Q1.

The figure below shows some bumper cars.

Bumper cars are designed to withstand collisions at low speeds.

(@) During a collision between a bumper car and the barrier, the bumper car and barrier
act as a closed system.

What is meant by a ‘closed system’?

(1)

(b) How does Newton’s Third Law of motion apply to the collision between the bumper
car and the barrier?

(1)
(c) During the collision, the change in momentum of the bumper car is 700 kg m/s.

The time taken for the collision is 0.28 s.

Calculate the force on the bumper car during the collision.

Use the Physics Equations Sheet.
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Force = N

(2)
(d) The bumper car has a flexible bumper.

Explain how the flexible bumper reduces the risk of injury to the people in the
bumper car during the collision.

()

(e) A bumper car moved with an initial constant velocity and then accelerated
at 2.0 m/s2.

While accelerating, the bumper car travelled a distance of 1.5 m.

The final velocity of the bumper car was 2.5 m/s.

Calculate the initial constant velocity of the bumper car.

Use the Physics Equations Sheet.

Initial constant velocity = m/s

(3)
(Total 10 marks)

Q2.

Figure 1 shows a cyclist riding a bicycle.

Force A causes the bicycle to accelerate forwards.
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Figure 1

(@) What name is given to force A?

(1)

Figure 2 shows how the velocity of the cyclist changes during a short journey.

Figure 2
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(b) Determine the distance travelled by the cyclist between Y and Z.

Distance travelled by the cyclist between Y and Z = m

(3)
(c) Figure 3 shows the gears on the bicycle.

Figure 3
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Gear A Gear B Rear axle

Pedal axle

Back wheel

Describe how the force on the pedal causes a moment about the rear axle.

Figure 4 shows a different cyclist towing a trailer.

Figure 4

Tension
force

(d) The speed of the cyclist and trailer increased uniformly from 0 m/s to 2.4 m/s.
The cyclist travelled 0.018 km while accelerating.

Calculate the initial acceleration of the cyclist.
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Q3.

Acceleration = m/s?

()

The resultant force of the towbar on the trailer has a horizontal component and a
vertical component.

horizontal force = 200 N
vertical force =75 N

Determine the magnitude and direction of the resultant force of the towbar on the
trailer by drawing a vector diagram.

Magnitude of force = N

Direction of force = degrees

(4)
(Total 13 marks)
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A student investigated how the acceleration of a trolley varies with the resultant force on
the trolley.

Figure 1 shows some of the equipment used.

Figure 1
String
Trolley F. / Pulley
o o = a
: —
/ / |
Runway Bench Mass hanger

(a) Figure 1 shows the force F which acts through the string.

What name is given to force F?

(1)

(b) Give one variable that should have been a control variable in this investigation.

(1)

(c) The student held the trolley stationary and then released it.
The trolley moved along the runway with a constant acceleration.

The student recorded the time taken for the trolley to travel a measured distance
along the runway.

Describe how the acceleration of the trolley can be calculated using the time taken
and distance travelled by the trolley.

()

For one set of results, the force acting through the string was 2.0 N.

(d) The student released the trolley three times and determined the following values for
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acceleration:
1.36 m/s? 1.39 m/s? 1.33 m/s?

Calculate the uncertainty in the values of acceleration.

Uncertainty = + m/s2

(2)
(e) The runway was then raised at one end.
The force acting through the string remained the same.
Figure 2 shows this.

Figure 2

/
Wooden block Bench

Mass hanger

Explain how the acceleration was affected by raising the end of the runway.

(2)
(Total 9 marks)
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Mark schemes

Q1.

(@)

(e)

the total amount of energy (of the bumper car and barrier) remains constant.
or

total momentum (of bumper car and barrier) before collision equals total
momentum (of bumper car and barrier) after collision

or

the resultant external force acting (on the system) is zero

allow there are no external forces (acting on the
system)

the force of the car on the barrier is equal to the force of the barrier on the car
and in the opposite direction

= 700
- 028
F = 2500 (N)

increases the time taken for the collision to occur
allow increases contact time
do not accept slows down time

(so) the rate of change of momentum decreases
allow reduces acceleration / deceleration

reducing the force (on the people)
reduces impact is insufficient

252-u2=2x20x%x15

u?=2.52- (2 x 2.0 x 1.5)

u=0.50 (m/s)
allow 0.5 (m/s)

friction

(area of rectangle =) 108 (m)
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(e)

(area of triangle =) 54 (m)

(total area / distance =) 162 (m)

allow a correctly calculated total area / distance
from an

incorrectly calculated area of rectangle and / or
triangle

(the force on the pedal) causes a moment about the pedal axle

which causes a force on the chain (which causes a moment about the rear
axle)

allow gear B for chain

242(-02)=2xax18

a=24x24
36

a=0.16 (m/s?)

alternative method

t=18/1.2
t=15(s) (1)

a=24/15(1)
this mark may be awarded if the time is
incorrectly calculated

a=0.16 (m/s?) (1)
allow a correctly calculated acceleration from an
incorrectly calculated time 1

horizontal (200N) and vertical (75N) forces drawn to the same scale

resultant force drawn in the correct direction

shown by an arrow head from bottom right to top
left

resultant force with a value in the range 212 to 218 (N)
allow a calculated value of 213.6 or 214 (N)

direction in the range 20-22 (degrees from the horizontal)
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Q3.

(a)

TH M

tension

200 N

allow 68-70 (degrees from the vertical)
allow a bearing in the range 290-292

to gain full marks a vector diagram must have
been drawn

(combined) mass of trolley and mass hanger

allow mass / weight of trolley / hanger

divide distance travelled by time taken to give (average / mean) velocity

allow speed for velocity throughout

double mean velocity (to give maximum velocity)

divide change in velocity by time taken (to give acceleration)
allow divide maximum velocity by time (to give acceleration)

allow use of v2= u? + 2as
allow correct use of

1
s=ut+=
ut = aft

(range =) 0.06 (m/s?)

(mean =) 1.36 (m/s?)

uncertainty = £0.03 (m/s?)

a component of the weight of the trolley acts parallel to runway

(so) resultant force increases so acceleration increases
allow work is done (by raising the trolley) so the trolley gains

gravitational potential energy (1)

gravitational potential energy is transferred to kinetic energy
increasing the final velocity and the acceleration (1)
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