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. 1-4 5-6 7-8
Q Evidence Below Schol Scholarship Outstanding
ONE | The restoring force must be directly proportional to the Thorough
(a)(i) | negative of the displacement. understanding
of these
(a)(u) 27 applications
= T of physics.
21 x150
v = An="2"" 157079 ms™ OR
(b) Total energy = GPEpaifway + KEhait way Partially (Partially) Correct
1 correct correct mathematical
Total energy is found by —mv’ = mgh and that gives 12.58 m | mathematical | Mmathematical | solution to the
2 solution to the | solution to the | given
Mg x 12.58 = Mgh + ' M (0> (150* - 75%)) given given problems.
Gives h=3.15m problems. problems.
(e)(0) Heght AND / OR AND/OR AND
-15M - | Partial Reasonably Thorough
understanding | thorough understanding
The profile is higher on each side (points A and C) with the of these understanding of these
shallowest region at point B. applications of ﬂll.esi, applications
; applications i
The profile is higher at A and C because the wagon, moving of physics. OI;II))hysics. of physics.
slowly at these points of the motion, spends more time at
these locations.
The sideways motion of the falling sand can be ignored if the
distance fallen to the track is regarded as negligible.
(i1) Everything is constant apart from the total energy and force of
the system.
(d) | R*=(R-12.58)" + 150"
2 2
_150"+12.58 — 90l m
25.16
. 1 (150
Angle the wagon moves through = sin %01 =9.6°
This is close to the small angle limit so the motion should be
acceptable to be treated as SHM.
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Q Evidence 1-4 56 8
Below Schol Scholarship Outstanding
2 (a) This system of two springs in series is equivalent to a single Thorough
spring, of spring constant k. understanding
For spring 1, from Hooke’s Law of th'ese_
F=kpx, appllpatlons of
physics.
where x, is the deformation of spring.
Similarly if x, is the deformation of spring 2 we have OR
F= kzXz
Total deformation of the system Partially correct (Partially) Correct
- F + F mathematical correct mathematical
e k, K, solution to the |mathematical |solution to the
given problems. |solution to the | given problems.
= +x, = F( 1 j given problems.
k,+k
b AND / OR AND
Rewriting and comparing with Hooke’s law we get: AND / OR
1.t Partial Thorough
k k k, understanding | Reasonably understanding
of these thorough of these
3 applications of understanding | applications of
(b) | Fo=kAx; from physics. of these physics.
1 1 1 icati
Using part a —=—+— — this rearranged gives the above app h.c ations of
k . R physics.
expression.
() Different amplitudes, both masses will move in negative phase
with each other because the centre of mass will stay at a constant
position — overall motion is SHM.
(d) Energy conservation and momentum conservation.
N . L
Kgoeive = 3-3— using the expression in (a).
m
Using the numbers provided (F = 2N and k =3.3) implies that
Ax; = 0.6 m. That extension produces the store of energy
1 .
=—k_x° — that energy will be shared between the masses.
2
When they are at max velocity (no stored elastic energy) — all
energy will be kinetic therefore
1 1
5’”1"12 +Emzv22 = Ekx2 =0.6J and m,v, = m,v, due to
conservation of momentum (or the fact that the centre of mass
doesn’t move).
L 3 T .
This gives v, = §v2 substituting into the above energy equation
and solving gives v,=0.4ms"'
(e) The period of oscillation will alter and increase as there is more
mass in system. The amplitude will be unchanged (since no Ej at
end points). The maximum speed will decrease as overall E is
constant. The centre of mass motion will be unchanged.
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Q Evidence 1-4 marks 5-6 marks 7-8 marks
3 (a) f=s' r=m v,=ms" Thorough (Partially) Correct
4 understanding | correct mathematical
St = fr =5 r:l =1 (dimensionless) of these mathematical | solution to the
v, mS applications solution to the | given
of physics. given problems.
(b) If the tension increases, then effectively a mass element in the | QR problems. AND
wilre \'Nill Ief>ql)lerience algreailer_ a;:celerat}ilon le}:lading toa greater Partially AND / OR Thorough
ve oc%ty. dt e'ﬁlafs /bengt 1s (l)we(:ir.,t en the acceleraltlop correct Reasonably understanding
(e)xperlﬁncl:le Wll also 'ﬁ greater leac 1ng1to ahgreater. velocity. | | -hematical thorough of these
\ verall the ve oc%ty will be proportional to the tension and solution to the | understanding | applications
inversely proportional to the mass / length. given of these of physics
175% 981 problems. applications
© ] J173x981 oo N AND/OR | of physics.
r Partial
St=—=r=10"m understanding
Vi of these
u=mx(107?) x1x8x10°=2.51kgm"™ applications
353 of physics.
v=1f— =1848=18ms™
2.51
(G | 1+ T,=175xg=1716.75N
4 T =2x100xg+3x75xg
T = 4163.25 — 1042 N
T, =674.4375N
I .
v, =,/—=20365ms
U
T,
v,= [2+=16381ms"
U
Wavelength 1 = 21018 cm
200
Wavelength 2 = ¥ _819cm
200
(d)(i1) | Beats require slightly different frequencies. If the wind is to
produce the frequency, then the wires have the same radius
then this will not result. So one possibility is to slightly alter
the radius of one of the wires.
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Question Evidence 1-4 marks 5-6 marks 7-8 marks
4 (a ) ) GMm Thorough (Partially) Correct
) Force on an object mass m due to gravity = 2 understanding | correct mathematical
of these mathematical solution to the
M= 4 R} p (where p is the density of the planet, assumed applications of |solution to the |given problems.
3 physics. given problems.
constant)
4 AND
F = gﬂmeR OR
The force of gravity is in the opposite direction to the Partiall AND/OR Th(ci)rough di
displacement R measured from the centre of the planet. artially c’orrect understanding
4 mathematical Reasonably of these
F =——npGmR solution to the |thorough applications of
3 given problems. |understanding | physics.
F=ma of these
4 AND/OR applications of
a= ~3 npGR physics.
Acceleration is proportional to — R ( since the other terms are Partial .
constants). understanding
This is the condition for SHM. of th'ese_
applications of
(b) Amax = WA ( This expression means that a candidate can physics.
work out this answer without having managed part (a) by
assuming dyax = 9.81)
7=2%_ 2n
4 -
\/3n><5.5>< 10°x6.67x107"!
T=5.069x10s
(©) 4r°R _GM
Work out the period of the satellite using LI E and
R
spot that the two periods are the same; or recognise that the
LEO represents the reference circle for the SHM.
(d) The falling object would be subject to a Coriolis force, which
would make the object collide with the side of the tube
continuously as it fell. The object would start with a
tangential velocity at right angles to the radius it is falling
along. Deeper parts of the hole will not have as great a
tangential velocity, and so the object will be going faster
(towards the East) than the hole is going. The object will
bang into the east wall of the hole — all the way down.
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FIVE
(2)

For a horizontal displacement x:

The force of compression from spring 2 is —kx.

The force of extension from spring 1 is —kx.

The total force on the mass is —2kx.

This is a restoring force proportional to the displacement.
The condition for SHM.

(b)

The springs are attached to supports, which are anchored to
the ground. As the springs alter the momentum of the
moving masses, they also alter the momentum of the
supports (and the Earth). The system of the springs and
oscillating masses is NOT a closed system and so the law
of conservation of momentum does not apply. In the larger
system, including the Earth, momentum is conserved.

(©)(®)

Momentum is conserved so:
Mvi=(M+m).vp
M ha

V. =

F 1 M+ m)
Initial energy (E) =" M . v’
Final energy (F) = % (M + m) . v¢’
Substitute for vp

%(M+m).M2.vl2

2
(M + m)
Cancel (M + m).
Replace ¥4 M . vi* with E
M

F= .
M+m

E

M
Final energy is a factor of of the initial Energy.
= (i m) =

(c)(ii)

There is no change in the energy of the system. All the
initial energy is potential energy in the springs. This does
not change when the mass is added. So the total energy
stays the same.

(d)

F = umg is the maximum frictional force on mass m.
If ma (the accelerating force) is greater than the maximum
frictional force, then the mass “m” will slip.

So “a” must be less than or equal to ug
anax of the SHM = 4o’
2kx=F=(M + m)a

2kA
(M +m)
), 2%

- (M +m)

mwill slip when

aMax =

w

mw* A = umg
(M + m)

when 4 =
HE ok

Shows some
understanding
of the
underlying
physics.

AND /OR

(Partially)
correct
mathematical
solution to
given
problem.

A reasonable
understanding
of the
underlying
physics.

AND

(Partially)
correct
mathematical
solution to
given
problem.

Correct
mathematical
solution to the
given
problem.

AND

Thorough
understanding
of the
underlying
physics.
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Question

number Acceptable answers Additional guidance Mark
10 (a) A description that makes reference to the following points:
* gis directly proportional to r up to Ry (1)
* and then g decreases with increasing r (1)
* where g is proportional to the inverse of the square of r (1) 3
10 (b) * Force on object = mg (local g) (1)
* Force is proportional to displacement (1)
* Force acts in the opposite direction to the displacement (1)
* Therefore we can say F' = -kx, so the condition for SHM is met
and the prediction is correct (1) 4
10 (c)() Either
*  When x =Ry, F = GMm/R,* (1)
* F=GMmRy/R,’ so k=me’=GMm/Ry’ (1)
¢ Useof 7=21/w (1)
¢ T'=4n'/e’ =41 Ry’/GM
So T = 2nV(R3 /GM) (1)
OR
*  From graph F=-(g/R,)r (1)
*  From which ® =V(g/R, ) (1)
e Useof T=2n/w (1) s

s SoT =2nV(R, /g9) (1)
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I Acceptable answers Additional guidance Mark
number
13 (a) An explanation that makes reference to the following points:
* Resonance is occurring... (1)
e ...when the driving frequency/forced vibration (at walking
frequency) matches the natural frequency ... (1)
e ...energy transfer is maximum (1)
e Supporting the observation that the amplitude rapidly increases
e)) 4
13 (b)(i)* This question assesses a student’s ability to show a coherent Guidance on how the mark scheme should be
and logically structured answer with linkages and fully- applied:
sustained reasoning.
8 The mark for indicative content should be added to
Marks are awarded for indicative content and for how the the mark for lines of reasoning. For example, an
answer is structured and shows lines of reasoning. answer with five indicative marking points which is
partially structured with some linkages and lines of
The following table shows how the marks should be awarded reasoning scores 4 marks (3 marks for indicative
for indicative content. content and 1 mark for partial structure and some
linkages and lines of reasoning).
Number of Number of . .
et O HIDEL © If there are no linkages between points, the same five
indicative marks awarded TR . . .
. e indicative marking points would yield an overall
marking for indicative AR
. . . . score of 3 marks (3 marks for indicative content and
points seen in | marking points .
no marks for linkages).
answer
6 4
54 3
3-2 2
| | 6
0 0
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Question

Acceptable answers Additional guidance Mark
number
13 (b)()* The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.

Number of
marks
awarded for
structure of

answer and
sustained
line of
reasoning

Answer shows a coherent and b

logical structure with linkages

and fully sustained lines of

reasoning demonstrated

throughout

Answer is partially structured 1

with some linkages and lines of

reasoning

Answer has no linkages 0

between points and is
unstructured
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Question
number

Acceptable answers

Additional guidance

Mark

13 (b)()*
(continued)

Indicative content

Determine the natural frequency by displacing the tea in the cup
and measuring the time for oscillations

Time (5 to 10 or ‘suitable number’ if test run mentioned) full
oscillations and divide by the number

Carry the tea for a known volume of tea for fixed number of
steps at a steady pace

Determine the frequency of the gait

Measure the quantity of tea remaining

Repeat for other walking paces

13 (b)(ii)

A description that makes reference to the following points:

Plot volume of remaining tea against walking frequency (1)
Determine whether there is a relationship between step
frequency and spillage (1)

If there is, determine whether maximum spillage occurs at or
near the natural frequency (1)

3

(Total for Question 13 = 13 marks)




