Chapter 1

Physical quantities and Units

The homogeneity of Physical Equations

This is a method of checking if an equation is correct by looking at the units. An equation is homogeneous if, when the base units of all the quantities are written, they are the same on both sides of the equation. All physical equations should therefore be homogeneous, eg

W = Fs

In units:





J = Nm

As F = ma, which in units is, N = kg(m/s2)

and  P.E .= mgh, in units is, J = kg(m/s2) x m 

substituting into J = Nm gives:





kg(m/s2) x m = kg(m/s2) x m

These are the same so the equation is homogeneous.

Vectors

Introduction of Vectors

A vector is a quantity, which has both a magnitude and a direction. Vectors arise naturally as physical quantities. Examples of vectors are displacement, velocity, acceleration, force and electric field.

Special arithmetic rules must be obeyed when adding vectors together. Much of this topic is devoted to these rules!

A scalar is a quantity, which has magnitude (numerical size) only. Examples of scalars are the natural numbers, speed, distance, energy, charge, volume and temperature. 

Some physical quantities cannot be added in the simple way described for scalars.
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For example, if you were to walk 4 m in a northerly direction and then 3 m in an easterly direction, how far would you be from your starting point? The answer is clearly NOT 7 m! To find the answer, one could draw a scale diagram (1 cm = 1 m) such as is shown below:

One could also calculate the distance from the starting point using the theorem of Pythagoras, i.e.


It is also useful to know in which direction one has moved from the starting point. This can also be measured from the diagram or calculated from simple trigonometry:
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You could have reached the same final position by walking 5 m in the direction 36.9° east of north. This is the result of adding "4 m north" and "3 m east". The physical quantities, 4 m north, 3 m east and 5 m 36.9° east of north require both a magnitude and a direction to fully describe them. These quantities are called displacements. Displacement is an example of a vector quantity.

Addition of vectors:

Two or more vectors may be added together to produce their addition. If two vectors have the same direction, their resultant has a magnitude equal to the sum of their magnitudes and will also have the same direction.
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Similarly orientated vectors can be subtracted the same manner.
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Parallelogram method:

In the parallelogram method for vector addition, the vectors are translated, (i.e., moved) to a common origin and the parallelogram constructed as follows:
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The resultant R is the diagonal of the parallelogram drawn from the common origin.

Method of components:

The components of a vector are those vectors which, when added together, give the original vector.

The sum of the components of two vectors is equal to the sum of these two vectors.

If components are appropriately chosen, this theorem can be used as a convenient method for adding vectors.

The direction of vectors is always defined relative to a system of axes. For example, in discussing displacement on the surface of the earth, it is convenient to use axes directed from South to North and from West to East:

In such a situation, an arbitrary displacement A can be thought of as being made up of two components A1 and A2 directed along these axes, such that 

A = A1 + A2.
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Rectangular components:

In all vector problems a natural system of axes presents itself. In many cases the axes are at right angles to one another. Components parallel to the axes of a rectangular system of axes are called rectangular components.

In general it is convenient to call the horizontal axis X and the vertical axis Y. The direction of a vector is given as an angle counter-clockwise from the X-axis.

[image: image6.png]Ay| A

€]
Ay
IAy|=IAI sin@® |Ay|=|A| cos®





	The magnitude of A, |A|, can be calculated from the components, using the Theorem of Pythagoras:
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	and the direction can be calculated using
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Answer the following questions:-

1 (a) (i) Define pressure.

.........................................................................................................................

.........................................................................................................................

(ii) State the units of pressure in base units.

......................................................................................................................... 

(b) The pressure p at a depth h in an incompressible fluid of density 
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 is given by

p = ρgh, where g is the acceleration of free fall.

Use base units to check the homogeneity of this equation.

........................................................................................................................

........................................................................................................................

........................................................................................................................

.........................................................................................................................

2 a)  i)  Define density.

.........................................................................................................................

.........................................................................................................................

       ii) State the base units in which density is measured.

.........................................................................................................................

(b) The speed v of sound in a gas is given by the expression
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where p is the pressure of the gas of density and 
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is a constant.

Given that p has the base units of kgm-1/s-2 show that the constant 
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 has no unit.

3 (a) Derive the SI base unit of force.

SI base unit of force = ………………………………… 

   (b) A spherical ball of radius r experiences a resistive force F due to the air as it moves

        through the air at speed v. The resistive force F is given by the expression

       F = crv,

       where c is a constant.

       Derive the SI base unit of the constant c.

       SI base unit of c = ………………………………… 

4) 

[image: image12.emf]
5) Speed and velocity have the same units. Explain why speed is a scalar quantity whereas velocity is a vector quantity.

--------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

6) a) i) Explain what is meant by a base unit.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

       ii) Give four examples of base units.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

    b) State what is meant by derived unit.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

   c) i) For any equation to be valid, it must be homogeneous.

           Explain what is meant by a homogeneous equation.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

   ii) The pressure P of an ideal gas of density  
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 is given by the equation 
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        where (c2) is the mean – square – speed 

         { i.e. it is a quantity measures as [speed]2}. Use base units to show that the equation is homogeneous.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

7) Determine the base units of: 


i) work done,


ii) the moment of force.

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------

                       *****************************************
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