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Dynamics
Elastic and 2-D collisions

Sheet 3.3.1 – what you need to know

You must be able to:

use the relative-speed rule with momentum
to solve an elastic collision
resolve momenta, and conserve each
component on its own
find the missing fragment of an explosion
test a two-dimensional collision using the full
speeds

What the exam asks
“What is the speed and direction
of ball X after the collision?” [1]
“By considering the components
of the momenta along the line
AB, calculate θ.” [3]
“By calculation of kinetic
energies, state whether the
collision is inelastic.” [2]

Practise on exercise sheet 3.3.1, then try the real exam questions on past-paper sheet 3.3.1.



Dynamics
Elastic and 2-D collisions

An elastic collision gives you a second equation
Momentum alone leaves two unknowns. If the collision is elastic, kinetic energy is

conserved as well:

1
2m1u21 + 1

2m2u22 = 1
2m1v21 + 1

2m2v22

or, the same thing in a form that is easier to solve:

u1 − u2 = −(v1 − v2)

Relative speed of approach = relative speed of separation. Now there are two equations
for the two unknowns.



Dynamics
Elastic and 2-D collisions

A head-on elastic collision with a stationary mass

Mass m at speed u hits a stationary mass M head-on, elastically:

vm =
m − M
m + M u vM =

2m
m + M u

equal masses, m = M
vm = 0 and vM = u:
they swap velocities

light on heavy, m ≪ M
vm ≈ −u: it

bounces straight back

heavy on light, m ≫ M

vm ≈ u and vM ≈ 2u



Dynamics
Elastic and 2-D collisions

Collisions in two dimensions
Split the velocities into perpendicular components and conserve
momentum along each direction on its own. Choose one axis along the first object’s
motion and one across it.

x

y

m
u m

v1

v2

ϕ

β



Dynamics
Elastic and 2-D collisions

Worked example – momentum in two dimensions

Two balls collide and stick
On a frictionless surface ball A has 4.0N s
due east and ball B 3.0N s due north. Along
each axis momentum is conserved, so after
sticking it is still 4.0 east and 3.0 north:

p =
√

p2
E + p2

N =
√
(4.0N s)2 + (3.0N s)2

= 5.0N s

θ = tan−1 pN
pE

= tan−1 3.0N s
4.0N s = 37◦

north of east

4.0N s east

3.0N s
north

5.0N s

37◦

A multiple-choice diagram of two
momentum arrows asks exactly
this: add the arrows tip to tail.



A-Level Physics

Exercise 2.1

Worked example: a firework in three pieces
A stationary firework explodes into three pieces that move in a horizontal plane:
0.20 kg at 3.0

m
s east and 0.10 kg at 4.0

m
s north. The third piece has a mass of

0.10 kg.

Initially at rest

After explosion

1
m1 = 0.20 kg
v1 = 3.0

m

s

east

2 m2 = 0.10 kg
v2 = 4.0

m

snorth
west

3
m = 0.10 kg, speed v

θ

1. The total stays zero – conservation of momentum from rest, so the third piece
cancels the momentum p = mv of the other two along each axis:

peast = m1v1 = 0.20× 3.0 = 0.60 N s

pnorth = m2v2 = 0.10× 4.0 = 0.40 N s
2. Magnitude – the third piece’s momentum has the size of their resultant

(Pythagoras), and p = mv:

p =
√

p2east + p2north =
√
0.602 + 0.402 = 0.72 N s

v =
p

m
=

0.72 N s
0.10 kg = 7.2

m
s

3. Direction – opposite to the resultant of the other two: θ = tan−1 pnorth

peast
=

tan−1 0.40

0.60
= 34◦ south of west.

2 Practice
Now use the methods above.

2.1 State two things that are true of an elastic collision, apart from the conservation of
momentum. [2]

elastic collision
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Exercise 2.1

Worked example: a firework in three pieces
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peast
=
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Now use the methods above.
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momentum. [2]

elastic collision
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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 kinetic energy is conserved
• the relative speed of approach equals the relative speed of separation

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA 取向右为
正，向左的初速度取负；弹性正碰满足相对速率关系。

• vA = −7.0
m
s : A moves left at 7.0 m

s 负号表示 A 向左运动。

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1 角度从水平线量起，水平分量用余弦。
• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1 竖直分量用正弦。

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north 分别沿东西和南北方向应用动量守恒。

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s 两分量垂直，用勾股定理

求总动量大小。

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east 用北向分量除以东向分量求角度，

方向为东偏北。

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s 先用勾股定理求总动量大

小。
• from p = mv: v = p/m = 1.5/0.50 = 3.0 m

s 再用总动量除以质量求速率。

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small 动能是标量，必须使用完整速率；只用一个分量会低估动能。

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards) 等
质量小球发生弹性正碰时交换速度，各自反向运动。

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer
接近和分离的相对速率相等；D 不满足动量守恒，C 不满足相对速率关系，A 类似
粘合后的情况。
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A-Level Physics

Exercise 2.2

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay
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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 kinetic energy is conserved 系统的总动能守恒。
• the relative speed of approach equals the relative speed of separation 接近时
的相对速率等于分离时的相对速率。

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA

• vA = −7.0
m
s : A moves left at 7.0 m

s A

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1 角度从水平线量起，水平分量用余弦。
• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1 竖直分量用正弦。

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north 分别沿东西和南北方向应用动量守恒。

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s 两分量垂直，用勾股定理

求总动量大小。

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east 用北向分量除以东向分量求角度，

方向为东偏北。

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s 先用勾股定理求总动量大

小。
• from p = mv: v = p/m = 1.5/0.50 = 3.0 m

s 再用总动量除以质量求速率。

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small 动能是标量，必须使用完整速率；只用一个分量会低估动能。

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards) 等
质量小球发生弹性正碰时交换速度，各自反向运动。

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer
接近和分离的相对速率相等；D 不满足动量守恒，C 不满足相对速率关系，A 类似
粘合后的情况。
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Exercise 2.3

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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s
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1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. u t be o e h ol is o n has mo-
mentum 4.0 N s due east and the other 3.0 N s u or h a culate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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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 kinetic energy is conserved 系统的总动能守恒。
• the relative speed of approach equals the relative speed of separation 接近时
的相对速率等于分离时的相对速率。

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA 取向右为
正，向左的初速度取负；弹性正碰满足相对速率关系。

• vA = −7.0
m
s : A moves left at 7.0 m

s 负号表示 A 向左运动。

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1

• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north 分别沿东西和南北方向应用动量守恒。

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s 两分量垂直，用勾股定理

求总动量大小。

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east 用北向分量除以东向分量求角度，

方向为东偏北。

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s 先用勾股定理求总动量大

小。
• from p = mv: v = p/m = 1.5/0.50 = 3.0 m

s 再用总动量除以质量求速率。

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small 动能是标量，必须使用完整速率；只用一个分量会低估动能。

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards) 等
质量小球发生弹性正碰时交换速度，各自反向运动。

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer
接近和分离的相对速率相等；D 不满足动量守恒，C 不满足相对速率关系，A 类似
粘合后的情况。
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Exercise 2.4

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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Exercise 2.4

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0. 0 N s
north
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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 kinetic energy is conserved 系统的总动能守恒。
• the relative speed of approach equals the relative speed of separation 接近时
的相对速率等于分离时的相对速率。

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA 取向右为
正，向左的初速度取负；弹性正碰满足相对速率关系。

• vA = −7.0
m
s : A moves left at 7.0 m

s 负号表示 A 向左运动。

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1 角度从水平线量起，水平分量用余弦。
• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1 竖直分量用正弦。

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s 先用勾股定理求总动量大

小。
• from p = mv: v = p/m = 1.5/0.50 = 3.0 m

s 再用总动量除以质量求速率。

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small 动能是标量，必须使用完整速率；只用一个分量会低估动能。

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards) 等
质量小球发生弹性正碰时交换速度，各自反向运动。

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer
接近和分离的相对速率相等；D 不满足动量守恒，C 不满足相对速率关系，A 类似
粘合后的情况。
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Exercise 2.5

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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Exercise 2.5

2.2 Ball A moves right at 3.0
m
s and ball B moves left at 5.0

m
s . They collide head-on

and elastically. Afterwards B moves right at 1.0
m
s . Use the relative-speed rule to find

the velocity of A after the collision. [2]

Before
A B

3.0
m

s
5.0

m

s

After A: vA B
1.0

m

s

2.3 A momentum of 6.0 kg m s−1 is directed at 30◦ above the horizontal. Calculate its
horizontal and vertical components. [2]

x

y 6.0 N s

30◦

2.4 Two pieces of clay collide and stick together. Just before the collision one has mo-
mentum 4.0 N s due east and the other 3.0 N s due north. Calculate the magnitude and
the direction of the momentum of the combined lump. [3]

Before the collision

1
p1 = 4.0 N s

east

2

p2 = 3.0 N s
north

collision

pieces of clay

2.5 After a collision, a 0.50 kg ball has momentum components 1.2 N s east and 0.90 N s
north. Calculate its speed, and state why its kinetic energy must be found from this
speed and not from a component. [3]

Momentum components

0.50 kg
east

pE = 1.2 N s

pN = 0.90 N s
north
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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 kinetic energy is conserved 系统的总动能守恒。
• the relative speed of approach equals the relative speed of separation 接近时
的相对速率等于分离时的相对速率。

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA 取向右为
正，向左的初速度取负；弹性正碰满足相对速率关系。

• vA = −7.0
m
s : A moves left at 7.0 m

s 负号表示 A 向左运动。

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1 角度从水平线量起，水平分量用余弦。
• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1 竖直分量用正弦。

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north 分别沿东西和南北方向应用动量守恒。

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s 两分量垂直，用勾股定理

求总动量大小。

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east 用北向分量除以东向分量求角度，

方向为东偏北。

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s

• from p = mv: v = p/m = 1.5/0.50 = 3.0 m
s

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards) 等
质量小球发生弹性正碰时交换速度，各自反向运动。

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer
接近和分离的相对速率相等；D 不满足动量守恒，C 不满足相对速率关系，A 类似
粘合后的情况。
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Exercise 3.1
3 Exam-style questions
3.1 Two balls of equal mass move towards each other along a straight line, one at speed
2v and the other at speed v. They collide head-on and elastically. What happens after
the collision? [1]

A Both balls move at speed 1.5v.
B Each ball moves back the way it came, the first
at speed v and the second at speed 2v.
C The first ball stops and the second moves back at
speed 3v.
D Each ball moves back the way it came, the first
at speed 2v and the second at speed v.

before: equal masses

m

2v

m

v

3.2 A stationary object explodes into three fragments that move in a horizontal plane.
One fragment has momentum 6.0 N s due east and another has momentum 8.0 N s due
north. What is the momentum of the third fragment? [1]

A 2.0 N s due south-west
B 10 N s, directed south of west
C 14 N s, directed south of west
D 10 N s, directed north of east

After the explosion

fragment 1
6.0 N s east

fragment 2
8.0 N s north

fragment 3: p3
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Exercise 3.1
3 Exam-style questions
3.1 Two balls of equal mass move towards each other along a straight line, one at speed
2v and the other at speed v. They collide head-on and elastically. What happens after
the collision? [1]

A Both balls move at speed 1.5v.
B Each ball moves back the way it came, the first
at speed v and the second at speed 2v.
C The first ball stops and the second moves back at
speed 3v.
D Each ball moves back the way it came, the first
at speed 2v and the second at speed v.

before: equal masses

m

2v

m

v

3.2 A stationary object explodes into three fragments that move in a horizontal plane.
One fragment has momentum 6.0 N s due east and another has momentum 8.0 N s due
north. What is the momentum of the third fragment? [1]

A 2.0 N s due south-west
B 10 N s, directed south of west
C 1 , ir c e s u h of w st

1 , irected north of east

After the explosion

fragment 1
6.0 N s east

fragment 2
.0 N s or h

fragment 3: p3
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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 kinetic energy is conserved 系统的总动能守恒。
• the relative speed of approach equals the relative speed of separation 接近时
的相对速率等于分离时的相对速率。

2.2

• right positive; elastic, so uA − uB = vB − vA: 3.0− (−5.0) = 8.0 = 1.0− vA 取向右为
正，向左的初速度取负；弹性正碰满足相对速率关系。

• vA = −7.0
m
s : A moves left at 7.0 m

s 负号表示 A 向左运动。

2.3

• horizontal: p cos θ = 6.0 cos 30◦ = 5.2 kg m s−1 角度从水平线量起，水平分量用余弦。
• vertical: p sin θ = 6.0 sin 30◦ = 3.0 kg m s−1 竖直分量用正弦。

2.4

• momentum is conserved along each axis, so the lump has 4.0 N s east and 3.0 N s
north 分别沿东西和南北方向应用动量守恒。

• Pythagoras: p =
√

p2east + p2north =
√
4.02 + 3.02 = 5.0 N s 两分量垂直，用勾股定理

求总动量大小。

• θ = tan−1 pnorth

peast
= tan−1 3.0

4.0
= 37◦ north of east 用北向分量除以东向分量求角度，

方向为东偏北。

2.5

• Pythagoras: p =
√
p2east + p2north =

√
1.22 + 0.902 = 1.5 N s 先用勾股定理求总动量大

小。
• from p = mv: v = p/m = 1.5/0.50 = 3.0 m

s 再用总动量除以质量求速率。

• kinetic energy is a scalar that depends on the full speed, 1
2
mv2; a component gives a

value that is too small 动能是标量，必须使用完整速率；只用一个分量会低估动能。

3.1 B

• equal masses in a head-on elastic collision exchange velocities: the first takes the
second’s velocity (v, backwards) and the second takes the first’s (2v, backwards)

• check: approach 2v + v = 3v, separation v + 2v = 3v; D has the right directions but
breaks momentum, C breaks the relative-speed rule and A is a sticking-type answer

D C A
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Exercise 3.2

3 Exam-style questions
3.1 Two balls of equal mass move towards each other along a straight line, one at speed
2v and the other at speed v. They collide head-on and elastically. What happens after
the collision? [1]

A Both balls move at speed 1.5v.
B Each ball moves back the way it came, the first
at speed v and the second at speed 2v.
C The first ball stops and the second moves back at
speed 3v.
D Each ball moves back the way it came, the first
at speed 2v and the second at speed v.

before: equal masses

m

2v

m

v

3.2 A stationary object explodes into three fragments that move in a horizontal plane.
One fragment has momentum 6.0 N s due east and another has momentum 8.0 N s due
north. What is the momentum of the third fragment? [1]

A 2.0 N s due south-west
B 10 N s, directed south of west
C 14 N s, directed south of west
D 10 N s, directed north of east

After the explosion

fragment 1
6.0 N s east

fragment 2
8.0 N s north

fragment 3: p3
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Exercise 3.2

3 Exam-style questions
3.1 Two balls of equal mass move towards each other along a straight line, one at speed
2v and the other at speed v. They collide head-on and elastically. What happens after
the collision? [1]

A Both balls move at speed 1.5v.
B Each ball moves back the way it came, the first
at speed v and the second at speed 2v.
C The first ball stops and the second moves back at
speed 3v.
D Each ball moves back the way it came, the first
at speed 2v and the second at speed v.

before: equal masses

m

2v

m

v

3.2 A stationary object explodes into three fragments that move in a horizontal plane.
One fragment has momentum 6.0 N s due east and another has momentum 8.0 N s due
north. What is the momentum of the third fragment? [1]

A 2.0 N s due south-west
B 10 N s, directed south of west
C 14 N s, directed south of west
D 10 N s, directed north of east

After the explosion

fragment 1
6.0 N s east

fragment 2
8.0 N s north

fragment 3: p3
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes
D C

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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Exercise 3.3 (a)

3.3 A ball P of mass 0.40 kg moving at 5.0
m
s collides head-on and elastically with a

stationary ball Q of mass 0.60 kg.

(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
ities of P and Q after the collision. [4]

before

P: 0.40 kg

5.0 m

s

Q: 0.60 kg

at rest

(c) Calculate the percentage of the initial kinetic energy of P that is transferred to Q. [2]
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Exercise 3.3 (a)

3.3 A ball P of mass 0.40 kg moving at 5.0
m
s collides head-on and elastically with a

stationary ball Q of mass 0.60 kg.

(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
ities of P and Q after the collision. [4]

before

P: 0.40 kg

5.0 m

s

Q: 0.60 kg

at rest

(c) Calculate the percentage of the initial kinetic energy of P that is transferred to Q. [2]
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(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
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before
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved

• the relative speed of approach equals the relative speed of separation

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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Exercise 3.3 (b)

3.3 A ball P of mass 0.40 kg moving at 5.0
m
s collides head-on and elastically with a

stationary ball Q of mass 0.60 kg.

(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
ities of P and Q after the collision. [4]

before

P: 0.40 kg

5.0 m

s

Q: 0.60 kg

at rest

(c) Calculate the percentage of the initial kinetic energy of P that is transferred to Q. [2]
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Exercise 3.3 (b)

3.3 A ball P of mass 0.40 kg moving at 5.0
m
s collides head-on and elastically with a

stationary ball Q of mass 0.60 kg.

(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
ities of P and Q after the collision. [4]

before

P: 0. 0 g

5.0 m

s

Q: 0. 0 g

at rest

(c) Calculate the percentage of the initial kinetic energy of P that is transferred to Q. [2]

A-Level Physics • 3.3.1 Elastic collisions and momentum in two dimensions 7

3.3 A ball P of mass 0.40 kg moving at 5.0
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q
P
0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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Full solution on next slide
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Full solution 3.3 (b)

3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q
P
0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s
P

• vQ = 4.0 m
s forwards Q

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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A-Level Physics

Exercise 3.3 (c)

3.3 A ball P of mass 0.40 kg moving at 5.0
m
s collides head-on and elastically with a

stationary ball Q of mass 0.60 kg.

(a) State the two conditions, other than the conservation of momentum, that an elastic
collision satisfies. [2]

(b) Use conservation of momentum and the relative-speed rule to determine the veloc-
ities of P and Q after the collision. [4]

before

P: 0.40 kg

5.0 m

s

Q: 0.60 kg

at rest

(c) Calculate the percentage of the initial kinetic energy of P that is transferred to Q. [2]
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after P Q

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives Q P

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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A-Level Physics

Exercise 3.4 (a)

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.

(a) State the principle of conservation of momentum. [2]

(b) Calculate the magnitude and the direction of the velocity of B after the collision. [5]

Before After

A B

4.0
m

s

0.25 kg 0.50 kg

at rest

A
east

2.0
m

s

60◦

B: vB

(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
m

s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v
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Exercise 3.4 (a)

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
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at 60◦ north of east.
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B: vB
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m
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m
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magnitude and the direction of the velocity of the other fragment. [5]
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant

• provided no resultant external force acts on the system

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx 向东为正，沿东
西方向应用动量守恒，求 B 的水平速度分量。

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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A-Level Physics

Exercise 3.4 (b)

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.

(a) State the principle of conservation of momentum. [2]

(b) Calculate the magnitude and the direction of the velocity of B after the collision. [5]

Before After

A B

4.0
m

s

0.25 kg 0.50 kg

at rest

A
east

2.0
m

s

60◦

B: vB

(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
m

s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v
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Exercise 3.4 (b)
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3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx
B

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy 向北为正，初始北向总
动量为零；负号表示 B 向南运动。

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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Full solution on next slide
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Full solution 3.4 (b)

3.2 B

• from rest, the three momenta add to zero, so the third cancels 6.0 N s east and 8.0 N s
north 初始静止，总动量为零；第三块的动量必须抵消另外两块的合动量。

• p =
√
p2east + p2north =

√
6.02 + 8.02 = 10 N s, directed south of west; D is the resultant

of the other two, not its opposite, and C adds the magnitudes用勾股定理求大小，方
向为西偏南；D 没有取反方向，C 错将动量大小直接相加。

3.3

(a) the total kinetic energy is conserved 系统的总动能守恒。

• the relative speed of approach equals the relative speed of separation 接近时的相对
速率等于分离时的相对速率。

(b) conservation of momentum, Q at rest: mPuP = mPvP +mQvQ Q 初始静止，其初动
量为零；取 P 的初运动方向为正。

0.40× 5.0 = 0.40 vP + 0.60 vQ, so 2.0 = 0.40 vP + 0.60 vQ

• elastic, so uP − uQ = vQ − vP: 5.0− 0 = vQ − vP, so vQ = vP + 5.0 弹性正碰满足相对
速率关系，得到第二个方程。

• 2.0 = 0.40 vP + 0.60 vP + 3.0, so vP = −1.0
m
s : P moves back at 1.0 m

s 联立两式求
解；负号表示 P 反向运动。

• vQ = 4.0 m
s forwards Q 的速度为正，表示沿原正方向运动。

(c) Ek = 1
2
mv2 for P before and for Q after 分别求 P 的初动能和 Q 的末动能。

EP = 1
2
mPu

2
P = 1

2
× 0.40× 5.02 = 5.0 J

EQ = 1
2
mQv

2
Q = 1

2
× 0.60× 4.02 = 4.8 J

• the share of P’s energy that Q receives 用 Q 获得的动能除以 P 的初动能，求转移百
分比。

EQ

EP
× 100% =

4.8

5.0
× 100% = 96%

3.4

(a) the total momentum of a system of objects is constant 系统的总动量保持不变。

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

(b) momentum along east is conserved, mAuA = mAvA cos 60◦ +mBvx
B

vx =
mAuA −mAvA cos 60◦

mB
=

0.25× 4.0− 0.25× 2.0 cos 60◦
0.50

= 1.5
m
s

• along north the total before is zero, 0 = mAvA sin 60◦ +mBvy
B

vy = −mAvA sin 60◦

mB
= −0.25× 2.0 sin 60◦

0.50
= −0.87

m
s (south)
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√
v2x + v2y =

√
1.52 + 0.872 = 1.7 m

s

• θ = tan−1 |vy|
vx

= tan−1 0.87

1.5
= 30◦ south of east

(c) the total Ek = 1
2
mv2, with the full speeds 分别求碰撞前后总动能，使用每个物体的

完整速率。
Ebefore =

1
2
mAu

2
A = 1

2
(0.25)(4.0)2 = 2.0 J

Eafter =
1
2
mAv

2
A + 1

2
mBv

2
B = 1

2
(0.25)(2.0)2 + 1

2
(0.50)(1.73)2 = 1.25 J

• the kinetic energy decreases, so the collision is inelastic 总动能减少，因此是非弹性
碰撞。

3.5

• momentum along east is conserved, Mu = m1v1 cos 53◦ +m2vx 向东为正，爆炸前后
的东向总动量相等。

vx =
Mu−m1v1 cos 53◦

m2

=
2.0× 6.0− 1.0× 5.0 cos 53◦

1.0
= 9.0

m
s

• along north the total before is zero, 0 = m1v1 sin 53◦ + m2vy 初始北向总动量为零，
因此两碎片的北向动量互相抵消。

vy = −m1v1 sin 53◦

m2

= −1.0× 5.0 sin 53◦

1.0
= −4.0

m
s (south)

• Pythagoras: v =
√

v2x + v2y =
√
9.02 + 4.02 = 9.8 m

s 用勾股定理合成速度分量，求另
一碎片的速率。

• θ = tan−1 |vy|
vx

= tan−1 4.0

9.0
= 24◦ south of east 用速度分量大小之比求角度，方向为

东偏南。
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Exercise 3.4 (c)

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.

(a) State the principle of conservation of momentum. [2]

(b) Calculate the magnitude and the direction of the velocity of B after the collision. [5]

Before After

A B

4.0
m

s

0.25 kg 0.50 kg

at rest

A
east

2.0
m

s

60◦

B: vB

(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
m

s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v

A-Level Physics • 3.3.1 Elastic collisions and momentum in two dimensions 8

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.

(a) State the principle of conservation of momentum. [2]

(b) Calculate the magnitude and the direction of the velocity of B after the collision. [5]

Before After

A B

4.0
m

s

0.25 kg 0.50 kg

at rest

A
east

2.0
m

s

60◦

B: vB

(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
m

s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v

A-Level Physics • 3.3.1 Elastic collisions and momentum in two dimensions 8



A-Level Physics

Exercise 3.4 (c)

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m
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• Pythagoras: v =
√
v2x + v2y =

√
1.52 + 0.872 = 1.7 m

s 用两个垂直速度分量求完整速
率。

• θ = tan−1 |vy|
vx

= tan−1 0.87

1.5
= 30◦ south of east 用分量大小之比求角度；水平方向

向东，竖直方向向南。

(c) the total Ek = 1
2
mv2, with the full speeds

Ebefore =
1
2
mAu

2
A = 1

2
(0.25)(4.0)2 = 2.0 J

Eafter =
1
2
mAv

2
A + 1

2
mBv

2
B = 1

2
(0.25)(2.0)2 + 1

2
(0.50)(1.73)2 = 1.25 J

• the kinetic energy decreases, so the collision is inelastic

3.5

• momentum along east is conserved, Mu = m1v1 cos 53◦ +m2vx 向东为正，爆炸前后
的东向总动量相等。

vx =
Mu−m1v1 cos 53◦

m2

=
2.0× 6.0− 1.0× 5.0 cos 53◦

1.0
= 9.0

m
s

• along north the total before is zero, 0 = m1v1 sin 53◦ + m2vy 初始北向总动量为零，
因此两碎片的北向动量互相抵消。

vy = −m1v1 sin 53◦

m2

= −1.0× 5.0 sin 53◦

1.0
= −4.0

m
s (south)

• Pythagoras: v =
√

v2x + v2y =
√
9.02 + 4.02 = 9.8 m

s 用勾股定理合成速度分量，求另
一碎片的速率。

• θ = tan−1 |vy|
vx

= tan−1 4.0

9.0
= 24◦ south of east 用速度分量大小之比求角度，方向为

东偏南。
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Exercise 3.5

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.

(a) State the principle of conservation of momentum. [2]

(b) Calculate the magnitude and the direction of the velocity of B after the collision. [5]

Before After

A B

4.0
m

s

0.25 kg 0.50 kg

at rest

A
east

2.0
m

s

60◦

B: vB

(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
m

s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v
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Exercise 3.5

3.4 On a horizontal frictionless surface, a puck A of mass 0.25 kg moving due east at
4.0

m
s strikes a stationary puck B of mass 0.50 kg. After the collision, A moves at 2.0 m

s
at 60◦ north of east.
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A B
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A
east

2.0
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(c) Determine whether the collision is elastic. Show your working. [3]

3.5 An object of mass 2.0 kg moving due east at 6.0
m
s explodes into two fragments,

each of mass 1.0 kg. One fragment moves at 5.0
m
s at 53◦ north of east. Calculate the

magnitude and the direction of the velocity of the other fragment. [5]

Before After: 1.0 kg each

6.0
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s

2.0 kg
1

east

5.0
m

s

53◦

fragment 2: v
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Full solution 3.5

• Pythagoras: v =
√
v2x + v2y =

√
1.52 + 0.872 = 1.7 m

s 用两个垂直速度分量求完整速
率。

• θ = tan−1 |vy|
vx

= tan−1 0.87

1.5
= 30◦ south of east 用分量大小之比求角度；水平方向

向东，竖直方向向南。

(c) the total Ek = 1
2
mv2, with the full speeds 分别求碰撞前后总动能，使用每个物体的

完整速率。
Ebefore =

1
2
mAu

2
A = 1

2
(0.25)(4.0)2 = 2.0 J

Eafter =
1
2
mAv

2
A + 1

2
mBv

2
B = 1

2
(0.25)(2.0)2 + 1

2
(0.50)(1.73)2 = 1.25 J

• the kinetic energy decreases, so the collision is inelastic 总动能减少，因此是非弹性
碰撞。

3.5

• momentum along east is conserved, Mu = m1v1 cos 53◦ +m2vx

vx =
Mu−m1v1 cos 53◦

m2

=
2.0× 6.0− 1.0× 5.0 cos 53◦

1.0
= 9.0

m
s

• along north the total before is zero, 0 = m1v1 sin 53◦ + m2vy

vy = −m1v1 sin 53◦

m2

= −1.0× 5.0 sin 53◦

1.0
= −4.0

m
s (south)

• Pythagoras: v =
√

v2x + v2y =
√
9.02 + 4.02 = 9.8 m

s

• θ = tan−1 |vy|
vx

= tan−1 4.0

9.0
= 24◦ south of east
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