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FRICTION FORCE 
PHYSICS 2210: CLASSICAL PHYSICS I 

Name:              ___________________________________________________________________ 

 

Lab Date:        __________________________   Due Date:        _____________________________ 

 

Lab Partner(s): ___________________________________________________________________ 

Introduction 
It is a common observation that once set in motion objects invariably eventually come to rest.  

Friction must be taken into account for a realistic description of practical situations – it is 

something we cannot ignore.  Frictional forces between solid objects act between the contacting 

surfaces and oppose their relative motion.  Frictional forces occur because of surface 

irregularities, such as defects, and intermolecular forces (or bonds) between the materials.  In this 

lab we will study frictional forces between various objects on different type of surfaces. 

 There are two types of friction: kinetic and static.  Kinetic friction is the friction between 

surfaces in relative motion.  When sliding an object across another surface, microscopic bumps 

and defects tend to impede and resist the motion.  Note that even the smoothest surfaces are 

rough on the microscopic and, definitely, on the submicroscopic scales.  Experimentally, it is 

observed that the force of kinetic friction is proportional to the normal force acting between the 

contacting surfaces: if you increase the normal force, the surfaces are pressed together harder, 

and this increases the frictional force.  Mathematically, we can write the force of kinetic friction 

as 

𝐹𝑘 = 
𝑘

𝐹𝑁   , 

where FN is the magnitude of the normal force between the two surfaces in contact and 
𝑘
is the 

coefficient of kinetic friction.  The coefficient of kinetic friction 
𝑘

 is a dimensionless quantity 

(no units) that depends on the properties of the two surfaces.  

 Static friction describes the frictional forces between the surfaces of two objects that are 

at rest with respect to each other.  The static friction between two surfaces is described by the 

coefficient of static friction 
𝑠
.  Experimentally, it is found that the maximum value for the 

static frictional force is proportional to the normal force between the two contacting surfaces.  

The static frictional force Fs can assume the values in the following range:  

 

0 ≤ 𝐹𝑠 ≤ 
𝑠
𝐹𝑁   . 



 

2 
 

 When the objects are at rest with one another, more molecular bonds are able to form. 

This makes the objects harder to move relative to one another, and so a greater force is needed to 

put them into motion, as compared with the kinetic friction case.  Therefore  
𝑠
  is generally 

greater than 
𝑘

: Typically,   
𝑠

 >  
𝑘

 .  Graphically, the force of friction is shown below in 

Figure 1:  

    

Fig.1 Force of friction as a function of an external force F applied to an object that is initially at 

rest. 

Experimental Objectives 
 

 The purpose of this lab is to construct (i) a relationship between the frictional force and 

the normal force on an object, (ii) to calculate the kinetic   
𝑘

  and static 
𝑠
 coefficients of 

friction for various objects and surfaces, and (iii) to ultimately gain a solid understanding of 

static and kinetic friction.  

 

Procedure 
This lab consists of two parts.   

Part 1. 

In this experiment, we will determine the coefficient of static 
𝑠
 and kinetic 

𝑘
friction between 

the ramp surface and a sliding wooden plate.  

Derive the expression for the coefficient of kinetic friction 
𝑘
. Show your work below. 

1. Draw a free body diagram of our system.  
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2. Show all forces acting on the sliding plate. There is friction between two surfaces. 

3. Write Newton’s second law for the plate moving with constant velocity.  

4. Choose the coordinate system and resolve the forces into components.  

5. Solve the equations for the coefficient of kinetic friction  
𝑘
. 

 

 

 

To measure the coefficient of kinetic friction 
𝑘

, put the wooden plate on the ramp and 

determine the minimum angle at which the plate, given a slight nudge, will slide freely with 

constant velocity down the ramp.  If it stalls, raise the height of the ramp slightly.  

Measure the horizontal ‘run’ (x) and vertical ‘rise’(y) of the ramp.  

Calculate the coefficient of kinetic friction 
𝑘
and record it here. 

 

 

 

 

  

 

 

 

x = _________ 

y = _________ 

 

k = _______ 
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To get the coefficient of static friction 
𝑠
, put the wooden plate on the ramp and determine the 

angle at which the plate just starts to slide along the ramp.  

Measure the horizontal ‘run’ (x) and vertical ‘rise’(y) of the ramp.  

Calculate the coefficient of static friction 
𝑠
and record it here. 

  

 

 

  

 

Part 2.  

For this experiment lay the wooden ramp flat on the table.

 

Attach a spring scale and measure the horizontal force required to pull the plate across the 

horizontal ramp at constant velocity. 

Derive the equation for the coefficient of kinetic friction 
𝑘

.  Show your work below. 

1. Draw a free body diagram of our system: 

 

 

x = _______________ 

y = ________________ 

 

s = _______________ 
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2. Show all forces acting on the moving block.  There is friction between the two surfaces. 

3. Write Newton’s second law for the block moving with constant velocity.  

4. Choose the coordinate system and resolve the forces into components.  

5. Solve the equations for the coefficient of kinetic friction  
𝑘
. 

 

 

 

 

 

 

To determine the coefficients of kinetic friction and static friction: 

1. Weigh the smooth plate by itself and record the mass (in grams) 

2. Lay the ramp flat on the work table and place the plate on top at one end 

3. Attach one end of a string to the screw, and the other to the spring scale 

4. Gently and horizontally pull other end of the scale until the plate just begins sliding  

5. Record this reading Fs to determine the coefficient of static friction  

6. Continue to pull horizontally the scale until the plate begins sliding with constant velocity 

7. Record the reading on the scale Fk (it will be moving on the go, so estimate the average) 

8. Repeat step 7, recording the force Fk for a total of four tries, F1, … F4 
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9. Compute and record the average force Fk, and then calculate 
𝑘
. 

10. Measure, record and put an additional weight on the plate and repeat the procedure to 

determine the coefficient of kinetic friction and static friction with the additional weight present 

   Data and Calculations 
 

Mass , g Fs 
𝒔
 F1 F2 F3 F4 Favg 

𝒌
 

         

         

         

 

Questions 
Q1. How well do your results for 

𝑘
 and 

𝑠
from the flat ramp experiment agree with each other? 

Do you think they fall within the limits of error in your measurements? 

 

 

 

Q2. How well do your results for 
𝑘

 and 
𝑠
 from the incline ramp experiment agree with your 

results from the flat experiment? 

 

 

Q3. Is the relationship between  
𝑘
 and 

𝑠
 what you expected? 

 

Turn in 
(a) This sheet of instructions with data and calculations. 

(b) The answers to the questions. 


