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Inclined 

planes 

Objectives 

•  Draw and interpret free-body force diagrams for objects 
on inclined planes. 

•  Calculate the mechanical advantage for ramps, wedges, 

and screws. 

•  Investigate the effect of the angle of a ramp on the force 

required to move an object uphill. 

Assessment 

1.  A chest of drawers is pushed up a ramp as shown below. 

  

 

 

 Draw a free-body diagram to show the forces on the chest. 

2.   Calculate the mechanical advantage of the ramp shown 
in the figure below. 

Assessment 

L = 32 meters 

h = 8.0 m 

Physics terms 

•  inclined plane 

•  ramp 

•  simple machine 

•  mechanical advantage 

•  wedge 

•  screw 

Equations 

mechanical advantage of a ramp 

 

 

 

mechanical advantage of a wedge 

 

 

 

mechanical advantage of a screw 
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Did you walk up a simple machine today? 

Think: 

When the Egyptians built the 
pyramids, they may have moved 

the blocks up ramps constructed 
along the side of the pyramid.  

 
How would using a ramp make 

their job easier?  

 

Would they use less force?  

Would they do less work? 

A ramp is a simple machine 

Investigation 

In Investigation 12C you will 
measure the force required to 

move the ErgoBot up a ramp 
to a height of 30 cm.   

 
How does the force vary?  

How about the work done?  

 

Investigation 

1.  Set up the ErgoBot on the ramp 
at an angle of at least 20°.  

2.  Attach the ErgoBot and spring 

scale to two ends of a string.  
 

3.  Mark a location on the ramp 

30 cm vertically higher than the 
starting position of the ErgoBot.  

Force and work required to move the ErgoBot up a ramp 

Investigation 

4.  Measure the force F required to 

move the ErgoBot slowly to the 
final position.  Measure the 

distance traveled along the ramp.  
 

5.  Repeat for at least two other 

inclinations of the ramp.  
     Tabulate your results. 

 
6.  Measure the mass of the ErgoBot. 

Force and work required to move the ErgoBot up a ramp 

Investigation 
Questions 

a.  Is more force needed to move 
an object up a steep ramp or a 

shallow ramp?  

b.  Using the force applied and  
distance moved, calculate the 

work done on the ErgoBot in 

each case.   
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Investigation 
Questions 

c.  How can you calculate the 
mechanical advantage of the 

ramp using the values in your 
investigation?  

d.  Calculate the mechanical 

advantage for each inclination 

of the ramp and include the 
results in your table. 

lift straight up push up a ramp 

A ramp is a simple machine 

Ramps can make it easier to lift a heavy piece of furniture onto a truck. 

Trading force for distance 

It takes a fixed amount of work to  
lift a dresser to a certain height.   

 

Trading force for distance 

F1 

It takes a fixed amount of work to  
lift a dresser to a certain height.   

 
 

Lift straight up:  The upward forces 
equal the weight, and the lift distance 

is small. 

 
 

mg 

F2 

d
 

It takes a fixed amount of work to  
lift a dresser to a certain height.   

 
 

Lift straight up:  The upward forces 
equal the weight, and the lift distance 

is small. 

 
Use a ramp:  Less force is needed 

but the pushing distance is greater. 

 F 
FN 

Trading force for distance 

F1 

mg 

mg 

F2 

d
 

d
 

Trading force for distance 

The work to lift the dresser 
is the same in both cases.   

 
 

Lift straight up:  
   

      W = (F1 + F2) d = mgh 

 

Use a ramp: 
 

      W = Fd 

d
 

d
 

F1 

F2 

mg 

mg 

FN 
F 
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No matter which way you lift it, the dresser gains the same 
amount of gravitational potential energy, and the work input 

and output are equal. 

Mechanical advantage 

Mechanical advantage describes how the 
input force required varies with ramp length: 

 

Mechanical advantage 

No matter which way you lift it, the dresser gains the same 
amount of gravitational potential energy, and the work input 

and output are equal. 

Which of these ramps has the greatest mechanical advantage? 
 

Test your knowledge 

              A                                        B                                                          C                  
 

Which of these ramps has the greatest mechanical advantage?  B 
 

Test your knowledge 

              A                                        B                                                          C                  
 

Test your knowledge 
A road goes up the side of a mountain, gaining 5.0 meters 
in altitude for every 100 meters of distance along the road.   

 
What is the mechanical advantage of the road? 

 
 

 

A road goes up the side of a mountain, gaining 5.0 meters 
in altitude for every 100 meters of distance along the road.   

 
What is the mechanical advantage of the road? 

 
 

 

 
 

You need to apply 2000 N to lift a certain crate straight up.  

How much force do you need to wheel a cart up this road? 

Test your knowledge 
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A road goes up the side of a mountain, gaining 5.0 meters 
in altitude for every 100 meters of distance along the road.   

 
What is the mechanical advantage of the road? 

 
 

 

 
 

You need to apply 2000 N to lift a certain crate straight up.  

How much force do you need to wheel a cart up this road? 

Test your knowledge 

100 N:  The ramp reduces your force by a factor of 20.  

A wedge is a simple machine that 
consists of two inclined planes. 

 
 

 
 

 

Wedges 

Wedges 

A wedge is a simple machine that 
consists of two inclined planes. 

 
 

 
 

 

 
Wedges have many uses. 

 

 
This diagram shows the input force 

Fi the user puts on the wedge. 

 
The wedge multiplies this input  

force, resulting in two large output 

forces applied by the wedge. 
 

 

Wedges 

The mechanical advantage 
of a wedge can be found in 

this way: 

Mechanical advantage of wedges 

A screw is another example of a 
simple machine that uses the same 

principle as an inclined plane. 
 

 
   

Screws 
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A screw is another example of a 
simple machine that uses the same 

principle as an inclined plane. 
 

 
 

The key property of a screw is its 

pitch p, which is the vertical distance 

between each successive thread. 
 

   

Screws 

p 

When you turn a screw around 

once it travels a distance p into 

the material. 

 

Mechanical advantage of screws 

When you turn a screw around 

once it travels a distance p into 

the material. 

 
Your hand travels a distance 2πL     

in this process, where L is the 

radius of the screwdriver handle.  
 

   

Mechanical advantage of screws 

When you turn a screw around 

once it travels a distance p into 

the material. 

 
Your hand travels a distance 2πL     

in this process, where L is the 

radius of the screwdriver handle.  
 

The mechanical advantage of a 
screw: 

   

Mechanical advantage of screws 

1.  A chest of drawers is pushed up a ramp as shown below.  

Draw a free-body diagram to show the forces on the chest. 

 

  

 

Assessment 

1.   A chest of drawers is pushed up a ramp as shown below.  

Draw a free-body diagram to show the forces on the chest. 

 

  

 

Assessment 

mg 

F 

FN 
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2.  Calculate the mechanical advantage of the ramp. 

Assessment 

L = 32 meters 
h = 8.0 m 

2.   Calculate the mechanical advantage of the ramp. 

Assessment 

L = 32 meters 
h = 8.0 m 


