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Momentum and collisions

AQA GCSE 8463 Physics / 8464 Combined Science Trilogy | Higher only
Suggested: 35-40 minutes independent work + 15-20 minutes review

Specification points covered

8463 4.5.7.1 / 8464 6.5.5.1: momentum, p = mv, and its direction

8463 4.5.7.2 / 8464 6.5.5.2: conservation of momentum in a closed system
8463 4.5.7.2: numerical collision and separation calculations (Separate only)
8463 4.5.7.3: force and rate of momentum change (optional, Separate only)
Graph skills: 8463 4.5.6.1.5/ 8464 6.5.4.1.5; energy: 4.1.2.1/6.1.2.1

A warehouse tests low-speed carts and protective packaging for optical instruments. Each test is separate. Take right
as positive and left as negative throughout. Use p = mv, with p in kg m s, min kg and v in m s-!. Mass stays constant
during each test.

Higher tier only. Combined Science: complete Questions 1-4. Separate Physics: complete Questions 1-5; Question 6
is an optional extra (allow about 10 minutes). Show calculations, units and directions. Diagrams are schematic; read
graph values from the labelled scales.

1 Getting momentum right
The warehouse team checks the meaning of momentum before testing the carts.

1(a) Define momentum. [1 mark]

1(b) Why is momentum a vector quantity? [1 mark]

1(c) An empty 12 kg carrier moves at 3.0 m s™'. A different 18 kg carrier moves at 2.0 m s*! in the same direction.
A trainee says the heavier one must have more momentum. Use calculations to assess this claim. [2 marks]
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2 Checking the cart settings
Use the data from each independent test. All velocities in this section are to the right.
2(a) A loaded cart has a total mass of 24 kg and a velocity of 1.5 m s™'. Calculate its momentum. [1 mark]

2(b) A heavier cart has a total mass of 48 kg and a velocity of 0.75 m s™'. Calculate its momentum. [1 mark]

2(c) A small crate has a mass of 6000 g and moves at 0.80 m s™'. Calculate its momentum. [2 marks]

2(d) A 120 kg pallet cart has a momentum of 84 kg m s to the right. Calculate its velocity. [1 mark]

2(e) A carrier has a momentum of 18 kg m s to the right at a velocity of 0.60 m s™'. Calculate its mass. [1 mark]

2(f) A 2.50 kg sample cart moves at 150 cm s'. Calculate its momentum in Sl units. [2 marks]
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2 Checking the cart settings continued

2(g) A 12 kg empty cart will carry either a 25 kg load or a 26 kg load at 0.80 m s™'. Its momentum magnitude
must not exceed 30 kg m s™'. Select the heavier permitted load and justify your choice using both options.
[2 marks]

3 Reading a reversing cart’s motion
A cart has a constant mass of 15 kg. Figure 1 shows its velocity during one test. Use the signed velocity, not just the
speed, when calculating momentum.
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3(a) Read the velocity at 1.0 s from Figure 1 and calculate the cart’'s momentum at that time. [2 marks]

3(b) Read the velocity at 9.0 s and calculate the cart’'s momentum, including its direction. [2 marks]

3(c) State the time after the start when the cart's momentum is zero. [1 mark]
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3 Reading a reversing cart’s motion continued
3(d) Compare the cart’'s momentum at 2.0 s and at 4.0 s. Explain your comparison. [1 mark]

3(e) Describe how the momentum changes from 0 to 2.0 s and explain the shape of this change. [2 marks]

3(f) A trainee says the negative momentum at 9.0 s means the cart’'s mass is negative. Explain the correct
interpretation. [2 marks]

4 Testing conservation with a pair of carts

Cart K moves right towards stationary cart L. They couple on a level low-friction track. Their drives and brakes are off.
Unless a different test is stated, compare the instants immediately before and after contact and neglect the resultant
external horizontal force on the pair.

4(a) Define the system used to test conservation in this collision and explain why its horizontal momentum can
be treated as conserved. [2 marks]

4(b) K slows down and L begins to move right. Explain how K can lose momentum without violating conservation
of momentum. [2 marks]

4(c) Predict whether the coupled pair's common speed is greater than, equal to or less than K’s speed just
before contact. Explain without doing a numerical collision calculation. [2 marks]

4(d) In a different test, the brakes act during contact. The pair’s total momentum changes from 30 kg m s™' right
to 24 kg m s right. Does this disprove conservation in a closed system? Explain. [2 marks]
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4 Testing conservation with a pair of carts continued

4(e) In another test, two carts start at rest with a compressed spring between them. When released, they move
apart. Explain how both can gain momentum while the total remains zero. [2 marks]

4(f) Plan a safe small-scale cart experiment to test conservation of horizontal momentum during coupling.
Describe the measurements, how to minimise unwanted external effects and how to use repeated results.
[4 marks]

Table 1
Test Total before / (kg m s™) Total after / (kg m s™')
u +30.0 +29.8
\% +30.0 -30.0

4(g) Table 1 shows measured totals from two independent cart-pair tests. Each true value may differ from its
measurement by up to 0.5 kg m s*'. Which test is consistent with conserved total momentum? Use the values
and directions. [2 marks]

4(h) In a further collision, total momentum is unchanged but the carts’ total kinetic energy decreases from 22 J to
14 J. Can both statements be true? Explain what happens to the energy. [2 marks]
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5 Separate Physics only: calculating collisions

All parts of Question 5 are for Separate Physics Higher only. In every test, the resultant external horizontal force is
negligible during the collision or separation. Take right as positive. Figure 2 applies to part (a) only.
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Figure 2
5(a) Separate Physics only: use Figure 2 to calculate the common velocity after A and B couple. [2 marks]

5(b) Separate Physics only: in a new test, A is 40 kg at +1.2 m s and B is 20 kg at +0.30 m s™' before coupling.
Calculate their common velocity afterwards. [2 marks]

5(c) Separate Physics only: repeat the calculation when A is 40 kg at +1.2 m s but B is 20 kg at =0.60 m s
before coupling. [2 marks]
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5 Separate Physics only: calculating collisions continued

5(d) Separate Physics only: cart C is 30 kg at +0.80 m s and cart D is 20 kg at rest. They collide but do not
couple. Afterwards C moves at +0.20 m s™'. Calculate D’s final velocity. [2 marks]

5(e) Separate Physics only: in another test, C is 30 kg at +0.80 m s™" and D is 20 kg at =1.0 m s™'. Afterwards C
moves at -0.40 m s™'. Calculate D’s final velocity. [3 marks]

5(f) Separate Physics only: two carts start at rest, then a spring pushes them apart. A 25 kg cart moves left at
0.60 m s™'. The other cart is 15 kg. Calculate its velocity. [2 marks]
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6 Optional Separate Physics only: protecting an instrument

Question 6 is for Separate Physics Higher only. An 8.0 kg crate moves right at 1.8 m s-' and stops without rebounding.
Compare two horizontal stopping tests with the same initial and final velocities. Use mean resultant force = change in
momentum / stopping time.

6(a) Optional Separate Physics only: calculate the crate’s change in momentum, using final momentum minus
initial momentum. [1 mark]

6(b) Optional Separate Physics only: a rigid stop brings the crate to rest in 0.120 s. Calculate the mean resultant
force on the crate, including its direction. [2 marks]

6(c) Optional Separate Physics only: a thick pad stops the same crate in 0.360 s. Calculate the mean resultant
force on the crate. [1 mark]

6(d) Optional Separate Physics only: explain why the pad reduces the magnitude of the mean resultant force in
these tests. Link the motion, momentum change and stopping time. [3 marks]

Review: keep each velocity’s sign, define the system before applying conservation, and check that you added all moving
objects’ momenta. Conserved momentum does not require conserved kinetic energy.
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