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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:
Marks must be awarded in line with:
e the specific content of the mark scheme or the generic level descriptors for the question

e the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:

Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:
Marks must be awarded positively:

e  marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:

Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:

Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).
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GENERIC MARKING PRINCIPLE 6:

Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.

Maths-Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.
4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).
5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or

the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Question Answer Marks Guidance
1(a) . ,1_‘6 _ ,1_18 B1 | Correct formulae
16! 18!
2 = 17x18 (=306) or % _ 3_(1)6 M1 | Deal correctly with exponential
M1 | Deal correctly with powers and factorials
A=306 (= 17.4928...) Al | Answer, awrt 17.5 or V306 or equivalent (e.g. 3V34)
1(b) Po(22) M1 | Stated or implied
i 21)° —aret /1_3 M1 | Allow 1 error, including 4 on wrong side with all else correct
8!
Al | All correct
A=6In2 Al | Mark final answer. 6 In 2 or exact equivalent, e.g. In 64, 2In8,
3In4, —In(1/64) etc. but must be cancelled (not e.g. In(256/4))
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2(a) Gu(t) = E(Y) = =t e *2"/u! M1 | Correct formula for G(#), any variable letter (but not #').
Condone missing limits but any limits shown must be correct.
If shown as series explicitly, see conditions for final Al to be
awarded.
=e *2(tA)"/u! M1 | Combine # and A
= ¢ % Al | State or clearly show sum of series is e**
=M=V AG A1 | If sum shown explicitly it must start at 0, have at least 3 terms and
be infinite. If not, or if just small slip, do not award this Al.
2(b)(1) G()=1 B1 | If not specified assume order G(1), G'(1), G"(1)
G'(1)=3 B1
6.75=G"(1)+ G'(1) - [G'(D]? M1 | Use of given formula or via use of both var(X) = E(X?) — [E(X)]?
and G"(1) = E(X?) + E(X).
=  G'(1)=1275 Al
2(b)(ii) mean=4 x 3 =12 B1 | If not specified assume order mean, variance.
variance =4 x 6.75 = 27 B1 | Could see 159 + 12 — 144 oe
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3(a) var(kZ) = Ik... M1 | Finding the variance of £Z. Can be implied from correct answer.
...s0 kZ ~N(0, k*) and hence MGF of kZ is exp(K*£*/2) Al | Full argument (but condone just E(kZ) = 0 rather than kZ ~ N(O,
k%)). Correct answer with no working or justification: SCB1.
3(b) . 101 M1 | Using rule from (a) with k= 1/n
MGEF of each Zi/n is exp 5(—] t
n
_ 2 Al
exp 2n’
. _ 7 _ 2 Y M1 | It is sufficient to show understanding that each Z; /n has the same
Since Z = ;ZZI. 227 MGEF of Z is (GXP( P B MGF and that the MGF of a sum of (independent) RVs is the
product of their MGFs
2n 2 Al | AG so intermediate step must be shown.
=exp| — |=exp| — | AG
2n
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3(b) Alternative method for question 3(b)

MGF of Z; + ... + Z, is [exp(£/2)]" M1 | It is sufficient to show understanding that each Z; has the same
MGF and that the MGF of a sum of (independent) RVs is the
product of the MGFs

= exp(nt’/2) Al
= . 11y, M1 | AG. Using k= 1/n in in rule derived from (a) for MGF. Must see

MGF of Z is exp E(;j nt intermediate step or quote both choice of k and use of rule.
Condone lack of justification for use of rule from (a) in situation
where variance is not 1.

[ 2 j Al | AG so it must be clear that rule from (a) is being used
=exp| — AG
2n

Alternative method for question 3(b)

E(Z)=0 B1 | Quoted is sufficient

var(Z) or o* = 1 M1 | Quoted is sufficient

n
.7-wnlo 1 M1 | or stating sum of normals is normal and multiple of a normal is
e _ normal
_ 11 # . Al , 1. . . . .
MGF of Z is exp E(_jﬁ = exp > as required AG AG so must be clear that o =— is being substituted into given
n n n
rule and that doing so is justified (by M1M1 but condone BO0).
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4(a) B(60, 0.08) M1 | Stated or implied
=~ Po(4.8) A1l | Stated or implied
P(z6)=1-P(K5) M1 | 0.209 from 1 — P(< 6): M1 A1 M1 A0 B1
=0.349 Al | If M1 MO then SC1 (oe 2/4) for 0.347(4) from binomial
n large, p small (or np < ~5) B1
4(b) M ~B(200, 0.45) = N(90, 49.5) M1 | N(90, attempt at npq)
O ~B(200, 0.08) ~ N(16, 14.72) M1 | N(16, attempt at npg) or N(16, 16) (or N(96, 96)) from (incorrect)
Poisson
M—60 ~N(-6, ...) M1 | Consider M — 60 (or 60 — M or (O — M/6) etc.), allow variance
137.82 (from 6 rather than 6%) or 625 (from Poisson)
N(-6, 579.42) A1* | Correct variance
P>0)=.. Mildep | No cc: 0.40158. Wrong cc: 0.4096. Both M1A0. Variance must be
correct.
=0.393(567) Aldep | In range [0.393, 0.394]
{(0.290, 0.3046 or 0.320 from N(-6, 137.82)}
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5(a)(i) Quicker/cheaper etc. B1 | Accept valid negatives about census rather than positives about
sample provided that it is clear why this might just be
advantageous to Sheila (i.e. not just ‘census has more data than
sample’). Ignore irrelevant statements.
5(a)(ii) Either ‘It means that the sample will be a better representation of B1 | Ignore irrelevant statements.
the population’ or ‘It means that the sample will not be biased’.
5(b)(i) 20 (48360 B 472J B1 | 47 (or 2209 (i.e. 47%)) stated or implied by correct answer
19\ 20
M1 | Correct formula for unbiased variance
=220 Al | 220 only {209: BIM0OAO}
5(b)(ii M1 ..
(b)(ii) 4742093 }% Use 7 or Vn divisor
Al | 47 + 1(s*/n), allow z (= 1.96) here
B1 | Correct ¢ value
= (40.06, 53.94) Al | Answers, end-points correct to 4 sf or better
{(40.50, 53.50) from normal: M1A1B0AO}
5(b)(iii) Times need to be normally distributed M1 | State ‘normal’
Times may not have a symmetric distribution as there could be Al | Any correct or plausible statement to the effect that either:
some very long times. the times may not be normally distributed (e.g. symmetry or non-
negativity);
or the times may not all come from the same distribution (e.g.
people may travel by different modes of transport);
or the times may not all be independent (e.g. people may travel on
the same train, which is delayed).
Note: It is insufficient to observe that “we cannot know if they are
normal”
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6(a) ) I(x =& B1 | AG For either B1, calculation must be explicit but need not be
lim F(x)=—| —+—-—|= . ¢ _

X900 z\2 2 completely rigorous (e.g. condone ‘F(—0) =)

lim F(x) = 1(z AN B1 | If BOB0 then SCBI1 for stating both limits of tan 'x as x — o0 or

i g\ 2 2) showing them clearly on a graph of y = ktan "'x oe. B0 for £90°
Note: If wrong way round i.e. attempt to show that x — oo as F
— 0, 1 then BOBO but SCB1 is still available

Fi(x) = M1 | Method to show increasing for all x.

(14 x%) Argument could be from well drawn sketch of y = F(x) (as

transformation of y = tan ~'x) or carefully reasoned from graph of
y = ktan ~'x. Insufficient to reason from graph of tan x unless
relationship to F(x) clearly explained.

F'(x)>0 for all x A1 | Correctly shown, allow > or >. Do not condone incorrect
statements (e.g. F'(x) > 1 for all x).

6(b) 1-F() M1
=Y Al
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Question Answer Marks Guidance

6(c) 1 M1 | Differentiate ...

F'(x)=——
&= irD
Al | ... correctly

f" XF(x)dx M1 | Forming [x*F’(x) dx, correct limits somewhere

el 1 dr— l[x— ran”! x:loo M1 | Method for integral (independent). Must result in compete answer
er z+xh) T - and not just another integral. Might be done via substitution (e.g.

x = tan&but need complete integral and correct limits for M1)

A1 | Correctly show improper integral does not exist. Condone

unrigorous approach (e.g. substituting oo in) but integral must be
2 ) ) complete and correct (can be awarded after M1AQ if

=—lim [N] —1 which does not exist F'(x) = k(1 + xz))'

JT N>

= z lim [x —tan™' x]:)v = 2 lim [N—tan’l N]

JT N>o JT N>x

Alternative method for final M1A1. Good sketch of y = x*F'(x)
and clearly showing area (on one or both sides) is not finite (e.g.
by using a rectangle of fixed height < 1 and ever-increasing width
and reasoning that the area under the graph must exceed the area
of this rectangle (once beyond a certain width)).
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6(d) FO)=P(Y<y)=P(1 -X<y)=PX>=1-y) M1 | Correctly express F(y) as an inequality in X and y.
=1-F(1-y) M1 | Correctly deal with changed inequality (1 —...)
— 1(x ~1 i 1 1 f Al f 1(x _1 1 1 1
—| Z=—tan"'(1-y) (for all values of y) aete.g. |-—| —+tan'(1-y) |, ———tan"'(1-y),
T\ 2 T\ 2 2

1 1 -1 1 T -1

—+—tan (y-1), —| —+tan (y-1) |, etc

2 T\ 2

ISW

Ignore extraneous piecewise definitions.

Note: l(%+ tan™' (1 - y)j from x = 1 — y (or no working) scores

VA

0/3

Alternative: M1 for correctly deducing f(y)=——
z(1+(1-»)")

M1 for g(y) = JK ;dt (limits must be correct but

S r+(1-1)%)
condone ‘double’ use of y) and A1 for correct final answer.
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7(a) 96000/40 — kx40> =0 M1 | Using NII (or balancing forces) with correct expressions for
k=1.5 Al | forwards force and resistance.
7(b) 9620(;)0 _1.5%20" —800gin 0=800a M1 | Using NII with expressions for all relevant forces
Al | All correct
a = 4.25ms* up the slope Al | Condone missing direction
Alternative method for question 7(b)
Work done against resistance and gravity
dh , ) M1 | Understanding that the power is also being used to overcome
=Rvt+mg P kv"+800x10xvsin & friction and increase PE and finding the power associated with the
h fKE
=1.5%20° +8000x 20x0.1 change o
=28000
so acceleration is using 96 kW — 28 kW = 68 kW Al
68000 = i(l mvzj =mva =800x20a =16000a
dr\ 2
a = 4.25ms’ up the slope A1l | Condone missing direction
7(c)(i) 96000 150 —800%0.5 M1 | Using NII with expressions for all relevant forces
v
Al | (or using P = kv’ + mva from alternative in (b) with no PE)
v +32y = 64000 Al | Must be correct form (i.e. ‘v’ +’). [a = 800/3, b = 64000]
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7(c)(ii) Evaluate relevant expression at 37.75 and 37.85 M1 | e.g. —137 & 318 (or —205 & 477) or 63862 (or 63863) & 64318 or

95794 & 96477

State “sign change, therefore solution between” if there is or state Al | Or: explicitly solve (e.g. by fixed point iteration) to get solution or

relevant inequalities and draw conclusion oe clear convergence to 37.8 (3 sf) or better B2
Just e.g. 64090 or 90 from 37.8 is insufficient for M1A1

Question Answer Marks Guidance
8(a) Vertical speed before 1st collision is [2gh =7 ms' B1 | Obtain or imply 7

|| component after is 7 sin 30° = 3.5 (ms ) BIFT | FT their 7 (so 0.5x‘7")

1 component afterwards is 0.8x7 cos 30° M1 | Multiplying their | component by e

=2.8V3 or awrt 4.85 (ms™) A1FT | FT their 7 so (so 0.4V3x¢7")

8(b) y=2.8V3t—2.5V37 M1
=0atr=1.12 A1FT | FT their 7 (so 0.16x7")
OA=x=3.5t+2.5¢F M1 | MO if — instead of +
=7.056 (m) A1FT | Answer, in range [7.05, 7.06]. FT their 7 (so 0.144x°7°%)
SCBI for ¢ = (7V3)/15 (= 0.808...) possibly followed by SCB2 for
distance =5.55(33...) (= 833/150) m
© UCLES 2022 Page 14 of 21
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9 Initial energy = mgl(1 — cos60°) = Sml B1 | Could be left as Yomgl
Yomv* + mgl(1 — cos@) = Sml M1 | Conservation of energy; equating KE + PE to their initial energy...
v = 10/(2cosd— 1) oe A1 | ...to obtain (correct) expression for v* in terms of #and / (and g)
NII Radial: 7— mg cos® = ma, M1 | Using NII in the radial direction correctly
V2 B1 | Using formula for radial acceleration
a, =—
ol
Tcos@= mg (or 10m) M1 | Using vertical acceleration = 0
. _mg —mgcos = mx10[(2cosf-1)
cosd /

T ogg C0s0=2c0s0-1 A1 | Substituting 7, v* and a, into NII radial and reducing to quadratic
3c0s’O—cosO—1=0 equation in cosd
cos@= (1 +13)/6 => 0= awrt 39.9° or 0.696 rads Al | Correct final answer and no other
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9 Alternative method for question 9
Initial energy = mgl(1 — cos60°) = Sml B1 | Could be left as Yomgl
Yomv* + mgl(1 — cos@) = Sml M1 | Conservation of energy; equating KE + PE to their initial energy...
v* =10I(2cos@— 1) oe Al | ...to obtain (correct) expression for v* in terms of #and / (and g)
NII tangential: — mg sin€= ma M1 | Using NII in the tangential direction correctly
B V2 B1 | Using formula for radial acceleration
a, = ;
= 0=>acos0+ asind=0 M1 Using vertical acceleration is 0 (could be in the form tan@ = L )
at
V2
Tcos9+(—gsin9)sin¢9 =0
10/(2cos 6 —1) L, A1 | Substituting a, v* and a, into a, = 0 and reducing to quadratic
. fcosg_losm 9=0 equation in cos @
s (2cos@—1)cos@—(1-cos*0) =0
~.3c0s’@—cosf-1=0
cos@= (1 +V13)/6 => 0= awrt 39.9° or 0.696 rads A1 | Correct final answer and no other
© UCLES 2022
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10(a) F =ma=0.0024(0.12-3x) =5x107 % M1 | Attempting NII for the particle (allow a for acceleration here).

Could already be in terms of the substituted variable

X+144x=5.76 or X +144(x—0.04)=0 Al | All correct and simplified to a useful form (could be done after
substitution).

Equilibrium position must be x = 0.04 B1 | Can be implied by correct substitution

y=x-0.04= j+144y=0o0rj=-144y A1l | Correctly using a substitution (not x =x — 0.04) in the DE and
arranging to either of these forms and from cwo. Argument must
be complete. A0 for ¥ = —144x oe.

... which is SHM with @’ = 144 (or @ = 12) about the point x = Al | SHM explicitly stated from equation of correct form onfy. About

0.04... 0.04 oe explicitly stated but might have been earlier. @ = 12 can
be implied from correct period.

with period 27 _1 BIFT | Acef, or in interval [0.523, 0.524]. This mark could be awarded

o 6 even if the substitution is incorrect. FT their @ from % = -144x or
j=—144y
10(b) x=0.02cos12¢+ 0.04 M1 | Using form of SHM solution, for x, which has 0 velocity when ¢ =

0 (constants could be wrong but must be present). Could use sin
with a phase shift of Y2

—0.005=0.02 cos12t M1* | 0.02 correct and x = 0.035 to set up equation (allow wrong sign)

cos '(—0.005/0.02) and value for ¢ found Mi1dep | Solving to find a value for ¢

0.152 (seconds) Al | Answer, awrt 0.152
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11(a) Max speed at equilibrium position B1 | Stated or implied e.g. by 0.15x, _0.15x, , or T,=Tp+0.1
or ij _ o (which could be i(r)ffplied ‘t());completing the square) oe
x
x = extension of 4P 0.15x _0.15(0.6-x) M1 | Equation in unknown distance (e.g. length of 4P or distance
0.4 0.6 moved from initial position or extension of AP).

e.g 015(»-04) 0.154-y) ,,_, whereyis AP. Condone sign
errors anod'jn =0.1. v

x=04 Al | Correct value of unknown distance (e.g. 0.1 below initial posn)

Distance below A4 is 0.8 m A1FT | Distance correctly stated and clear where it is from
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11(b) (In this solution x is the max extension of AP but other definitions
are possible)
Any correct numerical calculation of EPE B1 | Could be seen in (a)
0.15(0.3)° N 0.15(0.3)° +0.02375+0.09 B1 | Expression for total initial energy (0.141875 J) (here, zero PE
2x0.4 2x0.6 ' ’ level is at B but it could be defined at a different level). Could be
embedded.
s . L B
0.141875 < (;.1?4 S (16— (x+0.4)x0.1 M1* | Conservation of energy. EPE + GPE = initial energy (KE = 0)
X U.
Al | Correct formula for EPE and signs all correct
Al | All correct
60x* —32x—7=0 Mldep | Simplify to 3-term quadratic {from 4: 300x* — 400x + 77 = 0}

x=0.7
so distance below 4 isx+04m=1.1m

Al

Solve to get 0.7and correctly deal with distance (if not dealt with
by definition of x)

Alternative method for last 5 marks using Y as point where lower
string becomes slack and y for displacement below this point:
M1 for using conservation of energy to find v* at Y (23/8)

M1 for setting up SHM for P for y >0

Al for & = 75/2 and equilibrium position 2/3 below A

M1 for setting up v* = @*(4*> — x*) with consideration at Y leading
to

A=13/30

Al for v=0 leading to 0.4 + 4/15 + 13/30 = 1.1 m below 4

© UCLES 2022
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12(a) 0.4R,x0.6 = 0.4Rpx0.6 + 0.4F ;x0.8 + 0.4xF5x0.8 M1 | Need consistent components of all four unknown forces and no
Al | weight. Condone sign errors for M1. Condone same incorrect (or
cancelled) distance for all forces for M1.
Condone consistent use of angle (e.g. a or @) or consistent
incorrect use of & for M1 so e.g. M1 for
R sin@xd =F, cos@xd+Rpsinfxd+ Fycosfxd
If all correct but in terms of e.g. cos¢, sina and correct values of
cos/sin (or o) shown then A1 can be awarded.
Fy=0.4R4; Fp=0.4Rp B1 | But must see this applied to both F4 and F, not just general
(could be embedded and could use « for 0.4).
= 0.6(R4— Rp) = 0.4x0.8(R4 + Rjp) M1 | Reduction to linear equation in R4 and Rz (or F4 and F). Must sub
values for sin/cos
= 0.28R4=0.92Rp
= Ri:Rz=23:7AG A1l | Condone final answer presented as fractions. If rounded values
used for trig ratios then AO0.
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12(b) Para. to rod: 0.8R4— 0.8Rz+ 0.6F 4+ 0.6F3 = 10cos@ M1 | First two M1 marks require components of each of the five forces
Al | to be balanced. Condone sin/cos errors and sign errors and/or 10g.
Could be in terms of sine and cose if values given here or earlier
but not & here unless recovered.
Perp. to rod: 0.6R4 + 0.6Rpz— 0.8F 4+ 0.8F 5 = 10sind M1 | If MOMO then SCBI1 for both equations correct but with weight
Al | missing
Substitute Fy = 0.4R4; F5= 0.4Rp to obtain M1 | Substitute Fs = 0.4R4; F = 0.4R;p into the force equations to
0.8(R4— Rp) + 0.24(R4 + Rp) = 10cos ¥ obtain two equations in two unknown forces and & only
0.6(R4+ Rp) + 0.32(Rg — R4) = 10sind
0.28R,+0.92R, M1 | Use R4 : Rp=23 :7 to eliminate R4 or Rz from both equations and
tanf = ———A——F . . .
1.04R,—0.56R, divide to find a value for tand or square and add to eliminate & and
find a value for R4 or Rp
=0.644 Al | or R, =9.66852...0r Ry =2.94259...
= 0=132.8° Al | awrt 32.8° (or awrt 0.572 rads)
cwo (could be from e.g. sin 8=(7/125)R4 )
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