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INTRODUCTION

The marking schemes which follow were those used by WJEC for the Summer 2012
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.

© WJEC CBAC Ltd.



(a)

(b)

(©)

(@)

C1

Gradient of 4B = increase in y Ml
increase in x
Gradient of AB=—"/; (or equivalent) Al
A correct method for finding C Ml
C-1,3) Al
Use of myp x my =—1 to find gradient of L M1
A correct method for finding the equation of L using candidate’s
coordinates for C and candidate’s gradient for L. Ml
Equation of L: y-3= 4[x— (1] (or equivalent)
(f:t. candidate’s coordinates for C and candidate’s gradient for AB) Al
Equation of L: 3x—4y+15=0 (convincing, c.a.0.) Al
(1) Substituting x = 7, y = k in equation of L Ml
k=9 Al
(i) A correct method for finding the length of CA(DA) Ml
CA=5 (f.t. candidate’s coordinates for C) Al
DA =125 Al
(i) SinADC=CA=_5_
DA 125
(f:t. candidate’s derived values for C4 and DA) Ml
SinADC=CA=_1 (c.a.0.) Al

DA 5



2. () 10 = 10(7 = 2V11) Ml
7+24011 (7 +2V11)(7 - 2V11)
Denominator: 49 — 44 Al
10 =107-2N11) =2(7-2V11)=14-4V11 (c.a.0.) Al
7+ 2411 5
Special case
If M1 not gained, allow B1 for correctly simplified denominator
following multiplication of top and bottom by 7 + 211
(b)  (4\V3)*=48 Bl
V8 x V50 = 20 Bl
5V63 =15 Bl
7
(4\3)? — (V8 x \50) — 5V63 =13 (c.a.0.) Bl
V7
3 (a) dy=4x-11 (an attempt to differentiate, at least
dx one non-zero term correct) Ml
An attempt to substitute x = 2 in candidate’s expression for dy ml
dx
Use of candidate’s numerical value for dy as gradient of tangent at P
dx ml
Equation of tangent at P: y—(=1) ==3(x—2) (or equivalent)
(c.a.0.) Al
(b) Gradient of tangent at 0 =9 BI
An attempt to equate candidate’s expression for dy and candidate’s
dx
derived value for gradient of tangent at O M1
4x-11=9=x=5
(f:t. one error in candidate’s expression for dy) Al
dx
4. (1-2x)° = 1—12x+60x*— 160x° + . . . B1 B1 Bl Bl
(= 1 for further incorrect simplification)
5 (a) a=3 B1
b=-2 Bl
c=17 Bl
(b) Stationary value = 17 (f't. candidate’s value for ¢) B1

This is a minimum Bl



(a)

(b)

()

(a)

(b)

An expression for b? — 4ac, with at least two of @, b, ¢ correct M1

b?—dac= k-1 -4k —k+2) Al
b —dac=-17 (c.a.0.) Al
candidate’s value for > — 4ac < 0 (= no real roots) Al
Finding critical values x =—6, x = %/ B1
A statement (mathematical or otherwise) to the effect that
x<—6ors<x (or equivalent)

(fit critical values 6, %/ only) B2
Deduct 1 mark for each of the following errors
the use of < rather than <
the use of the word ‘and’ instead of the word ‘or’

y+8y=3(x+8x)-T(x+8x)+5 Bl
Subtracting y from above to find 8y Ml
8y = 6x8x + 3(8x)* — 7dx Al
Dividing by 6x and letting 6x — 0 Ml
dy = limit oy = 6x—7 (c.a.0.) Al
dx x—0 Sx

Required derivative = %/3 x 'y x x>+ 12 x (=3) x x* B1, Bl
Attempting to find f(») = 0 for some value of r Ml
f(2)=0 = x—21is a factor Al
f(x) = (x — 2)(6x + ax + b) with one of a, b correct M1
F(x) = (x = 2)(6x* — Tx — 3) Al
f(x)=(x-2)3x+ 1)2x—3) (ft. only 6x*+ 7x — 3 in above line) Al
x=2,-"%,°, (f't. for factors 3x + 1, 2x + 3) 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 4 marks

Use of g(a) =11 M1
@-53=11=a=4 Al



(a)

y
A
(_ 1 ’ o ( 7 ’
(3 r
Concave up curve and y-coordinate of minimum = —7 B1
x-coordinate of minimum = 3 B1
Both points of intersection with x-axis Bl
(b) y
A
> x
(- 12, o (4,
(_ 4 ’

Concave up curve and y-coordinate of minimum = —7 Bl
x-coordinate of minimum = —4 B1

Both points of intersection with x-axis B1



10. (@) dy=3x+6x Bl

dx

Putting derived dy = 0 M1
dx

x=0,-2 (both correct) (f't. candidate’s dy) Al

dx
Stationary points are (0, — 1) and (—2, 3) (both correct) (c.a.0) Al
A correct method for finding nature of stationary points yielding
either (0,—1) is a minimum point
or (-2, 3) is a maximum point  (f.t. candidate’s derived values) Ml
Correct conclusion for other point
(f't. candidate’s derived values) Al

()

(_2’ 3) A

0,-1)

Graph in shape of a positive cubic with two turning points Ml
Correct marking of both stationary points
(f't. candidate’s derived maximum and minimum points) Al

(c) One positive root (f:t. the number of times the candidate’s
curve crosses the positive x-axis) Bl



C2

1 0-5

1-25 0-53935989

1-5 0-603022689

1-75 0-718421208 (5 values correct) B2

2 1 (3 or 4 values correct) B1
Correct formula with 2 =0-25 M1

I=0:25%x {0-5+1+2(0-53935989 + 0-603022689 + 0-718421208)}
2

1~5-221607574 + 8

1=0-652700946

I1~0-6527 (f't. one slip) Al
Special case for candidates who put 2 =02

1 0-5

1-2 0-52999894

1-4 0-573539334

1-6 0-640184399

1-8 0-753778361

2 1 (all values correct) Bl
Correct formula with 2= 0-2 M1
I=0-2x{0-5+1+2(0-52999894 + 0-573539334 +

2 0-640184399 + 0-753778361)}

1~6-495002069 + 10
1= 0-6495002069
1~0-6495 (f't. one slip) Al

Note: Answer only with no working earns 0 marks



(a)

(b)

(©)

(a)

()

10cos?0 +3 cos @ =4(1 —cos?0) -2

(correct use of sin”d = 1 — cos?6) 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 € + d),
with a x ¢ = candidate’s coefficient of cos*@ and b x d = candidate’s

constant ml

14cos’0+3cos@—2=0=(2cos @+ 1)(7Tcos @ —2) =0

=cos =2, cos@=-1 (c.a.0.) Al
7 2

0 ="73-40°, 286-60° Bl

6 =120°, 240° B1 B1

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

3x —21°=-54°,234°,306°, 594 (one value) Bl

x=85°109° B1 Bl

Note: Subtract (from final two marks) 1 mark for each additional root
in range, ignore roots outside range.

Use of sin ¢ = tan ¢ Ml
cos ¢

tan ¢ =0-2 Al

¢=11-31°,191-31° (fttan ¢ = a) B1

117=5"+x* -2 x5 x x x /s (correct use of cos rule) M1

An attempt to collect terms, form and solve quadratic equation
in x, either by using the quadratic formula or by getting the
expression into the form (x + b)(x + d), with b x d = candidate’s

constant ml
¥ —4x-96=0=x=12 (c.a.0.) Al
sinXZY = sin 19°
32 15

(substituting the correct values in the correct places in the sin rule) M1
XZY =44°,136° (at least one value) Al
Use of angle sum of a triangle = 180° M1
YXZ=117°,25° (both values)

(f't. candidate’s values for XZY provided both M’s awarded) Al



(a)

()

(©)

(a)

()

Sp=a+tla+dl+...+[a+(n-1)d]

(at least 3 terms, one at each end) Bl
S,=la+t(n—1d]t[a+(n-2)d]+...+a
Either:
2S,=lata+(n—-1d]|+[a+ta+(n-1d]+...+ [ata+(n—-1)d]
Or:

28, =la+ta+(n—1)d] n times M1
28, =n[2a+ (n—1)d]
S, =n[2a+ (n—1)d] (convincing) Al
2
at2d+a+3d+a+9d=79 B1
a+5d+a+6d=61 B1
An attempt to solve the candidate’s linear equations simultaneously by
eliminating one unknown Ml
a=3,d=>5 (both values) (c.a.0.) Al
a=15d=-2 Bl
S,=n[2x15+(n—-1)(-2)] (f't. candidate’s d) Ml
2
Sy =n(16 —n) (c.a.0.) Al
atar=72 Bl
a+ar*=120 B1
An attempt to solve candidate’s equations simultaneously by correctly
eliminating a M1
37 —5r-2=0 (convincing) Al

An attempt to solve quadratic equation in 7, either by using the
quadratic formula or by getting the expression into the form
(ar + b)(cr+d),withaxc=3andbxd=-2 Ml
Gr+D)r-2) =0=r=-"/ Al
a x(1-"5)=72=a=108 (ft. candidate’s derived value for r) Bl
So=__108 (correct use of formula for S, f.t. candidate’s
1-('5) derived values for » and a) M1
S, =81 (c.a.0.) Al



(a)

(b)

3><)ﬁ—2><)c_2/3 +c Bl B1

(1)

(ii)

-2/3 (-1 if no constant term present)

36— x* = 5x M1
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), witha x b=-36 ml
x—4)(x+9) =0= A4(4, 20) (c.a.0.) Al
B(6, 0) Bl

Area of triangle =40 (f.t. candidate’s coordinates for 4) Bl

6
Area under curve = [(36 —x*)dx  (use of integration) M]1

4

(36dx=36xand (¥ dx=x Bl

J J 3
Area under curve = [(216 — 216/3) — (144 — 64/3)]
(substitution of candidate’s limits) ml

= 64/3
Use of candidate’s, x4, xp as limits and trying to find total area
by adding area of triangle and area under curve ml

Total area = 40 + 64/3 = 184/3 (c.a.0.) Al



(a)

()

(©)

(a)

()

Let p = log,x

Then x =d’ (relationship between log and power) Bl
x'=d" (the laws of indices) Bl
~log,x" =pn (relationship between log and power)
~log,x" = pn=nlog.x (convincing) Bl
Either:

(x/2-3)log109 =1log 106
(taking logs on both sides and using the power law) M1

x =2(log 96 +310g109) Al
lOg 10 9

x=7631 (f:t. one slip, see below) Al
Or:

x/2—-3=1logy6 (rewriting as a log equation) M1
x= 2(loge6+3) Al
x =7-631 (f.t. one slip, see below) Al
Note: an answer of x =—4-369 from x = 2(log 106 — 310g09)

log 10 9

earns M1 A0 Al
an answer of x = 3-815 from x =log 06 + 3log 09
IOg 109

earns M1 A0 Al
an answer of x = 1-908 from x = (log ;06 + 310g09)
210g 109

earns M1 A0 Al
an answer of x =4-631 from x =2log 06 + 31og 09
lOg 109

earns M1 A0 Al
Note: Answer only with no working earns 0 marks

log, (x — 2) + log, (4x + 1) = loga[(x — 2) (4x + 1)] (addition law) Bl

2log, (2x—3) = log, (2x — 3)? (power law) BI
(x—2) (4x+1)=(2x-3)* (removing logs) Ml
x=22 (c.a.0.) Al

Note: Answer only with noworking earns 0 marks

A(2,-3) Bl
A correct method for finding the radius M1
Radius = V12 Al
AT?* =61 (f.t. candidate’s coordinates for 4) B1
Use of RT* = AT* — AR® MI

RT =17 (f.t. candidate’s radius and coordinates for 4 ) Al



Area of sector POQ ="/, x 1* x 1-12 B1
Area of triangle POQ = '/, x 1* x sin (1-12) Bl
10:35=" x ¥ x 112 = '/, x ¥* x sin (1-12)
(f't. candidate’s expressions for area of sector and area of triangle) M1
= 2x10-35 (0.e.) (c.a.0.) Al
(1-12-09)
r=97 (f.t. one numerical slip) Al



(a)

()

C3

0 1
0-25 1-064494459
0-5 1-284025417
0-75 1-755054657 (5 values correct) B2
1 2-718281828 (3 or 4 values correct) Bl
Correct formula with 2= 0-25 Ml
I~025x {1 +2-718281828 + 4(1-064494459 + 1-755054657)

3 +2(1-284025417)}

I~17-56452913 x 0-25 + 3
I~1-463710761
I~1-4637 (f't. one slip) Al

Note: Answer only with no working shown earns 0 marks

1 1
(" dr=¢’x (e dx M1

J J
0 0

1

("3 dx=29-399 (f.t. candidate’s answer to (a)) Al
J

0

Note: Answer only with no working shown earns 0 marks



(a)

(b)

(a)

()

¢=360° — 6 or ¢=— 6 and noting that cos & = cos ¢ B1
sin € # sin ¢ (including correct evaluations) Bl

13 tan’0 = 5(1 + tan’@) + 6 tan 6.

(correct use of sec’d = 1 + tan’6) M1
An attempt to collect terms, form and solve quadratic equation
in tan 6, either by using the quadratic formula or by getting the
expression into the form (atan 8 + b)(c tan 6 + d),
with a x ¢ = candidate’s coefficient of tan’6 and
b x d = candidate’s constant ml
8tan’d —6tan @ —5=0= (4tan 6 — 5)2tan O + 1) =0

=tanf=5,tanf=-1 (c.a.0.) Al
4 2

0 =51-34°,231-34° Bl

0 =153-43°,333-43° B1 BI

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

d(x’) = 3x* d(-3x-2)=-3 Bl
dx dx
d(—4x*y) = —4x*dy — 8xy Bl
dx dx
d(2y’) = 6y°dy Bl
dx dx
x=3,y=1=>dy=6 =1 (c.a.0.) Bl
de 42 7
(1) Differentiating sin at and cos at with respect to ¢, at least one
correct M1
candidate’s x-derivative = a cos at,
candidate’s y-derivative = —a sin at (both values) Al
dy = candidate’s y-derivative M1
dx candidate’s x-derivative
dy =—tanat (c.a.0.) Al
dx
(11) d f(_:ly] =_asec’at  (ft. candidate’s expression for dy) BI
drldx) dx
Use of d>v =d [dy] + candidate’s x-derivative Ml
de  drldx)
d’y =—sec’ at (c.a.0.) Al

de



f(x)=cosx—5x+2
An attempt to check values or signs of f(x) atx =0, x = 7/4
f(0)=3>0,f(x/4)=-1-22<0

Change of sign = f(x) = 0 has root in (0, 7/4)

X0 = 0-6
x1=0-565067123
x;=0-568910532
x3=0-568497677

x4 =0-568542145 = 0-56854
An attempt to check values or signs of f(x) at x = 0-568535, x = 0-568545

(x4 correct to 5 decimal places)

£(0-:568535) =1-563 x 10> >0, £(0-568545)=—-3-975 x 10 > <0
Change of sign = o = 0-56854 correct to five decimal places
Note: ‘change of sign’ must appear at least once

(a)

(b)

(©)

gle gl

gl gie

o

ay

&

&le

a

+ bx

7+ 2x — 3x°
2—6x
7+ 2x — 3x?

— etanx % ﬂX)

=5x" x f(x) + sin " x x g(x)

tan x

€

2
X S€C X

(includinga =1, b =0)

(f(x) =1, 0)

(f(x), g(x) #1, 0)

=5x" x f(x) + sin ' x x g(x)

2
S5x° x

1
V1 —x?

(either f(x)=_1 org(x)=10x)
V1 —x?

+10x x sin ' x

Ml

Al

B1

B1
Ml
Al
Al

Ml

Al

M1

Al

M1

Al

Al



(a)

()

(a)

(b)

Q) (3> Mdx=kx3e> ™ +¢ (k=1,-"4, 4,-4) Ml
J
(3¢ Mdx=—4x3e*> " +¢ Al
J

() (9 dr=kx9x2x-3)Y°+c¢ (k=1,2,) Ml
J(2x=3)° -5

9 dxr=9x@2x-3)’+c¢ Al

J(2x-3)° ~5x2

(i) (7 dv=kx7xIn|3x+1]|+c  (k=1,3,") Ml
J3x+1
(7 de="/xIn|3x+1]|+c Al
J3x+1

Note: Theomission of the constant of integration is only penalised
once.

(sin 2xdx = k x cos 2x (k=-1,-2,"% =) Ml

J

(sin 2xdx= — 1 x cos 2x Al

J 2

k x (cos 2a — cos 0) ="/,

(f:t. candidate’s value for k) M1

cos 2a ="/, (c.a.0.) Al

a= n6

(f't. cos 2a = b provided both M’s are awarded) Al

9x-3|=6 Bl
x-3=x% (ft. candidate’s a|x — 3| = b,

with at least one of a, b correct) Bl
x="15,71 (ft. candidate’s a|x — 3| = b,

with at least one of a, b correct) Bl
Trying to solve either Sx -2 <3 or5x—2 >-3 Ml
Sx-2<3=x<1
5x-2>-3=x>-"/s (both inequalities) Al
Required range: —'/s <x < 1 (f.t. one slip) Al
Alternative mark scheme
(5x—2)*<9 (forming and trying to solve quadratic) Ml
Critical points x =—'/s and x = 1 Al

Required range: —'/s <x < 1 (f.t. one slip) Al



v

Concave down curve passing through the origin with maximum point in the

second quadrant Bl
x-coordinate of stationary point =—0-5 B1
y-coordinate of stationary point = 8 Bl

(a)

()

(1)

(i)

(i)

@) =+ xfx) - +3) xglx) (f(x),gx) =) Ml

o +5)
F/(x) =2 +5) x2x— (x> +3) x 2x Al
2 +5)

f(x) =__ 4x (c.a.0.) Al
2+ 5)

/" (x) <0 since numerator is negative and denominator is

positive B1

R(H=Cs, 1) Bl BI

X¥=3-5y (oe) (condone any incorrect signs) Ml

y—1

x=(z) [3=5y]" (f.t. at most one incorrect sign) Al
Ly—lJ

x=-[3-5y]"? (f't. at most one incorrect sign) Al

L y—1 J
) =—[3-5x]" (c.a.0.) Al
x—1

R(f) = (=0,0),D(f ) = (s, 1),
(both intervals, f.t. candidate’s R(f")) B1



10.

ga(x) = (3(g())” + 7)"” or gg(x) = g(3x* + 7))

gg() = (BB +7)+7)""?

An attempt to solve the equation by squaring both sides

2g(x) =8 = 9x* =36
x=+2

(o.e.)

(c.a.0.)
(c.a.0.)

Ml
Al
Ml
Al
Al



1.

C4

(a) fx)=s _ A4 +_B + _C (correct form) M1
x+1) x-2) (-2
11+x—x*=A(x -2 +Bx+ 1)(x-2)+ C(x+ 1)
(correct clearing of fractions and genuine attempt to find coefficients)

ml
A=1,C=3,B=-2 (2 correct coefficients) Al
(third coefficient, f.t. one slip in enumeration of other 2 coefficients)

Al

® f¥=-_1 +_2 —_6 (o.e.)
@+’ (=27 (-2)
(f.t. candidate’s values for 4, B, C)
(at least one of the first two terms) B1
(third term) Bl

10 =" (c.a.0) Bl

3p°dy—8x—3xdy—3y=0 (3)? dy — 8x] Bl
dx dx l dx

[~ 3xdy— 3y Bl
[ dx )

Either dy=3y+8x ordy=1 (o.e.) (c.a.0.) Bl

dv 3y -3x drx 3

Equation of tangent: y—(-3)= 1(x—2)
3 (f.t. candidate’s value for dy ] BI
L dx J



(a) 4(1-2sin’0)=1-2sin 6. (correct use of cos26 =1 —2sin’4) M1

An attempt to collect terms, form and solve quadratic equation
in sin @, either by using the quadratic formula or by getting the
expression into the form (a sin € + b)(c sin 8 + d),

with a x ¢ = candidate’s coefficient of sin®6

and b x d = candidate’s constant

8sin’0 —2sin@—3=0= (4sin @ —3)2sin @+ 1)=0

=>sinf=3, sinfd=-1 (c.a.0.)
4 2

0 =48-59°, 131-41°

6 =210°,330°

branch, ignore roots outside range.

sin @ = +, —, f.t. for 3 marks, sin @ =—, —, f.t. for 2 marks

sin @ = +, +, f.t. for 1 mark

() () R=17

ml

Al

B1

B1 Bl
Note: Subtract 1 mark for each additional root in range for each

B1

Correctly expanding sin (x + &) and using either 17 cos & = 8

or 17sina =15 o0r tan o = 15 to find «

8
(f't. candidate’s value for R) M1
a=61-93° (c.a.0) Al
(i1) sin(x + o) =11 (f:t. candidate’s value for R) Bl
17

x +61-:93° =40-32°, 139-68°, 400-32°,
(at least one value on R.H.S.,

f.t. candidate’s values for ¢ and R) BI

x=77-75°338-39° (c.a.0.) Bl
(111)  Greatest possible value for £ is 17 since greatest possible value
forsinis 1 (f:t. candidate’s value for R) El

VolumeZﬂ?f\/eri]zdx
JU

[Vx+ 5 1%= [x+10+25)
L W) L x )

B1

Bl

”ax+b+ddx=a_x2+bx+clnx, where ¢ # 0 and at least one of @, b # 0

JL xJ 2

Bl

Correct substitution of correct limits in candidate’s integrated expression M1

of form ax’ + bx + ¢ Inx, where ¢ # 0 and at least one of a, b # 0
2
Volume = 65(-0059. . .) (c.a.0.)

Al



] Bl

X x+ X [(1-x
L 3] 6 24 L 6]
(2] Bl
24 )
|x|<3or-3<x<3 Bl
fmw 2 1+ 1 (f't. candidate’s coefficients) B1
L15) 30 600
V15 ~ 581 (c.2.0.) Bl
150
(a) candidate’s x-derivative = 2¢
candidate’s y-derivative = 2 (at least one term correct)
and use of
dy = candidate’s y-derivative Ml
dx candidate’s x-derivative
dv=1 (o.e.) (c.a.0.) Al
dx ¢
Use of grad,oma * gradsngen: = —1 ml
Equation of normal at P: y—2p=—p(x - )
(f't. candidate’s expression for dy) ml
dx
y+px=p +2p (convincing) (c.a.0.) Al
(b) (1) Substituting x =9, y = 6 in equation of normal M1
p3 -Tp—6=0 (convincing) Al
(11) A correct method for solving p* — 7p — 6 =0 M1
p=-1 Al
p=-2 Al

P is either (1, —2) or (4, —4) (c.a.0.) Al



(a)

()

(a)

()

(©)

u=x=du=dx (o.e.) B1

dv=e "dx=>v=—1le * (o.e) B1
2

(xe Pdr=xx—-1le ¥ — [—le ®dx Ml

J 2 J 2

(xe dr=—xe ¥ —1le ¥+c (c.a.0.) Al

J 2 4

[ 1 dx= (k& du (k="/5 or 3) M1

.)x(1+31nx) Ju

(¢ du=alnu Bl

Ju

e 4 e

[ 1 dxzk[lnu]l or k[In(1+3Inx)] Bl

1

1Jx(1 +31nx)

¢

1 dx= 0-4621 (ca.0) Al
i}x(l + 31nx)

dv=—kv? (where k > 0) Bl
dt
(dv=—(kdt (0..) Ml
Jvi )
—V  =—kt+c Al
2
c=—_1_ (c.a.0.) Al
7200
Vri=_3600 = 3600 (convincing)
7200kt + 1 at+1
where a = 7200k Al
Substituting # =2 and ¥ = 50 in expression for V> M1
a=022 Al
Substituting ¥ =27 in expression for ¥* with candidate’s value for a
M1

t=17-9 (ca.0) Al



9. (a) An attempt to evaluate a.b M1
Correct evaluation of a.b and a.b # 0 = a and b not perpendicular Al

(b) (1) AB =2i+j +2k B1

(i) Useofa+ AAB,a+ A(b—-a),b+ AABorb + A(b —a) to find

vector equation of AB Ml
r=4i+j—-o6k+AQi+j+2k) (o.e.)

(f't. if candidate uses his/her expression for AB) Al

(c) 4+24=2-2u

l+A=6+u
—6+2A=p+3u (o.e.)
(comparing coefficients, at least one equation correct) M1
(at least two equations correct) Al
Solving the first two of the equations simultaneously ml
(f.t. for all 3 marks if candidate uses his/her expression for AB)
A=2, u=-3 (0.e.) (c.a.0.) Al

p =7 from third equation
(f't. candidates derived values for A and 1) Al

10. o> =5b"= (5k)* =5b> = b* =5k’ Bl
-, 5 is a factor of b* and hence 5 is a factor of b B1
.. a and b have a common factor, which is a contradiction to the original
assumption B1



FP1

Ques Solution Mark Notes
1 n n M 1
S, = Zr3 —Zr
r=1 r=1
2 2
_n(n+])” n(@n+]) A1A1
4 2
_ n(n—1)(n+1)(n+2)
4 Al
2(a) (1+2i)° =1+4i +4i° M1 Award for 3 reasonable terms.
= —3+4i Al
_ (3+4D)(2-1) M1
2+1)(2-1)
_ —6+8i+3i— 4i* A1A1 | Al numerator, Al denominator
5 FT 1 arithmetic slip from line 2
=22 04008 a0 | AL
(b)
r=+5 (2.24) Bl FT on line above for r.
tan'(=5.5) =—1.39 (—79.6°) or B1 FT on line above for this B1
tan'(5.5) =1.39 (79.6°)
0 =1.75 (100.3°) B1 FT only if in 2" or 3™ quad
3(a 1
() a+[)’:—5,aﬂ:1 Bl
2 2 3 3
a B _a+h M1
B a ap
_ (@+p) -3ap@+p)
- af M1A1l
_(=1/2) =3x1x(=1/2)
B 1 Al
= E
8
b
(b) Consider
2 2
B apan M1A1
f «
The required equation is
11 B1

x’ —§x+1:0 (8x” —11x+8 =0) cao




4(a)(i) -13 9 1
Cofactor matrix = | —18 13 1 M1 | Award M1 if at least 5 cofactors
Al are correct.
14 -10 -1
-13 —-18 14
Adjugate matrix =| 9 13 -10
e { { ! Al No FT on cofactor matrix.
(i) Determinant = 3(7 — 20) +4(16 — 7) +2(5 — 4) M1
=_1 Al
13 18 —14]
Inverse matrix = | -9 —-13 10 Al FT the adjugate
-1 -1 1|
x| [13 18 -14]1
(b) M1
yv|=[-9 —-13 10 || 7
z| |- -1 1 |10
-1
=10 Al FT their inverse matrix.
| 2
5(a) | By reduction to echelon form, M1
1 2 3 |[x 2
0 - 1 - 5 yI|= - 1 Al
0 -2 -10|z k-6 Al
It follows now that k — 6 = — 2 M1
k=4 Al
Putz=a M1
b .
(b) Then y = 1- 5a Al
And x = Ta Al
6 Putting n = 1, the expression gives 3 which is
divisible by 3 so the result is true for n =1 Bl
Assume that the formula is true for n = £. M1 | Award this M1 only if it is
(kK + 2k is divisible by 3 or k° + 2k =3N)). clearly stated that this is an
Consider (forn=Fk + 1) assumption
k+1)7° +2(k+1
( \ ) ) ( ) M1 | Do not award the second M1 if
=k +3k"+3k+1+2k+2 ALl | this is stated as an assumption
= 3N =2k +3k* +3k +1+2k +2 A1l | but the three Als may be
=3(N+k*+k+1) A1 | awarded if either of the M1s is

(This is divisible by 3), therefore true for n =k =
true for n = k + 1 and since true for n = 1, the
result is proved by induction.

Al

awarded
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8(a) | Taking logs,
In f(x)=xInx Bl
Differentiating,
! B1 for LHS, B1 for RHS
f(x)=lner1 B1B1
f(x)
f'(x) = x*(Inx+1) Bl
(b) At a stationary point, f'(x)=0 M1
Inx=-1 Al
1 1 /e
x=—;y= (—j (0.368, 0.692) Al
e e
© Differentiating the expression in (a),
£70x) = x*(In x4+ 1)(In x4 1)+ x* x B1B1 B cach term
X
= x+x"(1+Inx)’
f"(1/e)=1.88 B1 | Accept ‘Since the first term is
Since this is positive it is a minimum. B1 | positive and the second term
zero, it is a minimum’
FT the final B1 on the line above
M1
(@) X+1iy =——
u+iv
_ u-iv Al
u’ +v?
o
u +v?
v
= Al
I
(b)(i) We are given that
v mu M1
— = +1
w+vi o out 4+’
—v=mu+u’+v’ Al
w+vi+mu+v=0 Al
- (This is the equation of a circle).
(i) Completing the square or quoting the standard M1 FT on their circle equation
results,
Radius =%\/m2 +1 Al
Centre | — l m,—l Al
2 2
(iii) __1
Y 2 Al Accept y = —%




FP2

Ques Solution Mark Notes
1 Puttingx=2,4a-8=8-2b M1Al
The two derivatives are 2ax and 3x* —b M1
Putting x =2, 4a =12 — b Al
Solving,
a=2,b=4 cao Al
2 u=e¢"' =du=c"dr, Bl
(0,11 >[I, €] Bl
¢ dulu
I= M1
-!u+4/u
_ j du
1u2 +4 Al
2 2’|
= 0.236 Al
3
Put ¢ =tan(x/2)
3x2t
e ! M1
tt*=5)=0 Al
t =0 giving x/2 = nt — x =2nn (360n°) M1A1
t =~/5 giving x/2 =1.15026..+ nx M1
s x=2.30 + 27 (360n° + 132°) |\A/|11

t =—/5 giving x/2 =-1.15026..+ nx
— x =—2.30 + 257 (360r° — 132°)

Al




4(a)

Let
3 —4x+1l _ A4 Bx+C
(x=2)(x*+1) x-2 x*+1

_A(x2+1)+(Bx+C)(x—2) M1
(x=2)(x* +1)
x=2gives 4 =1 Al
Coeff of x*gives4+B=3,B=2 Al
Const term gives 4 —2C=1,C=0 Al
(b) 4 4 45
x)dx = dx + dx M1
L
= [in(x =2 + [in(x* + )} A1AL
=In2 —Inl + In17 — In10 Al
34 17
=In| — | or In| —
[wj ( 5 j Al
5(@) | Consider f(—x)=(—x)sin(—x) M1 | Accept a specific value for x.
= —x’sinx =—f(x) ﬁi
fis therefore odd.
(b) sin x is odd and x" is even if 7 is even and odd if M1 | For a valid attempt.
nisodd. si Accept a specific value for x.
So g is even if n is odd Al
and g is odd when 7 is even. Al




6(a)

(b)

(©)

(d)

Putting x = 0 gives (0, — 20/3)
Putting y =0,
2 =6—x
x—3
(x—=3)(6—-x)=2
x> =9x+20=0
giving (4,0) ; (5,0) cao

Differentiating,
2

(x-3)
(x=3)"=2
x=3+2(4.41),y =242 —3(-0.172)
x=3-12(1.59), y = -3-2/2)(-5.83)
The asymptotes are
x=3
y=x-06

+1=0

Bl
M1

Al

Al
Al

M1
Al

Al

Al
Al

Bl
Bl

Gl

Gl

Award A1AO for the 2 x values
only.

General shape of both branches.

Correct shape including
asymptotic behaviour.




7(a)(i) | Completing the square, M1
(v—1> =8x—-24 Al
The vertex is therefore (3,1) Al | FT on | arithmetic slip
(1) | In the usual notation, @ =2 si Bl
The focus is (5,1) B1
(1) | The equation of the directrix is x = 1 B1
(b)(7) Substituting y = mx, M1
. m*x* —2mx—8x+25=0 Al
(i) For coincident roots, M1
(2m+8)* =100m’ Al
3m* —m—2=0 Al
Solving using a valid method,
m=1,-2/3 M1
’ Al
8(a) | The result is true for n = 1 since it gives
(cos@ +isin@)' =cos10 +isin10 Bl
Let the result be true for n = £, ie M1
(cos@ +isin@)* =cos k@ +isinkb
Consider
(cos@+isin@)*"' =(cos@+isin@)* (cos@+isind) | M1
=(cosk@+1sinkB)(cos @ +1sinb) Al
cosk@cosd —sinkBsin O
+i(sin kO cos O + cos kOsin ) Al
= cos(k + 1)@ +isin(k +1)60 Al
True for n = k = true for n = k+ 1 and since true Al
for n =1 the result is proved by induction.
0 Consider N 3
(W(cos27z /3 +isin27/3) M1
=w'(cos 2z +isin27) Al
=zx1=z Al
Showing that (w(cos27z/3 +isin27/3)) is a cube
root of z.
(1) The real cube root of — 8 is — 2. Bl
The other cube roots are
—2(cos 27 /3 +isin2/3) = 1—/3i M1A1
—2(cosdr/3 +isind3) =1+ /3i Al




FP3

Ques Solution Mark Notes
1 1 L
Ixsinhxdx=[xcoshx] —Icoshxdx MIA1
0 0 0
= coshl —[sinhx], AlAl
' Do not accept an argument
= coshl —sinhl Al which evaluates this as
0.367879... and shows that this
_e+e’ e e is also the numerical value of
2 2 Al 1/e.
= l
e
2(a) | The equation can be rewritten as
sinh? x—sinhx+1—-k=0 MIAI
The condition for no real roots is
1-4(1-k)=4k-3<0 ml
3
k< Z Al
(b)
sinh® x —sinhx—2=0 M1
(sinhx —2)(sinhx+1) =0
sinhx =2 Al
x=sinh™ 2 =In(2++/5) Al
3 Let f(x)=tan"'x
ju Bl
= 1 = —
p=f1 1
' 1 , 1
f'(xX)=—=:9=(D=— MIALI
1+x 2
VA0S P S A O N S § VIVN
(1+x%) 2 4
" 21+ x°)* +2(1+ x°).4x° JAOR!
X)= ; = = —
f"(x) L+ 20) =T T 12| MlAl




4(a)

(b)

Consider
y=rsind
= 2sinHcos O —sin’ @
% =2co0s’@—2sin* @ —2sinHcosH

= 2c0s260 —sin20

The tangent is parallel to the initial line where
2c0s26 =sin26
tan26 =2
0=0.554,r=1.18

The curves intersect where
2cosf—sinf =1+sinf
2cos@—2sinf =1

EITHER

Putting ¢ = tan(6/2)
2(1-1%) 4¢
2 2= 1
1+1¢ 1+1¢
3t +4t—-1=0
—4+28

tan(a/z)szg (0.21525..)

0=0.424,r =1.41

OR
Putting
2cos@ —2sinf =rcos(f+ )

a=Tmn/4

r=2J2
cos(0+7/4)=

‘ -

i~y

2
0=0.424,r =1.41

Ml

Al

Al
Ml

Al
Al

Ml

Al

Ml

Al
Al

Al

Al

Ml

Al

Al

Al
Al

Accept 31.7°

Accept 24.3°

Accept 24.3°




Putting ¢ = tan(x/2) gives dx = 12dtt2 Bl
+
(0,7/2) — (0,1) Bl
0 2de/1+1%)
= j - . M1
0 4d=17)/(A+17)+3
1
Al
=2x |\/_+t| tanh (Lj 1
‘\/__t‘ 7)1 Al
Al
1
—| tanh™ tanh_l(O)j
f( H
~0.301 Al
6(a /2
@ 1,=lo7sin6} " —n [0 'sineao MIAI
0
P n /2
= (5) —n [0"sinado Al
0
=(§j +[nt9”_1 cost9];'/2 —n(n-1I,_, MIAI
7Z_ n
NG —
(b)(i)
I, = J.cosedﬁ [sino]> =1 Bl
0
e 4
I, :(Ej ~121, Ml
7 7Y
=) |
2 2
=0.479 Al
w2
(b)(ii) IHS sin@&l@ = —[95 cos@]g +5 IH“ cosédf | MI1AI
=51,=24 Al FT their answer from (b)(i)




7(a)

The Newton-Raphson iteration is

=y _ (x, —2tanhx,) MIAI
mh T (1-2sech’x,)
_ X, - 2x,sech’x, —x, +2tanhx, Al
1-2sech’x,
_ —2x,+2sinhx, coshx,
cosh’x, —2 Al
_ sinh2x, —2x,
(b) cosh’x, —2 Al
Xy =2
x, =1.916216399
x, =1.915008327 Bl
Rounding to three decimal places gives 1.915 Bl
Let flx) =x — 2tanhx
£1.9155) = 4.1x10™ Ml
f(1.9145)= —42x10™ '
The change of sign shows o= 1.915 correct 3dp Al | The values are required
8(a) | The curve cuts the x-axis where x=cosh™'2 =« Bl | Seen or implied
dy .
— =—sinhx
dx B1
d 2
1+(—yj =1+sinh® x = cosh® x Bl
dx
Arc length = I 1+ (d—yT dx Ml
dx
= j cosh xdx Al
= [sinhxJ, Al
=23 (3.46) cao Al
_ dyY’
(b) | Curved surface area = 27rj v |1+ i dx Ml
=2 J.(2 — cosh x)cosh xdx Al
= 47rjcoshxdx—7rj(cosh2x+l) Al
= 7[[4 sinh x — %sinh 2x - x} A2 Minus 1 each error
= 27[(4\/3 —2+/3 —cosh™ 2) Al

=13.5

Al
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