
    

    

PHYS 1110 

Discussion 7: Conservation of energy 

Summary 

Mechanical Energy 

Mechanical energy comprises the forms of energy that are readily converted to work: kinetic 

energy, and potential energy of all kinds. 

Conservation of Mechanical Energy 

Mechanical energy is conserved in any process that transfers energy between different forms of 

mechanical energy, such as from kinetic energy to potential energy, or between different types of 

potential energy. 

If we know that mechanical energy is conserved in some process, we know that throughout the 

process the total mechanical energy remains constant.  For instance, if a process involves two 

configurations, 1 and 2, each with its associated kinetic energy K, gravitational potential energy 

Ug, and elastic potential energy Ue, 

𝐸1 = 𝐸2 

𝐾1 + 𝑈𝑔1 + 𝑈𝑒1 = 𝐾2 + 𝑈𝑔2 + 𝑈𝑒2 

½ 𝑚𝑣1
2 + 𝑚𝑔𝑦1 + ½ 𝑘𝑥1

2 = ½ 𝑚𝑣2
2 + 𝑚𝑔𝑦2 + ½ 𝑘𝑥2
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Conservative and non-conservative forces 

If only conservative forces act on the objects in a system of interest throughout a process, 

mechanical energy is conserved.  Conservative forces are forces associated with a potential 

energy; examples include gravity and the force exerted by a Hooke’s law spring. 

Non-conservative forces, on the other hand, do not conserve mechanical energy.  Examples of 

non-conservative forces include friction and the force provided by a motor. 

Conservation of energy 

When non-conservative forces act, we can account for their effect: the work WN done by a non-

conservative force changes the system’s mechanical energy.   

𝐸1 + 𝑊𝑁 = 𝐸2 

Problems 

1. A 42-kg snowman slides along frictionless ice at a speed of 2.10 m/s toward a coil spring 

with a spring constant of 1700 N/m, as 1.  The snowman runs into the spring, compressing 

the spring until it momentarily stops the snowman, as 2.  We want to find how far the spring 

compresses. 
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The only horizontal force, from the spring, is conservative, so we can set up a conservation 

of energy equation.  

𝐸1 = 𝐸2 

½ 𝑚𝑣1
2 + ½ 𝑘𝑥1

2 = ½ 𝑚𝑣2
2 + ½ 𝑘𝑥2

2 

a. The problem requires that x1 = 0 and v2 = 0.  Solve the resulting equation for x2. 

b. Mathematically, there are two solutions for x2 that satisfy the conservation of energy 

equation.   

i. Which one is the one you want? 

ii. What does the other solution mean? 

2. Industrious students construct a potato cannon.  In its first trial on Fraternity Mall, the cannon 

fires a 0.450-kg potato at a speed of 24.5 m/s at an angle of 35 degrees above horizontal.  We 

want to find out how high above the launch point the potato rises in its arc, and how fast it is 

traveling at that point.  We could use kinematics to find these quantities, but we’ll use a 

combination of kinematics and conservation of energy instead.  We’ll call state 1 right after 

the potato leaves the muzzle of the cannon, and state 2 the top of the potato’s arc.  We’ll also 

assume, as usual, that the non-conservative force of drag is not significant, leaving only the 

conservative force of gravity to consider. 

a. First, the kinematics.  Find the horizontal and vertical components of the potato’s initial 

(state 1) velocity.  (Is this kinematics, or just trigonometry?) 

b. What is the potato’s kinetic energy at state 1? 

c. We ought to know that at the top of the potato’s arc (state 2), the vertical component of 

its velocity vy is zero.  What it the potato’s kinetic energy at state 2? 

d. Assume that the potato’s total mechanical energy is the same at states 1 and 2.  Find the 

potato’s height at state 2. 

You can solve this the rest of the way to find the greatest height 𝑦2 − 𝑦1. 

e. You already know the speed at the top of the arc.  You’ve known since step a. 
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    E 1 =   E 2


    K 1 +   U  g 1 +   U  e 1 =   K 2 +   U  g 2 +   U  e 2


    K 1 +   U  g 1 +   U  e 1 =   K 2 +   U  g 2 +   U  e 2


  ½   m   v 1 2 + m g   y 1 + ½   k   x 1 2 = ½   m   v 2 2 + m g   y 2 + ½   k   x 2 2


  ½   m   v 1 2 + m g   y 1 + ½   k   x 1 2 = ½   m   v 2 2 + m g   y 2 + ½   k   x 2 2


    E 1 +   W  N =   E 2


    E 1 =   E 2


  ½   m   v 1 2 + ½   k   x 1 2 = ½   m   v 2 2 + ½   k   x 2 2


  ½   m   v 1 2 + ½   k   x 1 2 = ½   m   v 2 2 + ½   k   x 2 2


    y 2 −   y 1

