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Question Scheme Notes Marks
Number
Notes:
e Some candidates omit brackets around their matrices and vectors. This is
1 condoned for all marks.
e [fa correct answer comes from no working in part (a) or part (b), please
send to review.
( -5 3
M=
{33
(a) Completes an attempt at
{det (M - /11) :} (—5 -2)(3-1)- (3)(3) det (M — AI) with one product | M|
correct
M1: Forms and solves 3TQ
:>ﬂ.z+2ﬂ,—24=0:>(ﬂ,+6)(ﬂ,—4)=0:>ﬂ,=—6, 4 (usual rules) M1 Al
A1l: Both correct eigenvalues
A
® R A I e S,
L) )
5 _n_ 6" 3 0
3 3_"_ nm(x) ( \‘:>X— s Y= M1
\ )0
Uses Mx = Ax or (M —AI')x = 0 with one of their eigenvalues leading to either
=...,y =... or an eigenvector. Accept any x and y values following their matrix
equation. Do not be concerned with the mechanics of their solution.
(=3) One correct eigenvector
A=—6{=x=-3y}= , or (any equivalents). Allow if a
L 1 general form is given, e.g. Al
,1:4{: 3x:y}:> k |,or if only normalised
3} 3
eigenvectors are given.
Both correct normalised
|( ;[10\ |( J10 \| eigenvectors (either direction).
1 —3\ 1 (1 | | | 10 | Must be numerical. The Al
=] | oe e.g. and normalised eigenvectors must
10 1 3) .
V10 \ ) */TO \") | | | __ﬂ | be seen in part (b). Do not
J L 10 ) allow for correct columns in
their P in part (c).
A
(C) 6" O
{D } g ) Correct D ft their eigenvalues | B1ft
|( 3J_ J_ \ Correct P and D. The position
_ of the two columns of P must
{P } 1 (-3 1) 10 Bl

| correspond correctly with the
34@ ‘ position of their eigenvalues

n
’— 10 =710 inD.
\ )

Total 8
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Question Scheme Notes Marks
Number
2 2
2 X Y
64 16
@ a=8, b=4 Uses any correct eccentricity M
b =a’ (l—e2 ) =16= 64(1—e2 ) =e=.. formula and solves for e
e= £ Correct value. £ f s A0 Al
2
@
(b) Uses i —ae (or equivalent work) to obtain a
nQn e
f_ae: 8 _"8"X"£"
= numerical value. Their values of and ae M1
e IIJ_g " 2 e
2 must be seen separately. Subtraction may be
implied by answer. Condone subtraction the
wrong way round.
16+3 M 4 Cpnegt distance .in simplest form. Mark can be
= ~43= or T given if subtraction was the wrong way round | Al
3 3 3 and answer subsequently made positive.
(0]
© P is (8cos@, 4sind) Correct coordinates. May be implied. | Bl
M s [ Beos@+14 0059 +14 \ Correct coordinates for M (following | 5 o
J through on their P) in terms of &
M1: Using their M, whose x and y
= 4cosO+T = cosd="" 7 coordmates‘are linear functlons of
4 cos@ and sin@ respectively, uses a
_4sing — sing < 7 valid algebraic method to eliminated to
y=asmy= sy = 2 obtain an equation in x and y only. MI1A1
(x=7)2 [y \ ) Usually this will involve use of
cos’ @ +sin* @ =1= + cos® @+sin” @ =1, but there are other
L 4 J L ) valid ways to eliminate &, so check
IS working carefully.
{(x 7) = 16} Al: Correct equation of circle with the
same denominator for the x and y terms
Alt Consider M(X, Y) B1: Correct coordinates of M in
Yo 14+x y - terms of the Cartesian coordinates
- > Y=y (where (x,) are of P. May be implied.
dinates of P B1ft: Finds x and y (the coordinates
CO_OE )}nalzs 0 B g, of P) in terms of X and Y (the Bl
X Y= coordinates of M). Follow through | Blft
Since f is on the ellipse; , on their equations for X and Y. MIA1
(2X 14) Y N 4(X 7) N Y _1 M1: Substitutes their expressions
64 E B 64 16 for x and y (in terms of the
(X~ 7)2 Y2 coordinates of M) into the equation
= +__ = of the ellipse.
16 16 A1l: Correct equation of circle with
{ (X - 7)2 +Y2 = 16} the same denominator for the x and
y terms

“
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(d) Note: For both marks, follow through on their ~—| ~—
equation of a circle, which must have come from a
radius=4, centre(7, 0) genuine attempt at part (c). If this is unclear, Blft
please send to review. BIft
B1ft: Correct radius or centre
B1ft: Correct radius and centre
2

Total 10
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Question Scheme Notes Marks
Number

3(a) Note: The question requires differentiation of the exponential form of sech x .
Responses using hyperbolic differentiation score no marks in part (a).
sech x — _2 {: ? ( R )*1 } States or uses a correct exponential M
o definition for sech x
Attempts to differentiate an
expression of the form
= X 2\ .
i(sech x)=-2 (ex + e—X) ’ (ex _ e—x) k (e te ) o.e. correctly using | M1
dx the product rule or quotient rule.
Look for +p (ex te™* )_2 (e¢ e‘x)
0.c.
Obtains given answer with
) e —e " intermediate line and no errors.
- % ~ “sechxtanh x* Must split the expression into Al*
e +e’ e +e separate fractions for the
exponential forms of sech x and
tanh x before reaching final answer.
Note: A “meet in the middle” approach is possible. First M1 as above. For second
MI1: any acceptable differentiation of sech x (see above). Then, award A1* if
—sech xtanh x is expanded using exponential definitions to reach an identical
expression, AND a conclusion is made, e.g. ...= i(sech x) , or “=LHS”, “QED”,
dx
etc. If this approach is used, LHS and RHS can be written in any correct
2™ —2¢"
exponential form via correct algebra,e.g. —
e +2+e
A
(b) M1: Either term differentiated
y =k arctan (e" ) +sech2x = correctly
dy P Al: Fgl!y corrgct differentiation. M1 Al
_= ~~2sech2x tanh 2x o.e. (the Note: it is possible to revert to the
de 14 (ex ) exponential form for sech x and
Second term may be in exponential forrn) differentiate the Second term as n
part (a).
9 _l Makes some attempt to substitute
x=In3= 3k —2x 21>< ?zO:kz x=In3 intotheir_y,sets=0and MIl
1+39 9+ 9+ dx
9 9 proceeds to a value for &
3k _ 720 _ 2400 719 Correct exact value in simplest Al
10 1681 1681 1681 form
@)
Total 7
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Number

Scheme

Notes

FP3 2026

06 _MS R
Marks

4

x=4cos’@ y=4sin’d 00, k 0<k<Z

2

(@)

E: —12cos’ Osin@
dé

dy _ 12sin” @cosé
dé

M1: Both derivatives of the correct form. Look

for _ = pcos®@sin@ and d_y =gsin®* @cosf o.c.
deo deo
Al: Both correct derivatives.
Be aware of alternative ways to differentiate, e.g.

first writing x = 4(cos2 0)0050 and

y= 4(sin2 6?)sin6? . M1A1 can be given for

correct derivatives, but it is unlikely further
progress will be made.

M1
Al

{k} dx dy
S=27ZJ 1’ — | +| — {d@
w o} g ( do J kd9)| { } Uses a correct formula

= 27[_[ 4sin’ 49\/144cos4 @sin® @ +144sin* cos” 0 {d6}
{0}

with their derivatives

M1

5

= 9671'-[ sin® \;£os2 Osin’ 6’(cos2 0 +sin? 6’) {d6} Uses cos? O+sin> @ =1

{0}
{

oe at some point in the

I} ___
= 967[J. sin® @Vcos® Osin® O {d 6O} working to process the
(0

(

| {0}

{k}
1= 967zf sin® @cosOsindd O L

integrand (may be
implied: see the note for
the A* mark below)

J

M1

k
= 967[_[0 sin*@cosOdo *

Obtains the given answer with no errors. Must be
at lleast one intermediate step following

967[]1) sin® 0\/:052 Osin’ 0(0052 6+ sin? ¢9) dé,

possibly in correct side working. Proceeding
from this expression directly to the given answer
is M1 AO*.

Condone the limits and/or d@ appearing for the
first time in the final line. Do not condone
invisible brackets at any stage, even if recovered,
but do condone a missing trailing bracket.

Al*

O]
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T . k - - T T
®) S=" r|_Slns 0 —Ij Integrates to obtain psin® 6 M1
5 0
Substitutes £, sets equal to 278 7 and solves for sin k.
5
%7 (') 283 | Noer
S S - Condone no working with the lower limit M1
—sin’k = ENE] - Some candidates do not write down a value for sink,
32 but go from sin’® k to k. This scores M1 if their k is
=>sink =... consistent with their sin’® k
-k= 325 o.e. is MO0, unless there is recovery
- This mark is not dependent on the first M1
sink = £ o.e.or 0.866...= k=" orawrt 1.05 Correct k Al
2 3
A
(c) {z} Attempts to use a correct formula
_ j J 10 = with their derivatives. If no
{0} L d@J L d@J formula is quoted, condone an | M
12 COS Osind do incorrect or missing multiplying
L constant, which should be 12.
0} Ignore the limits for this mark.
=6 |_|_cos2 GTJHST or 6|_|_sin2 6’—“{1{3}
{0} {0} Integrates to Ml
{ 2 s 2
or = 6_r Eﬂ}]sin2t9dt9: _3[00529] [zi ...cos> @ or ...sin’ @ or ...cos26
{0} {0}
[T [3 1_9
=—6 -l or6 _0 or _3 - —l =" | Correct exact value 2,4.5 or 4l Al
{ 4 J (4 J 2 2 2
A

Total 11
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Question Scheme Notes Marks
Number
5 ( 1 0 p 2 1 —3)
2 20 0 1
\ ) \ )
@ detS = 1(0 —~ (—2)(3)) -0+ p ((—1)(—2) -(2)(2)) Recognisable attempt at
M1
det T = 2((=3)(1) = 0) -1(0 - (¢)(-1)) = 3(0 - (¢)(-3)) either det S or det T
€.g. detS = 6 +p (—2), detT = 2(—3) -1(¢)-3(3¢9) | One determinant correct with Al
detS=6-2p, detT=-6-¢—9¢ minors simplified
Correctly shown with no
6—2p=—6-10 =5q+6* *
P 9=p=>9" errors Al
A
(b) |(2 1 “{ 1 0 p\| |( 8 2p+3w
0 -2 0 +2 2
2 ) P ) -
|(2 1 3h{ 1 o 5q+6\| |( -5 8 10q+15) Al
lO 1“ -1 3 ._l 1 4 -9 ‘ Al
1 2 +2 -2 5¢°+6
\(] \(] q q )
MI: Attempts TS in terms of p and ¢ or just ¢
Al: Six correct elements in their TS in terms of p and g or just g
Al: Fully correct in terms of g
A
Mark (c) and (d) together.
Note: Full marks are possible in parts (c) and (d) if the relevant rows of their
matrix U are correct.
(©) ( -5 8 10(] +1 5 \”( 2\ ( r W Sets up the correct matrix equation with
‘ 1 -4 ” ’ = ‘ 5 ‘ their U and multiplies out to obtain a
g+2 2 54+ 6q 14 quadratic equation in q. Ml
\ A ) v Attempts involving finding the inverse
=2¢+4+6+5¢° +6g=14 of U please send to review.
M1: Solves their 3TQ to find
5q2+gq_4:0:>(5q_2)(q+2):0:>q:i ) two values of g (usual rules | M1 A1
5 including calculator solutions)
A1l: Both correct values
A
d M1: Uses the first row of their matrix
B (2) equation to obtain a numerical expression
r=(-5)(2)+8(-3) HOL_ 15 for 7. For the substitution of ¢, they must | npq A1
S use the positive solution of their 3TQ that
=-15 has two solutions of different sign. Allow
slips if the intention is clear.
Al: Correct value
()]

Total 11
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Question Scheme Notes Marks
Number
6(a) 16x( —48x + 40\ Bl: Twoof a=16,b= —E and ¢ =4 either listed or
=16 x* -3x+ 2
L B embedded within their expression
( ([ 3Y 1 ) B1: Fully correct expression or correct values given B1 BI
= 16| L X—— J +— J as their final answer
\( i € 4 Note: neither 4((2x — 3)2 +1) nor 1((4x - 6)2 + 4)
=16| x——| +4 are in the required form and score BO B0, but marks
\ ) in parts (b) and (¢) may be available.
(0))
(b) Notes:
e In this part, if there is no hyperbolic substitution, the response should
be scored B0 M0 dM0 A0.
e Ifthe candidate has a negative c value from part (a), the integration in (b)
may require a different hyperbolic substitution, e.g. using cosh rather than
sinh. Please send any such responses to review.
Correct differentiation of
2x—3=sinhu:x=lsinhu+§:>g:lcoshu x=ds1rz1})1cu+e, d, e#0 B1
2 2 du 2 = __ =dcoshu
du
J s = 4J , = J icoshu du
16x" —48x +40 1 ( & 21; 5
\/ Lx—i +i \/fésinhu\ +i Ml
) \ )dx
Complete attempt at substitution using x=dsinhu+e d,e #0 and __=d coshu
du
. J Reaches kjdu following a substitution
4) sinp’u+1 4 )
_ 1% coshudu _1° of the required form. Do not be too | dMI
/ concerned about errors in the processing
to reach this point.
1 u (+¢) = ! arsinh (2x=3) {+c} or
- 1n (2x 3+ J(2x=3) +1 ) {+c} or Correct answer in terms of arsinh or Al

\ using a correct logarithmic form.
1

1 | 3 3
ZII’ILX——-F /|\ J +_J{+c}

“
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©

15
4

1632 ¢

x40

= 4|/arsinh Aﬁ—arsinh

5
)

Substitutes given limits into an
arsinh function (or a valid

logarithmic form) and subtracts
either way round. If their final
answer to (b) is in terms of u,
accept an attempt to calculate

and substitute the corresponding

u values.

06 _MS R

Ml

One correct use of a logarithmic
form of arsinh. Not dependent
on first M 1.

Ml

Correct answer in required form

Al

A

Total 9
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Number

7 ( 2 4\|
_ a= 3 b= -1
P(6,1,-2) | 0(0,9, 32)
—1)' 2
(a) 2 4 5
( 3\(( _1\ _ ( 3 W Attempts vector product with
two components correct.
-1 2 —14
(4]
Alternatively, if the normal vector is tb , then:
5
Alternatively, attempts to find | M1
( 2\| ( ) the three components a, b and
=0=>2a+3b-c=0;and c of the normal vector using
t J L J scalar products with the two
vectors in the plane, forming
\| a) two equations in a, b and ¢
-1.,b=0=>4a-b+2c and solving.
2l
With solutions, e.g. a=5,b=-8, c=-14
Applies r.n =a.n
6
d2rar e (V 4l -
' ’ = ‘ 1 H -8 ’ It ' 1 ' ’ is not shown, then it can be | V]
—14 211 -14 2 —14
\ VAN \ ) .
1mp11ed by 50. If no working and an
incorrect value, then MO.
5x =8y —14z = 50 Any correct Cartesian equation Al
Alt x=6+2s+4t (1)
Ee[ciiﬁ%oiig y=1+3s—1¢ ) Forms th(rleel gqgations inx, fy, z,s and ¢, M
=2-5+2% (3) and eliminates one of s or ¢
eg. ()and 3) = x+2z=2+8 (4)
e.g.(2)and 3) = y+3z=-5+5¢ (5) Eliminates both s and ¢ M1
e.g. (4) and (5) = 5x—-8y—-14z =50 Correct equation of plane Al
g ( y q p

(€)]
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(b) Line from Q to /7 in the direction of n:
(| 5t \| ( 0 \ ( w Attempts parametric form with
{r= i 98¢ ’ or ' ’ | -8t ’ two components correct for their Ml
32-14¢ 320 14 normal
\ Y.
Substitutes their
5(5t)-8(9-8r)-14(32-14¢) =50 parametric form into
=285t-520=50=>¢=2 their plane equation
and solves for their
Alt 1: Use distance of Q from plane: parameter.
Distance from Q(0, 9, 32) to plane is Alt 1: Finds th
: Finds the
‘0(5) +9(8)+32(-14) - 50‘ _ 570 distance from Q to
\/ 52482 +142 285" plane; finds distance
Distance from R (51,9 -81,32—14t) to plane is from
R (51,9 —8t,32 —14¢
56(5) +(9-80)(-8) + (32-141)(~14) =5 _ps5:-570] ( ) Ml
' \/ﬁ = s to plane; equates and
ST+8 +14 V285 solves to find ¢
|285t—570| 570
- = =1t=0,4,s0t=4 atR
V285 V285
Alt 2: Constructs a
Alt 2: Construct a parallel plane through Q: parallel plane through
} (5 \| ~520 . Q and calculates
‘ ' -8 |=-520,0Cr \/fé? Equation of | gigtance between the
14
\ two planes.
ITisr.n =_____ . Distance between planes is
\/285
020 = >70 . Then consider R as above.
J285 285 285
M1: Substitutes the appropriate
value of 7 into their equation of
t=4= R(20,-23,-24) line to obtain a point; or finds
or the point X on the plane where | v 11 A1

t=2=X(10,-7, 4) on the plane. Then

Q;—R=X:>R(20,—23,—24)

the line meets the plane and uses
a correct midpoint calculation to

find R.

Al: Correct point. Condone
vector form.

“@
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(©) ( —6) |( 14\| |( 20\| _ _
(Using PO=, 8! PR=' 24 OR='_32 Uses subtraction to obtain two
vector ' ’ ' ” | l relevant vectors and attempts a | M1
product) L 34 ) K—22 ) \_5 6 ) vector product. You do not need
co P—Qxﬁ{ B to check their answer.
640 .
1 ( W 1 Obtains a value from a correct
Area = 5 344 | = 5\/640 FIAATE 32T = method for the area of the Ml
L 32 J triangle
= l J328960 = 4. [8265 Correct exact value in required Al
2 form
Alt e.g. OR intersects /7 at X(10,-7, 4)
(Using ( 4} ( 10\
right- eg, PX=-8,, OX= -16 Attempts base and perpendicular M
angled L J L J height of a relevant triangle
triangles) 6 —28
PX =~4>+82 +6° OX =~/10% +16° +28?
1 Obtains a value from a correct
Area=2xArea APQX =2x _x2 fI9x2 /B85 =.. method for the area of the M1
2 triangle
_ 43065 Correct exact value in required Al
B form
Alt (—6\ ( 14\ ( 20\
(Using PO= 8, ,PR= -24,, OR=-32
area of ' 34 | Y ’ ' 56 ’ Uses a correct method to
ftrlanglle) ") L) L) find one of the angles of | M1
ormula . . .
e.g. |PO|=2314, |PR|=2+314, |OR|=4+285 triangle POR or its sine.
By cosine rule, cos QPR = —g = sinQPR =0.579...
157
1 Uses a correct area of
Area= 2(2\z§14 )(2:814)(0579...) triangle formula Ml
Correct exact value in required form. Note that methods
=4./8265 involving an angle are unlikely to result in an exact Al

value for the area, so probably score A0

Note: There are many variations on the above. If the right-angled triangle POX is
considered, angles may be calculated using SOHCAHTOA and side lengths using
Pythagoras’ Theorem.

A)

Total 10
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Question
Number

Scheme

Notes

Marks

8

I,,:J-ane_hdx anj-gxnehdx n_0

0

0

0

(@)

M1: Applies integration by parts and
obtains an expression of the correct form,

[ =-1 |'aneizx _|le_,_ n I i x e, dr allowing for slips with the numerical

2

0 2 0
0.€.

coefficients. Limits and dx are not required
for this mark.

A1l: A correct expression. Condone
missing dx. This mark requires correct
limits, but condone invisible limits on

either term if implied by subsequent work.

Ml Al

(l\(l_\"(l_\ n
“afa) (2
np T

2

—1
n 2n+1 e

Obtains given answer with an intermediate
step and no errors. Following integration
by parts, the limits and dx must be seen on
the integral term at some point in the
working for this mark.

Al*

(€)]

(b)

0

jzx" sinh 2xdx =

1

I% ><e“ —26’“ >< J
x|

Correct proof. If working from
left to right, it is not necessary to
see the starting expression
J-é x, sinh2xdx, but correct

2 ) limits must be seen at least once.
If working from right to left, dx
and the correct limits must be
seen in the final answer.

|dx= n n %

BI1*

O]
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©

Note: For the first two method marks, condone slips. The marks can be awarded —

for an attempt, using the reduction formulae, to find formula(e) allowing them to
find J; from J, and [, from /.

e 3 ( e Jo \ﬁ M1: Uses reduction formulae to attempt to
RGN \ \zr 2 obtain J; in terms of J,or /;in terms of /,
J =— 1 n 3 ( bl n 1 \| M1: Uses reduction formulae to attempt to MIMI
S (7 Z\ 8¢ & 2° )| obtain J; in terms of J, and /; in terms of ,
Alt for M1 M1
=_e-"J
16 2 ¢
J 1 J M1: Attempts to find J; in terms of J,, J, in terms of
= c—
2 g ! J, and J,in terms of J, or [;in terms of /,, /,in
1 1 .
- e— t f 1 and /|int f1
Jl_7e ;JO erms of /, and /,in terms of /; M1 Ml
] = _iefl + i I M1: Attempts to find J;in terms of J,, J, in terms of (AlD
’ 16 2 ¢ J, and J,in terms of J, and /;in terms of /,, /,in
I =—ée_1 +1 terms of /, and [, in terms of I,
r=tenly
' 4 2
' _1 h_le_1
Jo -[ e —rLez"—l-Jr T For either J, or [, correct in
0 2 o 2 2 Bl
! 1 1 1 terms of e.
I :J-,Le—Zde:__[ —2X:|,L___+_
¢ o 2 b 2e 2
1 e 1 3 e
For reference J=_ J=_-_ J=_-_
4 © 8 4 > 8 8
r=-1 r=_-2 7=2-!
"4 2e © 4 8e © 8 e
1 Attempts 375 7 and I must be in
3 1 e (1 ” . .
J-zx sinh2xdx =— Z—|-= ddM1
0 L 8 e terms of e and/or J, or I, respectively.
Requires both previous M marks.
8
T e\| Correct answer in the required form Al
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(¢) Alt | Some candidates are finding J; and I; in terms of J, and /,, then finding J, and
for M1 I using integration by parts.
M1 B1 J—e_j[e_J)
16 2\8 : MI1: Uses reduction formulae
s VL3, {W to obtain J; in terms of J, or
S (5] 7K1 8| Lin terms of
or M1 M1
1 3 1 M1: Uses reduction formulae
/, 16 e_Ejz S, = ge—Jl to obtain both J5 in terms of
I :__le—1+31’1 :_EG—IJFI Jiand [3in terms of /;
3 16 2 2 2 8 1
1 1 1
J = J'lxezxdx = l|_|_xezx_|J2 —lI%ezxdx = le—l(e -1) = l
o 1 2 01 : 41 ? 1 41 1
1 1
1 =J.2xe*2"dx=— erefzxji + I%’zxdx:— - ( _ﬂ: -
0 2 0 290 4e ZtKE ) 4 2€ B1
For either J; or ) correct in terms of e. If working is shown, it must be a correct
application of3 integratiog by1 arts.
=>J,=_ - ,[,= -
l 8 8 8 T J
Then ddM1 Al as above
6)]
Total 9

PAPER TOTAL: 75




