
 

                                       Chapter 1 

                            Units and Measurement 
1.1 Introduction  
Measurement of any physical quantity involves comparison with a certain 

basic, internationally accepted  reference standard called unit.  

The result of a measurement of a physical quantity is expressed by a 

number  accompanied by a unit. 

Fundamental and Derived Quantities. 
The quantities ,which can be measured directly or indirectly are called 

physical quantities. There are two types of physical quantities- 

Fundamental quantities(Base quantities) and Derived quantities. 

 

▪ The physical quantities, which are independent of each other and 

cannot be expressed in terms of other physical qualities are called 

fundamental quantities. 

                                 Eg: length, mass, time. 

▪ The physical quantities , which can be expressed in terms of 

fundamental quantities are called derived quantities. 

                                Eg: volume, velocity, force 

 

Fundamental and Derived Units 
▪ The units for the fundamental or base quantities are called 

fundamental or base units. The units of all other physical quantities 

can be expressed as combinations of the base units.  

▪ The units of the derived quantities are called derived units. 

1.2 The International System of Units 
 A complete set of both the base and derived units, is known as the system 

of units. Three such systems, the CGS, the FPS (or British) system and the 

MKS system were in use extensively till recently. 

The base units for length, mass and time in these systems were as follows :  

▪ CGS system - centimetre, gram and second. 

▪ FPS system - foot, pound and second. 

▪ MKS system - metre, kilogram and second. 
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▪ In 1971  the General Conference on Weights and  Measures 

developed an internationally accepted system of units for 

measurement with standard scheme of symbols, units and 

abbreviations. 

▪ This is the Système Internationale d’ Unites (French for International 

System of Units), abbreviated as SI system. 

▪ SI system is now for international usage in scientific, technical, 

industrial and commercial work. 

In SI system there are seven base units and two supplementary units. 
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 Multiples and Sub multiples of Units 

 

 

1.3 Significant figures  
The result of measurement is a number that includes all digits in the 

number that are non reliable plus the first digit that is uncertain. 

The reliable digits plus the first uncertain digit in a measurement are 

known as significant digits or significant figures. 

If the period of oscillation of a symbol pendulum is 1.6 s, the digits 1 and 6 

are reliable and certain, while the digit 2 is uncertain 
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Rule 6: The power of 10, in scientific notation is irrelevant to the 

determination of significant figures. 
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                                                    4.700 m 

                                              = 4.700 × 𝟏𝟎𝟐 cm  

                            = 4.700 × 𝟏𝟎𝟑 mm 

                            = 4.700 × 𝟏𝟎−𝟑 km 

All these numbers have 4 significant namaste figures. 

Rounding off the Uncertain Digits 

1) If the insignificant digit to be dropped  is more than 5, the preceding  

     digit   is raised by 1  

     A number 2.746 rounded off to three significant figures is 2.75  

Here the  insignificant  digit , 6 > 5 and hence   1 is added to the    

preceeding digit 4 .(4+1=5) 

 

2) If the insignificant digit to be dropped less than 5, the preceding digit 

      is  left unchanged . 

    A number 2.743 rounded off to three significant figures is  

    be 2.74.  

 Here the  insignificant  digit  , 3< 5 and hence  the preceeding  

number 4 does not change. 
 

3) If the insignificant digit to be dropped  is 5, 

      Case i) If the preceding digit is even, the insignificant digit  is  simply 

                     dropped. 

        A number 2.745 rounded off to three significant figures is 2.74. 

 Here the preceding digit  4  is even and hence 5 is simply dropped. 

      

     Case ii- ) If the preceding digit  is odd, the preceding digit  is raised by 1. 

         A number 2.735 rounded off to three significant figures is 2.74  

       Here the preceding digit  3 ,is odd and hence  1 is added to 

        It. (3+1=4) 

 

Rules for Arithmetic Operations with Significant Figures 
(1)In multiplication or division, the final result should retain as many 

significant figures as are there in the original number with the least 

significant figures. 
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Eg:If mass of an object is measured to be,  4.237 g (four significant figures) 

and its volume is measured to be 2.51cm3(3 significant figures), then  find 

its density in appropriate significant figures. 

                   Density =
𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
= 

4.237 𝑔

2.51𝑐𝑚3 = 1.688047 

As per rule the final result should be rounded to 3 significant figures . 

                                     So the answer is 1.69 g/ 𝒄𝒎𝟑  

 

(2) In addition or subtraction, the final result should retain as many 

decimal places as are there in the number with the least decimal places. 

          Eg:Find the sum of the numbers 436.32 g, 227.2 g and 0.301 g to 
appropriate significant figures. 
                                436.32   g   +            (2 decimal places) 
                                227.2      g   +            (1 decimal place) 

                                     0.301 g                   (3 decimal places) 
                               ______________ 

                                663.821 g 

As per rule ,the final result should be rounded to 1 decimal place. 

                              So the answer 663.8 g 

1.4 Dimensions of Physical Quantities 

The nature of a physical quantity is described by its dimensions. All the 

physical quantities represented by derived units can be expressed in terms 

of some combination of seven fundamental or base quantities. This base 

quantities are known as seven dimensions of physical world ,which are 

denoted with square brackets [ ]. Thus, length has the dimension [L], mass 

[M], time [T], electric current [A], thermodynamic temperature K], 

luminous intensity [cd] and amount of substance [mol]. 

The dimensions of a physical quantity are the powers (or exponents) to 

which the base quantities are raised to represent that quantity. 

Eg: The volume occupied by an object= lengthx breadth x thickness 

The dimensions of volume is represented as [V] 
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Thus volume has zero dimension in mass, zero dimension in time and 

three dimensions in length. 

1.5 Dimensional Formulae and Dimensional Equations 

 

      

             Unit of density =kg 𝒎−𝟑 
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1.6 Dimensional Analysis and its Applications 

1. Checking the dimensional consistency (correctness) of equatons. 

2. Deducing relation among the physical quantities. 
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Since dimensions of all terms are the same for Equations (b) and (d) , 

these equations can be considered as the  equation for kinetic energy. 

 

9.The Van der waals equation of 'n' moles of a real gas is 

(P+
𝒂

𝑽𝟐)(V−b)=nRT. Where P is the pressure, V is the volume, T is absolute 

temperature, R is molar gas constant and a, b, c are Van der 

waal constants. Find the dimensional formula for a and b. 

                        (P+
a

V2)(V−b)=nRT. 

By principle of homegeneity, the quantities with same dimensions can be 

added or subtracted. 

                                        [P] =[
a

V2]     

                                        [a] =[PV2] 

                                              =ML−1T−2  x L6 

                                       [a] = M𝐋𝟓𝐓−𝟐   

 

                                      [b] = [V] 

                                       [b] =𝐋𝟑 
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