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QUESTION ONE: CIRCULAR MOTION Assesson's

Alice is in a car on a ride at a theme park. The car travels along a circular track that is banked, as
shown in the diagram below.

The candidate correctly draws and labels
two force vectors.

(a) On the diagram above, draw labelled vectors showing the two forces acting on the car.

You may assume that friction is negligible.

(b) The mass of the car and passengers is 9.60 x 10 kg. The track is banked at an angle of 20°.

Use a vector diagram to calculate the size of the centripetal force on the car.
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For an Achieved, the candidate correctly calculates the size of the centripetal force of the car. To get a Merit, the candidate

also needs to draw a correct vector diagram..
The fol owing diagram shows part oI a roller coaster track with the Cg.l,‘,&HWO positions.
-

Position A

Position B
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Text Box
The candidate correctly draws and labels two force vectors.

sanjesh.kumar
Text Box
For an Achieved, the candidate correctly calculates the size of the centripetal force of the car. To get a Merit, the candidate also needs to draw a correct vector diagram..
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(c¢)  Compare the force that the track exerts on the car when the car is at the top of the hill

~

(Position A), with the force that the track exerts on the car when the car is at the bottom of the
hill, entering the loop (Position B).

Explain your answer.
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The candidate correctly explains that at position A the force from the track equals the gravity force .To get a Merit, the candidate needs to
give the complete answer for both positions with links between concepts.

(d) Atthe top of the circular loop the force that the track exerts on the car is zero.
Using energy considerations, calculate the height H. of the hill if the radius of the loop is
5.00 m. = r
You may assume that friction is neghglble/ " i /.) ‘eyk((/
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The candidate correctly calculates the speed of the car on top of the loop. For Excellence, the candidate needs to show correct
calculation and correct answer for the height H.
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Text Box
The candidate correctly explains that at position A the force from the track equals the gravity force .To get a Merit, the candidate needs to give the complete answer for both positions with links between concepts.

sanjesh.kumar
Text Box
The candidate correctly calculates the speed of the car on top of the loop. For Excellence, the candidate needs to show correct calculation and correct answer for the height H.


QUESTION TWO: ROTATIONAL MOTION ‘ AssessoR's

A solid cylinder and a hollow cylinder of the same shape and mass are rolled down a slope.

solid cylinder

hollow cylinde

(a) State the energy changes that take place as the cylinders roll down the slope.

You may assume that there is negligible heat and sound energy produced.

|To get an Achieved, the candidate needs to state that gravitational potential energy changes to both linear and rotational kinetic energy. |
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(b) The hollow cylinder has a radius of 0.058 m. It rolls down the slope, and reaches a speed of
0.250 m s™! at the bottom.

The rotational inertia of the hollow cylinder is 0.140 kg m?.

Calculate the rotational kinetic energy of the hollow cylinder at the bottom of the slope.
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Correct equation and evidence for calculating the rotational kinetic energy.
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To get an Achieved, the candidate needs to state that gravitational potential energy changes to both linear and rotational kinetic energy.

sanjesh.kumar
Text Box
Correct equation and evidence for calculating the rotational kinetic energy.
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(¢) The hollow cylinder starts from rest and has an angular acceleration of 1.72 rad s~2.
Calculate the time taken to complete the first full rotation.

_2 |For an Achieved, the candidate uses the correct formula to calculate the time taken to complete the
oA = ] - ?"_? Yqo{.f first full rotation but substituting incorrect final angular velocity.

Wi.-_o \I\]{; :wl. +°£t

W = 4.3\ uds™ 30 =0 + *72 ¢
P t =2-Yiés

3(
//—\“\"“T' )72
|hj-?2‘“f . s = o - }\

( 2T . 21 s

_— y

(d) The solid and the hollow cylinders are both released at the same time from the top of the slope.

Explain why the solid cylinder reaches the bottom of the slope first.

%f’, ID/M( L‘sz’.ﬂigy’ 6(!10/ ﬁm//W Vj‘f’lﬂé’v (’wuze 7&5 Jar®  paer a,m/
VM&(M[ }'IOWE’Me// o #e [O/I‘é/ Ly/fw/a/ Aa{ f.‘é Mg (oncen !{%/ff/
dc?JeV to r/I Lfnl[g/ 97( Maff/ s _Z el VZ/ r'/’ wl% /,qu 17
5Ma((ev ;‘nfvl@fl (,omfc{w&( to e Ao//aw Lc(// méri’/ bt /%
M§ss [bncem(a!é“/ /uvﬂw ﬁm ﬂa [mé& 0‘[ mas 7//(.qf // /af
A /ctrjer’ inedia. A’Il He Jolid g['nder has & ﬂ'ﬂﬁ//f‘/ff‘c’%ér/f;f{ﬂmo&f
vak/e/ ""T\/—ﬁvm;o;«,n[q;lz‘--ﬁ?sz' T "fm/&—%%wﬂmm\n lers
EP sk He }ofy w'// £onm=// ity é;'/((rwr) 1[br' the fa//a/ [j{m/;f
ﬂ:{ A Y(_‘,J’MH( Move E’; """"// me/t‘f’?/ /‘P\/J EK ) /.0/]%
(!mf’f(")

JO //“’{ iz !‘4&{&/ . %“!_,_,ﬁ( {;( i Vregtcy (n | [mffm)g
Wf{?( fLVMVt’/ v\jﬂ\ U _f”’éﬁ Lov VE’(&‘C(? G/K . 4 %AMJ
of e b and  fur rea

#om J[o _‘4/)’/_ ]

2

The candidate correctly links two ideas by stating that solid cylinder has less rotational inertia since it has all its mass closer to the centre
and then correctly links two ideas to conservation of energy.

\\/
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For an Achieved, the candidate uses the correct formula to calculate the time taken to complete the first full rotation but substituting incorrect final angular velocity. 

sanjesh.kumar
Text Box
The candidate correctly links two ideas by stating that solid cylinder has less rotational inertia since it has all its mass closer to the centre and then correctly links two ideas to conservation of energy.
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QUESTION THREE: SIMPLE HARMONIC MOTION
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. s . . To get an Achieved, the candidate
A toy bumble bee hangs on a spring suspended from the ceiling in the N

laboratory. Tom pulls the bumble bee down 10.0 cm below equilibrium  |restoring force) is proportional to

anci_rg_lgas/es-it The bumble bee moves in simple harmonic motion. displacement and acts in the opposite
; € direction to displacement.

needs to state that the acceleration(or

the rﬁo conditions necessary for simple harmonic motion. -
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(b) The bumble bee’s oscillation has a period of 1.57 s.
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|Correct working and answer for the bumble bee's acceleration. |

Position

(¢) Tom pushes the toy bumble bee with a very small force at regular intervals of time
(periodically), so that eventually it is moving up and down with a very large amplitude.

State the name of this phenomenon.

Explain how the bumble bee’s motion develops a very large amplitude.
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The candidate correctly states the name of the phenomenon as resonance and links matching driving frequency to natural frequency.
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Text Box
To get an Achieved, the candidate needs to state that the acceleration(or restoring force) is proportional to displacement and acts in the opposite direction to displacement.

sanjesh.kumar
Text Box
Correct working and answer for the bumble bee's acceleration.

sanjesh.kumar
Text Box
The candidate correctly states the name of the phenomenon as resonance and links matching driving frequency to natural frequency.
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(d) Tom stops pushing the bumble bee when its displacement is 20 cm.

Using the axes given below, draw a graph of displacement against time for three complete
oscillations, starting from y = +20 cm.

Include appropriate values on both axes.

displacement I

- ,
=

//
P

If
/20 _ you

il ol need to
" redraw your
= response, use
// the diagram
- below.

SPARE DIAGRAM

If you need to redraw your response to Question Three (d), use the diagram below. Make sure it is
clear which answer you want marked.

displacement

ey

s: ) T‘ i 27 1\/3_}_ I —> time

For an Achieved, the candidate needs to correctly draw the damped shape for 3 complete cycles starting at +20cm. To gain a
Merit, the candidate needs to have a constant period and include appropriate values on both the axes for 3 complete cycles.
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For an Achieved, the candidate needs to correctly draw the damped shape for 3 complete cycles starting at +20cm. To gain a Merit, the candidate needs to have a constant period and include appropriate values on both the axes for 3 complete cycles.
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Extra paper if required.
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