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QUESTION ONE: MOMENTUM AND CIRCULAR MOTION

Titan is the largest of Saturn’s moons. For the sake of this question,
you can ignore the gravitational effects of the other moons of Saturn
and the rest of the objects in the solar system, and assume that Titan is
in a perfectly circular orbit.

Mass of Saturn: 5.68 x 10* kg

Radius of Saturn: 5.82 x 10’ m

Mass of Titan: 1.35 x 10% kg

Distance between the centres of mass of Saturn and Titan: 1.22 x 10° m

https://science.nasa.gov/wp-content/
uploads/2023/07/titan_carousel2.jpg

(a) Show that the centre of mass of Saturn and Titan is 2.90 x 10° m from the centre of Saturn.
Xeom = (O * §-68x026) +(1:22x0% x |-35 x108237)
e —
(13521023 & 568 (6%)

2 8q325.8374Um

ofr = 2‘\0*105\0!\ &om (evhe Of soduls
cast)
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(c)

(d)

4

Calculate the time it takes for Titan to complete one orbit of Saturn.

You could begin by calculating the velocity of Titan in its orbit.

V=°\/-\- '\':d/\( Fc:?g ﬁ;"o-%"
. Wy N = _g_‘_—g_
27r% \. 221 % 07 V= law
Iz — e -
¥y= |6e1x10"" x S.c8x10™*
Tz 1375564 seconds of 1-22 x 109
1.37x% (0% secends Ve SS72.6ms™

Future manned missions to the solar system are most likely to be launched from space stations in
low earth orbit. similar to the International Space Station. Astronauts on the International Space
Station appear to be weightless, even though Earth’s gravity is still acting on them.

Explain why astronauts appear to be weightless yet can remain in orbit.

Hether Oc wot Aney 4ee) NC\%\!\\QSG deqends on ne veacton
Covce faced. I orbily Centvigial f©1@ Ao “eep thwe
Oshonauts W0 ovbd 1€ fully provided oy Gpavivaronal foree,
Meanng iheve s nolm‘tw veaghon force. Therefore,
Even Hough €aries auaviiy 1S s\ aching on Avem, ey
Appen Yo ‘@ wz'\%\n\\e;s wrhle ln orloly, dlue 4o

lacle o6f e veacton force.
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(c) Jane has a mass of 52.0 kg. She runs at 6.39 m s’ and jumps onto the
stationary roundabout, close to the edge, landing 1.20 m from the axis
of rotation, as indicated in the diagram. This causes the roundabout to

1
m S
rotate slowly. 639

-

The roundabout and Rihari have a rotational inertia of 430 kg m”. '

, . . . . : 5 Jane
T'he rotational inertia of a point mass is / = mr-. gl

Calculate the angular velocity of the roundabout after Jane has jumped on.

M :52ks V= 6.39m"' r=1-20m

L=mvr L2=IwW -momertum is cConserveo
S x §.39x [-20 =L Tz e

ALz 3a8.74 - o xa
L-TW 2 74 38 \kgm?
2398 74 Ti= 430+ 7438
204 - = 50u.88kgm”

w2 () .72 aqu,_ﬂhg\um vRlocity of youndalood af\er Joane
Suwped or s O TaA0cads™ (3s6)

(d) Later, Rihari and Jane are both standing on the edge of the roundabout while it is rotating at a
constant angular velocity.

Rihari moves inwards, towards the centre of the roundabout.
Explain the effect this has on the rotational energy of the system.
Wwews, Thart  oves \pWords, \\\S wmass becomes Aishibuded
Closer o e volaNomal Oxis o e rourdalooud, WS
Cauwsegs Yis werbho 5 ard \rRrefoe Ne sxﬁs\ems aersol
‘o oecvease. Rs L= Tw. demameay (Momentum 1S Conserveds
QAsSuivng  No €x \Rrna) Uvsola<ed (eyces Aave cgc\—im_vﬂ ard\
Momeium IS ConSRIVed , dne Gngdar Velociy of e rourddkow
Wil increase. As Eviws © A, N Vo wawe An s
ahc)u.\a-\c VRO Cihey wheh 1S Sq/uareal,oudweiﬁhs We derriece
N nerSR, cawing e  vorayPval Bregy of N Syslem
10 TR M\hmﬂ}rf/\j orease.
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QUESTION THREE: SIMPLE HARMONIC MOTION

Rihari is playing with a ball on a string and lets it swing as a //-
pendulum. It is 1.20 m from the fixed point of the string to the
centre of mass of the ball. The top of the string is held. and the ball
is released from the starting position at an angle of 5.60° from the

vertical. The mass of the string is insignificant compared to the
mass of the ball.

(a) Show that the maximum displacement of the ball is 0.117 m.

. o :"; /

.20 §1n0 = 7 120 51N S-60 zdisplamsd |
Ié ¢

= O- U7 3 wmax d’\s?\a.cewm¥ |

120m |

i
i

(b) Show that the angular frequency of the ball’s motion is
286rads.

21 i
= T’Z“&%

\- 20
T= 204y Vs 2 \A8s

e 20 v ‘
28 il starting

position

Wz 2.86vads”)

(c) After the ball is released from the starting position, calculate the time it will take for the ball to

reach a point 3.30 cm before its next stationary position, as shown on the diagram.
MAX  aicplaclret

A reference circle may be used to calculate your answer. As

totad displacerment B \\-7Tom ™ Pl als

Loy’ (%%‘ T OQ-7699

M - & 7698 3 37

2.31 _ o.a8 -0 .8206 ..
n = . 3305 (35€)

— i

a If you need to redraw your A

response, use the diagram on

\ page 9. ‘/
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(d) Rihari holds the end of the string between his fingers, and moves his hand
horizontally from side to side. He notices that at a certain frequency of
movement, the ball will oscillate with a very large amplitude.

Explain why this occurs. “/Q

Your answer should include both force and energy considerations.
Resonance 1 Ocosrina. Ay A ceriain
£requercy, e diing fovce S \any povides,
alighs With ire raruvald e g uency aX
W Widh Ane ol oscillades, alowing
for \ery \ovq@ amplitude. € ssenkally» ¥ re
weced 1o As Wis , due o OLG\W\?'\T\Ss lein 2Re
enegy would e \osk as bheak. As By - Eogn, @
e ampliMude wowd Suesequently decreose. Howevey,
W Hhs caw, @ by pro Vidieey o suECcient A vinoy fore
thod  weaddees Ye adls nodured Geguercy, BT haviyis
alble ko ensure ok \vnpwd LR )= e iwe e enexay
\osk 5 cloww 32 for Nery \auf%e cseiiEen amp | wcles
af HniS Parh wl ar F«e@uercg
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Excellence
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Grade
score

Marker commentary

One

Correct solution.

Correct use of vector addition in 2D to solve for both
momentum after collision and recognised how to determine
the angle with reference to A.

2
Correct use of £ = F;to solve for v and correct use of v = 7“
to solve for time period.

The candidate has recognised that reaction force is required
for a sensation of weight and the effect of A in providing the
F. for the orbit. For excellence, they needed to link in free fall
or that the station and astronaut are both accelerating
towards the Earth at same rate.

Two

Correct use of kinematics, recognising an acceleration has
occurred.

Correct solving for torque using calculated angular
acceleration.

The candidate has recognised that the roundabout is not
moving and so has no momentum, so is able to determine the
linear momentum of Jane, and that the final angular velocity
depends on the final momentum and the combined inertia of
Jane and the roundabout, assuming momentum is conserved.

The candidate has produced a clear summary, including the
use of axis of rotation to explain inertia drop, no net forces to
explain conservation of momentum, and the impact of the
squaring of angular velocity to outweigh decrease in /.

Three

Correct solution.

The candidate has a clear understanding of determining
angular frequency by first determining the time period.

The candidate has demonstrated effective use of the
reference circle to determine ¢from the correct position.

The candidate has recognised the impact of a driving force
that matches the natural frequency of the system and the
exact type of energy transformations that occur. Includes
reference to both resonance for increasing amplitude and
damping as to why the driving force must be applied at the
natural frequency of the system.






