found a2 maximum path.

Most candidates were able to trace back through the table to find the appropriate route.
Some candidates wasted time drawing the network.

The majority of the candidates were able to write down the precedences for all the
activities except H. Often G was omitted as a preceding activity for H.

Most candidates achieved a reasonable attempt at a forward pass, in the backward pass
several candidates secemed to ignore the dummy activities.

Most candidates were able to list the critical activities correctly.

Although some candidates seemed to misunderstand what was being asked here, the
majority got at least some of the numbers of workers correct and several got them all
correct.

Several candidates found the minimum delay and quite a few found the maximum delay
too. Some candidates seemed to just be guessing or had lost the story by now.

Several candidates made slips in calculating the capacity of the given cut. Sometimes an
arc was omitted but more often candidates had either mistaken the direction on the arc EB
or had incorrectly dealt with the arcs flowing from sink to source across the cut.

Most candidates could say why arc SB had to be at its lower capacity, and several were
able to say why arc CE had to be at its upper capacity. Several of the explanations were
confused and often candidates just wrote down everything they could think of about the
named vertices. Fewer candidates successfully explained why arc 7T had to be at its lower
capacity, often it was assumed that 3 lifres per second flowed through arc CH with no
explanation about why the flow could not be either more or less than this.

Some candidates fried to show excess capacities and potential backflows instead of the
flow that had been asked for. Others showed the flow and then replaced it with the
augmented flow after the flow augmenting route had been applied, although this had not
been asked for in the question. Several candidates thought that the flow angmenting route
should use arc SB, even when their flow meant that this was not possible.

The cut was described in various ways, but several candidates still confuse the flows with
the arc capacities when calculating a cut.
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Several candidates gave an explanation that was at least partially correct. Many identified
that vertex B needed at least 5 litres per second flowing from it but could receive at most 3
litres per second.

Nearly all the candidates were able to draw the bipartite graph correctly; those who did not
had usually omitted the arc DP. Some candidates drew a second bipartite graph to show the
matching; others superimposed it on the first graph. A few candidates seemed to think that

they had shown the matching but whatever they had done was not visible to the examiners.
The errors that ocourred were usually because D was initially matched with § instead of 7.

Several candidates wrote down the shortest alternating path E-P-4-R-B-§ and hence the
corresponding complete matching. Several more wrote down an alternating path, but not
the shortest such path. Most candidates wrote their alternating path out as a string, a few
candidates gave a list of which arcs had ‘gone in’ without really saying about the arcs that
had been removed. Some candidates just wrote the numbers by the vertices on the graph or
showed their alternating path on their graph, this was not regarded as an acceptable answer.

Some candidates omitted to add a dummy column, a few added a dummy column but did
not make the entries in the dummy column large enough and a minority of candidates
decided that they had a maximisation problem and subtracted all the entries in the table
from 60.

Most candidates made a reasonable attempt at reducing the rows and columns, a few only
reduced rows and some did not reduce at all but went straight into augmenting.

Quite a few candidates made errors in the augmenting, particularly when augmenting by 2.
Some appeared to think that the entries that were crossed out twice should be increased by
1 irrespective of the value being used for the augmenting. There were several numerical
errors in this part and some overly ambitious claims about the number of lines needed to
cross through ali the zeros.

Some candidates only carried out one augmentation, and some none at all, often these
candidates then tried to form a matching using zeros and ‘other small values’.

Most candidates were able to calculate the cost of whatever matching they had chosen,
only a few included the costs for the dummy.

Several candidates were able to identify that Sanjeev won 5 games and that Euan won 3
games. Some candidates gave Sanjeev’s total against Euan instead of Euan’s resuit.

Most candidates showed the row minima and column maxima, but others just gave play-
safe choices with no workings seen. Some candidates marked the row maximin and column
minimax but did not state that Sanjeev and Fiona, respectively, were the play-safe choices.

A few candidates omitted to show that the game was not stable, and others referred in a
rather vague way to the play-safes not being equal. Ideally candidates should have either
identified the row maximin value as -2 and the column minimax vatue as 0 and said that
the game was not stable since -2 # 0, or argued it in words by considering what the other
club would do if they knew that a play-safe strategy was going to be used.

This part tested the implications of the game not being stable. Several candidates were able

to write down the correct choices for their play-safe choices. Some candidates just repeated
the play-safe choices.

102



Report on the units taken in January 2009

(iv)

)

(vi)

(vii)

This part was testing dominance. Tom should not be chosen because the rugby club always
do better by choosing Sanjeev. Some candidates thought that Tom should not be chosen
because ‘two times out of three he loses’. A few candidates seemed to then forget that low
entries in the table were advantageous for the cricket club but quite a few candidates were
able to identify that Doug should not be chosen because he never did any better than Fiona,
and indeed once Tom has been eliminated Doug’s column is dominated by Fiona’s column.

Some candidates wrote down probability expressions for all three choices, and some did
not write separate probability expressions but just set their expressions equal to one another
as the first line of their answer. There were several arithmetic slips in solving to find p.

Several candidates did not attempt this part. Those who did rarely gave convincing
explanations. Often Doug’s column was removed or Tom’s row left in, and frequently the
figures seemed to have been squeezed out from the given mequalities rather than genmuinely
derived from the pay off matrix for the game.

Candidates needed to remove Tom’s row, as instructed in the question, then multiply
through by -1, to get pay offs for the cricket club, and add 4, to remove all the negative
values. The two constraints then came from the cricket club’s expected pay offs when
Sanjeev is chosen and when Ursula is chosen by the rugby club.

Some candidates made numerical mistakes, but several were able to put the values through
the constraints, remembering that there will be no slack on the final constraint in the
optimum case, to get a maximum value for m of 5 and a corresponding maximum value of
Mof 1.

One or two candidates worked all the way through the Simplex algorithm, which was
totally correct but very time consuming for a 2 mark answer.
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Advanced GCE Mathematics (3890-2, 7890-2)

January 2009 Examination Series

Unit Threshold Marks
7892 Maximum | 5 B c D E u
Mark

4721 Raw -T2 57 50 43 37 31 -0
UMS 100 80 70 60 50 40 0

4722 Raw 72 59 51 44 37 30 0
UMS 100 80 70 60 50 40 0

4723 Raw 72 55 48 41 34 28 0
UMS 100 80 70 60 50 40 0

4724 Raw 72 52 54 46 38 31 0
UMS 100 80 70 60 50 40 0

4725 Raw 72 57 49 41 34 27 _O
UMS 100 80 70 60 50 40 0

4726 Raw 72 49 44 39 34 30 0
UMS 100 80 70 60 50 40 [

4727 Raw 72 54 47 40 33 27 0
UMS 100 80 70 60 50 40 0

4728 Raw 72 62 54 46 38 30 ¢
UMS 100 80 70 60 50 40 0

4729 Raw 72 61 51 41 31 21 0
UMS 100 80 70 60 50 40 0

4730 Raw 72 57 48 40 32 24 0
UumMs 100 80 70 60 50 40 0

4732 Raw 72 58 50 43 36 29 0
UMS 100 80 70 60 50 40 0

4733 Raw 72 58 49 41 33 25 0
UMS 100 80 70 60 50 40 ¢]

4734 Raw 72 50 43 37 31 25 0
UMS 100 30 70 60 50 40 0

4736 Raw 72 58 51 45 39 33 0
UMS 100 80 70 60 50 40 0

4737 Raw 72 60 53 46 39 33 0
UMS 100 80 70 60 50 49 0
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