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Key to mark scheme abbreviations

M
m or dM
A
B

E

Jor ftor F
CAO
CSO
AWFW
AWRT
ACF
AG

SC

OE
A2,1
—X EE
NMS
Pl
SCA

c

sf

dp

mark is for method

mark is dependent on one or more M marks and is for method
mark is dependent on M or m marks and is for accuracy
mark is independent of M or m marks and is for method and
accuracy

mark is for explanation

follow through from previous incorrect result

correct answer only

correct solution only

anything which falls within

anything which rounds to

any correct form

answer given

special case

or equivalent

2 or 1 (or 0) accuracy marks

deduct x marks for each error

no method shown

possibly implied

substantially correct approach

candidate

significant figure(s)

decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for

full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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Q Solution Mark | Total Comment
1. (@) An X M1 M1: Equation with no more than one error.
—=2n /— Al Al: Correct equation.
7 9.8 Al: Correct distance.
4%x9.8
3
1. (b) T 7 B1: Uses w=3.5
0 :2_0(:03 Et B1 M1: Seeing +r/40 used.
Al: Correct equation.
_l = LCOS Zt M1
40 20 \2 Al
2
cos| —t |=——
2 2
7 on dMm1 dM1: Solving equation for t.
—t=="
2 3 Al Al: Correct time.
4 5
=T 0598
21
Total 8
Q Solution Mark | Total Comment
2. (a) 4¢
Ta= E(d -0.5) Bl B1: One correct tension.
Ts :3—9(2—d ~0.4) Bl B1: Other correct tension.
0.4
2.69+Ty =T M1A1 M1:Equation with correct terms.
' 8 A Al: Correct equation
2.60+12g —7.5gd =8gd —4g Al
186 12 5 Al: Correct distance.
155
2. (b) (i) Tpo=8g(1.2+x-0.5) B1F B1: One correct tension in terms of x.
Tg =7.59(0.8— x—0.4) B1F B1: Other correct tension in terms of x..
26%=2.60+Tg —Tx M1 M1: equation with correct terms.
=2.69+39-7.5gx—-5.69 —8gx Al ALl: Correct equation.
=-15.5gx
_ 1559
T 26 Al M1: Correct expression.
5
2. (b) (ii) ) 26
Period =2=n EE =0.822s M1A1 M1: Using their o to find period.
0 2 | Al: Correct period.
2. (b) (iii) 1559 4
Vmax = 0-2/=>"= =1.53ms M1AL ML1: Using their o to find max speed.
2 Al: Correct max speed.
Total 14
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Q Solution Mark | Total Comment

3. (a.) 2m a 2

V =-mgxatanf +2x J (——aj B1 B1: Correct GPE

2xa\cosd
:mga( 22 - 2 —tan 0) M1 M1: Correct EPE
cos“ @ cosd
_ mga(2(secd—1)? — tan 0) Al 3 Al: Correct total ACF

3. (b) dv 4sin@ 4sin@ 1 M1A1 M1: Attempts to differentiate.

— =mga - - : ivati

40 (cos:* 0 coslO cos? 0) Al: Correct derivative.

0=0.7

dv dM1 dM1: Substitution of 0.7.

— =-0.355mga

do

60=0.8 dmi1 dM1: Substitution of 0.8.

dv Al Al: Correct values obtained.

—=0.513mga

do

As there is a sign change there must be_a ALF: Correct conclusion based on their

zero between 0.7 and 0.8. Hence there is a

. e AlF 6 values.

position of equilibrium.

3.(c) Stable, as the energy is a minimum B1 B1: Stable
dv .
because 90 changes from negative to B1: Correct justification.
positive. Bl
2
Total 11
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Q Solution Mark | Total Comment
4. (a) No transverse acceleration
1d,,. M1 M1: Uses transverse component equal to
?a(r 0)=0 zero.
r’d=c
. C
0 = —2
Wh - Al Al: Correct conclusion from correct
ere ¢ is a constant. working.
2
4. (b) . to km M1 M1: Uses Newton's second law with radial
m(F—ro°) = e Al component.
) Al: Correct equation
r— r(ij __k
r2 r2 ‘
) M1 M1: Substitutes for 6.
= ¢ _L Al: Correct result from substitution.
r3 r? Al
F=0,r=2a=c?=2ak
_2ak_k
r* r? Al 5 Al: Correct expression for .
4.(c) . 2ak, k
M=tz M1 M1: Multiplying by .
lfz :_a_k+E+d dmMm1 dM1: Integrating.
2 r2or
r=u,r=a
1
Ly kiki g
2 a a
1.2
d= EU Al Al: Correct constant.
r=2a
1., k k 1.,
ST mE s dm1 dM1: Substituting and simplifying
correctly.
S LSTE
“\2a Al Al: Correct final answer.
5
Total 12
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Q Solution Mark | Total Comment
5.(a) mX = mg —CmX — 2 x 2mx M1 M1: Equation of motion with correct
oo _ Al terms.
X+ CX_+_ 4x=g ] Al: Correct equation.
For critical damping
c?-16=0 dmi dM1: Equation to find ¢ from
c=4 Al discriminant.
4 Al: Obtaining ¢ = 4 from correct working.
AG
5. (b) CF
P2 +44+4=0
M1 M1: Finding 4
A= —22t Al
x=e"(A+Bt) Al: Correct form for CF.
Pl
_9
X= 4 Bl B1: Correct PI.
General Solution
x=e % (A+Bt) +%
x=0,t=0
=—% M1 M1: Finding A.
Al Al: A correct.
x=-2e2(A+Bt)+Be
—e (B-2A+Bt)
x=0,t=0
B=2A M1 M1: Finding B.
g Al Al: B correct.
T2
-2t
_9_ G9¢
X= 4 4 (L+21) Al 8 Al: Correct final answer
5. (c) g
4 B1 1 B1: CAO
5.(d) X= —%(e-2t x2—2e % (1+2t))
_ gte 2 B1 B1: Correct X.
G —2t_ gpa-2t
X=g( 12te ) M1 M1: Obtains second derivative.
X=0=>t==
2 Al Al: Correct time.
, g
Kmax = 52 .
2e Al Al: Correct final answer.
4
Total 17
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Q Solution Mark | Total Comment
6. (a) (m+om)(v+ov)—mv =—-mgot M1A1 M1: Equation with correct terms.
M6V +VSm = —mg st A1l: Correct equation.
nav,,dm _ _mg M1 M1: Correct equation with derivatives.
dt dt
m ﬂ +vAm=-mg
dt
dv P
dt V-9 Al Al: Correct DE from correct working.
4
6. (b) 1
Iﬂ,v 1y dv = _[_dt M1 M1: Separation of variables.
L In(Av+g)=—-t+c
A 9)= Al Al: Correct integration.
t= Ol,v =U M1 M1: Finding constant.
=7 In(2U +9) Al Al: Correct constant.
\/1:0 1 M1: Use of v=0
M1
—In(g) =-t+—=In(AU +
7 (9) 7 (AU +9)
t= lIn £+1 Al Al: Correct time.
A L9
6
6.(c) dm
G oA M1 M1: Use of DE to find m.
m = Me* Al Al: Correct expression for m.
m = (’LJ + 1)
g Al Al: Correct mass.
3
Total 13
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