8 (a)

(b)

(c)

=€
du dx du
dy _dy du_.dp

dr du dx du

d_}: — _e—;.r d_Ud_y+ e—a.‘ d__}:d_u: e—l!.- _d_y+ d_}:
dx” dx du du” dx du du

dly

2

elu Xe—lu _d_y+ d_y +381r % e—a.‘ d_y_gy — 411’1(8")
d d

x? +3xd—y—8y=4lnx
dx

u

m +2m-8=0

(m+4)(m—2)=0, m=-4,2

2u

CF = Ae™ + Be’
Pl:try y=au+b (or y= cu’ +au+b different derivatives, ¢ =
0)

d—y=a d3y=0

du du’

0+2a—8(au+b)=4u

1
a=-t p=-1t
8
sy=Ae™ + Be™ —lu—%

y=Ax" + Bx’ —lll“lx—l
2 8

Bl

M1

MIAI

dM1

Al*cso

(6)

MI1ALI
Al

M1

dMI1ALl

BIft (7)

Bl (1)
[14]




Qshion Scheme Notes Marks
Number
2 1 I—w Makes z the subject and obtains
Wayl w= DI =— _ +1+w Ml
z+1 w ==
w
Replaces w with u + iv and
1= (u+iv) u—iv multiplies top and bottomi by
z= ( . ) X —— complex conjugate of their MI
utw  u-w denominator. This statement is
sufficient.
2 2
x=0=> % =0 Equates real part to zero M1
u +v
Correct equation connecting # and Al
=u+v —u=0 v 4 & M1 on
ePEN
1
Centre | —.0 | or radius 1 One correct but m'ust follow .the Alcso
2 2 use of a correct circle equation
1
Centre | —.0 | and radius 1 Both correct but m}lst follow fhe Alcso
2 2 use of a correct circle equation
(6)
8(a dy dydr 1d
(@) g 2FZ Y or t=lnxmx=c' =4 o
dx drdx xdr dy dy Bl
dr 1dx
f=Inx—>—=—— etc.
dy xdy
d*y 1dy 1d’yde
Eg —S=-m—+——5—
dx x~dt x dt” dx
2 2
%:elg d_yzefld_y d’fzfe*’gd_y+efld_';/£ or Ml
dy  dy  dx dr  dx dx dr dr® dx
2 2
dx d¢ dx* dx dff dx
1 2 1 1d? g
Eg. (t =lnx=> 2 :—Djd—); :——zd—y+—d—2}£: e d_y+ = d_g/
dx x dx x=dt xdrt dx dr dt
Orﬁx:e’ :‘2%281 :jdzy :7e_’£d_y+ — dz_yi:i _2’d_y+ -2 dz_y
dr dx? dx dt de* dx dt de’ AL
d’y dy d*ydr Ldiy  Ldy 1dYy
of xX—+—=—>— e
dx* dx drt dx dx e’ dr e dt
2 2
STy _a(Ly_ ),
dx de”  dr
3




b 2 2
) 92 oy 14 ainx-2(nx) = e xe™| SX W oy _1ha2p
dx de”  de
g B1*
S8y b a2
de”  dr
(0]
(c) m-m-2=0=>m=2,—1 Ml
y=Ae” + Be™’ Al
2 dy dzy
y=at +bt+c=—=2at+b= —5=2a Ml
dt dt
=2a-2at—b—2at> —2bt —2c=1+41-2r
2a=2=a=1
2a-2b=4=>b=-3 Ml
2a—b—-2c=1=>c=2
y=Ae* +Be" +1' -3t+2 Al
3
(d) y=Ax*+Bx" +(Inx)* ~3lnx+2 Blft
(0]
Total 10
Question Scheme Notes Marks
Number
9(a) (:05519+isir15|9=((:0519+isir119)S M1
= cos’ 8+ °C, cos* O(isin6) + °C, cos’ A(isin@)” + °C, cos’ 8(isin@)’ +°C, cosf (isin8)" +(isind)’
(sin50 =)5cos’ #sin 0 —10cos” @sin’ @+sin’ O MI: Equates imaginary. parts Ml Al
Al: Correct expression
M1: Uses cos® @ =1-sin” @ and
2 ) _ reaches an expression of the
=5sin@(1-sin>@) —10sin>@(1-sin> 0) +sin’ 0 correct form
=5sin@-10sin’ @ +5sin’ 0~ 10sin’ g+ 10sin’ 0+sin®g| ~ Al: Correct expressionor | M1 Al
—16sin’ @—20sin’ O+ 5sin @ ~a=16, b=-20, c=>5
sin 5@ must have been seen at
some point
)
(b) kn o
FOI”|9=?, k ED, S]n3l9=Sln kT[:O: Setsthelr answer to (a):U Ml
T _ _ Could be implied
16sin” @ —20sin’ € +5sin @ =0
sin@(16sin* §—20sin’ 6+5) =0
5 Solves their quadratic in sin” @ M1
S sin20 = _(_20)1\/(_20) —4(16)(5) _ 2080 | o find both roots (usual rules)
2(16) 32
< I7 5445
+ .
:»sinzﬁﬁ—g‘g, 0 Al —g—oe Al, Bl
> BI: 0
“)

Total 9




2
x’ d—i)—Sxd—y+3y:x2
dx dx

(a)

. dx L, drdy
x=¢' =>—=e¢ ==

- — e_, d_y
dy dy dx dr

M1: Attempt first derivative using
the chain rule to obtain

dx ,dr

—_—=e —

dy  dy

dy . dy
. —=¢ — 0e
Al gy~ dr

MIAl

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

2
Substitutes their d—); and d_y n
dx dx

terms of ¢ into the differential
equation

Ml

CSO

Al

(6)

Alternative

MI: Attempt first derivative using
dy_dx dy

dr dr dx

Al: d_y:xd_y oe
dr dx

MI1Al

¢y _dedy  dydx_ dy

= - X x? dzy
2 2"
dr dr dx dx° 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

2

Substitutes their d—J; and xd—y in
dx dx

terms of ¢ into the differential

equation

Ml

Cso

Al

(6)




(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=)4e™ + Be'

Correct CF in terms of 7 not x. (May
be seen later in their GS)

Al

y=k62tjyI=2ke2t, yll=4ke2t

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

Ml

dke™ —8ke™ +3ke’ =¥ = k=..

Substitutes their y, ', y'"that are of

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

M1

(»)=—"

Correct Pl or k=-1

Al

y=Ae* + Be' —e*

Correct ft GS in terms of 7 (their CF +
their PI with non-zero PI).
Must bey=...

Blft

(6)

(c)

(y=)Ax* + Bx—x’

Allow equivalent expressions in terms
ofxe.g (y=)A4e™™

Inx 2Inx

+Be" —e
Note that y = ... is not needed here.

Bl

0]

Total 13




Question
Number Scheme Marks
7(a B L
® Z=y2:> y=21$ y=22:>
Bl
g, = or 2y3% 2)%’:-2-2 dy__ 1
dz 2
3
d_y=g.d_y(oe)=>eg,_y _lyl‘%’d_y__lzzg M1 Al
dx dx dz dx 2" dx dx 2 dx
x%+y+4x2y3 Inx=0=> e.g,
1 dz 1 3 1 3 dM1
——xy ' —+y+4x’y’Inx=0 —exz 2= 47 24+4x*z *Inx=
2xydxy X"y Inx 2ch dx+z +4x°z *Inx=0
E_ 2 geinx=0 & 22 grinx=0
dx x’ dx «x Al*
22—2—z=8xlnx
dx x
)
(b) 2
= g 2nx (: x—z) Al
X z—I lenx [dx] M1
Eg Parts:j‘x'lhlxdx: (u=lnx,u'=x"v'=x",v=Inx)
=1=(Inx)' -kl = I = p(Inx)’ M
Or substitution: ¢ =1Inx, £=x’l :>I=k‘.'x’1lnx—xdt=kjtdt= pt’
dx
[x"Inxdx= %(lnx)z [+¢] Al
xz= 4(]11.!;)2 +k = z=4x" (lnlx)2 +hx?
) 1 Al
=2y = 3 2 (V¥
4x° (lnx] + kx
(6
Total 11
%l;eri%g? Scheme Notes Marks
4(a)
M1: A circle anywhere.
(Im) & Al: A circle correctly positioned
with centre —i or -1 marked in the
X correct place or (0, -1) or (-1, 0) or
CD (Re) (0, -i) or (~i, 0) marked in the MIAI
correct place and passing through
(0, 0). The centre may be indicated

takes precedence. Ignore any
shading.

away from the sketch but the sketch

2)




(b) . 3iz-2
Way 1 Z+1
__wi+2 MI: Attempt to make z the subject MIA1
3i—w Al: Correct rearrangement oe
i wi+2 . wi+2-3-wi Applies z + i and finds common Ml
T 3i—w 3i—w denominator
Wit 23— i MI: Sets |z +i|=1
3i_w =1 Al: Correct equation, simplified or MIAI
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 =Lu+v'-6v+9=1
. dM1AI
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)
| ()
Question Scheme Notes Marks
Number
1 (z=)2or (z=)2(cos 0 + isin 0)
2(cos0+1isin0) or 2 or 2¢os0 + isin0 or 2 + 01 Bl
Allow 2(cos Oz +1sin0x)
This answer in this form.
2z
2((3052_7[“5“1 2_7[j Do not allow e.g. 2¢ 5 but allow Bi
5 5 2r .. . 2m
2cos—+2isin—
5 5
Attempts at least 2 more solutions
. 2
of oo 2k i 2k o234 whose arguments differ by < Allow "
5 5 )T this mark if the arguments are out of
range. May be implied by their
answers.
Note that this answer in general solution form can score full marks if
correct i.e. the A marks below can be implied.
2kr . . 2km
Eg z= (cos?ﬂsm Tj’(k =0, 1, 2, 3, 4) scores full marks




2 cos4—ﬂ+i
5

6r .. bx
2| cos—+1sin—
5 5

8z ..
2| cosS—+1sIn—
5 5

. Ar
sin—
5

8r

Al: One further correct answer, allow
the brackets to be expanded.

Al: All correct, allow the brackets to
be expanded.

Al Al

dr . . 4 6r . . 6
Do not allow 2(cos—”—1sm—”jor 2| cos 37 +isin i for 2(cos—”+1sm—7[]

5 5 5 5 5 5

2r .. 2 8z . . 8
Do not allow 2(005?”—15m?”] or 2(cos(—2?”j+isin (—%D for 2(cos?ﬂ+1sm ?”J

Ignore answers outside the range.
For a fully correct solution that has extra solutions in range, deduct the final A mark.

Answers in degrees: Penalise once the first time it occurs.
Answers in degrees are: 0, 72, 144, 216, 288

3)
Total 5
%ﬁt;gl Scheme Marks
8. x=¢
dy _dy dr Attempt to use an appropriate
® dx dr dx version of the chain rule Ml
d
y &, 11y Oe Al
dx dr e\ xdt
dzy 1dy 1 dzy dr MI1: I..Isc oft‘hc product rule
—= = O (penalise chain rule errors by loss of
dx? x*dt’ xdf dx A mark or marks) M1 AL Al
d’ 1dy 14 d 1 ’
or dx—i;:_xzay, _zdt—{ Note t=].[lx3$=;
4z d M1: Substitutes their first and
X’ —y+ 5x 4 +13y=0 second derivatives into the given
dx* dx differential equation
1 (d*v d d Depends on both M marks above
= x° z[dtf—dﬂu —ay+13y—0 ddM1A1
x x
d’y . dy 13— o Al: Correct completion to printed
= —5+4—+13y= answer
dt> dt
(@)
m*+4m+13=0 Sl "
) o _)—4i 6= eA(;:;lEE;to solve the auxiliary M
2
, Correct roots
=|=-2+
(m ) 243 May be implied by a correct GS Al
y=e¢"(Acos3t+ Bsin3r)
(-2+3i) _sen; Correct GS Al
or y=Ae "V 4 B
t=Inx Bl
_ Acos(3Inx)+ Bsin(3Inx)
Y X Al
or y= Ae[-2+3i)lnx + Be{-z-h]m:
(5)
Total 12




2
d eI 3x—ge
d dr

t..0

(a)

—6+.36—
m2+6m+13:03m=#

{= —3J_r2i}

Forms correct auxiliary equation
and obtains a correct numerical
expression for at least one root by
formula or uses CTS (apply usual
CTS rule below). One correct root
if no working

M1

2
CTS rule:m2+6m+13:O:>(migJ +q+13=0, g=0=>m=..

CF examples:
(x=)e™ (A cos 2t + Bsin 2:)

or (x=) Ae™ cos (—2t) +Be ¥ sin (—21)
or (x :) Pe(—3+2i)t + Qe(—S—zi)t
or (x=)e™ (Pe”’ + Qe’z”)

Correct complementary function

in any form, allow if the “x =" 1s

missing or wrong and accept for

this mark if the CF is given fully
in terms of x instead of .

Al

PI {x :}zeﬁ’

Correct form for the particular
integral selected. Must include
Ae”'but accept with any extra
terms that correctly disappear
when coefficients found. Accept
“PI="_1If Ae"is used p =-3 must
be seen later.

B1

2
CIEY R
dr dr

— 94 +6 (—3&(3’3') 1347 =8¢

91e™

Differentiates a PI of any form
twice (provided it has at least one
constant and is a function of 7)
and substitutes into the equation.
Allow only sign/coefficient errors
only in the differentiation.
Their PI must lead to non-zero
derivatives.

M1

—91-182+131=8=> 1= (2)

Proceeds to find the value of the
constant following use of a PI of
the correct form. Any
unnecessary extra terms in the PI
must be found to be zero

dM1

x="e (A cos2t+ Bsin 2t)” +2e™

Correct general solution ft on
their CF only — any CF provided
it has at least one constant and is
in terms of ¢.

Must have x = ...

Do not allow if their CF is
miscopied or mathematically
changed

Alft

Work with a PI of the form Aze™is BOM1dMOAO max even if 2e™ is obtained.
Only condone incorrect variables if they are recovered but refer to the note for the

first Al.

(6)




6(b)

x=—att=0 Uses the initial condition for x in their GS
to find a linear equation in one or two

I 442 Ao 3 constants. Allow for GS = CF or CF + PI
=y TATe =4y and the constant may come from the +PI

M1

x=¢ (Acos 2t + Bsin 2t)+2e’3’
% = (—2A sin2¢ +2Bcos 2t) ~3¢™ (A c0s2t+ Bsin 2t) —6e™"

Uses the product rule to differentiate their real GS obtaining an expression in
terms of ¢ of the correct form for their GS (sign and coefficient errors only — so do
notallowe.g., ..e” —..e”). Allow for GS = CF or CF + PI and does not have to

include constants.
If they work with a complex function e.g., x = Pe”*" + 0e™" +2¢7 progress
is unlikely.
This mark is not scored for work in (¢)

M1

t:O,%:l:l:ZB—3A—6:>B:...(:1)
d 272

Uses both initial conditions to find values for the 2 constants (no others) in their
GS = (CF with 2 constants) + PI(no constants). One constant must be found to
be non-zero.

ddM1

Requires both previous M marks.

Examples: Correct particular
o 3 ‘ " solution in any form in
x=e [500321+81n21}+2e terms of 7.
3 Must be x = ... unless
or x=e™ (— cos 2t +sin 27 + 2} this was the only reason
2 for final AO in part (a)
or x=2¢¥ 3¢ cos 2+ ¢ sin 2t due to omission or e.g,
2 “y=_.” was used

Al

)

(c)

%:e_h(3Sin25+2‘3052t)—3e_3’ —30052t+sin2t —6e =0
dt 2

A dx A oodx
Sets an expression for E= 0. Accept with any unfound constants provided o =1(1)

M1

(3sin21+2c052t) —3[—20052t+sin 2t}—6 =0

Achieves an equation of the form asin bt +ccosbt +d =0 or equivalent with
terms uncollected. One of a and ¢ non-zero and b and d non-zero.

Must follow a GS = CF + PI where two constants were found for the CF and

one for the PI. Requires previous M mark.

dM1

cos2t = % =1=0.1973955598... = x or a = %e‘m 97 {4—3x%+2sin(2><0. 1973---)J =..

Finds a value of ¢ from cos Akt = ¢ (k zl, —l<c< 1) and uses their positive (or made

positive) value of ¢ to find a value of x (or @) via their PS. Accept a pair of stated values.

Requires both previous M marks.

ddM1

xora=0.553(1164729...) | awrt 0.553

Al

4)

Total 14




1(a) F=J(—4)2+(_4J§)2 v v
ta09=_4—f:>9=tan'l(\/§)ix M1
8 cos[—2—7r}+isin[_2_”J A
3 3

(3)

(b) . | ) _|.2_;r

z=re’ = (re’) =—4-43= 1 (") =8¢
> r=38=2 M1
36’=—2—n(+2k7:):>9=_2_x+(&J M1

3 9 3

S Alft
Soz=2e 7 .2 ° 2e’ Al
(4)

(7 marks)




