Lesson 2
Basic Engineering Concepts
Introduction 

In scientific language each word has clear and specific meaning. Therefore commonly used words are avoided in scientific language. For e.g. Mass and weight are two different term. Your mass on earth and on moon is same. But you weight will be less on moon than earth. That is the reason, astronauts’ floats in the space. In this chapter, we will discuss commonly used scientific terminology. 
Objectives 

In this lesson, you will understand basic engineering concepts, such as mass, weight, work, energy, force, power. You will understand relation between work, force and power. You will also learn law of conservation of energy. We will also discuss scalar and vectors and addition of vectors in this chapter. 
Mass and Weight  

· Generally, mass is defined as the measure of how much matter an object or body contains. It is measured in Gram (g). 

· Weight is the amount of force that earth exerts on us. More the mass of object more is the gravitational force on the object. If we drop a object from a height, earth pulls it the acceleration of 9.8m/s2 . 
· Acceleration is the rate of change of speed. This means speed of object will increase by 9.8m every second. This means if object falls from a height to reach earth after 10 second then it would have achieve speed of 9.8*10 = 98 m/s. 

· Force causes acceleration, sir Isaac Newton's Second Law states that the acceleration (a) of an object is directly proportional to the force (F) applied, and inversely proportional to the object's mass (m).
Newton's Second Law is usually summarized in equation form: 
a = F/m, or F = ma
Unit of force is derived as follows - 

Unit of force F = m (Kg) * a (m/s2) = Kg m/s2  = N 

To honor Newton's achievement, the standard unit of force  i.e kg m/s2 in the SI system is named the Newton (N). One newton (N) of force is enough to accelerate 1 kilogram (kg) of mass at a rate of 1 meter per second squared (m/s2). 
A kilogram is the amount of weight at which 1 N of force will accelerate at a rate of 1 m/s2.
In practice, we measure weight , in terms of gms or Kgs. But when weight is used as force , we must remember to measure it in terms of Newton. 

Intext question 2.1 

i) __________ is the rate of change of speed. 

ii) Weight is measured in grams, but when weight is used as force, we measure it in terms of _______. 

Force 
As studied earlier, weight is the kind of force that the earth exerts on us. Please refer fig.1. As shown there are multiple forces applied on a car from different direction. Gravitational force puts downward force, engine puts forward force etc. some forces gets balanced by equal and apposite force  For e.g downward gravitational force gets balanced by equal and apposite force exerted from ground. 
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                               Fig 1.
Car moves forward when forward engine force overcomes frictional force from the road.
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Torque
Torque is a force that tends to rotate or turn things. Refer fig.2, you generate a torque whenever, you apply a force to turn handle of diesel engine.  
Torque = Force * Distance from the center

Unit of Torque = N * m = Nm
It is common experience, that a nut which is hard to move by hand can be easily rotated when a spanner of longer length is used. By increasing length of application of force from the center of shaft increased torque applied. 
                                                                                                         Fig. 2

Work
Work is the application of a force over a distance. When we lift an object from ground and put it on shelf, we do work. The force is the weight of the object and distance is the height of the shelf. Similarly when push a object and moves it, we do work. 
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The distance taken for calculating work has to be in the direction of force applied. 
Example : Ref fig.3(a), a weight of 50kg is lifted to height of 5 meter. Calculate the work done. 

 Wok = force * distance through force is applied
      = ( W kg * 9.8  ) * h  ( W = 50kg, h = 3m)
      fig 3 (a) 
  
       = 50 * 9.8 * 3 = 1470 Nm 
When we push a object and it moves through a distance L ref fig.3(b). The work done is calculated as follows 
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Work   = force * distance through which force is applied

   W     =  F * L  (unit of force is N,  distance is in meter)

Fig.3(b)                                W   =  F ( N ) * L (m) =  F * L ( N m)   
When we do work, we use energy. Work and Energy are closely related. Work is measured in the same unit of energy. 
Power 
Power is the rate of work done or rate of energy consumed. We can manually pedal a wheel of bicycle at 1 revolution per second. If we want to turn the same wheel with 10 revolutions per second, we need more power and will use engine. 
The SI unit for power is the watt.  One watt is equal to 1 Newton-meter per second (Nm/s). If you were pushing on something with a force of 1 N, and it moved at a speed of 1 m/s, your power requirement would be 1 watt.  
British unit of power is horse power. The conversion is as follows: 

SI:    Watts (W)                  1000 W = 1 kW Kilowatt (kW)         1 kW = 1.341 hp 
Horsepower (hp)              1 hp = 0.746 kW
Intext question 2.2
i) Match the following

	Parameter
	Unit

	Power
	m/s2

	Work
	N-m

	Acceleration
	Kg

	Mass
	N-m

	Torque
	Watt


ii) Fill in the blanks 

1) Power is rate of _______ done. 

2) Torque is force that tends to __________ things. 

3) Work is application of _________ over a distance. 

Energy
Energy means invisible strength of doing work. Energy is a measure of how much work we can do. Energy needed to do certain work will always remain same. For e.g energy required to lift 500lits of water to height of 10m will always remain the same irrespective of doing it manually or by using engine. We can only do the work faster by using engine. 
Common unit of energy is the kilowatt-hour (kWh). 1 KWh energy means, one kW of power will last one hour.
There are three  Main types of Energy:-

1) Kinetic Energy  2)  Potential Energy (Gravitational)  3) Chemical Energy

Electrical, Heat, sound, solar, wind etc are other examples of different forms of energy. Many times energy is invisible. It is visible by their effects. Kerosene, diesel, food, wood contains energy in the form of chemical energy. When these things burn energy comes out in the form of heat energy.  
Stone falling from height (or any thing in motion) contains energy. The object placed at highest place also contains hidden energy. This is called potential energy. A object in motion contains kinetic energy. 

Law of Energy Conservation
Energy can neither be created nor can be destroyed. Only one form of energy can be converted to other form of energy. Energy is immortal. It is not distortable.

Energy Conversion

i) We eat food. Food contains in it chemical energy, after digestion this chemical energy is kept in the chemical form in our body and as and when required it gets burnt and gets converted into other forms of energy. 

ii) When we fetch the water from the well, the energy in the form of chemicals in our body gets converted into potential energy of water. Water will contains energy equal to the amount of work done while lifting the water. 
iii) If we pour the water on the land, where the energy in it will go?  If this water gets percolated in land then as it will go deep into the earth, potential energy in it will get converted into heat through friction. We never felt the heat since land is big and quantity of heat generated is comparatively smaller. 

iv) When we do cycling, chemical energy from food gets converted into kinetic energy. Once cycle catches the speed then we can move with same speed without peddling. At this time our body and cycle has kinetic energy in it. When we want to get down from the cycle, we reduce the speed by pressing the breaks. Kinetic energy gets converted into heat energy by friction and the ream of the cycle becomes hot.

Whenever we change the form of energy, some amount of energy gets wasted in the form heat. Our objective is to convert maximum amount of energy in the desired form for use. This is called as efficiency. 
In diesel engine, when we burn diesel approximately 40% of energy gets converted into kinetic energy of water. When water is lifted to desire height, kinetic energy gets converted into potential energy. Remaining 60% of energy is wasted in the form of heat. This means the efficiency of diesel engine is 40%. 
In the past relation between energy and work done was not clearly understood. Therefore units of measurement of heat and work were different. Heat was measured in terms of calories and unit of work in terms of joule. These two units are still in use because it’s easier to calculate heat in calories and work in joule. We can convert calories into joule by using formula 1calorie = 4.2 joule. 

Power is the rate of work done or rate of energy consumed. It tells us amount joules used or required in one second. If one-joule energy is used in one second, then it is said that one-watt power is used.

Power (unit W watt) = J/S joule/second

                      = Energy used (in joule) / time taken

Intext questions 2.3 
i) Write down energy conversion in the following : 

	Electric motor
	

	Pump
	

	Diesel Engine
	

	Wood stove
	

	Solar panel
	


Scalars and Vectors

If someone ask you a question ‘How far is Mumbai?’ to locate Mumbai on a map. What answer will satisfy him? He will need to know the distance in Kilometers and the direction. 

But if I ask what is the temperature of the object? Or how many people live there, I need only one number to get the full information. The distance to Bombay is not complete information without giving the direction of that measurement. But the temperature, say 35O C is complete and unambiguous information. Temperature is called Scaler(independent of direction). The quantities like distance needs the direction to become complete are called Vectors(dependent of direction). 

The 3-D Space.
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All the things in the universe have 3 dimensions; they have length, breadth and height. A line has only one dimension- length. An area has two dimensions, breadth and length. A solid object has 3 dimensions.  So when you measure a distance, we need to know which direction you have measured.

There are four main directions. East,west, north and south. There is also up and down direction. 
                Fig. 4

There are also direction in between the two, north-east, south-west. This way there can be many directions, really infinite number.
 There can be one in between any given two.

Two directions which are at right angles to each other are considered separate, because movement in one direction does not affect the position in the other. In a graph , change in the X directions does not change the Y-value.  

Similarly change in the Y-direction does not change the position in the X- direction. And we say X and Y are two ‘orthogonal’ directions (fig.4 ) 
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Fig.5
In this sense our space has three dimensions because we can draw only three orthogonal directions, not more (ref. fig.6)
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fig.6
Defining Scale and Vector

How do we know if a quantity is scalar (independent of direction ) or vector (dependent on direction)? In simple language, if the direction is changed it must make a difference that we can experience.

i) Distance:  If one  goes 1 km for a walk every day, will he reach the same place, every time? Of course not, depends on the direction So distance is a vector.

ii) Force: If you apply a force to a door, will it open or close?- depends on the direction in which you apply the force.  Pulling and pushing is not the same. So force is a vector.

iii) Area:: You are going with an open umbrella in a storm. How do you hold the umbrella. For the same wind force, the direction of the umbrella makes a difference- It may even turn inside out. The sail of a boat has to be turned in a proper direction  to use the wind to best advantage, So area is also a vector.

iv) Temperature, weight. Colour are not vectors.

v) Volume: If you measure 5 litres it makes no difference what the direction is. Volume is a quantity that involves all three dimensions so nothing more to tell. Volume is a scalar.

In conventional books, distance is called a scalar and Displacement is called a vector. There is no fundamental difference between distance and displacement. Displacement is a distance in a definite direction. But every distance has a direction. You cannot locate a town on a map given only a distance. Therefore distance is a vector. 

All units based on a vector will also be vectors, because if the direction is changed, it will make a difference in the other vector also. Thus area, force, velocity etc are vectors.

Intext question 2.4
i) Write down if following parameters are scalar or vector.

    Mass , distance, velocity, volume, temperature, area, force, colour

Addition of Vector 

We cannot add things which are different. How much is 5 mangos + 2 apples? It will be 5 mangoes+ 2 apples. If we ask the same question by calling them fruit, then we can add and we have 7 fruit.

Similarly we can add 2 cms+ 1 inch only if we bring them to a common unit form. 1 Inch is 2.5 cm so  2 cm + 1 inch( 2.5 cm) is 4.5 cm.

Vectors in different directions are like quantities in different units. You can add them only when they are in the same direction. But how do we do this?

                B’        
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                                           Fig. 7
In fig.7. a force AB and AC are acting on a point A. They are vectors. They can be added only after they are made in the same form. To make them in the same form, we break up each into its components in the X and Y directions. To do this we take projections ( shadows in simple parlance) on the X and Y axis. Projection of B on x axis is B” and on Y Axis it is B’. Similarly projection C on X axis is C’’ and on Y axis is C’. 

When we apply force, it may have effects in different directions. In real life , we apply forces in different direction, projection of these vectors on X and Y direction is taken to predict result of forces. 

Let us see an example. 

Two people A and B are pulling on a rope, tied to a tree.  A is applying 20N force and B is applying 30N force. Both of them are applying force in 900 of each other. How much force does have and which direction ?

If forces A and B are applied in the directions shown, the resulting force, the sum of A and B will be as if a single force is applied in the direction marked ‘Resultant’. 

Plot the forces on a graph. Select proper scale. We will select 10N = 1cm on the graph. 
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            Fig. 8
The resultant force can be measured and direction of resultant. The direction of the resultant can be seen on the graph. This method of ‘resolving’ one force (or any vector) into components in any other direction is useful in understanding how things move or behave when may forces act on it. 

What have you learnt 
In this chapter you have learnt about basic engineering concept such work, energy, force, power. You also learnt about law of conservation of energy. You learn to calculate work done, force and power required. You also learn about scalar and vectors. You learn, how two vectors can be resolved into components using graph and carry out its addition. 
Terminal Question 
1) A weight of 100kg and 5 kg drops from the height of 10m. Tell which weight reaches the ground first and why ? 

2) Mass of object is 20Kg, how much is the force exerted on it by earth ?

3) A mass of 20kg is lifted to a height of 5m in 5 second. Calculate the following 
a. Force (F)

b. Work done (W)

c. Power required (P)

     c) Write down different between scalar and vector. 

Answer to intext question
2.1  i) acceleration      ii) N

2.2 i) 

	Parameter
	Unit

	Power
	Watt

	Work
	N-m

	Acceleration
	m/s2

	Mass
	Kg

	Torque
	Nm


2.3 1) work 2) rotate 3) force

	Electric motor
	Electric energy -  Kinetic energy

	Pump
	Electric energy – Potential energy

	Diesel Engine
	Chemical energy – rotational energy

	Wood stove
	Chemical energy – Heat energy

	Solar panel
	Solar energy – Electric energy


2.4
Scalars



Vectors




Mass




Distance




Volume



Velocity




Temperature



Force




Colour




Area




Time




Pressure

Suggested Activity: 
Calculate your own power 

Take this simple way to calculate your own power. It can be roughly calculated by measuring how quickly you can climb a stairs. 

1) Select a two or three storied building.  

2) Calculate the vertical height of stairs. 

3) Ask your friend to measure time taken by you to climb the stairs

4) Run as much fast as you can to climb the stairs. 
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If you take 15 sec to climb stairs of height 15mtr, them your speed is = Distance covered / time = 15 m/ 15 sec =  1 m/s

Force applied to climb the step is your weight itself. But you need to convert your weight from Kg to N.  Lets consider your weight = 50 Kg

Force applied = m * a = 50 Kg * 9.8 m/s2  = 490 Kg m/s2   = 490 N

Power =  Force *  Distance covered / time 


=  490 * 15 /15 = 490 N m/s = 490 [image: image8][image: image9][image: image10]
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