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Name: ______________________________________
Date: ________________________

Guided Learning: Power and Motion (Part 2)
Running… a closer look

Skydivers fall owing to gravity, which can be considered a nearly constant force. However, a runner’s muscles do not provide a constant force. A quick thought-experiment to shows why.
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1. Imagine a runner has a mass of 100 kg and his muscles can exert a force of 300 newtons to accelerate his body throughout a 12-second footrace.

A. What is his speed after 2 seconds? (Recall [image: image3.png]


.) _________________
B. What is his kinetic energy after 2 seconds? (Recall that energy is often measured in joules (1 J = 1 N-kg), and [image: image5.png]


 .) Show your work below:
2. Fill in the chart below, using the values calculated above to complete the first row:

	Time (s)
	Velocity (m/s)
	Kinetic energy (J)
	Energy gained during last two seconds (J)

	2
	
	
	

	4
	
	
	

	6
	
	
	

	8
	
	
	

	10
	
	
	

	12
	
	
	


3. A joule equals about 0.239 calories. There are 1000 calories in 1 “Calorie,” written with a capital “C.” These “large calories” are the ones used on nutrition labels.

A. How many Calories did the runner have to burn in the last two seconds if we assume his body was 100% efficient at converting chemical energy to kinetic energy?

B. The body of a world-class sprinter cannot burn more than 1 Calorie per second when running, even when accelerating at maximum power. How does this explain why the muscles of a human do not exert a constant force?

___________________________________________________________________

___________________________________________________________________
Power

In the previous activity, you found that it was unrealistic to expect a human’s muscles to exert a constant force. The same is true for car engines and electric motors. They do not provide a constant force; instead, they convert energy at a (nearly) constant rate. This rate of energy conversion is called power.
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Quick Check: An electric generator powers a radiator that produces 120,000 Calories of heat during an 8-hour night. What is the power of the generator in Calories per second? Show your work and answer below:

Power in different contexts

In any application where energy is constantly provided to a system, power is a useful quantity to consider. Power is typically measured in watts. One watt equals one joule per second.

· In electric circuits, power equals the product of current and potential ([image: image7.png]


) and a watt equals one volt multiplied by one ampere.
· When discussing heat, the energy converted may be given in calories, joules, or BTUs (British Thermal Units), and determining the power only requires dividing by time. 
· In mechanical systems, power can often be computed using any of the following equalities[image: image9.png]


. 
Since P = F x v for mechanical systems, the force applied is inversely proportional to the velocity in those cases where the power is limited (e.g., the human body). This is the simplest way to describe why a runner can start out accelerating faster than a falling object dropped at the same time but end up having a significantly lower final speed.
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1. A 100-watt bulb is left on for an entire day.

A. How much energy does it use in joules? Show your work below:

B. How many Calories did the bulb use? 

2. Electrical outlets in most American homes provide a potential of 120 volts. What current runs through a lamp plugged into such an outlet if it uses at 60-watt bulb? Show your work and answer below.

3. A certain car’s maximum speed is 120 meters per second (about 260 mph). The force of friction and wind resistance at that speed is 3 x 106 N.

A. The car is moving at maximum speed, so what is the net force on the care? _____

B.  What force do the tires exert on the road? _______

C. If the engine is 100% efficient, meaning all the energy it converts is transferred to the tires, what power (in watts) does it generate? Show your work and answer below.

4. A trebuchet is a type of catapult used until the 13th century to attack castles. It has a large wooden lever with a heavy weight, called a counterweight, attached to one end. When the counterweight was dropped, the other end, which held rocks or other projectiles in a sling, hurtled forward. The sling was rigged to open during this motion, releasing the projectiles. 
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A. If the counterweight has a mass of 5,000 kg, how much work (in joules) does gravity do on the counterweight as it falls 16 meters?

_____________________________________

B. Assume there is no air resistance and that the lever and projectile are very light so the counterweight can be assumed to be in freefall. How long does it take a counterweight to fall 16 m?  Show your work and answer below.

C. How many watts on average are generated by the falling counterweight? _________
Show your work.

5. Challenge: A worker in a warehouse pushes a 100-kg crate up a ramp. The height of the ramp is 1 meter, and its length is 3 meters. The coefficient of friction between the crate and ramp is [image: image12.png]0.3



. When the crate reaches the top of the ramp, it has a velocity of 1 m/s. 

A. Sketch a free-body diagram for the crate showing the force of gravity parallel to the ramp, the force of gravity perpendicular to the ramp, the force of friction, and the force of the ramp against gravity. (You do not have to find the force exerted by the worker yet.)
B. If it takes the worker 4 seconds to push the crate to the top, what average power did she exert? Give your answer in watts, and show your work below. (Hint: Use the work-energy theorem.)

C. The human body burns sugar, fat, and proteins to generate power. The efficiency of a mechanical system equals the ratio of useful work done to energy consumed. If the worker’s body is 70% efficient, how many calories did she burn pushing the crate up the ramp? Show your work and answer below: 
Thinking about running versus falling
There is one key difference between systems whose motion depends on a fixed external force and systems whose motion depends on a fixed power source. Assuming no friction, an object accelerated by a constant force will increase in velocity at a steady rate. Mathematically, this is written [image: image14.png]


, where a is the constant acceleration equal to force divided by mass. However, in a system depending on a fixed power source, it is the energy—not the velocity—that increases at a constant rate. That gives the equation [image: image16.png]


, where P is the constant power.
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1. How does the equation [image: image19.png]


 relate to definition for power? _______________________

_________________________________________________________________________

2. For an object moving on a level surface, changes in potential energy can be ignored, and the energy gained from motion is purely kinetic energy. Kinetic energy is given by the equation [image: image21.png]


. Combine this equation with [image: image23.png]


 to find an equation for velocity in terms of time. (Power and mass will be constants in this equation.)
3. Use a graphing calculator to sketch the two basic velocity curves: [image: image25.png]
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 for time equals 0 seconds to 4 seconds.

A. Which graph represents falling? __________ Which represents running? _________

B. Which graph shows a faster acceleration at the very beginning? ________________

C. Which graph shows a slower acceleration as time increases? ________________

D. How do the above two observations relate to running versus falling? ____________

___________________________________________________________________

___________________________________________________________________
___________________________________________________________________
E. In what ways are these graphs not realistic pictures of how velocity varies with time?

___________________________________________________________________
___________________________________________________________________
F. What do you think is the cause for the problems you described in E? ____________

___________________________________________________________________
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