
5. Collision
Ella ‘Crazy Vixen’ Blakely 

New Zealand

1



Problem

“A highly elastic Super Ball collides with a rigid surface. How can one 
determine the collision time? Propose various techniques and compare 
the experimental results.” 

• 333
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Different methods of testing

• High speed video

• Piezo disk– Voltage over time

• Sound

• Motion sensor
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Piezo chip:
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High Speed Video:
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Sound:
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Motion Sensor:
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What methods work best?
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Method: Accuracy: Force:

Piezo chip Analog Yes

Sound 4.s.f + No 

High Speed Video 1.s.f No 

Motion Sensor 1.s.f No

The Problem Testing Theory and Physics Results Conclusion



Theory

• Elastic and inelastic collision

• COR – Coefficient of Restitution
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Theory

• Elastic collisions
• No energy lost

• Only occur on 
atomically level
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Ground
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Theory

• Inelastic collisions
• Energy is lost

• Most common 
type of collision
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Theory

• COR - Coefficient of Restitution
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𝐶𝑟 =
𝑉𝑓

𝑉𝑖

2𝑔ℎ𝑓

2𝑔ℎ𝑖
𝐶𝑟 =√
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Theory
• Energy transfers – conservation of 

energy 

Gravitational Potential

Kinetic

Elastic Potential

Kinetic
17

ThermalSound
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Theory 

Fw

Fw= ball mass x 9.8
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Fw
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Fw
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Fw

Fn
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Fw
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Fw
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Fw
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Finding the spring constant

• Hooke’s Law – Hertz Adjustment
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𝑘 = −
𝐹

𝑥
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𝐹 = −𝑘𝑥(
3
2
)

Spring: Ball:

𝐹 = 𝐹𝑜𝑟𝑐𝑒
𝑘 = 𝑆𝑝𝑟𝑖𝑛𝑔 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑥 = 𝐸𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑜𝑟 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛
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𝑘 = −
𝐹

𝑥

Spring constant 
without Hertz 
adjustment. 
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𝑘 = −
𝐹
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3

2
)

Spring constant with
Hertz adjustment. 
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)

Spring constant with
Hertz adjustment. 
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Theoretical Model

• Looks at displacement over time to 
predict collision time using:
• Velocity

• Spring Constant 

• Weight Force

• Normal Force

• Acceleration

• Mass
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Theoretical Model

• Looks at displacement over time to 
predict collision time using:
• Velocity

• Spring Constant 

• Weight Force

• Normal Force

• Acceleration

• Mass
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𝑉𝑖 = √2𝑔ℎ

𝑉𝑓 = 𝑉𝑖 + 𝑎𝑡



Theoretical Model

• Looks at displacement over time to 
predict collision time using:
• Velocity

• Spring Constant 

• Weight Force

• Normal Force

• Acceleration

• Mass
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𝑘 = −
𝑓

𝑥
(
3
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Theoretical Model

• Looks at displacement over time to 
predict collision time using:
• Velocity

• Spring Constant 

• Weight Force

• Normal Force

• Acceleration

• Mass
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𝐹𝑤 = 𝑚𝑎𝑠𝑠 × 9.8

𝐹𝑁 = 𝑘𝑥(
3
2
)



Theoretical Model

• Looks at displacement over time to 
predict collision time using:
• Velocity

• Spring Constant 

• Weight Force

• Normal Force

• Acceleration

• Mass
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𝑎 =
𝐹𝑛𝑒𝑡
𝑚
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Height: 1m 
Spring Constant: 258000
Mass: 0.01kg

Collision time=0.00259 sec
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Piezo Chip

• Voltage over time

• Oscilloscope 
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Ball Mass = 0.010kg
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𝑔 (𝑔𝑟𝑎𝑣𝑖𝑡𝑦) = 9.8
ℎ = 𝑑𝑟𝑜𝑝 ℎ𝑒𝑖𝑔ℎ𝑡
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Ball Mass = 0.075kg
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Sound:
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Sample rate (HZ) = 44100

Collision Time = 
101

44100
= 0.00229𝑚𝑠
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Ball Mass = 0.010kg
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Ball Mass = 0.075kg

The Problem Testing Theory and Physics Results Conclusion

𝑘 = 761000𝑁/𝑚^(
3

2
)

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑉) = √2𝑔ℎ
𝑔 (𝑔𝑟𝑎𝑣𝑖𝑡𝑦) = 9.8
ℎ = 𝑑𝑟𝑜𝑝 ℎ𝑒𝑖𝑔ℎ𝑡

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0.004

0.0045

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

C
o

lli
si

o
n

 t
im

e 
(s

ec
)

Velocity (V)

Big Ball
Audio

Big Ball Data

Theoretical



High Speed Video

• Frame Rate – 1000fps

• Set up
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Ball Mass = 0.010kg
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Ball Mass = 0.075kg
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Conclusion:
“A highly elastic Super Ball collides with a rigid surface. How can one 
determine the collision time? Propose various techniques and compare 
the experimental results.” 
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• High speed video
• Piezo disk –

Voltage over 
time

• Sound
• Motion sensor

Fw
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Lasers:
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Laser
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Lasers:
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Ground

Laser
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Lasers:
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Ground
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Starts Timing:



Lasers:
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Ground

Laser
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Lasers:
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Lasers:
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Ground

Laser
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Stops Timing:



Why sound works?
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Compression 

Rarefaction 



Impulse and Momentums
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Theory
• Energy transfers – conservation of 

energy 

Gravitational Potential

Kinetic

Elastic Potential

Kinetic
68

ThermalSound
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Piezo chip:
• Voltage over time

• Capstone
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Collision Time: 
0.016sec or 16ms
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Piezo chip:
• Voltage over time

• Capstone
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