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2 . . .
1. (a) Express —; in partial fractions.
47" — 1 (2)
(b) Hence use the method of differences to show that
e 4r' 1 2n+1
3)
J
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1.
2 A B
(a) 7 = +
-1 2r+1 2r-1

2=A(2r-1)+B(2r+1) = A=-1, B=1

22 = ! — ! M1A1 (2)
4r- -1 2r-1 2r+1

o1 oo 1 1
(b) (2)§4r2—1zz(2r—1_2r+1j

r=1

gttty 4 M1Alft
3 35 5 7 2n-1 2n+1 2n+1
_2n+1-1
2n+1
noo1 n *
= Al 3
§4r2—1 2n+1 )
[5]

Notes for Question 1
M1 complete method for finding PFs
Al both PFs correct

(a)
Award M1A1 for both PFs seen correct w/o working. MOAO
otherwise

M1 showing fractions with their PFs. Min 2 at start and 1 at end. Must
start at 1 and end at n. Required sum may be used or 2 x sum

(b) Alft Identify 2 non-cancelling fractions, follow through their PFs -
sum or 2 X sum

Alcso correct final answer
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2. Using algebra, find the set of values of x for which
2
3x-5<-—
X
3)
J
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2
3x—5—2=0 (or<)  or mult through by x
X
2
w =0 (or <)
X
3X+1)(x-2
w:o or x(3x+1)(x—-2)=0 M1
X
1
CVs x= ~3 2 Al
x=0 Bl
X < —%, 0<x<2 orinsetlanguage (with curved brackets for Al) M1A1 (5)
Special case If < used deduct final mark only. [5]
Notes for Question 2
M1 obtaining two non-zero cvs by any valid method (not calculator)
Al non-zero cvs correct
Bl x=0
M1 deducing one appropriate range from their cvs
Al both ranges correct
First 3 marks — award with inequalities or =
MZ1AO if strict inequality not used
ALT: If multiplied through by x:
x>0:
3x*—bx<2 (3x+1)(x-2)<0
1 M1(solve
CVS X=——,X=2
3 quad)
s 0,<x<2 B1 A1l
x<0
3x* -5x—-2>0 M1
CVS X= —l, X=2
3
X<t
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3. (a) Find the general solution of the differential equation

dy 4 5 T T
— +2ytanx = ¢ ——<x<—
dx ytanx = e cos” x, > >

giving your answer in the form y = f(x).

(b) Find the particular solution for which y =1 atx =0

(6

2

Leave )
blank

— R0 0 0 A
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sec’ Xt 2y tan xsec? x = e** cos® xsec’ x
X

c;]I—X(ysec2 X)=e"

Number Scheme arks

3.
(a) gdy +2ytan x =e* cos® x

dx

ezj‘tanxdx _ ez|nsecx — SeCZ X or - MlAl

COS” X
d
y dM1

B1ft(ysec® x)

Al fully correct final answer May be in the form
ysec’ X =...or 4ysec’x=...

ysec? x:%e4X (+c) M1
_ 1 4x 2
y= Ze +C|COs" X o€ Al
(6)
1
(b) y=1 x=0 1:(Z+cj M1
3
c=—
4
y = 1(e“X +3)cos® x oe Al
4
()
[8]
Notes for Question 3
M1 attempting the integrating factor, including integration of (2)tan x
Incos or Insec seen
Al correct integrating factor sec® x or >
COS” X
M1 multiplying the equation by the integrating factor — may be
(@) implied by the next line.
Bift yx their IF
M1 attempting a complete integration of rhs Must include ke** but
4e*™* would imply differentiation. Constant not needed (Incorrect IF
may lead to integration by parts, so integration must be complete)
Al correct solution in formy = ... constant must be included
(b) M1 using given initial conditions to obtain a value for ¢
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4.
[
C
» 0=0
0
Figure 1
Figure 1 shows the curve C with polar equation
T
r=72 cos 26, Ogegz
The line / is parallel to the initial line and is a tangent to C.
Find an equation of /, giving your answer in the form » = f(6).
)
g J
10
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umber
4. (y=)rsin@=2cos20sin6 M1
3—2=—4sin205in0+2005290059 M1A1l
2sin28sin @ —cos20cosf =0
4sin2cose—(1—25in29)00549:0 dMm1
(63in29—1)0059=0
(cos@=0 no solutions in range)
‘ sin6?—i ddM1A1l
ALT for last 3 marks above:
cos2@dcos @ =2sin2@sin @ = tan280tan 8 =1/2
otan?e 1 dM1(double
== angle
1-tan@ 2 formula)
5tan’@=1 tan@=1//5 ddM1A1
(sin@=1//6 cos@=+/5/6
rsin@d=2cos24sin @
. 1 1 2
sinf=—= = c0s20=1-2sin0=1-2x=-== M1
\/6 6 3
Egn.l: rsin@d= 2><2>< 4 M1
h 3 V6 36
zf
r= coseco oe (O<0<”) Must be seen in exact form Al
[9]

Notes for Question 4

M1 Using y =rsiné=2cos26sin6

M1 differentiate rsin& or rcos@ using product rule or

c0s 20 =1—2sin” @ and chain rule

Al correct differentiation of rsin&

dM1 equate their derivative to 0 and use cos 26 =1—2sin® @ if not used
prior to differentiation, or an appropriate double angle formula for their

derivative. Depends on second M mark
ddM1 solve the resulting equation. Depends on second and third M mark

Al correct value for sin@ or tan@ or cos@ depending on the equation
solved

M1 use their value for a trig function to obtain an exact value for cos 26
and sin @ if needed now. May be implied by the next stage.

M1 use their values for sin@ and cos26 in rsin@=2cos26sin &

NB: These two M marks require

0<sin@<1/\2, 1/J2<cosf<1, 0<tand<1
Al correct equation in formr=..(0< @<z not needed)
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d’y dy)z
S. —=+2[—=] +2y=0
> (dx Y
3 2
(a) Find an expression for d—J; in terms of d—);, dy and y.
dx dx dx (4)
. dy
Giventhat y=2and — =0.5atx =0,
dx
(b) find a series solution for y in ascending powers of x, up to and including the
term in x3.
)
L J
12
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5.
2 2
@) d_g__g(d_yj _9
dx y Ldx
2
(d_yjd_yseen Bl
dx ) dx?
@y __4dn)dy, 2 (o) ek
dx*  yldx/dx*  y?(dx ALAL
Alt:
dy \d?y
— |— Bl
(dx} x?
dy(d®y) d’y (dyj d’y ), dy
ayi, 4 Y Y =0 M1
dx( xzj Yaxd dx )\ dx? dx
dy 1( _d% dy
ay_2f g4y ,|%Y Al Al
dx® y( X dx
4)
0 |Ax—o Y 1, (1j2—4 =% (or —2.25) M1A1
dx? 2 2 '
3
d—¥=1(—5xlx—g—2x£):3—7 (or 2.325) Al
dx 2 2 4 2 16
2 3
y:2+lx+(_2]x_+(§jx_+ M1(2! or 2, 3!
2 4)2" (16 /3! or 6)
y:2+1x—gx2+£x3+... Al
2 8 96
)
0.5 1.125 0.3854 3 sf or better [9]
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Notes for Question 5

(@)

2

Bl (d_yjd_y seen in the differentiation
dx ) dx®

M1 divide equation by y and differentiate wrt x chain and

product/quotient rules needed

Al1A1 -1 for each error. Ignore any simplification following the
3

differentiation and obtaining 3—)3/ =..
X

ALT:

B1 as above
M1 differentiating before dividing

3
Al1A1 rearrange to a correct expression for 3—33/ , -1 each error
X

(b)

: dy : d’y
M1 using values for x and ™ to obtain a value for o
X X

d’y

dx?

d®y
Al correct value for F
X

Al correct value for

M1 Taylor's series formed using their values for the differentials,
accept 2! or 2 and 3! or 6.
Al correct series, must starty = (or end =y)
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6. The transformation 7' maps points from the z-plane, where z = x + iy, to the w-plane, where
w=u+iv.
The transformation 7 is given by
= - s ZF 1
1z+1
The transformation 7 maps the line / in the z-plane onto the line with equation v = —1 in
the w-plane.
(a) Find a cartesian equation of / in terms of x and y.
(6))
. . . ) 1. .
The transformation 7 maps the line with equation y = 5 in the z-plane onto the curve C in
the w-plane.
(b) (1) Show that Cis a circle with centre the origin.
(i) Write down a cartesian equation of C in terms of « and v.
(6)
\§ /
16

P 4 31 5 0 A 01 6 2 8
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6.
. X+1y
w=(U—i=)- M1
@ ( )lx—y+1
. ox+iy  (1-y-ix)
w=(Uu-i= X
( )ix—y+1 (1-y—ix) M1
X=Xy +xy+i(y-y*—x?
w=(u-i=) ( ; ) Al
(I-y) +x
V22
S b Mt : M1
(1-y) +x
142y -y - xP=y—-y* X
y=1 Al (5)
. w
Alternative 1: z=— M1
1-wi
x+iy——u_i
1-(u—)i M1
_u-t Al
—ui
_ist M1
u
Alternative 2:
lw+2i| =|w| M1
z +2i‘=—_ M1
iz+1 1z+1
z-22+2i| | z | AL
iz+1 | |iz+l|
|z -2i|=|| M1
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1. 1.
X+=1 x+§|
(b) u+iv= 1 = 1 M1
i| X+=i [+1  iXx+=
2 2
1.
X+=1 ==Xl
u+iv= 21 x M1
IX+= —=—XI
2
x+i(i—x2j
u+ives ————= Al
1 .
—+X
1
X 4
1 ., 1 .,
—+X —+X
4 4
2 (1_y2\ 2 2 4
X'+ =X =X HX+X
U2 +v2 = (4 2) _ 162 — M1
o ()
u2+V2:1 , Centre O * Ml,Al (6)
Alternative 1:
1 )
w=u+iv=_rzl (:re"g) or X*Y M1
IX+3 IX+Y
JE+1
w| = 2, =1 M1M1,Al
JXe+i
2 +v2 =1 M1
CentreO0 ¥ Al
[11]
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Question Scheme Marks
Number
Alternative 2:
z—i[=]z| M1
i(1—iw
| W B ( _ )| :| W | M1
‘1—IW 1-iw ‘ |1—|W|
‘w— i+ izw‘ =|w| Al
= |w| =1 M1
ut+v? =1 M1
Centre O Al (6)
Alternative 3:
2

iz+1
oW __u+ v

1-iw  1-(u+iv)i M1
Realise the denominator M1
Correct result Al

) ) 1 ) ) .
Set imaginary part = 5 and simplify expression M1
ut+v? =1 M1
Centre O Al (6)
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7.

(a) Use de Moivre’s theorem to show that

sin 5 =16 sin®> O — 20 sin® O+ 5 sin O
(5)

(b) Hence find the five distinct solutions of the equation
1
16x5—20x3+5x+§ =0

giving your answers to 3 decimal places where necessary.

)
(c) Use the identity given in (a) to find
[#(4sin®0 - 55in°0)d0

expressing your answer in the form a2 + b, where a and b are rational numbers.

(C))

Leave )
blank

P 4 31 5 0 A 0 2 0 2 8
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7.(@) | (cos@+isin 9)5 =C0$50 +isin56 B1
:cos*”6?+Scos“(isin6?)+5;—|A'cosse(isin9)2
’ M1
+5X4'X3coszt9(isim9)3’JFMcosé?(isina)d+(isin9)5
=c0s° @ +5icos* Osin @ —10cos® dsin? @ AL
—10icos® @sin® 0 +5cosHsin® @ +isin® 6
sin50 =5cos* @sin @ —10cos? @sin® @+sin® @
02 0\ 2 2\ aind ‘5
:5(1—S|n 6?) sme—lo(l—sm 0)sm O +sin® @ M1
sin50=16sin° 0—20sin* O +5sine  * Al ()
- 5 3 1 - 1
(b) Let x=sind 16x° —20x +5x=—5 :>sm50=—§ M1
560 =210, 330, 570, 690, 930, 1050, 1290 (or in radians) Al, Al
Or 210, 570, 930, 1290, 1650
0=42, 66, (114), (138), 186, 210, 258 (or in radians) an ule(:‘)t least 2
Or 42,114,186, 258, 330
sin@=0.669, 0.914, —0.105, —0.5, —0.978 Al (5)
z.o ] 1.2, . ]
5 3 _
() j:(4sm 6 —5sin e)dé?—zj';‘(sm56?—53m9)d0 M1
:1{—100554%50050}4 Al
4| 5 0
1 —ECOSS—ﬂ-+SCOS£— —1+5
4, 5 4 4 5
_ll:lxi+i_4ﬂ_ M1
415 V2 V2 5
_%_ﬁ Al (4)

20 5

[14]
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Notes for Question 7

(@)

B1 applies de Moivre correctly
M1 uses binomial theorem to expand (cos@+isin 9)5 May only show

imaginary parts - ignore errors in real part

Al simplifies coefficients to obtain a simplified result with all
Imaginary terms correct

M1 equates imaginary parts and obtains an expression for sin5¢ in
terms of powers of siné

Al cso correct result

(b)

M1 uses substitution x =sin@ deduces that sin56 = i%

A1A1 gives a set of results for 59 - Al for 3 useable results Al for
the remaining 2 useable results (no repeats in the set of 5)

M1 at least 2 values for &

Al for the 5 different values of x

(©)

M1 uses previous work to change the integrand

Al correct result after integrating - limits can be ignored

M1 substitute given limits and use numerical values for trig functions
Al final answer correct (oe provided in the given form)
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8. (a) Show that the substitution x = e* transforms the differential equation
d’y ., dy
2
xX*—=+2x— -2y =3Inx, x>0 1
dx? dx 4 @
into the equation
d’y  dy
—+—=-2y =3z II
dz*  dz 4 I
Q)
(b) Find the general solution of the differential equation (II).
(6)
(c) Hence obtain the general solution of the differential equation (I) giving your answer
in the form y = f(x).
¢y
g J
24

P 4 3 1 5 0 A 0 2 4 2 8
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Number Scheme Marks
8.
€Y x=¢’
X _ g 02 M1
dy dy
oy oy Al
dx dz
dy  ,dz dy ,d*y dz 1( dy
ay_ .0z oy o4y dz 17 dy M1A1A1
dx? dx  dz a2 dx <\ dz
2
x23—¥+2xg—y—2y:3lnx
X X
1dy 1 d% 1 dy
Xl =22 [yoxx==2-2y=3z M1
[ x* dz x2dzzJ ST
d’y dy
F+d——2y:3z Al (7)
Alt:
z=Inx
dy _dy dz_1dy M1AL
dx dz dx xdz
dy 1dy 1d’y dz 1dy 1 d%
fy_ ‘o ldy &, 20y M1A1AL
dx X“dz xdz® dx x“dz x°dz
2
x23—¥+2x3—y—2y:3lnx
X X
1dy 1 d% 1dy
Xl-=24+ =2 [yoxx==2-2y=3z M1
{ x* dz x2dzzj T
2
Y. Y o3 Al (7)
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Question
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Scheme

Marks

(b)

(©)

Auxegn: m*+m-2=0
(m+2)(m-1)=0
m=-2,1

CF: y=Ae? +Be’

Pl: Try y=az+b

Complete soln:  y=Ae™ +Be’ —g z —%

y= Ax’2+Bx—§In x—§
2 4

M1Al

Al

M1

AlAl

B1ft

[14]

(6)

(1)

Notes for Question 8

(@)

M1 differentiates x =e* wrty; chain rule must be used

Al correct differentiation
2

M1 differentiates again to obtain 3—2’
X
Al1A1l one mark for each correct term
M1 substitutes in the given equation
Alcso obtains the required equation

ALT:

Works with z=1Inx; marks awarded as above

(b)

M1 forms and solves the auxiliary equation
Al both values for m correct - may be implied by their CF
Al correct CF

M1 tries a suitable expression for the PF and obtains values for the

constants in the PF

Al1A1 shows the complete solution; one mark for each correct term in

the PF

(©)

B1ft reverses the substitution to obtain the solution in the formy = ...

Follow through their complete solution from (b)




