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Homework 12 

Energy 

1. Kinetic energy 

Energy is a scalar physical quantity which expresses the ability of an object to do work. It 

means that an object which possesses some energy can interact with other objects and cause 

changes in their positions and velocities. An object with higher energy can do more work. There 

are many forms of energy – kinetic, potential, thermal, chemical, nuclear etc.  

Energy conserves. It means that energy cannot be created or destroyed – it can only be 

transferred from one form into another. For example, a power plant does not create electrical 

energy. A power plant converts kinetic energy of water flow or chemical energy of fuel into 

electrical energy. When a battery of, say, a flashlight is depleted, it does not mean that the energy 

previously stored in the battery just disappeared. The energy was just converted into thermal 

energy and energy of light.  

We start with kinetic energy. The kinetic energy of an object is the extra energy which it 

possesses due to its motion. Any moving object possesses kinetic energy. If two objects have same 

mass, the one with higher speed has higher energy. (I used the word “speed” instead of “velocity” 

because only the magnitude of velocity is important for the kinetic energy). If the speeds of two 

moving objects are equal, the object with higher mass will have higher kinetic energy. Kinetic 

energy can be calculated using the formula: 
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where m is mass, V is speed. The International System unit to measure energy is Joule (J). 
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It is named after James Prescott Joule (1818-1889) – English physicist and brewer. Many 

scientists contributed to discovery and understanding of the energy conservation law. Among these 

were James Joule, Hermann Helmholtz and Julius Meyer. 
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James Prescott Joule 

(1818-1889) 

 

Hermann Ludwig Ferdinand 

von Helmholtz 

(1821-1894) 

Julius Robert von Meyer (1814 – 1878), German physician and physicist whose name is 

associated with the first formulation of the energy conservation law. Famous Japanese physicist, 

Ryogo Kubo describes the discovery of Julius Meyer as follows: 

 

Julius Rober von Mayer 

(1814-1878) 
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” 

Ryogo Kubo, “Thermodymamics” 

It looks like despite the kinetic energy having a simple expression it is tricky to calculate 

it. Even if an object is on Earth and is at rest with respect to the ground, it is moving with respect 

to the Sun. Do we have to take this motion into account? Generally, yes - especially taking into 

account that this is accelerated motion. But for many processes the effect of the Earth motion is 

small and can be neglected. While absolute kinetic energy depends on the reference frame and 

does not have much sense, the change in kinetic energy in a certain process is much more 

meaningful. 

2. Potential energy 

We can think about potential energy as of the energy “stored” in the system. Unlike kinetic 

energy which depends on the object’s velocity, potential energy depends on the position of the 

physical body with respect to other objects with which the body interacts.  Expression for potential 

energy depends on the type of interaction between the objects. Here we discuss how to calculate 

the potential energy in case of gravity force.  
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Any object with mass is attracted by Earth. The higher is the position of the object over the 

ground, the stronger it will hit the ground when it falls. It is natural to assume that potential energy 

depends on the distance between the object and the ground. When a stone starts falling it 

accelerates toward the Earth. The kinetic energy of the stone increases. At first glance it looks like 

the energy is created as the stone goes down. But this statement is not correct. The total energy of 

the stone remains constant as the stone is falling down, in full agreement with the energy 

conservation law. The total energy of the stone is the sum of potential and kinetic energies. In the 

highest point kinetic energy is zero and potential energy is maximal. At the lowest point, just 

before the stone hits the ground, potential energy is minimal and kinetic energy is maximal. 

Potential energy corresponding to the gravity force can be calculated as 

hgmE potential =  

 

Here m is the mass of the object; g is acceleration due to gravity, h is the distance between the 

object and, say, the ground. There are two important points: 

1. As with the kinetic energy absolute value of potential energy does not make much sense. 

We can count h from any level when solving a problem. What does make sense it is change 

in the potential energy in a certain process. This change will not depend on the “zero 

potential energy level” which you can choose arbitrary. 

2. The formula above is valid only if the object is close enough to the Earth – the distance 

between the object and the Earth should be much less than the radius of Earth. 

 

Problems: 

1. Calculate kinetic energy of a falling stone with a mass of 10kg after 3 second of 

falling. 

2. Imagine that both the mass and the speed of a moving object increased 2 times. 

How did its kinetic energy change? 

3. It is possible to use the energy of tidal waves to produce electricity. For a first 

glance this is an eternal (well, almost eternal – as long as the Earth and Moon 

exist) energy source. Is it true? Explain your answer. 
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4. A 1 kg stone is falling down from a height of 10m. Calculate kinetic and potential 

energies of the stone in the upper, middle and lower points. Please calculate the 

kinetic energy through the calculation of the stone’s velocity and show that the 

total energy of the stone remains constant as it goes down. 

5. A 10g bullet is sent up at a speed of 300m/s. How high will it go? Solve this 

problem by two ways. 

6. A 50g ball is falling down. As the ball passes a certain distance its potential 

energy changes for 2J. Calculate this distance. Does this distance depend on the 

initial velocity of the ball? 


