Energy
1. Sprinter's Energy: A 100m sprinter converts chemical energy from food into kinetic energy. Assuming a sprinter has a mass of 70kg and reaches a top speed of 10m/s, calculate their kinetic energy at maximum speed. How efficient is this energy conversion if they consumed 300 kcal of energy before the race? (Note: 1 kcal = 4184 J)
2. High Jumper's Potential Energy: A high jumper of mass 65kg reaches a height of 2.3m. Calculate their gravitational potential energy at this point. Assuming no energy loss, what is their velocity just before they leave the ground?
3. Bow and Arrow: Discuss the energy transformations involved in archery, from the potential energy stored in the bow to the kinetic energy of the arrow. How does the mass of the arrow affect its kinetic energy for a given draw strength?
Momentum
1. Javelin Throw: A javelin with a mass of 0.8kg is thrown at a speed of 30m/s. Calculate its momentum. If the athlete exerts a force of 800N on the javelin for 0.2s, what is the impulse imparted to the javelin?


2. Weightlifting: A weightlifter lifts a 150kg barbell from the ground to a height of 2.2m in 2 seconds. Calculate the average power output of the weightlifter. What is the momentum of the barbell when it is at its highest point?
3. Hockey Puck: A hockey puck with a mass of 0.16kg is hit with a force of 200N for 0.05s. Calculate the change in momentum of the puck. If the puck was initially at rest, what is its final velocity?
Additional Questions
1. Diving: Analyse the energy transformations involved in a diving competition, from the diver's potential energy on the platform to their kinetic energy entering the water.
2. Cycling: Explain the factors affecting a cyclist's power output, such as air resistance and rolling resistance. How does gear ratio influence a cyclist's speed and power?
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Hockey Puck

1. Calculate change in momentum:

Impulse (J) = F x t

Where F is force (200 N) and  is time (0.05 s):

J =200 x 0.05 = 10 N\ cdotps

2. Final velocity:

J=Ap=mv—0

Where m is mass (0.16 kg)

J 10 B
v=—=—— =625m/s
m  0.16
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Additional Questions
Diving
* Energy Transformations:
* At the platform, the diver has maximum potential energy (PE).

* As the diver descends, PE converts to kinetic energy (KE).

* Just before entering the water, most PE is converted to KE.

Gymnastics
* Angular Momentum:
* Angular momentum (L) is conserved if no external torque acts on the system.

* In gymnastics, when performing routines, the distribution of mass and rotational speed

determine the angular momentum

* Eg., on a balance beam, gymnasts use angular momentum to execute flips and spins.
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Cycling
® Factors affecting power output:
* Air resistance: Increases with speed, requiring more power.
* Rolling resistance: Depends on the surface and tire condition.

® Gear ratio: Influences the mechanical advantage and cadence. Lower gears allow for easier

pedaling at the cost of speed, while higher gears require more force but increase speed.

Gear ratios help cyclists maintain optimal power output by adjusting the force needed for

pedaling, balancing between cadence and resistance.
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Energy
Sprinter's Energy

1. Calculate kinetic energy at maximum speed:

1
Kinetic Energy (KE) = émv2

Where m is mass (70 kg) and v is velocity (10 m/s):

KE7%X7O><1[]273500J

2. Energy conversion efficiency:

300 kecal = 300 x 4184 J = 1255200 J

ineti 5
Efficiency = ( Kinetic Energy ) 100 — ( 3500

100 ~ 0.28
Total Energy Consumed 1255200) * %
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High Jumper's Potential Energy

1. Calculate gravitational potential energy:

Potential Energy (PE) = mgh

Where m is mass (65 kg), g is the acceleration due to gravity (9.8 m/s?), and h is height (2.3 m):

PE = 65 x 9.8 x 2.3 = 1467.1J

2. Velocity just before leaving the ground:

Assuming all potential energy converts to kinetic energy:

KE = PE

1,
Emv = 1467.1

2 x 1467.1
v = ~6.7m/s
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Bow and Arrow

* Energy Transformations:

1. The archer pulls the bowstring, storing potential energy (elastic potential energy) in the

bow.

2. Upon release, the potential energy is converted into kinetic energy of the arrow.
Effect of arrow mass:

* For agiven draw strength, a lighter arrow will have a higher velocity because kinetic energy

is divided by the mass:

1,
KE = -mv*
2
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Momentum

Javelin Throw

1. Calculate momentum:

Momentum (p) = mv

Where m is mass (0.8 kg) and v is velocity (30 m/s);

p = 0.8 x 30 = 24 kg\cdotpm/s

2. Impulse imparted to the javelin

Impulse (J) = F x t

Where F is force (800 N) and  is time (0.2 s):

J =800 x 0.2 = 160 N\ cdotps
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Weightlifting

1. Calculate average power output:

Work done (W) = mgh

Where m is mass (150 kg), g is acceleration due to gravity (9.8 m/s%), and h is height (2.2 m):

W =150 x 9.8 x 2.2 = 3234 J

W
Power (P) = T

Where t is time (2 s):

3234
P = — = 1617 W

2. Momentum at the highest point:

At the highest point, the barbell's velocity is zero, so its momentum is zero.




