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Friction:  

Force that resists the sliding or rolling of one solid object over another is 

called friction.  

Frictional forces, such as the traction needed to walk without slipping, may 

be beneficial, but they also present a great measure of opposition to motion. 

About 20 percent of the engine power of automobiles is consumed in 

overcoming frictional forces in the moving parts. 

 

Friction forces, Diagram illustrating how friction forces, including 

kineticfriction and static friction, act upon objects at rest and  in motion. 

 

 

 

 

 

https://www.britannica.com/science/force-physics
https://www.britannica.com/science/solid-state-of-matter
https://www.merriam-webster.com/dictionary/beneficial
https://www.britannica.com/science/motion-mechanics
https://www.britannica.com/science/power-physics
https://www.britannica.com/technology/automobile
https://cdn.britannica.com/99/199699-050-C6E0730C.jpg
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Laws of Friction 

 

 

The sliding of a solid body in contact with another solid body is always 

opposed by force of friction. Friction acts in the direction opposite to that of 

relative motion and it is tangential to the surface of two bodies at the point 

of contact. 

Friction is a necessary on every machine because it involves wearing of the 

machine component and consumes energy that transfers into heat. In come 

cases friction is desirable in the case for the functioning of a machine, such 

as belt drives, friction clutches. 

THE FIVE LAWS OF FRICTION 

1. When an object is moving, the friction is proportional and 

perpendicular to the normal force (N) 

2. Friction is independent of the area of contact so long as there is an 

area of contact. 

3. The coefficient of static friction is slightly greater than the coefficient 

of kinetic friction. 

4. Within rather large limits, kinetic friction is independent of velocity. 

5. Friction depends upon the nature of the surfaces in contact.  

https://me-mechanicalengineering.com/friction-coefficient-applications-advantages-disadvantages/
https://me-mechanicalengineering.com/energy-types/
https://me-mechanicalengineering.com/belt-drives/
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Principle and Working of Friction Clutches 

 

 

Friction Disc Clutch 

A friction clutch is used in the transmission of power in the form torque, of 

shafts and machines which must be started and stopped frequently. It is 

usually used when power required to be delivered to machines is partial or 

http://4.bp.blogspot.com/-VorQGW3En3w/VJA14MhcIAI/AAAAAAAACKI/HtUxlAZfoFg/s1600/Disc_Clutch_Schematic_2D_Illustration_Diagram.png
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full. The force of friction is used to start the driven shaft from rest and 

gradually brings it up to the proper speed without excessive slipping of the 

friction surfaces.  

They are extensively used in automobiles; friction clutch is used to connect 

the engine to the drive shaft. In operating such a clutch, care should be taken 

so that the friction surfaces engage easily and gradually bring the driven 

shaft up to proper speed. The proper alignment of the bearing must be 

maintained and it should be located as close to the clutch as possible. For 

optimum clutch operation, it is required that: 

The contact surfaces should develop a frictional force that may pick up and 

hold the load with reasonably low pressure between the contact surfaces. 

The heat of friction should be rapidly dissipated and tendency to grab should 

be at a minimum. 

The surfaces should be backed by a material stiff enough to ensure a 

reasonably uniform distribution of pressure. 
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COMPOUND (PHYSICAL) PENDULUM 

 
 

OBJECTIVE: 

Use the compound pendulum to find: 
 

1) The acceleration due to gravity g. 

2) The moment of inertia of the rod. 
 
 

THEORY: 

Any object mounted on a horizontal axis so as to oscillate under the force of gravity is a 

compound pendulum. The one used in this experiment is a uniform rod suspended at 

different locations along its length. The period T of a compound pendulum is given by 

 

T  2 (1) 

 

 

Where: 
 

I is the rotational inertia of the pendulum about the axis of 

suspension 

 

M is the pendulum mass 
 

And h is the distance between the suspension point and  the  

center of mass. 

Using the parallel axis theorem 
 

I=IG +Mh2 (2) 

IG is the rotational inertia of the body about its center of mass  

and it is given by 

IG =MK2 (3) 

Substituting equation 3 in equation 2 
 

I= M (h2 + K2) (4) 

Where K is the radius of gyration .substituting equation 4 in equation 1 
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h2  K 2 

gh 

L 

g 

 

 

T  2 (5) 

 
 

The period of the simple pendulum is given by 
 

T  2






(6) 



L.JOSEPHINE ANITHA M.Sc., M.Phil., B.Ed., 
Asst. Prof. Of Physics, 

Annai Vailankanni Arts & Science College, Thanjavur-7 

 

h1h2 

 
 

The period of a compound pendulum equals the period of a simple pendulum of a length 

h2  K 2 

L= (7) 
h 

 

This equation can be solved to find L and K: 
 

L=h1+h2 (8) 
 

K= (9) 
 

 
 

PROCEDURE: 
 

1- First hang the pendulum horizontally and move it until it reaches equilibrium so you can 

find the center of mass and mark it. 

2- Secondly hang it vertically inserting the tip of the knife in the first hole from the center of 

mass. Then set it oscillating through a small angle. 

3- Measure the time needed for 20 oscillations and the corresponding h. 4- 

Repeat steps 2 and 3 for the other holes. 

5- Record your measurements in a table. 
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Centre of Gravity: 

The center of gravity is the point through which the force of gravity acts on an 

object or system. In most mechanics problems the gravitational field is assumed 

to be uniform. The center of gravity is then in exactly the same position as 

the center of mass. 

What are the conditions of equilibrium for a floating body ? 

Ans. → The following are the conditions for equilibrium for a floating body : 

↪The weight of the liquid displaced by the immersed part must be equal to the 

weight of the body . 

↪The centre of gravity and the centre of buoyancy of the body should be along 

the same vertical line . 

↪The centre of gravity lies vertically below the centre of buoyancy ( stable 

equilibrium ) and if centre of gravity lies Above the centre of buoyancy ( 

unstable equilibrium ). 

  Equilibrium of Floating Body 

1.     Stable equilibrium 

2.     Unstable equilibrium 

3.     Neutral equilibrium 

 Stable equilibrium 

When a body is given a small angular displacement, i.e. it is tilted slightly by 

some external force and then it returns back to original position due to internal 

forces. Such equilibrium is called stable equilibrium. 

 Unstable equilibrium 

If a body does not return to its original position from the slightly displaced 

angular position and moves father away when give a small angular 

displacement such equilibrium is called an unstable equilibrium. 

  Neutral equilibrium 

The body remains at rest in any position to which it may be displaced, no net 

force tends to return the body to its original state or to drive it further away from 

the original position, is called neutral equilibrium.  
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Metacentre 

When a small angular displacement is given to a body floating in a liquid, it 

starts oscillation about some point M. This point about which the body starts 

oscillating is called the metacentre . 

Metacentre (M) may be defined as the point of intersection of the axis of body 

passing through centre of gravity (G) and original centre of buoyancy (B) and a 

vertical line passing through the new centre of buoyancy (B�) of the titled 

position of the body. 

10.4  Metacentric height 

Metacentric height: The distance between the centre of gravity of a floating 

body and the metacentre, i.e. distance GM is called meta-centric height . 

Relation between centre of gravity and metacentre in different three types of 

equilibrium: 

(a) Stable equilibrium 

 In this, position of metacentre (M) remains higher than centre of gravity of 

body. 

(b) Unstable equilibrium 

 In this position of metacentre (M) remains lower than centre of gravity of 

body. 

(c) Neutral equilibrium 

The position of metacentre (M) coincides with centre of gravity of body. 

  

Stability of ship 
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Condition of stability of ship 

The above cases were of submerged body. For floating body particularly ship 

the construction of ship body plays an important role in its stability. It is such so 

as to withstand high wave and tide . 

 Calculation of Metacentric Height 

In the below Fig.  

G = Centre of gravity 

O = The point at which line BM and top liquid surface intersect 

M = Metacentre 

B = Centre of buoyancy  

BM = Distance between centre of buoyancy and metacentre 

 
Metacentric height 

  

Where I = area moment of inertia of the cross sectional area at the surface of 

fluid . 

 

Fig. a&b is the cross sectional area at the surface of liquid 

 

 

 

 

 

 



L.JOSEPHINE ANITHA M.Sc., M.Phil., B.Ed., 
Asst. Prof. Of Physics, 

Annai Vailankanni Arts & Science College, Thanjavur-7 

 

 

Area moment of Inertia  

V= volume of the displaced fluid. 

 Metacentric Height GM = BM - BG 

If GM is +ve then G is above point B. 

If GM is - ve then G is below point B. 

 

Determination of Metacentric Height  

 

When a ship heels, the centre of buoyancy of the ship moves laterally. It might 

also move up or down with respect to the water line. The point at which a 

vertical line through the heeled centre of buoyancy crosses the line through the 

original, vertical centre of buoyancy is the metacentre. The metacentre remains 

directly above the centre of buoyancy by definition. 

The metacentric height (GM) is a measurement of the initial static stability of a 

floating body. It is calculated as the distance between the centre of gravity of a 

ship and its metacentre. A larger metacentric height implies greater initial 

stability against overturning. 

 

 

 

 

https://en.wikipedia.org/wiki/Metacentric_height
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