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1. (a) Show that
1 _ 1 3 1
F+DF+2)F+3) 200+ D(r+2) 2(r+2)7 +3)
(2)
(b) Hence, or otherwise, find
n
Do
o (r+D(r+2)(r+3)
giving your answer as a single fraction in its simplest form.
“)
|\ J
2
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Question Scheme Marks
Number
1 B 1
2(r+0)(r+2) 2(r+2)(r+3) )
1.(a) Attempt common denominator M1
B r+3—-(r+1)
2(r+)(r+2)(r+3)
B 2
2r+)(r+2)(r+3
( ) 1 X ) Correct proof Al
T (r+D(r+2)(r+3)
2
1 ! ( 1 } ! ( 11 ]
r+0)(r+2)(r+3) r+2( (r+1)(r+3)) r+2(2(r+1) 2(r+3 M1
@wayz| DA (r+1)(r+3) (r+1) 2(r+3)
1 B 1
2(r+D(r+2) 2(r+2)(r+3) Al
M1: Factor of 5 and attempt partial fractions
r+
Al: Correct proof
Other methods: Complete method scores M1
All work correct inc final answer reached Al
= (T (r+ 2)(r + 3) Attempt at least the first pair and the
) St 1 last pair of terms as shown. M1
12 24
1 1 Must start at 1 and end at n
+ —_
2n+Y(n+2) 2(n+2)(n+3)
_ i _ 1 Identifies that the first and last terms M1
12 2(n+2)(n+3) do not cancel.
n*+5n+6-6 . .
P ——— Correctly combined fractions Al
12(n+2)(n+3)
_ n’+5n n(n+5) *| Allow either form
= r . .
12(n+2)(n+3)  12(n+2)(n+3) isw attempts to multiply out the Al
denominatot
(4)
Total 6
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2. Use algebra to find the set of values of x for which
<x+2
x=3"
(7
\_ J
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Question Scheme Marks
Number

2. b xi2
X—3
Way 1
i_ X+2= x+2—i20
X—3 X—3
6 (x+3)(x-4) Attempt to combine fractions and
X+2- X — =0= X—3 z factorise the numerator M1
Xx=-3, x=4 Correct critical values Al, Al
X>4 Follow through their 4 Alft
X=3 Identifies 3 as a critical value Bl
3 M1: Attempt inside region
3<x<3 Al: Correct inequality MIAL
()
Way 2
2
6(x-3)<(x+2)(x-3) Multiplies both sides by (x-3)’ -
= (x-3)(4-x)(x+3)=0 and attempt to factorise
x=-3, x=4 Correct critical values Al, Al
X=>4 Follow through their 4 Alft
X=3 Identifies 3 as a critical value Bl
B M1: Attempt inside region
3<x<3 Al: Correct inequality MIAL
(7)
Way 3
x—3>0=6<(x+2)(x-3) Multiplies both sides by (x—3)
- (x—4)(x+3) >0 and attempt to factorise M1
- Must state x—3>0
=4 Correct critical values Al
X=>4 Follow through their 4 Alft
=3 Identifies 3 as a critical value Bl
(x 3<0): >(x+2)(x-3)
X =-3 Correct critical value Al
(x+2)(x 3) 6= (x 4)(x+3) 0 | M1: Attempt inside region
] . . M1Al
—~_-3<x<3 Al: Correct inequality
(7)
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3. Solve the equation
25 =16-16i/3
giving your answers in the form re'’ where 6 is in terms of 7 and 0 < 6 < 2.
)
J
6
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QNL:J?YS]E(;? Scheme Marks
3.
1
r’ =4/16" + (16\/5)2 =32=r=32° (= 2) Correct value for r B1
5x 57 T
arg(16—16ix/§) =— Allow —O0r —— B1
3 3 3
57
— |(+2n7,n=1,2,3,4
117 17n 23n 29« 3
59 = H 1] H . Ml
3 3 3 3 At least 2 values which must
be positive. May be implied by
correct final answers.
Py Uzj Uzxj 23z 2z T . Bl Al(ll 4
z=2e°,2e* ,2e* ,2e* ,2e" 2 or 325, e¥ or ¢ s
©)
Total 5
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4. A transformation from the z-plane to the w-plane is given by
z
w = s z # -3
z+3
Under this transformation, the circle |z| = 2 in the z-plane is mapped onto a circle C in the
w-plane.
Determine the centre and the radius of the circle C.
)
\_ J
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Question
Number

Scheme

Marks

4

z

z+3

M1: Attempt to make z the subject

Al: Correct expression for z

M1A1l

M1: Uses |z = 2to obtain an equation

in u and v Pythagoras must be used
correctly. No i seen

Al: Any correct equation in u and v
Isw attempts to simplify

M1A1l

Rearrange to a suitable form for a circle
and attempt centre and/or radius.
-16/25 (from completing the square)
may be omitted.

May be implied by centre and radius
correct for their previous equation

M1

Centre (—f, Oj
5

oe

Al

Radius 9
5

oe

Al

()

Total 7
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5. d2 d
—J; x40 y=0
dx dx
(a) Show that
d'y 2, 4y
— =(ax" +b)—
dx* ( ) X’
where a and b are constants to be found.
)
. dy
Giventhaty=1and — =3 atx =0
dx
(b) find a series solution for y in ascending powers of x up to and including the term in x*
)
(c) use your series to estimate the value of y at x = —0.2, giving your answer to four
decimal places.
(2)
. J
12
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Question
Number

Scheme

Marks

5

dZ
dx? dx

——2xﬂ+2y=0

(@)

ym _ 2y! _ 2Xyn + 2y!(: 0) ( ym — 2qu)

M1: Attempt to differentiate
including use of the product rule

d
on 2x—y

dx
Equation may have been re-
written as y" = ... before

differentiating

Al: Correct differentiation

M1A1l

yN” _ 2yN _ 2Xy'” _ 2yN + 2y”(: 0)

M1: Second use of product rule.
Dependent on first M1.

Al: Correct differentiation
NB A simpler form is obtained
if y"—2xy"=0 is used.

dM1Al

yHH — 2Xy/!!+ 2yN

=2x(2xy")+2y" =(4x* +2)y"

Cao and cso

Al

©)

(b)

Yo=-2, ¥y =0 yy=—4

Bl: y, =-2

M1: Attempts Yy and yy'

Al: All correct and obtained from
correct expressions

B1, M1A1

4

(y=)1+3x-x* —%

M1: Correct use of Maclaurin
series

AL: Fully correct expansion.

M1Al

(©)

(©)

(-0.2)"

(y=)1+3(-0.2) - (-0.2) - :

Use of the correct Maclaurin
series and substitution of

x=-0.2

M1

(y =) 0.3597

Allow awrt

Al

@)

Total 12
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6.
d
x—y+(l—2x)y=x, x>0
dx
Find the general solution of the differential equation, giving your answer in the form
y = f(x).
)
\_ J
16
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Question
Number

Scheme

Marks

6.

dy
X—+ (1-2x)y =X
dx

dy (1-2x)

dx X =D

Divides by x - may be implied
by subsequent working

M1

I@dx
Integrating factor | = €

Correct attempt at I, including
an attempt at the integration.
In must be seen if not fully
correct.

dM1

Correct expression

Al

No errors in working allowed

Al

Multiply through by their IF and
integrate LHS. Can be given if
y X their IF is seen

M1

MZ1: Correct application by parts
ie differentiate x and attempt to

integrate e >

Al: Correct expression

M1A1l

Al: Complete the integration to
a correct result. Constant not
required.

Al

Oe Must havey = ...
Must include a constant. ft their
previous line

Alft

©)

Total 9
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7. The point P represents a complex number z on an Argand diagram, where
|Z+1| = |2Z—1|
and the point Q represents a complex number w on the Argand diagram, where
|w| = |w -1+ i|
Find the exact coordinates of the points where the locus of P intersects the locus of Q.
)
J

— L Y R DR
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%Lfmg? Scheme Marks
7 Pilz+1]=1]2z-1]

z=x+iy:>|x+iy+1|=|2(x+iy)—1|

MZ1: Correct use of Pythagoras
(x+1)2+y2 :(2x—1)2+(2y)2 : M1A1
Al: Any correct equation

Q:ilw|=|w-1+i

W= X+iy = [X+iy| =[x +iy —1+i]

M1: Correct use of Pythagoras.
, , Allow with u and v instead of x
x*+y?=(x-1) +(y+1) (= y=x-1) [andy M1A1
Al: Any correct equation Must
have x and y now.

Alternative — M1: identifies perpendicular bisector of (0, 0) and (1, -1)

Al:y=x-1

, , Attempt to solve simultaneously

(x-1)"+(x-1)" =lor y*+y* =1 tie obtain an equation in one M1
variable and gettox=... ory=...
x1+11 lory L 1 Both (oe) Al
=l+—=1-— =—=,"= oth (oe

2T 2 2" 2

1 1 1 1 Both (oe) Pairs must be clearly
(l+—,—J and (1——,——j identifiable but coordinate Al

2 N2 2 2 brackets not needed.

(1)
Total 7
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8. (a) Show that the substitution x = e’ transforms the differential equation
d’y . dy
2
X —=+5x—+13y =0, x>0 1
dx’ dx 4 M
into the differential equation
d’ d
X a3y =0
dr dr
(7
(b) Hence find the general solution of the differential equation (I).
)
\§ J

— L R T R
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Question Scheme Marks
Number

8. X =g
@ dy _dy dt Attempt to use an appropriate ML
dx dt dx version of the chain rule
dy dy 1 ( 1dy j
——=—=X—|=—— Oe Al
dx dt e'\ xdt
2 2 M1: Use of the product rule
d_g = _izd_y’ ld_gﬂ (penalise chain rule errors by loss of
dx x“dt x dt® dx A mark or marks) ML AL Al
dy  1dy 1d%y dt 1 ’
or —=—-———, Note t=Inx=>—==
a2 x2dt’ X dt? dx X
q? d M1: Substitutes their first and
X2 32/ +5x—= y +13y =0 second derivatives into the given
dx dx differential equation
Depends on both M marks above
N (%—3—1’} +5x )1( (;y +13y=0 ddM1AL
d?y dy Al: Correct completion to printed
= —+4—+13y=0* answer
dt dt
)
m’+4m+13=0 A ve th i
ttempt to solve the auxiliary
(b) =(m :)_4J—r— V16 -52 equation M1
2
: Correct roots
=)— +
(m=)-2+3i May be implied by a correct GS Al
y=e*(Acos3t+Bsin3t)
(—2+3it (2-3i)t Correct GS Al
or y= Ae! +Bel
t=Inx Bl
_ Acos(3Inx)+Bsin(3Inx)
B X Al
or y _ Ae (-2+3i)Inx + Be (-2-3i)Inx
©)
Total 12
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Figure 1

Figure 1 shows the curve C, with polar equation r=2asin26, 0 < 6 <

., . . >
Initial line

f’ and the
2

circle C, with polar equation r = a, 0 < 6 < 2z, where a is a positive constant.

(a) Find, in terms of a, the polar coordinates of the points where the curve C| meets the

circle C,

(&)

The regions enclosed by the curve C, and the circle C, overlap and the common region R

is shaded in Figure 1.

1
(b) Find the area of the shaded region R, giving your answer in the form Eaz ( pr+ Q\/g ) ,

where p and ¢ are integers to be found.

)

Leave )
blank
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Question
Number

Scheme

Marks

9.

(@)

a=2asin20:>sin29=%:>26’=...

C, = C, and attempt to solve for 26

M1

Y/4

sin2¢9:£:>26’:£,—
2 6 6

20 = zOr%[or both Decimals

allowed (min 3 sf).

Al

+5) (+3)

Both points

. 5
Can be written r=a, 9:1 7

12712
Decimals allowed (min 3 sf).

Al

@)

(b)

1 , =z
—xa“x— oe
2 3

Correct expression for the sector

Bl

%jr2d9=%j(2asin 20) o

Use of correct formula Limits not
needed (ignore any shown)

M1

cos40 =1-2sin’ 26

=sin® 260 = %(1— cos46)

+1+
Uses sin® 260 = *1*cos4d

M1

I(l—cos46’)d6’ = 6’—%sin 40

Correct integration Limits not
needed (ignore any shown)

Al

| =a® {6’—%sin 49}12

0

=a’ {(%—%sin 4%] —(0)}

An attempt to find one or both of
the regions either side of the sector.

. . V4 Y
ie uses limits 0,— and/or —,—

12°2°
limits to be substituted and
subtracted (if non-zero after
substitution). Limits to be used the
correct way round. If two integrals
seen award mark if either correct.
Both previous method marks must
have been scored.

ddm1

Correct strategy for the complete
area (sector + 2I). All areas must be
positive.

M1

If decimals seen anywhere (either
in rt 3 or the limits) this mark is
lost.

Al

)

Total 10




