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General Marking Guidance

e All candidates must receive the same treatment. Examiners must
mark the first candidate in exactly the same way as they mark the
last.

e Mark schemes should be applied positively. Candidates must be
rewarded for what they have shown they can do rather than
penalised for omissions.

e Examiners should mark according to the mark scheme not
according to their perception of where the grade boundaries may
lie.

e There is no ceiling on achievement. All marks on the mark scheme
should be used appropriately.

e All the marks on the mark scheme are designed to be awarded.
Examiners should always award full marks if deserved, i.e. if the
answer matches the mark scheme. Examiners should also be
prepared to award zero marks if the candidate’s response is not
worthy of credit according to the mark scheme.

e Where some judgement is required, mark schemes will provide the
principles by which marks will be awarded and exemplification may
be limited.

e When examiners are in doubt regarding the application of the mark
scheme to a candidate’s response, the team leader must be
consulted.

e Crossed out work should be marked UNLESS the candidate has
replaced it with an alternative response.
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EDEXCEL IAL MATHEMATICS

General Instructions for Marking

1. The total number of marks for the paper is 75.
2. The Edexcel Mathematics mark schemes use the following types of marks:

o M marks: Method marks are awarded for ‘knowing a method and attempting to apply it’, unless
otherwise indicated.

o A marks: Accuracy marks can only be awarded if the relevant method (M) marks have been earned.

e B marks are unconditional accuracy marks (independent of M marks)

e Marks should not be subdivided.

3. Abbreviations

These are some of the traditional marking abbreviations that will appear in the mark schemes and
can be used if you are using the annotation facility on ePEN.

e bod — benefit of doubt

o ft—follow through

e the symbol V\/i I be used for correct ft
e cao - correct answer only

e S0 - correct solution only. There must be no errors in this part of the question to obtain this
mark

e isw —ignore subsequent working

e awrt —answers which round to

e SC: special case

e 0e - orequivalent (and appropriate)

e d... or dep — dependent

e indep — independent

e dp decimal places

e sf significant figures

e >k The answer is printed on the paper or ag- answer given

|: or d... The second mark is dependent on gaining the first mark
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4. All A marks are “correct answer only’ (cao.), unless shown, for example, as Al ft to indicate that
previous wrong working is to be followed through. After a misread however, the subsequent A
marks affected are treated as A ft, but manifestly absurd answers should never be awarded A
marks.

5. For misreading which does not alter the character of a question or materially simplify it, deduct two
from any A or B marks gained, in that part of the question affected. If you are using the annotation
facility on ePEN, indicate this action by ‘MR’ in the body of the script.

6. If a candidate makes more than one attempt at any question:
o If all but one attempt is crossed out, mark the attempt which is NOT crossed out.

o If either all attempts are crossed out or none are crossed out, mark all the attempts and score
the highest single attempt.

7. lgnore wrong working or incorrect statements following a correct answer.

PMT
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General Principles for Pure Mathematics Marking
(But note that specific mark schemes may sometimes override these general principles)

Method mark for solving 3 term quadratic:
1. Factorisation

(X* +bx+c) = (x+ p)(x+0), where|pq| =c|, jeading tox = ...
(ax? +bx+c) = (mx+ p)(nx+q), where|pg| =|c|and |mn| =[a  eading tox = ...

2. Formula
Attempt to use correct formula (with values for a, b and c).

3. Completing the square
2
Solving X' +bx+c=0. (x£3)°+qtc, 9#0 |eadingtox=...

Method marks for differentiation and integration:
1. Differentiation

n n-1
Power of at least one term decreased by 1. (X = X' )

2. Integration
. n n+l
Power of at least one term increased by 1. (X = X 7)

Use of a formula
Where a method involves using a formula that has been learnt, the advice given in recent examiners’
reports is that the formula should be quoted first.

Normal marking procedure is as follows:

Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in
the substitution of values.

Where the formula is not quoted, the method mark can be gained by implication from correct working
with values, but may be lost if there is any mistake in the working.

Exact answers

Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working
with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded
decimals.

Answers without working

The rubric says that these may not gain full credit. Individual mark schemes will give details of what
happens in particular cases. General policy is that if it could be done “in your head”, detailed working
would not be required. Most candidates do show working, but there are occasional awkward cases and if
the mark scheme does not cover this, please contact your team leader for advice.
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Question Scheme Marks
1 E.g Xy’ —>(...+)2xy% or xzy—>(...+)xzd—y but see notes. M1
xy2—>y2+kxy3—y or xzy—>kxy+x2d—y dm1
X
y2+2xyd—y=2xy+x2d—y oe Al
dx X
2 2
(x2—2xy)d—y: y? _nyjﬂ:yz—ny:d_y = 32 2_. or
dx dx x“-2xy dx|, 2°-12 M1
32+2><2><3d—y :2><2><3+22d—y :>d—y :ﬂ:...
dx|p dx[, dx|, 4-12
Tangent is y—3="§"(x—2) dM1
= 3x-8y+18=0 Al
(6)
(6 marks)
Notes:

d
M1: For an attempt at implicit differentiation in some form. (Allow y’ for —y)
X

d d
For the xy? look for a term kxyd—y but condone Ky y
X

X
dM1: For attempting the product rule on either Xy2 or Xzy.

d d
For the x°y look for a term kxzd—y but condone kx y

Award for xy* — y* + kxy(;—y or X°y — kxy + x° dy
X
Al: For y* + 2xyd—y =2Xy + X° dy or equivalent.
dx dx

Ignore any spurious j_y =""in front of their equation.
X

d
M1: Attempts to find d—yat P. Must substitute both x and y values and rearrange (but can be done in
X

. . dy
either order). Allow this mark as long as there are at least two terms in d_y in their
X

. - - - - n d n H 1
differentiation not including any spurious y_ There must be some correct substitution.
X

d

dM1: Uses their non-zero d—y at (2, 3) to find the equation of the tangent. Depends on previous M.
X

Look for y—3="m"(Xx—2) or y="m"X+C where m is their attempt at the gradient at P,

followed by attempt to find c using (2, 3) with the 2 and the 3 positioned correctly.

Al: 3x—8y+18 =0 or any non-zero integer multiple of this equation but with all terms on one side.

PMT
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Question Scheme Marks
1
2@ (1443 )8 =1+ 2. ) .. M1
3
1 1(=2), v
(1+4x3)3: 438 3 (4x3) +... M1
2
=1+ix3+... or :...—Ex6 Al
3 9
1
(1+4x3)5:1+£x3—§x6+... Al
3 9
(4)
(b) 1)’ 31 401V 16(1Y°
1+4x3 =1+4x| = | == orl+—| = | - —| = M1
3 3.3 913
4(1Y 16(1Y
Y31~3x|1+—| = | ——| = dM1
¥t ( 3(3) 9(3”
6869
= Al
2187
(3)
(7 marks)
Notes:
(@

1 . .. . .
M1: For 1+ §(4X) Allow if the 4 and/or the power of x is incorrect/missing for this mark.
M1: For the correct structure for the third term. Look for the correct binomial coefficient combined with the
1(1_1 1(1_1 2
correct power of 4x® e.g. %(4%’)2 but condone missing brackets e.g. %4%’

Al: For1+%x3+... or for ...—%xs.

1 4
Allow mixed fractions e.g. 15 for E but do not allow ‘+-" for “-’.

Al: For 1+%x3 —%xfs +.... Ignore any extra terms.

(b)

3
M1: Attempts 1+4x (%j and reaches % (this will usually be seen as e.g. 3 % ) or substitutes
1. . .
X =— into their expansion from part (a).

1
dM1: Attempts 3x (their expansion from part (a) with x = § substituted)

Allow if they have included more terms in their expansion for both M’s. You need to be convinced
that they have attempted this calculation and not just found the cube root of 31 on their calculator e.g.
3.1414...

Al: Cao. Correct fraction.
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Question Scheme Marks
3@a) X =3+ 2sint y=—6 Tz
7+ cos 2t 2 2
y—# M1
7+1-2sin’t
. Xx—3 6
Slnt:T:y:—z
8_2(x—3] M1A1
2
Ly 2 12 12
16-(x-3)° (4-x+3)(4+x-3) (7-x)(1+X) M1AL
[t:—%:x:l,t:%:x:Sso] p=landqg=5 B1
(6)
(a) 6
_ M1
Way 2 Y T 2sintt
y= 12 = 12 M1A1l
16—4sin’t  (4+2sint)(4-2sint)
3 12 3 12 * MILAL*
(4+x—3)(4—(x—3)) (7-x)(1+x)
[t=—£:>x=1,t:%:>x=5$oj p=landg=5 B1
(a) y= 12 3 12 M1
Way 3 (7-x)(1+x) (4-2sint)(4+2sint)
__ 12 M1A1
16 —4sin’t
~ 12
16_4(1—c032tj M1
_ 12 __ 2 6 . AL
16—-2+2cos2t 14+2cos2t 7+cos2t
[t:—%:x:Lt:%:x=550j p=landg=5 B1
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@) y——:cosZt—2—7:>1—25in2t—g—7 M1
Way 4 7+cos 2t y y
2
sint:X—_3:>E—7=1—2(X—_3j M1AL
2 y 2
:E——x2+6x+7:>y— 12 = 12 * M1A1*
y —X*+6x+7  (7-x)(1+X)
(t:—%:x:l,t:%:x=5soj p=landg=5 Bl
(®) 12 A B o 10- A(x+1)+B(7-X)=A=...B=..
(7-x)A+x) 7-x 1+x (x+2)+B(7-x) ' M1
3 3
So(y= - oe
V935 27 ALAL
3)
(9 marks)
Notes:

(@)
M1: Applies cos2t = +1+2sin’t to get y in terms of sin t. This may be implied if they obtain cos 2t in
terms of x with no explicit sight of sin t.

M1: Rearranges equation for x and substitutes into equation for y.
Al: Correct equation in terms of x and y only.

1
M1: Simplifies and factorises denominator (usual rules). May have the E left in the denominator, e.g.
y= 6 B 6 B 6 B 6
L, 1 2 o, 1 9 1 7 (1.1
8—=(x-3)" 8-ZxX+3x—— —=X*+3X+- —| =x+-|(x=-7
2( ) 5 5 5 (2 X+ 2j(x )

2

Al1*: Correct result reached with no errors seen.
B1: Correct values for p and g or correct inequality.
Can score anywhere in their response but donotallow 1 < t < 5
() Way 2
M1: Applies cos2t = +1+2sin®t to get y in terms of sin t
M1: Uses the difference of 2 squares in the denominator
Al: Correct equation with the square completed
M1: Substitutes for sin t in terms of x
Al*: Correct result reached with no errors seen.
B1: Correct values for p and g or correct inequality. Can score anywhere in their response.
(a) Way 3
M1: Substitutes for x in terms of t into the given expression for y
M1: Expands denominator.
Al: Correct expression.
M1: Applies cos 2t = +1+2sin”t to get sin® t in terms of cos 2t
Al1*: Correct result reached with no errors seen and minimal conclusion.
B1: Correct values for p and g or correct inequality. Can score anywhere in their response.
(a) Way 4 (similar to Way 1)
M1: Rearranges to get cos 2t in terms of y and uses cos 2t = +1+2sin’t
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M1: Rearranges equation for x and substitutes to obtain and equation in x and y.
Al: Correct equation in terms of x and y only.
M1: Simplifies and factorises denominator (usual rules).
Al*: Correct result reached with no errors seen.
B1: Correct values for p and g or correct inequality. Can score anywhere in their response.
(b)
M1: Correct overall method to apply partial fractions to the given fraction or equivalent correct
fraction and find at least one constant.
If no method is shown, one correct value can imply the method.
12 __A + B =12=A(7-x)+B(x+1)=> A=..,B=...
(7-xX)L+x) 7—-x 1+x
Al: At least one correct fraction in the required form e.g.
3 - 3 oe e.g 2 ,— . but not e.g. 3 3
20+x)  2(x=7)

Score MO for

1+x x—=7 2x+2' 2x-14

unless a correct form is seen beforehand.

Or a correct pair of values e.g. a:%,b:l or c:%,d:lor az—g,b:—7 or c=—g,d:—7

Al: Correct expression for y in the given form 3 - 3 (‘there is no need for the *y =")
2(x+1) 2(x-7)

Accept as in scheme or any equivalents in the correct form, e.g. with 1.5 or equivalent as the
numerators.

Or all values correct e.g. (a:%,b:l and c=—§,d =—7j or (a=—%,b=—7 and c=%,d =1j

Note that in (b) some candidates may change the form of y first:
12 B -12
(7-X)A+x)  (x=7)(1+X)
In such cases the marks can be applied as in the scheme provided the expression is correct.
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Question Scheme Marks
4() Avrea of one face =£XX Xxsin 60‘°:£x2£ oe M1
2 2 2
H H \/§ 2 2 *
So surface area of icosahedron is 20 x T X = 5\/§x * Al
)
(0) d—A:10\/§x and wv_5n 3++/5 )% M1
dx dx 12( )
dv. dv dx dv dA
dA dx dA dx dx
15(3++/5)x*  (3++/5)x
_15(34B)¢ (3+5)x, A1
12 x10+/3x 83
®)
c A
© d— =0.025 Bl
dt
dv dv dA (3+\@)X
—=——x—=-——->x0.025=...
dt  dA " dt 83 "
av 2(3+ \/g)
Whenx=2, — =———%-x0.025=...
dt 83
awrt 0.019 (cm’s™!) Al
®3)
(8 marks)
Notes:
(a)
M1: Any correct method to establish a surd form for the area of one face. Must evaluate trigonometric terms.
2
Alternatives include e.g. 1 XX, [ X2 —(1 xj =1x Ex2
2 2 2 V4
Al*: Correct result achieved after showing side area of one face.
Examples:
1 : 1, V3 .
Area of one face =EX>< X xSin 60° =ZX \/§ = SA= ZOXTX = 5\/§x scores M1 Al
SA =20x (%x XX XSin 60) = 5+/3x? scores M1 A0 for lack of working
(b)
_— dA dv 2
M1: Attempts derivatives of both A and V wrt x. E.g. d_ = |aX and d_ = [[fX°.
X X

5.5

Note that %(3+ \/E) x* is sometimes expanded first as e.g. %xe’ LT x*and allow this mark

if either term is differentiated to Bx°
M1: Applies the correct chain rule with their derivatives. (Condone poor notation — see below)

PMT
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: : : : L : , . av
Al1*: Applies the chain rule to achieve the given result, with suitable intermediate step seen with — =...

appearing somewhere in their solution.

Condone poor notation e.g. allow A =10+/3x and d—V: 15 (3 f) , av :d_V ﬂetc for full
dA dt dA

marks.

Alt:

5 A )2
M1: Eliminates x from the two equations V = —(3+/5 )| —
| | [)( ﬁ]

N

M1: Attempts to differentiate ?j_\;\: (3 J—) ( j,j — look for correct treatment of the

1
53 as well as correct power.
Al: Achieves correct result with no errors.

(©)

dA
B1: Interprets the rate of change correctly to state or clearly imply by working that pry =0.025

dv
M1: Applies the chain rule appropriately to find a value for — using x = 2

Al: awrt 0.019 condone lack of units.
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Question Scheme Marks
5(a) dx 1 L ( -2 j
9—4t) 2x—4= M1
dt 2( ) 9 —4t
(x=3) (t=0) .3 " "
dx t -2
A= —(dt)= X dt
Lo) Vi (@) _.-{tzi]\/9+4t Jo—at (dt) M1
(0) t3 (0) t3
=-2| —————(dt) ore.g. —ZJ‘ dt
I(g) \/81—16t2( ) [2] \/(9—4t)(9+4t)( ) ddM1
4 4
Depends on both previous M marks.
1 3
_9 j S S Al
o V81-16t?
(4)
(b) d—u=—32t or du =-32tdt oe
dt
or Bl
1 1
U=81-160 = = L (B1-u) =t = (81 = Ly
16 4 du 8
9
4 81—
o[t oo (BLoY) du
o V81-16t? (1) 16\/_ 32
() LY "
0 et
J'i t? ‘1‘(81_u)2j L g1_u)
A=2| ————tdt=2 -~ — 2 x——(81-u) 2du
o \/81-16t2 Ju 8
(82)
© 11
:kj 81u 2 —u?du Alft
(8)
(0)
1 3
8lu? u?
=K 1 —g M1
2 2 e
1 2 3
-——— 0-]162 ——/81 ||=
256(0 ( 62781 3\/87 D ddM1
Depends on all previous M marks.
243
== Al
64
(6)
(10 marks)

Notes:

PMT
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@
ax . . L
M1: Attempts m achieving the form k (9—4t) 2 oe

dx
M1: Applies the correct formula for the area, A= J‘ y%dt , with y and their a

(no need for limits for this mark and no need for “dt”).
ddM1: Combines terms to a single fraction with one square root.
(no need for limits for this mark and no need for “dt”).
Depends on both previous M marks.
Al: Applies difference of squares, or expands, and deals with limits correctly to achieve correct
result from correct working.
The “dt” must have made at least one appearance before the final line.

(b)
du dt . : .
B1: Correct statement of E or d_ or any correct equation connecting du with dt
u

M1: Complete substitution made into the integrand given in part (a) with their K or the letter K or a
made up K e.g. K =1 to obtain an integral in terms of u only.
Don’t be concerned with the limits at this stage.
Condone the omission of the “du”.
1 1

Alft: For any multiple of J‘ [81u_2 —uzjdu. Limits are not needed.

Condone the omission of the “du”.
1 1 1 3

M1: Integrates an expression of the form ku 2 +1u? — Au? + Bu?
ddM1: Applies correct limits to their integral either way round. Correct limits are 0 and 81 if

substituting into their integral in terms of u or 0 and Z if reverting to t.
Depends on all previous M marks.
. 243 w . 243,
Al: Correct answer. Correct work leading to Yy scores AO but allow “hence area is o

Note that the question says “or otherwise” so some alternatives are:

Uses the substitution u =+/81—16t> :
1
B1: Correct derivative statement 3—11 = %(81—16t2)_2 x —32t oe such as 2udu =-32tdt

2
M1ALft: Full substitution leading to 2 8l-u 2—udu —— 1 le1-u2du
16u -32 128
ddM1: Integrates to Ku — Lu® M1 Applies correct limits 0 and 81 (or returns to t)
Depends on all previous M marks.
Al: Correct.

Integration by parts:

_1 81-16t° seen or implied in working.

B1: For J‘;dt =
\/81-16t>

MZ1ALft: Correct application of parts in the right direction
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2 tzx;dt=2t2x—i\/8l—16t2—2 2t><—i\/81—16t2 dt
\/81-16t2 16 16
3
t? 1  +/81-16t2

M1: Completes the integration process = ——+/81—16t* + —x —
8 4 48

9
ddM1: Applies limits of 0 and Z . Depends on all previous M marks.

Al: Correct answer.
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Question Scheme Marks
6 Assume the sequence is geometric Bl
So (r=)1+2k=3+3k ML
k 1+ 2k
= (1+2k)* =k(3+3k) = k* +k+1=0 Al

2

2
But k2+k+1=(k +%) —%+1> %>0 (since (k+%) > 0 for all (real) k) dMm1

This is a contradiction and hence the original assumption is not true.

The sequence is not geometric. Al
(%)
(5 marks)
Notes:
(@)

B1: States an appropriate assumption to set up the contradiction.
M1: Uses the assumption to set up an equation in k only.

Allow equivalent work e.g. kr =142k, kr> =3+3k = 3+3k = k(

Allow use of # for=e.g. , /3_:(3k # 1+k2k

isnot thesameas 3+3k .
1+2k

Al: Reaches a correct quadratic equation in k, need not be all on one side, but terms in k and k?

should be collected. Allow use of # for=e.g. k?+k+1%0
dM1: Completes the square, considers the discriminant or other valid means used to reach a point

where a contradiction can be deduced. E.g. as scheme, or b? —4ac =1* —4(1)(1) = -3 < 0 may

“1+i3
2

1+ 2kj2

1+ 2k
This may be implied by e.g. hi

be used. Accept use of calculator to give roots k = so k is not real, which contradicts

k being a member of the real sequence.
Depends on the previous M.

Al: Correct work leading to a contradiction with deduction of a contradiction made and conclusion
given. This mark is available even if BO is given at the start. So 01111 is possible.

If they are using the discriminant or calculator route then there is no need to mention “real” as long as
they conclude that e.g. the geometric sequence is not possible. This can score both the dM1 and Al.
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Question Scheme Marks
(4) 2
7(a
@) \Y; =(7z)j (1(4—x)ex) dx M1
0 \4
j(f(x) :—J‘(4 x)*e”dx = M1
4
V=22 (x*-8x+16)e dx Al
16 ),
®)
n " 2X 2X
(b) :( EJ (x2—8x+16)e —~ (2x—8)><e—dx M1
16 2 2 Al
" " 2X 2Xx 2X
= Z | (x2-8x+16)=——| (2x-8)—— | 2x=—dx
16 2 4 4
" " 2X 2X 2X dMl
=( 1) (x*-8x+16) =~ (2x-8)°—+
16 2 4 4
Depends on the first method mark.
v & (x2—8x+16)ezx—(2x—8)ezx+ezx a0, 8 16 8 1
16 2 4 44 16 4 2 4 4 ddM1
Depends on both previous method marks.
_ (a8 _
_6—4(e 41) (cm?3) Al
(5)
n n 2x
(b) :( z j (4-x)? € +J.(4—x)e2xdx M1
Way 2 16 2 Al
" n 2x
=| £ (4—x)Ze +l(4—x)ezx+ e’ dx
16 2
n " 2X dMl
:( ij (4= e L 4o n)er + 2o
16 2 2 4

Depends on the first method mark.
4

(z e 1 w1l Lo 1
_( E j|:(4—X) 2 +E(4—X)e +Ze jlo—( 16 j(z —8—2—Zj ddM1

Depends on both previous method marks.

= é(e8 - 41) (cmd) Al




PMT
Mathematics - 2022 - Jan - Paper 4 - MS

(b) 4 4 4 4
J- (x2 —8x +16)e2X dx :j x2e¥ dx —J- 8xe?* dx +'[ 16e?* dx
Way 3 0 0 0 0
n T " ) e2X eZX
= = || x*=——) 2xx dx +... M1A1l
( 16 j( 2 _[ 2 }
4 4 4
J- x%e* dx—j 8xe* dx+j 16e** dx
0 0 0
no_n 2x 2x 2x 2x 2x dM1
. xZe - x><e i dx +—8 x><e i dx b+ 8e**
1 2 2 2 2 2
Depends on the first method mark.

2\ x%e® oxe® 41e®] x 41, 41
( j - + ——(8e8—18e8+7e8—7)

) 2 2 4 | 16 ddM1
Depends on both previous method marks.
7T (.8
=—(e"-41) (cm® Al
aa® 41) )
(8 marks)

Notes:
(a)

M1: Sets up the volume using the volume formula, but allow limits and 7z and the “dx” to be
missing. No need to square f(x) for this mark as long as the intent to do so is clear.
There should be an integral

M1: Attempts to square f(x) (need not be part of an integral). The power of e should be correct and

1
the bracket expanded, but allow if the Z is not squared.

Al: Correct expression for the integral, z and limits must be included, and no errors seen in working
so the “dx” must be present throughout.

(b)

M1: Attempts integration by parts the correct way at least once on the given integral to obtain

a(x2 —8x +16)e2X J_r[ij(ax—b)e2X dx

2X 2X
Al: Correct first application of parts: (x* —8x +16)e7— J-(Zx —8)>< 62 dx or equivalent.

2X
dM1: Attempts integration by parts again in the same direction on j(Zx —8)>< e2

dx and proceeds

to complete the integration. Look for K ( +a(ax—b)e” iﬂj.ezxdx).

ddM1: Applies the limits to their integral and subtracts, (but this need not have the K or z for this
mark.) May be done in stages, so look for reaching a value using correct limits on each part
of their integral.
Al: Correct answer achieved from correct work and the z must have been introduced before the
final step, it should have been part of their answer to (a). Condone lack of units.
Way 2
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M1: Attempts integration by parts the correct way at least once on the given integral to obtain
a(4- x)2 e iﬁj(4— x)e* dx.

2X

Al: Correct first application of parts: (4—x)* e2 +I(4— X)e2X dx or equivalent.

dM1: Attempts integration by parts again in the same direction on j(4 - X)e2X dx and proceeds

to complete the integration. Look for K ( +a(4-x)e” + ﬂj ezxdx) for the parts.

ddM1: Applies the limits to their integral and subtracts, (but this need not have the K or z for this
mark.) May be done in stages, so look for reaching a value using correct limits on each part
of their integral.
Al: Correct answer achieved from correct work and the 7z must have been introduced before the
final step, it should have been part of their answer to (a). Condone lack of units.
Way 3

M1: Splits the integral and attempts integration by parts the correct way at least once on szezx dx.

Look for ax’e”* + ,BJ xe?* dx.

2X 2X
. o e e .
Al: Correct first application of parts: X > —IZX > dx or equivalent.

dM1: Applies parts a second time on both occurrences ofJ. xe”* dx and completes the integration.

ddM1: Applies the limits to their integral and subtracts, (but this need not have the K or z for this
mark.) May be done in stages, so look for reaching a value using correct limits on each part
of their integral.
Al: Correct answer achieved from correct work and the z must have been introduced before the
final step, it should have been part of their answer to (a). Condone lack of units.
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Question Scheme Marks
8(a) 6 6 0
Attempts £/ | 0 |—| 6 | |==%| —6 M1
7 2 5
6 0 6 0
r=|6[+A|-6| orr={0|+A| 6] o0e Al
2 5 7 -5
)
(b) 6 0 3 1 6=3+u
Meetif | 6 |+ 4| 6 |=| 1|+ | 5|s0<6-61=1+5u M1
2 5 4 9 2+54=4+9u
From first equation 1 =3
1 Al
Alt: solves equations 2 and 3 to give either u = —3 or A= E
79 79
Then need A = 5_ZX 3 = —% from 2" equation,
M1
A= 2+9x3 = 29 from 3" equation
5) 5)
Alt: checks their 4 in the first equation
Values of A do not agree and hence lines do not meet. Al
(4)
(© 3) (1 2
OC=|1|-|5|=|-4 M1
4 9 -5
2 6 -4
AC=0C-OA=|-4|-|6|=| -10 | Accept +.
dMm1
-5 2 —7
Depends on first mark.
+AC«(i +5j+9K) ~4x1+-10x5+-7x9
—n =% ddM1A
[AC|i+5j+9k|  V16+100+49V1+25+81 .
Depends on both previous marks.
— 0= arccos|—1__| 2830
V1654107
ore.g. Al
. =117
= 6 =90°—arcsin|—————|=28.3°
\/165\/107‘
(%)

(11 marks)

PMT
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Notes:

(@)

M1: Attempts the difference between the given two vectors. Implied by 2 out of three correct
coordinates if no method is shown. Can be either way round.

Al: Any correct equation for the line in the form given and must have “r = ....”. Two examples are
shown in the scheme, but they may use any point on the line as the starting point, and any
multiple of the direction vector.

6i 0
Allow ini, j, k form but note.g. r=| 6j |+ 4| —6j | but condone missing brackets on the position vector so
2k 5k
6 0 6 0
condonee.g. r =6+ 4| —6 | but not on the directionso r=| 6 |+ 1—6 1S A0
2 5 2 5

(b)

M1: Equates their line and the given line and extracts at least one equation in A and u

Al: “Correct” value for one parameter. This will depend on which equation(s) they solve — see main
scheme but must follow M1.

M1: Substitutes into both other equations to compare results.

Al: Correct values for 4 found with conclusion that the lines do not meet.

Alt: If equation 1 is not first used to find x then the 1 A mark can be awarded for any correct value
for /. or u from the equations they solve, and the M mark for checking their solutions for
consistency in the remaining equation.

For the final A, all work must have been correct with a suitable conclusion made.

25
When checking, allow e.g. 2 —? # 4+ 27 so they do not meet. 1.e. the calculations may not

be fully carried out as long as the result is obvious. However if either side is subsequently
evaluated incorrectly, withhold the final mark.

FYI: equations (1) and (2) give 4 :—% or x=3;equations (1) and (3) give A4 =§ or i =3and

55 13
equations (2) and (3) give 4 = % or u= % (use of the negative direction vectors reverse the signs of 1s)

6 0
If r=]0|+A| 6| isusedequations (1) and (2) give 4 22 or 1 =3;equations (1) and (3) give 4 = —2—54
7 -5

24 13
or w1 =3and equations (2) and (3) give A = E or u= %(use of the negative direction vectors reverse the

signs of As)
Note that the maximum marks in (b) if their line in (a) is incorrect is 1010
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There will be many different approaches to part (b).
The general structure for marking is as follows:
M1: Equates lines and obtains at least one equation in 42 and u
Al: Correct value for one of the parameters
M1: Attempts the checking process to show the lines do not meet
Al: All correct with a conclusion

(©)

M1: Substitutes x = -1 into I, to find the coordinates for C or the vector oC

dM1: Uses their oC to find +AC . Look for an attempt at the difference of vectors with at least two
correct coordinates.

+AC-(i +5j+9K)

i with their AC
|AC|fi+5j+9K

ddM1: Attempts

This requires an attempt at the scalar product of their AC with i+ 5j+ 9K in the numerator

with at least 2 “components” correct if no method is shown, and correct attempts at the

product of the magnitudes of AC and the direction of i + 5j+ 9K in the denominator.
~4x1+-10x5+-7x9 ] L 117

V16+100+49+/1+25+81) /17655

Al: A correct expression simplified or unsimplified e.g. J_r(

Al: Correct answer. Accept awrt 28.3
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Question Scheme Marks
%) i1+2Iny72=05 1+2Iny’3x£:L
dy( ) ( ) y y(l+2iny) M1
A
y(1+2In y)3 Al
)
(b) 3cosec(2x)g—y= y(1+2In y)3
X
:J....dyzj.ksin(Zx)dx or J‘%dy:‘.‘...dx
y(1+2Iny)
and
M1
:j...dy:-[ksin(Zx)dx:...z Acos2xoe
or
:J‘—k 3dy:J‘...dx:>—A 7 =
y(1+2Iny) (1+2Iny)
A . C
:j—sdy:IBS|n(2x)dx:—2: Dcos2xoe M1
y(1+2Iny) (1+2Iny)
One side integrated correctly
3 3 1 1
j—3dy:_ 2"[ de:_ 2
y(1+2Iny) 4(1+2Iny)" J y(1+2Iny) 4(1+2Iny) AL
or
1. 1 . 1
J-gsm(Zx) dx:—gcos(ZX) oe,J.sm(Zx) dx = —ECOS(ZX) oe
3 1 1 1
——————=—--cos(2x)(+c) or —————=—-=c0s(2x)(+cC
s(1+2inyy 2 (+¢) 4(1+2inyy 6 S
(4)
© =1 X:E:—Lz—lcos(zj%:c:
e T Taramy) . 27003 M1
3 1 1 1 1 1
——————=——c0s(2X) —= or ——————— =—-=¢0s(2X) —=
41+2Inyy 2 2 a(1+2iny)y 6 6 A
—Lz:—lcos(Zx)—lz;z=1+1cos(2x):cos2 X M1
4(1+2Iny) 2 2 4(1+2Iny)y 2 2
3 1(+/3
1+2Iny) =Zsec’ x = Iny ==| = secx —
= (1+2Iny) g5 x=Iny 2(Zsecx 1} ddML
Depends on both previous method marks.
ﬁsecx—l
=>y=e* ? Al
()

PMT
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(11 marks)

Notes:
(@)

M1: Differentiates to achieve the form

y(1+2In y)3
You can ignore what they call it so just look for the expression.

Al: Correct derivative, accept any equivalent form, need not be simplified.
You can ignore what they call it so just look for the expression.

(b)

M1: Attempts to separate the variables with one side correct ignoring coefficients and with at least

L . K .
one side integrated to the correct form. The separation may have C0SeC X rather than k sin 2x.
cosec 2x

Do not be concerned about the presence or absence of the “dx” and “dy” or even if they are
wrongly position — just look for the expressions appearing on either side.
M1: Attempt to separate the variables with both sides correct ignoring coefficients and with both

S . k .
sides integrated to the correct form. The separation may have CoSeC X rather thank sin 2x.
COSec 2X

Do not be concerned about the presence or absence of the “dx” and “dy” or even if they are
wrongly position — just look for the expressions appearing on either side.
Al: One side integrated correctly.

For the LHS this will be either — 1 > Or — 3 >
4(1+2Iny) 4(1+2Iny)

For the RHS this will be either —%COS(ZX) or —%COS(ZX) but note that if sin 2x is changed to

. . . . 1. 1 .
2sin x cos x first, the integration may appear as e.g. gsm2 X or —Ecos2 X or sin®x or —cos’ x

Al: A fully correct general solution, need not be simplified and a constant of integration is not
required.
Note that M1IMOALAQ is possible as a mark profile.
(c)
Note that if a candidate rearranges to an explicit form in part (b) the work can be credited in part (c)
but there is no credit for work for part (c) in part (b) unless part (c) is attempted.

M1: Substitutes the boundary values into their equation to find their constant which does not to be
evaluated for this mark.
This may be done later in the solution, but they must have a constant in the equation.
Al: Correct equation in any form with their constant evaluated. Must follow Al in (b).
M1: Applies cos 2x = +2cos?x + 1 at some point in their solution.
May see attempts to rearrange to y = ... first and note that if candidates integrate the sin 2x
in part (b) to ...cos?x then they can score this mark by implication if part (c) is attempted.
ddM1: Rearranges the equation, including square rooting, to reach Iny = ...
Depends on both previous method marks.
Al: Correct answer achieved.

You may see candidates rearrange first in (b) to achieve e.q.
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C __ 38 = —lcos(Zx) =C +£COS(2X) = ;z
2 2 4(1+2Iny)

4(1+2InyY

2 3

=(1+2lny) =———
( y) 4C +2c0s(2x)

1 3 1 1 3 1
>hy==|———-“-Dy=exp|=,[—————=
2\ 4C +2cos(2x) 2 2\ 4C +2cos(2x) 2

The first M in (c) will be scored when they substitute the given conditions into their rearranged equation that
contains a constant and the first A mark for a correct equation. They will also score the second M if they use
the double angle formula. The dM mark will be as described e.g. Rearranges the equation, including square
rooting, to reach Iny = ... and depends on both previous method marks.

There are no marks in (c) for substituting the initial conditions into the given answer to find the value of
A. If you see any attempts to use this answer to show it satisfies the differential equation in (b) let your

TL know.
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	General Principles for Pure Mathematics Marking
	(But note that specific mark schemes may sometimes override these general principles)
	Method mark for solving 3 term quadratic:
	1. Factorisation
	,   leading to x = …
	,   leading to x = …
	2. Formula
	Attempt to use correct formula (with values for a, b and c).
	3. Completing the square
	Solving :     ,     leading to x = …
	Method marks for differentiation and integration:
	1. Differentiation
	Power of at least one term decreased by 1. ()
	2. Integration
	Power of at least one term increased by 1. ()
	Use of a formula
	Where a method involves using a formula that has been learnt, the advice given in recent examiners’ reports is that the formula should be quoted first.
	Normal marking procedure is as follows:
	Method mark for quoting a correct formula and attempting to use it, even if there are small mistakes in the substitution of values.
	Where the formula is not quoted, the method mark can be gained by implication from correct working with values, but may be lost if there is any mistake in the working.
	Exact answers
	Examiners’ reports have emphasised that where, for example, an exact answer is asked for, or working with surds is clearly required, marks will normally be lost if the candidate resorts to using rounded decimals.
	Answers without working
	The rubric says that these may not gain full credit. Individual mark schemes will give details of what happens in particular cases. General policy is that if it could be done “in your head”, detailed working would not be required. Most candidates do s...



