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CHAPTER 1 : MEASUREMENTS
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Length, mass,volume,temperature 
energy, density and pressure 

1.2
Units of Measurement

SI units
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The Fundamental SI UnitsThe Fundamental SI Units
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Prefixes to f undamental SI Unitsundamental SI Units
prefix tells you how many times to divide or multip ly by 10.
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Length  
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Units of Length  and conversion 
factors 

1km=1000cm
1m=100cm
1dm=10cm
1cm=10mm

1m= 1.0936 yards 
1cm=.39370inch 
I inch=2.54cm
1km=0.62137
1mile =1.6093 km 
1A0 =10 -10m=100picometer
1 yard     =  36 inches
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Matter - anything that occupies             
space and has  mass .

mass – measure of the quantity of matter

SI unit of mass is the kilogram (kg)

1 kg = 1000 g = 1 x 103 g  Mass is constant , regardless 
of location

weight – force that gravity exerts on an object

SI  unit of weight is NEWTON 

weight = c x mass

on earth, c = 1.0

on moon, c ~ 0.1

A 1 kg bar will weigh

1 kg on earth

0.1 kg on moon
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Volume 

The space occupied by any sample of 
matter.
Calculated for a solid by multiplying the
length x width x height ; thus derived 
from units of length.
SI unit = cubic meter (m3)
Everyday unit = Liter (L), which is non-
SI.    (Note: 1mL = 1cm 3)
1dm3 = 1000cm 3=1000ml=1L
1 gallon = 4 quarts = 8pints=3.7854 L
1 quart=32 fluid ounces =0.94633 L
12 Oz = 360mL
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Effect of temperature on volume 

� Volumes of a solid, liquid, or gas will generally
increase with temperature

� Much more prominent for GASES

� Therefore, measuring instruments are 
calibrated for a specific temperature, usually 20 
oC, which is about room temperature
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Temperature

� Temperature is a measure of how hot or cold is an 
object . Heat moves from the object at the higher 
temperature to the object at the lower temperature.

� We use two units of temperature:
• Celsius scale defined by two readily determined 

temperatures:
� Freezing point of water = 0 oC
� Boiling point of water = 100 oC

• Kelvin scale does not use the degree sign, but is just 
represented by K
� absolute zero = 0 K   (thus no negative values)
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Temperature 

Kelvin = °°°°C + 273

°C = Kelvin - 273
0F=9/50C + 32 
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Comparison of three scales Temperature

0F- 32       K - 273           0C      

180   100               100
STP temp= 0°C=273K

Standard temperature =25°C= 298K
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Convert 182.9 0F to degrees Celsius.

0F =       x 0C + 329
5

0F – 32 =       x 0C9
5

x (0F – 32) = 0C
9
5

0C =       x (0F – 32)
9
5

0C =       x (182.9 – 32) = 83.83
9
5
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Units of Energy

Energy is the capacity to do work, or to produce he at.
Energy can also be measured, and two common units 

are:
Joule (J) = the SI unit of energy, One joule is defined a s 

the amount of work done when one Newton of force 
is applied to displace an object through 1 meter .

calorie (cal) = the heat needed to raise 1 gram of water 
by 1 oC

1 cal = 4.184 J
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Density

Which is heavier- a pound of gold or a pound of talc um 
powder ?

The relationship here between mass and volume is 
called Density

The formula for density is:
mass

volume
SI derived unit for density is kg/m 3

1 g/cm 3 = 1 g/mL = 1000 kg/m 3

Density is a physical property, and does not depend  
upon sample size
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Density of water

• 1 g of water is 1 mL of water.
• density of water is 1 g/mL
• at 4ºC
• otherwise it is less

• Lower density floats on higher density.
• Ice is less dense than water.
• Most wood is less dense than water.
• Helium is less dense than air.
• A ship is less dense than water. 

Floating
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What happens to the density as the temperature of 
an object increases?

Mass remains the same.
Most substances increase in volume as temperature 

increases
Thus, density generally decreases as the temperatur e 

increases
Water is an important exception to this statement.
Over certain temperatures, the volume of water increases 

as the temperature decreases Density of ice is less 
than water .

(Do you want your water pipes to freeze in the wint er?)
Does ice float in liquid water? Why ?
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Density of some common substances

0.084H20.789ethanol

0.166He0.917Ice

0.665CH40.922Corn oil

0.718NH31.000Water 

0.84Ne13.5-13.8Corn system

1.17N21.59Table sugar

1.20Air2.70Aluminium

1.33O211.4Lead

1.83CO213.6Mercury

2.95Cl219.3Gold

Density at 20 0Cin 
gm/L

Materials
Gases 

Density at 20 0Cin 
gm/cm 3

Materials
Solids/liquids
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Practice problems 

A piece of platinum metal with a density of 21.5 g/cm3 has 
a volume of 4.49 cm3.  What is its mass?

d = m
V

m = d x V = 21.5 g/cm3 x 4.49 cm3 = 96.5 g
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Units of Pressure

1 pascal (Pa) = 1 N/m2

1Bar= 105

1 atm = 760 mm Hg = 760 torr

= 101,325 Pa
=105Pa= 14.7 psi
= 29.92 in. Hg

Barometer

Pressure = 
Force
Area

(force = mass x acceleration )

Units of pressure
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Devices for measuring liquid volumes

Volumetric Flasks

Pipets

Burets

Graduated 
cylinders

Syringes


