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Coefficient of Friction 

Purpose: To measure the coefficients of static friction between a wooden 

block and a glass plane. 

 

Theory: Friction is a force that resists the relative motion of two objects 

in contact, caused by the irregularities of the surfaces coming into contact 

and colliding with each other 

(Figure 1). Friction is a resistive 

force occurs because an object 

interacts with either the surface it 

lays upon, the medium it is 

contained in, or both. 

For most purposes, you can use the formula to calculate friction: 

     

Where μ is the coefficient of friction, and N is the “normal” force 

describes the force that the surface of an object is resting on.  

For a still object on a flat surface, the friction force when the 

block begins to slide must exactly oppose the tension force due to 

gravity (    ). 

 

 

 

Figure 1 

Figure 2 
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 There are different forms of frictional forces that occur. When 

friction acts on an object that is at rest, we refer to the frictional force as 

static friction. An object that is in motion is subject to kinetic or 

dynamic friction. Fluid friction occurs between fluid layers that are 

moving relative to each other. This internal resistance to flow is 

named viscosity. 

Important things to know about friction:  

1. Friction is always parallel to the contact surface and is in the 

opposite direction of the force causing the motion.  

2. Static friction is always greater than kinetic friction. This is due to 

inertia (An object at rest tends to stay at rest while an object in 

motion tends to continue moving).  

3. Friction increases as the force between two surfaces increases. 

Friction is proportional to the normal force, but not to the area in 

contact. 

 

Static friction 

When you want to push a heavy object, static friction is the force 

that you must overcome in order to get it moving. The magnitude of the 

static frictional force,   , satisfies: 

       

where    is the coefficient of static friction, a dimensionless 

constant that depends on the object and the surface it is laying upon.  

From this equation it is clear that the maximum force of static 

friction,       , that can be exerted on an object by a surface is: 
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          . 

Once the applied force exceeds this threshold the object will begin to move.  

 

Equipment: Glass plane, Wooden block, Masses, Balance, Pulley and 

Thread.  

 

Procedure:  

1. Measure the mass of the wooden block with the balance and calculate 

it’s weight in Newtons. 

2. Tie a string to the supplied wooden block and the hanger as shown in 

Figure 3. 

           

3. Add masses to the hanger until the block begins to slide. (Take care to 

gently place small increments of masses just before the block begins 

to move). At this point, the tension which equals mg is exactly equal 

to µN, the maximum frictional force.  

4. Place additional masses on the block to change the total mass M of 

the block, and determine the corresponding mass m required to slide 

the block. 

5. Determine the mean force. The force needed to pull the block is your 

frictional force (f) and the combined weight of the block and mass is 

your normal force (N).  

 

Figure 3 
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6. Plot a graph with the frictional force (f) on the y-axis and the normal 

force (N) on the x-axis.  

7. Make the "best fit line" to obtain the slope of this line, which is equal 

to the coefficient of static friction between the two surfaces (μ). 

 

Question of the experiment: 

Q1/ Define  

o The coefficient of friction, 

o Static friction, 

o Viscosity 

Q2/ A 7 kg box on a horizontal table is pushed by a horizontal force of 

15N. If the coefficient of friction is 0.4, will the box move? 

Q3/ A 400-gram package lying on a horizontal surface is attached to a 

horizontal string which passes over a smooth pulley. When a mass of 300 

grams is attached to the other end of the string, the package is on the 

point of moving. Find , the coefficient of friction. 

 M (kg) N (N) m (kg) f (N) 
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Hooke's Law  

Purpose: Investigate the relationship between the extension (elongation) 

of a spring and the force applied to that spring, and determine the spring 

constant for an individual spring. 

 

Theory: Hooke’s law relates the force pulling or pushing on a spring (or 

other elastic material) to the amount of the spring stretches or 

compresses. 

The force exerted by a spring to restore itself to its natural length is 

referred to as the restoring force. When a spring is stretched (as in this 

experiment) the restoring force is exerted inward; if a spring is 

compressed, the restoring force is exerted outward. 

Mathematically, the restoring force of a spring is expressed as: 

      

where  : restoring force, 

            : proportionality constant, called the spring constant, 

           : distance the spring which has been stretched or compressed. 

The negative sign indicates that the restoring force acts in the direction 

opposite of the displacement direction. 

When a mass,  , is suspended from a spring and the system is 

allowed to reach equilibrium, as shown in Figure 1, Newton's Second 

Law tells us that: the magnitude of the spring force equals the weight of 
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the body,     . Therefore, if we know the mass of a body at 

equilibrium, we can determine the spring force acting on the body. 

 

 

Depending on material, length, diameter, and number of coils, each 

spring has its unique spring constant. The greater the spring constant, the 

stiffer the spring (the more difficult it is to stretch it or compress it). 

The elastic limit is the maximum extension to which a spring can be 

stretched without permanent deformation and still return to its original 

shape. If a spring is stretched beyond its elastic limit, it will not return to 

its original shape and will remain deformed. 

On a force versus elongation graph, the elastic limit will show up as 

the point where the slope of the line changes or where the straight-line 

portion of the graph ends. 

Commonly, a Hooke’s law experiment is conducted by adding 

increasing masses to a spring and recording the cumulative stretch 

(elongation) of the spring. 

 

Equipment: 

Helical spring,  Support stand and hook, Mass pan, Various slotted 

masses, Meter ruler. 

Figure 1 
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Procedure:  

1. Set up the equipment as shown in the diagram (Figure 2).  

 

 

 

2. Suspend the spring from a hook and measure the original length of 

the spring using a ruler (calibrate the marker so that it reads zero 

when no masses are attached to the spring).  

3. Attach a known weight to the spring slowly, then measure the new 

length of the spring which give us the extension (elongation) of the 

spring     directly (because the original length is marked on zero). 

4. Continue adding weight before spring breaking or nearly stops 

stretching with added force.  

5. Then tabulate all the data as given below. 

 

 

 

 

 

M (kg) F (N)    (cm)    (m) 

    

    

    

    

    

Figure 2 
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6. Plot graph with the force of weight on the y-axis and the extension on 

the x-axis. The fact that the graph is a straight line means that the 

system obeys Hooke’s law. 

The gradient of line of best fit will be the spring constant of the coil 

spring (in Newtons per meter). 

 

Question of the experiment: 

Q1/ Define: 

o Hoock’s law, 

o  Elastic region, 

o  Newton's second law,  

o Spring constant 

o and Restoring force. 

Q2/ What is the magnitude of the force required to stretch a 20 cm-long 

spring, with a spring constant of 100 N/m, to a length of 21 cm? 

Q3/ How much force is needed to pull a spring with a spring constant of 

20 N/m a distance of 25 cm? 
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Simple Pendulum 

 

Purpose: To find the gravitational acceleration due to the gravity of a 

swinging object about a point.  

 

Theory: A simple pendulum is defined to have a point mass (the 

pendulum bob) suspended by a massless (light) string from some point 

about which it is allowed to swing back and forth in a place. A simple 

pendulum can be used to perform the simple harmonic motion (SHM). 

In Figure 1 we see that a simple pendulum has a small-diameter bob 

and a string that has small mass m, which is strong enough not to stretch 

appreciably. The linear displacement from equilibrium is  s (the length of 

the arc). 

The weight     has two components:         along the string, and 

        tangent to the arc. Therefore the net force on the bob is: 

o Tangent to the arc and equals         , 

which result in a net force toward the 

equilibrium position, known as a restoring 

force.  

o While Tension (  ) in the string exactly 

cancels the component         parallel to 

the string.  

This leaves a net  restoring force back toward the equilibrium position 

at θ = 0. 

Figure 1 
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When a simple pendulum is displaced from its equilibrium position, 

there will be a restoring force that moves the pendulum back towards its 

equilibrium position. The restoring force is opposite and directly 

proportional to the displacement x from the equilibrium position, so that 

it satisfies the relationship:  

F = −kx    …….. (1) 

If a pendulum is set in motion so that is swings back and forth, its 

motion will be periodic. The time that it takes to make one complete 

oscillation is defined as the period (T). and the motion of the pendulum 

will be simple harmonic motion and its period can be calculated using the 

equation for the period of SHM: 

    √
 

 
    …….. (2) 

We should note that for small angles (<15º), 

         (     and   differ by about 1% or less at smaller angles). Thus, 

the restoring force F is: 

          ……. (3) 

The displacement s  is directly proportional to θ. When θ is expressed 

in radians, the arc length in a circle is related to its radius (L in this 

instance) by     ⁄ . Then for small angles the expression for the 

restoring force is:  

       
 

 
   ……. (4) 

By comparison equation (1) with equation (4), we get:         . {The 

displacement is given by x = s}. 
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Substituting   value in equation (2), we can find the period of a 

pendulum for amplitudes less than about 15º: 

    √
 

 
……… (5) 

This result is shows: the only things that affect the period of a simple 

pendulum are its length and the acceleration due to gravity. By squaring 

both sides of the equation yields: 

                                                   
 

 
   ………… (6) 

 which give us the acceleration due to gravity ( ). 

 

Equipment:  A clamp with stand, A thread, A bob, Vernier caliper, 

Stop/watch, Meter scale.  

 

Procedure:  

1. Set the pendulum apparatus as shown in Figure 2. 

 

 

 

 

 

 Figure 2 
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2. Measure the length (L) of the thread from the point of suspension 

to the middle of the bob . 

3. Move bob using the hand at an angle not more than 10
0
 and leave 

it. 

4. Count 20 complete oscillations, and read the required time when 

the 20th oscillation is complete (   ) using a stop/watch. 

“The stop/watch is started when the pendulum crosses the 

equilibrium position to any one side. When it passes the 

equilibrium position in the same direction the next time it has 

completed one oscillation”. 

5. Repeat the experiment for different lengths, and take observation 

of the time for 20 oscillation for each new length. 

6. Tabulated the reading as the table: 

 

L (cm) L (m)     (sec)        ⁄  (sec)    (    ) 

     

     

     

     

 

7. Plot a graph of     on the x-axis against L on the y-axis. 

8. Make the "best fit line" to obtain the slope of this line.  

9. The magnitude of slope must multiplied by     to calculate the 

gravity acceleration according to Equation (6). 
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Question of the experiment: 

Q1/ Define the following: 

o Restoring force 

o Simple Pendulum 

Q2/ What is the length of a pendulum with a period of 10 seconds? 

Q3/ What is the effect on the period of a pendulum if you double its 

length?  

 Q4/ What is the effect on the period of a pendulum if you decrease its 

length by 5%? 

Q5/ Compare the theoretical result (9.8 m/sec
2
) with the measured 

experimental result (your result) and calculate the percent difference.  

 

% Difference =
                                      

                  
 ×  100%. 
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Torque and Rotational Equilibrium 

Purpose: To investigate torques on rigid bodies and find unknown metal 

mass.  

 

Theory: The force that produces or tends to produce rotation or torsion 

called as Torque or moment of a force, it is the measure of the force that 

can cause an object to rotate about an axis. In physics, it is simply the 

tendency of a force to turn or twist.  

About axis of rotation (Figure 1) torque is the vector product of the 

force and the distance to the axis (lever arm): 

 ⃑   ⃑⃑   ⃑   …….…. (1) 

where  ⃑⃑ : is the strength of the force that is acting 

on the arm from direction that is perpendicular to 

the arm. 

            ⃑ : is the lever arm. 

Therefore, the magnitude of the torque is: 

           

Torque is a vector quantity. Its direction is normal to the plane 

containing r and F. When you cross r into F using the right-hand rule, 

your thumb points in the direction of the torque.  

For convenience, torques are designated by the circular directions of 

motion that they tend to cause (clockwise and counter-clockwise). 

Figure 1 
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A rigid body can rotate about a specific axis in only two directions, 

clockwise or counter-clockwise (Figure 2). Clockwise torques produce 

clockwise rotational motion and counterclockwise torques cause 

counterclockwise rotational motion.  

 

 

 

 

 

 

 

The rotation will not begin or change if the applied torques are 

balance (the system in rotational equilibrium). The condition for 

rotational equilibrium is that "the net torque on an object about some 

point in the body is zero": 

 

∑   ∑      ∑       …….…. (2) 

 
where       and      are the counterclockwise and clockwise torques. 

Conventionally, the counterclockwise direction is positive (Positive 

torque), and the clockwise direction is negative (Negative torque).  

For the system in Figure 3, the condition for rotational equilibrium 

becomes:  

                …….…. (3) 

 

 

 

 

Figure 3 

Figure 2 
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In this case the counterclockwise torque is      and the clockwise torques are 

     and     . According to Newton’s Second Law (        ):  

 

                …….…. (4) 

You can use the equation of balanced torques to find an unknown 

quantity. Assume the bar above is in static equilibrium and the force exerted 

on the bar are due to three masses hanging at the indicated positions. Then the 

unknown mass (for example   ) is: 

 

                                          
         

  
    …….…. (5) 

Equipment: Lab balance, Meter stick, Balance stand for meter stick, Set of 

mass, Hooked mass set, small & unknown metal mass. 

 

Procedure:  

1. Balance the meter stick in a horizontal position on its supports with 

no weights attached. 

2. Suspend three masses from the meter stick as indicated in the sketch 

(Figure 4) and move them until you balance the meter stick. Record 

the mass values and their positions. 

 

 

3. Determine the lever arm associated with each mass and record the 

values in the data table below. Compute the mass times the lever arm 

for each mass (The torque is the weight times the lever arm).  

Figure 4 
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 Mass (g) Lever arm (cm) Direction (CW or CCW) Torque (g.cm) 

1.     

2.     

3.     

 

4. Compare the clockwise and counterclockwise torques (by Equation 4) 

to find how much the net torque differ from the theoretical value of 

zero. 

5. To find an unknown metal mass: restore balance, then suspend 

unknown mass from one side of the meter stick. 

6. Adjusting the position to balance the system, then use the equilibrium 

condition to determine the mass (Equation 5).  

7. Finally, check your result by measuring the unknown mass with for 

example electronic balance (here: two weighs must be equal), or by 

suspending a block that has the same mass value as you found (here: 

the system must be balance).  

 

Question of the experiment: 

Q1/ Define: 

o Torque, 

o Rotational equilibrium 

Q2/ A seesaw support two people who weigh 455N and 535N, 

respectively. The 535N person is 1.5 m from the center. Where does 

the smaller person sit to balance the seesaw? 

Q3/ Find the unknown 

force  F  that brings the seesaw 

in rotational equilibrium.  
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Viscosity of Liquid 

Purpose: Determination the coefficient of viscosity for glycerin using a 

small ball drop device. 

 

Theory: When a body falls through a highly viscous liquid, it is retarded 

by the force of viscosity exerted on it by the fluid. This force is frictional 

force between different layers of the liquid and the body.  

When we gently place a ball on the surface of the liquid, as the ball is 

immersed into the liquid, three different forces act on the ball. These are: 

i. Weight of the ball,    which acts vertically downward. 

ii. Buoyancy force of the liquid 

on the ball,    which acts 

vertically upward. 

iii. Drag force on the ball due to 

viscosity of the liquid,    

which always acts vertically 

upward. 

Let the radius of the ball  r, then the volume of the ball is   
 

 
    and 

the mass of the ball is     , where   is the density of the ball's 

material. So, the weight of the ball is: 

           (
 

 
   )   ….. 1 

Figure 1 
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When a ball is dropped into a fluid sample the gravitational force (  ) on 

the ball is larger than the buoyancy force   . This force can get using 

Archimedes principle for buoyancy of liquid on the ball (where   is the 

density of liquid): 

      
 

 
        ……  2 

So the net driving force F on the ball is:  

             (
 

 
   )   ……. 3 

After a period time, the ball stops 

accelerating and falls with a constant 

speed called the terminal speed, and the 

net driving force will equilibrium with 

drag force (the net force is zero) that 

given due to viscosity by  Stock's law: 

             …… 4 

where   is the velocity of the ball and   is the coefficient of viscosity of 

the liquid, then: 

     …….. 5 

or                                                       ……6 

Using (1), (2), (3) and (6) we can show that: 

  
 

 

  

 
       ……. 7 

Figure 2 
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Equipment: Tiny stainless steel balls, Glass cylinder, Stop watch, 

Glycerin, and Two rubber bands.  

 

Procedure:  

1.  Write the density of glycerin            ⁄ , and density of the 

ball's material,           ⁄ . 

2.  Select the same sized balls that dropped into a measuring cylinder 

containing glycerin. Then measure ball's diameter using a Vernier 

calipers. 

3.  Fix a mark, A (as shown in figure 1) on a cylinder below the surface 

of glycerin such that the ball achieves its terminal velocity while 

passing this mark. Fix another mark near the bottom of the cylinder 

(mark B in Figure 1). 

 

4.  Measure the distance ( ) between the two rubber bands (marks) and 

write it in the table. 

5.  Drop the ball at the middle of the top surface of the liquid. Then 

recorded the time ( ) taken to travel a ball between two marks on 

the cylinder (as shown in Figure 3) by a stop watch. Take    and   , 

Figure 3 
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then measure the average readings  ̅ to reduce or eliminate any 

error present.  

6.  Repeat above steps with different values of dropping distance (h). 

Then tabulate all the data as given below. 

 

 

 

 

 

7. Plot graph with the distance ( ) on the y-axis and the average time ( ̅) 

on the x-axis. The gradient of line of best fit will be the velocity of 

ball (in cm per sec). 

8. Finally use equation (7) to measure the coefficient of glycerin's 

viscosity, by:      
 

 

        

     
 

Question of the experiment: 

Q1/ Define: 

o Stock's law, 

o Buoyancy force, 

o Terminal velocity. 

Q2/ A ball of diameter 2.5mm is made of steel.  It is released into 

glycerin. Calculate:  

(a) Weight of the ball, (b) Buoyancy force, and the terminal velocity of 

ball. (use the coefficient of glycerin's viscosity from your result). 

  (cm)   (sec)    (sec)  ̅ (sec) 

    

    

    

    


