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INTRODUCTION

The marking schemes which follow were those used by WJEC for the Summer 2009
examination in GCE MATHEMATICS . They were finalised after detailed discussion at
examiners' conferences by all the examiners involved in the assessment. The conferences
were held shortly after the papers were taken so that reference could be made to the full
range of candidates' responses, with photocopied scripts forming the basis of discussion.
The aim of the conferences was to ensure that the marking schemes were interpreted and
applied in the same way by all examiners.

It is hoped that this information will be of assistance to centres but it is recognised at the
same time that, without the benefit of participation in the examiners' conferences, teachers
may have different views on certain matters of detail or interpretation.

WJEC regrets that it cannot enter into any discussion or correspondence about these
marking schemes.
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(a)

(b)

(©)

(d)

Mathematics C1 May 2009

Solutions and Mark Scheme

Gradient of AB = increase in y

increase in x

Gradient of BC =7/, (or equivalent)

A correct method for finding C
€@, 38

Use of myp x m;, = — 1to find gradient of L

A correct method for finding the equation of L using candidate’s

coordinates for C and candidate’s gradient for L.

Equation of L: y—8= 5 (x=3) (or equivalent)
(f't. candidate’s coordinates for C and candidate’s gradient for L)
Equation of L: 4x+3y-36=0 (convincing, c.a.0.)
(1) Substituting y = 0 in equation of L
D (9,0)
(i) A correct method for finding the length of CD (4C)
CD=10 (f.t. candidate’s coordinates for C and D)
(i) AC=5 (f.t. candidate’s coordinates for C)

tan CAD=CD =2
AC
(f:t. candidate’s derived values for CD and AC)

(or "5 or equivalent)

MIl

Al

MIl
Al

Ml

Ml

Al

Al

Ml
Al

Ml
Al

Al

B1



8—7 _ B-V1)W7+2)

(a) = M1
J1-2 (J71-2)(7+2)
Numerator: 87 +16-7-247 Al
Denominator: 74 Al
8_ﬁ=6ﬁ+9:2ﬁ+3 (c..0.) Al
-2 3
Special case
If M1 not gained, allow B1 for correctly simplified numerator or
denominator following multiplication of top and bottom by J7-2
(b)  50=5\2 Bl
V3 xAJ6 =342 Bl
_14 72 Bl
V2
\/%+(\/§x\/g)—£:\/5 (c.a.0.)B1
V2
dy=4x+6 (an attempt to differentiate, at least
dx one non-zero term correct) M1
An attempt to substitute x =— 1 in candidate’s expression for dy ml
dx
Gradient of tangent at P = 2 (c.a.0.) Al
y-coordinate at P =3 B1
Equation of tangent at P: y—3=2[x—(-1)] (or equivalent)
(f.t. one slip provided both M1 and m1 awarded) Al
(a) (1) a=-25 (or equivalent) Bl
b=1-75 (or equivalent) Bl
(i1) Greatest value =— b (or equivalent) Bl
(b) xX-x-7=2x+3 Ml
An attempt to collect terms, form and solve quadratic equation ml
¥-3x-10=0=(x-5)(x+2)=0=>x=5x=-2
(both values, c.a.0.) Al
Whenx=5,y=13, whenx=-2,y=-1
(both values f.t. one slip) Al
The line y = 2x + 3 intersects the curve y=x>—x— 7 at the points
(-=2,—1)and (5, 13) (f't. candidate’s points) El



(@) y+8y=4(x+8x)2—5(+8x)—3 Bl

Subtracting y from above to find oy Ml
8y = 8x8x + 4(8x) > — 58x Al
Dividing by ox and letting dx — 0 M1
dy = limit oy = 8x -5 (c.a.0.) Al
dx ox— 0 ax

(b) Required derivative = 7 x Vaxx Vo 2x (4)xx? B1, B1

(a) An expression for b — 4ac, with at least two of a, b, ¢ correct M1
b* —dac= k) > — 4k +1)(k - 1) Al
b*—4dac=4 (c.a.0.) Al
candidate’s value for b* — 4ac > 0 (= two distinct real roots) Al

(b) Finding critical values x =— 2, x = 3s Bl

—2<x<%s0r¥s>x>—2or [-2, 3/5] or—2<xandx<?%s

or a correctly worded statement to the effect that x lies between

—2 and */5 (both inclusive)

(fit. critical values +2, +°/5) B2
Note: —2<x<7/s,

-2< X, X < 3/5

_2<x x<? /s

—2<xorx< 3/5

all earn B1

4 2 3 4
(a) [x + gj =x* +4x° (zj +6x°2 [zJ + 4x[gj + (zj
X X X X X

(three terms correct) B1
(all terms correct) B2

4
(x +2) =x*+8x>+24 +%+g (three terms correct) Bl

X x° x
(all terms correct) B2

(= 1 for incorrect further ‘simplification”)

(b) A correct equation in n, including " C, =55 M1
n=11, —10 (c.a.0.) Al
n=11 (ft.n=10 fromn=-11, 10) Al



()

Al

(6)

Use of f(-1)=-3 M1
—a-1+6+5=-3=a =2

Attempting to find f(7) = 0 for some value of MIl
f(2)=0 = x—2is a factor Al
F(x) = (x — 2)(8%* + ax + b) with one of a, b correct M1
F(x) = (x—2)(8x* + 2x — 3) Al

F(x)=(x—2)4x+3)2x—1) (ft. only 8 —2x — 3 in above line) Al
Special case

Candidates who, after having found x — 2 as one factor, then find one
of the remaining factors by using e.g. the factor theorem, are awarded
B1 for final 3 marks



()

y
A
(-7,0) ol/ao 7
(_3a - 4)
Concave up curve and y-coordinate of minimum = — 4 Bl
x-coordinate of minimum = — 3 B1
Both points of intersection with x-axis Bl
(b) Y
A
> x
(=3,0) 0 (1,0)
(71 s 4)

Concave up curve and y-coordinate of minimum = —4 B1
x-coordinate of minimum = — 1 Bl
Both points of intersection with x-axis B1



10.

(a)

(b)

dy=3x"—6x+3 Bl
dx

Putting derived dy = 0 M1
dx
3x—1 =0=x=1 Al
x=1=y=6 = stationary point is at (1, 6) (c.a.0) Al
Either:
An attempt to consider value of dyatx=1"andx=1" M1
dx
dy has same sign at x = 1" and x = 1 '= (1, 6) is a point of inflection
dx Al
Or:
An attempt to find value ofd_zg atx=1,x=1andx=1" MIl
dx

d’y=0atx=1 and d’ has different signs atx=1"and x = 1"
dx? dx?

= (1, 6) is a point of inflection Al

Or:

An attempt to find the value of yatx=1and x=1" M1

Value of y at x = 1" < 6 and value of y at x = 1" > 6 = (1, 6) is a point

of inflection Al

Or:

An attempt to find values of d*y and d’y at x = 1 MIl
e’ d’

d’y=0and &’y # 0 atx =1 = (1, 6) is a point of inflection Al

dx? dx’



Mathematics C2 May 2009

Solutions and Mark Scheme

0 0-5

0-1 0-43173647

0-2 0-408628001

0-3 0-392507416 (3 values correct) B1

0-4 0-379873463 (5 values correct) Bl
Correct formula with 2= 0-1 M1
I~0-1x{0-5+0-379873463 + 2(0-43173647 + 0-408628001

2 +0-392507416)}

1~0-167280861
I1=0-167 (f.t. one slip) Al
Special case for candidates who put 4 = 0-08

0 0-5

0-08 0-438050328

0-16 0-416666666

0-24 0-401622886

0-32 0-389759395

0-4 0-379873463 (all values correct) Bl
Correct formula with 2 = 0-08 M1
I~0-08 x {0-5+0-379873463 + 2(0-438050328 + 0-416666666

2 +0-401622886 + 0-:389759395)}

I=0-16688288
I=0-167 (f:t. one slip) Al

Note: Answer only with no working earns 0 marks



(@) 5cos’0+2=3(1-cos’0)—2coso.
(correct use of sin“d = 1 — cos’d) M1
An attempt to collect terms, form and solve quadratic equation
in cos 6, either by using the quadratic formula or by getting the
expression into the form (a cos &+ b)(c cos 6+ d),
with a x ¢ = candidate’s coefficient of cos* @ and b x d = candidate’s constant

ml
8cos’@+2cos@—1=0=>(4cos @ —1)2cos @+ 1)=0
=cosf=1,-1 Al

4 2
0="75-5(225)°, 284-4(775)°, 120°, 240° (75-5°,284-5°)  BI1
(120°)  BI1
(240°)  BI1

Note: Subtract 1 mark for each additional root in range for each branch,
ignore roots outside range.
cos @ =+, —, f.t. for 3 marks, cos 8 =—, —, f.t. for 2 marks
cos @ =+, +, f.t. for 1 mark

(b) 2x + 12°=-32,212°,328° (one value) Ml
x=100°, 158° (one value) Al
(two values) Al
Note: Subtract 1 mark for each additional root in range,
ignore roots outside range.

sin ACB _ sin23°

(a)
16 9
(substituting the correct values in the correct places in the sin rule) M1
ACB = 44°,136° (both values) Al
(b) (1) Use of angle sum of a triangle = 180° M1
BAC=21°

(f:t. candidate’s values for ACB provided acute value < 67°)Al

(11) Area of triangle ABC =1 x 16 x 9 x sin21°
2
(substituting 16, 9 and candidate’s value for BAC
in the correct places in the area formula) Ml
Area of triangle ABC = 25-8 cm”. )
(f't. candidate’s acute value for BAC) Al



(a) Sy,=a+[atd]+...+[a+(n—1)d]
(at least 3 terms, one at each end) BI
Si=lat(n—1d]+t[a+(n-2)d]+...+a
Either:
28, =lata+(n—-1d]+[ata+(n-1)d]+...+ [a+ta+ (n—1)d] Or:

28, =lata+(m—-1d]+... (n times) M1
28, =n[2a+ (n—1)d]
S, =n[2a+ (n—1)d] (convincing) Al
2
(b) a+7d=46 Bl
9 x [2a + 8d] =225 Bl
2
An attempt to solve the candidate’s equations simultaneously by eliminating
one unknown MI
a=-3,d =" (both values) (c.a.0.) Al
() a=3,d=4 Bl
Sy =n[2x3+ (n—1)4] (fit. candidate’s d) Ml
2
Sy=n(2n+1) (c.a.0.) Al
(a) r=108=3 (c.a.0.) BI
36
t;= 36 (f't. candidate’s value for r) Ml
32
t—=4 (c.a.0.) Al
(b) (1) ar=9 Bl
a =48 B1
l—r
An attempt to solve these equations simultaneously by eliminating a
M1
16r>—16r+3=0 (convincing) Al
() =" Bl
a =36,12 (c.a.0.) Bl



(a) 5 x )Lz - 3x ﬂ +c (Deduct 1 mark if no ¢ present) B1,B1

-2 5/4

b)) () 6+4x—-x*=x+2 Ml
An attempt to rewrite and solve quadratic equation
in x, either by using the quadratic formula or by getting the
expression into the form (x + a)(x + b),
with a x b = candidate’s constant ml
x—4)x+1) =0=>x=4,y=6at4 (both values) Al
Note: Answer only with no working earns 0 marks

(i1) Either:

4 4

Total area = [(6 +4x —x?)dx— [(x +2)dx
J J

0 0

(use of integration) M1

4
= [4x + (3/2)x* — (1/3)x° ]
(correct integration) B3
=16+24-4/3
(f:t. candidate’s limits in at least one integral) ml
Correct subtraction of integrals with correct use of 0 and
candidate’s x4 as limits ml
56 (c.a.0.) Al
3

)]

Or:
Area of trapezium = 16
(f:t. candidate’s coordinates for 4) Bl
4
Area under curve = r( 6+ 4x — x%) dx
J (use of integration) M1
0

4
= [6x+2x— (1/3)x3]0

(correct integration) B2

= 24+ 32 -64/3
(f't. candidate’s limits) ml
= 104
3
Finding total area by subtracting values ml
Total area =104 — 16 = 56 (c.a.0.) Al
3 3

10



(a)

()

(a)

(b)

(c)

(a)

(b)

Let p = log.x, g = log,y

Thenx=d’, y = a’ (the relationship between log and power) Bl
x=d =d1 (the laws of indicies) Bl
y a
log.xly=p—q (the relationship between log and power)
log.x/y = p — q = log.x — log,y (convincing) Bl
(5—2x)log3 =log7 (taking logs on both sides) M1
An attempt to isolate x (no more than 1 slip) ml
x=1614 (c.a.0.) Al
Note: Candidates who write down x = 1-614 without explanation are awarded
MO mO A0
log, (x —3) +log, (x +3)=log,[(x —3) (x +3)] (addition law) BI
2log, (x—2) = log, (x —2)* (power law) Bl
(x=3)(x+3)=(x-2) (removing logs) MI
x =325 (c.a.0.) Al
A@G3,-1) B1
A correct method for finding the radius M1
Radius =5 Al
Gradient AP = inc in y M1
inc in x
Gradient AP=2—(=1)=3 (fit. candidate’s coordinates for 4) Al
7-3 4
Use of Mgy X Mg = —1 M1
Equation of tangent is:
y—2=—4(x-17) (f't. candidate’s gradient for 4P) Al
3
Distance between centres of C; and C, = 17 B1

(f.t. candidate’s coordinates for 4)
Use of the fact that distance between centres =

sum of the radii + the shortest possible length of the line OR M1
Shortest possible length of the line OR =4 (fit. one slip) Al
I1x13x13x68=60 M1
2

0=071 Al
OR=13¢, RS=13(7 — @), (at least one value) B1
13p=13(r — @)+ 7 (or equivalent) M1
p =184 (c.a.0.) Al

11



Mathematics C3 Summer 2009

Solutions and Mark Scheme

h=02 (h =02, correct formula) M1

Integral ~ %[3 +3-7191397 +4(3-1189742 +3-4779304) + 2(3-2778041)]
(3 values) Bl

(2 values) Bl
~2-6442 Al

[Special case: B1 for 6 correct values, at least 5 decimal places:
3, 3-:09206, 3-20936, 3-:35287, 3-52292, 3-71914 |

(a) 0=90°
cos@+cos30=0+0=0 (choice of #and evaluating one side) Bl
2cos26cos40 =2x(—)x1=-2 (other side) Bl

(cos@+cos360# 2cos26cos4b)

(b) —9+cot’d = cosecd —cosec’d

—9+cosec’d—1=cosech —cosec’d (cot’ @ = cosec’d—1) M1

2cosec’@—cosecl—10=0

(2cosecd—5)(cosecd+2)=0 (reasonable attempt to solve) M1

sind = g, 1 Al

52

0=23-6,156-4,210°, 330° (23-6, 1564) BI
(210°) B1
(330°) BI1

[Notes: 1) Lose 1 mark for each additional value in range,

1 for each branch
2) Allow to nearest degree

3) F.T. for sin@=+, — 3 marks
F.T. for sinf=—, — 2 marks
F.T. for sind=+, + 1 mark |

12



dy 2q dy dy
a 3x2+2y—+tan2y+2xsec’2y— =0 2y—=| BI
@ ydx Y ydx ydx

(tan2y+ksec2 2y%; k=1, 2) B1

(k=2) BI
dy  3x’+tan2y

- > (All correct. F.T. for last B1 if first two Bs gained) B1
dx 2y+2xsec” 2y

b) Q) dy _B+20#)-(1+49)(2) B+2)f(t)—(1+4t)g(1) M1
dt (3+2t) (3+2t)°
[f()=4¢g1)=2] Al
(Give additional mark for simplification here, see last A1 of part (ii))
b .
(i1) % = dt dx (attempt to use % = 1_) M1
il X
dt
_GB+2@-1+40(2) 1 Al
- (3+2¢) (3+21)
10 . o
= G120y (This may have been given in (1).) Al

(Penalise faulty simplification on last line)

13



(@)

(b)

(f'(x)=0)
2(2x—=3)e’ +2e> —4 (Attempt to find f'(x), —4 present) M1
(2x=3)f(x)+e"g(x)) Ml
(f(x)=ke™, k=1,2; g(x)=2) Al

(k=2) Al

(4x—6+2)e™ -4

(4x—4)e*-4=0 (equate f'(x) to zero) M1
(x—1)e* -1=0 (result — convincing) Al
xS

1 -1 (Attempt to find values or signs) M1
2 536 (correct values) Al
Change of sign indicates presence of root between 1 and 2.

x,=1-1,x, =1-1108..., x, =1-1084..., x; =1-1089... (x,) BI
x, =1-1089 (x; correct to 4 decimal places) Bl
Check 1-10895, 1-10885

x S'(x)

1-10885 —0-00008 (Attempt to find values) M1
1-10895 +0-001 (Correct signs or values) Al
Change of sign indicates presence of root

so root is 11089 correct to 4 decimal places. Al

Note: (b) must involve ‘change of sign’ (0.e.) at least once.

14



(@)

()

(©)

(@)

()

_4x
3+2x?

2
+2xtan” x

1+x2

10(5+7x%)°.14x

=140x(5+7x%)’

(f (x) =

S(x)
[—3 o 1) Ml

(f(x)=4x) Al

(X’ f(x)+g(x)tan"' x) M1

1
1+x%’

g(x)= 2xj Al

(10(5+7x*)°.f(x)) Ml
(f(x)=14x) Al
(Simplified answer) Al

(F.T. for f(x)="7x, 1.e.70x)

9x-7<3, x< % B1
and
Ox-7>-3 Ml
x> g (answer must involve the word ‘and’ o.e.) Al
4 10 o (>
9 <x< o (Note: lose Al for the omission of * =)
Alternative Scheme: (9x—7)> <9
81x* —126x+40<0
(9x—-10)(9x—4) B1
Any method Ml
Correct answer Al

15

(ax|=b;a=5b=8) BI

(both answers, F.T. a, b) Bl



(a) Penalise the absence of constant one mark once only in part (a)

(1) —%cosSx (+C) (kcos5x; k= i%, -5) Ml
[k:mﬁ Al
5
(i1) —% +0) Lz; k= —E, J_ré Ml
4(2x+17) 2x+7) 2 4

(k:_éj Al
4

. 2
; | |may be omitted; k=2, gj M1

)

:§[1n18—1n3] (k(In18—In3); F.T. for any k except k =1) MI
~0-717... Al

(b) E In[5x + 3@ (k In[5x +3

4,9 :
(4,9) (shape and coordinates of

one point) Bl
(another point) B1
(another point) Bl

Note: 3 correct points, no
(6, 0) graph: B2

» X

ol / @a,0) > 2 or less c.orrect points,
no graph: B0

Special Case: All correct with left x translation: B1

16



(a) Domain of fg = (0, ) Bl

Range = (0, ) Bl
(b) 3" =12 ( fg(x), correct order and equating) M1
3™ =12 (correct attempt to use laws of logs) ml
48x* =12 Al
x= i% (F.T.12x° =12) Al
X = % (since domain (0, «©)) Al

[ Alternatively:

3’ =12 (correct order and equating) M1

e21n4)c — 4 Al

2In4x =1n4 (taking logs) ml

In4x =In2 (o) Al

X = l Al ]
2

17



10.

(@)

()

(©)

f’(ﬂ=ﬂ 6x (& f(x);tJ_rl,iz] Ml

X
(3x* +2)° (3x*+2)*"
12x
= x)=12x) Al
Gx’ 12y (f (x) )
Since 12x > 0, m>0, f(x)>0 (12x>0) BI
1
——=>0| Bl
(Bx"+2)
Range is (0, 1) Bl
Let y=1- 22 y-1=—2] M1
3x"+2 ()
-2
1l=—=
4 3x° +2
2 30
1-y
BN S Al
I-y
2( 1
x=% || — -1 o.e. (must have i\/_) Al
31—y
X = %(ILJ (simplified form not required) o.e. (domain x > 0) BI1
-y

[ (x) = %[lij (simplified form not required)
\ -X

(F.T. candiate’s expression) Bl

Domain of /' is (0, 1) o.e. (F.T. from (a))
) Bl
Range of /' is (0, o) )

18



(@)

(b)

Mathematics C4 Summer 2009

Solutions and Mark Scheme

3x A B C
2 = * 2t
I+x)"2+x) I+x (A+x)° 2+x

(correct form) M1

3x=A(1+x)2+x)+BQ2+x)+C(1+x)’ (correct attempt to clear fractions
and substitute for x) Ml

x=-1 ~3=B()
B=-3

x=-2 —6=C(-1) (2 constants) Al
C=-6

x? 0=A+C
A=6 (3" constant) Al

(F.T. one slip)

J-l 6 3 _ 6 &
Nl+x (I+x)° 2+x

1
=[6ln(1+x)+i—6ln(2+x):| (ij Bl
1+x 0 I+x
(F.T. candidate’s equivalent work) (logs) BI1, B1

:61n2+%—6ln3—61n1—3+61n2

~0-226 (must be at least 3 decimal places) C.A.O. BI

19



2.

3x2sinf@cos@ =2sin @

or

(@

(b)

sin@d =0

3cosf=1

cosH=l
3

6 =0°,180°, 360°
70-5°,289-5°

R=2
tana:\/g, o =60°

2cos(6—-60°) =1
1

0 —-60°)=—
cos( ) 5

0 —60°=-60°, 60°, 3
0 =0°, 120°, 360°

T
Volume = ﬂjog cos’2

:(;;)J'Og”c—

=@yt

1

16 8

alnm 1
= —| —4+—
2(8 4j

X sin4x}

00°

(Use of sin28 =2sinfcosf)

) (F.T. one slip)

)

No workings shown — no marks

(any method)

(F.T.Rand &)

(one value)

(A2 for 3 answers, Al for 2 answers

AO for 1 answer, lose 1 for more than 3 answers)

x dx

osdx dr

2

[N

= (7) £+——0—oj

or 1-0095

(must contain limits)

(cos’2x=a+bcosdx; a,b#0)

[ If substitution used, marks are gained after

1
—cos’u=a+bcos2u

20

Ml

]

[azl,bzlj
2 2

(correct use of limits)

(C.A.0) Al

Ml

Al

Al

B1
B1

B1
Ml
Al

Ml

Al
A2

Bl

Ml

Al

Al

ml



o o ()

dx 2t dx X
3t o
= 5 (simplified form) Al
Equation of tangent is
y-p = %p(x— %) (use of any method) M1
2y-2p° =3px-3p°
3px—2y=p’ (convincing) Al
(b) Substitute x =¢°, y=¢q’ (substitution of x=¢°, y=¢° and p=2) Ml
3pq°-2¢" = p’
When p=2,
6q° —2q° =8
g’ =3¢’ +4=0 (convincing) Al
(g+1)(q* —4g+4)=0 (attempt to solve) Ml
g=-1or g=2 Al
Disregard ¢ =2 (as this relates to point P) Al
[Alternatively:
3
y_qz =3 (must have gradient 3) M1
X—q
g’ -3¢ +4=0 (convincing) Al |

2x

e
2

—Il.ezxdx
((c+3)f (D)= [Af () dx; f(x) =k, A=1,3) MI
(f(x)=ke™) Al

(k :l, A :1] Al
2
2x 2x

=(x+3) 62 — e4 +C C.A.O. (must contain C) Al

(a) j(x+3)e“dx=(x+3)

21



R —

=J2++3~0-318

e
)

(integration, any k, no limits) Al
(correct use of limits) ml
C.A.O. (either answer) Al

Answer only gains 0 marks

(a) % =—kP’ (allow + k) Bl
dpP : : . 1
(b) J.—3 = —J.k dr  (separation of variables & attempt to integrate —-, any n) MI
p p
_212:_k¢+c (C may be omitted, n#1) Al
p
t=0,P=20 (attempt to find C) Ml
" L = (F.T. similar work) Al
800
_ 1 5 — —kt _L
2p 800
Lz =2kt +L
p 400
1 1 o
At +—— A=2k convincing) Al
= 200 ( ) ( g)
(c) t=1,P=10
A A+ b (attempt to find 4) M1
100 400
PR Al
400
3,1 (substitute p=5) ml
25 400 400
153
400 400

t=5
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(a) (1) AB=i-2j+3k Bl
Equation of 4B is
r=3i+4j+7k+A(i-2j+3k) (r=a+1AB, o.e.) Ml

Al

[ Alternative:
(1-2)a+1b (a, b substituted) M1

| I Al
(all correct) Al |

(i1) Assume AB and L intersect. Equate coefficients of'i, j (o.e.).

B+A)=5+3u (F.T. candidate’s values) Ml
4-21=6-2u Al
Solve for A, u, (attempt to solve for A4, 1) ml

A= —%, U= —% (one value; F.T. one slip) Al

Check k coefficient (o.e.)
LHS. =7+31= —% (attempt to check) ml

1
RHS. =1+ u=—
H=75

(Terms check so lines intersect)

Point of intersection is i+ 9j— %k . C.A.O0. Al

(dependent on M1, m1 earlier)

(b) (Bi—2j+2k).(2i+j-2k)=0 (correct method of finding scalar product) M1
6-2-4=0 Al
(therefore vectors are perpendicular)
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9. (1+4x)* = 1+%(4x) + %(— %)%(4@2 +... (first line with possibly 4x*) M1
=14+2x-2x" +.... (1+2x) Al
(-2x%) Al
Valid for |x] < i Bl
(1+ 4k +16k>) =1+ 2(k +4k*) = 2(k + 4k*) + ... (correct substitution for x
and attempt to evaluate) M1
=142k +8k> =2k +....
=1+2k+6k>+.... (F.T. quadratic inx) Al
[ Alternative:
First principles with three terms Ml
Answer Al ]
10.  9k* =3p’ Bl
b* =3k’ Bl
(b* has a factor 3)
b has a factor 3 Bl
a and b have a common factor — contradiction (must mention contradiction) Bl

( V3 is irrational)
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S}lzzn:r3+2zn:r2+zn:r Ml
r=l1 r=1 r=1
_ n*(n+1)° +2n(n+1)(2n+1)+n(n+1) ALAIAL
4 6 2
_ n(n+1)(3n*> +3n+8n+4+6) ml
12
_ n(n+D(n+2)(3n+5) Al
12
at+tfB=-3
aff =4 Bl
Consider
at+tBtap=1 cao MIAI
aff+a’B+af’ =af +af(a+ f) M1
=—-8 cao Al
a’pB’ =16 B1
The required equation is
X —x*—-8x—-16=0 MI1Al
[FT from above]
(a) detA=1(6-5)+2(3-4)+3(10-9)=2 MI1Al
I -1 1
Cofactor matrix = | 11 -7 1 M1
-7 5 -1
1 11 -7
Adjugate matrix=|{-1 -7 5 A2
1 1 -1
[A1 for 1,2 or 3 errors]
1 11 -7
Inverse matrix = 1 -1 =7 5 Al
2 11 -1]
[Award 0 marks for answer only : FT from their adjugate]
X 1 11 =713
(b) y =% -1 -7 5|13 Ml
z 1 -1)22
1
=13 Al
2

[FT from their inverse]
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__ 0+T)3+i)

(a) R M1
B-1)(3+1)
_27-T7+21i+91 ALAL
9+1
=2+3i Al
(b) mod(z) = V13, arg(z) = 0.983 (56.3°) B1BI
[FT on their z]
The statement is true for n = 1 since the formula gives1/2 which is correct.
B1
Let the statement be true for n = £, ie
k
Z 1 _ k M1
=r(r+1) k+1
Consider
k+1 k
ooy Lo, ! M
=r(r+1) Sr(r+1) (k+1)(k+2)
__k + 1 Al
k+1 (k+1)(k+2)
_ k(k+2)+1 Al
(k+1)(k+2)
2
_ (k4D Al
(k+1D)(k+2)
_ k+l1 Al
k+2
True for n = k = true for n = k + 1, hence proved by induction. Al
(@)  det(A)= A(-4-21)+31-84+2Q2A+3)=—(4 -31+2) MI1A1
This is zero when A = 1 (so the matrix is singular) Bl
A=324+2=A-DA +1-2)=(A-1)*(1+2) M1

[For candidates using long division award M1 for 2 terms]
Therefore A = 1 is the only positive value giving a zero determinant.

Al

(b)(1) x+ty+2z=2 M1
—3y—3z=-6 Al
—2y—-2z=-4 Al

[Award the M1 for 1 correct row]
The e?uations are consistent because the 3" equation is a multiple of
the 2" Al
(i1) Putz=a M1
y=2-0o, x=—0o cao
Al
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7.

Putting z = x + 1y, [Award for attempting to use]

JE=D2+y? =2(x+2)* + 7
P =2x+1+ 1" =4(x* +4x+4+y7)

x> +y° +6x+5=0 [Accept any multiple]
(x+3)°+y> =4

Centre (— 3, 0), radius = 2

[FT from their circle]

0 -1 0
(a) Reflection matrix =|—-1 0 0

0
1
0
0
] 0

h
k
1

Translation matrix =

S~ O

- O O

1 0 A
0 1 k
0 0 1

-1

(b)(1i) We are given that
0 -1 Al 2
-1 0 k|2]|=|1
0 0 1|1 1
giving
h=4
k=2
(ii) EITHER
A general point on the line is (A, 31 + 2).

Consider
0 -1 4 A 2-32
-1 0 2|34+2|=|2-4
0 0 1 1 1

x=2-34y=2-1
Eliminating A, 3y—x=4 cao
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Ml
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Ml
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B1

B1

B1

Ml
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Al

Ml

Ml
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OR

(a)(1)
(ii)

(b)
(c)

Let (x,y) > (x,)) M1
0 -1 4|«x x'

-1 0 2|y|=|) M1
0 0 1|1 1

—y+4=x =4—x
y x'ory X Al

—x+2=y'orx=2-y

y=3x+2—>4-x'=6-3y'+2 Ml
equation of image is 3y —x=4 cao Al
In f(x)= In(x*)+1In(e ™) = xInx —2x B1
ALC) P S B1BI
S (x) X

f'(x)= f(x)(Inx—1) (soa=1,b=-1) B1
f"(x) :f'(x)(lnx—l)+M Bl

X

At a stationary point,

Inx=1 Bl
x=e (2.72) B1
y=e" (0.066) Bl

From (b), /"(e)>0 B1
s0 it is @ minimum. B1

[Award 0 marks for answer only]
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(a) h is not continuous
Any valid reason, eg fis not defined for x = 0, f{x) jumps from large
negative to large positive going through 0.
(b(1) Attempting to compare g(x) with g(—x).
g is even.
(i1) Attempting to compare /(x) with i(—x).
h is odd.

u =tanx = du = sec” xdx
and [0,7/6] — [0, 1/+/3]
1/ 3 du

= ! J3-(1+u?)

[Must be correct here]
1/4/3 du

2
0 2—u

1/43
- {sinl (%)}

= 0421

B1

B1
MI1

Al
MI

Al

B1
B1

MIl

Al

Al

Al

Any valid reason, eg the denominator would be the square root of a

negative number towards the upper limit.

Modulus = 16

Argument = 27/3

—8+8+/3i =16[cos(27/3) +isin(27/3)]

(—8+8+/31)* =16"*[cos(27/3x1/4) +isin(27 /3 x 1/4)]
= 2(cos(m/6) + isin(7/6))

Second root = 2(cos(21/3) + 1sin(27/3))

Third root = 2(cos(71/6) + isin(71/6))

Fourth root = 2(cos(57/3) + isin(57/3))

[FT from their modulus and argument]

The equation can be rewritten
sin20 + 2sin20cos® =0
sin26(1 + 2cos0) =0

sin20 = 0 gives 0 = %

cosO = —% gives O =2nm + 271/3
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1 A B C

(a) = + +
(x+D(x+2)(x+3) x+1 x+2 x+3
A+ 2)(x+3)+ B(x+1D)(x+3) + Cx +1)(x +2) Mi
(x+D(x+2)(x+3)
x=-lgivesA=1/2;x=-2gives B=-1;x=-3 gives C=1/2 AT1ATAI
(b) I=[1/2In(x +1) = In(x +2)+1/21n(x +3)]] BIBI
[B1 for 1 error]
= %(In6—ln49+ln8+ln4—ln3) Ml
:lln(6x8x4j Al
2 49x%3
= ln(ﬁj Al
7
(@) d_y:dy/dH:_b09sH MIAL
dx dx/dé asin @
Equation of tangent is
y—bsinﬁz—bc?se(x—acosé?) MI1A1
asin
bxcos® + aysin® = ab(cos’ @ +sin’ 0) Al
whence the printed result.
(b) Puttingy=0,Pis ( ,OJ MI1A1
cosé
. . b
Puttingx =0, Qis | 0,— Al
sin @
: a b
Therefore R is ( ,— } Al
2cos@ 2sinf
Eliminating 6,
cos@=i;sin9=i Ml
2x 2y
a2 2
~+—F=cos’ @+sin’ 6 =1 MI1A1
4x° 4y
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(a) z " =cos(—n0) + isin(—n0) M1

= cosnO —1isin n0 Al
z" +z " =cosnf+isinnf + (cosnf —isinnb) MI
=2cosnf AG

(b) Using the result in (a),
2c0s20 - 4cosO +3 =0 M1
2(2cos>@—1)—4cos@+3=0 M1
4¢cos*@—4cosf+1=0 Al
(2cos@—1)> =0 M1
cosé :l Al

2

sinfd = iﬁ Al

2
The roots are %i ?i Al

[The + must be there for the last 2 marks; accept cos(n/3) + isin(n/3]

(a) By long division,
x+4
x—1)x> +3x
X' —x
4x  (Must be 2x or 4x for M1) MIA1
4x -4
4
Therefore,
f(x)=x+4+ 4 Al
x—1
[FT 2 from above]
4
b '(x)=1- Bl
(b) f=1-r=
[FT their expression from (a)]
Stationary points occur when
1= 4 5 M1
(x=1)
x=-1,3 Al
y=19 Al
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(c)

(d)

The asymptotes are x =1 and y = x + 4.

v

Since f(-3) =f(0) = 0, part of the answer is [-3,0].

Consider
x(x+3)
(x-1)
x*=7x+10=0
x=2,5
S (A) =[-3,0]U[2,5]

10
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A/AS Level Mathematics — FP3 — June 2009 — Mark Scheme

The equation can be rewritten
1+2sinh”® @ = 6sinh § -3
sinh® @ —3sinh@+2=0
(sinh@—-1)(sinh&-2)=0
sinh® = 1,2
0 =In(1++2),In(2 ++/5)

A0)=0

N e
S(x) = 2

N 288, __

10 == 0 =2

f,,,(x)=_2e"(2—e") +2fx42(2_ex)ex;f"'(0)=—6
(2-¢")

The Maclaurin series is
2x*  6x°

0—x- 5 ——— = —x—x =X ...

6
[FT on their derivatives]

S0)=-1

dx = 2coshudu ; [0,2] = [0,sinh ™" 1]
S ) cosh udu

o (4sinh’u +4)>"?

inh™'1
%2 cosh udu

8cosh® u

0
sinh™'1
J.sechzu deo

0

i S i S

[tanhu]™

tanhsinh ™' (1)

=0.18
[Award 0 marks for answer only]
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EITHER

dy

2y—:4a:>d—y:2—a
dx

dx y

a 2
CSA =27y 1+ 294y
0 Y

= 2ﬂj«/4ax 1+4 dx
X
0

= 4\/272'_[\/)6-1-61 dx
0

= 4\/Zﬂ.§[(x + a)3/2 ](a)

_ %\/272'[23/2a3/2 _a3/2]

= Answer given

OR
dx = 2at,d—y =2a
dr dr
Y (dyY
CSA =27y (—j +(—yj de
ds ds
1
= 2ﬂj2at\/4a2t2 +4a” dt
0
1
= 87ra2jt\/t2 +1d¢
0
2 3727
_ Sm{(r +1) }
3 0

= Answer given
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(a)

o initial line
Gl
1 /2
(b) Area = 5 (2+cos@)’do M1
0
1 /2
=3 I(4+4cos0+cos2 0)do Al
0
1 /2 1 1
= — j (4+4cos@+—+—cos260)dd MIA1
29 2 2
/2
_ 1 %+4sin6+lsin29 Al
21 2 4 o
[Limits not required until here]
= %7[+2 (5.53) Al
(c) Consider
y =rsin® = (2 + cos0)sinO M1
%:—sin2 0+ cosO(2 + cos ) Al
At a stationary point, % =0 giving Ml
2c0s*@+2cos@—1=0 Al
cosd = E Al
2
0=1.20,r=2.37 AlA1
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/4

(a) I, = Itan”‘zx tan” xdx MIl
0
/4
= .[tan"_zx(secz x —1)dx mlAl
0
= |tan 5[ -1, AlAl
n—1
1
= ~1
n— 1 n=2
/4 T
(b) Iy = [de=[x];" = MIALI
0
1
1, = 3 I, M1
1
—5—0—%) Al
~7_2 (0119 Al
4 3
(a)(i) f'(x)=sinhx—xcoshx, f'(0)=0 MI1A1
f"(x) =—=xsinhx, f"(0)=0 Al
(i) Any valid method, eg looking at the behaviour of f'(x)or f"(x)
around x = 0 or noting that f'is an even function. MIl
Concluding that it is not a stationary point of inflection Al
b)(1) 2cosha - asinha =0 M1
asinh _» Al
cosha
whence atanho =2

(i) Let f(a) = atanho - 2
f(2) =-0.0719... M1
f(2.1) =0.0379...
The change of sign shows that the value of a lies between 2 and 2.1.

Al
[Accept consideration of f(a) = 2cosho — asinha]
(ii1) Let
-2 M1
tanh x

Y =— S—X sech’x Al

dx tanh” x
=0.137 <1 in modulus when x = 2.05 Al

therefore convergent.

36



(iv)  Taking the initial value as 2.05, successive values are

2.05
2.067407830 B1
2.065063848
2.065374578
2.065333300
2.065338782

Thus o =2.0653 correct to 4dps. B1

2.0653
(c) Area = '[(2 cosh x — xsinh x)dx M1
0
2.0653

[2sinh x[7"7 — [xcosh x[7°* + I coshxdx  AlAlAl

0
= [3sinh x — xcosh x " Al
=3.365 Al

GCE Maths C1-C4 & FP1-FP3 MS (Summer 2009)
30 July 2009
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INTRODUCTION

The marking schemes which follow were those used by WJEC for the Summer 2009
examination in GCE MATHEMATICS. They were finalised after detailed discussion at
examiners' conferences by all the examiners involved in the assessment. The conferences
were held shortly after the papers were taken so that reference could be made to the full
range of candidates' responses, with photocopied scripts forming the basis of discussion.
The aim of the conferences was to ensure that the marking schemes were interpreted and
applied in the same way by all examiners.

It is hoped that this information will be of assistance to centres but it is recognised at the
same time that, without the benefit of participation in the examiners' conferences, teachers
may have different views on certain matters of detail or interpretation.

WJEC regrets that it cannot enter into any discussion or correspondence about these
marking schemes.
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1.(a)

1.(b)

1.(c)

2.(a)

2.(b)

3.(a)

3.(b)

Mathematics M1 (June 2009)
Final Markscheme

Usingv=u-+atwithu=14.7,a=(-)9.8,t=2.
v=147-98x2

v=-49

Speed = 4.9ms™

Using v* = u” + 2as with u = 14.7, a = (-)9.8, s =(-)70.2.

V= 147"+ 2% (-9.8) x (-70.2)
v=39.9 ms’ cao

Using s= ut + %az‘2 with u =14.7, a = (-)9.8, s = 3.969.

3.969 = 14.7¢ - %x9-8xt2

£ —3t+0.81 =0 attempt to solve
(t-03)t—-2.7)=0
t=03,2.7
Therefore required length of time  =2.7-0.3
=24s cao
N2L 5¢—T=5a dim. correct
T—-2g=2a dim. correct
Adding 3g="Ta
a=3g/7= (4.2)ms'2 cao
T=2x98+2x42
=28 N cao

Magnitude of acceleration of objects 4 and B are equal.

N2L applied to lift and person 900g — T'=900a dim corr.
900 x 9.8 — 8550 = 900a

2
a=0.3ms cao

N2L applied to person 65g — R =065a
R=65(9.8—-0.3)
R=6175N ftc'sa

MIl
Al

Al
MI

Al
Al

Ml

Al

ml

Al

MI Al

MI Al

Al

Al

B1

Ml
Al
Al

Ml
Al
Al



20-5

4.(a) Att=10, acceleration = =0 MI
=0.5 ms” cao Al
At t =420,acceleration = 0 B1
4.(b) Usingv=u-+atwithu=51t=20,a=0.5(c). M1
v=5+0.5x20
v=15ms" ftacce if >0 Al
4.(c) Distance = %(5 +20)x30 +20x400 + %x 20x50 method for distance M1
any correct area Bl
correct expression Al
Distance = 8875 m cao Al
5.
R
P
F
8
25° &
(a) R = 8gcos25° (=71.05) si Ml Al
F = 0.3 x 8gcos25° (=21.32) si ml
N2L up slope dim correct, all forces, a =0 M1
P+ F = 8gsin25° Al
P = 8x9.8sin25° - 2.4 x 9.8c0s25°
P =11.82N cao Al
(b) N2Ldown slope dim correct, all forces M1
P—F - 8gsin25° = 8a Al Al
P = 8gsin25° + 2.4gcos25° + 8 x 0.6
P = 59.25N cao Al



(a)

(b)

(a)

(b)

3ms’ —4 ms
_r -
v,yms~ Vg ms ™!

conservation of Momentum
2x3 -05%x4 =2vy + 0.5v
4VA + Vp = 8

Restitution
vg - vq4 = -e(-4-3)
= 2><7
7
vp - Vy4q4 = 2
Subtracting S5vy = 6 dep. on both M's
Vy = 1.2ms™ cao
vg = 3.2ms’! cao
Impulse on B = Change in momentum of B. used
I = 0.53.2-(-4))
I = 3.6Ns ftvy, va
Rp
A
43 X S| B
«—25 —>AP l AQ
40g
= 55 -
Resolve vertically Rp + Ry = 40g oe
Rp = Rp =R R+ R = 40g
R = 20g=(196)N
Moments about 4 moments both sides, dim correct
25Rp + 55Rp = xx40(g)
8 x20g = 40g x x
X = 4m cao

OR If Rp = Ry, C must be the midpoint of PQ.

Therefore x = 2.5+ 0.5(5.5-2.5)
=4m

Ml
Al

Ml
Al

ml
Al
Al
Ml

Al Bl

Ml

Al

Ml
Al BI

Al
Ml

B1 Al
Al



9.(a)

(b)

Resolve in one direction to obtain component of resultant

X = 7¢0830° - 2c0s60° - 5 cos50°

X = 1.8482

Resolve in perpendicular direction

Y = 5c0s40° + 7¢c0s60° — 2c0s30°

Y = 5.5982

Resultant® = 1.8482% + 5.59822
Resultant = 5.9 N

Area
Square 36
Triangle 12
The sign 48

Distance of centre of mass from AE=x=3

Moments about AB

48y = 12x%+36x3
y = ﬁz 4.083 cm
12
3
tan 0 = E
12
0 = 36.3°

Ml

Al
Ml
Al
ml
cao Al
from AB
3
6+i=2
3 3
y
B1 B1 Bl
B1
Ml
ft areas, )'s Al
cao Al
ftx, y M1 Al
ftx, y Al



Mathematics M2 (June 2009)
Final Markscheme

1.(a) a= %(cos 2t —3sin 2¢) attempted M1
= -2sin2¢ — 3cost Al Al
Whent=rn
a =-2sin2m - 3cosm
a = 3ms” Al
1.(b) x= J‘cos 2t—3sint dt attempted MIl
x = 0.5sin2¢ + 3cost + C Al Al
Whent=0,x=4 used ml
4 =3+C
c=1 ft Al
x = 0.5sin2¢ + 3cost + 1
x =3.62m cao Al
2.(a) Using Hooke's Law 80 = /1(05;2_502) MI1 Al
A = 400N cao Al
2.(b) Energy at start = ~x400x %> (=2) si M1 Al
' & 2 0-25
Energy at end = %><0-36v2 (=0.18v%) M1
Conservation of energy used M1
0.18v" = 2
v = 3% ms’' cao Al
3.(a) Resolve perpendicular to plane attempted Ml
R = mgcosa Al
R =35%x9.8x0.8 =27.44
F = pR used ml
F =025x%x 2744 = 6.86
Work done against friction = 6.86 x 2 M1
= 13.72) ftc'sF Al
3.(b) K.E.atstart = 0.5mu’ used MIl
= 1754
P.E.atend = mgh = 3.5x9.8 x 2sina Ml
=35%x98x2x0.6 Al
= 41.16
Work-energy Principle 1.75u% = 41.16 + 13.72 MI Al
u’ = 31.36
u = 5.6ms” cao Al



4.(a)

4.(b)

5.(a)

5.(b)

5.(c)

6.(a)

6.(b)

6.(c)

N2L applied to particle 3 terms
F—1500 = 5000a

F = 2500 N
F-fP_r
v 12
P = 30000 W cao
Since maximum velocity, a = 0 si
F = 1500
P 45%1000
%
45000 1500
v
v = 30ms’ cao
Initial horizontal velocity =17.5cosa=17.5x0.6
= 10.5
Time to reach wall = 25:2
10-5
=24s ftc's 10.5
Initial vertical velocity =17.5sino=17.5x0.8
=14

Using s = ut + %at2 with u = 14(c), a = (-)9.8, = 2.4

= 14%x24-49x2.4 ft if M1 in (a) awarded
=5.376 m
Using v=u + at with u = 14(c), a=(-)9.8, v=0
0= 14-9.8¢ ft if M1 in (a) awarded
10
t=—=8
7
velocity _dr used
dt
= -81i + (61— 5)j
Momentum = mv = -16¢i + 2(6¢ — 5)j ftc'sv
acceleration = v used
dr
= -8i + 6j constant since independent of ¢
Magnitude = 4/8° +6
=10 ms™ cao

Velocity is perpendicular to acceleration when v.a =0

v.a = (-8£i + (6t —5)j).(-8i + 6))
= 64t + 6(6¢ -5) ftv,a
1007 — 30

t=03s cao

Ml
Al

MI
Al

Ml
Al

Ml

Al

B1

MI
Al

B1

Ml

Al
Al

Ml
Al

Al

MI
Al
Al
Ml

Al

Ml
Al

Ml

MI Al

Al



R
a
-«
mg
a
Resolve vertically Ml
Rcosa = mg Al
= 1000 x 9.8
= 9800
Using N2L  Rsina = ma MIl
2
=2 Ml
r
2
Rsing = 1000287 si Al
250
=3136
Solving tan ¢ = 3136 ml
9800
=0.32
a=17.74° cao Al
8.(a) Conservation of energy used M1
0.5x5%x9% = 0.5x%5xv+5g(2—2cos0) Al Al
Vv =81 —39.2(1 - cosh)
vV =418+392 Al
8.(b) N2L towards centre used MIl
2
R -mgcos® = my Al
r
R =5x%x9.8 cosO + %(41.8 +39.2co0s0) ml
= 147cos0 + 104.5 Al
8.(c) Particle leaves sphere when R =0 oe MI
147cos0 + 104.5 =0, 0 =135.3°
Therefore particle will leave circle before reaching the top, i.e. particle
will not complete circle. Al



1.(a)

1.(b)

1.(c)

2.(a)

2.(b)

Mathematics M3 (June 2009)
Final Markscheme

Using N2L
-0.2-0.03v = 9ﬂ
dt
dv
900— = -(20 + 3v)
dt
dv
OOJ 3043 = —Idt sep. var.
900. éln(zo +3v) = -t (+0)
When ¢t =0, v=20 used
C = 3001n 80
Therefore t = 300In(80) —300In(20 + 3v)
t = 300In 80
20 + 3v
When body is at rest, v=0 used
t = 300 In(80) — 300 In(20)
=300In(4)
=416s cao

Amplitude = 24 cm =0.24 m
Period=2x4=8s
2

Therefore — =8
10}
/4
a) = —
4
Speed of projection =aw used o.e.
=024 x =
4
=0.067 = 0.188 ms™ (= 18.8 cms™) cao
x = 0.24sin(Z 1)
4
0.15 =024 sin(%t)
t =0.86 cao
Required time = 8 + 0.86
=8.86s ft ¢ and period

Ml
Al

Al

Ml

Al Al

ml

Al

ml

Al

Bl
B1

Ml

Al
Ml

Al

MI

ml

Al

Al



2.(c)

2.(d)

3.

dx

V=— used MIl
dt
T
V= 0.067zc0s(zt) ft o Al
Whent=15 v= O.O67zcos(% x 1.5) ml
v=0.072ms” (=7.2 cms™) cao Al
Vo= (@) M1
2
V2 =Z—2(0-242—0-22) Al
v =0.104ms" (=10.4 cms™) cao Al
Apply N2L M1
180 — 3v* = 75a Al
60—+ = 2502
dx
25vd = 602 Al
dx
vdv
ZSJE = j-dx sep. var. MIl
—§1n(60—v2) = x (+0) Al Al
Whenx=0,v=0 (accept limits) used ml
—%111(60) = C cao Al
25 60
x = —In 5
2 60 —v
When x =20
In 602 = 20><i = 1:6
60 —v 25
60 - o= e x =20 and inversion ml
60 —v
60 = 60e'® — ' %?
oo 60(e1':6— 1)
e
v = 6.92 ms" cao Al



4.(a)

4.(b)

4.(c)

5.(a)

5.(b)

Impulse = change in momentum used Ml
1.2=3v
v =04ms" cao Al
For QO -1 =3v-3x04 attempt P or Q M1
I =3v-12
For P I =5y attempt ml
Both equations correct Al
Solving simultaneously ml
S5v = 1.2-3v
8y = 1.2
v =0.15ms" cao Al
I = 0.75Ns cao Al
Loss in energy =0.5x3x04> - 0.5x8x0.157 ftv's Ml Al Al
=0.157 cao Al
N2L (156 - 52x) —4v = 2a M1
2a +4v+52x = 156
2
I 26 = 78 Al
dt t
Auxiliary Equation  m”+ 2m + 26 =0 M1
m =-1+51 cao Al
Complementary function is x = e”(4sin5¢ + Bcos57) ft mif complex Bl
P.Ltryx=a
26a = 78
a=3 Bl
General solution is x = e”(4sin5¢ + Bcos5¢) + 3 ft CF + PI Bl
When ¢ =0, x =0 subst. into GS ml
0=B+3
B =23 ft similar exp. Al
% = -e"(4sin5t + Bcos5t) + e’(54cos5¢t + 5Bsin5t) ft Bl
dx .
When =0, i 3 subst. into "GS" ml
3=3+54
A=0 cao Al
x = 3—3e" cos5t
When 7= 0.5 ml
x = 3-3e" cos(5 x 0.5)
x = 446m cao Al

10



Moments about 4 dim correct
15g x [ cos 30° =T x 2/ cos30°
T =75
T = 755N

Resolve horizontally

Tcos30° = F
F = 73.5 cos°30 subst. for 7'
F = 36.75V3 N

Resolve vertically
R+ Tsin 30° = 15g

R = 15¢—-73.5x%x0.5 subt. for T

R = 11025 N

F < pR

> w any correct expression
M 1025 Y P
1
Therefore least value of pis 0.577 (—) cao
V3

11

Ml
Al

Al

M1
Al
ml

Ml
Al

MI

Al

Al



A/AS Maths - S1 —June 2009 - Mark Scheme — Post Examiners’ Conference

7
6.5 \3) _s

(a) P(no teachers) = %x 3 X— or —% = MIAI

K

2) (3) (4
X X
2 3 4 1 1 1
(b) P(1 of each) = —x=x—x6or MIAI
9 8 7 9
3
2
== (cao Al
; (cao)
(a)i) P(AUB)=P(A)+P(B)=0.5 MIA1
(i) PANB)=P(A4)P(B)=0.2x0.3 M1
P(AU B) = P(4) +P(B) — P(A)P(B) Ml
=02+03-02x03=0.44 Al
(b) EITHER P(ANB)=P(A)+ P(B)—P(Au B) M1
=0.1 Al
pea|p) = LACB) M1
P(B)
_1 Al
3
[FT on P(4nB) unless independence assumed]
OR P(AU B)=P(A)+ P(B)— P(B)P(A| B) Ml
04=02+03-0.3P(4|B) Al
P(A|B) = 01 M1
0.3
_1 Al
3
(c) Smallest value is 0.3 Bl
when 4 is a subset of B. B1
(a) Mean = 20, variance = 4. B1B1
(b)i) E(Y)=2x20-3=37 [FT from (a)] MI1AI
Var(Y)=4x4=16 MI1Al
(i) 20a—b=0and 4a° =1 B1B1
The solution is a =%, b =10 B1B1

[No FT on equations, treat aX + b as MR and accept b =— 10]

12



(a) Mean =2.4 si Bl
. 245 ),
(i) Prob= 5 e " =0.2090 MIA1
(or 0.7787 — 0.5697 or 0.4303 — 0.2213)
(i) Prob=0.4303 or 1 — 0.5697 = 0.4303 MIALl
(b)  Probofno fish=e"*"=0.5 MI1A1l
EITHER
—0.6tlog,,e =log,,0.5s0t=1.16 MI1Al
OR
-0.6=1n(0.5) so t=1.16 MI1Al

(a)

(b)

(@)()
(i)

(b)

[No marks answer only]
Special case:

Using tables,

0.7 = 0.6¢ M1
sot=1.17 Al
P(+) = 0.05x0.99 4+ 0.95x0.02 MI1A1
=0.0685 (cao) (137/2000) Al
P(Dis | +) = L92x099 BIBI

0.0685
=0.723  (99/137) B1

[FT from (a) — only award final B1 if previous 2 B marks awarded]

EX)=0.1x1+02x2+0.3x3+0.3x4+0.1x5 MIAI

=3.1 cao Al

E(Xz):O.1><1+0.2><4+0.3x9+0.3x16+0.1x25 (10.9) MIA1

Var(X)=10.9 —3.1> =1.29 [FT from E(X?) and E(X)] Al
[Accept answers with no working]

The possibilities are 1,1 ;2,2 ;3,3;4,4;5,5 si B1

Prob= 0.1 +0.2° +0.3° + 0.3 + 0.1 = 0.24 MIA1

[Award M1 if 4 or more correct probabilities seen]

13



7 (a)
The probability distribution for Ann is

No. of heads 0 1 2 3
Prob 1/8 3/8 3/8 1/8
and for Bob is
No. of heads 0 1 2
Prob 1/4 1/2 1/4
We now require
A=3 OR A=2andB=0or1ORA=1andB=0 si

BI(si)

BI(si)

MI1A1

(orB=0and A=120r30RB=1andA=20or30RB=2and A =3)

PA>B)= La3x2 3, L1
8 8 4 8 4 2
(or PA>B)= tx Lyl L L1 1
2 2 4 8 2
(b)(i) P(M wins 1* time) = l 1.1
2 2 4
(ii) P(M wins 2™ tlme)—l l><l><l:i
2 2 2 2 16
1 1
i) P(M wins) = —+—+...
(ii1) P( ) REY:
U4 1
1-1/4 3
11
8 (a) E(X)= ij(l +2x)dx
0
1| x* 2x°
:___+__
2| 2 3 o
7
=— cao
12
(b) F(x)=% [+ 2u)du
0

MIA1

MIA1

Al

MI1A1

MIA1

MIA1

Al

Al

MIl

[Correct limits required but accept a solution with no limits which includes a

constant of integration which is then shown to be zero]

=%[u+u2];

~Loew)

14
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Al



(¢) (i) Prob=F(0.5)—F(0.4)
=0.095
[FT from (b), accept with no working]

(ii) %(m+m2)=%

I R

2
=0.618 (EJ
2

[If 2 roots are given, some indication of which to accept must be given]

15
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A/AS level Maths - S2 June 2009 - Mark Scheme — Post Examiners’ Conference

1 (a) Mean=12  si Bl
p-value = P(X > 18 | mean = 12) M1
=0.0630 Al
(b)  Xisnow Po(100) which is approx N(100,100) B1
S 124.5-100 M
10
=2.45 cao Al
p-value =0.00714  (FT from z) Al
Very strong evidence for concluding that the mean has increased. B1

[FT from p-value]

2 (@) (i) z :wzl.zs MIAI
Prob=0.1056 (FT from z) Al
(i1) Required prob = 0.1056° =0.00118  [FT from (i)] MI1A1
(b)  A-Ris N(145-140, 8 +6%)ie N(5, 100) M1A1
P(A<R)=P(A-R<0) M1
5

z= ——=(£)0.5 Al

V100
Prob = 0.3085 Al

[No FT on mean and variance]

66.8

3 (a) )?:W (=6.68) si Bl
SE of ¥ = 0L (=0.03162...)  si Bl
T .

[Accept variance of mean]
99% conf limits are

6.68 +2.576 x 0.1/N10 MI1Al
[MI correct form, A1 2.576, allow their mean and SE for the M mark]
giving [6.60,6.76] Al
[FT on their mean, SE and z excluding the use of 0.1 as SE]
(b) . 6.74—-6.68 M
0.03162
[FT on their SE]
=1.90 Al
Conflevel =1 -0.0287 x 2 =0.9426 B1B1

[MO for trial and improvement]

16



(a) Ho:p, =p, versusH, 1 p, # p,
(b) x=158, y=16.2

0.52 0.5?
+

SE of difference of means = (=0.3027...)

[Accept variance]
. 16.2-15.8

0.3027
=1.32 cao
Prob from tables = 0.0934  cao
p-value =2 x 0.0934 = 0.1868 (FT from line above)
Mean times are equal (oe)  (FT from p-value)

(@)@ E(X) =38
(i) Var(X) = 4.8
Using Var(X) = E(X?)-[E(X)]?

E(X?*)=4.8+64=168.8

(b) Var(Y) = u
using Var(Y)= E(Y*)-[E(Y)]
10=936-u’
1=2.6 cao
(c) E(U)=E(X)E(Y) =20.8

EWU?)=E(X*)E(Y?)=643.968
Var(U) = E(X°Y?)~[E(XY)]’
= 643.968 —20.8°=211.328

[FT their values from (a) and (b) — allow a multiple of « in first line]

- 1
(a)(i) fx) = =
(i) F(x) = !% du
_ {z )
7 9
_ X -9
7

17

B1
B1

MI1

Al
Al
B1
Bl

B1
B1

MI
Al

B1
Ml

Al

Al
B1

B1
MI
Al

B1

Ml

Al

Al



(b)(@)

(i)

(a)
(b)

(©)()

(i)

E(Y) = lf\/;.%dx

[no limits required for M mark]

16
:lx xl's_%
7 3,

=352
The median m satisfies
P(Y<m)=0.5
P(X <m)=05
P(X <m*)=0.5

_m2—9

F(m*) = o= 0.5

m=3.54
[FT their F(x) from (a)]

H,:p=0.7versusH, : p>0.7
Under H,, X (No cured) is B(50,0.7)
and Y (No not cured) is B(50,0.3) (si)
p-value = P(X > 40) | H,)
=P(Y < 10| H,)=0.0789
The new drug is no better
X is now B(250,0.7) which is approx N(175,52.5)
. 189.5-175

\52.5

=2.00 cao
Sig level =0.02275 (FT from their z)
X is now B(250,0.8) which is approx N(200,40)

. 189.5-200
N
=-1.66 cao
Prob = 0.0485
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AS/A Maths - S3 — June 2009 — Markscheme (Post Examiners’ Conference)

. @@  PX=5-= (5] morﬁxfxixle=L

(5
P(X =3)=

P(X =2)= > 3 [B]-10 (0.18)
2)3)75) 756
1 15 30 10 25
1) E SXx—+4x—+3x—+2x— = —
@) B = 56 56 5 56 8
[FT on probabilities]

(b)  Xis binomial
with parameters (5,5/8)

Mean value = 5 x% = é

8
[Accept any correct method]

8

2 (a)(i) h=5=065

(i) ESE= [209X035 _ 04354,
120

[M mark needs square root term in denominator]
(ii1) 95% confidence limits are
0.65+1.96x0.0435..
giving [0.56,0.74]

(0.018) MIAL

Al

Al

Al

MIA1

B1
B1

B1

B1

MIA1

MIA1
Al

[FT values from (i) and (ii) but M mark needs square root in denominator]

(b) Sian is likely to be of above average intelligence.

19
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(a) Hy:pu=15H :u+#15 Bl
121.2

b xX=——-(=1515 si B1
(b) 20 )
2
g 18442 1212 (=0.01015...) si Bl
79 79 x 80
[Accept division by 80 giving 0.010025]
1.515-1.5
Test stat = ————= MI1A1
+/0.01015/80
[Award M1 only if Vn term present]
=1.33 (1.34) Al
Prob from tables = 0.0918 (0.0901) Al
p-value =2 x 0.0918 = 0.1836/5 (0.1802) (FT from line above) Bl
Accept Hy (oe) (FT from line above) B1
(©) The sample mean is (approximately) normal. B1
The variance estimate is used in place of the actual variance. B1
() Yx =61.1;3x° =373.3412 Bl
UE of p=6.11 cao B1
2
UE of & =373.3412_61.1 M
9 9x%x10
= 0.002244... cao Al
(b) DF=9 si B1
At the 95% confidence level, critical value =2.262 B1

The 95% confidence limits are

6.11 i2.262‘/% MIA1

Award the M mark only if #-value used — FT on ¢ percentile
y p
giving [6.08,6.14] Al

[FT from line above as long as V10 present]

(a) X =6555=67.0 si B1BI
2

Sizzssooo_ 3930 (=9.91525..) si MIA1
59  59x60

» 269900  4020°

Y TT59 T 59%60
[ Accept division by 60 which gives 9.75 and 9.3333..]

SE \/9.91525.. , 949152

(=9.49152...) si Al

(= 0.5687 or 0.5640) MIA1

60 60
The 90% confidence limits for the difference of means are
67.0 —65.5£1.645%x0.5687 MI1Al
[M mark requires 60 , FT from earlier values]
giving [0.6,2.4] Al

(b) Yes because the interval does not contain 0.
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6 (a) EU)=Au+(1-A)u=u MI1A1

(b) Var(U) = A Var(X) +(1-1)*Var(Y) M1
2 2
= 2% a2 miAl
m n
2 o’
O YY) 5% Hq-pn MIAL
di m n
This equals zero when ml
2
A gy m Al
1-4 n o]
mo?
whence A=——7F7—"— Al
mo, +no,

2
2 > 0 therefore minimum B1

d’Var(U) 20; . 20
A’ m n
[Accept other correct solutions, eg U is a quadratic in A with positive 4> term]

2 mio?! o’ 2ot
(i) Min Var= 2 — v T MIA1
m (mo, +no;) n (mo,+no;)
oo’ (mo’ +no’
— Xy ( . y — X ) Al
(mo, +no;)
whence the given result.

7 (a) S, =5590.5-105%262.6/6 =995 B1
S =2275-105"/6=4375 B1
b= 99 =2.27 MI1Al

437.5
4= 262.6-105%x2.27.. M1
6
=397 Al
[No marks for answer only]
0.5
b SE of b = =0.0239 MI1Al
®) «/437.5( )
_227.-234 M1
0.0239
[Award M mark only if /S present]
=-2.75 Al
p-value = 0.00298 Al
Very strong evidence that < 2.34 B1
c) It 1s clear from the data that |5 1S approximate ecause ) 1mncreases
It is clear fi he data that f is approxi ly2b yi by
approx 10 when x increases by 5. B1

GCE Maths M1-M3 & S1-S3 MS (Summer 2009)
30 July 2009
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