FP2 2021 01 MS

?\luestion Scheme Marks
umber
i(1+3 + pi
PO R 1 .
1 (1 + \B) +3
—i(1+\/§)2 +3i(1+\/§) =i(1+\/§)+pi
—1-23-3+3433=1+3+p dMl1
p=-2 Al
3]
M1 Substitute i(l + \/5 ) for wand z
dM1 Solve to p = ...
Al Correct value for p
Some solve for p first:
M1 Obtain an expression for p in terms of w and/or z
dM1 Substitute i(l + \/5 ) for wand z
Al Correct value for p
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QS Scheme Marks
Number
2
+2Y —r(r+3
@ r+2  r+3 :(r ) —r(r+3) i
r(r+1) (r+1)(r+2) r(r+1)(r+2)
P +dr+4—-r° =3r r+4 *
r(r+1)(r+2) r(r+1)(r+2)
P 3 4 ren_1 n+l  n+2
(b) Ix2 2x3 (n—l)n n(n+1)
oo 4 5 . n+2 n+3
2x3 3x4 n(n+1) (nr1)(n+2) | M
3 5 6
3x4 4x5
L S S s R Al
p— r(r+1)(r+2) 2 (n+1)(n+2)
& r+4 _3(n+1)(n+2)-2n-6  n(3n+7) dM1 Alcao
= r(r+1)(r+2) 2(n+1)(n+2) 2(n+1)(n+2) 4)
[6]
(2)
M1 Attempt a single fraction with the correct denominator (or 2 separate fractions with the
correct common denominator)
A1F | Correct result obtained with no errors in the working. Must include LHS as shown in
question or LHS = ...
(b)
M1 Show sufficient terms to demonstrate the cancelling, min 3 at start and 1 at end or 2 at start
and 2 at end.
Award by implication if the correct 2 remaining terms are seen
Al Extract the correct 2 remaining terms
dM1 | Attempt common denominator of the form & (n+1)(n+2)
Alcao Correct result obtained. No need to show a, b and ¢ explicitly.
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Question
Number Scheme Marks
3
x2+x—2<lx+§
2 2
2x*+x-9<0 M1
-1+
Cvs xo 1T Al
4
—xz—x+2<lx+% Ml
2x* +3x+1>0 (2x+1)(x+1)>0 M1
1
CVs x=——, -1 Al
2
ﬂ<x<_1’ _l<x<ﬂ MI1A1
2 4
[71

NB
M1
Al
M1
M1
Al
M1

Al

No algebra implies no marks

The first 5 marks can all be awarded if equations rather than inequalities are shown
Obtain and solve a 3TQ (any valid method including calculator)

2 correct CVs Allow decimal equivalents (1.886..., -2.386...), min 3 sf, rounded or truncated
Multiply either side by -1

Obtain and solve a 3TQ (any valid method including calculator)

2 correct CVs

Form 2 double inequalities with their CVs. No overlap between these inequalities.
Correct inequality signs required here or for final mark

Correct inequalities obtained. Values must be exact, but note that 0.5 is exact.

Allow “and” but not """ . May be written in set language with "U" and round brackets
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Cll\luestion Scheme Marks
umber
dy 1 dy 1 2dz
4(a 2ozt = 2y == e eg L=-—z2— Bl
@ | T P S 27 &
dy 2 4
2y—+4y° =6
ydx Y Xy
1 dz 4 6x
—S—+-== Ml
z2dx z =z
E 4o e ¥ AlL*  (3)
dx
(b) IF:eI e Bl
4‘(%—4zj =e M x—6x
dx
ze ™ = —6I xe dx M1
_ 1 —4x 1 —4x
——6{—er +J. e dx} M1
P e (+c) Al
4 16 0¢
_3 4x 4x
==xe " +Ze ™ (+¢)
2
3 3 4x
Z:Ex+§+ce oe Al (5)
ALT %—422—6x
dx
m—-4=0=>m=4= CFis z=Ae" B1
Pl: z=A1+ux M1
%:,u::gu—4(/1+yx):—6x
dx
3 3
4/,l=6 4/1=‘Ll, :>,U=E,l=§ MI,AI
S IR Al
2 8
)= 1 3 8
() 303 e (12x43+4e™) °° Blft (1)
2 8
[9]
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Sl ol Scheme Marks
Number

(2)

B1 Correct derivative seen explicitly or used

M1 Substitutions made. Only award when an equation in x and z only is reached (if working

equation I to II) or an equation in x and y is reached (if working II to I)

A1 * | Correct result obtained with no errors in working

(b)
B1 Correct IF seen explicitly or used

M1 Multiply through by their IF and integrate the LHS. Accept / for ¢* on LHS only
M1 Apply parts in the correct direction to RHS to obtain

Axe™ +BI e dx with 4= J_r% and B= i%

Al Correct integration of RHS, constant not needed
Al Include the constant and treat it correctly. Answer in form z = ...
ALT

B1 Correct CF May not be seen until GS is formed
M1 For a PI of the correct form

M1 Differentiate their PI, substitute in the equation and extract 2 equations for the unknowns
Al Solve the two equations to obtain correct values for the unknowns

Al Correct GS obtained

(c)

Any equivalent to that shown. (no need to change letter for constant if rearranged)

Blit Must start 3> =... and must include a constant.
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Cll\luestion Scheme Marks
umber
d’y d’y
5(a) —2x@+(2— )= M1
dy Y dy d? d
w5 L] e L=L 32 MIAL, Bl
dx dx dx dx
3 2
jx—f(z—xz) d—z(m Yoy +5(%j 3
d3y_ 1 ) d’y | dy dy ? 3dy * "
& ) el P ATE )
d 2
3y—5x| =
ALTT | &y 7 (dxj
dx? (2—x2)
2 2
3 s(dyj se2 P9V 152 3y—5x(dyj (-2x)
d3y: dx dx dx dx dx MIMI1ALl
& (2-v)
2 2
3dy—5(dy] 10x &4 (2 x2)+2x(2—x2)d—)2/ M1
d’y dx dx dx dx dx (NB: Bl on
dx’ (2 2 )2 ePEN)
dy 1 ) d’y | dy dy ? dy |« *
& (2-0)\ 7 e o) \ar) P AT 6)
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Cll\luestion Scheme Marks
umber
+(3)
ALT2 | &y _ 3y dx
e (2-27) (2-%7)
ly
d3y=3(2—x2)—3y(—2x)
& o)
2 ) 2 MIMIAI1
S(dyJ +5 x2d—yd—); (2—x2)—5x(yj (—2 )
dx dx
(2-x)
dy 2 2 dzy dy
& 3 (2-x7) [(2— )@A—Sx— (-2x)
dx3 _ 2 2
(2-2) MI1(BI on
2 2 2 ePEN
{s(dyj 5 2dydz}(2—x2)—5x(yj (—2x) )
dx
(2-)
3 2
d);: 1 ) d);(l 5d_yj S(dyj 3,dy s Al*
de' (2-47)( dx dx dx dx
2 2
® | x=0 = 2jx—f:9 dy_? BI
3 2
dy_ 1 s[d_yj ;b _1(_ Lﬁ]:l M
¢ 2 dx dx | 2 16 4) 32
2 3
y=3+-—x I¥ T x M1
47 22! 323!
7
=3+—x+—x"+—x° Al 4
PEIRTTY Ti” 4
[9]
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Question

Number Scheme Marks
(a)
d*y
M1 Differentiate (2 —x’ ) using product rule

M1

Al
B1
INE

ALT 1
M1

M1

Al
M1

A1k

ALT 2
M1

M1

Al
M1

A1
(b)
B1

M1

M1
Al

d

2
Differentiate Sx(%j using product and chain rule

2
Correct derivative of Sx(%j

Correct derivative of 3y

Correct result obtained from fully correct working

Rearrange and use quotient rule
. . 2 .
Use the quotient rule. Denominator must be (2 — xz) and numerator to be the difference of 2

terms

2
Differentiate {3 y— Sx(%J } using product and chain rule

Fully correct differentiation

d’y . dy
- +5x—
dx dx

Correct result obtained from fully correct working

NB: B1 on ePEN Replace 3y with (2 —xz)

Rearrange, separate into 2 fractions and then use quotient rule
- . . 2
Use the quotient rule on both fractions. Denominators must be (2 — xz) and numerator of

each to be the difference of 2 terms

2
Differentiate 3y using the chain rule and differentiate 5){%} using product and chain rule

Fully correct differentiation

2
NB: Bl on ePEN Replace 3y with (2—x2)((11x—);+5xd—y

dx

Correct result obtained from fully correct working

2

Correct value of a);

3
Use the given result from (a) to obtain a value for d—);
dx

Taylor’s series formed using their values for the derivatives (accept 2! or 2 and 3! or 6)
Correct series, must start (or end) y = ... but accept f(x) provided y = f(x) defined somewhere
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S Scheme Marks
Number
6(a) | m +2m+5=0 =>m=-1+2i M1
CF:y=e"(Acos2x+ Bsin2x)
A A . ‘ Al
OR y:efx (Peﬁx_i_QeﬂZx) or y:Pe(71+2l)x+Qe(71721)x
PI: y=acosx+bsinx B1
y'=—asinx+bcosx y"=—-acosx—bsinx
—acosx—bsinx—2asin x+2bcos x +5acos x +5bsin x =6.cos x Ml
—b-2a+5b=0 —a+2b+5a=6 M1
a=% p=3 Al
5 5
. 6 3.
GS: y=theerF+§cosx+§smx Alft (7)
6 6
(b) )CZO,y:O 0:A+g :A:—g M1
y'=—e*(Acos2x+ Bsin2x)+e ™ (—2A4sin2x+2Bcos 2x)
, MIALft
——sinx+—cosx
5 5
x=0 d—y=0:>0=+§+2B+§:>B:—2 dM1
dx 5 5 10
6 9 6 3
PS: y=¢"| ——cos2x——sin2x |+ —cosx+—sinx Al
4 ( 5 10 j 5 5 )
[12]
ALT | y=¢™ (Peiz" +0e ™ ) 8 cos x+>sinx
5 5
x=0 y=0 0:P+Q+§ Ml
& =¢ (2iPei2" —2i0e™ ) —e " (Pea)r +0e™™ ) —ésinx + E(:Os x MIATlft
dx 5 5
Oz21P—2iQ+%
6 9.
P+QO=—— P-0=—1
Q 5 Q 10
16,90 4, 1 6.9 P
20 5 10 20 5 10
PS: —le'x(—§+iije2b‘+le”‘(—§—iije2“+§cosx+§sinx Al 5
T2 75T o 27 7510 5 5 ®)
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Question

Number Scheme Marks
(a)
M1 Form and solve the auxiliary equation

Al

B1
M1
M1
Al
Alft

(b)

M1
M1
Alft

dM1
Al

ALT(b)
M1

M1
Alft

dM1

Al

Correct CF, either form (Often not seen until GS stated)

Correct form for the PI

Differentiate twice and sub in the original equation

Obtain a pair of simultaneous equations and attempt to solve

Correct values for both unknowns

Form the GS. Must start y = ... Follow through their CF (writing CF scores A0) Must have
scored a minimum of 2 of the M marks

For CF y=¢"(Acos2x+ Bsin2x)

Sub x=0, y =0 in their GS and obtain a value for 4

Differentiate their GS Product rule must be used
Correct differentiation of their GS provided this has 4 terms

Sub x=0, % =0 and their 4 and obtain a value for B Depends on both previous M marks

Fully correct PS. Must start y =...

ForCF y=¢™" (Peizx + Qe‘m) or y= pel Qe(_Hi)x

Sub x =0, y =0 in their GS and obtain an equation in P and Q

Differentiate their GS Product rule must be used if y=¢™ (Peizx + Qefizx) used
Correct differentiation of their GS

Sub x=0, % =0 to obtain a second equation and solve the pair of equations The solution

must allow for P and Q to be complex
Fully correct PS. Must start y =...
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Cll\luestion Scheme Marks
umber
7
(a) x =rcosf =3sin260cos b B1
(;—d:;:6003290050—3sin268in9:0 M1
2cos€(c0526—2sin20)20 Ml
ALT |For the 2 M marks:
x=6sin6’cosz€:>(%=6cos39—125in200050=0
1
tang=— ¥ Al* @«
¢ N 4)
1 . 2
b tang =—= = smg=—, cosP=— M1
R=3x2xlx£=2\/§ Al (2
3B
1 2 9 . 2
(©) Area ofsect0r=—j r dé?:—.[ sin“26d60 Ml
2 2
L
:grcm (ﬁJ l(1—cos49)d9 M1
270 2
r arclan%
2
_9 l(g_lsin4gj MIAI
20207 4 .
=— _arctanl - lsin 4(arctan Lj -0 dM1
L V2 4 V2
sin4¢:25in2¢cos2¢:4sin¢cos¢(2cos2¢—1)
| ﬁ( 2 ) w2 M1
=4x—=x—|2x—=1 |=——
NERRNEAN 9
Area of sector :2 arctani—lxﬂ :2arctani—£ Al (7)
4 2 4 9 4 L2 4

[13]
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SISy Scheme Marks
Number

(a)

B1 State x = (r cosé ): 3sin26cos26 May be given by implication

M1 Attempt to differentiate x =rcosé@ or x =rsinf Product rule must be used

M1 Use a correct double angle formula and equate the derivative of »cosé to 0

M1 Attempt the differentiation of x =rcos@ or x =rsiné using the product rule (after

ALT | using a double angle formula)
M1 Use a correct double angle formula and equate the derivative of »cosé to 0

A1¥ Complete to the given answer and no extras with no errors in the working. Accept 6 or ¢
All values seen must be exact

b
1(\/11 Attempt exact values for sin@ and cos@ and use these to obtain a value for R.
Values for sin @ and/or cos@ may have been seen in (a)
Al A correct, exact value for R, as shown or any equivalent.
Award M1AL1 for a correct exact answer
(c)

M1 Use of Area = %jrzdﬁ Limits not needed (ignore any shown)

1
M1 | Use the double angle formula to obtain & .[ E(l +cos46)d6é Ignore any limits given

This is NOT dependent
NB: There are other, lengthy, methods of reaching this point

|
M1 Attempt the integration cos46 — =+ 7 sin46 (Not dependent)

Al Correct integration of 1—cos46
dM1 Correct use of correct limits. Depends on second and third M marks
0 at lower limit need not be shown

. . 1
M1 Attempt an exact numerical value for sin 4(arctan —]

2

Al Correct final answer. Award M1A1 for a correct exact final answer
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Cll\luestion Scheme Marks
umber
8(a) z" =e" =cosnf+isinnd
1 : .. ..
— =¢™" =cos(-n0)+isin(—nd) = cos nf —isin nd
z
z”+in:cosné?+isinnt9+cosné’—isinné’:2cosn¢9>x< MIl1Alcso (2)
z
6
(z+lj :zﬁ+625><l+6;524><L2+6x35'x423><i3
(b) z z ! z ! z MIA1L
6x5x4x3 , 1 6x5x4x3x2 I 1
bt I Xt ———————— X —+—
4! z 51 z oz
(2c080)° = 2° +62° +152° +20415x 5 4 6x =+ =
z zZ zZ
6 6 1 4 1 , 1
64cos’ @ =z +—+6| 2 +— |[+15| z"+— |+ 20 M1
z zZ 4
64cos® @ =2cos60+6x2cos40+15x2cos26 +20 M1
6 _1 * %k
cos 6’—3—2(00560+6cos46’+15c0s26?+10) Al (5)
(c) cos60+6cos40+15cos260+10=10
32co0s®@=10 MI1A1
cosl9:4_r6/i
16
6 =0.6027..., 2.5388... 0=0.603, 2.54 MI1A1 4)
(d) F(32cos 6 —4cos’ 9)d9
=J.§ c0s6<9+6cos4t9+15005249+10 4cos’ 6’)d6’
=F (cos 60 +6c0s40 +15c0s260+10—2—2cos260)d & M1
13 3
= —sm69+—sm49+?sm29+86’ MIAI
0
13 3 8r
- —x—+— (-0 dM1
03 - B2
_53 81 Al (5)
2 3
[16]
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Question

Number Scheme Marks
(a)
. 1
M1 Attempt to obtain z" +—
z
Alcso | Reach the given result with clear working and no errors Must see cos(—n8)+isin(—n6)
changed to cosnd—isinné (ie both included)
(b)
The first 3 marks apply to the binomial expansion only
6
M1 Apply the binomial expansion to (z + lj Coefficients must be numerical (ie "C; is not
z
acceptable). The expansion must have 7 terms with at least 4 correct
Al Correct expansion, terms need not be simplified
M1 Simplify the coefficients and pair the appropriate terms on RHS (At least 2 pairs must be
correct)
M1 Use the result from (a) throughout. Must include 2° or 64 now
Al * Obtain the given result with no errors in the working
(c)
M1 Use the result from (b) to simplify the given equation
Al Reach 32cos® @ =10 oe
M1 Solve to obtain at least one correct value for @, in radians and in the given range, 3 sf or
better
Al 2 correct values, and no extras, in radians and in the given range. Must be 3 sf here Ignore
extras outside the range
(d)
M1 Use the result in (b) to change cos’® @ to a sum of multiple angles ready for integration and
1 . .
use cos’ = iz(cos 26+1) on cos’ @ Limits not needed, ignore any shown
M1 Integrate their expression to obtain an expression containing terms in
sin 64,sin46,sin 26 and € Limits not needed
Al Correct integration Limits not needed
dM1 Substitute limit pi/3. Depends second M mark
Al Correct, exact, answer (any equivalent to that shown). AwardM1A1 for a correct final answer

following fully correct working.
There are other ways to integrate the function in (d), eg parts on one or both of the powers of
cos @, using cos’ O = (cos2 9)3 = é(l +c0s20) =...

If in doubt about the marking of alternative methods which are not completely correct, send to
review




