
Answer on Question #40140, Physics, Mechanics | Kinematics | Dynamics 

a) A particle of mass 4.0 kg, initially moving with a velocity of 5. 0 ms with a particle of mass 6.0 kg, initially 

moving with a velocity of 5.0ms− 1 collides elastically -8.0 ms-1. What are the velocities of the two particles 

before and after the collision in the center of mass frame of reference? What are the velocities of the two 

particles after the collision in the laboratory frame?  

b) A 30.0 kg girl stands at the rim of a merry-go-round that has a moment of inertia of 2 500 kg m and a 

radius of 3.00 m. The merry-go-round is initially at rest. The woman then starts walking around the rim 

clockwise at a constant speed of 2. 0 ms-1, i) In what direction and with what angular speed does the 

merry-go-round rotate?  ii) How much work does the girl do to set herself and the merry-go-round into 

motion. 

Solution 

a)  

 

           

1) The laboratory frame. 

Given: 

𝑚1 = 4.0 𝑘𝑔, 𝑚2 = 6.0 𝑘𝑔, 𝑣1𝑖 = 5.0
𝑚

𝑠
, 𝑣2𝑖 = −5.0

𝑚

𝑠
. 

Collision is elastic - both the momentum and kinetic energy of the system are conserved. 

𝑚2𝑣2𝑖 + 𝑚1𝑣1𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓 . 

 

𝑚2𝑣2𝑖
2

2
+

𝑚1𝑣1𝑖
2

2
=

𝑚1𝑣1𝑓
2

2
+

𝑚2𝑣2𝑓
2

2
. 

 

𝑚2𝑣2𝑖 + 𝑚1𝑣1𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓 → 𝑚1(𝑣1𝑖 − 𝑣1𝑓) = 𝑚2(𝑣2𝑓 − 𝑣2𝑖). 

𝑚2𝑣2𝑖
2

2
+

𝑚1𝑣1𝑖
2

2
=

𝑚1𝑣1𝑓
2

2
+

𝑚2𝑣2𝑓
2

2
→ 𝑚1(𝑣1𝑖

2 − 𝑣1𝑓
2 ) = 𝑚2(𝑣2𝑓

2 − 𝑣2𝑖
2 ). 

𝑚1(𝑣1𝑖
2 − 𝑣1𝑓

2 ) = 𝑚2(𝑣2𝑓
2 − 𝑣2𝑖

2 ) → 𝑚1(𝑣1𝑖 − 𝑣1𝑓)(𝑣1𝑖 + 𝑣1𝑓) = 𝑚2(𝑣2𝑓 − 𝑣2𝑖)(𝑣2𝑓 + 𝑣2𝑖). 

To obtain our final result, we divide equation 𝑚1(𝑣1𝑖 − 𝑣1𝑓)(𝑣1𝑖 + 𝑣1𝑓) = 𝑚2(𝑣2𝑓 − 𝑣2𝑖)(𝑣2𝑓 +

𝑣2𝑖) by equation 𝑚1(𝑣1𝑖 − 𝑣1𝑓) = 𝑚2(𝑣2𝑓 − 𝑣2𝑖) and obtain 

(𝑣1𝑖 + 𝑣1𝑓) = (𝑣2𝑓 + 𝑣2𝑖) → (𝑣1𝑖 − 𝑣2𝑖) = −(𝑣1𝑓 − 𝑣2𝑓). 

This equation, in combination with equation 𝑚2𝑣2𝑖 + 𝑚1𝑣1𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓 give us the final 

velocities: 

𝑣1𝑓 =
𝑚1 − 𝑚2

𝑚1 + 𝑚2
𝑣1𝑖 +

2𝑚2

𝑚1 + 𝑚2
𝑣2𝑖 =

4.0 − 6.0

4.0 + 6.0
5.0 +

2 ∙ 6.0

4.0 + 6.0
(−5.0) = −7.0

𝑚

𝑠
. 

𝑣2𝑓 =
2𝑚1

𝑚1 + 𝑚2
𝑣1𝑖 +

𝑚2 − 𝑚1

𝑚1 + 𝑚2
𝑣2𝑖 =

2 ∙ 4.0

4.0 + 6.0
5.0 +

6.0 − 4.0

4.0 + 6.0
(−5.0) = 3.0

𝑚

𝑠
. 
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The center of mass frame of reference. 

Before the collision: 

𝑢1𝑖 = 𝑣1𝑖 − 𝑣𝑐𝑚 = 𝑣1𝑖 −
𝑚2𝑣2𝑖 + 𝑚1𝑣1𝑖

𝑚1 + 𝑚2
= 5.0 −

6.0 ∙ (−5.0) + 4.0 ∙ 5.0

4.0 + 6.0
= 6.0

𝑚

𝑠
. 

𝑢2𝑖 = 𝑣2𝑖 − 𝑣𝑐𝑚 = 𝑣2𝑖 −
𝑚2𝑣2𝑖 + 𝑚1𝑣1𝑖

𝑚1 + 𝑚2
= −5.0 −

6.0 ∙ (−5.0) + 4.0 ∙ 5.0

4.0 + 6.0
= −4.0

𝑚

𝑠
. 

After the collision: 

 

𝑢1𝑓 = −𝑢1𝑖 = −6.0
𝑚

𝑠
. 

𝑢2𝑓 = −𝑢2𝑖 = 4.0
𝑚

𝑠
. 

b) i) If no external agent exerts a torque about the vertical axis through the center of the merry-go-

round, the total angular momentum of the system (girl plus merry-go-round) about this axis 

remains constant. When the girl is at rest on the stationary merry-go-round, the total angular 

momentum of the system is zero (𝐿𝑖 = 0). As the girl starts walking around the axis, merry-go-

round must develop a counterclockwise angular momentum whose magnitude equals of the girl’s 

clockwise angular momentum. These two contributions to the total angular momentum will then 

cancel each other. 

Treating the girl as the point object on the rim of merry-go-round (which 𝑟 = 3.00 𝑚 from the 

axis), her moment of inertia about the central axis is 𝐼𝑔 = 𝑚𝑔𝑟2.Taking counterclockwise angular 

momentum as positive the girl’s clockwise angular momentum as she walks at constant speed 𝑣 

relative to the Earth is 

𝐿𝑔 = −𝐼𝑔𝜔𝑔 = −(𝑚𝑔𝑟2) (
𝑣

𝑟
) = −𝑚𝑔𝑟𝑣. 

The angular momentum of merry-go-round is 𝐿𝑚 = 𝐼𝑚𝜔𝑚 and conservation of angular momentum 

requires that 

𝐿𝑓𝑖𝑛𝑎𝑙 = 𝐿𝑚 + 𝐿𝑔 = 𝐿𝑖 = 0 or  𝐼𝑚𝜔𝑚 − 𝑚𝑔𝑟𝑣 = 0. 

Thus 

𝜔𝑚 =
𝑚𝑔𝑟𝑣

𝐼𝑚
=

30.0 kg ∙ 3.00 m ∙ 2. 0
m
s

2500 kg ∙ m
= 0.072

𝑟𝑎𝑑

𝑠
 counterclockwise. 

ii) The work-energy theorem gives the work done by the girl to set this system in motion as 

𝑊𝑛𝑒𝑡 = 𝐾𝐸𝑓 − 𝐾𝐸𝑖 = (
1

2
𝐼𝑚𝜔𝑚

2 +
1

2
𝑚𝑔𝑣2) − 0. 

𝑊𝑛𝑒𝑡 =
1

2
(2500 kg ∙ m) (0.072

𝑟𝑎𝑑

𝑠
)

2

+
1

2
(30.0 kg) (2. 0

m

s
)

2

= 66.5 𝐽. 
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