PMT

FP2 Mark Schemes from old P4, P5, P6 and FP1, FP2, FP3 papers (back to June 2002)

Please note that the following pages contain mark schemes for questions from past papers.

The standard of the mark schemes is variable, depending on what we still have — many are
scanned, some are handwritten and some are typed.

The questions are available on a separate document, originally sent with this one.
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5. (x>0) 2x*-5x>3 or 2xX°-5x=3 M1
(2x + 1)(x-3), critical values %2 and 3 Al, Al
X>3 Al ft
x<0 2x*-5x<3 M1
Using critical value 0: —%2<x<0 M1, Al ft
Alt. 2x-5-2<0 or (2x—5)x*> 3x M1
X
w>0 or Xx(2x+1)(x-3)>0 M1, Al
X
Critical values -%2and 3, x>3 Al Al ft
Using critical value 0, -%2<x<0 M1, Al ft
(7 marks)
[P4 June 2002 Qn 4]
dy sin x 2
6. @ | =ty —— |=c0s" X M1
dx COS X
Int. factor &)™ = g0 _ gecx M1, Al
Integrate: ysecx:J'cosxdx M1, Al
ysecx=sinx+C Al
(y =sin xcos x + C cos x) (6)
(b) | Wheny=0, cosx(sinx+C)=0 , cosx=0 M1
2 solutions for this (x = /2, */>) Al (2)
(c) [y=0atx=0: C=0: y=sinxcosx M1
(y =¥2sin 2x)
Shape Al
Al 3)
Scales
(11 marks)
[P4 June 2002 Qn 6]
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(@) [2m*+7m+3=0 2m+1)(m+3)=0
m=-Y, -3
CF.is y=Ae™ +Be™ M1, Al
Pl y=at’+bt+c B1
y'=2at+b, y"=2a
2(2a) + 7(2at + b) + 3(at® + bt + ¢) = 3t* + 11t M1
3a=3, a=1 14+3b=11, b=-1 Al
4-7+3c=0, c=1 M1, Al
General solution:  y=Ae™ +Be™ + (t* -t +1) Al ft (8)
(b) | y'=-eAe™ —3Be™ + (2t -1) M1
t=0, y'=1. 1=-1-%A-3B
t=0,y=1. 1=1+A+B one of ML AL
these
Solve: A+B=0, A+6B=-4
A="%5B=-"s M1
y=(t2—t+1)+%(e‘%‘—e‘3t) Al (5)
© [t=1: y=%(e-% _ety4l (21445, B1 (1)
(14 marks)
[P4 June 2002 Qn 7]
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(@) y:rsiné’:a(3sin¢9+\/§sinecose)
dy
Eza(3cos:9+\/500529) M1, Al
2:/5c0s% 6 +3c0s0 — /5 =0
cosg = —SEVI+40 '9+40, cosf = - M1, Al
445 V5
0 =+1.107... Al ft
r=4a Al ft (6)
(b) | 2rsin@=20 M1
. 20
8asinf=20, a=—=2.795... M1,Al (3)
8siné
(©) | (3++/5c0s8)? =9+ 645050 +5c0s% O Bl
Integrate: 96 + 6/55sin 6 + 5(5"1 20 +QJ
2 M1, Al
.. 2 . Y3
Limits used: []0 =187 +57  (or upper limit: 972'+?) Al
2z
1/2jr2d9=a2(237z) ~ 282 m? M1, Al (6)
0
(15 marks)
[P4 June 2002 Qn 8]
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9. @®) |[x+(y=2il=2x+ (y+i)] M1
X (-2 =40¢ + (Y + 1))

(i) |so 3x*+3y*+12y=0  any correct from; 3 terms; isw Al (2)
yT ) Sketch circle | Bl
> Centre (0,-2) | B1

QD r = 2 or touches axis | B1 (3)
(b) |w=3(z-7+11i) Bl

=3z-21+33i Bl 2

(7 marks)

[P6 June 2002 Qn 3]
10. (@) yg% + % 3)2(32/ )+ 2(3—0 3;32/ P+ j—i =0 marks can be awarded in(b) | M1 Al; B1;B1
_gdydiy_dy
3;2’ - X d;(z dX  or sensible correct alternative Bl ()
_o 9%y d’y
(b) [ Whenx=0 02 =-2, and d?:5 M1Al, Al ft

y:1+x—x2+%x3... M1, Alft (5)

(c) | Could use for x = 0.2 but not for x = 50 as Bl
approximation is best at values close to x =0 Bl (2)
(12 marks)
[P6 June 2002 Qn 4]
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11. W =
T 2T . m . 2« (. 7 2r T . 2 Bl
12 | cos—cos— —sin—sin— | + 12i| sin — coS— + c0S—Sin —
4 3 4 3 4 3 4 3
11z . . 11x
=12 | cos—— +isih—— M1 Al
12 12
(3 marks)
[P4 January 2003 Qn 1]
1 1
12. a N Bl B1 2
@) r+1 r+3 @)
n 1 1 1 /]z/
(b) le r+1 r+3 2 /4
1 1
+ - [ —
3 5
1
* Z‘/y M1
6
1 1
+ —_
Z/ n+2
sy 1
y/+1 n+3
= 1+l +| - 1 1 Al Al
2 3 n+2 n+3
_5 (5n”+25n+30=12n— M1
6 6(n+2)(n+3)
_n(bn+13) «
6(n+2)(n+3) Al cso ()
(7 marks)

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009

[P4 January 2003 Qn 3]

PMT



13. (@)
y“ y=5x-1
shape | B1
y =[2x-3]
3 points on axes | B1 (2)
L
(b) |-2x+3=5x-1 M1
— Al
7
4
X > 5 Al ft (3)
(5 marks)
[P4 January 2003 Qn 2]
14, dv
VEXx— =4 +Vv)(1+V) M1, M1
(a) dx
dv _ .2
X— =V +5v+4—v Al
dx
VLY VRPIC I Al @)
dx
1 1
dv = f—dx B1, M1
(b) Jw+az X
1
-~ =Inx+c must have + ¢ M1 Al
2+V
2+v=-— ! M1
Inx+c
1
V= — Al 5
Inx+c ©)
©|y=-2x -~ B1 (1)
Inx+c
(10 marks)

[P4 January 2003 Qn 5]
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15. (@) | y = Ax cos 3x
dy .
d_ = A cos 3x — 34Ax sin 3x M1 Al
X
d’y _ . .
v = —3A45sin 3x =34 sin 3x — 94X cos 3X Al
s, —BAsin 3x —9Ax cos 3x + 94x cos 3x = —12 sin 3x
Al
A=2 Cso
(4)
(b) | 22-9=0 M1
A= ()3 Al
-y =Asin 3x + B cos 3x form M1
_ Alfton A’s
.y =Asin 3x + B cos 3x + 2x cos 3x
(4)
©|ly=1,x=0=B=1 Bl
dy ) ) M1 Alft on
— = 3A cos 3x—3B sin 3x + 2 cos 3x — 6x sin 3x
dx A’s
2=3A+2 = A=0
Al
.. Y =C0s 3x + 2Xx c0os 3x
4)
(d) y 4
l |-
z i 57 e
6 2 6
axes | B1
shape | B1
2)
(14 marks)
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1, ) M1 Alcorrect
16. (@ | =a°|l+cos°d+2cosd do o
2 with limits
= %a2f1+%+20039 do M1 Al
—ox 12|29, 0 oding Al
2 4 2 0
37| 37a’
=a’| 5 |7 > Al (6)
(b) |x =acos @ +acos® 0 rcos & M1
XX = _asin - 2a cos sin 0 Al
déo
dx _ _ -
—=0=c0s 0 =—5 finding 0 M1
de
0= 2% or 6= iz
3 3
r= a or r= a finding r M1
2 2
Ar= E’ = 2_72.
2 3
B:r=g,a=% bothAandB  |Al 5)
() [x=-7a .. WX=2a+ ;a=2;a M1Al (2
2
(d) | WXYZ = 27‘?‘3‘ BLft (1)
(e) | Area = ¥x 100 = 7190 _ 1933 ¢m? MLAL  (2)
(16 marks)
[P4 January 2003 Qn 8]
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2
17. (@) rrz_((r:;) = rzi:j)z MLAL ()
(b) Z;‘ rzz(:j)2 T & 11)2 _riz M1
1 1 1 1 1 1
Tty e ey W M1
=1- iz (*) Alcso (3)
n
[P4 June 2003 Qn 1]
18. Identifying as critical values -1, % B1, B1
Establishing there are no further critical values
Obtaining 2x* — 2x + 2 or equivalent | M1
A=4-16<0 Al
Using exactly two critical values to obtain inequalities M1
-l<x<2 Al
(6 marks)
Gliaphical Identifying x =— 1 and x = 2 as vertical asymptotes B1, Bl
alt.
Two rectangular hyperbolae oriented correctly with respect to asymptotes in | M1
the correct half-planes.
Two correctly drawn curves with no intersections Al
As above M1, Al

[P4 June 2003 QN n2]
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19. @) g—t— 2X or equivalent | M1
X
I =1/t dt complete substitution | M1
=—te'dt+ 1fedt M1 Al
=-1te'-1e'(+0) Al
— 2, —x? —-x?
=-1x%e™-1le™ (+¢) Al (6)
) | 1F =eli =33 (or multiplying equation by x%) Bl
%(x3y) =xe™ or xX¥y=[xPe ¥ dx M1
; L 2 Alft Al
Xy=-ixe* —1e* +C
4)
(10 marks)
Alts  (a) | (i) mark t = - x* similarly M1
(ii) I x2.(xe ) dx with evidence of attempt at integration by parts | M1
=x’(-1e™ )+ L[ 2xe ™ dx M1 AL+ Al
ot 1o () M1 Al
=—sXxe " —2e (+cC
2 2 (6)
(iii) u=e™ | U e M1
dx
x*=Inu hence | =[ ZInudu M1
=lulnu-3Ju.l du M1 A1
=l ulnu-1u(+c) Al
— 2 -x? -x?
=-1xe™ —-1e™(+0) Al (6)

(The result ] In u du = u In u—u may be quoted, gaining M1 Al Al but
must be completely correct.)

[P4 June 2003 Qn 6]
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20.

(@ |A: (5a,0) B:(3a,0) allow on a sketch

(b) [3+2cos & =5-2cos 6

cos 0 =
p="3" allow—-")
3 3 3
Points are (4a, z) , (4a, 5—7[)
3 3
© | (2)/r*do =(2)[(5-2cos 6)*d6
=(3)](25-20cos @ + 4 cos’9) d@
=(1)](25-20cos @ +2cos20 +2)d6
=(3)[276-20sin @+ sin 26]
(1)/r*do =(1)[(3+2cos@)* d@
=(3)](9+12cos @ +4cos’9) do
=(1)[(11+12cos @ +2 cos 260) dO
= (%) [116+ 12 sin 6+ sin 26] 2nd integration

Area=2x 1 [(5-2cos@)*d@+2x L [(3+2c0sf)* db
(addition; condone 2/%)

correctly identifying limits with [s

3
:j o+
0

0N C—y N

V3 V3

2 V3 3
5 1+l 3)- 6V3 - -

a2[27 x % ~10V3 +

a’[49 - 48V3]  (*)

Bl, Bl

()
M1

M1

Al

Al (4)

M1
M1

Al

Al

M1

Al

dM1

Al cso

(8)
(14 marks)

[P4 June 2003 Qn 7]
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21. (@) |y = 2kt.e® + 3kt® e use of product rule M1
y" = 2ke® + 12kt ¥ + 9t? e product rule, twice M1
substituting 2k + 12kt + 9kt — 12kt — 18kt? + 9kt* = 4 M1

(= o Al
(4)
ux. eqgn. (IT use m-— = m=.y, repeate
(b) | A (if used) (m-3)"=0 3 d
Ycr = (A + Bt) ¥ M1 required form (allow just written down) M1 Al
Al ft
G.S. y=(A+Bt)e*+2t%e™ (ft on 2t° €*)
©)
(c)|t=0,y=3 =A=3 Bl
y' = Be® + 3(A + Bt) ¥ + 4te™ + 6t%™ M1
y=0,t=0=>1=B+3A = B=-8 M1
Al
y=(3-8t+2t)e™
(4)
(d) 7 U shape crossing +ve x-axis B1
/ 11 B1
%\/1 X
y' = (-3 +4t)e® +3(1-3t+2t%)e* =0
6t°-5t=0 M1
t= g Al
Al
y= —182'5 (=-1.35) awrt —1.35
9 (5)
(16 marks)

[P4 June 2003 Qn 8]
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22. ()@ A

Circle

One half line correct

Second half line
_— | » [SC Allow B1 for two “full”

-1 1 lines in correct position]

(b) shading correct region

(ii)(a) Rearrange szT_l togive z=f(w) or z—-1=F(w)

(z:L = J 7-1=—"_ or |z-1|=|z||w| = |z||w|=1
1-w 1-w

Completion (|z-1|=1= ) |w|=|1-w|=|w-1] *

(b)

Correct line shown
Correct shading

v

NI

M1 Al
Bl
Bl

Al ft

M1

Al

Al

M1
Al

(4)

1)

3)

)
[10]

[P6 June 2003 Qn 4]
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23. (@) (cos @ +isin @)= cos56 +isin56 M1
(cos @ +isin )° = cos® @+ 5 cos* &(isin &) + 10 cos® (i sin 6)
+10 cos® 4(i sin 6)* + 5 cos (i sin &*+ (i sin §)° M1 Al
cos 50 =cos® 6 — 10 cos® @ sin? @+ 5 cos @ sin*6 M1
=c0s> @ — 10 cos® 6 (1 —cos? @) + 5 cos & (1 — 2cos® @ + cos* ) M1
=16cos° @ —20cos® @ +5cos 8 (*) Al cso
(6)
(b) cos56=-1 (or1,or0) M1
56= (2n+1)180° = #=(2n + 1)36° Al
X =cos #= -1, —0.309, 0.809 M1 Al
4)
[10]
[P6 June 2003 Qn 5]
24.| D (6r* +2) = 2% 0° attempt to use an identity | M1
r=1
=310
<D - (03’
n3 _ (D//Z)S
(n+1)*- (n21)° differences (must see) | M1
=(n+1)>*+n*-13 Al
6> r’=(n+1)°+n’-1-2n 2n or equiv. | B1
r=1
=2n°+3n?+n
r’=in@n+1)(n+1) (*) Sub. ¥2 and + 6 or equiv. C.S.0. M1, Al
r=1

[P4 January 2004 Qn 1]
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25, (@) ||z el M1
— ex-¢—3|n>( Al
= gfe ¥ must see
= x%* Al (3)
(b) | X’y = jx3ex L dx M1
= [ xe* dx
=xe*—e'+¢ [by parts | M1 A1
1 1
y= —2——34‘%9_)( o.e. Al (4)
X° xX° X
€ |1=ce* . c=¢ M1
2
1 1, ee M1
4 8 8
=11+e? Al ©)
or=0.171 0.171 or better
(10 marks)
[P4 January 2004 Qn4]
26. () y y=|(x-2)(x-4)] ‘ Line crosses axes | B1
8 / Curve shape Bl
6 N Axes contacts 6, 8,
2 | 4 , B1
y=6-2X
Cusps at 2 and 4 Bl (@)
(b) [6-2x=(x-2)(x—4) and -6+2x=(X-2)(x-4) M1, M1
X*—4x+2=0 X*—8x+14=0 either | M1
L _4t16-8 . _ 8£/64-56
2 2
=2-12 =412 AL, Al (5
() [2-V2<x<4-2 M1, Al (2)

(11 marks)

[P4 January 2004 Qn5]
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27.

(@ |[m°+4m+5=0

—4+-4
"t

=-2+i
y = e %(Acos x + Bsinx)
Pl = Asin2x + p1€0s2x
y =24 c0S2X — 245N 2X
Yy =—41sin2x — 44 C0OS 2X
<. —4)—8u+51=65
—4u+81+5u=0
A-8u=65
81+ u=0
6441 +8u=0
654 =65
A=1, u=-8
y = e (Acos X + Bsinx) + sin2x — 8 cos 2x
(b) | Asx — o0, €2 — 0 .. y —> sin2x — 8 c0s 2X
y = Rsin(2x + @)
R =65
a=tan"'-8 = -1.446 or -82.9°

M1

Al
M1
Pl & attempt diff. | M1
Al

subst. in egn. & equate | M1

solving sim. egn. | M1

Al
ft on their Land i | Alft 9
B1ft
M1
Al ©)
(12marks)

[P4 January 2004 Qn6]
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PMT

(@) N ‘ Shape + horiz. axis | B1

3 |B1 )
/\
N3~

(b) | Area= 1[r*d@

= 1[9cos*260d6 use of 1[r® | M1
:%j%de use of cos40=2cos’260-1 | M1
_ 9fsind0 o7 I |dvt, A1
2 8 2 E '
9| = 3
=2 X _ 2 subst. Zand £
2|8 16 12} cands M
9| J3
= —|—-—|0r0.103 Al 6
2| 24 16} ©
(c) | rsin@=3sindcos26
3—223c05900526—6sin95in26 diff. rsingd | M1, Al
N _ 0= 6cos?0—3c0s 0 12sin20cos O = 0 useof Y=o |m1
do do
6c0s’0 —3cos O— 12(1 — cos’d)cos & =0 use double angle formula | M1
18c0s°0 —15¢c0s 6 = 0 solving | M1
cosd =0 orcos’d =25 or tan’d =1 or sin’g =1 Al
Lr=3@2x2)-1
=2
~rsing=2,t use of d = 2rsind | M1
g= 26 Al ©)
3
(16 marks)

[P4 January 2004 Qn 7]
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29.

Solves x> —2 =2x by valid method

Obtains x =1++/3 or equivalent (may only obtain relevant root if graph
is used)

Solves 2—x* =2x

Obtains x =—1++/3

Rejects two of these roots and obtains (or uses graph and obtains)
x>1+ \5, x<-—1+ \E

Special case:

Squares both sides to obtain quadratic in x* and solve to
obtain x* =4+2/3

Obtains x =13 or x=-1%-/3

Last three marks as before.

M1
Al

M1
Al

dM1
Al, A1
9

MI Al

MiAl
dMIAIAL

(7)

[P4 June 2004 Qn 4]
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30.

(a)

Integrating Factor =e™*

(b) l=c—t—>ec=7%
—eX @) —nx
-y=%x—%+i 2 and 52%—%82
—2x . —
When ' =0, e’ =1 S 2x=1InS

()

Min Bl

point and

passing M1

through

(0.1) M1
Al

shape
Al
M1
M1
M1I
Al
B1
Bl

3

4

(2)

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009
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- 31.

(a)

(b)

Auxiliary equation: m* +2m+2=0—->m=-1%i
Complementary Function is v =e~ (A cost+ Bsint)

Particular Integral is
y=Ae"', with V' =—Ae”, and y'=Ae’

(A—24420)e =2 >1=2

Soy=g {Acosi+ Bsinf+2)

Puts 1 = A+2 and solves to obtain 4 =-1
V' =e(—Asint+ Beost)—e  {Acost + Bsint +2)
Puts 1 = B — 4 — 2 and uses value for 4 to obtain B
B=2

Sy=g ' (2sinf—cost+2)

M1

MI1A1

M1
Al

B1

Mi,

M1 Alfi
M1
Aleso

Alcso

(6)

(6)

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009
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32.

(@)

(b)

©

(d)

Ja(l —cos &)= a(l +cosd)
2a=4acos@ —cosf =7
r=3

[Co-ordinates of points are (3,5) and (3.-%) |

3:11.5

2

* =T -
LO=For—%

AB=2rsing =

Area

Il
wif— ey 1
b=
-
)
8,
s

==y

a’(1+cos@) —9a*(1—cos 8) 1dé
; _[[1 +2cos® +cos® 8 —9(1-2cos @ +cos” §)]dO

[-8+20cos@ —8cos” 9148

K[ —86 +20sin6 ...
veen—25In 28 — 48]

]

Il 1
”lq"' HL

T T T
Uses limits — and -— commeetly or uses twice smaller area and wses limits ?

3
and 0 correctly.Mead not see 0 substitnted)

= a*[-4m +1043 — 3] or = &*[-4x +9/3] or 3.0224°

5

3&—5—:4.5—“::14@

- Area= 3[943—4x]. =9.07cm®

M1
M1

Al Al
(4)

MI1Al
(2)

M1 M1l
Al

Bl
B1
M1

Al
(7

B1

M1, Al

(3)

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009
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33. @) f(x)=sec’ x f'(x)= 2sec x(sec x tan x) (or equiv.)

f"(x)= 2sec? x(sec? x) + 2tan x(2sec’ x tan x) (or equiv.)
(2sec® x + 6sec” xtan® x)
(2sec* x + 4sec”® xtan® x), (6sec’ x —4sec®x), (2+8tan®x + 6tan* x)

(b) tan% =1 or sec% =2 (1,2, 4,16)

2 3
4 4 4 2 4 4 6 4 4
V4 7Y 8 7\’
=1+2(X——J+2(X——j +—£X——] (Allow equiv. fractions
4 4 3 4

- 2%)

. n’ LA n
400 3 8000 10 200 3000

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009

M1 Al
Al (3)

Bl

M1

Al(cso) (3)

M1

(*) Al(cso) (2)

[P6 June 2004 Qn 2]
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3. (@ n=1L di(eX cos x): e*cosx —e*sinx (Use of product rule) M1
X
cos x+£j:cosxcos£—sin xsin” = - (cosx —sinx) M1
4 4 4 2

di(eX cos x)z 2%eX cos(x +%J Trueforn=1  (cso +comment) Al
X

Suppose true for n = k.

k+1 1
dkl(excosx) _ 4 22" cos x+k—”) — M1
dx " dx 4
I kz . kz
=22 |¢* cos(x+7j—exsm(x+7j Al

1
—22 e \/_cos( +_+7rj 22" l)excos(X+(k +1)£] L M1A1
4 4 4
~.True forn=k+ 1, so true (by induction) for all n. (> 1) Al(cso) (8)
(b) (\/_cos J (2 cos ) [2\/_cos—jx +i(4cos 7 )x* M1
2 2 24
1) ©) (-2) (-4)

e* cosx =1+ X —%XS —%x“ (or equiv. fractions) A2(1,0) (3)

11

[P6 June 2004 Qn 4]
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35.

(©)

(d)

@ argz= % = z=A+Ai (orputting x and y equal at some stage) Bl

W= M , and attempt modulus of numerator or denominator. M
A+(A+Di

(Could still be in terms of x and y)

|(/I+1)+/1i|=|/1+(/1+1)i|=1/(/1+1)2+/12, S W =1(*) Al Alcso (4)

(b) W:Z—_'_]_- =  w+wi=z+1 = z:l_—Wi M1
Z+1 w-1

IZ=1 = [p-wi=|w-1 M1 A1l

For w=a+ib, |1+b)-ai|=|[(a—1)+ib| M1

J@+b)? +a% = /(a-1)% +b? M1

b=-a Image is (line) y =—x Al (6)

/T\ R BIBL (2
\|/

z=1 marked (P) on z-plane sketch. Bl
z=1 = w= % = % = %—%i marked (Q) on w-plane sketch. B1 (2)
| j—

14

[P6 June 2004 Qn 7]
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(@)
Shape, vertex on x-axis B1
Atleast 2a seenan B1 (9
positive x-axis '
(b) Attemptingto solve —(x —2a)= 2x + a anywhere M1
Completely correct method dep M1

[e.g solving —(x —2a)> 2x + a;
if finding two “solutions™ needs to be evidence for giving “correct” resulf]

x< Y%a Al (3) [9]

[FP1/P4 January 2005 Qn 1]

37.

IF= o™ . = gn2 - M1Al
Multiplying throughout by ITF. Mi1#
y x (IF) = integral of candidate’s RHS M1
=I 2sin®xcosxdx  or I —(——-—-——GOSsz- cosx)dx M1
[This M gained when in position to complete integration, dep on M * |
=2 sin® x(+ C) or --l-sin3x+-1~sinx+c Al
3 6 2
- 3 - -
_2smix C sin3x | sinx ¢ orequiv. AW [1]

Y= - or — — +— + =
3sn2x sin2x 6sin2x 2sm2x . sin2x

[FP1/P4 January 2005 Qn 3]
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38.

1 A, B _AC+D+Br 4 attempt o find A and B

= 4 =
rr+2) r r+2 r(r+2)
1 1

T2r 20042

4 41 1
®© zr(r'+2)= F_r-:-z]

()

+
{'1 1 } {1 1 }
+ —— b
n—-1 n+l n n+2
[if 4 and B incorrect, allow AlV here only, providing stili differences]

3 1 1

2 n+l1 n+2

3r+ D +2) -2(n+2)—2(n+1)
An+Dn+2)

Forming single fraction:

n(3n + 5)

, €SO
n+1)n+2)

Deriving given answer

100x 305 49x152
¢) Using S(100) — S(49) = -
© (100) ) 101x102 50x51

[=2.96059... — 2.92078...]

i

0.0398 (4 d.p)

[Altow S(100) — S(50), (= 0.0383) for M1}

M1

Al (2

MI1A1

Al

M1

Al (5)

Mi1Al

Al (3 [10]

[FP1/P4 January 2005 Qn 5]
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39.

dy v d’y dv _dv
@ 3 Vow e e -

[M1 for diff. product, Al both correct]

2
x’[x%%+2%] —Zx(x—g—:—+v)_+(2 +9xvx = x° M1
xsg—;+2x’%—2x2%—2m+2vx+9vf=x’ | Al
d*v
Bt +9° =x"
[ o ]
) d®v )
Given result: F+ Oy =x cso Al (5)
(b) CF: v=Asin3x+ Bcos3x (may just write it down) ' MIA1
Appropriate form for P1: v=Ax*+p  (or  ax’ +bx+¢) M1
Complete method to find A and x : Ml
v=Asin3x + Boos3x + _x* - M1ALY (6)
[ £t only on wrong CF ]
©)- y= Axsin3x+ Brcosdx + %xﬂ—sfl-x BIV (1) [12]

[ft. for y =x(candidate’s CF+ PI), providing two arbitary constanis]

[FP1/P4 January 2005 Qn 6]
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40 (a) For C: Using polar/ cartesian relationships to form Cartesian equation M1
' so x*+3y°=6x Al
[Equation in any form: e.g. (x —3) + 3 =9 from sketch.
6x
JX¥+ Y =
or ¥ r—x2+y2}
For D rcos[——ﬂ]mi& and attempt to expand M1
.23.:._,_._.__.__;3’ =3 (any form) M1A1 (5)
b
a5
“Circle” , symmetric in initial line Bl
passing through pole
Straight line Bl
Both passing through (6, 0) Bl (3
{c) Polars: Meet where 6cosecos(—§~9)=3 M1
\3sin&cosé = sin®@ M1
sin@=0 or tan@ =./3 [#=0 or %] Mi
Pointsare (6, 0) and (3, _—g) B1,A1 (5) [13]
[FP1/P4 January 2005 Qn 7]
41.(a) Z = ! - 1 a1
Lortey Zr -t Zr+|
1 &Hempt
i L = Lo_lglpe. Lo L Mettod of| M|
e Grt-1 i 2 3 Zn=-1 Z2Zn=l Difeerne
Al o
=1 ® e
2
We o€ (a) ard M
) Sum = (Ji)[ fl20) - Fuo}] ¥ -
= - - = _lo o
= ’12:[‘ f}l 1*3!.1] '2’_‘[%'1 “ et Hl""”(é
—— 3 6-'

[FP1/P4 June
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42, dy 2 = _| | MHempt
Aze + L+7c 2 2cres ) w'aPy =@ form My
LE = BI-'-%;CJ.:& - e’zu..t-.mxj - (tex)® ‘ ML, AL
. T e 4 | - e
le. <3_(i-u.,)" => 2 + Lase + (C) MiL A
3 - e +lax + C ﬂ'lc.,d..o.
Qax)? @
[FP1/P4 June 2005 Qn 3]
b4 Shape - Symmetn
43.(8.) | - w a{nri- 'a-ﬁm_i ¢ B
. V Shape . Verkex on a
-7 L ~ posibive o —ascis ‘
-2, Z 8'
{ 8L (4)
((“) ?c-?'--ﬁ,:ln—l M
x2-lx -3 =0 = x o= 3_ St -1 Al
x -t = - (i) M
Correck 3 beor
x*4lx-§ =0 , = x = -2t{lf+% Quodake ~ o AL,
.
= =t x -ré Al (5')
() < -1-J¢ << e - 5 xD>3 (I‘@)Et,f';mf;&i
Acept 1€, Q) @2

[FP1/P4 June 2005 Qn 6]
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44.(a) Zm24Sm +2Z = O &He»fizux“?‘ M1
= m =-%,-2
. %, = A -t-*&e—%l: C.F A
Porkculer nbegml: 2= pb t g P.T. @)y
% =p , % =0 ad sal M
= 5p +2¢+2pk = 26+9 - pe=1,9-2 Al
Gererml solubion x= A et L Ee2 ﬁ:f (J“m,
(6)
((r} x=3, b0 = 3= A+8+2 (br At =1) M1
% = -2ae 7% _Lactt Alerpt i M)
I, b0 D -t= -24 -18 41 (or LA+B=L) oA
Coloing, > A=1,0-0 =4 x = &°° sb+2 Al ()
(0) 2= -2 41 =0 x=-0 |HI
= & = 4 laz Al
X = we?™ No(vE) .mia Mi
Min x = e,‘b‘i{.éuz +2
= &+ Lz x2
= L(5+n2) & Aleso. (4
@)

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009
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45.

@ 7T
a \
3ex

A

4a(l+cos@) = 5 or F= 4a(1+w3£)
cos r
dep (

4cos”@+4cosf—-3=0 or 1P —dar =12a* =0
(2cosc9n1)(20059+3]=0 or (r—6a)(r+2a)=0

cosﬂ—i,( —EJ or r==0g
2 3
Note ON =3a
PQ:szngzéx{Ba* Gso

or any complete equivalent

() EX%J-:&:PIdQ:__.INISaZ(1+cosH)2dB fr%!er
= ... J%[I—FZGOS&‘-%%-!—%—GOS 29}(]5' Car'O Bl
3 ) | I
:_,.[—19+231r16’+—sm2-:9}
2 4
. 2 T \f:" o 2 s
=16a [5+43+?J (-_Za [4ﬂ'+9\f3]x=56.3a )
Area of A Poa = %,éﬁaxzm or Ta2i3 4

7§ za1(87r+9\f3) cao

M1

Al
M1

Al

Ml A1 6

Mi

M1

Al
use o ther %
¥ Al

81
Al 7

[FP1/P4 June 2005 Qn 7]

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009

35



(a)
46. Circle M1
Correct circle. Al {2)
> (centre (0, 3), radius 3)
(b} Drawing correct half-line passing as shown B1
Find either x or y coord of A. M1A1
32 372 ..
Z=-—2 + {3+ > )i Al (4)
[Algebraic approach, i.e. using y =3 — x and equation of circle
will only gain M1A1, uniess the second solution is ruled out,
when B1 can be given by implication, and finai A1, if correct]
o 21 o M1
{©) [2-3i[=3 — = -3i|=3
fur]
= |2i-3im|=3 Al
o]
= |o-|=|ae| M1A1
Line with equation u="1s  {x=1/s) Al (9)
Some alternatives: [11]
) o= 21. _ 212::—1{} — = 22}* o e 22x . MAAT
x 41 X+ X +y x4+ ¥y
As X + y* — 6y =0, a=%, M1,ATA1
) 2i  2ifcos@ — i(l + sin®))
i) = = M1A1
W 3cos@ + 3i(1 + sinf)  3{cos’ @ + (1 + sin@)"}
3{1+s1n9)?|-1c039, _1,; c0s6 MAAT
3 2 + 2siné 3 1+ sinéd
So locus is ling u = % Al
[FP3/P6 June 2005 Qn 4]
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4r. (a) z" = ¢e" = (cosn@+isinnd), z" =€ =(cosnd - isinne) M1
Completion {needs to be convincing) z" — iﬂ = 2isinnd (MAG Al (2)
F
]
Y, 10 5 1
I:b] (Z“;J—Z — 5z +l{}z—";'+z—3—z—5 MAA1
SR CEE R G
=l —— |-§ 2 = |+10[z - =
(z z° “ z? z z
{ 2isiné )*=32isin® & = 2isin 58 — 10i sin 30 + 20isin @ M1A1
. . . . : Al
= 8ins @ = i( sin 50 — 5sin 36 + 10sin &) () AG ©)
(¢) Finding sin® & =% siné M1
6=0,7 (both) Bl
.4 : 1
sin' @ = 4 = f =+
( 4) sin % M1
== 3 = ix AL:A1 (5)
4’ a 4 4
[12]
[FP3/P6 June 2005 Qn 5]
48.
2 1s a ‘critical value’, e.g. used in solution, or x = 2 seen as an asymptote Bl
¥ =2x"—4x = x' —4x=0
x=0, x=4 M1: two other critical values M1 Al
x<0 B1
2<x<4 MI: An inequality using the critical value 2 M1 Al (6)
Total 6 marks

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009
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49 @) m* +2m+5=0 = m=-1+2i M1 Al
x=e"' (A cos 2t + Bsin Zr) M: Correct form (needs the two different constants)| M1 Al 4)
b)(1,0) = 4=1 dB1
x=—e" (Acos2t+Bsin2r)+e” (—24sin2¢+2Bcos2r) M: Product diff. attempt dM1
With 4 = 1, e {cos 2¢(~ 1+ 2B)+sin 2¢(- B-2)}
x=17r=0 = 1=-4+2B M1
B=1 [‘x =e” (cos 27 +sin Zr)) M: Use value of 4 to find B. | dM1 Alcso (5)
(c)
X ‘Single oscillation” between 0 and 7 Bl
1 Decreasing amplitude (dep. on a turning point) Blft
‘ 3z Z ot Initially increasing to maximum Blft
. : 3z T
Any one correct intercept, whether in terms of 7 or not: 1 or e or Y Bl 4)
(Allow degrees: 67.5° or 157.5°) (Allow awrt 0.327 or 1.18 or 2.75) | Total 13 marks
[FP1/ P4 January 2006 Qn 4]
50. (a) — = xﬂ B1
X dx
v+ xd; _ 3y dw (All in terms of v and x) M1
dx  4x+3vx
xﬁ = 3= dv—vid+3v) (Requires xE = f(v). 2 terms over common denom.)| M1
dx 4+ 3v dx
dv 317 +8v—3 .
x— = 7 = Al cso 4
* dx 3v+4 ™ “
(b) 531»7+4 dv=— 1 dx Separating variables M1
3vi +8v—3 x
+Inx Bl
éln(3v2 +8v—3) M: kIn(3v’ +8v—3) Ml Al
1 3y 8y . .
— In{ — 3} =—Ilnx+C Or any equivalent form Al (5)
2\ x x )
33y? 8y A . ] . .
(¢) =5 +———3=— Removing In’s correctly at any stage, dep. on having C. | M1
X J X
Using (1, 7) to form an equation in 4 (need notbe 4= ...) M1
(.7) = 3%x49+56—-3=4 = A=200 (orequiv., can still be In) Al

337 +8yx —3x7 =200

(3y—x)(y+3x)=200 (M dependent on the 2 previous M’s) (*)

M1l Al cso  (5)

Total 14 marks

[FP1/P4 January 2006 Qn 6]
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1

oL (a)(i) r’sin’ @ =a’ cos 2@sin’ @ = a’ (l —2sin’ t9)sin2 6 B1 (1)
[': a’(sin® 6 —2sin* 9]]
(i1) %(aj ['sin2 6—2sin’ 9)] =a’ ('2 sin @ cos @ —8sin’ Acos 6) . =0 M1 AL, N
2=8sin’ @ (Proceed to asin’ € =5) Ml
sng=+ = o=%. r=O *) | Al,Alcso (6)
2 6 N2
2 2
(b) % [cos 260d6 = %sin 260 M: Attempt % I'r2 dé . to get ksin26 MI1 Al
7 - '3 : .
[ JA S M: Using correct limits M1 Al
% 4 2
1({a 1 a +3) 3a’ .
A=—| — — x| —. = M: Full method for rectangle or triangle] M1 Al
2(y272) N2 2 16
N3a© & 3| a . : :
R= 3 5 :E(S\II 3 —4) M: Subtracting, either way round (*) | dM1 Al cso (8)
Total 15 marks
[FP1/P4 January 2006 Qn 7]
T .. 7
52. cos £y + 1smE Bl
T o Bl
cO$ — + isin—
10 10
COS[M] + isin[M), k= 2,3, 4(or equiv.) MIA2,1,0
10 10
(3
9z . . [9% 137 .. (137 177 . . [1Tx
[cm(—} + 1sm(—], cos[—] + 151n[—], cos[—] + lsm[—]]
10 10 10 10 10 10
[Degrees: 18,90, 162, 234, 306]
Total 5 marks

[FP3/P6 January 2006 Qn 1]
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53 (a) Correct method for producing 2™ order differential equation
' 4 d|_d 2 M1
c.g. dx{(1+ 2x)dx} = {x + 4y }attempted
d*y dy dy . "
(1+2x)—= +2-==1+8y— seen+conclusion AG Al
(b) Differentiating again w.r.t. x:
d’ d? d? aY L d? :
1+ 2x) J; +2 de; =8y de; + S[Ey] -2 dxf or equiv. MI1A2,1,0
3
d’ dyy’ d?
[e.g. (i+ 2x) dx*‘; = 8[—&;’—] + 42y - 1) de;
3
d
©) ay(atx=0)= 1 B1
d’y
Finding o (atx=0) (=3) Ml
d’y
Finding g atx=0;, =8 [Al fit. is on part (c) values only ] MILAL
=lgxtix? i3y
Y 5 5 s MI1A1
(6)
Total 11 marks
[Alternative (c):
Polynomial fory: y=Y%+ ax + bx* + cx’ +... Ml
In givend.e.:
MIAL
(1+20)a+2bx+3cx’+..) =x + 4%+ ax + bx® + o’ +... )’
a=1 BIl, Complete method for other coefficients M1, answer Al

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009

[FP3/P6 January 2006 Qn 6]
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54.

(a) Relating lines and angle (generous)

[angle berween +2i to P and =2 to P ]

Angle between correct lines is %

Circle
Selecting correct {top half”) semi-circle .

[If algebraic approach:
Method for finding Cartesian equation
Correct equation, any form, = x(x+2)+ y(y —2)=0

Sketch: showing circle
Correct circle { centre (-1, 1)}, choosing only “top half”

(b) {z+1-i| isradius; = v2

© z=20+D-20 [zLﬂ)_z]

w w

z—2i:2(1+i) —2(%+i)m “1- o)
z+2 20+

Arg (1 — w)= g is line segment, passing through (1,0)

e [
>

H] 1 u

2+ 2i x4+ 2y + 4 +ix+2-y)

(x +2)+iy (x+2)" +y°
x=—-1++2cos8, y=l+«f§sin9

_(Zﬁco59+2,j2_sin6+4)+:‘ .....

B (2\/5 c059+2\/55i119+4)
= partoflineu=1, show lower ‘half of line

Alt©: u +iv=

A1,A1

= 1+if(0)}

M1
Al

Ml
Al]

Ml

M1

Al,

M1
Al

M1
Al

)

Ml1Al
' (2

M1
MI1Al
AlAl
Al
()

Total 12 marks

[FP3/P6 January 2006 Qn 8]
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55. Use of £ [r*do B1
. . T v
Limits are & and 7 Bl
16a’° cos® 20 =8a* (1+c0s46) I: M1
[(1+cos40)do = 0+ 2020 M1 Al
i i
A:4a2{9+sm4ﬂ
4 Iy
=a{4(ﬁ—ﬁj+(0—1)} M1
4 8
=a’ [%—1}2%8.2(72'—2) * cso Al (7)
[7]
[FP1 June 2006 Qn 2]
56. @) y' =3sin 2x + 6X oS 2X M1
y" =12c0s2x —12xsin 2x Al
Substituting 12cos2x—12xsin 2x+12xsin 2x =k cos 2x M1
k=12 Al (4
(b) General solution is y = Acos2x+ Bsin 2x+3xsin 2x Bl
(0,2) = A=2 B1
[%g] = Z-B+F = B=% M1
y =205 2X —7-5in 2X + 3xsin 2x Needs y =... Al (4)
[8]

[FP1 June 2006 Qn 3]
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S7.

(a) (2r+1)° =8r® +12r*> +6r +1

(2r-1)° =8r®-12r° +6r -1
(2r+1)°—(2r-1°%=24r*+2 (A=24,B=2) M1 A1l (2)
Accept r=0 = B=2andr=1 = A+B=26 = A=24
M1 for both
(b) F P =24x1242
o F = 24x22 42
M
(2n+1)° - (20=T) =24xn®+2
(2n+1)3—13 =24>"r’ +2n ft their B M1 Al Alft
r=1
n 2 _8n°+12n° +4n ML
1 24
:En(an+3n+1):%n(n+1)(2n+1) * cso Al (5
40 40
© D @r-1)%=>(9r*-6r+1) M1
r=1 r=1
1 1
=9x€x40x41x81—6><§><40><41+40 M1
=194380 Al (3)
[10]

[FP1 June 2006 Qn 5]
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58.

(a) 2X° +X—6=6-3x
Leading to X°+2x-6=0
(x+1)'=7 = x=-1+7  surds required
~2X* —X+6=6-3X
Leadingto 2x*-2x=0 = x=0,1

(b) Accept if parts (a) and (b) done in reverse order

vt
Curved shape
Line
At least 3 intersections
10) X

(c) Using all 4 CVs and getting all into inequalities
X>47-1, x<—-+7-1 both
ft their greatest positive and their least negative CVs

O<x<l1

M1

M1 Al

M1
Al Al (6)

B1
B1
B1 (3)

M1
Alft

Al (3)
[12]

[FP1 June 2006 Qn 7]
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59.

2
a ———dt=-2In(120-t
@ 120t ( )
e—ZIn(lZO—t) _ (lzo_t)*Z
1 ds 2S 1

— —
(120-t)" dt = (120-t)° 4(120-t)°

s |__ 1
dt{ (120-t)° ) 4(120-t)’

S 1

= +C

(120-t)’ 4(120—t)( )
(0,6) = 6=30+1201C = C=-——
600

_120-t (120-t)
4 600

S

2(120-t

(b) d_S:_ing
dt 4 600
§=O = t=45

dt

Substituting S= 9% (kg)

or integral equivalent

accept C = awrt —-0.0017

Bl

M1 Al

M1

M1 Al

M1

Al (8)

M1

M1 Al

Al (4
[12]
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60. (a) f(x)=cos2x, f(£)=0
f'(x) =-2sin 2x, f'(£)=-2 M1
f"(x)=-4cos2x, f'()=0
£(x)=8sin 2x, f"(2)=8 Al
) (x) =16 cos 2x, " (2)=0
) (x)=-32sin2x, ¥ (2)=-32 Al
cos2x = (£)+F'()(x-2)+ gﬁ)(x_%)u%(xﬁ)%...
Three terms are sufficient to establish method M1
cos2x = —2(x—Z)+4(x—2) & (x—2) + Al (5
(b) Substitutex =1 (1-Z~0.21460) B1
cosZ:—2(1—%)+§(1—%)3—%(1—%)5 +...
~—0.416147 cao M1 Al (3)

[8]
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(@) In this solution cos@=c and sin@d=s

(:0556?+isin56?:(c+is)5 M1

(= ¢ +5c*is +10c® (is)2 +10c® (is)3 +5c(is)4 +(is)5)

3 sin50 =5c*s-10c’s’® +s° equate M1 Al

:5045—10c2(1—cz)s+(1—cz)2s s2=1-¢? M1
=s(16c" —12¢” +1) * Al (5)

(b) sin0(16cos“¢9—12cosz6+1)+2coszesin6=0 M1

sind=0 = 6=0 Bl

16c* ~10c* +1=(8c* ~1)(2¢* -1)=0 M1

cot 1 cogt any two Al

242 2
0~121193 0==5 any two Al
4 4

all four Al (6)
accept awrt 0.79, 1.21,1.93,2.36 [11]

Ignore any solutions out of range.

[FP3 June 2006 Qn 3]

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009 47



62.

(@) Let z=x+iy

Leading to

Leading to

[

A

(b)

(x=6)"+(y+3)" =9[ (x+2)"+(y-1)|

8x* +8y? +48x—-24y =0

This is a circle; the coefficients of x* and y® are the same and
there is no xy term.

Allow equivalent arguments and ft their f (x, y) if appropriate.

(x*+6x+y*-3y=0)
(x+3) +(y-3) =%
Centre: (-3, %)

Radius: 2+/5 or equivalent

| Circle

3 centre in correct quadrant

v

(

(©)

through origin
Line cuts —ve x and +ve y axes
@) intersects with circle on axes
and all correct

Shading inside circle
and above line with all correct

M1

M1 Al

Alft

M1

Al
Al ()

Bl
B1 ft
Bl
Bl

BL (5
B1

BL (2
[14]

[FP3 June 2006 Qn 6]
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63.

2 dy . .
[ :(‘d;.L + 2xy = xcosx implies MIMIAIL]
x

> ; COSX .
xy= j.x dx  or equiv.
x

[ILF.yv = J.I_F. (candidate' sSRHS)dx |

By Parts: ( x% y) = xsinx — Isill,\'d,t'

ie. (x* y)= xsinx, + cosx (+c)

3 +—
X x° X !

SiNX  COSX c
r — + —

. ay 2 COSX
Attempt to arrange in correct form a .= Vv =
dx X X
. | = 2
Integrating Factor: = ¢ "% [(=e 2lnx_ e Inx ) =

M1

-

x - MILAL

M1

M1

Al, Alcao

AlY
[8]
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64.

Working from RHS:

(a) Combining 11 [ #]
For+1 rir +1)

i = 1r + 1) + (r+1) = r

Forming single fraction :
Fir + 1)

r -+l 7 —r+1
Hr+1) (e 4D

AG

Note: For Al, must be intermediate step, as shown

Working from LHS:

FGP =D+l D - +1 1
S T D) g o+ 1)

(a)

Splitting ; into partial fractions M1

rir+1)

AT =D+l 1 1
rir+1) P F+1

Showing = no mcorrect working seen Al

M1

M1

Alcso

(3)

Notes:

In first method. second M needs all necessary terms. allowing for sign errors

In second method first M 1s for division:

Second method mark 1s for method shown (allow “cover up™ rule stated)

If long division, allow reasonable attempt which has remainder constant or linear

function of 1.

Setting " ~D*1_ 4 B oMo
rir+1) ¥ r+1

If 3 or 4 constants used 1n a correct 1mitial statement.

M1 for finding 2 constants; M1 for complete method to find remaining constant(s)

[FP1 Jan 2007 Qn 4]

FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009

50

PMT



PMT

65. (a) [[: x> — 2)]: Attempt to solve x° —1=3(1-x)(x+2) M1
[4x) +3x - 7 =10]
x=1. —E Bl. Al
4
[(x<—2)]: Attempttosolve x" —1= — 3(1-x)(x+2) M1
Solving x+1=3x+6 ('2::;J +3x-5=0) Mldep
5 Al (6)
x=——
2
7
(b) ~a < x=< 1 One part M1
Both correct and enclosed Al
5
x<—= { Must be for x < —2 and only one value} B1 < 3)
[9]
FP1 January 2007 Qn 5]
FP2 question mark schemes from old P4, P5, P6 and FP1, FP2, FP3 papers — Version 2 — March 2009 51



dy , . dx MI1
66 (@) y=x"*'= A [Use of chain rule; need i]
' dt dt f
2 2 ¢ 1,02 \
N d_-;':_zx‘3 d_;* cex ) AlV. M1A1
df dr \dr )
. 2 d 6 (d 1
(+ givende. by x¥) i -— d =— -3
x de” e X
d? , n:'). p
becomes (— —% =y-3) d—a‘; +y =3 AG Alcso (5)
(b) Auxiliary equation: m* +1=0 and produce Complementary Function y= ... | Ml
(v) = A cosf + Bsinf Alcao
. . Bl
Particular integral: y=3
General solution: (y) = Acost + Bsinf + 3 AV @)
1 . .
(c) — = A4cosf+ Bsinf + 3
X"
|
.r=5.r=0 = (4=4+3) A=1 B1
. oy : dx _; dx ,
Differentiating (to include E): —2x7° o = — Asinf + Bcost Ml
3
d:
f_0.t=0 = (0 =0+B) B=0 M1
dt
L _ 3 + cost S0 X = 1
o © J3+cost Alcao (4)
1
(d) (Max. value of x when cosf=-1) s0o max x = T or AWRT 0.707 B1 (1)
: [14]
[FP1 January 2007 Qn 7]
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67. (a) x=rcosd = 4sind cos’ @ M1
% = 4cos* @ —12cos’ sin’ & any correct expression MI1A1
. dx dx 2 5 !
Solv ax _ _ 2 9— 3sin’ @) — M1
Solving 40 [arﬁ' 0 = 4cos” 6 (cos” @— 3sin” &) = 0]
1 3 1 T
sind =— or cosd =— or tanfd =— = 8=— AG
5 > NE) 6 Al cso
[ 2 4 3 -
o= 4 sinicos' £_2 AG Al cso (6)
6 (s} 2
x x
1%, 1
) 4==([rrde = —.16 [sin’Gcos* 8o
2 x 2 F
3 s
8sin’ @ cos* 8 = 2 cos® A 4sin? Acos? F) = 2cos? Fsin’® 28 M1
= (cos28 + 1)sin” 28 M1
= cos28sin® 26 + ﬂ =Answer AG Alcso (3)
&) B
(c) Area = [ésin3 26 + g — 511;48}145 (ignore limits) MI1A1
- !%I
_ L [ . 2=
= f%sufi; e I 3 (sub. limits) Ml
7 3 7 3 7 5
= l_ " :_ £_i_£ ‘ = i‘ +i both cao Al.Al (:‘)
6 8 16 12 16 6 4 [14]
[FP1 January 2007 Qn 8]
| _—r . .
68. 1— and 3 are “critical values’, e.g. used in solution, or both seen as asymptotes | Bl
(x+D(x~3)=2x-3 = x(x—4)=0
x=4, x=10 MI: attempt to find at least one other critical value | M1 Al, Al
1 . . . |
de{IE, 3<x<4d M1: An inequality using 15 or3 M1 AL, Al (T

7

[FP1 June 2007 Qn 1]
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Integrating factor glrmsds _ gintoone (or g laless) ), = oS X (or ] -M1, Al
secx
[ty
cOsx— — ysinx =2sec” x
dx
VYCosx = Psecz xdx {orequiv.} [Dr: %(ycosx)z?sccz x) M1 AL(ft)
veosx =2tanx (+C) (or equiv.) Al
v=3 atx=0 C=3 M1
_2tanx+3 {Or equiv. in the form y = f{(x)) Al (7
cosx

1 M: Also scored for el ™*® = ¢l (or e‘"‘*“‘}], then AD for secx.

2™ M: Attempt to use their integrating factor (requires one side of the equation
‘correct’ for their integrating factor).

2™ A: The follow-through is allowed only in the case where the integrating
factor used is sec x or —secx. [ysecx = IZsec‘ xdx)

3" M: Using y = 3 at x = 0 to find a value for C (dependent on an integration
attempt, however poor, on the RHS).

Alternative

1°* M: Multiply through the given equation by cosx.
1% A: Achieving cos x% — ysinx = 2sec” x . (Allowing the possibility of

integrating by inspection).

[FP1 June 2007 Qn 2]
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70.

@ (r+1)° =r 4372 +3r+1 and (r—1)° = —3r% +3r -1

(r+1)? —(r—1)° =6r% +2 *)
(b) F=1: 2° —0° =6(1%)+2

r=2: 3" -1 =6(2%)+2

r=n: (m+1P —m-1° =6 +2 M: Differences: at least first, last
and one other.
Sum: (rn+1)° +n’ —1= GZr2 +2nr  M: Attempt to sum at least one side.

(62?’2 =2n +3n% + n)
Zrz = én(r: +D(2n+1) (Intermediate steps are not required) (*}
=i
2r 2n =1 1 l
(©) Zr= = Z:rz - Zr’-, =2 (2m@n+ D@+ == (n=Dn2n—1)

= %n({lﬁnz +12n+ 2}— (21’?2 —3n+ ])]

= %n{n + 1)(14m+1)

[

Ml

Alcso

[ W1 Al

- M1 Al
Alcso

M1, Al

M1

Al

@)

(5)

€

11

(b) 1* A: Requires first, last and one other term cotrect on both LHS and RHS
(but condone *omissions” if following work is convincing).

(c) 1® M: Allow also for Zznrz =§r2 —irz .
r=1

=T =]
2% M: Taking out {at some stage) factor %n, and multiplying out brackets to

reach an expression involving »* terms.

[FP1 June 2007 Qn 3]
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71.

CF.m>+3m+2=0 m=—1 and m=-2
y=de ™ + Be **

PlL y=ex’ +dx+e

%=2m+d, i—f=2c 2¢+3(2cx +d) +20ex® + dx +e)=2x% +6x
2e=2 c=1 {One correct valug)
6c+2d=6 d=0

20+3d +2e=10 e=-—1 {Other two correct values)
General soln: y= Ade™ + Be™™ +x? —~1 (Their C.F. + their P.L)
x=0, y=1: 1=A+B-1 (4+B=2)
%:—Ae“—233"2r+2x, x=0, 'le=1: l=-4-2B
Solving simultaneously: A=5and B=-3

Solution: y=5e* _3eF 4 x2 ]

M1

Al
B1
M1
Al
Al
Alft
M1

M1

M1 Al

Al

@)

(3)

&)
12

[FP1 June 2007 Qn 5]
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Shape (closed curve, approx. symmeirical about
! the initial line, in all ‘quadrants” and
Js+Ah ‘centred® to the right of the pole/origin). | Bl
Scale (at least one correct ‘intercept’ » value...
shown on skeich or perhaps seen in a table).| Bl (2)
(Also allow awrt 3.27 or awrt 6.73).

(b) y =rsin® = 5sin @+ 3sinHcosb M1
%=5¢csﬁ—¢351n19+¢3m519 (=5c039+4300529) Al
50059-—\?3(1—::052 6“)+\J'300@29=0 M1
2+3cos? @+5cos8—V3=0
(2'\130059—11::039 +\f3)=[l cosd =... (0.288...) M1
& =128 and 5.01 (awrt) (Allow =1.28 awrt) [Also allow + arccosﬁ] Al
:’-=5+‘\Ir3[—1—]=E (Allow awrt 5.50) Al {0)

243 2
{c) r2 =25+10¥3cosé +3cos® O Bl
I25+1(}\I' 3cosd +3cos? #dO = % +10~J35in9+3[5‘“42‘9] - M1 Alfi Alfi
(ft for integration of (a +bcos 5) and ccos 28 respectively)
- 2T
l[zseuwasmeﬁs'“zg:fﬁ] e - M1
2 2 g
= %{St}x +37)= 5—3;5 or equiv. in terms of & Al (6)
14
(b) 2™ M: Forming a quadratic in cos@.
3 M: Solving a 3 term quadratic to find a value of cos@ (even if called 6).
Special case: Working with »cos@ instead of rsin&:
1" M1 for rcos@ = Scos@+V3cos® &
1 A1 for derivative — 5sin& — 2+ 3sin & cosé, then no further marks.

{(c) 1% M: Attempt to integrate at least one term.

2™ M: Requires use of the % correct limits (which could be 0 to 2, or
_mto , or ‘double’ 0 to #), and subtraction {(which could be implied).
[FP1 June 2007 Qn 7]
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3 2 2
(a) (1—x)dy 2Xd);_xd);_d_y+2d_y:0
dx® dx dx® dx  dx
3
Atx=o0, LY __d_,
dx®*  dx
d’y
(b) ( 2] =—4 Allow anywhere
dx® ),

M1
M1 Al cso
(3)

Bl

M1 AlLft, Al
(dep) (4)

[7]

[FP3 June 2007 Qn 2]

(a) 2" =(cos@+ising)" =cosnd+isinnd
2" =(cos@+ising) " =cos(—nd)+isin(—nd)=cosng—isinng
both
Adding z"+in:2cosn.9*
cso i
(b) (z +%T =72°4+62"+152° +20+152° +62* +2°

—7%4+7° +6(z4 +z"‘)+15(z2 +z’2)+20
64.c0os® 0 = 2c0s66 +12cos 40 +30c0s 26 + 20

32¢c0s° @ = cos 660 +6cos 46 +15c0s 26 +10
(p=10q=6,r=155=10) Al any
two correct
jcoseﬁdﬁ (%) cos6¢9+6cos449+15c0529+10
(ij[smw 6sin 40 153|n29 109}
32 6
%:i 3,48, E £+107T 5L 38 exact
0 32| 2 2 2 3 48 32
equivalent

M1

Al (2

M1

M1

M1
Al Al

()

M1 Alft

M1 AL (4)

[11]

[FP3 June 2007 Qn 4]
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75.

. A+(A+1)i
(@ Letz=A+A1i; W=—7— M1
A(1+1)
A+(A+1)i 1-i
= - M1
A(1+i)  1-i
214+1
u+iv—( " )+I Al
22
u:1+i, v:i M1
22 22
Eliminating A gives a line with equation v=u-1 or equivalent Al (5)
. A—Ai
b) Let z=A—-(A+1)i; W=———"—
(®) (2+1) A—-(A+1)i M1
A=A A+(A+1)i
= - X . M1
A—(A+1)i A+(A+1)i
A(24+1)+ A
u+iv:(2+—)+ Al
2A°+24+1
:M’ :# M1
207 +22+1 207 +22+1
Yooin
v
22 (2a+)-1 1 Vit
A2 +42+2  (22+1)°+1 (4)+1
Reducing to the circle with equation u? +v? —u+v =0 % cso | M1 AL (7)
(C) VA
ft their line | B1ft
0 Circle through origin, centre in correct quadrant | B1
u Intersections correctly placed | Bl (3)
[15]
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. 76. Integrating factor = ¢™* Bl
d ., x MI1
A % =Xxe
—-0e™) |
o(ye) = _[xe""dx = —%e“” + J%e"a"dx M1
= _%e—&t _e—3x (+c) Al
1 Alf
=—=——4ce
3 9
[3]
[FP1 January 2008 Qn 1]
77.(a)
: 3Nx+9)-Bx=5)(x-1 o =2x +20x+22
Consider (e +3)x+9) = (Bx=3)(x=1) , obtaining ¥ rexd M1 Al
(x=1) (x=-1)
Factorise to obtain —2(x(—1 ligwrl) . Ml Al
x —
(4)
(b) Identify x = 1 and their two other critical values Bift
Obtain one inequality as an answer involving at least one of their critical values 1Ml
Toobtainx < -1, 1<x<11 Al, Al
)
(8]
[FP1 January 2008 Qn 3]
Mecthod to obtain partial fractions e.g.5r +4 = A(r + D(#+2) + Br(r +2) + Cr(r +1)| p 1
78.(a) . . =
And equating coefficients, or substituting values for x.
A=2, B=1, C=3 or 2+ 2 Al Al Al
)
R I S
Rl
+24+1-2 = 2+2, -2 — -2 or equivalent M1 Al, Al
I
A
3k
_ Ma+)p+2)—4@m+2)-6(n+1)_ TH+lln M1 Al
2n+1)(n+2) 2+ D+ 2) )
[FP1 January 2008 Qn 5]
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79.(a) . . . L2
Solve auxiliary equation 3m° —m—2 =0 to obtain m = -3 M1 A1l
C.Fis de ™ + Be® Alfe
Let P1=2Ax" + ux +v.Find 3’ =2Ax+ u,and y" =22 and substitute into d.e. M1
Giving A=—-%, u=+ and v=—% Al ALAL
x Alft
.'.y=—%x2+%x~—%+Ae_§' + Be™ ®)
Use boundary conditions:
®)
r -‘}x x —
y=-x++—2A4e¥ +Be* and3 = 1—-24+58 M1 Ml
Solve to give 4=3/4, B=3 (- y=—1x*+ix-I+ %e_gx +3e") M1 Al
(6)
[14]
[FP1 January 2008 Qn 7]
- 80.(a) a(3-+2cosf) =4a Ml
Solve to cbtain cosé@ =+ M1
Al Al
= i% and points are (4a,-{;—) and (40,%) )
®) Use area = 1 frzdf? to give 1a” _{(3 +2cosd)>do M1
Obtain [(9+12c0s8 +2cos 20 +2)dé Al
Integrate to givel18 +12sin & + sin 26 Ml Al
Use limits% and z, then double or % and STE or theirs Ml
z
Find a third area of circle = 167a Bl
2 2 Al , Al
Obtain required area = 38’;“ - 13\f2§a (8)
©
B1
correct shape Bl
5a and 4a marked B1
2a marked and passes through O (3)
[15]
[FP1 January 2008 Qn 8]
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81 (@ m’>+4m+3=0 m=—1, m=-3 Ml Al
C.F. (x=)Ae™ + Be™ must be function of £, not x Al
Pl x=pt+g (or x=at*+br+c) Bl
4p+3(pt+qg)=k+5 3p—k {(Form at least one eqn. in p and/or g)] M1
dp+3g=35
k 5 4k 15 -4k
==, ==——-—|= Al
=3 12377 ( 9 )
. ~ _ —4dk
General solution: x = de™ + Be™™ +£;£+ 13 must include x = and be function of t Al ft (7)
{(b) When k=6, x=2r—1 MI1 Alcao (2
9
[FP1 June 2008 Qn 4]
82. (a) i=f‘5+3 2 +6x—8=0x=.., [—_f-izi “ssj —3+4/17 M1, Al
" .
- root not needed
_A X g, x> +6x+8=0 x=—4 and —2 M1, Al
x 2
Three correct solutions (and no extras); —4, —2, —3++/17 Al &
Line through point on
-yve X axis and + y axis| Bl
Curve Bi
3 Intersections in
correct quadrants B_l 3
(c) —d4<x<-2, x> -3+A17 0.e. B1,B1 (2]
10

(a) Alternative using squaring method Square both sides and attempt to find rootgs M1

x*+12x° +36x* -64=0 gives x = -2 and x = -4 Al

Obtain quadratic factor, divide find selutions of quadratic and obtain (— 34417 | M1 Al

Last mark as before

(c) Use of = instead of < lose last B1 Extra inequalities lose last B |

[FP1 June 2008 Qn 5]
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2 1 1 2 A B
- - : = + M1 Al 2
8. |® e s el r+3 riD(r+3) rtl 713 ' )
2 11 '
=1 —_ | = ——— Ml
®r (2><4J 2 4
F=2 [ 2 ]:}—_l
3x5) 3 5
2 11
r=n-1: =—-
(n(n+2)] n o n+2
. 2 SN Al fi
(n+D(n+3) n+l n+3
. 1 1 1 1 -
: 1.t _ M1 Al
Summing: Z 273 a2 n+3 '
_5(n+2)(n+3)-6(n+3)—6(n+2) __ n(Sn+13) a M1 Alcso (6)|
- 6(n-+2)(n+3) 6(n+2)n+3) -
= d, & 30x163 20x113
= — o= — =0.02738 MIAIfRAL 3
(“’% Z 2 " Gx32x3 Gx2an25 fohieso ()
(11)
[FP1 June 2008 Qn 6]
84. (a) % = v+x% Bl
[v+xﬂ)=%+%v£ = x%=2v+% ™ |[MIAL @)
v 1
dv=|=dx M1
®) -'.1+21u2 Y Ix
iln(nzlﬁ), =Inx (+C) dM1 A1, Bl
Axt =1+2+° d M1
2 6 _ .2 ' : '
Ax“'=]+2(~£—] ) y:JA—xime— or y=x1’sz ! 0ry=x.’(%eqh”“—%) M1 Al (7)
fA—l
(c)x=Tlaty=3: 3= - A=_.. M1
6 _ .2 4 .
p= ’me or y;xll?"z I Al (2) 12
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85 (a) rcosd = 4(cosd —cos” ) or rcos8 =4cosf@—2cos26-2 B1
d0reos0) _ 4 ging+2¢0s0sin0) or S5 _ 4 _ging +sin26) MI Al
do o
4(—sin@+2cos@sind)=0 ::-cosﬁm—-% which is satisfied by 9:% and r =2(*) | d M1 Al (5]
(b) % J}z dd = (8) j'(1— 200860 +cos® 8)40 M
= (8)[9—251n9+ sin20 +§] M1 Al
- 207%
s[ﬁ-zsinmsmm] - (3—”—2]— E—J§+—"§ =27 -16+7¥3 | Ml
2 4 oy 4 2 8
Triangle: ~(rcos€)(rsm9)—%><l f—i M1 Al
Total area: (2::—16+7J§)+?=(2 -16)+ 15‘{_ (A1) Al (8
13
[FP1 June 2008 Qn 8]
86. (a) d*y d’y dy dy -
(2e1)sdrox=2L oy dx+(1 2 )—— - M1 Al
()22 - (- 4x) Y 1 (ay -2) *y | ALG3)
b 2
® [d—ﬂ =3 Bl
dx 0
d’y ¢’y _d%
— | = Follow through: —-=—5+2 | Blft-
&) -
=l4x+=xr+2%° M1 Al (4)
©) [ x=-05, y~1-0.5+0.375-0.104166...
=0.77 (2 d.p) [awrt 0.77] | BI (1)
(8)
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87. (@) ||(x-3)+iy|=2ix+iy| = x-37+) =4+ &/ M1 Al
XY H2X—3=0
(x+ 1Y +y'=4 M1
Centre (-1, 0), radius 2 Al, Al (5)
(b) ‘
y Circle, centre on x-axis Bl
Bl dB1
' 2 C (=1, 0), =2 dB1ft
- . Follow through centre and
e " radius, but dependent on
_3 -1 // 1 x first B1.
There must be indication of
N\ their “—3°, ‘1’ or “1° on the
—a x-axis and no contradictory
cvidence for their radius.
Straight linc B1
Straight line through (-1, ), _
or perp. bisector of (=3, 0) B1 BI B1 (3)
and (0, +/3). BI '
Straight line through point
of int. of circle & —ve y-axis,
or through {0, — «E) B1
[FP3 June 2008 Qn 4]
88. (@ (c()slt5i+isi1fu5?)l =cos@+isind ..trueforn=1 Bi
Assume true for =k, (cos@+isin6)" =coskd +isin k@
(cos@ +isin @) = (cosk® +isin k&)(cos O + isin §) M1
= cos k@ cos @ —sin kGsin & + i(sin kO cos @ + cos k&sinf) | M1
{Can be achieved cither from the line above or the line below)
= cos(k + 1)@ +isin(k +1)0 Al
Requires full justification of (cos@ +isin 9)’”1 = cos(k +1)0 + isin(k +1)& _
(..true for n=k+ 1 if true for n=1%) . true for # € Z'by induction | A1es0 (5)
(b) | cos56=Re [(0056' +isin 8)° ]
= cos’ 8 +10cos’ @i*sin* G+ 5cosdi’sin* @ M1 Al
= cos® & —10cos® @sin® @+ ScosPsin’ & Ml
= cos® § —10cos® @ (1 —cos® B) +5cos @ (1—cos® 8)? M1
cos 58 = 16cos® & —20cos’ @ + Scosf (*) | Aleso (5)
(c} | cos58
=0 = cosS56=0
coséd Ml
T Fia
50=— 9= —
2 10 Al
= = i.r_ 3 * .
x= 2cosé, X ZCOSIO 15 a root *) Al (3)
(13

[FP3 June 2008 Qn 6]
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