
Exercise walk-through

3.3
Linear momentum and its
conservation

A-Level Physics



Dynamics
Momentum and force

Sheet 3.1 – what you need to know

You must be able to:

define mass, momentum and force, and state
Newton’s three laws
find a change in momentum with signs, and
the average force F = Δp/Δt
read a p–t graph (gradient = force) and an
F–t graph (area = Δp)
find the force from a stream of water or air

What the exam asks
“Define force.” [1]
“Calculate the change in
momentum of the ball during the
collision.” [2]
“Sketch the variation with time of
the force FX exerted on ball X by
ball Y.” [3]

Practise on exercise sheet 3.1, then try the real exam questions on past-paper sheet 3.1.



Dynamics
Momentum and force

Mass and momentum

mass : how hard it is to change
an object’s motion; a scalar, in kg

linear momentum p = mv: a
vector, pointing along the velocity

unit of p: kg m s−1, which is the same
as N s

1000 kg
20m s−1

p = 1000× 20 = 2.0× 104 N s

10 000 kg 2.0m s−1

p = 10 000× 2.0 = 2.0× 104 N s

A light car moving fast and a heavy lorry moving slowly can carry the same
momentum.



Dynamics
Momentum and force

Force is the rate of change of momentum
Newton’s second law in its general form:
the resultant force equals the rate of
change of momentum.

F =
Δp
Δt

For a constant mass Δp = m Δv, so
F = m Δv

Δt = ma.

In a collision : average force =
change in momentum ÷ contact time.

A crash changes the momentum in a very short
time, so the force is very large.



Dynamics
Momentum and force

Newton’s first law
An object stays at rest, or keeps moving at constant velocity in a straight line, unless
a resultant external force acts on it.

Zero resultant force ⇔ zero acceleration: the object’s inertia keeps its motion
unchanged.

normal contact force R

weight W

at rest: R balances W

driving forceresistance

constant velocity: the two forces balance



Dynamics
Momentum and force

Newton’s second law

m
30N10N

resultant 20N

acceleration a same direction

The resultant force equals the rate of
change of momentum, and acts in the
direction of that change:

F =
Δp
Δt = ma (constant mass)

Acceleration and resultant force always
point the same way. Add the forces as
vectors first.



A-Level Physics

Exercise 2.1

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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A-Level Physics

Exercise 2.1

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 k o i g t 4.
m
s c lli e ith tati n ry t ol e of ass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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Solutions
Each answer shows the steps, then the result. 每题先列步骤，再给出结果。

2.1

• the total momentum of a system of objects is constant (total momentum before =
total momentum after)

• provided no resultant external force acts on the system

2.2

(a) conservation of momentum, objects stick together: m1u1 +m2u2 = (m1 +m2)v 两车
粘在一起，用动量守恒求共同速度。

v =
m1u1 +m2u2

m1 +m2

=
3.0× 4.0 + 0

3.0 + 1.0
= 3.0 m

s

(b) Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
m1u

2
1 =

1
2
× 3.0× 4.02 = 24 J

Eafter =
1
2
(m1 +m2)v

2 = 1
2
× 4.0× 3.02 = 18 J

• the energy lost as a percentage of the energy before 用损失的动能除以初动能，求转
化百分比。

Ebefore − Eafter

Ebefore
× 100% =

24− 18

24
× 100% = 25%

2.3

• conservation of momentum from rest: 0 = m1v1 +m2v2 初始静止，总动量为零；取
第一辆车的运动方向为正。

v2 = −m1v1
m2

= −2.0× 6.0

3.0
= −4.0

m
s

• 4.0 m
s , in the opposite direction to the 2.0 kg trolley 负号表示第二辆车沿相反方向

运动。

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = mv before and after, the same
m for both 两球质量相同，分别将各球的动量相加，比较碰撞前后。

pbefore = mu1 +mu2 = 0.50× 4.0 + 0 = 2.0 N s

pafter = mv1 +mv2 = 0 + 0.50× 4.0 = 2.0 N s

A-Level Physics • 3.3 Conservation of momentum in one dimension 9



A-Level Physics

Exercise 2.2 (a)

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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A-Level Physics

Exercise 2.2 (a)

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
t e c llisi n. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5

Solutions
Each answer shows the steps, then the result. 每题先列步骤，再给出结果。

2.1

• the total momentum of a system of objects is constant (total momentum before =
total momentum after) 系统的总动量保持不变，即相互作用前后的总动量相等。

• provided no resultant external force acts on the system 条件是系统所受的合外力为
零。

2.2

(a) conservation of momentum, objects stick together: m1u1 +m2u2 = (m1 +m2)v

v =
m1u1 +m2u2

m1 +m2

=
3.0× 4.0 + 0

3.0 + 1.0
= 3.0 m

s

(b) Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
m1u

2
1 =

1
2
× 3.0× 4.02 = 24 J

Eafter =
1
2
(m1 +m2)v

2 = 1
2
× 4.0× 3.02 = 18 J

• the energy lost as a percentage of the energy before 用损失的动能除以初动能，求转
化百分比。

Ebefore − Eafter

Ebefore
× 100% =

24− 18

24
× 100% = 25%

2.3

• conservation of momentum from rest: 0 = m1v1 +m2v2 初始静止，总动量为零；取
第一辆车的运动方向为正。

v2 = −m1v1
m2

= −2.0× 6.0

3.0
= −4.0

m
s

• 4.0 m
s , in the opposite direction to the 2.0 kg trolley 负号表示第二辆车沿相反方向

运动。

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = mv before and after, the same
m for both 两球质量相同，分别将各球的动量相加，比较碰撞前后。

pbefore = mu1 +mu2 = 0.50× 4.0 + 0 = 2.0 N s

pafter = mv1 +mv2 = 0 + 0.50× 4.0 = 2.0 N s

A-Level Physics • 3.3 Conservation of momentum in one dimension 9



A-Level Physics

Exercise 2.2 (b)

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release
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2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5



A-Level Physics

Exercise 2.2 (b)

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolle ove ff at 6.0

m
s al u a e

the elocit o the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5

Solutions
Each answer shows the steps, then the result. 每题先列步骤，再给出结果。

2.1

• the total momentum of a system of objects is constant (total momentum before =
total momentum after) 系统的总动量保持不变，即相互作用前后的总动量相等。

• provided no resultant external force acts on the system 条件是系统所受的合外力为
零。

2.2

(a) conservation of momentum, objects stick together: m1u1 +m2u2 = (m1 +m2)v 两车
粘在一起，用动量守恒求共同速度。

v =
m1u1 +m2u2

m1 +m2

=
3.0× 4.0 + 0

3.0 + 1.0
= 3.0 m

s

(b) Ek = 1
2
mv2, before and after

Ebefore =
1
2
m1u

2
1 =

1
2
× 3.0× 4.02 = 24 J

Eafter =
1
2
(m1 +m2)v

2 = 1
2
× 4.0× 3.02 = 18 J

• the energy lost as a percentage of the energy before

Ebefore − Eafter

Ebefore
× 100% =

24− 18

24
× 100% = 25%

2.3

• conservation of momentum from rest: 0 = m1v1 +m2v2 初始静止，总动量为零；取
第一辆车的运动方向为正。

v2 = −m1v1
m2

= −2.0× 6.0

3.0
= −4.0

m
s

• 4.0 m
s , in the opposite direction to the 2.0 kg trolley 负号表示第二辆车沿相反方向

运动。

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = mv before and after, the same
m for both 两球质量相同，分别将各球的动量相加，比较碰撞前后。

pbefore = mu1 +mu2 = 0.50× 4.0 + 0 = 2.0 N s

pafter = mv1 +mv2 = 0 + 0.50× 4.0 = 2.0 N s

A-Level Physics • 3.3 Conservation of momentum in one dimension 9



A-Level Physics

Exercise 2.3

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5



A-Level Physics

Exercise 2.3

2 Practice
Now apply the methods above.

2.1 State the principle of conservation of momentum. [2]

conservation of momentum

2.2 A trolley of mass 3.0 kg moving at 4.0
m
s collides with a stationary trolley of mass

1.0 kg. The trolleys stick together.

(a) Calculate their common velocity. [2]

3.0 kg
4.0 m

s 1.0 kg
at rest

(b) Calculate the percentage of the kinetic energy that is transferred to other forms in
the collision. [2]

2.3 Two trolleys, of mass 2.0 kg and 3.0 kg, are held at rest with a compressed spring
between them. When they are released, the 2.0 kg trolley moves off at 6.0

m
s . Calculate

the velocity of the 3.0 kg trolley. [2]

2.0 kg 3.0 kg

6.0 m
s after release

A-Level Physics • 3.3 Conservation of momentum in one dimension 5

Solutions
Each answer shows the steps, then the result. 每题先列步骤，再给出结果。

2.1

• the total momentum of a system of objects is constant (total momentum before =
total momentum after) 系统的总动量保持不变，即相互作用前后的总动量相等。

• provided no resultant external force acts on the system 条件是系统所受的合外力为
零。

2.2

(a) conservation of momentum, objects stick together: m1u1 +m2u2 = (m1 +m2)v 两车
粘在一起，用动量守恒求共同速度。

v =
m1u1 +m2u2

m1 +m2

=
3.0× 4.0 + 0

3.0 + 1.0
= 3.0 m

s

(b) Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
m1u

2
1 =

1
2
× 3.0× 4.02 = 24 J

Eafter =
1
2
(m1 +m2)v

2 = 1
2
× 4.0× 3.02 = 18 J

• the energy lost as a percentage of the energy before 用损失的动能除以初动能，求转
化百分比。

Ebefore − Eafter

Ebefore
× 100% =

24− 18

24
× 100% = 25%

2.3

• conservation of momentum from rest: 0 = m1v1 +m2v2

v2 = −m1v1
m2

= −2.0× 6.0

3.0
= −4.0

m
s

• 4.0 m
s , in the opposite direction to the 2.0 kg trolley

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = mv before and after, the same
m for both 两球质量相同，分别将各球的动量相加，比较碰撞前后。

pbefore = mu1 +mu2 = 0.50× 4.0 + 0 = 2.0 N s

pafter = mv1 +mv2 = 0 + 0.50× 4.0 = 2.0 N s

A-Level Physics • 3.3 Conservation of momentum in one dimension 9



A-Level Physics

Exercise 2.4 (a)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s

A-Level Physics • 3.3 Conservation of momentum in one dimension 6

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s

A-Level Physics • 3.3 Conservation of momentum in one dimension 6



A-Level Physics

Exercise 2.4 (a)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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Solutions
Each answer shows the steps, then the result. 每题先列步骤，再给出结果。

2.1

• the total momentum of a system of objects is constant (total momentum before =
total momentum after) 系统的总动量保持不变，即相互作用前后的总动量相等。

• provided no resultant external force acts on the system 条件是系统所受的合外力为
零。

2.2

(a) conservation of momentum, objects stick together: m1u1 +m2u2 = (m1 +m2)v 两车
粘在一起，用动量守恒求共同速度。

v =
m1u1 +m2u2

m1 +m2

=
3.0× 4.0 + 0

3.0 + 1.0
= 3.0 m

s

(b) Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
m1u

2
1 =

1
2
× 3.0× 4.02 = 24 J

Eafter =
1
2
(m1 +m2)v

2 = 1
2
× 4.0× 3.02 = 18 J

• the energy lost as a percentage of the energy before 用损失的动能除以初动能，求转
化百分比。

Ebefore − Eafter

Ebefore
× 100% =

24− 18

24
× 100% = 25%

2.3

• conservation of momentum from rest: 0 = m1v1 +m2v2 初始静止，总动量为零；取
第一辆车的运动方向为正。

v2 = −m1v1
m2

= −2.0× 6.0

3.0
= −4.0

m
s

• 4.0 m
s , in the opposite direction to the 2.0 kg trolley 负号表示第二辆车沿相反方向

运动。

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = mv before and after, the same
m for both

pbefore = mu1 +mu2 = 0.50× 4.0 + 0 = 2.0 N s

pafter = mv1 +mv2 = 0 + 0.50× 4.0 = 2.0 N s
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Exercise 2.4 (b)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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Exercise 2.4 (b)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s

A-Level Physics • 3.3 Conservation of momentum in one dimension 6

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) x l in why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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(b) total Ek = 1
2
mv2, before and after

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 2.4 (c)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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Exercise 2.4 (c)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

( ) S o that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

.5 s ationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) x l in wh t e n w n cl u nd the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s

A-Level Physics • 3.3 Conservation of momentum in one dimension 6

(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 2.5 (a)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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Exercise 2.5 (a)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the p e o t e n w n cleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the p e o t e n w n cleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 、

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 2.5 (b)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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Exercise 2.5 (b)

2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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2.4 A ball of mass 0.50 kg moving at 4.0
m
s hits a stationary ball of the same mass

head-on. Afterwards the first ball is at rest and the second moves at 4.0
m
s .

(a) Show that momentum is conserved. [1]

(b) Show that the collision is elastic. [2]

before 4.0 m
s at rest

after at rest 4.0 m
sboth 0.50 kg

(c) Show that the relative speed of approach equals the relative speed of separation. [1]

2.5 A stationary nucleus of mass 212 u emits an α-particle of mass 4 u at a speed of
1.6× 107

m
s .

(a) Explain why the new nucleus and the α-particle move off in opposite directions. [2]

(b) Calculate the speed of the new nucleus. [2]

212 u

at rest new nucleusα, 4 u
1.6× 107

m
s
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(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u α

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 3.13 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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A-Level Physics

Exercise 3.13 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u

• D uses the mass of the nucleus before the decay; A and B are upside down D
A B

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 3.2

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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A-Level Physics

Exercise 3.2

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m.

(a) mplet h e u tion for the decay. [1]

22
86 Rn → Po + 2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred
• A is the fraction that remains A

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α 核子数和质

子数分别守恒。
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Exercise 3.3 (a)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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Exercise 3.3 (a)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [ ]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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(b) total Ek = 1
2
mv2, before and after 分别求碰撞前后的总动能。

Ebefore =
1
2
mu2

1 + 0 = 1
2
× 0.50× 4.02 = 4.0 J

Eafter = 0 + 1
2
mv22 = 1

2
× 0.50× 4.02 = 4.0 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是
弹性碰撞。

(c) relative speed of approach = u1 − u2 = 4.0− 0 = 4.0
m
s 接近时的相对速率是两初速

度之差。

• relative speed of separation = v2 − v1 = 4.0 − 0 = 4.0
m
s , the same 分离时的相对速

率是两末速度之差，两者相等。

2.5

(a) the nucleus was at rest, so the total momentum before is zero 原子核初始静止，因
此初始总动量为零。

• momentum is conserved, so the two momenta after are equal in size and opposite in
direction 动量守恒要求衰变后两者动量大小相等、方向相反。

(b) conservation of momentum, mnewvnew = mαvα, with the new mass mnew = 212− 4 =
208 u 先用原核质量减去 α 粒子质量，再用两者动量大小相等求速率。

vnew =
mαvα
mnew

=
4× 1.6× 107

208
= 3.1 × 105 m

s

3.1 C

• the momenta are equal in size, so speed ∝ 1/mass: vα
vnew

=
mnew

mα

=
216

4
, with the

new nucleus of mass mnew = 220− 4 = 216 u 动量大小相等，速率与质量成反比；应
使用衰变后新核的质量。

• D uses the mass of the nucleus before the decay; A and B are upside down D 误用了
衰变前的质量；A 和 B 把比值颠倒了。

3.2 C

• momentum: mu = 3mv, so v = u/3 粘合后的总质量是原来运动小球的三倍，用动
量守恒求共同速度。

• Ek after = 1
2
(3m)(u/3)2 = 1

3
× 1

2
mu2, so one third remains and two thirds are

transferred 剩余动能为原来的三分之一，因此转化了三分之二。
• A is the fraction that remains A 是剩余比例，并非转化比例。

3.3

(a) nucleon numbers and proton numbers both balance: 220
86 Rn → 216

84 Po+ 4
2α
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Exercise 3.3 (b)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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Exercise 3.3 (b)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus [ ]
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(b) the nucleus was at rest, so the total momentum stays zero

• conservation of momentum, mαvα = mPovPo, masses in u
u

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po
先用动能公式写出两者动能之比。

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

利

用动量大小相等，将速率比化为质量的反比。

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line 加速度等于速度 – 时间图线的斜率。

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart取原运动方向为正，碰撞前后总动量相等。

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops 解得 P 的末速度为零，即 P 停下。

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s 接触前 P 匀速运动，画水平线。

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q 接触期间画下降直线；P 和 Q 的速度变化发生在同一时间段。

• a horizontal line along v = 0 from 0.30 to 0.50 s 接触后 P 静止，图线沿时间轴延伸。

(d) add Ek = 1
2
mv2 for the two trolleys, before and after 分别将两车动能相加，比较碰

撞前后总动能。

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是弹
性碰撞。
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Exercise 3.3 (c)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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Exercise 3.3 (c)

3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 R o + 4

2

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 10 s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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3 Exam-style questions
3.1 A stationary nucleus of mass 220 u emits an α-particle of mass 4 u. What is the ratio

speed of the α-particle
speed of the new nucleus? [1]

A 4

216

B 4

220

C 216

4

D 220

4

220 u α: 4 u

3.2 A ball of mass m moving at speed u hits a stationary ball of mass 2m, and the
two stick together. What fraction of the initial kinetic energy is transferred to other
forms? [1]

A 1
3

B 1
2

C 2
3

D 3
4

m
u

2m

3.3 A radon-220 nucleus at rest breaks apart into a polonium nucleus and an α-particle.
The polonium nucleus moves off at 2.2× 105

m
s .

(a) Complete the equation for the decay. [1]

220
86 Rn → Po + 4

2α

(b) By considering momentum, calculate the speed of the α-particle. [3]

Rn

at rest
α

Po 2.2× 105
m
s

(c) Determine the ratio kinetic energy of the α-particle
kinetic energy of the polonium nucleus. [3]
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(b) the nucleus was at rest, so the total momentum stays zero 原子核初始静止，因此
总动量始终为零。

• conservation of momentum, mαvα = mPovPo, masses in u两者动量大小相等，质量单
位 u 可在等式两边约去。

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line 加速度等于速度 – 时间图线的斜率。

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart取原运动方向为正，碰撞前后总动量相等。

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops 解得 P 的末速度为零，即 P 停下。

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s 接触前 P 匀速运动，画水平线。

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q 接触期间画下降直线；P 和 Q 的速度变化发生在同一时间段。

• a horizontal line along v = 0 from 0.30 to 0.50 s 接触后 P 静止，图线沿时间轴延伸。

(d) add Ek = 1
2
mv2 for the two trolleys, before and after 分别将两车动能相加，比较碰

撞前后总动能。

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是弹
性碰撞。
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Setup for exercise 3.4

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6
ve

lo
cit

y 
 v

 / 
m

 s
1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]

A-Level Physics • 3.3 Conservation of momentum in one dimension 8



A-Level Physics

Exercise 3.4 (a)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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Exercise 3.4 (a)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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(b) the nucleus was at rest, so the total momentum stays zero 原子核初始静止，因此
总动量始终为零。

• conservation of momentum, mαvα = mPovPo, masses in u两者动量大小相等，质量单
位 u 可在等式两边约去。

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po
先用动能公式写出两者动能之比。

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

利

用动量大小相等，将速率比化为质量的反比。

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line –

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart取原运动方向为正，碰撞前后总动量相等。

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops 解得 P 的末速度为零，即 P 停下。

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s 接触前 P 匀速运动，画水平线。

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q 接触期间画下降直线；P 和 Q 的速度变化发生在同一时间段。

• a horizontal line along v = 0 from 0.30 to 0.50 s 接触后 P 静止，图线沿时间轴延伸。

(d) add Ek = 1
2
mv2 for the two trolleys, before and after 分别将两车动能相加，比较碰

撞前后总动能。

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是弹
性碰撞。
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Exercise 3.4 (b)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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Exercise 3.4 (b)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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(b) the nucleus was at rest, so the total momentum stays zero 原子核初始静止，因此
总动量始终为零。

• conservation of momentum, mαvα = mPovPo, masses in u两者动量大小相等，质量单
位 u 可在等式两边约去。

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po
先用动能公式写出两者动能之比。

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

利

用动量大小相等，将速率比化为质量的反比。

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line 加速度等于速度 – 时间图线的斜率。

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops P P

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s 接触前 P 匀速运动，画水平线。

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q 接触期间画下降直线；P 和 Q 的速度变化发生在同一时间段。

• a horizontal line along v = 0 from 0.30 to 0.50 s 接触后 P 静止，图线沿时间轴延伸。

(d) add Ek = 1
2
mv2 for the two trolleys, before and after 分别将两车动能相加，比较碰

撞前后总动能。

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是弹
性碰撞。
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Exercise 3.4 (c)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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Exercise 3.4 (c)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
lo

cit
y 

 v
 / 

m
 s

1 Q

(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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(b) the nucleus was at rest, so the total momentum stays zero 原子核初始静止，因此
总动量始终为零。

• conservation of momentum, mαvα = mPovPo, masses in u两者动量大小相等，质量单
位 u 可在等式两边约去。

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po
先用动能公式写出两者动能之比。

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

利

用动量大小相等，将速率比化为质量的反比。

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line 加速度等于速度 – 时间图线的斜率。

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart取原运动方向为正，碰撞前后总动量相等。

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops 解得 P 的末速度为零，即 P 停下。

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s P

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q P Q

• a horizontal line along v = 0 from 0.30 to 0.50 s P

(d) add Ek = 1
2
mv2 for the two trolleys, before and after 分别将两车动能相加，比较碰

撞前后总动能。

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic 总动能守恒，因此是弹
性碰撞。
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Exercise 3.4 (d)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2

0.0

0.2

0.4

0.6

ve
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(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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Exercise 3.4 (d)

3.4 Trolley P, of mass 0.40 kg, moves at 0.60
m
s along a horizontal track and catches

trolley Q, of mass 0.80 kg, which is moving in the same direction. The graph shows
how the velocity of Q varies with time t. The trolleys are in contact from t = 0.10 s to
t = 0.30 s.

0.0 0.1 0.2 0.3 0.4 0.5
time  t / s

0.2
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0.2
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(a) Determine the acceleration of Q during the collision. [2]

(b) Use conservation of momentum to determine the velocity of P after the collision. [2]

(c) On the graph, sketch the variation with time t of the velocity of P from t = 0 to
t = 0.50 s. [3]

(d) Show that the collision is elastic. [2]
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(b) the nucleus was at rest, so the total momentum stays zero 原子核初始静止，因此
总动量始终为零。

• conservation of momentum, mαvα = mPovPo, masses in u两者动量大小相等，质量单
位 u 可在等式两边约去。

vα =
mPovPo

mα

=
216× 2.2× 105

4
= 1.2 × 107 m

s , opposite to the polonium

(c) Ek = 1
2
mv2, so Eα

EPo
=

mαv
2
α

mPov2Po
先用动能公式写出两者动能之比。

• the momenta are equal in size, so vα/vPo = mPo/mα and the ratio becomes mPo

mα

利

用动量大小相等，将速率比化为质量的反比。

Eα

EPo
=

mPo

mα

=
216

4
= 54

3.4

(a) acceleration is the gradient of the v–t line 加速度等于速度 – 时间图线的斜率。

a =
∆v

∆t
=

0.45− 0.15

0.30− 0.10
= 1.5 m s−2

(b) conservation of momentum, bounce apart取原运动方向为正，碰撞前后总动量相等。

mPuP +mQuQ = mPvP +mQvQ : 0.40× 0.60 + 0.80× 0.15 = 0.40 vP + 0.80× 0.45

• so 0.36 = 0.40 vP + 0.36 and vP = 0: P stops 解得 P 的末速度为零，即 P 停下。

(c) a horizontal line at 0.60
m
s from t = 0 to 0.10 s 接触前 P 匀速运动，画水平线。

• a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q 接触期间画下降直线；P 和 Q 的速度变化发生在同一时间段。

• a horizontal line along v = 0 from 0.30 to 0.50 s 接触后 P 静止，图线沿时间轴延伸。

(d) add Ek = 1
2
mv2 for the two trolleys, before and after

Ebefore =
1
2
mPu

2
P + 1

2
mQu

2
Q = 1

2
(0.40)(0.60)2 + 1

2
(0.80)(0.15)2 = 0.081 J

Eafter =
1
2
mPv

2
P + 1

2
mQv

2
Q = 0 + 1

2
(0.80)(0.45)2 = 0.081 J

• the total kinetic energy is conserved, so the collision is elastic
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