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1. Use algebra to find the set of values of x for which

1 2
>_
x—2 x
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Question
Number

Scheme Notes

Marks

1

1 2
—>_
X—2 X

1 2 > 4-X N Collect to one side and attempt common
X—2 X X(x—2) denominator of x(x — 2)

Xx=0, 2,

I

B1 for 0 and 2, Al for 4

||—\
Ik

g
—

Xx<0, 2<x<4
For their critical values «, f and y in ascending order, attempts X <a and f<Xx<y

condoning the use of a mixture of open or closed inequalities
or
Forone of x<0 or 2<x< 4 condoning the use of a mixture of open or closed

inequalities

x<0, 2<x<4 ﬁorregt inequalri]ti_es_. Ignorle_ \_Nhat the)llI
ave between their inequalities e.g. allow
( w’o) Or [_wlo)i (2! 4) “Or”’ “and”, G"” etC_ but not m

Al

()

Total 5

Alternative 1: xx? (x— 2)2

x*(x—2)> 2x(x—2)2

xz(x—2)—2x(x—2)2 >0

xx? (X — 2)2 and attempt to factorise by
taking out a factor of x(x — 2)

x=0, 2, 4 B1 for 0 and 2, Al for 4

=
=

Notes:
—x* +6x* —8x >0 with no other working is MO
—x*+6x*-8x>0=>x=0, 2 is M1B1
—x*+6x>—8x>0=>x=0, 2, 4 is M1B1A1

X<0, 2<x<4
For their critical values «, f and v in ascending order, attempts X <a and <X <y

condoning the use of a mixture of open or closed inequalities
or
Forone of x<0 or 2<x< 4 condoning the use of a mixture of open or closed

inequalities

x<0, 2<x<4 E:orret():t inequalri]ti_es_. Ignor;e_ \_Nhat the;I/I
ave between their inequalities e.g. allow
( OO’O) or [_OO’O)’ (2’ 4) “or”, “and”, “,” etc. but not N

Al
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Alternative 2 : Considers regions

Case 1
x<0:>x—2<0,x<0:>x(x—2)>0

= X>2(x—2)=x<0

Case 2
O<x<2:>x—2<0,x>0:>x(x—2)<0

= X< 2(x—2) = X >4 = Contradiction

Case 3
x>2:>x—2>0,x>0:>x(x—2)>0

= X>2(X—2)= x<4= 2 < x<4Contradiction

M1: Considers 3 regions as above
B1l: x =0 and 2 seen as critical values
Al: x =4 seen as a critical value

Xx<0, 2<x<4

For their critical values «, f and y in ascending order, attempts X <a and f<x <y
condoning the use of a mixture of open or closed inequalities

or

Forone of x<0 or 2<x< 4 condoning the use of a mixture of open or closed

inequalities

M1

x<0, 2<x<4 Correct inequalities. Ignore what they

(_OO'O) or [_OOO) (2’ 4) have between their inequalities e.g. allow | Al

“or”, “and”, «“,” etc. but not N
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2. (a) Find the general solution of the differential equation
dy
2
X +1l)=+xy—-x=0
(1)
giving your answer in the form y = f(x).
(6)
(b) Find the particular solution for which y =2 when x =3
2
J
4
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Number Scheme Notes Marks
2(a) 2 dy
X“+1)—+xy—x=0
(¢ +2) 3 +x
dy Xy X B1
— 4 —
dx (1+ Xz) (1+ Xz) Correct form.
X dx n(1+x? .
M1: | :ejhxz = ") where k is a
§ constant. (Condone missing brackets
J.—de _ %In(1+x2) 2\3 2 4
| —e'¢ =g :(1+x ) around the x* + 1) M1A1
Al: Correct integrating factor of
(1+ X )5
y (1 N Xz)? _ J‘ X _dx Uses their integration factor to reach M1
(1+ X2)2 the form vyl =.[Qldx
=(1+x? )% (+c) Correct integration (+ ¢ not needed) | Al
ro(1ax? -4 Cao with the constant correctly placed. Al
y=1i+ C( +X ) o€ (The “y =" must appear at some point)
(6)
Way 2 Alternative by separation of variables:
Id—y =I X dx Separates variables correctly Bl
1-y Jx*+1
ML: j X dx=kin(x* +1) where k
X“+1
X 1 2 is a constant. (Condone missing
sz 1 dx = —In(x +1) brackets around the x> + 1) MIAL
Al: Correct integration %In (x*+1)
dy
I— =kIn(1-vy) ore.g.
dy (- 1-y
y- " (1-y) ; M1
y I Y _xin(y-1)
-1
—In(1-y)= % In (x2 +1)(+c) Fully correct integration Al
y=1+c(1+x* )_% oe Cao and isw if necessary. Al
(6)
(b) B 2\-% B Substitutes x =3 and y = 2 and
2_1+C(l+3 ) —C=. attempts to find a value for c. M1
-4 Cao. (“y =" not needed for this mark)
N 2
(y _)1+‘/1_0(1+ X ) o€ and apply isw if necessary. Al
(2)
Total 8
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3. :
2d—J2} + Y_ xy =1
dx*  dx
(a) Show that
4 2 3
d—{zl ad—y+bxd—);+cd—)3}
dx dx dx dx
where a, b and c are constants to be found.
(C))
. dy
Given that y =1 and i =1 whenx=2
(b) find a series solution for y in ascending powers of (x — 2), up to and including the term
in (x — 2)*. Write each term in its simplest form.
(C))
(c) Use the solution to part (b) to find an approximate value for y when x = 2.1, giving
your answer to 3 decimal places.
(2)
\§ J
8
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Marks

()

3 2
2d y+d y

o e Vo

dx?

3 2
Bl:2d—)3/+d—¥
dx®  dx

terms if they rearrange the given equation.

or equivalent correct

M1: Attempt product rule on xy. Allow

. d
sign errors only so need to see x4 y

dx

B1M1

4 3 2
Ay dy Ay dy Ay
dx® dx dx® dx dx

Differentiates again to obtain an
expression that contains the fourth

derivative including product rule on xg—y
X

2
to give ixd—Zid—y.
dx® dx

(Allow terms to be “listed”)

M1

dy

4
d_yzl[z
dx

d’y d’y
20 %dx T ae ad

dx?  dx®

If the “1” is not dealt with correctly e.g. if
it “disappears” at the wrong time, this
mark should be withheld.

Al

(4)

(b)

" n " 3
y'(2)=1 y"(2)=1y (2)=§

ML Attempt y"(2), y"(2) and y"'(2)

Al: Correct values

M1Al

y=Ff(2)+(x-2)f"(2)+

(x—2)2f”(2)+ (x=2)°"(2) . (x=2)"£"(2)
21

3! 41

Attempt correct Taylor expansion with their values. Allow the terms to be “listed”
for this mark.

M1

(y:)1+(x—2)+(x_2) +(X_2)

4
(x—2) Correct simplified expression.

2 6

16

Al

(4)

(©)

Substitutes x = 2.1 into an

(0.1 (0.2 N (0.2)"

x=21=y=1+(0.1)+ -

2 6

16 expansion involving (x — 2)

M1

y = 1.105 only
Note this is not awrt.

Cao (Note that this mark must
follow the final Al in (b) i.e.
1.105 must come from a
correct expansion).

Incorrect answer with no
working scores MO0. Correct
answer following a correct
expansion scores M1AL.

Al

)

Total 10
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A complex number z is represented by the point P in an Argand diagram. Given that
lz+i]=1

(a) sketch the locus of P.
2

The transformation 7 from the z-plane to the w-plane is given by

3iz -2
zZ+1

w =

s Z;é_l

(b) Given that 7 maps |z + 1| = 1 to a circle C in the w-plane, find a cartesian equation
of C.

(M

N
Leave

blank
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4(a)
M1: A circle anywhere.
(Im) Al: A circle correctly positioned
with centre —i or -1 marked in the
> correct place or (0, -1) or (-1, 0) or
iy (Re) (0, -i) or (=i, 0) marked in the M1AL
correct place and passing through
(0, 0). The centre may be indicated
away from the sketch but the sketch
takes precedence. Ignore any
shading.
(2)
(b) 3iz-2
W=
Way 1 Z+ i
S V\{I +2 M1: Attempt to make z the subject M1AL
3i—w Al: Correct rearrangement oe
z+i=V\{'+2+i=WI+2__3_WI Applies z + i and finds common M1
3i—w 3i—w denominator
Wi+ 23 wil M1: Sets |z +i|=1
3i—w | =1 Al: Correct equation, simplified or M1Al
unsimplified
2—V+ui—ui—(3-v
Note if they work with w = u + iv they should reach ( ) =1*
—U+(3-V)i
‘—__1 =1=|w-3i|=1=|u+iv-3i|=1
3i—-w
=u’ +(3—v)2 =1 or equivalent e.g. u? +(v—3)2 =L u*+v?-6v+9=1 AMIAL
dM1: Introduces u and v or x and y (may occur earlier *) and uses Pythagoras
correctly to find a Cartesian form
This mark is dependent on all the previous method marks
Al: Correct equation (allow u, v or x, y or a, b)
()

In part (b) apply the scheme that is most beneficial to the candidate.
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Way 2

M1: Attempt to make z the subject

Wi+ 2
Z_

3i-w Al: Correct rearrangement oe

M1Al

L (u+iv)i+2 _ (2—v)+ui _ (2—v)+ui y —u—(3-v)i
Bi—(u+iv) —u+(3-v)i —u+(3-v)i —u—(3-v)i
Introduces u + iv and multiplies numerator and denominator by the complex
conjugate of the denominator

M1

U+(5v—6-u®—v?)i+(u®+v>+9-6v)i —v)i
i ( ) (2 ) _u+(3 v)l2
u?+(3-v) u?+(3-v)
MZ1: Applies z + i and finds a common denominator

Al: Correct expression (simplified or unsimplified) but with no i’s in the
denominator

M1Al

u+(3-v)i

u® + (3—v)2

dM1: Introduces u and v or x and y (may occur earlier *) and uses Pythagoras
correctly to find a Cartesian form which may be unsimplified

This mark is dependent on all the previous method marks
Al: Correct equation (allow u, v or x, y or a, b)

lz+i|=1= =]l=X 2 =1 0e

dM1A1l

()

Way 3

M1: Attempt to make z the subject

Wi+ 2
Z_

C3i-w Al: Correct rearrangement oe

M1A1

_ (u+iv)i+2 _ (2—v)+ui _ (2—v)+ui S —u—(3-v)i
Bi—(u+iv) —u+(3-v)i —u+(3-v)i —u—(3-v)i
Introduces u + iv and multiplies numerator and denominator by the complex
conjugate of the denominator

M1

u+(—u2—v2+5v—6)i u
u? +(3-v)’ _u2+(3—v)2
M1: Obtains x and y in terms of u and v
Al: Correct equations

_u2 +(v—3)2 +v-3
u2+(3—v)2

M1Al

dM1; Uses |z + i| =1 to find an

equation connecting u and v
This mark is dependent on all
the previous method marks

u? +(v—3)°
(u?+(v-3Y)

=1 oe

X +(y+1) =1= -

Al: Correct equation which may
be unsimplified.

dM1A1

()
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Way 4

3iz-2
W= .
Z+ i

- Wi+ 2 M1: Attempt to make z the subject

S 3i-w Al: Correct rearrangement oe

M1Al

i_wi+2+i_wi+2—3—wi Applies z + i and finds common
S 3i-w 3i-w denominator

Z+

M1

-1 u—(v-3)i u—(v-3)i
X =
Bi—u—iv u—(v-3)i u?+(v-3)’
u-(v-3)i
u’ +(v—3)2
M1: Multiplies numerator and denominator by the complex conjugate of the

denominator and sets = 1
Al: Correct equation with no i’s in the denominator

Z+i=

1

M1Al

u’ +(3—v)2
u? +(3-v)’
dM1: Introduces u and v or x and y (may occur earlier *) and uses Pythagoras
correctly to find a Cartesian form which may be unsimplified

This mark is dependent on all the previous method marks
Al: Correct equation (allow u, v or x, y or a, b)

=1 oe

dM1Al

()

Way 5

3iz-2
W= .
Z+i

quiV:3i(x+iy)—2 :(3ix—3y—2)(x—(y+1)i) X%

M1: Substitutes for z and

X+iy +i x2+(y+1)2

Al: Correct expression

M1Al

x+(3(x2+(y+1)2)—y—1)i
x2+(y+1)2

Express rhs in terms of x° +(y+l)2

M1

M1: Use of |z +i|=1

M1Al

2 1) =1=w=x+(2-y)i
Xy D) =1=w=x+(2-y)i ALl w=x+(2-vy)i

uandyv

dM1: Attempts equation connecting

This mark is dependent on all the

x* +(Y+1)2 =l=u’ +(V—3)2 =1 previous method marks

dM1A1

Al: u? +(v—3)2 =1 oe

()
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Way 6 3iz—2 3i(z+i)+1 . 1 M1: Attempt rhs in terms of z + i
w=2-2_ A T MIAL
Z+1 Z+I1 Z+1 Al: Correct rearrangement oe
w—3i=i_ Isolates z + i M1
Z+i
: 1 1 M1: Applies [z+i|=1
z+i| [z+i] Al: Correct equation
dM1: Introduces u and v or x and y
and uses Pythagoras correctly to
_ , ) find a Cartesian form
w=3i|=1=u*+(v-3) =1 This mark is dependent on all the | AMIAL
previous method marks
Al: u? +(v—3)2 =1o0e
(7)
Way 7 L Wi + 2 M1: Attempt to make z the subject MIAL
C3i-w Al: Correct rearrangement oe
w| = 3iz __2‘ =|3iz -2 Uses |w| = 31z __2 and |z+i|=1 M1
Z+i Z+Ii
. . M1: Attempts common
W] = ‘3{"‘{' +2j_2‘ =‘_3W+§' —6i+2w | 4enominator M1A1
S-w SI-w | AL Correct equation
dM1: Introduces uand v or x and y
and uses Pythagoras correctly to
_ ) find a Cartesian form
lw=3i|=1=u*+(v-3)" =1 dM1A1

This mark is dependent on all the

previous method marks

Al: u? +(v—3)2 =1 oe

()
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4r + 2

LeaveN
blank

. E ————— in partial fractions.
5. (a) Express "+ D) +2) in partial fractions 5
(b) Hence, using the method of differences, prove that
2 4r + 2 _ n(an+b)
o r(r+)(r+2) 2n+1)(n+2)
where a and b are constants to be found.
5)
16
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?\lumber Scheme Notes Marks
5(2) 4r +2
r(r+1)(r+2)
MZ1: Correct partial fractions method
e.g. substitution or compares
coefficients to obtain one of A, Bor C
1 2 3
r(reD) (r+2) for 2,5 _C MIAL AL
r(r+1) (r+2)
Al: 2 Correct fractions (or values)
Al: All correct (fractions or values)
Correct answer with no working scores full marks in (a)
| (3)
b : :
(b) Must have partial fractions of the form é, i, LA, B, C # 0 to score the
ro(r+1) (r+2)
first M mark in (b)
L (1 2 3) (1 2 3}
D=l TS [+ S+ |+
~ 1 2 3 2 3 4
1 2 3 1 2 3
| — |+
n-1 n n+l n n+l n+2 M1
Attempts at least the first 2 groups of terms and the last 2 groups of terms which may
be implied by their fractions identified below.
Allow other letters for n (most likely to be r) except for the final mark — see below
If terms are found beyond the limits of the summation e.g. r =0, r =n + 1, these can
be ignored for this mark as long as at least the terms for r =1, 2, n—1 and n are seen
Al: }+Z +1(: Ej identified as the
1 2 20 2
only constant terms
12 1 3 2 3 3 2 3
=Sy + — : - Al Al
1 2 2 n+l n+l n+2 Al n+1+n+1 n+2
oeeg — t 12 identified
n+l n+2 n+2
as the only algebraic terms
Attempt common denominator from
B C
terms of the form A,——,——only.
_5(n*+3n+2)-2(n+2)-6(n+1) 1o "
2(n+1)(n+2) Must see (n + 1)(n + 2) in the
denominator and an unsimplified
polynomial of order 2 in the numerator.
n(5n+7) _ :
Must be in terms of n for this mark. Al
2(n+1)(n+2)
(5)
Total 8
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Alternative for (b)
1 2 3 (1 1 j ( 1 1 j
—+ — =|—- +2 -
ro(r+1) (r+2) (r r+2 r+1 r+2
i(l_i)_}_hl_l 4+, 1 4,11 1
“~\r r+2) 1 3 2 4 7 n-1 n+l n n+2 2 n+l n+2 M1

”( 1 1 j 11 1 1 1 1
22 —_— ===+ .+ =——
=\r+1 r+2) 2 3 n n+2 2 n+2

Re-writes their partial fractions correctly and attempts at least 2 groups of terms at
start and end for first sum and 1 group at the start and end for the second sum

AL }+3+1[= Ej identified as the
1 2 20 2
only constant terms
L5 1 3
Y= — ALAL -S>, 2 3 AlAl
—~ 2 n+l n+2 n+l n+l n+2
oee.g— L2 identified
N+l n+2 n+2
as the only algebraic terms
Attempt common denominator from
B C
terms of the form A,——,——only.
_5(n*+3n+2)-2(n+2)-6(n+1) Lz |
2(n+1)(n+2) Must see (n + 1)(n + 2) in the
denominator and an unsimplified
polynomial of order 2 in the numerator.
n(5n+7) _ )
Must be in terms of n for this mark. Al
2(n+1)(n+2)
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6. (a) Show that the transformation x = e’ transforms the differential equation
d’y , dy
2 2
X —=-=-3x=+3y=x x>0 I
into the differential equation
d2
d—f—4j—y+3y= 2 (1)
(b) Find the general solution of the differential equation (II), expressing y as a function
of .
(6)
(c) Hence find the general solution of the differential equation (I).
1)
|\ J
20
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Question
Number

Scheme

Notes

Marks

6

dez_y_gxd_y

dx? dx

+3y=x°

(@)

x=e‘:%
dy

etﬂ
dy

N
dx dt

e dy

M1: Attempt first derivative using
the chain rule to obtain

dx dt

—=p —

dy dy

dy _.dy
., —=e —/— oe
AL 4x dt

M1A1

dy _

X dy

2
_ _ady
dx dt

dx> dt

x‘2ﬂ+

Ly
dt? “dx

dM1: Attempt product rule and
chain rule. Dependent on the first
method mark and must be a fully
correct method with sign errors
only

Al: Correct second derivative oe

dM1A1

1d’y 1dy (1 dyj 2
2| ——2_— 2 _3x 3
(xz dt>  x? dtj dt Y= ( )

2
Substitutes their 3—)2/ and ﬂ in

X dx
terms of t into the differential

equation

M1

CSO

Al

(6)

M1: Attempt first derivative using
dy_dx dy
dt dt dx

ALY B e
dt dx

M1Al

d’y _

dt?

o dy
dt dx

xd y dx
dx? dt

—xY,

dezy

dx dx?

dM1: Attempt product rule and
chain rule. Dependent on the first
method mark and must be a fully
correct method with sign errors
only

Al: Correct second derivative oe

dM1Al

d’y _dy

— - ——3xﬂ+3y e”

dt? dx dx

2
Substitutes their 3—2’ and xd—y in

X dx
terms of t into the differential

equation

M1

dy_

dt® dt

Cso

Al

(6)




Summer 2018

Past Paper (Mark Scheme)

www.mystudybro.com
This resource was created and owned by Pearson Edexcel

Mathematics F2

WFMO02

(b)

m?>—4m+3=0=>m=1, 3

Solves (according to the General
Guidance) the correct quadratic (so
should be m = +1, +3)

M1

y =) Ae* + Be'
(y=)

Correct CF in terms of t not x. (May
be seen later in their GS)

Al

y — kGZt, yl — 2k82t, yu — 4ke2t

Correct form for Pl and differentiates
twice to obtain multiples of e each
time but do not allow if they are
clearly integrating.

M1

4ke* —8ke” +3ke* = =k =...

Substitutes their y, y’, y”that are of

the form ae? into the differential
equation and sets = e?' and proceeds to
find their k

M1

Correct Plork =-1

Al

Correct ft GS in terms of t (their CF +
their Pl with non-zero PI).
Mustbey=...

B1ft

(6)

(©)

Allow equivalent expressions in terms
of xe.g. (y=)Ae*™ +Be"™ —e?™,
Note that y = ... is not needed here.

Bl

1)

Total 13
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7. (a) Use de Moivre’s theorem to show that
cos760 = 64 cos’@ — 112 cos’d + 56 cos*d — 7 cosd
(6
(b) Hence find the four distinct roots of the equation
64x7 — 112x° +56x3 —Tx+1=0
giving your answers to 3 decimal places where necessary.
(6))
J
24
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Question
Number Scheme Notes Marks
(a) Fai 7 7 7 6 ) ai 7 5 (i 2
(cos@+ising) =cos’ 6+ 1 cos® fisin 9 + ) cos® 4(ising) +...
Attempts to expand (cosé +isin 9)7 including a recognisable attempt at binomial M1
coefficients
(May only see real terms)
(cos70=)c’ +' C,c°i*s* +" C,c’i’s* +7 Cqci®s® M1
Identifies real terms with cos76
_ 7 oq 52 3.4 5.6 Correct expression with coefficients
=C —21c’s"+35¢7s” —7cs evaluated and i’s dealt with correctly Al
A2 H 2
anywhere in their expansion.
=22¢" —21c® +35¢°(1-2¢” +¢* ) - 7¢(1-3c +3¢* —c°)
M1
Applies the expansions of (1-cos® 0)2 and (1-cos® 0)3 to their expression
rr ression in ithn
=64cos’ @—112cos’ 6 +56¢0s° 6 —7cos6* grcr)orim expression obtained with no Al
Useful intermediate expression:
=22¢’ —21c® +35¢® —70c® +35¢” —7¢ +21¢® —21c® + 7¢’
| (6)
Alternative 1 for (a):
1Y N1 (7)1
[z+—j =z7' +(J26—+(ZJ25—2+...
z ) z z M1
Attempts to expand (z +EJ including binomial coefficients
z
.
1 1 1 1 1
(z+—j =7 +—7+7£z5 +—5j+21[z3 +—3j+35(z+—J
z z z z z
(20030)7 =2c0s760+7(2c0s50) + 21(2c0s36) +35(2cos 0) M1A1
M1: Uses z" +in =2cosnd at least once (including n =1)
z
Al: Correct expression in terms of cos
128cos’ @ =2cos70 +14(160055 6 —20cos® 6 +5cos 0) + 42(4cos3 6 —3cos 9) +70cosé
MZ1: Correct method to find cos5@ in terms of cos@ and applies this to their expression Mim1
M1: Correct method to find cos36 in terms of cos® and applies this to their expression
cos76 =64cos’ @ —112cos’ §+56¢0s° @ —7cosG* Al
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Alternative 2 for (a):
7
7 7
[z+1j =27’ +(J261+(ZJ25%+...
z ) z z M1
Attempts to expand (z +EJ including binomial coefficients
z
.
(z+lj =7 +i7+7£z5 +i5j+21[z3 +%j+35(z+1J
z z z z z
7
7’ +i7 =2c0s76 =[z +lj —7(25 +i5j—21[z3 +i3j—35(z +lj
z z z z z
3 1 M1A1
M1: Identifies that z’ + = =2c0s76
z
Al: Correct expression for 2cos760in terms of z
1 1 1
2c0s76 =128cos’ 9—7(25 +—5j—21(z3 +—3j—35(z +—j
z z z
i M1
Starts the process of replacing [z +lj with (2cos6)’
z
7 5 3 1 1
=128cos’ @ —-7(2cosf)’ +14| 2’ +— |+35| z+—
z z
=128cos’ 9—7(20056)5 +14(2cos¢9)3 —7(2 +l)
z
:128005749—7(2c059)5 +14(2(:039)3 —14co0s 0 M1
Reaches an expression in terms of cos only
c0s 70 =64cos’ 6 —112cos® @ +56¢0s° @ —7cosé Al
(b) cos70+1=0=cos70=-1 cos70=-1 (cos7x=-1is B0) Bl
76 =+180, +540, £900, +£1260,...
At least one correct value for76.
or Condone the use of 7 her M1
710=+x,+3r,+57, £ 7rx,... ondone the use ot /x here.
180 540 900 1260
0= TR = C080= | hivides by 7 and attempts at least one
or value for cos@. Condone the use of x M1
9=i£,i3—ﬂ,i5—”,i7—,...:>cosez... for ¢ here.
I 7 7 7
Al: Awrt 2 correct values for x
x=c0s¢=0.901, 0.223, -1, —0.623 Al: Awrt all 4 x values correct and no | A1A1
extras
5)
Total 11




Summer 2018 www.mystudybro.com Mathematics F2

= Past Paper
e

This resource was created and owned by Pearson Edexcel

WFMO02

., . . ’
Initial line

Figure 1

Figure 1 shows a sketch of the curves with polar equations
r=2sinf 0<o<r
r=1.5-sinf 0<6<

The curves intersect at the points P and Q.

(a) Find the polar coordinates of the point P and the polar coordinates of the point Q.
3

The region R, shown shaded in Figure 1, is enclosed by the two curves.

(b) Find the exact area of R, giving your answer in the form pz + q\/§ , Where p and ¢ are
rational numbers to be found.

@®)

Leave )
blank
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Question h
Number Scheme Notes Marks
8(a) 2sin@=15-sind=60~=...
or Equate and attempt to solve for
r or M1
sin@ = > =r=15-r=r=... Eliminates sing and solves for r
Correct coordinates. Allow the marks as
T soon as the correct values are seen and
Pl1 = : Al
6 allow coordinates the wrong way round
and allow awrt 0.524 for ©/6
Correct coordinates. Allow the marks as
S
Q (1’ ?j soon as the correct values are seen and Al

allow coordinates the wrong way round
and allow awrt 2.62 for 5m/6

3)
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(b)

[%jj(m—sin 0)'do or (%)J.(Zsin 0) do

Attempts to use ....[(sin H)Zde or ...I(l.S—sin 49)2d6?

M1

1-cos26
(L5-sin6)’ =2.25-3sin6+sin> 6 = 2.25—3sin o (1700529)
Expands (allow poor squaring e.g. (1.5—sin 9)2 =2.25+sin” @ and attempts to use

Sinzezili cos 20
2 2

M1

| @s-sinoy do = 1| o +3c0s6-Lsin2e

2 2| 4 4

M1: Attempt to integrate and reaches an expression of the form
af+ [cosO+ ysin20

Al: Correct integration (with or without the %)

M1Al

1. s 1(11 5z 5z 1 . 5«7 11 » T 1. .«
[ ]F =24 = = +3.cos=——=sin2.=~ || =. = +3.cos - —=sin 2.~
2% 21\4 6 6 4 6 4 6 6 4 6

This is a key step and must be the correct method for this part of the area e.g. uses

their = and their %T(or twice limits of their%and %)

M1

%j(zsin o)’ dH:j(l—cosM)dez{e—%sin 29T {%—?J(—o)

0
Uses the limits 0 and their % to find at least one segment.

If using integration, must have integrated to obtain pé-+qsin 26 with correct use of
limits

(1)2 (%) —%(l)2 sin (% but must be correct work for their

angles

NB can be done as:

N

M1

12 8 6 4

ddM1: Adds their two areas to give a numerical value for the shaded area
Dependent on the previous 2 M marks and must be a completely correct strategy so
needs to be an attempt at:

11 _11ﬁ+2(7z 3 Z%ﬁ_%ﬁ

6 2
%j (1.5—sin49)2d6? or 2x%j (1.5—sin49)2d6?

WO, z

+

6

0 s g
zx%j (2sin@)" do or %J‘ (2sin9)2d9+%j (2sing) do
0 0 !

Al: Correct answer (allow equivalent fractions)

ddM1Al

(8)

Total 11
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Note that attempts to use (%jj(cl—cz)zda e.g. ij.(ZSin 6—(1.5—sin 0))2 do

Will probably only score a maximum of the first 3 marks
ie.

M1 for [%jj(ZSine—(l.S—sin 9)) do M1

M1 for expanding and attempting to use sin® 6 = J_r%i COSZZH

M1 for attempting to integrate and reaching an expression of the form
af+ [cosf+ ysin 20
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