FP2 2020 10 MS

Guestion Scheme Marks
Number
1 a 3 2
® 9y 3 13,99 oing MIMI
dx dx dx
3 2
Y sinr 3 3,42 Al (3)
dx dx dx
b 3
®) jx—);:—3><5:—15 Bl (1)
'y 2
© 4y 3x0x5+2=2 BI
2 5 3
y=24+5x+x —Ex MI1A1 (3)
(7]
(a) Accept the dashed notation throughout this question.
mi Differentiate 3x% with respect to x. The product rule must be used for x% with at least
one term correct
2 2 3
M1 Differentiate d—); and 2 cos x. d—); - d—); 2cosx —> £2sinx
dx dx dx
3 2 3
Al d—); =3 x d )2) +d_y —2sinx. Give AO if not rearranged to have d—); =..
dx dx dx
(b)
d3—y——15 ided 3 t i It in (
Bl W provided 3 terms in result in (a)
(©)
2
B1 d J; =2 can be implied by a correct x> term in the expansion
dx
d’y d’y
Ml Use of a correct Taylor expansion with their values for o and & 2l or2,3! or 6
5
Al y=2+5x+x" —§x3 Must include y = ... or f(x) = .. provided f(x) has been defined to be y

somewhere in the work.
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Question Scheme Marks
Number
2 (a) 3r+1 A B C
=—+ +
r(r—l)(r+1) ro r—1 r+l
el 1,2 1
r(r—l)(r+l) ror—1 r+l MIAT ()
(b) 2 11
1 2 3 2 1 1
2 11 n-3 n-2 n-1
2 3 4 2 1 1
- M1
2 11 n-2 n—-1 n
3045 2 11
2 11 n-1 n n+l
4 5 6
1 2 1 1 1
e dM1A1
2 2 n n n+l
i_g_ 1 _5n(n+1)—4(n+1)—2n _Snz—n—4 M1, Al cso
2 n n+l 2n(n+1) ’ 2n(n+l) (%)
(c) 20 14
2%
_5x20°-20-4 5x14°-14-4 Mi
2x20x21 2x14x15
13
=— Al 2
210 @)
9]
(@)
M1 Correct method for obtaining the PFs
Al Correct PFs
(b)
Show sufficient terms at both ends (eg 3 at start and 2 at end) to demonstrate the
M1 cancelling. (This can be implied by correct work at the next line)
Must be using PFs of the correct form and start at » = 2 unless extra terms are ignored
1 1 1 1
at next stage. Can be split into — |+ _—
8 P Z:(r—l rj Z[V—l r+l]
dM1 Extract the non-cancelled terms (min 4 correct terms but 5/2 counts as 3 correct)
Depends on first M of (b)
Al Correct terms extracted
M1 Write terms using the common denominator, numerator need not be simplified. Must
start with a min of 3 terms inc terms with denominators n and (n +1)
Alcso Correct answer from correct working
(©
M1 Form and use the difference of the 2 summations shown using their result from (b) or
an earlier form seen in (b)
Al Correct exact answer, as shown or equivalent
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Question Scheme Marks
Number
3 y
N \/ \ 12
N FQ 8 .
N / v This sketch on
— N\ P 1ts own scores
\\> ( no marks, but
4 it may be seen
N in the work
AN
N
-8 -4 0 4 X
x> +3x+10
—=7-x
x+2
X 4+3x+10=14+5x—x’ M1
x'—x=2=0 (x-2)(x+1)=0 dM1
CVs 2,-1 AlA1
—(x* +3x+10)
=T7-x
x+2
—x*=3x-10=14+5x—x" M1
8x=-24 CV -3 Al
x<-3 -l<x<2 dddM1ATA1
191
NB No algebra implies no marks
M1 Form a quadratic equation or inequality, no simplification needed
dM1 Solve the 3TQ any valid method Depends on the first M mark.
Al Either CV
Al Both CVs
M1 Change the sign of LHS or RHS and obtain an equation (quadratic or linear, no
simplification needed)
Al Correct CV from solving the linear equation
dddM1 x < their smallest CV and x between their other 2 CVs All M marks above needed
Al Either inequality correct
Al Both inequalities correct

“and” between the inequalities is acceptable. If N used, deduct an A mark.
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Question Scheme Marks
Number
4
() 18v3-18i=18,[(3+1) =36 Bl
—~18 pa ) T .. T MI1,Alcao
tanf=—— 6O=——, 18\/3—181:36 cos(——jﬂsm(——j ’
183 6 ( 6 6 (3)
(b) z* =36 cos— L +isin— 2 |=36| cos| 2kx - |+isin| 2kz -2 Ml
6 6 6 6
z=+/6] cos 12kr — 7 +1sin 12kn =7 MIl
24 24
k=0 z,=+6|cos 7 |visin| £ :\/gei{_ij B1
’ 24 24
11z 1z s
k=1 z,=+/6| cos| — |+isin| — | | =+/6e ** Alft
1 ( ( 24 j ( 24 D
k=2 z,=6 cos(m—ﬂjﬁsin(ﬁ—ﬂ] = 6ei2237”
’ 24 24
13z) . . ( 13z (-]
k=-1 23:\/3 cos| ——— |+isin| ——= | | =/6e Alft  (5)
24 24
8]
(@)
B1 Correct modulus
+18
ino tan@ = or other valid method. Can be implied b
M1 Attempt argument using 183 P y
g=+Z
Alcao Correct answer in the required form.
(b)
7
M1 Valid method for generating at least 2 roots, rotation through; accepted
M1 Apply de Moivre or use the rotation method
B1 Any one correct root
Alft Second root in required form
Alft All 4 roots in the required form
Follow through their 36 but 36 not acceptable.
NB Argument in degrees — MIM1B1AOADO (ie treat as mis-read)

Incorrect argument: BOA1ftA1ft available

Answers in 7 (COS 0 +isin 9) form — deduct final A marks
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Question Scheme Marks
Number
z-31
5 w= -
z+21
i(2w+3
w(z+2i):Z—3i sz M1
I-w
1 (ZW + 3)
l2=1 |——=1 dM1
I-w
|i(2w+3)|=|1-w|
w=u+iv (2u+3)2+4v2:(l—u)2+v2 ddM1
d’ +12u+9+ 4 =1-2u+u’ +V°
3u’ +3v +14u+8=0 dddM1
w3, 8 Al
3 3
7Y%, 8 49 25
Uu+—| +v =——4+—=—
3 39 9
7
@) Centre (_?OJ Al
. .5
(i) Radius 3 Al (7)
[7]
(a) M1 re-arrange to z = ....
dMm1 dep (on first M1) using |z| =1 with their previous result
ddM1 dep ( on both previous M marks) use w=u+1v (or any other pair of letters inc (x, y))
and find the moduli (or square of it)
dddM1 dep (on all previous M marks) re-arrange to the form of the equation of a circle (same
coeffs for the squared terms)
Al for a correct equation in u and v with coeffs of u? and v? both 1
Al Correct centre, must be in coordinate brackets. Completion of square need not be
shown.
Al Correct radius

Centre and radius must come from a correct circle equation for the A marks
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Question

Number Scheme Marks
6.
d xcotx+2 4 si B1
d ( ) e s1§1 X
dx X X
(xcotx+2)
Fod " Ml
_ e(lnsinx+21n)r) Al
=x’sinx Al
i(their IF x y) = their IF><"451¥" M1
dx X
x?sinx = [ 4sin’ xdv =4[ 1meosax g4 X Lsinax| (+0) | amial
g > 2 4
2x—sin2x+C
_ =X Szm d oe Alcao [8]
X sinx
B1 Divide through by x?
k(xcotx+2)dx
M1 Attempt an IF of the form € °
Al (Insinx+2Inx)
Al Correct IF
M1 Multiply through by their IF and write LHS in form shown — can be implied by next
line. Allow if IF is seen instead of their function provided an IF has been attempted.
Allow use of their RHS
dM1 Attempt to integrate sin’x, including using sin” x = %(1 +c0s2x) cos2x —> ksin2x
depends on previous M mark
Al Correct integration, constant not needed
Al Include the constant and treat it correctly. Must have y = ...
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Question Scheme Marks
Number
7
(a) rsin@ =2asin@+2asinfcosd OR rsind =2asinf+asin26 Bl
d(rsing) ) .
— 2 -2acos@+2acos’ 0 d(rsin@)
dé T=2acos9+2a00529 M1 Al
—2asin’* @
2cos’ @+cosf@—1=0 terms in any order
(2cos@—1)(cos@+1)=0
cosﬁzé «9:% (6 =7 need not be seen) dM1A1
3
r=2ax5=3a Al (6)
1 2 1 z 2 2
b Area=—|r'd0=—|>4a (1+cos@) dO
(b) y| a0 =7 [2 4 1+ cos0)
:2azj§(l+2c059+cos29)d9 Ml
6
:2a2J'”3(1+2cos€+%(00529+1)jd9 M1
6
N . 1(1 . 3
=2a ¢9+251n9+5 Esm29+<9 dM1A1
: :
20°| Z+ 3+1>< 3+” ”+1+1>< 3+” II:I/I]; Al
= = —X——t+—= —| = —X——+— : on
3 4 2 6 6 4 2 12 o-PEN
=24 Z+\/§—1j
4
1 T3,
AreaofAOAB_Ex3ax(2+\/§)axsmg (—Za <2+\/§)j
_22 1.3 _a_2 _ MIl1Alcao
Shaded area = 2a (4+\/§ 1j 14 (2+\/§)—4(27z 14+5J§) i

[13]
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Question

Number Scheme Marks
(a)
B1 Multiply 7 by sin &
Award if not seen explicitly but a correct result following use of double angle formula
1s seen
M1 Differentiate 7siné or rcos@ (using product rule or using double angle formula first)
Al Correct derivative for »sin @
dM1 Use sin’ @+cos’@=1 to form a 3TQ in cos@ and attempt its solution by a valid
method
Al Correct value for 6
Al Correct r
(b)
1 . -
M1 Use area = EI r*d@ with r =2a+2acosé, no limits needed,
M1 Use a double angle formula to obtain a function ready for integrating
(Alt method uses integration by parts — may be seen)
dM1 Attempt the integration cos26 — %sin 20 k=22 or £1
Al Correct integration,
Substitute the limits (need not be simplified). Limits % and their 8 from (a) provided
M1 -
this is > —
NB: Al on e-PEN
M1 Obtain the area of AOAB and subtract from their previous area
Al Correct answer
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Question Scheme Marks
Number
8(a) xe”dxeuordu e ordxx B1
a = —_—= —_— = —_— =
du dx du
d_y — d_y X d_u — efu d_y Ml
dx du dx du
dzy —u du dy —u dzy du —2u dy dzy
— — et —— = 4 —— _—¢ _t MI1Al
dx’ dx du du’ dx du du’
2
ij—{+3xd—y—8y =4Inx
_ dy d*y . dy
Mxe™ + +3e“ xe™ 8y=4In(e" dM1
( du du’ du 4 ( )
d’y _dy % Al*cso
+2—-8y=4u
du’ du (0)
B1 ™ =¢" oe as shown seen explicitly or used
u
M1 Obtaining % using chain rule here or seen later
1 . dy . . .
M Obtaining e using product rule (penalise lack of chain rule by the A mark)
. d’y .
Al Correct expression for —3-  any equivalent form
dx
dM1 Substituting in the equation to eliminate x (z and y only). Depends on the 2"¢ M mark
Al*cso Obtaining the given result from completely correct work

ALTERNATIVE 1

u dx u
X=¢ —=¢C =X
du
dy _dy dx _ dy

du v du dx
2 2 2
v _ &Y, 4y & b, 3y

2 X 2 - X 2
du du dx dx® du dx dx
o4y _dy dy

dx*  du? du

d’y dy 1 dy
——— |+3xx———8y =4In(e"
(du2 du] g x du 4 ( )

d’y . dy
CV 08 gy—ay
du? du Y

B1
Ml

MIA1

dM1Al*cso
(6)
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Question

Number Scheme Marks
dx u . .
B1 ™ =¢" oe as shown seen explicitly or used
u
M1 Obtaining j—y using chain rule here or seen later
u
.. dy . .
M1 Obtaining W using product rule (penalise lack of chain rule by the A mark)
u
: d’y .
Al Correct expression for —=-  any equivalent form
u
dM1 Substituting in the equation to eliminate x (« and y only). Depends on the 2" M mark
Al*cso Obtaining the given result from completely correct work
ALTERNATIVE 2:
du 1
u=Inhx —=— Bl
X
d 1
Y _ b du 1dy M1
dv dy dx xdu
: 1 1d’ 1 1 d?
d_Jz’z__zd_y+_d_32’Xd_”:__2d_y+_2d_32’ MIAI
dx x du xdu” dx x du x" du
1dy 1d° 1d
x’ ——2—y+—2 )2} +3xx——y—8y =4u
x“du x" du x du
2
LY A ST MIAT*cso
du du
Notes as for main scheme
There are also other solutions which will appear, either starting from equation II and
obtaining equation I, or mixing letters x, y and u until the final stage.
Mark as follows:
B1 as shown in schemes above
M1 obtaining a first derivative with chain rule
M1 obtaining a second derivative with product rule
Al correct second derivative with 2 or 3 variables present
dM1 Either substitute in equation I or substitute in equation II according to method chosen
and obtain an equation with only y and u (following sub in eqn I) or with only x and y
(following sub in eqn II)
Alcso Obtaining the required result from completely correct work
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Question Scheme Marks
Number
(b) m*+2m—-8=0
(m+4)(m—2):0, m=-4,2 MI1A1l
CF = de™ + Be™ Al

Pl:try y=au+b  (or y=cu’ +au+b different derivatives, c =

0)

2
Y_, Ml
du du

O+2a—8(au+b):4u

1 1
a=—— b=—— dM1A1
2 8
—4u 2u 1 1
y=Ae " +Be™" ——u—— Bl1ft (7)
2 8
" ,» 1 1
(c) y=Ax" +Bx —Elnx—g B1 (1)
[14]
(b) M1 Writing down the correct aux equation and solving to m = ... (usual rules)
Al Correct solution (m=-4,2)
Al Correct CF — can use any (single) variable
2
M1 Using an appropriate PI and finding j—y and % Use of y = Au scores MO
u u
dM1 Substitute in the equation to obtain values for the unknowns. Depends on the second
M1
Al Correct unknowns two or three (with ¢ = 0)
B1ft A complete solution, follow through their CF and a non-zero PI. Must have y = a
function of u
Allow recovery of incorrect variables.
(c) B1 Reverse the substitution to obtain a correct expression for y in terms of x No ft here

—4Inx 2Inx

x*ore™™ and x* or e’ allowed. Must start y = ...




