
Chapter 1 

Measurement 



1.2 Measuring things 

We measure each quantity by its own “unit” or 
by comparison with a standard. 

 
A unit is a measure of a quantity that scientists 

around the world can refer to.  
This has to be both accessible and invariable. 
 
For example 
• 1 meter (m) is a unit of length. Any other length can 

be expressed in terms of 1 meter. A variable 
length, such as the length of a person’s nose is not 
appropriate.  

 



1.3 International System of Units 

The SI system, or the International 
System of Units, is also called the 
metric system. 
 
 
Three basic quantities are the length, 
time, and mass.  
 
 
Many units are derived from this set, 
as in speed, which is distance divided 
by time. 



1.3 International System of Units 
Scientific notation uses the power 
of 10. 
 
Example:  
3 560 000 000 m = 3.56 x 109m. 
 
Sometimes special names are used 
to describe very large or very small 
quantities (as shown in Table 1-2).  
 
For example,  
2.35 x 10-9 = 2.35 nanoseconds (ns) 
 



Based of the base units, we may need to change the units of a 
given quantity using the chain-link conversion. 
 
For example, since there are 60 seconds in one minute,  
 
 
 
 
 

Conversion between one system of units and another can 
therefore be easily figured out as shown. 
 
The first equation above is often called the “Conversion 
Factor”. 

1.4 Changing units 
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Redefining the meter:  
 
In 1792 , the newborn Republic of France established a new system of 
weights and measures. Its cornerstone was the meter, defined as one ten-
millionth of the distance from the north pole to the equator. 
 
Later, the meter was defined as the distance between two finely engraved 
lines near the ends of a standard platinum-iridium bar, the standard meter 
bar. This bar is placed in the International Bureau of Weights and Measures 
near Paris, France. 
 
In 1960, a new standard for the meter, based on the wavelength was 
adopted. The standard for the meter was redefined to be 1 650 763.73 
wavelengths of a particular orange-red light emitted by krypton-86 in a gas 
discharge tube that can be set anywhere in the world. 
 
In 1983, the meter was defined as the length of the path traveled by light in 
a vacuum during the time interval of 1/299 792 458 of a second. The speed 
of light is then exactly 299 792 458 m/s. 
 
 

1.5 Length 



1.5 Length 

Some examples of lengths 



1.5 Length: Estimation 
PROBLEM: The world’s largest ball of string is about 2 m in radius. To 
the nearest order of magnitude, what is the total length, L, of the 
string of the ball? 
 
SETUP: Assume that the ball is a sphere of radius 2 m. In order to get a 
simple estimate, assume that the cross section of the string is a 
square with a side edge of 4 mm. This overestimate will account for 
the loosely packed string with air gaps.  
 
CALCULATE: The total volume of the string is roughly the volume of the 
sphere. Therefore,   
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V = (cross-sectional area)(length)= d2L= 4/3πR3 

d2L = 4R3, because π is about 3. d2L=4R3 



1.5 Time 

Time has two aspects. For civil and 
some scientific purposes, we want 
to know the time of day so that we 
can order events in sequence.  
Atomic clocks give very precise 
time measurements. 
An atomic clock at the National 
Institute of Standards and 
Technology in Boulder, CO, is the 
standard, and signals are available 
by shortwave radio stations. 
 
In 1967 the standard second was 
defined to be the time taken by  
9 192 631 770  oscillations of the 
light (of a specified wavelength) 
emitted by cesium-133 atom. 



1.5 Mass 

A platinum-iridium 
cylinder, kept at the 
International Bureau of 
Weights and Measures near 
Paris, France, has the 
standard mass of 1 kg.  
 
Another unit of mass is 
used for atomic mass 
measurements. Carbon-12 
atom has a mass of 12 
atomic mass units (u), 
defined as  

  kgxu 271086538660.11 −=



1.5 Density 
Density is typically expressed in kg/m3, 
and is often expressed as the Greek 
letter, rho (ρ)= m/V. 
 

Example, Density and Liquefaction: 
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