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Work and Kinetic Energy: Block on Ramp 
 

A block starts with a speed of 15 m/s at the bottom of a ramp that is inclined at an angle of 30o 
with the horizontal.  The coefficient of kinetic friction between the block and the plane is 
µ=0.25.  The block goes up the ramp, momentarily comes to rest, and then slides back down the 
ramp.  What is the speed of the block when it reaches the bottom of the ramp? 
 
This problem can be solved using the work-kinetic energy theorem.  You can begin by finding 
the distance that the block will travel up the ramp.  The block starts with kinetic energy at the 
bottom of the ramp and has gravitational potential energy when it momentarily comes to rest at 
the top; however, it loses some energy to the work done by friction.  A free body diagram can 
help you determine the force of friction on the block by using Newton’s second law.  The work 
done by friction is equal to the force of friction times the distance the block travels up the ramp.  
The change in gravitational potential energy will also depend on the distance traveled up the 
ramp.  Now you can create a work-energy equation relating the initial kinetic energy, work done 
by friction, and change in gravitational potential energy.  After you have rearranged the equation 
to obtain an expression for the distance the block travels up the ramp, you can next look at the 
block sliding back down the ramp.  On the way down, the gravitational potential energy is 
changed to kinetic energy and work done by friction.  The work done by friction while sliding 
down the ramp will be the same expression you used to determine the work done moving up the 
ramp since the force of friction and distance over which it acts are the same in both directions of 
travel.  Create another work-energy equation for the gravitational potential energy, kinetic 
energy, and work done by friction for the way down the ramp.  The expression for the kinetic 
energy at the bottom of the ramp contains the final speed of the block.  You should find the 
speed at the bottom of the ramp to be 9.44 m/s. 
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Energy Conservation: Roller Coaster (solutions) 
 
A roller coaster car has a mass of 840 kg.  It is launched horizontally from a giant spring, with 
spring constant 31 kN/m into a frictionless vertical loop-the-loop track of radius 6.2m.  What is the 
minimum amount that the spring must be compressed if the car is to stay on the track? 
 

                   
   
Energy is conserved during travel of the coaster.  The spring potential energy stored in the 
compressed spring becomes gravitational potential energy and kinetic energy when the coaster is at 
the top of the loop.  The height to use in determining the gravitational potential energy is simply 
the diameter of the loop.  To find the speed of the coaster at the top of the loop, identify the forces 
that contribute to the centripetal acceleration.  Drawing a free body diagram of the coaster at the 
top of the loop shows that both gravity and the normal force are center pointing.  To satisfy the 
condition that the car stays on the track, we can assume that the minimum amount of compression 
would cause the car to just barely make it.  This means that the normal force will be zero at the top.  
Therefore, the centripetal acceleration is just g.  Using the centripetal acceleration to derive an 
expression for the velocity, you can then obtain the kinetic energy at the top of the loop.  With both 
the kinetic energy and gravitational potential energy, you can find the spring potential energy and 
then the spring compression.  You should obtain a compression of 2.87 m. 
 

 
r 
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Momentum:  Romeo and Juliet (Solutions) 
 
Romeo, who is sitting in the rear of their boat in still water, entertains Juliet by playing his 
guitar.  After the serenade, Juliet, who was sitting in the front of the boat, carefully moves to the 
rear to plant a kiss on Romeo's cheek.  The 80-kg boat is facing shore and the 55-kg Juliet moves 
2.7 m towards the 77-kg Romeo.  How far does the boat move?  Does it move toward or away 
from the shore? 
 
Conceptual Analysis: 

- There are no outside forces so the center of mass does not move during Juliet’s 
motion. 

- If Juliet is moving away from the shore and the CM does not change, then the boat 
must move under Juliet towards the shore to compensate for her change in position. 

- The center of mass of the boat is located in the middle of its length. 
- After Juliet moves, she and Romeo are located in the same position. 

 
Strategic Analysis: 

- Set up a convenient coordinate system. 
- Find an expression for the CM before Juliet moves. 
- Find an expression for the CM in terms of the shift of the boat, x, after Juliet has 

moved. 
- Equate the CM expressions to find the shift of the boat. 

 
Quantitative Analysis: 

- Begin by labeling the given quantities: 
J    mass of Juliet 
R   mass of Romeo 
B   mass of the boat 
L   length of the boat 

   We are solving for 
x    how far the boat moves  
 

- Create a convenient coordinate system.  One option is to make the end of the boat where 
Juliet is originally sitting position zero.  
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 -   Next you can set up an expression for the center of mass before Juliet 

moves: 

xCM = Σ(mi*xi) / Σ(mi), that is, the position of the center of mass 

is equal to the sum of the products of the mass components and their 

positions divided by the sum of the mass components.  Isolating the 

position-mass products, the expression then becomes: 

   J(0) + R(L) + B(L/2) = xCM * (J+R+B)  

-   Then an expression for after she moves using the shift, x (x is positive 

when the boat   

moves toward the shore): 

   (J + R)(L - x) + B(L/2 - x) = xCM * (J+R+B) 

 -  You can then equate the two expressions to solve for the shift: 

   J(0) + R(L) + B(L/2) = (J + R)(L - x) + B(L/2 - x) 

 Expand: J(0) + R(L) + B(L/2) = J(L) + R(L) - J(x) - R(x) + B(L/2) - B(x) 

 Simplify:  0 = J(L) - J(x) - R(x) - B(x) 

 Solve for x: x = J(L) / (J + R + B) 

 Insert values:   x = (55 kg * 2.7 m) / [55 kg + 77 kg + 80 kg]  

      = 0.70 m 

 

  The boat will move 0.7m towards the shore. 
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Newton's Laws: Determine Friction by Angle 
  
A block of mass M rests on an incline of length L which makes an angle θ with the horizontal.  
The angle is slowly increased until the block starts to move.  Let the angle at which the block 
starts to move be θs.  Show how the coefficient of static friction can be determined from the 
measurement of θs. 
                                 

                                     
 
There are three forces acting on the block: gravity, normal force from the surface, and the 
frictional force.  The moment before the static frictional force is overcome, there is no motion; 
therefore, all of the forces must sum to zero.  You can create a free body diagram to evaluate the 
forces.  Perpendicular to the plane, there is a component of the gravitational force and the normal 
force.  Since they must sum to zero and they are in opposite directions, their magnitude must be 
the same.  You can break the gravity into components to determine the value of the 
perpendicular component.  Parallel to the plane you will find the other component of gravity as 
well as the force of friction.  The force of friction is just the coefficient of friction times the 
normal force, which you found a value for while evaluating the perpendicular force components.  
Substituting your normal force value, you should be able to simplify the expression to obtain the 
value for the coefficient of static friction:                                                  
     µ = tan θs       
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Box, Book, and Friction 
 

A box of mass 12 kg rests on top of a horizontal surface.  A physics book of 

mass 3 kg rests on top of the box.  A force is applied to box, and the box and 

book accelerate together from rest to 1.2 m/s in 0.5 s.  The box is then 

brought to a stop in 0.33 s, during which time the book slides off.  What is the 

range of possible values for the coefficient of static friction between the two 

blocks? 

 

 
In this problem, we know that the velocity of the book is changing.  In the first 
case (speeding up) it does not slip, so static friction is sufficient to prevent 
slipping between the surfaces.  In the second case (slowing down) the box slips, 
so static friction isn’t sufficient to prevent slipping.   
 
We can use kinematics to find the acceleration in each of these two cases.  To 
relate this acceleration to the static frictional force, draw a free body diagram for 
the book in each case.  You’ll find that the only horizontal force in the book in 
each case is the frictional force from the box on the book.  To find the limits on 
the coefficient of friction, we know it must be at least strong enough to provide 
the first acceleration but not strong enough to provide the second acceleration.  
Using the formula for the maximum magnitude of static friction, we can use 
Newton’s second Law to relate the coefficient of static friction to the known 
acceleration for each case.  The resulting range for the coefficient of static 
friction is 0.25 § µs < 0.37 . 
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Newton's Laws: Blocks with Friction 
 

A block of mass M1 rests on top of a block of mass M2 that rests on a horizontal surface.  A light 
rope attached to M2 is used to pull on it with a force F.  The coefficient of sliding friction 
between M2 and the horizontal surface is µ2.  When M2 is pulled (and therefore accelerates), the 
frictional force between the blocks is not big enough to keep M1 stuck to it, hence M1 slides on 
M2.  The coefficient of kinetic friction between the two blocks is µ1. Find the acceleration of 
each block. 

 
To solve this problem, you may begin by drawing a picture and determining which way the 
forces of friction on the blocks are acting.  In creating free body diagrams, you should note that 
the forces of friction on block 2 from both the horizontal surface and block 1 both point in the 
direction opposite to the pulling force F.  In the vertical direction, block 2 will have two normal 
forces: one from the horizontal table and one from the contact with block 1.  Block 1, however, 
will only have one frictional force (from block 2) and one normal force (from block 2, also).  
Each block also has the force of gravity acting on it.  Now that all the forces are labeled, you can 
create net force equations for each block.  Solving each equation, you should obtain the 
acceleration for block 1 

 A1 = µ1*g   
and for block 2: 
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Newton's Laws: Car on Icy Curve (solutions) 
 
Race-track turns are often "banked" (tilted inward) so that cars can take them at high speed 
without skidding.  Consider a circular track 2km in length banked at an angle of 20o, and just for 
fun suppose the track is covered in ice (after a bad storm, lets say).  With what speed does a car 
have to drive in order to make it around the track? 

 
Since the car is traveling in a circle, it must have radial centripetal acceleration.  There are only 
two forces acting on the car: the normal force from the road and the force of gravity.  We can set 
up our coordinate system so that gravity is entirely in the y-direction so that the centripetal 
acceleration will be entirely along the x-axis.  This means that the normal force will need to be 
broken into components.  The vertical component will be equal to the force of gravity, and the 
horizontal component is the force that provides the centripetal acceleration needed to keep the 
car in the curve.  When setting the horizontal component equal to mass times the centripetal 
acceleration, you can use the expression for centripetal acceleration in terms of velocity and 
radius.  When you solve the expression to find the velocity, you should obtain: 

                                                        
This expression for the velocity is true for any frictionless, banked curve.  Notice that it is not 
mass-dependent! 
After you insert the given values, you should obtain a velocity of 33.7 m/s. 


